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ABS .RACT

Simulated soil erosion sites were developed on six soil types in

Manitoba to assess the effect of topsoir removal on canola

productivity. The soil t¡rpes studied ranged from a Reínland loamy very

fine sand to a Pembina clay 1oam. Plots r¿ere developed on a completety

randomized split plot design with topsoil remowal being the main plot

treatment and fertiLí-zer additions being the subplot treatment. Levels

of topsoil removal Ì,¡ere: 0 (control), 5, 10, and 20 cm. Each topsoil

removal treatmenc vlas replicated 4 tirnes. Each topsoil removal level

lras then treated with no fertílizer (control), recommended rate of

ferxLrizer (based on soil test), and approximately twice the

recommended rate of fertilízer.

Data from 1985 and 1986 indicated that, in general, canola yields

decreased where 5, 10, and 20 cm of topsoil \{ere removed. and no

fertilízer vras added. For the fíne textured. soíls, additions of

ferxiLÍ-zer at the recommended rate usually mitigated the yield loss

associated with topsoil removal in both years. Applications above the

recommended rate of fertilizer did not significantly inerease yields

any further. Yield reduction where topsoil vras removed tüas likely

nitrogen related as the canola plants exhibited typícal nitrogen

deficiencies.

For the coarse textured soi1s, applications of fertilízer aE the

recommended raLe, where 20 cm of topsoil had been removed, hrere not

able to íncrease yields over those of the control (no topsoil removed,

no ferLí-l-izer added) . In some instances, even twice the recommended

l-1



ratre of fercíIizer did not increase yields over that of the control.

For these soils, some other factor, other than fertility, was limiting

crop growth. rt is possible that the subsoil possessed some

characteristics, either physical or chemical, which T¡lere limiting to

crop growth.

For the l,rlaskada VFSCL site, applications of the recommended rate

and twíce the recommended rate of ferxil-izer, where 10 and 20 cm of

topsoil had been removed, did not increase yields over the control

where no fertílizer t.ad been added and no topsoíl was removed. A layer

consisting of gravel and coarse material existed approxí-mately 20-30 cm

below the soil surface. Exposure of this layer or increasing its

proximity to the soil surface by the removal of topsoil 1ike1y

restricted the root growth of canola and therefore lirnited yields on

these subplots.

As the level of topsoil removed increased and no fertilizer vras

added, stralìl yields decreased. As well, nutrient concentration of the

stra\^/ also decreased. Additions of fertilizer íncreased straw yield

production and also increased the concentration of nutrients in the

s tra\,I .
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1. INIRODUCTIOId

canola has been produced on the Prairies for many years. rt has

proven to be a very good source of income for prod.ucers. There Ís

concern then, Lhat any factor which decreases the yield of canola will

also decrease the return per hectare for the producers.

One factor which is 1íke1y to have serious effects on canola yíeld

is soíl erosion. There are several reasons for suspecting that soil

erosion will reduce canola yields. Among these is the fact that soil

erosion removes plant nutríents necessary fot plant growth and

reproduction. This effect will be more critical to canola than to a

crop such as wheat because canola requires 25-3OZ more nitrogen and

potassium, 508 more phosphorus, and 909 more sulfur (ukrainetz, rgg2).

Erosion removes topsoil which contains signifícant amounts of these

nutrients.

Soil erosion also removes organic matter from the soil surface. As

well as being a potential source of plant avaílable nutrients, organ1.ç-

matter helps to improve aeration, structure, and water holding capacity

of soils. Therefore, loss of organic matter may have serÍous

implications on canola growth.

Canola is a small seeded crop and its emergerrce may be seriously

reduced on soÍls which tend to form soil crusts. Hirch (1984) found

that crust strengths of eroded soils increased as the level of topsoil

removal increased. The crusts formed impeded the emergence of canola.

Therefore, the formation of soil crusts on eroded soil may make the

establishment of an acceptable canola stand difficult.

Much research work has been conducted on the dynamics of soil



erosion. Considerable amounts of research work have dealt with the

ínfluence of soil erosion on soil organic matter levels and on soÍl

nutríent losses. Equations have been developed which predict soil loss

from either wind or \^rater erosion under different management systems.

These equations are useful in predictíng soil loss but Lhey give little

indicatÍon of how this soil loss affects crop productivity.

Qualitatively it is known that soil erosion reduces cïop yields

but quantitatively it is not knorvn how much crop productivÍty is

reduced by soil erosion. The purpose of this project, therefore, q/as

to quantify the effect of several levels of simulated soil erosion on

canola yields.



2. LITERATT]RX REVIEIù

2.1. Problems, Costs, and Effects of Soil Erosion

Farmers today face increasíng difficurtíes in producing

agricultural commodities needed to feed the world's growing population.

Agriculture is affected by many factors such as growing season

precipitation, temperature, length of growing season, hai1, insects,

weeds, and soil erosíon. All of these factors work congruently and

eventually each has an affect on crop yields.

One factor that is beginning to receive considerable attention is

soil erosion. rts importance lies in the fact that if iL is not

controlled, soil erosion could lead to the eventual destruction of our

soils. Estimates of soil erosion globally are as high as 23.4 billion

tonnes of soíl loss per year in excess of soil that ís being formed

(Brown, 1984). Brown's estímates for the top four food producing

countries of the world were (given in billion tonnes soil lost /year tn

excess of topsoil formation): united states - 1.5, sowiet union - 2.3,

rndia - 4.7, and china - 3.6. Together they represent just over half

of the r^¡orld's estimaced soil loss.

Larson et al. (1983) predicted rhar in rhe unired srares 16.9

míllion hectares of land will be lost in the nexL 100 years if the

current rate of soil erosion (currently 0.18 loss in crop production

per year) conLí-nues. Pimentel et al. (L976) estimated that in the last

200 years, approximately 80.0 million hectares of farmland in the

United States have been ruined or seriously impoverished for crop

production through soil erosion. Sparrow (1984) concluded that Canada



risks permanently losíng a Large portion of its agriculture capabÍ1ity

if soil degradation is a11or,¡ed to continue. This loss comes at a time

when more land Ís needed or ¡¿i11 be needed. to feed the world's

increasíng population.

soil erosion is costly in many \¡rays . Huszar and piper ( 19g6 )

estimated the offsite cost of erosion to be in the order of ç466

millíon annually in the united states. senator sparrow and his

standing committee on Agriculture, Fisheries and Forestry (r984)

estimated that soil degradation r^ras costing Canadian farmers $l billion

per year ín income. The committee estimated that it would. cost ç23g

million (L982 prices) in increased fertilizer use to maintain crop

production on eroded soÍl . others (I^Iillís and Evans , Lg77) have

reported that íf as little as 2.5 nm of topsoil is lost each year

through erosion, the cost of replacing the resulting loss of nutrients

would be $28 billion per year. Bentley (1985) estÍmated thar since rhe

1930's approximately $43 billion has been spent on conservatíon efforts

in the United States. Yet the problem still persists and remains one

of the biggest environmental concerns in the united sLates.

I^Ihy is the problem of soil erosíon continuíng to persist even

though much time and money has been spent on it? soil erosion is not

usually a spectacular event that catches the ínterest of people.

Unlike the famine of Northern Africa, soil erosion continues relatively

unnoticed despite its potential effect on the world,s food supply. The

lack of recognition of the effect of soil erosion on the world's food

supply stems from advances in agricultural technology. Generally, crop

yields have been íncreasing due to improved crop varíeties and the



increased use of fertilizer. Also the use of pesticides, irrigation,

and improwed farming techniques and management have all 1ed to an

íncrease in crop yields. It ís therefore difficult to see the effect

of erosion because it is being masked by advances in technology. The

questions that remain to be answered are: what would crop yields orr

eroded soil hawe been if technological advances had not been as great,

and what would crop yields be wÍth current technology and. no erosion?

Other possible explanations for the persistance of soil erosion

I^Iere offered by Bentley (1985). Bentley felt the persistance of soil

erosion was due to the fact that farmers have no incentive for trying

nevr conservation ideas. Conservation farming costs money to initiate.

Unfortunately in today's poor economic times, most farmers are farming

for short term goals, i.e. to make a living on their existing land,

using theír existing farming techniques, regardless of the longterm

consequences. In order to get higher returns, agriculture producers

are breaking more marginal land, which is susceptible to erosion. This

is all a consequence of lower grain prices and higher input costs

(Carter, L977; Sparrow, L984).

From the time and money spent it is apparent, then, that soil

erosion is a serious problem. soil erosion, âs it applies to

agriculture, ís defined as the wearing away of the land surface by wind

and water and the subsequent detachment and movement of the soil from

its place of origin (soir science society of America, L9B4). soil

erosion ís irreversible in the sense that, if most of the rooting depth

is removed, plants vrill not have a favorable medium ín which to grov¡.

No level of current technology would be able to replace this lost soil.



Hovrever, soil erosion is reversible in the sense that loss of

nutrients, associated with erosion, can be compensated for by the

addition of fertilizer (Ilolman, 1985). Also, the formation of new soíl

by natural erosion will eventually replace lost soil, but this process

is slow and can be exceeded by accelerated erosion.

2.2. Types of Erosí-on

There are tr,tro main t¡rpes of soil erosion- natural or geological

erosion which is the normal erosion caused by geological processes

acting over long periods of time; and accelerated erosion, whích is the

rapid erosion of soil brought about through the influence of matt,

usually through cultivation (Soil Science Society of America, 1984).

Tillage exposes the soil to the actions of the climate and increases

the possibility that the soil wirr erode through the grearer

opporLunity for detachment and transport. Jones et a1. (1995) found

runoff from cultivated watersheds with 1.5* slope to be 5 times greater

than losses from rangeland vratersheds not exposed to cultivation. They

found sediment loss from a L52 mm rainfall to be 6.5 t ha-l fro* a

fallow watershed, whíle sediment loss from a rangeland watershed was

only 0.3 t ha-l. Natural erosion is not necessarily harmful in that it

can lead to the formation of soils over time through the weathering of

parent material and has lead to our preserì.t day soils. Accelerated

erosion is harmful in that it can lead to the destruction of our soils

if not adequately controlled.



2.3- Effect of Erosion on Soil Productiviuy

Soil productiviuy is defined as the capacíty of a soil, in its

normal environment, to produce a particular plant or sequence of plants

under a defined set of management practices (Soil Science Society of

America Proceedings, 1965).

Accelerated erosion, referred to in the following text as simply

soil erosion, can affect soil and ics productivity in a number of ways.

Soil erosion can decrease the water holding capacity of soíls, remove

planÈ nutrients, and lead to the loss of organic matter which results

in the degradacion of the soil surface scructure (Nowak et a1., 1985).

Also, erosion exposes unproductive subsoils (carter et al., 1985) and

increases costs to farmers through loss of applied herbicides and

pesticides which are bound to eroded soil particles (Moldenhauer and

Onstad, 7975). Other harmful effects of soÍl erosíon are

eutrophication of lakes and streams (Taylor, L967) and sedimentation of

v¡aterhrays and reservoirs.

There are isolated cases where soil erosÍon has actually increased

the productivity of some soils, however these cases are rare and d.o not

involve much area. Lal (1987) stated that soil erosion could be

beneficial if it exposed fertile soÍ1 that had been buried under

unfertile soiI. Stoltenberg and I^Ihite (1953) also agree rhat soil

erosion is beneficial only if ít removes unproductiwe topsoil and

exposes a more fertile subsoil. Experiments in the Soviet Union

(Byalyy and Azovtseva, L964) found that the yields of some hay crops

actually increased when grown on eroded rills. The increase ín yield

was attributed to an increase in moisture associated with the rills and



colmatage or sedimentation of the rills which is the result of the hay

reducing the transporL capacity of the runoff. This alrowed soil

particles to settle out and increased fertility of the rills as a

result of nutrients being leached down from higher elevations. These

instances are rare, however, and are probably insignificant due to the

sma1l number of hectares involved.

Soí1 erosion has proven to be an area of soil science that is

difficult to study and evaluate. This inherent problem stems from the

fact that different soils are affected to varying degrees by wind and

water erosion due to variations in texture, moisture status,

topography, and profile characteristics (Meyer et â1., 19s5). Arso,

depending on the depth of the rooting zone and moisture status of the

soÍ1, erosíon affects different crops to dífferent extents. Crustíng,

which may occur on eroded soils, Rêy affect the emergence of smalr

seeded crops. Erosion also waries considerably from year to year and

season to season. Also, the areal extent and amount of each erosíon

event will vary. Selective removal of plant nutrients and deposition

of these nutrients elservhere will also affect the way that soil erosion

will affect the productivíry of an eroded field (Meyer er al., 1995).

Finally, wariability of yield within a fietd can also lead ro problems

ín estimating crop productivity changes. Lyles (1975) reported

coefficients of variation for long term wheat yield averages to be 37t

for Saskatchewan. Interaction of aIl these factors makes accurate

assessments of soil erosion's effect on productivíty difficult to

assess.



2.3.L. Awailable trIater Holding Capacity and Soil Erosion

Soil erosion can reduce soil productivity through its effect on

soil water holding capacity. Thís can occur in two vrays. First, soil

erosion removes topsoil in whích plants would normally root and

therefore volume of soil from. which the plant roots would extract

moisture is reduced (Nowak et al., 1985). secondly, soil erosÍon can

change the texture of a soíl depending on the texture of the exposed

subsoil. I^Iork conducted by Lyles and Tatarko (1986) in l,Iestern Kansas

showed the sílt fraction of soils decreased by 7.2 percent after 36

years of cropping and the sand fraction increased by 6.5 percent. They

also found that the organic matter of the soils generally decreased

with time. They felt that these changes may hawe been the result of

erosion and would therefore influence the soil structure, water holding

capacity, and nutrient status of a soil.

Eck (1968) showed the importance of awailable r¡iater on crop

yields. Eck found that large applications of fertilizers could not

resLore lost sorghum dry matter yields where 10, 20, and 30 cm of

topsoil had been remowed. However, when supplemental irrigatíon vras

added, dry matter yields \,/ere resLored. Any loss in available moisture

will therefore have serious irnplications on the growth and development

of crops.

2.3.2. Changes i-n Texture due to Soil Erosion

Comparing the physical and chemical characteristics between eroded

and noneroded Typic Paleudalfs, Frye et al. (T982) found that the

eroded soils had a higher clay content resulting in less available
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moisture in the top 30 cm of the soil. Frye et al. (19s5) concluded

that plant available moisture decreased as the clay content of the soil

increased. Stone et al. (1985) found that the lower limit of avaílable

'$/ater increased as a result of an increase in clay content of an eroded

Piedmont soi1. Larson et al. (f985) studied the effect of erosion on

the productivity index (PI) of several soils (PI used as described by

Pierce et â1., 1983). They found that, as the degree of erosion

inereased on a Seymour Series, the PI decreased. This was attributed

to an increase in pH v¡ith depth of the profile and a decrease in

awaílable vrater holding capacity as the lever of clay increased.

2.3.3. Nutrient l-osses in Soil Erosion

2.3.3.L. Nutrient Content of Eroded Sediment

soil erosion has been shown by many workers to affect the

productivity of soils through its removal of nutríents, either

associated with eroded sediment or dissolwed in runoff water. Studies

by Daniel and Langham (1936) compared the organic matter and nitrogen

content of three different soils- virgin, cropped, and drifted. They

found the organic matter of the drifted soil was reduced by 24.5t and

the nitrogen content vras reduced by 28?. when compared to the virgin

soil. They also found that the more the eroded soil was re-eroded the

lower the organic matter and nitrogen contents became. Using simulated

rainfall on a 138 sloping Zainsville silt loam, Moe et al. (1967) found

that as the amount of sediment loss increased the loss of organic

nítrogen also increased. Burvrell et al. (1976) found símilar results,

adding that any practice which reduced the loss of sediment would
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reduce the loss of nitrogen associated wíth the sediment. Schuman et

al. (1973) found that of all the nítrogen lost from contour planted

corn v/atersheds with an average slope of about 158, 922 was associated

with sediment in the runoff. They found that the greatest loss of

sediment, and therefore nitrogen, occurred at the time of seedbed

preparation and establishment of a crop stand. Lal (r976a) also

reported large losses of nutrients from plowed plots in Nígeria. Lal

found that eroded sediment contained 2.4 tímes more organic matter, L.6

times more total nítrogen, 5.8 times more available phosphorus, and

higher amounts of other nutrients such as potassium, calcium, and

magnesitrm than the soil from which the sedíment originated.

Stoltenberg and White (1953) found eroded soil to contain more organic

matter, nitrogen, awailable P2o5, and availabre K2o than the soil from

which Ít. came.

Alberts and Moldenhauer (1981) found that generally the smaller

sized aggregaxes (0.21-0.05 mm) contained the greatest nutrient

concentration of nitrogen and phosphorus. They found that as the

runoff velocity was decreased the sLze of the particles that could be

transported by the runoff also decreased. Even though the nutrient

concentration of the larger sized particles r^ras lower, their

contribution to the loss of nutrients was significant because of the

larger amounts that v/ere removed under the different treatments.

Enrichment of sedíment can occur for all sizes of particles with the

level of enrichment dependíng upon the transport capacity of the runoff

(Alberts and Moldenhauer, 1981).

In other \,Íork, Alberts et al . (1981) determined the relationship
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between sediment size and nutrient content and found the very small

fractions of sedíment contained the lowest concentration of nitrogen

and phosphorus. They concluded that "enrichment levels depend partly

upon the ratio of the number of larger silt sized particles (0.05 to

0.020 mm) to the number of smaller silt-sized partieles (0.020 to 0.002

nm) transported in the runoff". Massey et al. (1953) found losses of

sediment as high as 20.2 t ha-l y""r-l or, "r, Almena silt loam with 3g

slope. They found that in one year the eroded sedíment was enriched

$/ith 854 kg ha-l organic matter, 46 kg ha-l total nitrogen, 1.6 kg ha-1

available phosphorus, and 5.7 kg ha-1 exchangeable potassium. rn

another report, Massey and Jackson (1952) found the following

increasing order in which nutrients and organic matter are selectively

removed: organic matter (2.L>, organic nitrogen and ammonia nitrogen

(2.7), available phosphorus (3.4), and exchangeable potassium (19.3),

with enrichment ratios shown ín brackets. Hays et al. (1948) compared

the nutrient slatus of a moderately eroded and a severely eroded

Fayette silt loam. They found that the moderately eroded soíl

contained over twice as much organic matter and nitrogen than the

severely eroded soil in Lhe top 15 cm. They also found that more

nutrients and organic matter was lost from the moderately eroded soil

than the severely eroded soil (Table 1). This was likely due ro rhe

higher amounts of these substances that were found in the moderately

eroded soil.

Thus, it is clear that soil erosion can remove consíderable

amounts of sediment, nutrients, and organic matter depending on soil

type and management practíce used. This will in turn affect the



LJ

productívity of soil and will determine the outcome of crop yields

grown on that soil

2.3.3.2. Nutrient Losses in Runoff lüater

Dissolved nutrients in runoff v/ater represents another vray in

whích nutrients are lost from the soil. Kissel et al. (1976) found

thaL losses of nitrogen in runoff were híghest if a runoff producing

event occurred shortly after fertilizer application when the soil was

near field capacity. Such a condition results in less infÍlcration and

more surface runoff. Neílsen and MacKenzie (L977) found losses of

soluble nitrogen to be high where infiltration raLes \^iere low. Thus,

it appears that the soil's ability to accept moisture will determine in

part the amount of soluble nutríent losses that vrill occur.

Table 1. Total runoff losses of soil, organic matter, and
nutrients during 1945 on an eroded Fayette SL. (Hays et al.,
Le48)

Crop & degree
of erosion

Total Soil Total OM

Loss
t ha-l kg t"-1

Total P Total K

kg ha-l tg h"-1

Total N

kg h¿-1

Oats, moderaLe
Oats, severe
Corn, moderate
Corn, severe

s2 .00
s3.06
2.3r
0.79

1069
7st

78
2L

s7.80
36.10
3.89
1. 16

34.66 946
39 .20 974
1.91 43
0.79 1s

Not only

from erosion

reduce the

does proper soil management ímprove or protect the soil

and therefore nutrient losses, but proper management can

amount of nutrient loss associated with runoff and
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percolate. Chichester (1977) found nitrogen losses to increase as soil

cover decreased. As much as 10 kg h¿-1 nitrogen was lost in runoff

vrater from clean cultiwated corn on 13s sloping land. By minimizing

surface runoff and leaching losses, the author felc losses of nitrogen

would be decreased. However, Burwell et al. (1975) found that less

than 58 of the rosses of nitrogen, phosphorus, and potassium \¡/ere

associated with the runoff water. They found that the majority of the

nutrient loss was associated with the eroded sediment. Römkens et al.

(L973) found that there was a curvilinear relationship between nitrogen

and phosphorus in sediment removed by runoff and soil loss. They found

that soil tillage systems which did not control the loss of sediment

resulted in increased losses of nitrogen and phosphorus associated with

the sediment- However, if soil loss rÀ¡as controlled through reduced

tillage, they found more soluble forms of the nutrients, added through

f.ertllLzation, were lost due to less mixing with the soil.

Other workers (Dunigan et al., L976) also found that íncorporation

of applíed fertilizers reduced surface runoff losses of fertilizer

elements. Alberts and spomer (19s5) found po4-p losses in surface

runoff from till planted corn cropped watersheds to be quite high and

exceeded vrater qualíty standards. They also found, as did Burwell et

al. (I976), that large NO3-N losses $¡ere associated with subsurface

flow. They concluded that fertilÍzing according to crop needs, using

slow release fertilizers, such as sulfur coated rlrea, and making better

use of available \^rater would all help to reduce nutrient losses.

Menzel et al. (L978) found soluble nitrogen and phosphorus losses

(fertilizer elements) ín runoff from leve1 cropped watersheds and
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rotational grazed watersheds with a 3g slope v/ere low. on average,

soluble losses of total nitrogen and phosphorus from cropped watersheds

represented only 20S of the total nutrient losses. Soluble losses from

rotationaL grazed watersheds v/ere 208 of the total for nitrogen and lOt

for phosphorus. These losses of nutrí-ents represents a significant

potential supply of plant nutrients and must therefore be protected.

The loss of nutrÍents causes a reduction in the productívity of

eroded soils but the loss of these nutrients is also a concern to

environmentalists. The increase in nutrient content of lakes and

streams can lead to an íncrease ín the eutrophicaLion and a decrease in

the quality of these bodies of water. Many authors hawe reported that

the loss of soluble nutrients, although insignificant as it relates to

agriculture, can lead to the eutrophication of surface waters (Burwell

et al., L975; Neilsen and MacKenzíe, 1977). Taylor (L967) found rhat a

concentration of phosphorus as low as 0.03 ppm was enough to initiate

algal growth of lakes and streams. As a result, \^rater treatment costs

would increase and the value of the \,¡ater for recreation purposes would

decrease (Taylor, L967). Greenhill er aI. (1983) showed rhe ímporrance

of native pasture in reducing nutrienL concentrations in runoff. They

found that losses of applied superphosphate to pastures on sloping land

were low and would not result in the pollution of lakes or streams.

2.3.4. Effect of Soil Erosion on Soil Structure

The loss of organic matter and the Íncrease in clay content

resulting from soil erosion has a detrimental effect on the structure

of soi1s. organic matter is not only a potential source of plant
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nutrients but it also plays a role in the structure of soils. Shaxson

(L975) pointed out the importance of organic matter in improving soil

structure and reducing impact of rainfall. organic matter helps to

improve aeration, soil porosity, and soil particle aggregation. As a

result, organic matter ultimately affects the ability of plant roots to

grov/ into soil. Therefore, a loss of organic matter will lead to a

gradual deterioration of the soil. Soil organic matter also helps to

increase the stability of soil aggregates and therefore, as the amount

of organic matter decreases, the chance for erosion to occur increases

(Ilooldridge, L964) .

As eras shown earlier, eroded soils tend to hawe higher clay

contents which will also affect the soil structure. Frye et a1. (L982)

compared the physícal charaeteristics of an eroded and noneroded soil

and found the bulk densities to be higher in the top 15 cm of the

eroded soil.

2.4. \ield Losses due to Soil Erosion

Langdale et al. (1979) found that as rhe depth ro rhe B2 lnorizon

decreased the clay conLent tended to increase. They found that on

Southern Piedmont soils the loss of 15 cm of topsoil resulted in a ¿+2t

reduction in corn yield. Based on t.979 production levels, the loss of

147 kg of grain per hectare per year would occur for each centirneter of

topsoil lost. In an experiment where topsoil was added to eroded areas

to determine the effect on yield, Mielke and Schepers (1986) found that

aII crops responded to topsoil additions. They felt that the topsoil

províded a good physical enviroilnent for dewelopment of plant roots
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and that the additions of fertilizer could not overcome the

deterioration of physical characteristics of the soil resulting from

erosion. In a similar experiment Massee and Waggoner (1985) found that

the removal of 15 cm of topsoil significantly reduced crop yields.

AddÍtions of fertilizer could not mitigate this yield loss entirely.

This led them to conclude that "fertilizer nutrients cannot ful1y

substitute for surface soil".

2.4.I. Subsoil Effec't on Yields

Soil erosion removes topsoil which ultimately exposes subsoils

that may or may not be productive. The final effect of soil erosion on

crop yields will be determined by the quality of the subsoil in terms

of its physical and chemical characteristics (Stoltenberg and i.rrhite,

1953). Olson (f977) found that corn yields decreased when topsoil was

removed and that additions of fertilizer could not overcome the

negative effect of topsoil loss. However, the addition of topsoil to

eroded soil overcame any yield loss and nutrient deficiency s¡¡mptoms.

The author noted that the eroded soíl did not provide a good seedbed

due to the higher clay content and crust formation impeded the

emergence of corn seedlings.

fn an effort to study the effect of added nutrients on the yield

of subsoils, Carlson and Grunes (1958) determined the effect of added

nitrogen, phosphorus, potassium, and minor elements on the yields of

barley grovrrt on subsoils. They found that barley yields on the subsoíl

did not equal the yierds of barley grown on topsoil. This, they felt,

may have been due to some growth limiting factor of the subsoil. Work
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conducted in Manitoba by Bradley in

fertÍ-Li-zer could not completely restore

growing crops on eroded soi1s.

L97O found that additions of

the yield loss associated with

Other work in the United States sho¡ved that erosion of a Portney

silt loam exposed an unproductive subsoil and resulted in reduction of

crop yields (carter et al., 1985). A carcareous hard pan of high silt

content existed approximately 30-45 cm below the soil surface and when

exposed by erosion provided a poor medium for crop development. High

lewels of fertilizer and irrigation could not improve the yields on

thís soil which represents a significant area of farmland

(approximately 2 million hectares). It was concluded that only

additÍons of topsoil to the eroded areas courd í-mprove crop yields

growrr on the eroded soil (Carter et al., 1985).

There are examples in the literature showing that ít was possible

to restore the productiviLy of exposed subsoils. rmproving yields on

exposed subsoils, however, can be quite involved. Bat.chelder and Jones

(L972) found that the additions of fertilizer, lime, mulches, and some

irrigation 'hrere needed to Ímprove productiwity of an exposed,

relatively unproductíve subsoil. Eck and Ford (L962) found that on the

subsoils they studÍed, phosphorus \^¡as more limiting to crop gro\^/th than

nitrogen. I^Jhen phosphorus qras applíed alone, or with nitrogen, the

subsoils outyielded the topsoil. This they attríbuted to a good

subsoil texture which was higher in clay content than the coarse

textured topsoil and provided a better medíum in which the plants could

gro\¡/. They noted that the subsoil was not defieient in mícronutrients.

rn field experiments, Reuss and campbell (1961) found corn responded
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l¡ell to nitrogen and phosphorus additions and to hearry rates of manure

plowed dovm on exposed subsoils. They concluded that the subsoil of

the Keiser soil they studied had no adverse physical properties which

would affect crop growth.

Latham (1940) conducted an experimenÈ in r,ihich topsoil, B, and C

horizons of a Cecil sandy loam were added to excavated areas. Soil

from the A horizon (topsoil) \¡/as brought in from 40 different sites,

mixed, and then added on top of 30 cm of added B horizon. soil from

the B and C horizon was obtained from areas where those horizons had

been exposed by erosion. Latham applied annual applications of 450 kg

ha-1 f.erxirizer containing nitrogen, phosphorus, and potassium to the

plots of the different horizons. using the four year average seed

yield for cotton grolJn on the plots, the author found the A horizon

yíelded three times more than the B horizon and twelwe tÍmes more Lhan

the c horizon. To two prots of each horizon Latham applied 9 t ha-1

manure. There rnras a yield response to the added manure on all

horizons. This led to the conclusíon thaL through the use of manure

and addition of sufficient plant nutrients the produccivity of eroded

Cecil soils could be improved.

2.4.2.L. Effect of Simulated Erosion on Productíwitlr

Some studies of soil erosion have involved the use of simulated

soil erosion to determine the effect of erosion on yield. Lal (L976b)

artificially removed L2.5 cm of topsoil and found that maíze yields

lrere reduced to on1-y 44* of the control plot (no soíl rernoved) . In

Texas, Heilman and Thomas (1961) using a block of leveled land, cut
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half the block to a depth of 15 cm and filled the other half wirh

topsoil. They then grev¡ sorghum as a soil Ímprovement crop. They

found that ewen after applyíng 225 kg ha-l uu4so4 rhe yield of sorghum

forage qras 3gL6 kg ha-l 1."= on the cut area than on the fill area.

They suggested that the reason for the lower yield was a result of

organic matter removal which would have been a potential source of

nitrogen. They estimated that it would require 388 kg ha-1 of nitrogen

to restore the yield to that of the nonfertilized fil-I area. They did

not, however, report the applícation of any phosphorus whích had been

shown to be low in soil test results. rf they had added some

phosphorus, the yield results may have been different.

I^Ihitney et al . (1950) studied the effect of remowing between 3.0

xo 48.8 cm of topsoil on the yield of corn and sugar beets. Under this

treatment they exposed subsoil that had a high líme content, had a very

coarse columnar structure, and was low in total nitrogen and organic

matter. They found that high application rates of fertilizer and

manure and the use of irrigation could bring the eroded soil back to

'normal' productíon levels. However, they felt that unless the price

of agriculture commodities qrere high, these treatments would not be

economical.

2.4.2.2. Disadwantages of Simulated Erosion

Although the use of simulated erosion has been used to study the

effect of erosion on the productivity of soils it does have its

disadvantages. Natural erosion is a selective process whereby the

finer, 1Íghter partícles are removed before the heavier partíc1es
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(stoltenberg and I^Ihite , L953; Lyles and Tatarko, 1986) . Narural

erosion does not remove soil uniformly from all areas of a field and as

a result there are areas that have more soil removed than others. Thís

usually happens in the case of gullying and rilling whÍch tends to

Temove large amounts of soil from small areas (Meyer et al., 1985).

Natural erosíon does not remove all the topsoil at once. There ís

a possibility that, through cultivation, some subsoil may be mixed r^rith

topsoil (Meyer et al. 1985). If the subsoil has a different rexrure

than the topsoil it may affect the amount of further erosion that takes

place. For instance, mixing of a clay subsoil with coarse topsoil may

help to increase aggregate stabílity and reduce the amount of sediment

lost. Also, the process of natural erosion is slow and therefore there

is a gradual change in the profile associaLed with the loss of soil.

However, símulated erosion is rapid and would líke1y effect the

productivity of soils to a greater extent (Burnett et a1., 1985).

Despite these drawbacks, simulated erosion is often the only practical

means for evaluating the effect of erosion on productivity.

2.5. Assessing Long Term Effects of Soil Erosion

Although it is necessary to know the impact of soil erosion on

crop productivity in the short term, in order to protect the soir, it

is equally important to know the impact of soil erosion on crop yíe1ds

decades or centuries from now. By making estímates of erosion on long

term productivity, the evaluation of current land management techniques

can be made. A number of equations have been developed to estimate

soil loss either through wind erosíon (Chepil and Lioodruff, L963;
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Woodruff and Siddoway, 1965)

Smith, L965) under differenr

predict the loss of soil but

term effects of soil erosion

or through v/ater erosion (Wischmeier and

management regimes. These equations can

are not able to make esÈimates of the long

on crop productivity.

2.5.I. The EPIC Model

In recent years, mathematical models have been introduced which

try to predict the long term effects of soíI erosion on productívity.

Most of these models use the current rates of soil erosion and use this

to predict productivity after a number of years. one such model, Eprc

or Erosion Productivity Impact Caleulator, r¡/as developed by " team of

1'4 researchers from across the United States to study the effect of

soil erosion on productivity. The model is divided into eight main

sectíons which ínclude hydrology, weather, erosion, nutríents, plant

growth, soil temperature, tillage, and economics. The model uses

necessary inputs for determining erosion and crop growth, while the

economic comporì.ent is used for determining the cost of erosion and the

most economical management options. The model uses a rnodified

Manhattan, Kansas wí.nd erosion equation (I,Ioodruff and Siddoway, 1965)

to predict wind erosion and a modified Uniwersal Soil Loss Equation

(I^Iischmeier and surith, 1965) as deweloped by onstad and Foster (1975)

to predict water erosion.

The model predicts the effect of erosÍ.on on productivity for an

area of about one hectare. The soil profile is divided into a maximum

of ten layers with the top layer always havíng a thickness of 10 nm

while the oÈher níne can have varying thicknesses. As erosíon proceeds
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the boundaries of the layers are moved down the profile with any

changes in soil properties accounted for through interpolatÍon

(i^/iIliams, Dyke, and Jones, 1983) .

Criteria used in testing the model included the ability of the

model to accurately simulate erosion using necessary inputs; to be able

to simulate erosion over a number of years; to be able to predict

erosion for different soils, different climates, and different crops;

to be efficient and easy to use; and to be able to assess the effect of

different management practices on erosion and productivity (I^/illiams et

al., 1983). I^Iilliams et al. (1983) tested rhe model and found rhar ir
provided accurate and realistic results when predicted and measured

sediment yields !/ere compared. The model was inexpensive to run and

\¡/as sensitive to soil erosion's effect on crop yields. The model

predicted a 4oz reduction in crop yields over a 50 year simulation

period with high erosion rates and unfavorable subsoil characteristics.

2.5.2. ProductiwÍty Index Model

Another model was developed by pierce et al. (1993) to assess the

long term changes in productivity due to erosion. Their model used for

predicting the effect of erosion on productivity was:

r
PI:

i:1

where PI is the

water capacity,

sufficiency of

productivity índex, Ai ís the sufficiency of available

Ci is the sufficiency of bulk densiry, Di is rhe

pH, I,IF is a weighting factor , and r is the number of
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horizons in which the roots can grov/ (Píerce et ãI., 1983). The

weíghting factor for any horizon is the normalized area under the curve

between the upper and lower boundary of the horizon. It takes ínto

account the faet that the soíl layers nearesL the soil surface play a

more important role in crop rooting than those layers further dorvn the

profile. Readers are referred to the original paper by Pierce et al.

(1983) for a complete description of the components of the model.

Data from the Soíls-5 and National Resource Inventory data bases

established in the United States r,ras used to calculate productivity

index and the changes in productivity wích time. Their model predicted

that erosion of productive soils v¡ith deep profiles could continue for

indefinite periods of time as long as nutrients \,/ere replaced and the

soil receiwed proper management. However, the model predicted that

productiwity of soils would decline if the productivity of the exposed

subsoil was less than that ¡¿hich was eroded.

Pierce et al. (1984) tested this model on the long term effect of

erosion on the productivity of soil in the Corn Belt. The Corn Belt

area consists of deep fertile soils on gently rolling terrain. The

authors felt that thís area would not suffer severe productivíty

changes assuming that the current rate of erosion did not change

drastically in the next 100 years. They felt that "both the

vulnerability of soils to productivity losses and the vulnerability of

the landscape to erosion must be considered in assessing erosion's

effects on soil productivity".

The model was also tested on a variety of different soil types and

climatic conditions by Rijsberman and LIolman (1985). In their study
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they evaluated the use of the productivity index model for soils from

the united states, rndia, Nigeria, and Mexico. They found that the

model qras useful in predicting the effect of soil erosion on crop

productivity when certain modifications to the model were made. For

example, peneLrometer measurements \¡rere a better estimate of root

penetration than bulk density for Hawaíian soils. For Nigerian and

Indian soils a correction had to be made for the increased stoniness of

these soils and its affeet on the water holding capacity of the soil

(Rijsberman and I,IoIman, 1985). They felt that once these corrections

were made, the PI model would be useful globally in predicting longterm

effects of erosion on productivity.

2.5-3. The MIRI,I Model

Another model known as the Nitrogen-Tillage-Residue Management or

NTRM nodel was developed by Shaffer in 1985 and is useful in pred.icting

the long and short term consequences of soil erosion on crop

productivity. The NTRM model is useful because it "provides one means

of quickly and economically assessing soil erosion-productivity

relationships as influenced by existing and proposed management

techniques" (Shaffer, 1985). Shaffer's model makes assessments on the

effect of different management techniques, such as conservatíon

tillage, multiple fertilizer applications, and írrigation, on erosion.

The model is composed of many submodels such as tíllage, soil

temperature, surface residue, chemical equilíbría, and root growth, as

well as others, which are linked together to produce the total

mathematical model. To show the effectiveness and accuracy of the
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model it was tested on a Dubuque sílt loam which had 0.30 m of erosion.

Shaffer (1985) found that írrígation, in addition to conservation

tillage and multiple fertilizer applications, vras needed to improve

productivity of this soí1.

2.6. Role of Models in Soil Conservation Progr¡ms

l[odels such as those described above will play an important role

in the development of conservation programs. They will be useful in

identifying land areas that should be taken out of production or are in

danger of large decreases in production if current managernent does not

change. They will provide a means whereby existing or proposed

management systems can be ewaluated. Th"y will also be useful in

deciding whether certain areas of land should be brought into

production. Models such as these will also be able to provide a faster

and more economical means for evaluating proposed or existing

management systems. Shaffer (1985) felt that models must be able to

account for climatic variabilíty over short periods of tíme, account

for differences in soil profiles, and account for differenL management

techniques if the model is to be of any use. The final decision of

whether a certain management techníque should be used will be based on

whether the benefits outway the costs of adopting the changes (Shaffer,

198s).

As the population of the world continues to increase the demand

for food continues to rise. As a result, more pressure wiil be placed

on agriculture producers to increase their crop production. This will

involve more land being brought into production and more íntensive
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farming on rand already in production. These trends, if not properly

managed, will add to the problem of soil erosion that already exists.

Producers will have to be shown the coscs and benefits of preventing

soil erosion in both the short term and in the long term. Lovejoy and

Napier (1986) felt that developing conservation practices in isolation

would not help to overcome the soil erosion problem. Instead they felt

that poríeies, sueh as incentive programs, must be developed so that

erosion control programs are actually adopted by the producers.

Perhaps inereasing people's avrareness about the extent of erosion in

the world will help to preserve our soíl for the future.



3. MATERIALS AND METHODS

Six field sites were developed in Manitoba on a Pembina clay loam,

Ryerson fine sandy loam, Reinland loamy very fine sand, Newdale clay

loam, I^Iillowcrest fine sand, and a I{askada very fine sandy clay loam.

3.1. Field Experiment, 1985

Three field locations vrere used during the 1985 growing season.

The three sítes included a Pembina clay loam, a Reinland loamy very

fine sand, and a Newdale clay loam. The Newdale clay loam and Reinland

loamy very fine sand sites were developed in the spring of 1983 and the

third site, Pembina clay loam, r^ras developed in the fal1 of 1983.

These three sites r,¡ere planted to wheat ín 1983 and 1984. Table 3.1

lists the site locations and descriptions of the experÍmental soils.

For a detailed soíl analysis and description of experimental sites see

Ives (1985).

All sites vrere developed on a completely randomized split plot

design. The three sites \,rere 0 . 33 ha in total area with plot

dímensions of 9.6 m square with pathways of 6 m both within and among

replicates. All artificial erosion vras done using a standard road

maintainer hired from the local rnunicipality. Topsoil removal

consisted of 0 (control), 5, 10, and 20 cm. Each topsoil removal

treatment r4las split into three subplots and treated with varyíng rates

of fertilizer. Fertílizer treatments consisted of (A) no fertilizer-

control, (B) recommended rate of fertilizer based on fall soil

sarnpling, and (C) approximately twice the recommended Tal'e of

28
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ferxlLízer.

Table 3.1. Description of experimental sítes used in 1985.

Site Narne &
Legal Description

Soil name & Classification/Description
Surface Texture

Minnedosa
NI^I 28 - 13 - 17W

Gladstone
NE 3s -L4-I2W

Altamont
sll 11-5-8Il

Newdale CL

Reinland LVFS

Pernbina CL

Orthic Black member of the smooth
phase Newdale Association. Soil
developed on medium textured,
moderately calcareous boulder till
of mixed materials.
(Ehrlich et al., L957)

Gleyed Rego Black member of the
Almasíppi Association. Carbonated
soil which developed on moderately
coarse textured deltaic, alluvial,
and lacustrine deposits. (Ehrlich
et al., L957)

Grey-Black member of the Pembína
Assocíation (degrading black
associate) which developed on
boulder ti1l. (E1lis and Shafer,
t943)

The C rate of fertil

would not be limiting to

was replicated four times

site.

izer was chosen so that fertllízer nutrients

crop growth. Each topsoil removal treatment

to give a total of 48 obserwations from each

Al1 fertilizer recommendations \¡rere based on fall soil tests.

Soil samples were collected in the fall of each year from the middle

two replícates to a depth of 90 cm. The samples r¡rere air dried, bulked

according to treatment, and then analyzed for the required nutrient

content (Appendix 1). Analyses shov¡ed only small variations in

nutrient levels among the varíous topsoil removal and fertiLizer
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treatments. on this basis, an average soil test value for each

nutrient was used in establishing the fertilizer recommendations.

rn the spring, each site r,r/as disced once, using a three-point

hitch tandem disc, and then sprayed with 'Treflan EC, ax 2.0 t ha-l fo,

grassy and broadleaf weed control. The sites were then disced again to

incorporate the 'Treflan'. Fertilizer was then added. to each subplot

with all nitrogen, sulfur, and potassíum hand broadcasted before

seeding. The sites were then disced one more time at righc angles to

the previous pass to thoroughly incorporate the fertilizer and the

herbicide. The sites were then seeded using a three point hitch plot

size seeder (144 cm in width v/ith 18 cm ro\Ài spacings) to l,Iestar canola

(Brassica napus var. I,Iestar). seeding rate was approximately B kg h¿-1.

Arr required phosphorus was added with the seed at the B rate, and at

the c rate, half the phosphorus \{as seed placed and the other half was

drilled in below the seed. Table 3.2 shows the seeding dates and rates

of fertÍlizer used at the experimental sites. sources of the

fertiLLzer elements used were 11-55-0, 34-0-0, and 0-0-0-16.

Table 3.2. seeding dares and ferrilizer raresl (kg/ha) used on

:1ï:rï:::Ïï::::i311:::
SÍte Seeding Fertilizer _ Fertilizer elements

Date Rate N PZ}S KZo S

Penbina CL

Reinland LVFS

Newdale CL

May

May 14

May 10

100
150

50
100

100
1s0

0
0

0
0

B

C

20
40

20
40

20
40

20
40

0
0

0
0

DD

c

B

C

0
0

tNo fertilízer added at the A rate
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Throughout the growing season many growth parameters vrere

monitored. All sites were monitored for weed growth and, depending on

the spectrum of weeds present, appropriate post emergence herbÍcides

r^lere sprayed. ìPoast' herbicide was sprayed at the Reinland LVFS and

the Newdare cL sites ax a rate of 1.1 I ha-1 for control of grassy

weeds. Crop emergence vlas tabulated each week and rainfall \¡ras

recorded with recording rain gauges. \fhere rainfall data \,ras not

complete, due to equipment malfunction, the necessary information was

obtained from Atmospheric Environment stations closest to the plots.

A harvest consisting of ten random plant samples (entire plant at

flowering) from all subplots \¡ras conducted near midseason,

approximately July 11. These samples were then analyzed for nutrient

content (N,P,K,S). Final harvest consisted of representative square

meter samples from each subplot. The plant samples were aír dried and

seed yíeld determined. Seed samples were anaLyzed for protein and oil

content and the straw samples were analyzed for nutrient content.

3.2. Field Experiment, 1986

The same three sites used in 1985 were used agaín in 1986. Three

new sites were added. After the various results had been analyzed from

the 1985 season it was found that there were large differences between

replicates. To overcome this it vras felt that the size of the new

sites should be increased to help reduce some of the ertot. The three

nevrer sites vrere increased in total area to 0.7I ha with plot

dimensions of 16.8 m square with 5.6 m pathways both wíthin and among
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Teplicates . The three ner¡r sites \¡rere : a Ryerson f íne sandy loam,

developed in the sprÍng of 1986, a I^Iillo\^rcresL fine sand, developed in

the fall of 1985, and a \^Iaskada very fine sandy clay 1oam, developed in

the spring of 1986. The Ryerson fine sandy 1oam, the i^Iillowcrest fine

sand, and the Llaskada very fine sandy clay loam soils had average Ah

thicknesses of 23 cm, 27 em, and 23 cm, respectÍvely. Locations of the

new sites and soil description are lísted in Table 3.3.

Table 3.3. Description of new experimental sites used in 1986.

Síte Name &
Legal Description

Soil name & Classífication/Description
Surface Texture

St. C1aude
NC 22-8-7I,I

Boíssevain
sc 5-3-20w

I^Iaskada
sH 12-2-25ri

LIillowcrest FS

Ryerson FSL

Waskada VFSCL

Gleyed Black member of the
Almasippi Association which
developed on weak to moderate
calcareous, imperfectly drained
sandy lacustrine deposits.
(St. Jacques, 1984)

Orthic Black member of the Ryerson
Associatíon. I,rIe11 drained soil
underlain by deep, strongly
calcareous, medium to moderately
fíne textured glacial till.
(Eilers et al., L978)

Orthic Black member of the
I,Iaskada Association. Developed on
thin, medium textured, strongly
calcareous aeolian and lacustrine
deposits which overly strongly
calcareous glacial til1.
(Eilers et al., !978)

The Ryerson FSL and

spring of L986 to 60 cm

I{illowcrest FS siÈe was

I{askada VFSCL sites were

prior to removal of the

soil sarnpled in the fall

soil sampled in the

topsoil, while the

of 1986, on the no
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topsoil removed treatment. Results of the analyses (Table 3.4) were

used to determine the initial fertil-izer recommendations. The same

procedure used in 1985 to determine the fertilÍzer recommendations was

used in 1986.

Table 3.4. Soil analyses of neT^7 experimental sites before site
preparat ion.

Sites
Analys is Depth (cm) Ryerson FSL I.rlillowcrest FS i"iaskada VFSCL

OrganÍc Matter
(?)

Carbonate Content

0-1s
15-30
30-60

0-15
1s-30
30-60

0-ls
15-30
30-60

0-15
15-30
30- 60

0-15
15-30
30-60

0-1s
1s-30
30-60

0-ls
1s-30
30-60

0-15
15-30
30-60

3.1
2.2
0.8

Very
Very
Low

10

7.9
7.9

0.3
0.2
0.8

4.3
5.6

17 .4

6.r
4.6
6.2

305.0
262.0
ss1.0

23.0
26.0
s9.0

3.1
I.4
0.6

Absent
Absent
Low

7.s
7.6
7.9

0.2
0.2
0.2

4.8
7.6

13.s

3.8
2.0
2.6

159.0
l-61 .0

1s43 . 0

3.3
s.0
9.0

4.0
¿.J
1.0

Very Low
Very Low
Medium

L6
-1 0

7.9

0.3
0.3
0.4

6.8
6.7

24 .6

60.s
20.7
L9 .4

780.0
689.0
980.0

2r.3
L). ¿

51 .9

Low
Low

pH

Conductivitv
(ms cm-1)

NOr - -Nt
(r.! n3-1¡

Avail. lhosphorust
(kg ha-r)

AvaiI. Potassiumt
(kg ha- 1)

Avail. S042- -5$
(kg ha- r)

tsodirt* bicarbonate extractable
tAmmonium acetate exchangeable
SI^Irt"t soluble
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The original three sites v¡ere also soil sampled in the fall of

1985 to 60 cID. The samples were air dried and tested for the various

nutrient contents. Results of the analysis (Appendix 2) where used to

determine the 1986 fertilizer recommendations for these sites.

The same plot preparation procedures \¡rere used in 1986 as v/ere

used in 1985 with a few modifications. Since this was the second year

that canola rùas to be gro\¡rn on the sites, it rlras anticipated that

disease and insect problems mÍght develop. To help allevíate this

problem the I,.Iestar canola was treated with Counter 5G for flea beetle

control, and vitavax for protection against seed and seedling

rotsþlights and blackleg. The seeding rate r^ras doubled to 16 kg h¿-l

to account for the counter 5G in the mixture. sources of the

fertilizer nutrients used in 1986 included 11-51-0, 34-0-0, O-0-60, and

2L-0-0-2/+. Tab1e 3.5 shows seeding dates and fertiLizer rates used in

L986.

Ileed control consisted of applications of 'Poast' herbicide to the

Ryerson FSL, Reinland LVFS, and Newdale CL sites at 0.81 I ha-l and to

the üIillowcrest FS site at I.6 t ha-1 for control of green foxrail

(Setaria viridis) and volunteer barley (Hordeum wulgare). The l,Iaskada

site had been planted to sunflowers the previous year and since there

is no chemical control for volunteer sunflowers (Helianthus spp.) in

canola, the site v/as hand rouged throughout the season. ,Round-Up'

herbicide vras sprayed with a hand held sprayer for spot control of

quack grass (Agropyron repens) and Canada thistle (Cirsiurn arvense) at

the Pembina CL and Newdale CL sites. 'Lontrel' herbicide was sprayed

at the Reinland LVFS site in a Ëank-rnix with 'Poast' ax L O-1.5 t ha-l
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for control of Canada

'Lontrel' was also sprayed

Èhistle and sow thistle.

thistle and sour thistle

at the Newdale CL site for

(Sonchus spp. ) .

control of Canada

Table 3.5. Seedíng dates
experimental sites , 1986.

and fertilÍzer ratesl (kg/h.a) used on

Site Seeding Fertilizer Fertilizer elements
Date Rate N PZ}S Kzo

Pembina CL

Ryerson FSL

Reinland LVFS

Newdale CL

I{illowcrest FS

lüaskada VFSCL

YIay 22

l{.ay 2I

May 23

l{ay 26

May 13

llay 20

100
200

100
200

100
200

100
200

100
200

100
200

B
(,

B

C

B

C

B

C

B
(,

B

C

0
20

20
40

20
40

20
40

20
40

0
20

0
0

0
0

0
0

0
0

35
70

0
0

20
40

0
0

0
0

0
0

20
40

0
0

tNo fertilízer added at Lhe A rare

soil moisture r¡¡as monitored weekly at all six sites using a

Troxler neutron meterl. Four aluminum access tubes were installed in

the four middle plots at each site. However, fairure to get enough

good soil moisture data for calibration of the neutron meter resulted

in the data not beíng used.

lsupplier: 
M

Hamilton, OntarÍo,
& L Testing Equipment
L9J 181,

Co. , 3l Dundas St East,
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3.3. Soil Analyses

3.3.1. Physical Analyses

1. Bulk densities v/ere determined in the field for each nevi

experimental site. The process involved augering 4 holes to

approximately 120 cm each. Samples r,rrere taken in approximately 15 cm

layers (exact thickness measured) and the soíl from each depth was

weíghed. A representative sample from each depth was selected, oven

dried at 110oC, and gravimetric water content determined. This aflowed

the calculation of amount of dry soil in each layer. using the

measured diameter and height of each hole, the volume was determined

and the bulk density was calculared by dividing dry weight by rhe

volume of eaeh layer (Appendix 3).

2. FÍeld capacity (FC) rrras determined in the field for each

experimental síte. The procedure involved flooding an e:rea

approxímately 1.5 m x 1.5 m with enough v¡ater to completely saturate

the soil to 120 cm. The area was then covered with plastic, to prevent

evaporative losses, and left to 'equilíbrate' . The , equílibration

time' varied from 2 days for the coarse textured soils to 4 days for

the fine textured soils. From the middle of the flooded area,4

replicates of soil samples in 15 cm layers to L20 cm rrere taken, and

the gravimetric r{ater content determined. Gravimetric water content at

field capacity v¡as multiplied by bulk density to determine \¡/ater

content at field capacity on a volume basis (Appendix 3).
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3. Permanent wilting percentage (PI^IP) was d.etermined in the laboratory

using a pressure membrane apparatus. A pressure of approximately 1.6 x

106 pa was applied until equilibríum v/as established. The samples v,/ere

then weighed and gravimetric water content at fifteen bars determined.

The followíng formula v/as used to estimate the permanent wilting

percent:

PwP 0.0207 + 0.7i468(FAp) ( Shaykewich , 1965 )

where FAP: gravimetric r+ater content at 1.6 x 106 pa (15 atmospheres)

suction. Gravimetric PWP was multiplied by bulk density to determine

water content at PIIP on a volume basis (Appendix 3).

4. Available moisture was determined by subtracting the permanent

wilting percent from the field capacity of each soil. The difference

r{ras then multiplied by the depth of each layer and then summed to

determine the available water (rn¡n) to 120 cm (Appendix 3).

5. Particle size analysis (pipette method as described by Kilmer and

Alexander (L949)) was conducted at all new sites to 120 cm. The amounr

of each separate as a percentage of the total weight of mineral

fractíon was calculated. The sand fraction for each depth was sieved

to determine the size distribution of the sand. Soil texture was then

determined using a textural tríangle (Appendíx 4).
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3.3.2. 0hemical Analyses

1. The pH

of soíl and

of the

r¿ater.

soils was determined

The conductivity was

on the slurry of a 1:1 mixture

determined on the same slurry.

2. Nitrate-nitrogen r+as determined on a Technicon Auto Analyzer system

usíng a rnodification of the automated colorimetric procedure of

Karnphake et al . (L967).

3. Available phosphorus v¡as extracted using sodium bicarbonate as

described by Olsen et al. (1954). Concentration of phosphorus in

solution was determined using ascorbic acíd as a reductanË for the

phosphomolybdate complex. The development of a molybdophosphoric blue

color due to reduction r¡/as measured at 815 run (Murphy and Riley , T962) .

4. Exchangeable potassíum v/as determined using flame photometry.

Twenty fíve nl of lN NH¿nOAc plus 2.5 g of soil were shaken for 30 min,

filtered, and a portion of filtrate was analyzed for K concentration.

Lithium in the form of líthíum nitrate, v¡as used as the internal

standard.

5. Sulphate-sulphur hras determíned using a dilute 0.0011{ CaCL2

solution to extract the SO4. The concentration in the extract v¡as then

determined colorimetrically using an Auto Analyzer II system (Lazrus et

ãL., L966).
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6. Organic matcer content was determined using the 1934 i,üalkley-Black

procedure in which organíc matter is oxidized by chromic acid and

excess K2Ct2O7 is back ritrated wirh FeSO4.

3.4-L- Plant Analyses

1. Total nitrogen was determined using a modified procedure

(1958). Distillation and titration rá/ere performed using

Kjeltec Auto 1030 AnaLyzer.

by

a

Jackson

Tecator

A standard stock solution \rras prepared by weighing 0.5 grams of plant

material Ínto digestion tubes. 2.5 mL of HNo3 and r.25 ml of HC1o4

v¡ere added to the samples. The tubes were then covered and the samples

vlere then allowed to predigest for one hour. The samples were then

digested for 1.5 hours at 22OoC on a Tecator digestion block. After

completion of digestion the tubes were remowed and allowed to cool.

AIl of the solution in the tubes r^ras vortexed and then completely

rinsed, using deionized vùater, into indiwidual 25 ml volumetric flasks

to give a dilutíon factor of 50. After shaking vigorously, a portion

of the solution in the volumetric flasks was transferred to disposable

borosillicate culture tubes. This e/as the stock solution from which

all other tissue analysis (P,K,S) was determined.

2. Phosphorus concentration of the solution vras determined by a

modified procedure by Murphy and Riley (L962). The POa- ion r¡/as
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complexed with molybdenum, producing a blue color. Absorbance was read

on a Bausch and Lomb spectrophotometer at 885 nm.

3. Potassium concentration was determined by atomÍc absorption on a

Perkin-Elmer absorption spectrophotometer using LíNO3 as an internal

standard. Digestion of the plant samples was carried out according to

the procedure of Chapman and Pratt (1961).

4 ' Sulfur concentration of diluted stock solution \^ras determined.

colorimetrically by reading the SO42--S concentrations on a Technicon

Auto Analyzer using the procedure of Lazrus et al. (1966).

3.5.1-. Seed Analyses

1. Twenty grams of seed sample \^ras tempered to 6 - Bs moisture and

ground for 15 seconds usíng a Moulinex coffee grinder (ímpeller type).

The oí1 and protein content \¡/ere determined in an Instalab 800 NIR

Product AnaLyzer (I,,7i1liarns, 1-975) .



4. RESTILTS AND DISGUSSION

4.I. 1985 Results

4.L.I- Growing Season Precipitation

Total growing season precipitatíon was close to or above the long

Lerm average for all three sites (Appendix 5). Both the ReÍnland LVFS

and Newdale CL sites had below average rainfall for the month of June,

while the Pembina CL site had above average amounts. Precípitatíon in

the month of July was well below the long term averages for all three

sites. Heavy rainfall in early August before harvest increased the

total precipitation for the growing season to long term average values.

Thus, because of an uneven distribution of rainfall, yield may have

been lirnited by moisture stress during Ju1y.

4.L-2. Grop Emergence

Topsoil removal did not appear to have any effect on canola

emergence (Table 4.L). Topsoil removal did not signifícantly reduce

canola emergence at any of the experimental sites and therefore did not

adversely affect crop stand.

4-L.3. Midseason TÍ.ssue Analysis

Analysis of the canola tissue at midseason (entire plant at

flowering) indicated that phosphorus concenLrations in the plant were

sufficientl to high at all sites v¡ith no significant differences

14d"q.,".y of canola
Manitoba Provincial Soil

nutrients based on crítería established by the
TestÍng Laboratory (Appendix 6).

4I
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existíng between treatments (AppendÍx 7)

Table 4.1. Canola emergence counts (plants m-1), 1985

SiLe Topsoil
Removal

(cm) I{,ay 24 May 31 June 6 June 13 June 20 Jwne 27

Pembina CL

Reinland LVFS

Newdale CL

0
5

10
20

0
5

10
20

851
78
93
90

45
52
52
46

IO7
B3

116
110

56
53
64
58

tl1
88
96
97

103
83

113
113

oaOJ

60
77
t3

96
75

103
101

48
44
58
69

83
o/,

92

100
oôAL

108
LO2

56
62
55
67

106
86
93
93

49
49
45
60

0 104
5 86

LL2 109

10
20

89
80

B8
96
96

ii¡ithi.t site-date, unless otherwise noted, means foltowed by the same
letter are not significantly different at Tukey's 0.05 level.

At the Pembina CL site, the nitrogen content of the tissue samples

was low for all levels of topsoil removal where the A and the B rate of

fertilizer had been added (Appendix 7). Twice the recommended rate of

fertilizer (C rate) for all levels of topsoil removal had margÍnal

concentrations of nitrogen. However, there \¡rere few significant

differences among the treatments. Potassíum concentrations in the

tissue samples were marginal where 5, 10, and 20 cm of topsoil had been

removed and no fertilizer had been added. The remaining treatments

were sufficient in potassium. However, there \¡/ere no significant

dífferences among the treatments (Appendíx 7). Sulfur concentratíons

r,¡ere sufficient to high for most treatments with only the 10 cm topsoil



¿+ -)

removal, B rate of fertilizer treatment havíng low concentrations.

Sulfur concentrations \,ilere highest where no fertilizer was added and

decreased as increasÍng rates of fertilizer

significant differences existed (Appendix 7).

I47ere added. Few

For the Newdale CL site, concentrations of nitrogen vrere marginal

where 5, 10, and 20 cm o1 topsoil had been removed and no ferxtLízer

had been added (Appendix 7). Ten centimeters of topsoil removal and

lhe recommended rate of fertílizer tteatment also resulted in marginal

nitrogen concentrations. The remaining treatments \^rere suffÍcient in

nitrogen. There v/ere no statistícally significant differences among

the treatments. Potassium concentratíons were sufficient to high with

no significant differences existing among the treatments (Appendix 7).

Sulfur concentrations I^rere suffícient to very high for all treatments

(Appendix 7).

For the Reinland LVFS site, only the 5 cm topsoil removal, no

f,er1-ui1-i-zer treatment and the 10 cm topsoíl removal, recortmended rate of

ferxiLízer treatment were margínal in nitrogen (Appendix i). The

remaining treaLments \¡¡ere sufficient with few significant differences

exísting among the treatments. Potassium concentrations were very high

where no topsoil was removed and twice the rate of fertilizer was added

(Appendix 7). The remaíning treatments \¡rere sufficient to high in

potassium with no significant differences existíng between the

treatments. All sulfur concentrations were hÍgh to very high with no

signíficant differences existing among the treatments (Appendix 7).
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4-L-4. Final Harvest

4.L.4-I- Seed Yield

In general, canola yields decreased as the 1evel of topsoil

removal increased when no fertilizer \¡¡as added (Table 4.2) . For the

Pembina CL site, where no topsoil v/as removed and no fertilizer vras

added, yields \Àrere over 3.5 times higher than where 20 crn of topsoil

had been removed and no fertilizer was added. simÍlarly, without

fertilizer at the Reinland LVFS and the Newdale CL sites, yields were

2. I times higher where no topsoil had been removed than where 20 cm of

topsoíl had been removed.

In most cases for the fine textured soils, the addition of

fertilizer v/as able to overcome the yield loss associated with the

removal of topsoil. Generally, addition of fertilízer at the

recommended rate increased the yield of canola over that of the

control. Applications of twice the recommended rate of fertilizer did

not significantly increase yields over those obtained with the

recommended rate of ferLilizer. Table 4.3 shows the relatiwe yields of

canola as a percenc of the control for the warious sites. The table

indicates that for the Pembina CL site, canola yields were reduced to

27.62 of the control where 20 cm of topsoil v/as removed and no

fertllízer rl.ras added. For the Reinland LVFS and for the Newdale CL

sites, yields r¡/ere reduced to 47 .82 of the control where 20 cm of

topsoil was removed and no fertilizer was added. Canola at both the

Pembina CL and the Newdale CL sites responded to the application of

fertilizer. Yields were always higher than the control when either the

B or the C rates of fertilizer v/ere added. Canola yields at the
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Reinland LVFS site \¡/ere still lower than the control where 20 cm of

topsoil had been removed and the B and C rates of fertilizer had been

added. Figure 4.1, using the Pembina cL site as an exampre, shows the

overall trends that occurred as topsoil was removed and fertilizer \^/as

added.

Table 4.2. Effect of topsoil removar on canola yields lkg ha-1), 1985.

S ite Fertilizer Topsoil Removal (cml

Pembina CL A

B

C

Reinland LVFS A
B
(,

Newdale CL A
B

C

0

1315.0cdt
20/+7.Sabc
2430.}ab

1485.Oab
Il57.5ab
2680.0a

T652.5abc
1942.5abc
2392.5ab

5

740.}de
2605.0ab
2I77 .5ab

L427 .5ab
1935.0ab
L947 .5ab

972.5eb

10

720. 0de
1932.5bc
2222.5ab

1380.Oab
Il52.5ab
2020.lab

1592.5abc

20

362.5e
L992.5abc
2805.0a

710.0b
1450.Oab
L362.5ab

790.0c
2270.Oabc
2570.0a

2105.Oabc 2000.Oabc
2062.5abc 2770 .0a

tWitttit-t site, means followed by the same letter are not significantly
different at Tukey's 0.05 1evel.

The canola yierds r\rere crose to or srightly below the average

yield of canola reported for the various crop zones in Manitoba. The

average yield of i^/estar canola for the Minnedosa area was 2]¡]-4 kg ha-I

(Field crop Variety Recommendations for Manitoba, 1986). The average

I^Iestar canola yield for the Altamont and Gladstone areas v/as reported

as 2O2L kg ha-1 (Field Crop Variety Recommendations for ManÍtoba,

1986).
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Table 4.3 Relative canola yíeld, 1985 (? of control).

S ite Fertilizer Topsoil Remowal lcm)

Pembina CL

Reinland LVFS

Newdale CL A
B

C

A
B

C

A
B

C

0

100 .0
L55.7
184. 8

l-00.0
118 .4
180.5

100.0
LL7 .5
L44.8

5

56.3
198.1
L65.6

96.L
130. 3

131. 1

s8.9
L27 .4
L24.8

10

54.8
L47 .O
169.0

92.9
118 .0
136 .0

96.4
LzL.O
L67.6

20

27 .6
1s1.5
2L3.3

47.8
97 .6
91.8

47.8
L37 .4
155.5

4.L.4.2. Seed Protein and OiI

Analysis of the seed for protein concentration índicated that, in

general, the protein concentration of the seed was usually lowest where

no fertilLzer was added and 20 cm of topsoíl was removed, although few

significant differences existed (Appendix 8). conversely, there \¡/as a

small trend towards higher oil concentration where no ferxlLi,zer T¡ras

added and 20 cm of topsoil was removed (Appendix 8). Few significant

differences rrere found among the treatments. In general, as fertiLízer

\,ras added the oil concentration decreased in the seed and the protein

concentratíon increased.

4.I-4-3. Straw Yield

For Pembina CL site, stra\v yield on all topsoil removal treatments

that did not receive fertilizer was significantly differenL from those

that did receive fertilizer (Appendix 9). Llithin fertilízer treatment,
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Figure 4.1. Canola yields
and fertilizer treatment, on

TMeans followed by the same
Tukey's 0.05 1eve1.

TopsoiL removed (cms)

(kg/ha) for each level of topsoil removal
Pembina CL soil in 1985.

letter are not significantly different at
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no significant differences rqere found.

lower strav/ yíe1ds as the amount of

fertilizer rate decreased.

There existed a trend towards

topsoil removed increased and

For the Reinland LVFS and Newdale cL sites, few significant

differences existed among the treatments (Appendíx 9). straw yields

vrere lower where topsoil was removed and no fertll izer r,,ras added than

where fertilizer \¡/as added. Once fertLLlzer was added, straw yields on

the eroded and noneroded soils were similar.

4.L.4.4. Strarr Nutrient Concentration

Nitrogen concentrations in the strar¡r generally decreased as the

amount of topsoil remowal increased within the no fertilizer added

treatment (Appendix 10). The concentration of nitrogen in the stra\,r

usually íncreased as ferxil-j-zer rate increased. The same effect

occurred for phosphorus, potassium, and surfur. usually the c rate of

fertilizer had higher concentrations of nutrients in the straw than the

A or B rate, with the B rate being hÍgher than the A rate. Quíte often

the 20 cm topsoil removal treatment had the lowest concentrations of

nutrients within a given fertilizer treatment. For some nutrients an¿

in some instances, for the 20 cm topsoil removal treatment, the

recommended rate of fertilizer did not increase the concentration of

nutrients above that of the control.

4.2. 1986 Results

4-2.L. Growing Season Precipitatíon

Total growing season precipitation lras close to the long-term
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average for the Ryerson FSL and the Reinrand LVFS sites (Appendix 5).

The Pembina CL síte had below avera1e precipitation levels for the

growing season. The other three sÍtes had precipitation above the long

term average for their respective areas. However, precipitation was

variable throughout the growing season. As Appendix 5 indicates,

precipitation afLer seeding for all six sites r¡/as very low. The

Ryerson FSL, the Reinland LVFS, and the I'tlaskada VFSCL all had below

average rainfall for the month of June. All síx sites experienced well

above average amounts of precipitation for the month of July and below

average precipitation levels for the month of August.

4.2.2. Crop F'.mergence

As in 1985, topsoíl removal did

canola emergence (Table 4.4) . IlÍth

removal did not signíficantly reduce

experimental sites and therefore did

the final crop stand.

not appear to hawe any affect on

only a few exceptions, topsoil

canola emergence at any of the

not appear to have arry effect on

4.2.3. Midseason Tissue Analysis

Midseason tissue analysis in 1986 indicated that, in general,

nitrogen eoncentratíons were sufficient wiLh a few sítes showing low to

marginal concentrations (Appendix 11). Low to marginal concentrations

of nitrogen occurred at the Pembina CL site where 0, 5, 10, and 20 cm

of topsoil had been removed and no fertilizer }rrad been added. The 20 cm

topsoil removal, recommended rate of fertilizer treatment T¡/as also

marginal in nítrogen at this site. For the Reinland LVFS site,
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TabLe 4.4. Canola emergence counts (plants *-1), 19g6.

S ite Topsoil
Removal Dete

(cm) May 22 June 2 June 9 June 19 June 25 July 2

Pembina CL 0
5

10
20

Ryerson FSL 0
5

10
20

Reinland LVFS 0
5

10
20

Newdale CL 0
5

10
20

Irlillowcrest FS 0
5

10
20

I,laskada VFSCL 0
5

10
20

28
13
T7
13

23
8

24
26

20Ï
18
26
27

29
I2
23
1s

28
18
32
32

29
31
33
31

35
L7
27
22

27
L9
32
28

33
1t
33
30

44
39
48
56

39
32
¿+J

34

25
18
28
25

56
40
68
54

34
13
35
31

37b
3tb
44ab
60a

z5
9

zo
z+

40
4T
66
43

26
1B
29
35

35
Õ

T9
18

20a
10ab

6ab
0b

35
7

I9
18

43
29
32
44

lWithin site-date, unless otherwise noted, means
letter are not sígnificantly different at Tukey,s

followed by the same
0.05 leve1.
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marginal Èo low concentrations of nitrogen occurred on aII but the 0 cm

topsoil removal, B rate of fertíLízer treatment and the 5 and 10 cm

topsoíl removal, twice the recommended rate of fertilizer treatments.

For the Willowcrest FS site, nitrogen eoncentrations \dere marginal

where 0, 5, 10, and 2O cm of topsoil had been removed. and no fertilizer

had been added. Nitrogen concentrations in the tissue for the no

topsoil removal, twice the recommended rate of ferxíl-j-,zer treatment

T¡/ere also marginal while canola grov,Tr on the no topsoil removal ,

recommended rate of fertilizer xreatment was low in nitrogen. Canola

grovrrl on the rest of the sites r^rere usually sufficient in nitrogen.

However, for all siLes, no significant differences existed among the

treatments.

Phosphorus concentrations were sufficient to high with few

significant differences among the treatments (Appendix 11). Potassium

concentrations in the canola tissue rr¡ere sufficient to high with fevr to

no significant differences existing among the treatments (Appendix 11).

sulfur concentrations were usually sufficient to high with some

treatments showing very high concentrations of sulfur. For each site,

no significant dífferences existed among treatments for sulfur

concentrations in the canola tissue (Appendix 11).

Trends in the nutrient concentrations of the tissue with increases

in fertilízer rate Ìrere small. Nitrogen, potassÍum, and sulfur

exhibited no trends at all while phosphorus concentrations were usually

lor,¡est where no fertilizet was added. The B rate of fertilizer usually

increased the concentration of phosphorus in the tissue, while the c

rate usually increased the concentration even further. All
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concentratÍons of phosphorus \4rere sufficient in the canola tissue and

few to no significant differences existed among the treatments. i^Iithin

each fertilizer treatmenc, removal of topsoil did not appear to have

any affect on the concentration of phosphorus in the canola tissue.

4-2.4. Final Harvest

4.2-4.I. Seed Yield

In general, canola yields were reduced where topsoil was removed

and no fertilizer '$ras added (Table 4.5). There was a trend towards

lower yíelds as the level of topsoil removed increased and no

ferxlLizer Ílas added. In most cases for the fine textured soils,

application of the recommended rate of fertilizer overcame any yield

loss assocíated with the loss of topsoil. Apprication of twice the

recommended rate of fertilizer did not sígnificantly increase yields

over those obtained v¡ith the recommended rate of fertil ízer . Even at

twice the recommended rate of fertílízer, yields on the 20 cm topsoÍl

removal treatment qrere usually lower than those on the no topsoil

remowal, twice the recommended rate of fertilizer treatment. However,

few sígnificant differences !¡ere found.

Table 4.6 shows the relative yield of canola as a percentage of

the control for each site for 1986. It indicates that in some cases,

canola yields vrere reduced to 32.7* of the control. I^Iith a few

exceptions, application of f.exXiLizer increased canola yields above

thaf of the control.
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Table 4.5. Effect of topsoil removar on canola yields (kg/]na), L9B6

Site Fertilizer Topsoil Removal(cm)

2010

Pembina CL

Ryerson FSL

855.Obcdt 680.0bcd
1700.Oab 2290.Oa
T682.5ab L792.5ab

2090.Oabcd 1660.Obcd
3047.5abc 3267 .5ab
3077 .Sabc 3045.Oabc

527 .5cd 280.0d
L3L2.5abcd 1480.0abc
2252.5a L542.5abc

A
B

C

A
B

C

Reinland LVFS

Newdale CL

ilillowcrest FS A
B

C

Waskada VFSCL A
B

c

I28l .5abc
1817.5abc
2047 .5ab

13B2.5abc
1867.5ab
2142.5a

2427 .5abc
2587 .5ab
3417 .5a

2L77.5abc
2587 .5ab
2735.0a

1187 . 5abc
17 62 .5abc
2227.5a

685 . 0bc
2L72.5a
I877 .5ab

1010.0c
2122.5abc
2577.5ab

L402.5cd
3902.5a
3725.0a

765.0bc
L667.5abc
1815.Oabc

391.5c
L277.Sa]'.c
2325.0a

1355.0bc
2605.Oab
2482.5abc

LL32.5d
2637 .5abcd
3310.Oab

645.0c
L272.5abc
15B2.5abc

681 .5bc
1507.5abc
Ll75.Oab

1025.0c
1607.5bc
2322.5abc

1085.0c
l340.Oabc
1980.Oabc

A
B

C

D̂D

C

1835.0abc L2l1 .5bc
2220.]abc 2145.}abc
1807.5abc 2082.5abc

+-_- . .ll^Jrthrn srte, means
different at Tukey's

followed by the same letter are not significantly
.05 level.

At both the l^Iaskada VFSCL and the llillowcrest FS sites, yíelds on

the 20 cm topsoil removal, recommended rate of fertilizer treatment

were lower than the no topsoil removal, no fertilr.zer added treatment.

Even twice the recommended rate of fertilizer did not increase yÍelds

above the control, although there Lrere no statistically significant

differences between the control and these treatments At the Waskada

had been removed

wiLh 20 cm of

site, yields \,rere not restored where 10 cm of topsoil

and the recommended rate of fertilízer applied. As
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topsoil removed, twice the recommended rate of ferxlLízer r¡/as not able

to improve yield over that of the control . Horøever, these t\^7o

treatments were not significantly different from the control. At these

sites, fertilizer \ias not able to overcome the loss of yield where 20

cm of topsoil had been removed.

TabLe 4.6. Relative canola yield, 1986 (t of control).

Site

Pembina CL

Fertilizer Toosoíl Remowal lcrn)

A
B

C

0

100. 0
198.8
196.8

100.0
14s.8
L47 .2

l_00. 0
L4L.2
159 .0

100. 0
13s . 1-

155.0

100.0
106.6
140. 8

100. 0
118.8
L25 .6

5

79 .5
267 .8
209.6

l9 .4
ls6.3
L45.7

92.2
L36.9
L73.0

49.5
157.1
13s.8

4L.6
87 .4

L06.2

84. 3

L02.0
83.0

10

6L.7
ls3. s
263.5

67 .L
L86.7
L78.2

59.4
L29 .5
141 .0

28.8
92.4

168.2

55.8
L07 .3
L02.3

58.7
98.5
95 .6

20

32.7
L73.7
180 .4

54.2
L26.2
t58.4

50.1
98. B

r22.9

49 .7
109.0
L28.4

42.2
62.2
9s.7

49.8
61. s
90.9

Ryerson FSL A
B

c

ReÍnland LVFS A
B

C

Newdale CL A
B

C

InIíllowcrest FS A
B

c

Llaskada VFSCL A
B

C

At all other sites, the canola responded to the application of

fertilizer. In most cases, the recommended rate of fertilizer was able

to increase yields above that of the control. Figures 4.2 and 4.3,
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using the Ryerson FSL and the l,Iillowcrest FS sites as examples, shows

the overall trends that occurred under the various treatments.

Canola yield at the Ryerson FSL site was above the average canola

yield reported for its crop zone. The average I,Iestar canola yield for

this zorLe vTas 2474 kg ha-l (FíeId Crop Variety Recommendations for

Manitoba, 1987). Canola yields at the Waskada VFSCL site and rhe

Ilíllowcrest FS sites were close to the average yields of 2474 kg h¿-l

and 2495 kg ha-1 reported for their crop zones respectively (Field Crop

Variety Recommendations for Manitoba, L987). However, canola yields at

the Pembina CL, Newdale CL, and the Reinland LVFS sites \¡rere well below

the average canola yields reported for their areas. The average l^Iestar

canola yield for the Altamont and Gladstone areas r\¡as 2495 kg ha-1,

while the average yield for the Minnedosa area Ì{as reported as 2457 kg

ha-1 (Field Crop VarÍety Recommendations for Manitoba, LgSl).

4-2-4.2. Seed Protein and Oil

Overall, protein concentration decreased as the level of topsoil

removal increased and no fertilizer v¡as added. Application of

fertilizer increased the protein concentration in the canola seed but

few significant differences existed among the treatments (Appendix 12).

The opposite effect was seen for the oil concentration of the seed. As

the 1ewel of topsoil removal increased the oil concentration usually

increased when no fertilizer \¡ras added. Applications of fertilizer

reduced the oil concentration of the seed and again, few significant

differences exísted among the treatments for the varíous sites

(Appendix 12).
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4.2-4.3. Stra¡l Yield

In general, stra\,r yields decreased as the level of topsoil removal

increased and no fertilizer eras added (Appendix 13). Applications of

the recommended rate of fertilizer increased straw yields over those

where no ferxlLizer had been added. Twice the recommended raxe of

fertilizer did not significantly increase stra\,¡ yierds over the

recommended rate of fertÍ-l-izer. Few sígnificant differences existed

among the treatments for the various sices.

4.2.4.4. Straw Nutrient ConcenÈration

Nitrogen concentration of the stra\{ decreased as the 1eve1 of

topsoil removed increased and no ferxíLizer was added (Appendix L4).

Application of the recommended rate of ferlilízer íncreased. the

concentration of nitrogen in the stra\^r samples while twice the

recommended rate of fertilizer ínereased the concentration of nitrogen

even further. rn general, within fertirizer treatment, nitrogen

concentrations decreased as the leve1 of topsoil remowed increased,

although few significant differences occurred. The Reinland LVFS, the

I,Iíllowcrest FS, and the I^Iaskada VFSCL nitrogen concentrations for the

20 cm topsoil removal, reconmended rate of fertilizer treatment \"/ere

lower than the nitrogen concentration Ín the control. Twice the

recommended rate of fertilizer increased the nitrogen concentrations

abowe that of the control. At the other three sites, nitrogen

concentrations \¡/ere usually higher than the control for both the

recommended and twíce the recommended rates of fertílí-zer.

Phosphorus concentrations in the straw also tended to decrease as
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the level of topsoil removed increased and no fertílizer r^ras added.

Concentrations in the stra\,/ increased as fertilizer was added, with the

C rate of fertilizer increasing the concentration more than the B rate

of fertilízer. There \Àras a smal1 trend towards lower concentrations of

phosphorus in the strar4r as topsoil \Àras removed and fertilizer r¡ras

added. Few significant differences \^rere found between the treatments.

Phosphorus concentrations at the Reínland LVFS, the i^Iillowcrest FS, and

the l,Iaskada VFSCL sites were below the concentration of the control

where 20 cm of topsoil had been removed and the recommended rate of

fertilizer had been added. The phosphorus concentrations at the other

three sites were higher than the control for this treatment. Twice the

recommended rate of fertilizer usually increased the phosphorus

concentrations above that of the control (Appendix 14).

Trends in potassíum and sulfur concentration in the strav/ v/ere

similar to nitrogen and phosphorus. The concenLrations of potassium

and sulfur ín the stra\^r usually decreased as the level of topsoil

removal increased and no ferxiLizer v/as added. Application of

fertíJ.í-zer increased the concentrations of potassium and sulfur in the

strau/ vrith the B rate of fertilizer having slightly lower

concentrations than the C rate. A slight trend towards lov¡er

concentrations of the two nutrients in the straw existed as the level

of topsoil removal increased and the B or the C rates of f.ertíLÍ-zer

were added, although few significant differences existed (Appendix 14).

Potassium concentrations in Lhe stra\^r at the Newdale C1, L7illowcrest

FS, and I^Iaskada VFSCL sites \¡rere below the control concentration of

potassium for the 20 cm Èopsoil removal, reconmended rate of fertiLízer
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added treatment. Sulfur concentrations for the 20 cm topsoil removal,

recommended rate of fertlLjzer treatment vrere also belov¡ the control

concentration at the Newdale CL and \^Iaskada VFSCL sites.

4.3. Discussion

4.3.I. Growing Season Conditions

In 1985, the sites receiwed adequate rainfall after seeding. As a

result, crop emergence was uniform. Soon after emergence of the crop

distinct differences in growth stages courd be recognized. The

subplots Lhat received no fertilizer had slower growth than the

fetxíLízed subplots. The canola plants on the non-fertiLízed subplots

were approximately 2 Leaf stages in development behind the fertilized

subplots. The fertilized canola plants were usually thicker stemmed

and exhibited more vigorous growth than the unfertilized canola

plants. This effect was noticed for all subplots and for all topsoil

removal treatments. As a general rule, there \¡/as no visual difference

in plant growth between the recommended and twice the recommended rates

of fertilizer.

Between June 6 and June 10, 1985, a wind storm caused severe

damage to the canola seedlings at the Reinland LVFS site. Most of the

canola plants suffered wind blast damage to the leaves. Despite the

damage to the seedlings it rüas decided to give the canola an

opportunity to reeover before any reseeding decisions vrere made.

Approximately 13 days later the crop appeared to be making a recovery.

As a result, the crop was allowed to develop but there r{as some spotty
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grovlth of canola due to the wind damage.

Rainfall during the month of July, 1985 !¡as well below the long

term average at all three sites. By the beginning of July, the canola

ax all three sites had reached the flowering stage. Richards and

Thurling (L978) found that seed yield of canola !/as reduced if a

drought condition (soils had reached permanent wilting point) occurred

during the reproductive stage of development. Rainfall during the

months of May and June for the Pembína CL síte had been above the long

term average for that area. Rainfall at the Reinland LVFS and the

Newdale cL sites was close to or below the long term average for May

and June. As a result, soil moisture levels were adequate goíng into

the month of July. Thomas (f984) reported rhat Lhe rooring deprh of

canola by flowering can be as deep as I to 2 meters. The canola plants

never appeared wilted as they were able to draw on soil moísture lower

dov¡n in the profile. Therefore, it was suspected that the low rainfall

in July did not significantly affect final yield. Rainfall in August,

1985 was signifícantly hígher than the long term average for a1l three

sites. A significant amount of rain fell in the first week of August.

ft is probable that this rain helped contribure to the final yield.

Canola exhibits indeterminate growLh and is therefore able to

compensate for a drought period if conditions after the droughty period

become favorable for further growth. canola can compensate for a

period of reduced growth by refloweríng and by setting new pods which

can restore the final yieLd2. Rainfall ín the month of August likely

contributed to the final yield by increasing the weight of the canola

2Scarth, R. l g87. Personal communication.
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seeds as they filled. As a result, final yield was likely not affected

to any gree-x extent by the limiced rainfall in July.

Rainfall during July, 1986 was significantly higher than rhe long

term average for all six sites. Therefore, it is likely that rainfall

would not have been a limitíng factor to the final yield of canola in

L986.

In 1986, seedbed preparation was a problern. Rainfall occurred

just before site preparation, and when disced, the sites were left with

many large clods. The tillage operations that were needed to prepare

the seedbed and to incorporate the fertilizer and herbicide tended to

dry out the soil surface. No rain fell for approximately 2-3 weeks

after seeding and as a result canola emergence r,ras very poor and was

delayed by about 2-3 weeks. This delay in rainfall likely explains the

smaller canola stand in 1986 as compared to that ín 1985.

The canola at the three sites used in 1985 suffered the most under

these conditions. The combination of poor seedbed quality and low

moisture, plus the fact that canola had been gror,irt on these sites the

year before, all combined to reduce the vigor of the canola. Delayed

swathing and combining of the unharvested canola in the fall of 1985

led to shattering of the canola pods. Significant seed loss occurred

resulting in considerable amounts of volunteer canola growing on these

three sites in 1986. These three sites \¡rere generally disease free for

most of the growing season. Late in the season these sites developed

Black spot (Alternaria brassicae). The major s)rmptom of the disease is

the development of black spots on the stems and pods which results in

early splitting of pods and shrinkage of seed (McDonald, 1980). Plots
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where the plants vrere infected were harvested early to help reduce seed

loss from shattering. Early harvest and harvesting by hand helped to

reduce any significant yield loss. The influence of these factors

contributed to the lower yields found at these sites. The remaining

experimental sites vrere generally dÍ.sease free.

I^Ieed control was adequate at all sites for both years. At all

sites, application of herbicides satisfactorily controlled the growth

of weeds. The l^Iaskada VFSCL site vras hand rouged for volunteer

sunflowers as there existed no in crop chemical control of this v¡eed.

4-3.2. Canola Emergence

Canola is a small seeded crop and therefore iL's emergence may be

inpeded by soil crust formation. Soil crusts usually form when a rùet

soil dries rapidly. Nuttall (1982) found that crust strengths as low

as 20 mb could impede the emergence of eanola. NuLtall reported that

soil crust strength increased as the silt content of the surface soil

increased. Recent work studying the effect of soil erosion on canola

emergence índicated that soil crust strength increased as the level of

topsoil removal increased (Hirch , L984). Hirch found that soil crust

formation impeded the emergence of canola growrr on the eroded soíls.

Soil crusting did not appear to be a problem on the experimental

sites. Emergence counts \^rere taken weekly to determine if the eroded

topsoil formed crusts which could irnpede the emergence of canola. For

the experimental soils examined, canola emergence \./as not affected by

the removal of topsoil . It was therefore assumed that, for the t\,/o

years of the experiment, conditions (weu soil drying rapidly) dÍd not
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develop that would lead to the formation of soil crusts.

4.3.3. Midseason Tissrre Analysis

The reduction in yield that occurred on the scraped subplots where

no fertilLzer was added could be attributed to low nutrient content of

the soil. Tíssue nutrient concentration at midseason is a good

predictor of final yield. It indicaÈes the concentration of nutríents

in the crop which reflects the supply of available nutrients in the

soil. The supply of available nutrients v¡ill determine crop growth and

will therefore have an effect on final yierd (McGill, 1981). McGill

reported that the concentration of some nutrients in the plant may be

low even though the amount in the soil is sufficíent. This can occur

when the low concentration of one nutrient límits the uptake of another

nutríent. A further description of the effect of topsoil removal on

soil fertility and the subsequent effect on crop yield r¿ill be

presented in a later section after midseason nutrient concentrations

and final yields are presented.

Soil test results for the Pembina CL site in the fall of 1984 and

1985 indicated that the nitrate nitrogen amounts were 1ow3 to very low

as the 1eve1 of topsoil removal increased. Nitrogen concentrations in

the tissue at midseason, 1985, r.\rere low where no fertilizer was added.

Where the recommended rate of fertilizer was added, nitrogen

concentrations were still low. Additions of twice the recommended rate

of fertilizer resulted in marginal concentrations of nitrogen in the

3Srrff í.í"rr.y
the Interpretation
in Manitoba by the

of soil nuÈríents v/as determined from Guidelines to
of Soil Analysis as formulated and approved for use
Manitoba Soil Fertility Advisory Cornmittee.
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tissue. For 1986, nitrogen concentrations in the tissue were marginal

for the no topsoil, 10 cm, and 20 cm of topsoil removal, no fertlLízer

added treatments. The 20 cm topsoil removal, recommend,ed rate of

fertilizer treatment hTas also marginal in nitrogen. The remaining

treatments I^7ere sufficient ín nitrogen. Phosphorus concentrations in

the plant tissue were high to sufficient for all treatments, for both

years. Phosphorus amounts in the soil r^rere generally wery high for

this site. Potassium concentrations, midseason 1985, lrere found to be

marginal where 5, 10, and 20 cm of topsoil were removed and no

fertilizer vras added even though available potassium ín the soil \^ras

very high. Potassium concentrations in the tissue, midseason 1986,

were sufficient. Potassium amounts in the soil r¡rere very high. Sulfur

concentrations were generally sufficient to high in the plant samples

for both years, even though sulfur amounLs in Lhe soíl were medium to

low.

At the Newdale CL site ín 1985, nitrogen concentrations in the

canola r^rere marginal where 5 , 10, and 20 cm of topsoil had been removed

and no fertilizer had been added. Soil test results indicated that the

amount of nitrogen uras low. For 1986, nitrogen concentrations in the

plant r¡/ere generally suff icient, even though the amount of nitrate

nitrogen in the soil v¡as found to be medium to low at this site. The

concentration of the other nutrients at this site vrere sufficient in

the plant tissue. For both years, the soil test results Índicated that

available phosphorus \^ras generally quite low for this site with the

amount deereasing as topsoil removal increased and no ferxilízer \¡/as

added. This may also have led to the reduced yields where no
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f.ettil-izer was added, although the plant tissue test indicated that the

phosphorus concentrations in the tíssue at midseason rrTere sufficient.

For the Reinland LVFS site in 1985, most of the nutrients vrere

sufficient with only the 5 cm topsoil removal, no fertil i,zer added (A)

treatment and the 10 cm topsoil removal, reconmended rate of fertilizer

(B) treatment having marginal nitrogen concentrations in the canola

tissue. soil test results at this site indicated that, in general,

rnost of the soil nutrients tested for were high to very high. However,

nitrogen amounts rlere low where 10 cm of topsoil was removed and no

fertilizer \¡ras added. Nitrogen amounts were also medium where 20 cm of

t.opsoil \¡7as removed and no fertiLizer \¡/as added. Avaílable soil

phosphorus in the 20 cn topsoil removal, no fertiLi-zer added treatment

was very low. This may have caused the yield reduction that occurred

for this treatment. For 1986, the concentration of nitrogen in the

tissue at midseason \¡ras found to be marginal to low where no fertilizer

had been added and increasing amounts of topsoil had been removed.

Soil test results from the fall of 1985 indicated that the amount of

nitrate nitrogen in the soil was lov¡. The concentration of the other

nutrients \Àrere generally sufficient in the tissue. The soil test

results indicated that the other nutrients vrere generally quite

suffícient where no fertilizer lnad been added. Ifhere 20 cm of topsoil

\474s removed and no fertilizer \¡ras added, soil phosphorus amounts were

low and soil potassium amounts were medium.

The three new sites were soil sampled before site preparation. As

a result, the removal of topsoil would have also removed some plant

available nutrients. Only the canola at the l,rlillowcrest FS site was
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found to be marginal in nitrogen where 0, 5, 10, and 20 cm of topsoil

had been removed and no fertilizer r{as added. The no topsoil removal,

C rate of fertilizer treatment was also marginal in nÍtrogen while the

no topsoíl removal, B raLe of fertilizer Xreatment was low in nitrogen.

Soil nitrate levels at the I^Iillowcrest FS síte were 1ow in the top 60

cm of soil. For the other two sites, tissue analysís indicated that

nitrogen concentratíons vrere generally sufficient. The concentration

of the other plant nutrients rl/ere sufficient to high at these sites.

The removal of topsoil at these sites would have removed some available

plant nutrients which may have caused the reduction in yield where no

fertilizer was added.

It appears that the lower canola yields, where no f.ertíLizer r,¡as

added, could be the result of nitrogen and in some cases phosphorus

deficiencies in the soi1. Generally, the canola plants gro\¡Jrr on the

eroded soil where no fertilizer v/as added were a pale green color.

They usually exhibited slovrer growth and had thín weak stems. These

are conmon sJrmptoms of nitrogen and phosphorus deficiencies in Brassica

crops (Bould et al. 1984) .

4.3.4. Canola Yields

In general, the yield of canola vras reduced as the level of

topsoÍ1 removed increased in the no fertilizer added treatment. Canola

yields were reduced to as little as 28 to 508 of the control. Similar

fíndings v¡ere reported by lves (1985) for r,¿heat. The author found that

wheat yields were usually lowest where 20 cm of topsoil v¡as removed and

no fertilizer r^ras added. Iüithin topsoil removal treatment,
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applications of twice the recommended rate of fertilizer did not always

increase the wheat yields above that of the control. By contrast,

canola responded differently to the application of fertilLzer. Usually

on the fine textured soils, the recommended rate of ferxlLizer was able

to increase canola yields above that of the control. TwÍce the

recommended rate of fextiLízer díd not significantly increase yields

further. Sinilar findíngs to that of wheat were found for the coarse

textured soils. Sometimes everr twice the recommended rate of

fertilizer v¡as not able to increase canola yietds above that of the

control. A more comprehensive comparison will be better supported with

furËher research data collected from the same sites.

Due to the higher amounts of nutrients in the soil at the Lrlaskada

vFScL site, it was expected that a large response to the applicatíon of

fertilizer would not occur. Ilhere fertilizer r¡/as not added and no

topsoil \4ras removed, canola yields r^rere close to the average yierd

reported for that crop zone. Inlhere fertilizer r,,ras added and no topsoil

Iüas removed, yields were not sígnificantly higher than the yields of

the control.

Ifhere canola yÍelds were not restored by the applícation of

f.ertiLizer, ít rvas suspected that some other factor or factors may have

been limiting crop growth. A further detailed analysis of the subsoil

at these sites may indicate what factor, either physical or chemical,

was limiting crop growth. At the l^Iaskada VFSCL site, a layer of gravel

and coarse material was found approximately 20 to 30 cm below the soil

surface. Exposure of thís layer or íncreasing its proximity to the

soil surface by the removal of topsoil may have affected the
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productivity of canola by restricting the root growth of the canola.

Usually canola yields were not restored by the applieation of

ferxiLi-zer orr the coarse textured soils where 20 cm of topsoil vras

removed. Lack of yield recovery may have been the result of an

increase in clay content of these soils as the topsoil was removed.

Some workers have reported that the increase in clay content of exposed

subsoils reduces available soil moisture (Frye et al . L982; Frye et al.

1985; Larson et al. 1985; Stone et al. 1985). A more detailed analysis

of the subsoil at these sites would be required in order to verify that

the clay content increased as topsoil vras removed and that the

available moisture decreased.

For practical purposes, one would like to know what kínd of yield

losses one might expect under 'normal' management. In this case, it

would seem the appropriate reference point would be yield on the no

topsoÍl removed, recommended fertilizer rate treatment. Table 4.1

shows the relative yield of canola as a percent of the no topsoil

removal, recommended rate of fertilizer added treatment. It indicates

that for most sites, at the low levels of topsoil removal, yields were

maintained by the application of the recommended rate of fertilizer.

However, where 20 cm of topsoil was removed and the recommended rate of

f ertTTizer rüas added, yields r./ere reduced approxímately 10 - 508

depending on the soil type. For some soil types, usually the coarse

textured soils, application of fertilizer at the recommended rate was

generally not able to maintain canola yíe1ds as íncreasing amounts of

topsoil were removed. This r^ras likely due to the presence of some

subsoil characteristic which limited crop growth. For these soil



70

types, the loss of

fertilizer additions

topsoil results

at the recommended

ín the loss of yíeld which

rafe cannot restore.

Table 4.7 . Relative
fertilizer treatment as

canola yield for
affected by topsoil

the recommended rate
removal.

of

Site

198s
Pernbina CL
Reinland LVFS
Newdale CL

L986
Pembina CL
Ryerson FSL
Reinland LVFS
Newdale CL
Llillowcrest FS
Waskada VFSCL

Toosoil removal lcm)

0

100
l-00
100

100
100
100
100
100
100

5

L27.2
110.1
108 .4

L34.7
I07 .2

97 .O
116.3
82.0
8s.8

10

94.4
99 .7

103 .0

77 .2
L28.L
9L.7
68.4

100. 7
82.9

20

97 .3
82.5

LL6.9

87 .7
86.s
70.0
80. 7
62.L
s1. I

4.3 .5. Seed QualiËy

The effect of topsoil removal on canola seed quality was smalr.

In general the oil concentration of the seed increased and the protein

concentratíon decreased as the leve1 of topsoil removed increased and

no fet9íLizer I¡¡as added. Application of fertilizer increased protein

concentration and decreased oil concenLratíon of the seed. However,

since total seed yield also decreased when no fertilizer was added, on

a per unit area basis the overall affect r^/as a decrease in the yield of

protein and oil. Ilhere the applicatíon of fertilizer increased canola

seed yield it also increased the yield of proteín and oí1.
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4.3.6. Soí1 Fertiliry and Effect on Yield

AIt three sites used in 1985 had been planted to wheat the

previous year. The Reinland LVFS and the Newdale CL sites \¡rere

established in the spring of 1983 and were also planted to wheat that

year. As a result, the plots that did not receive any fertilizer (A

rate) had not received fertilizer since 1983 for these two sites. The

Pernbina CL site had not receiwed any fertíLizer on the A subplots since

1984.

Soil test results from the fall of L984 (Appendix 1) show that,

for the Pembína CL síte, as the level of topsoil removal increased,

nitrate nitrogen amounts in the top 60 cm of soil decreased. \^Iithin

topsoil remowal treatment, for the Reinland LVFS and for the Newdale CL

sites, nitrate nítrogen amounts were usually lowest where no fertilizer

was added.

For the Pembina CL site, available soil phosphorus also showed a

slíght declÍne where no fertilizer was added and the level of topsoil

removed increased, but the amounts were still high. At the Reinland

site, within fertilizer treatment, phosphorus amounts ïrere very low

where 20 cm of topsoil was removed. For the Newdale CL, phosphorus

amounts v/ere generally quite low with the amounts decreasing with

increasing levels of topsoil removed (Appendix 1).

Soil potassium amounts generally remained very high over the

varíous treatments. The amount of sulfur in the soil was wariable ower

the various treatments. Sulphate sulfur amounts !¡ere very high for the

Reinland LVFS and for the Newdale CL sítes, while they ranged from very

high to 1ow for the Pembina CL site (Appendix 1).
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For the three new sites that were developed for the 1986 season,

this was the first year that the A subplots had not had any fertilizer

added. As a result the A subplots may have benefitted from residual

fertilizer added the previous year. Both the Ryerson FSL and the

Willowcrest FS sites had 1or,¡ amounts of nitrate nitrogen in the top 60

cm of topsoil when they were initiatly sampled. The lfaskada VFSCL site

had very high amounts of nitrate nitrogen. The amount of phosphorus in

the top 15 cm of topsoil vras very low for the Ryerson FSL and for the

Willowcrest FS sítes while the amount for the I^Iaskada VFSCL site was

very high. Amounts of potassium in the top 15 cm of topsoil were low

for the l^Iillowcrest FS site, high for the Ryerson FSL site and very

hígh for the l,rlaskada vFSCL site. The amount of sulfur in the top 60 cm

of topsoil was low for the l.Iillourcrest FS site and very high for both

the Ryerson FSL and the i^Iaskada VFSCL site.

It would appear that the high yields that were reported for the

i.{askada VFSCL site, where no fertilizer v/as added, could be explained

by the higher amounts of residual nutrients that vrere found in the

soil. The higher yÍelds reported for the Ryerson rsl. síte could. be

explained in part by the higher amounts of sulfur and potassium in the

soÍ-l, although the amounts of nitrogen and phosphorus \,¡ere considered

low. The reduction in yield that occurred where topsoil was removed

v/as probably due to the removal of plant available nutrients,

especially nitrogen. The extent of the yield reduction would therefore

depend on the amount of plant available nutrients that ¡¡/as left in che

soil after topsoil removal.

The three sites that v¡ere used in 1985 vrere again planted to
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canola in 1986. The canola growth at these sites, especially on the A

subplots, was very poor. I{hen compared to the three ne\,/er sites, the

canola growth vras less vígorous and the plants rl/ere considerably

smaller. Canola yields on the A subplots within the topsoil removal

treatments I^ras very poor. This may have been due to the low amounts of

nutríents in the soil for these subplots.

At the Pembina CL, Reinland LVFS, and Newdale CL sites nitrate

nitrogen amounts vrere usually low to very 1ow. For the A subplots, the

niÈrogen amounts usually deereased as the level of topsoÍl removed

increased. Phosphorus amounts \^rere very high for the Pembina CL site.

At the Reinland LVFS site, for all fertilizer treatments, phosphorus

amounts r^rere very high for the 0, 5 , and 10 cm topsoil removal

treatments. The 20 cm topsoil removal treatment was low in phosphorus

where che A and C raLes of fertilizer were added. At the Newdale CL

site, phosphorus amounts v¡ere generally low to very 1ow and the amount

usually decreased as the level of topsoil removal increased and no

fertilizer \¡/as added. In general , potassium amounts \¡rere very high at

all sites. The amount of sulphate-sulfur was generally high to very

high for both the Reinland LVFS and the Newdale CL sires for all

treatments. At the Pembina CL site, the sulfur amounts were medium to

low. For the A subplots at thís site, the concentration tended to

decrease as the level of topsoil remowed increased (Appendix 2).

The lower yields that rrrere reporEed for the A subplots ax the

three older sites could be partially explained by the low amounts of

nitrogen and in some cases the low amounts of phosphorus and sulfur

found in the A subplots.
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4.3.7. Strarr (Residue) Production

The reduction in straw yield caused by the remowal of topsoil

resulted in less strar^I being returned to the soi1. This result has two

ímplications. Straw is a valuable source of plant nutrients which

become available as the straw is decomposed. The less straw that is

returned to the soil the less the organic matter is built up and the

less nutrients become available through organíc matter decompositÍon.

Straw returned to the soil surface also helps to protect the soil from

further erosion (Anderson, rg82). Generally, canola crops do not

return much trash to the soil surface. Any factor that reduces the

amount of trash that is returned to the soil surface will reduce the

ability of the trash to protect the soil from further erosion.

Reduction in strav¡ yíeld leaves the soil vulnerable to further erosion.

Not only does soil erosion reduce the amount of stravr that is

returned to the soil, it also causes a reduction in the concentration

of nutrients in the straw where no fertilizer is added. As a result,

smaller amounts of nutrients are returned to the soil. Applicatíon of

fertilizer on eroded soil improves stra\^/ production and increases the

concentration of nutrients in Ëhe straÌ^r.



5. CONCLUSION

Simulated soil erosion had an adverse affect on canola yields. As

the level of topsoil removed increased, canola yields decreased.

Depending on the soil type, yields where 20 cm of topsoil had been

removed were reduced to 27-5OZ of the control. Generally for the fine

textured soils, fertilizer applications ax the recommended rate \^/ere

able to increase canola yields over that of the control. ApplicatÍ-ons

of twí-ce the recommended rate of fertilizer did not significantly

increase yields over the recom¡nended rate of fertilizer.

For some soil types, fertilizer applications did not always

increase canola yields where 20 cm of topsoil had been removed. Thís

effect was seen for the coarser textured Reinland LVFS and l,Iillov/crest

FS sites. For these sites, factors other than fertilicy were limiting

crop yields. A complete detailed analysís of the subsoils at these

sites may reveal that the subsoil possesses some characteristics,

either chemical or physical, that may limit crop growth.

For the l.Iaskada VFSCL site, yields r{ere not restored where 10 and

20 cm of topsoil had been removed. Applícations of the recommended

rate and twice the recommended rate of ferxilizer did not increase

yields over the control rvhere no fertilizer had been added and no

topsoil was removed. A layer consisting of gravel and coarse material

exísted approximately 20-30 cm belov¡ the soil surface. Exposure of

this layer or inereasing its proximity to the soil surface by the

removal of topsoil 1ikely restricted the root growth of canola and

therefore limited yíe1ds on these subplots.

75
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For some soil types, applications of the recommended rate of

Lerxí-l-izer \^7ere not able to restore canola yields as the level of

topsoil removal increased. Inlhere 20 cm of topsoil was removed and the

recommended râte of fertilizer v./as added, yields \¡/ere reduced by

approximately 10-50t depending on the soíl type. rr is hoped rhar from

data such as this and a knowledge of the soil profile, predictÍon of

yield loss will be made possible.

The applícation of f.erxlLizer on the artificially eroded soil

increased stravr production. As the level of topsoil removal increased

and no fertilizer \^ras added, straw production decreased. Not only did

fertí-Lí-zer applications increase the amount of straw that was produced,

but it also increased the nutrient concentration of the straw.

Fertilizer applications to eroded soils will cherefore increase

protection of the soil from furÈher erosíon by increasing the amount of

stralrr that is returned to the soil surface. As we1l, fertilizer use on

eroded soils will increase the nutrient content of the surface soil by

íncreasing the nutríent concentration in the straw. Upon decompositíon

of the straw, available plant nutrients will be released to the surface

soi1.

The data generated by this project can be used in rnaking economic

analysis of canola grown on eroded or eroding soils. The best data for

this analysis would be from treatments using otherwise good management

practices i.e. application of the recommended rate of fertÍ-l-i-zer. If

the actual amount of yield reduction from erosion is known, agriculture

producers will be able to calculate the returns derived from the use of

conservatíon farming. They will also be better able to evaluate their
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choice of conservation practice if chey know how much soil erosion is

reduced using a particular conservation technique. Data. from this

project could also be used to determíne the cost of erosÍon. This

would be done by determining the amount of fertili,zer needed to bring

an eroded soil to the same production level as one that ís not eroded.

Ilhere erop yields can not be restored through the applícation of

ferxíLizer, the additional cost of erosion is the loss in potential

productivity of the soil.
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Appendix 1. Soil nutrient content of experimental sites, October 1984.

Site Treatmentl nepth NO3--Nl Avail. Pt
(cm) (kg-h¿-1¡ (kg h¿-1¡

Avail. Kt sor,2--sS
(kg ha-1¡ (kg-h¿-l¡

Pembina CL TlA 0-15
1s-30
30- 60
60-90

T1B 0-15
ls-30
30-60
60-90

TlC 0-15
15-30
30-60
60-90

T2A 0-1s
15-30
30-60
60-90

T2B 0-15
ls-30
30-60
60-90

T2C 0-15
15-30
30-60
60-90

T3A 0-15
1s-30
30-60
60-90

T3B 0-15
15-30
30-60
60-90

T3C 0-15
ls-30
30-60
60-90

T4A 0-15
15-30
30-60
60-90

T4B 0-1s
15-30
30-60
60- 90

T4C 0-15
15-30
30-60
60-90

11.8
6.5
I .9
7.9

L3.4
4.7
8.8
8.8

T2.6
5.4
8.8

L2.3
7.L
3.6

IT.4
3.5
t.L
4.0
5.3
3.s

13.0
TL.2
20.2
27 .3
6.7
4.0
6.2
3.5
4.2
3.6
7.0
4.4
5.9
3.2
4.4
3.5
2.9
2.L
3.5
2.6
2.5
4.0
7.9
4.4
2.9
1.1
0.9
0.9

tr2 a

3L7
63 .4
70.4
6I.3
40.7
86.2
75.7
7L.4
51. 8

103.8
57 .2
50 .4
35.3
88.0
s9.8
63.0
45.4
77 .4
68 .6
-7-7 a

52 .6
84. s
81.0
s0.0
3s.6
77 .4
44.0
39.1
41.0
64.2
4r.4
45.4
32.0
48 .4
33.4
42.0
3L.7
26 .9
62 .5
34.9
22.7
24 .5
46 .6
39.L
3I.7
54 .6
4r.4

666
644

1628
t782
74r
594

15 84
1650

708
62r

1835
18 35

638
540

1628
L47 4

743
630

17 69
L7 69

683
563

L443
ls93

725
702

2024
Is7 5

609
603

L694
I47 4

659
648

1672
15 18

78L
688

2I30
L892

64L
549

1333
1 s80

s40
792

L67 2
1399

9.7
13.0
o.z

13 .2
o.J
3.2
6.2

10.6
5.5
6.L
7.0
s.3
6.3
2.9

10.6
10.6
7.L
o')9.J
ooo.o
ooo.o

16.8
3L.7
ls.0

B.B
7.6
7.6

15.0
7 .0
3.4
3.2
s.3
6.2

10. 9

11.5
ooo.o
5.3
7.L
4.0
6,4

10.6
4.6
5.4
6.2

34.3
L9 .7
13. 3

15.0
10.6

1rt: o cm
T3: 10 cm

topsoil removal
topsoil removal

T2: 5 cm topsoil removal
T4: 20 cm topsoil removal

85
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Appendix I (cont'd)

S ite Treatment Depth NOj--NT Avail. pt
(cm) (kg ha-1) (kg ha-1¡

Avait. K* sor,2--sS
(kg ha-1) (kË ha-1)

Reinland LVFS TIA 0-15
1s-30
30-60
60-90

T1B 0-15
15-30
30-60
60-90

TlC 0-15
ls-30
30-60
60-90

T2A 0-15
15-30
30-60
60-90

T2B 0-1s
ls-30
30-60
60-90

T2C 0-15
ls-30
30-60
60-90

T3A 0-15
1s-30
30-60
60-90

T3B 0-15
ls-30
30-60
60-90

T3C 0-15
ls-30
30-60
60-90

T4A 0-1s
15-30
30-60
60-90

T4B 0-15
1s-30
30-60
60-90

T4C 0-15
15-30
30-60
60-90

13.0
22.0
3L.2
L2.5
5.0

18.5
43.1
33.3
t2.0
19.8

109.1
3L.2
5.5
s.1

73.4
69 .7
7,I

19. B

66.3
30.2
8.8

10. 1
69 .4
43.7
3.4
3.2

20 .8
L2.s
5.0
4.0

38. s
22.9
8.0

20.7
80.1
3I.2
2.9
3.2

30.0
15.5
2.9
4.I

6L.2
49 .0

3.8
5.5

85.7
146.9

7L.s
6.s
9.4
3.1

86.1
4L.5
36.4
3.1

96.5
34.0
8.2
9.4

52.O
5.1
1.0
1.0

6I.7
35.0
8.2
1.0

86.1
16.1
3.1
1.0

37 .0
6.9
5.2
1.0

2q a

7.5
2.0
1.0

69 .7
20.2
10 .4
1.0
9.7
L.4
0.9
1.0

10.9
2.3
1.0
1.0

10.s
3.2
1.0
1.0

625
455
54]-
s72
s00
37s
442
28r
550
386
510
4L6
388
306
2L9
L56
309
2s8
230
t72
378
l-84
230
172
315
437
494
333
44s
538
796
6L4
368
L70
208
260
246
212
345
458
22r
131
255
296
260
3s7
255
296

8.0
23 .5
37 .4
19. 8
qo
50+

104+
104+
9.0

L7.s
L02+
104+
7.s

13. 3

LO2+
104+
12.2
46+

L02+
104+

B.B
20 .2
IO2+
104+
6.3

20.2
104+
104+
42+
50+

104+
104+
14.7

46+
104+
104+
s.0

11.5
92+

104+
5.5
46+

I02+
L02+
9.2

102+
I02+
LO2+
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Appendix 1 (cont'd)

Site Treatment Depth NOj--Nt Avail. pt
(cm) (kg É¿-1¡ (kg ha-1)

Avail. Kt So42- -SS
(kg ha-r) (kg ha-l)

Newdale CL T1A 0-15
15-30
30-60
60-90

T1B 0-15
l5-30
30-60
60-90

TlC 0-15
ls-30
30-60
60-90

T2A 0-15
1s-30
30-60
60-90

T2B 0-15
15-30
30-60
60-90

T2C 0-1s
15-30
30-60
60-90

T3A 0-15
15-30
30-60
60-90

T3B 0-15
15-30
30-60
60-90

T3C 0-15
ls-30
30-60
60-90

T4A 0-15
15-30
30-60
60-90

T4B 0-15
15-30
30-60
60-90

TîC 0- 15
15-30
30-60
60-90

8.3
11.s
20.2
!2 .5
9.7

L4.4
23.8
10.6
14. 0
L8.7
23.8
10.6
2.5
3.6
8.6
8.6
3.6
5.3
8.6

10.9
ls.1
13. 3

17 .9
9.4
5.4
9.7

LT.7
3.9
4.3
4.0
9.4
5.5

11.s
11.9
13. 3

3.1
9.4
9.0

L7 .6
8.8
2.2
4.6
9.4
4.7
7 .9

10.1
3L.2
3r.2

L8.7
13 .0
9.7
3.9

29 .9
6.L

32 .6
l-L.4
2t .0
13.3
L6.7
10. 6

6.L
2.2
3.9
4.7

16.9
4.6
7.0
5.5
8.3
2.9
3.9
7.8
4.3
1.8
2.3
2.3
s.8
2.2
5.5
3.9

11.5
4.6
1.6
t.6
2.9
1.8
1.8
0.9
3.2
3.0
6.2
L.6
6.L
4.3
9.4
2.3

779
635

13 51
1014
783
626

r448
13 11

630
601

r373
L294

599
511

1034
936
612
494
831
722
545
44I
780
780
549
452
800
6I6
554
553

1170
835
626
504
8s8
88s
445
324
572
537
356
376
800
8ls
428
44L
7IB
624

17 .6
36+
88+
7B+
36+
36+
88+
88+

L2.6
36+
B8+
88+
1B+

L6.9
78+
I O-r

36+
3B+
78+
l8+
1B+

14.8
78+
78+

t6.9
36+
7B+
7B+
36+
36+

3s.1
7B+

L4 .4
12.5

7B+
78+

ls.1
36+
88+
8B+

L2 .6
L3.1
lB+
78+
36+
36+
78+
7B+

I Sodirr* bicarbonate extractable
tAmmonium aceLate exchangeable
E--rwater soluble
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Site Treatmentl Depth NO3- -N'l Avail. pt Avail. K* SOO2- -gS

(cm) (kg-ha-1¡ (kg ha-1) (kg tr¿-1¡ (r.! r,a-1¡

Pembina CL TlA 0-15
15-30
30-60

T1B 0-15
15-30
30-60

TlC 0-15
1s-30
30-60

T2A 0-15
ls-30
30-60

T2B 0-15
1s-30
30-60

T2C 0-15
15-30
30-60

T3A 0-15
1s-30
30-60

T3B 0-15
15-30
30-60

T3C 0-15
1s-30
30-60

T4A 0-15
15-30
30-60

T4B 0-15
ls-30
30-60

T4C 0-15
15-30
30-60

2.5
2.9

10.6
3.2
1.8
5.3
2.9
2.2
7.0
2.9
2.5
5.3
2.9
2.5
8.8
4.3
2.9
4.4
2.9
1.8
3.5
1.8
2.5
5.3
7.6
4.7

L3.2
2.5
2.9
7 .9
2.9
5.8
7.9
2.9
3.2

ls.0

56.5
38.9
4s.B
64.8
s6.5
77.4
68.4
52 .6
23.8
s7 .2
45.7
72.2
s3.3
45.0
44.0
68.0
42.L
74.8
s8.7
36.4
63.4
s8.0
34 .6
s0.2
55.8
s0.0
98 .6
47.s
44.3
84. 5

46 .8
44 .6
6I .6
47.9
34.9
s9.0

608
6L2

L94s
738
63s

1s 31
733
589

t474
706
646

1835
693
7s6

r7 82
7rs
657

t46L
657
652

18 70
725
725

2244
s63
729

1813
617
693

1602
720
747

L672
s72
720

I71 3

4.3
3.6

L4.L
4.0
4.0

ls.0
7.2
5.4

L4.I
5.8
4.3
8.8
5.8
4.3
1.9

10.8
Q2

8.8
5.0
2.2
s.3
3.2
4.0

L3.2
6.8
6.5

L4.L
t. 1

3.6
4.4
4.7
4.7
7.0

10.1
5.8

L3.2

1rt: o
T3: 10

cm

cm
topsoil removal
topsoil removal

T2: 5 cm
T4: 20 cm

topsoil removal
topsoil removal
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Appendix 2 (cont'd)

Site Treatment Depth Noj- -Nt Avail. pt
(cm) (kg-ha-1; (kg h¿-1¡

Avail. K* So42- -S$
(kg ha-r) (kg ha-1)

Reinland LVFS TlA 0-15
ls-30
30-60

TlB 0-15
ls-30
30-60

TlC 0-15
15-30
30-60

T2A 0-15
15-30
30-60

T2B 0-15
15-30
30-60

T2C 0-15
15-30
30-60

T3A 0-15
15-30
30-60

T3B 0-15
15-30
30-60

T3C 0-15
15-30
30-60

T4A 0-15
15-30
30-60

T4B 0-15
ls-30
30-60

T4C 0-15
15-30
30-60

6.3
6.9
8.2
5.0
4.6
6.t

12.2
8.3

TO.2
6.3
7.4

LO.2
9.2
6.0
9.2

11.3
12.4
ls.3
6.7
7.4
7.L
8.8
5.5
7.r
6.3
5.5
2.0
2.9
2.8
4.L
3.8
3.7
6.L
2.9
4.6
6.7

L22 .6
6s.3
3L.6

116.3
34.0
18 .4

I20.5
35.4
L7 .3
75.6
L7 .9
12.2

IL7 .2
28 .5
20.4

L2T.4
20.2
LT.2
44.9
10.1
LI.2
81.9
13.3
t.T

52.I
9.7
9.2

14.3
4.L
4.L

32.3
6.0
7.L

ls.1
6.9
5.1

515
407
893
470
391
811
557
4s3
648
28L
242
357
318
34s
969
445
329
413
4s2
564
903
473
s11
928
338
196
576
22r
161
2s5
277
L36
168
277
189
230

15.1
12.9
33.7
8.4

10.1
15.3

42+
11. s
I02+
7^
46+

28 .6
l-3.4

23+
3L .6

2L+
23+

39. B

2L+
23+

16.3
42+
9.7

20.4
32+

11.5
17 .3
8.4
8.7

26.5
L2.2
L7.s
28 .6
8.0

14. 3

37 .7
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Appendix 2

Site

( cont' d)

Treatment Depth NO3- -Nf Avail. pi
(cm) (kg-h¿-I¡ (kg ha-1)

Avaíl. Kt sou,2--sS
(kg ha-1) (k! n¿-r¡

Newdale CL TlA 0-15
15-30
30-60

T1B 0-15
ls-30
30-60

TlC 0-15
1s-30
30-60

T2A 0-1s
15-30
30-60

T2B 0-15
1s-30
30-60

T2C 0-1s
15-30
30-60

T3A 0-15
15-30
30-60

T3B 0-1s
ls-30
30-60

T3C 0-15
15-30
30-60

T4A 0-15
15-30
30-60

T4B 0-15
15-30
30-60

T4C 0-15
15-30
30-60

16.9
T2.2
1s .0
7.9
5.4

L4.I
9.7
4.7

Lt.4
5.0
6.I
7.0
9.7
6.5

TT.4
7.6
Õ.J

2I.T
6.s
5.0
7.0
7.6
6.5
7.0

10.1
4.0
7.0
4.7
5.0
5.3
4.3
2.9
6.2
6.5
9.4
6.2

l-6.9
7.6
9.7

33.1
13.7
L9 .4
26.6
5.8
7.9
6.1
3.2

10. 6
lj..2
5.4
5.3
9.7
3.6
4.4
5.8
2.2
3.5

L4.4
5.8
6.2

10. I
6.1
4.4
5.8
2.5
2.6
5.4
2.s
3.5

11. s
4.7
4.4

878
60

L2s4
828
630

1386
860
639

L46I
s63
463

L27 6
630
526
946
s31
486
946
832
sB3

LL66
772
628

I2LO
76r
sL7

1131
538
4s0
884
s47
436
999
6L6
6L7

L1,92

13.0
10 .4

8B+
9.4
7.6

22.0
11.9
TL.2

8B+
7.2
7.6

26 .4
11.s
10.8
20.2
6.8

10 .4
BB+

13.3
14.O

88+
36+

12 .6
44+
1B+

11.5
OO,ooT

9.0
18+
8B+
36+

12.2
BB+
7.2

L4.0
Ls.0

tsoditr* bicarbonate extractable
*Ammonium acetate exchangeable
$W"t"r soluble
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Appendix 3. Physical properties of experimental sites.

Site Depth
(cm)

Bulk Density
(e "r-1, 

- I,Iater contenL Available
( t volume) ¡toisture

FC Pi^lp (m¡n)

Ryerson FSL 0-15
15-30
30-60
60-90

90 -L20

Willowcrest FS 0-15
15-30
30-60
60-90

90 - 120

i^Iaskada VFSCL 0-15
15-30
30-60
60-90

90-T20

I.28
1. s6
L .64
Lt2
L.82

L.28
1 52
r.49
r .52
r .63

L.3l
L .45
r. 38
1 .48
L .54

23.88
26.96
28.28
32 .67
46 .89

L9.44
19 .68
17 .49
16.49
26.89

29.58
34.s7
35.33
41.15
35.36

L4.39
19.53
t6.37
2L.33
l-8.24

8.19
8.18

LO.2L
9.77

L4.07

17.95
22.2r
2L.24
18.02
16.90

14.24
11.1s
35 .13
34.02
85.95

16.88
17 .25
2L.84
20.16
38.46

L7.45
18. s4
42 .27
69 .39
55.38
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Appendix 4. Particle size analysis of experimental sites.

Site Depth
(cm)

Sand (r) Silr (r) Clay (r) Texture

Ryerson FSL 0-15
15-30
30-60
60-90

90-r20

Wíllowcrest FS 0-15
15-30
30-60
60-90

90 _l-20

I^laskada VFSCL 0-15
15-30
30-60
60-90

90 -L20

66.7L
70.L2
68.9s
7L.52
69.39

89.56
88.73
77 .L7
83.35
80.98

46.84
4L.28
39 .92
4L.96
48.13

l-5.24
9 .46
9.85

L2.86
L5.23

3.97
3.tI
9.8s
5.93
9 .73

24.76
26.44
24.04
23.7L
2r.36

18.05
20.43
2T.20
15 .62
ls.39

6 .41
1 .56

12.97
I0.72

9 .29

28.40
32.27
36.04
34.34
30. s1

FSL
FSCL
FSCL

FSL
VFSL

FS

FLS
VFSL
VFLS
VFLS

VFSCL
CL
CL
CL

VFSCL
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Appendíx 5. Growing season precipitation (rnm)

Year S ite M"y June JuIy August Total

1985 Pembina CL 76.1 (59.4)t gS.O
L986 Pembina CL 63.6 (L.2) 76.j
Normal* 69.0 87 .l
1986 Ryerson FSL 74.6 (0.0) 46.8
Normal 6T.l B5.1

1985 Reinland LVFS 32.7 (32.1) 79 .O
1986 Reinland LVFS 7I.O (0.0) 56.1
Normal 45.4 95.4

1985 Newdale CL 56.0 (40.1) 66.4
1986 Newdale CL 57.4 (0.0) 79.O
Normal 51.9 Bl.3

1986 trlÍllowcresc FS 53.0 (2.6) lB.7
Normal 56.8 80.7

1986 Waskada VFSCL 81.6 (0.0) 60.2
Normal 46.2 B2.g

240.8 (2L9 .7) 443.5
L7 .8 (0.0) 2s3 .s
65.6 303.0

30.4 (0.0) 275.4
77 .0 287 .L

173.3 (173.3) 30s.3
33.2 (0.0) 2s8.2
68 .7 269 .8

L62.9 (161.9) 298.0
19.0 (0.0) 296 .4
62.s 269 .r

30. B (0.0) 310.4
63. B 274.5

2r.2 (0.0) 270 .4
63.1 256.5

31.0
95.4
80.7

123.6
63.3

20.3
97 .9
60.3

12.7
141.0

73 .4

l-41 .9
73.2

LO7 .4
64.3

ÏD"ta in O represents rainfall after seeding
*Source: Canadian Climate Normals, 1951-19g0.
Environment Canada, Dovmsvíew, Ontario.

and before final harvest.
Vol. 3. Precipitation.
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Appendix 6. Interpretive criteria for canola tíssue analysisl

Nutrient Low Marginal Sufficient High Excess

Nirrogen (e ke-1) 20.0 20.0 - 25.0 25.0 - 40.0 40.0 - 50.0 50.0

phosphoru" (e kg-l) 1.5 1.5 - 2.5 2.5 - 5.0 5.0 - 8.0 8.0

Porassium(gke-l) 12.o :.'2.o- 15.0 15.0-25.0 25.0-40.0 40.0

Sulfur (e kg-f) 2.0 2.0 - 2.5 2.s - s.0 s.0 _ 10.0 10.0
lsourt.u: Manitoba Provincial Soil Testing Laboratory.
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Appendix 7. Midseason tissue analysis, 1985.

S ite Topsoil Removal
(cms)

Fert i I izer
Rate

N

g kg-l
P

e ke-T
K

e kg-1
S

. _igl(g'

Pembina CL

Reinland LVFS

Newdale CL

17.58abt
19 .48ab
21. 88ab
16.28b
19.1Oab
23.08ab
18.5Oab
18.90ab
23.85ab
16.83b
17.50ab
24.90a

28.7Sabc
34.08abc
36.58ab
24.25c
31.53abc
37 .95a
26.15abe
24 .85bc
35.28abc
25.55bc
27 .98abc
34. 53abc

25.53a
26.10a
3I.48a
24.45a
25.85a
28.90a
23.70a
24.90a
28.50a
23.38a
25.T5a
28.lOa

3.86a L6.93a
3 .39a 2I.05a
3.36a 17 .65a
3.95a 14.43a
3.34a 19.78a
3.4Ia 20.10a
3.74a 13.03a
3.27a 15.98a
3.36a 17.38a
4.06a L4.33a
3.30a 20.58a
3.84a 19.98a

3.93a 25.20a
3.67a 33.35a
3.81a 40.53a
4 .01a 26 .7 5a
3.57 a 25 .90a
3.57a 32.75a
3 .40a 27 .I9a
3.63a 23.90a
3.4La 34.03a
3.62a 23.48a
2.89a 28.45a
3.45a 30.33a

3.40a 24.83a
3.34a 22.05a
3.13a 23.08a
2.76a 18.98a
2.14a 25 .IBa
3.07a 23.35a
2.50a 18.88a
2.64a 21.23a
2.66a 19.93a
2.62a 18.93a
3.02a 18.73a
3.22a 24.50a

7 .23ab
2.98cde
3.l5bcde
5.58abcd
3.55bcde
3.23bcde
5. 70abc
L43e
3.33bcde
9 .2a
4. 08bcde
3. BObcde

7.47a
7.80a
o "1-
9 .93a

10. B7a
LI.27 a
10.95a
8.53a
5.90a
9.70a
5.90a
8. B0a

16. e0+
4. B0

10.80
t .r0
7 .30
6.30

12.70
13 .40
8.50

21.10
16.10
15.30

A
B

C

A
B

1\

B

C

A

B

C

10

20

l0

20

A
B

C

Â

B

C

A
B

C

^
B

C

10

20

1\
Du
C

A
B

C

^
B

C

¡I

B

C

TWitttitt s ite -nutrient ,

s ignif icantly different
+No statistical analysis

means followed
at Tukey's 0.05
performed, data

by the same letter are not
leve1.
from 1 replicate onIy.
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Appendix 8. canola seed protein and oil concentration (g) , 1995.

S ite Topsoil
Removal

(cms)

Fertilizer
Rate

Protein
(8)

oí1
(8)

Pembina CL

Reinland LVFS

Newdale CL

15 . labc t
15 .4abc
L8.7a
14.7 abc
17.5ab
15.9abc
14. 3bc
13.7bc
15.6abc
13.1c
14.4abc
L6.4abc

18.6a
20.5a
20.8a
18.8a
2L.Oa
2L.4a
18 .0a
20.3a
20.4a
L7 .2a
1B .4a
L9.4a

17.5ab
1B.2ab
22.2a
14. Bb
18 .4ab
20 .6ab
18.lab
16.9ab
20 .7 ab
16.8ab
Ll .7 ab
20.4ab

50 .4ab
49 .2abc
46 .4c
52.2a
47 .9bc
48.8abc
50. 1ab
49 .7 abc
48.5abc
5I.2ab
49 .5abc
47 .5bc

47.8a
45.9a
45.9a
47 .2a
45.3a
44.9a
47.5a
45.Ia
44.3a
48.3a
47.6a
45.3a

49.5abc
48 .4abcd
44.3d
5l-.2a
48.Oabcd
45.9cd
48.6abcd
49 .7 abc
46.7bcd
50. 3ab
49.3abc
4l .2abcd

t0

20

A
B

C

¡\
B

C

¿\

B

c
A
B

C

A
B

C

A

B

C

A
B

C

A
B

C

10

20

¿\

B

C

ö
B

C

A
B

C

A
B

C

10

20

ÌWithin site-nutrient,
s ignif icantly different

means followed by the
at Tukey's 0.05 level.

same letter are not
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Appendix 9 Straw yields (kg ha-1), l9g5

Site

Pembina CL A
b
C

Reinland LVFS A
B

C

Newdale CL

0

291s.0b1
/+877.5a
6407.5a

2925.}ab
3397.5ab
467 5 .0a

3320.0bcde
4127 .5abcd
5790.0a

5

1607 . 5b
6780. 0a
5660.0a

2852 .5ab
4032.5a
4167.5a

2100.Ode
5087.5abc
5195.Oabc

10

1s07.5b
5375.0a
5817 . 5a

2825.}ab
3747.5ab
4247 .5a

2917 .5ede
3961 .5abcd
5642.5ab

20

1132.5b
5565.0a
6735.0a

1s40.0b
3271 .5ab
3000.Oab

1520.0e
4472.5abe
5145.Oabc

Fertilizer Topsoil Removal (cm)

A
B

C

twithitr site, means
different at Tukey's

followed by the same letter are
.05 leveI.

not significantly
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Appendix 10. Final harvest- stra\,r nutrient concentration, 19g5.

S ite TopsoilFertilizerNpKS
Removal Rate kg ha-1 tg tr"-l kg ha-f Lg h"-f

(cms)

Pembina CL

Reinland LVFS

Newdale CL

10.4cdef
18.2bcde
35.9a
6.4de

35.Oab
22.6abcd

7 .2de
18.5bcde
25.9abc
4.9e

19 .Oabcde
31.8ab

L6 .7 ab
24.2ab
38.2ab
16.9ab
3L.4ab
42.4a
20. 0ab
30.2ab
36.3ab
9.8b

22.Iab
26.8ab

20. 0bc
2I.7bc
70.7a
8.lc

30.0bc
40.3b
16.8bc
16.3bc
42.0t)

6 .6c
19.3bc
40.0b

4. 0cd
6.2abcd

Ll-.2a
2.4d
9.3ab
7.8abc
2.Ld
5.7bcd
9.2ab
1.5d
5.6bcd
8. 3abc

3.lab
3.7ab
4.Oab
2 .6ab
4.7a
5.la
2.6a}l
3.2ab
4.Oab
1.1b
2.2ab
2 .7 al¡

1. Tbcde
2.7bcde
5.7a
0.7de
3.1bc
3.6ab
1. lcde
1 .4bcde
3.0bcd
0 .4e
l. 6bcde
3.lbc

49 .2ef
96.3bcd

l-49 .4a
28.1f

130.6abc
111.4abcd
25.3f
85.7de

I24.6abcd
L5.7f
89 .2ede

136.9ab

53.5ab
70.8ab

101.8a
44.0b
66.2ab
7 4 .4ab
48.5ab
66.9a.]¡'
78.5ab
24.Lb
49.0ab
51.lab

64 .6bcde
69. 3abcd

119.1a
29 .3de
91.1abc
97 .]-abe
54 .6cde
68.lbcde

113. lab
18.8e
B7.5abc
B9.1atrc

13 .4ab
10.8ab
24.2ab

8. lab
3L .6a
24.7 ab
7 .4ab
14. 3ab
20.9ab
4.6b

13.3ab
L6.9ab

9 .5a
9.9a

18. 1a
o -7^

L2.8a
2L.2a
11.1a
15.9a
2I.Oa

7 .4a
8. 3a
9. Ba

18. 7ab
26.Oab
33 .4ab
10.3b
28.6ab
33 .4ab
L3 .7 ab
26 .7 ab
38.1a

B. 5b
26 .6ab
33 .7 ab

10

20

-É\

B

C

A
B

C

A
B

C

A
B

C

10

20

A
B

C

A
B

C

A
B

C

A
B

C

A
B

C

A
B

C

A
B

A
B

c

l0

20

tWittrin site-nutrient,
s ignificantly differenr

means followed by the same
at Tukey's 0.05 level.

letter are not
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Appendix 11 I'[idseason tissue analysis, 1986.

S ite Topsoil Removal
(cms)

FertlLizer
Rate

KS
- _1 - _Tgl(g'gkg'

N

g kg-1
P

g kg-l

Pembina CL

Ryerson FSL

Reinland LVFS

20.13a1
26.00a
3O .7 5a
25 .63a
26.45a
30.08a
22 .6Oa
29.LOa
33.95a
23.73a
24.3Ba
29.50a

25.I5a
29 .25a
23.43a
33.93a
31 . 95a
27.68a
30 .08a
35.20a
27 .46a
32.13a
27 .20a
37.68a

2I .63a
26.OOa
22.53a
16.13a
22.43a
31.33a
16.33a
24 .65a
25.80a
2O.65a
24.35a
23.73a

4.4Ia
4.21a
4.ZLa
4 .64a
3.83a
4.08a
4 .66a
3.97a
4.27 a
4.44a
3.52a
3 .71a

2 .6Bd
2.95cd
3.8labcd
3.18bcd
3.9labcd
4 .68a
3.1Bbcd
4. 16abc
4. 51ab
2.66d
3.9Oabcd
4.39abc

4.07a
4 .52a
4 .65a
4.2La
4 .4Oa
4.83a
4. 03a
4.34a
4.70a
4.L3a
4.L6a
4.36a

19.68b 1.75a
23.63ab 6. B5a
28.L3a 1 .30a
22.55ab I .85a
22.35ab 7 .38a
24.20ab 7 .90a
20.65ab 8.lBa
2L.95ab 6.23a
25.55ab 8.08a
17.88b 7 .97 a
20.98ab 6.53a
23.45ab 8.50a

2L.70a
23.LOa
26.I3a
22.93a
25.70a
22.33a
24.70a
25.50a
2L.73a
22.20a
24 .65a
20.48a

L2.85a
1,2 .68a
9.58a

13 .l3a
13.8Ba
T2.35a
13.30a
11 . 20a
10.95a
13.05a
LL73a
L2 .7 Ba

20.L]a 6.43a
25.4Oa 3.65a
26.43a 3.95a
19.15a 6.5Ba
22.5Oa 6.45a
25.40a 5.13a
18.67a 2.37a
24 .4Oa 3 .1Ba
23.95a 2.70a
24.13a 4.90a
24.43a 3.90a
25 .2Oa 3.68a

l0

20

A
B

C

A
B

C

A
B

c
A
B

C

¡t
B

C

A
B

C

A
B

C

A
B

10

20

A
B

t
ö
B

C

A
B

C

A
B

C

l0

20
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Appendix

S ite

11 (cont'd)

Topsoil Removal
(cms)

Fertilizer
Rate

N

g ke-l
P

g kg-l
K

g kg-1
S
. _1gkg'

Newdale CL

LIillowcrest FS

i^Iaskada VFSCL 0

LO

20

A
B

C

¡\
B

C

A
B

c
A
B

C

A 32.25a
B 27 .53a
C 27 .48a
A 23.75a
B 26.95a
C 30.93a
A 29.28a
B 27 .23a
C 27 .93a
A 31. BOa
B 33.73a
C 34.23a

4 .27 abc
4.54ab
5 .09a
3.55bcd
4. O9abcd
4.52abc
3 . 16cd
3 .91abcd
4.82ab
2 .88d
3.74abed
4.42abc

3.51ab
3.53ab
4. 18ab
3.23b
3.63ab
5.0la
3.34b
4.09ab
4.77 ab
3.29b
3 .67 ab
4. 13ab

31.95a 9 .33a
30.98a 6.50a
36.85a 5.60a
28 .95a 8 .40a
34.33a 5.03a
31.08a 5.38a
28 .45a I .Il a
30.60a 6.78a
33.43a 6.98a
26 .55a 8 .7 3a
30.50a 7.00a
27.23a 4.83a

18.03a 4.83a
20.L5a 5.55a
17.80a 5.35a
17 .90a 3.25a
16.03a 5.00a
20.35a 5.58a
18.60a 3.40a
L7 .73a 4.48a
16.95a 5.28a
19 .63a 3.08a
16.65a 4.80a
l-8.2Ba 5. 50a

3.89a 19.90a 9.55a
3.90a 2I.78a 9 .2Ba
3.82a 22.53a 8.25a
3.60a 20.50a 9.88a
3.50a 22.L3a 7 .I)a
3.86a 24.98a 6.68a
4.25a 23 .L3a 9 . 80a
3.79a 23.25a 8.23a
3.45a 21.73a 8.45a
3.25a 22.I8a 10. 95a
3 .39a 24.23a T2.l3a
4.42a 23.98a 11.03a

29.58a
36.28a
38 .45a
28.95a
38.20a
38.95a
28.93a
33.95a
39.58a
26.30a
30.23a
23.93a

20.43a
16 .68a
20.33a
20.90a
28.08a
34. 18a
24.T3a
30.93a
36.18a
24.43a
26.20a
33.48a

A
B

C

A
B

C

¡\
B

C

A
B

C

LO

20

l0

20

lwithin site-nutrient, means followed by the same letter are not
sígnifícantly different at Tukey's 0.05 level.



101

Appendix 12. canola seed protein and oil concentration (t), 1986.

S ite Topsoil
Removal

(cms)

Ferxilizer
Rate

Protein 0i1
(8) (r)

Pembina CL

Ryerson FSL

Reinland LVFS

19.labcdf
20.labcd
22.9a
17.0d
19 .0bcd
22.3ab
L7 .Oð
L7 .9cd
2\.2abc
16.9d
18.2cd
22.3ab

22.0a
23.4a
23.5a
20 .4a
z¿. Ja
24.3a
20.2a
22.4a
23.7a
2I.4a
22.2a
22.4a

2I.2ab
2l .7 ab
23.0a
21.5ab
22.}ab
22.Iab
19.8b
19.8b
2I.5atl
20.0b
19.5b
20. 0b

47 .Oabe
45.7bcd
43.1d
48.8ab
47 .2abc
43.8d
48.7 ab
/+7 .6abc
45.Ocd
49.0a
47 .8abc
43.6d

46.9a
45.2a
44.9a
48.3a
46.5a
43.9a
48.3a
46.La
45.2a
46.8a
46.5a
46.3a

44.La
43.5a
42.8a
44.0a
43.6a
44.2a
45.2a
45.7a
44.2a
45.4a
45.4a
44.6a

t0

20

A
B

C

ð
B

C

A
B

c
A
B

C

A
B

C

A
B

C

A
B

C

ð
B

C

10

20

10

20

¡\
B

C

A
B

C

A
B

C

å
B

C
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Appendix 12

Site

(cont'd)

Topsoil
Removal

(cms )

Fertilizer
Rate

Protein
(8)

0ir
(8)

Ne¡+¡dale CL

Willowcrest FS

i^laskada VFSCL 0

l0

20

A
B

C

A
B

C

1\

B

U

A
B

C

16.5cde
19.5abcde
24.Oa
L4 .6e
20.1abcd
23 .Oab
15.0e
17.8bcde
2L.9abc
16 .0de
L6.4cde
22.6a]'*

22.6abc
22.7 abc
24.0a
20.2c
21.8abc
23.Oab
2L.3bc
22.2abc
23.Oab
20.2c
20. 3bc
22 .6abe

25.Ia
24.4ab
25.Oab
22.7 ab
22.8ab
23.9ab
20.8ab
23 .7 ab
22.4ab
19 .7b
21.Oab
24.)ab

49 .7 abc
47 .6abcd
42 .6d
50.8a
46. Sabcd
44.jcd
49.6abc
47.6abcd
44.7bed
50 .Oabc
50.5ab
44.Zcd

45.9abc
45.3cd
44.4d
47 .9a
46.labcd
45.0d
47 .]abc
45.4bcd
44 .6d
47 .4ab
47 .9a
45.3cd

42.4a
42.8a
42.5a
44.4a
44.3a
43.5a
45.Ia
43.2a
44.4a
47 .2a
46.Ta
43.0a

å
B

C

ö
B

C

A

B

C

A
B

C

10

20

10

20

A
B

C

¡\
B

C

A
B

C

¿ì.

B

U

f,
| \^Iithin site-nutrient,
significantly different

means followed
at Tukey's 0.05

by the same
level.

letter are not
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Appendix 13 Straw yields (tcg ha-1), 1986.

Site

Pembina CL

Ryerson FSL

Reinland LVFS

Newdale CL A

B

i{illowcrest FS A
B

C

I^laskada VFSCL A
B

C

0

2047 .5bcdt
4452.5a
4637.5a

3540. Obcd
5310.Oabc
5600.Oab

3012.5abc
4505.0a
5170.0a

3690.Ocd
5110.Oabc
6390.0ab

37 87 .5bcde
/+800.0ab
6295.0a

4252.5ab
4780.0a
4502.5ab

5

1925.Obcd
4707.5a
4695.0a

2900.Ocd
5432.5atl'c
5307.5abc

2852 .5abe
4612.5a
5302.5a

2332.sd
5750.Oabc
5665.Oabc

I7L2.5e
3990 .Obcd
4632.5abe

3427 .5ab
4225.}aL*
4382.5ab

243s.0d
4692.5abcd
5590.0ab

Fe rtil iz e r Topsoil Removal (cm)

2010

B

c

A
B

C

A
B

C

1421 .5cd 732.5d
3780.Oab 3547 .5abe
4922 .5a 3652 .5abc

2777.5ed
6472.5a
6392.5a

1922.5be 1570.0c
3852.5abc 3200.0abc
4600.0a 4l-37 .5ab

1557. sd 2060.0d
4062.5abcd 3960.Obcd
65L2.5a 5112.5abc

2452.5cde 2282.Sde
4910.Oab 3347.5bcde
4680.Oabc 4207.5abcd

3645.Oab 2912.5b
4932.5a 3312.5ab
4805.0a 49ll .5a

r
I wrth]-n srfe, means
different at Tukey's

followed by the same letter
.05 level.

are not significantly
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Appendix 14. Final Harvest- stravü nutrient concentration, 1986.

S ite Topsoil Fertilizer
Removal Rate

(cns)

K
kg ha-l t g

N

kg h¿-1
P

kg h¿-1
S

ha- 1

Pembina CL

Ryerson FSL

Reinland LVFS

13.lcdt
30.9abc
42 .6a
L2.l-cd
23.1abcd
3l .9ab

7 .Bd
21.0bcd
38. Bab

4 .5d
19.7bcd
33.labc

19. 5ab
35.2ab
40.Oab
18.2ab
2B.0ab
38 .4ab
15.8b
46.0a
43.1ab
1B .4ab
29 .5ab
36.3ab

19. Bcde
35.3abc
42.4ab
18.9cde
33.5abc
46.4a
11 . 6de
20.9bcde
40. 3abc
10.0e
19.3cde
32.6abcd

30.7bcd
79 .7 ab

103.0a
30. 3cd
88.9a
94.8a
20.8cd
60 .7 abc
96.2a
11.4d
60. 3abcd
67.8abc

44.9ab
94.8a
I4 .8ab
29.5b
l4.2ab
68 .7 ab
31.8b
89.2a
96.9a
21.8b
61.Oab
58.8ab

ö
B

C

A
B

C

A
B

C

A
B
(,

10

20

4. labc
8 .4a
7 .8a
3.9abc
5 .Oabc
7 .Oab
2.4.bc
6.6abc
7.7ab
L.2c
5 .7 abc
6.Oabc

L.2a
a a^
L. Ld

1. 8a
0.-la
1.la
2.3a
I.2a
2.Oa
2.Oa
1.la
1.3a
1. 5a

4. 3abc
5.2abc
6.8a
3.7abc
5 .4abc
6.Oab
2.Ibc
3 .4abc
5.3abc
1.9c
3.0abc
4. 3abc

15.9ab
l8.5ab
30. 7ab
L4.2ab
29.8ab
31.5ab
11.lab
20.5ab
33.5a
6.lb

16.Oab
27 .Iab

34.6ab
52.8ab
BL.4a
44.9ab
67 .7 ab
52.9ab
30.6b
72.0ab
64.5at¡
29 .0b
39.3ab
47 .l-ab

10

20

fl

B

C

A
B

C

ö
B

C

A

B

C

A
B

C

A
B

C

A
B

t
A
B

C

10

LV

55 .7 abc 4.3+
78.7abc 6.8

LL3 .4a 6.5
52.Obc 48.3
90.2abc 20.8
99.lab 6.0
35.0c 2.3
76.9abc
81.6abc 38. B

33.3c 13. 3

64.7 abc 3 .9
87.5abc
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AppendÍx

Site

T4 (cont'd)

Topsoil Fertilizer
Removal Rate

(cms)

N

kg h¿-1
P

kg n¿-1
K

kg ha-1
S

kg h¿-1

Newdale CL

Inlillowcrest FS 0

i^laskada VFSCL 0

L8.2cd
34. lbcd
80. 7a
11. ld
40.4abcd
63.6ab

8 .4d
2L .7 ed
67 .9ab
11.3d
LB.2cd
54. 9abc

24.4cdef
37 .7bc
60.2a
10. 7f
26.Scde
38.3bc
17 .2ef
35.5bc
4I.2ab
l3.5ef
19. Bdef
32.4bcd

36.6ab
34.7 ab
38.7ab
25.Lab
30.0ab
46.3a
26.6ab
39 .4ab
34 .0ab
17 .9b
25.2ab
45.7a

A
B

C

A

B

C

A
B

C

A
B

C

10

20

2.jcd
3 .4abcd
6.5a
1.5cd
3 .4abcd
4.9abc
1.0d
2.5bcd
5.8ab
1.3cd
2. lbcd
3.6abcd

2.Obc
3 .4b
5.2a
0. 9c
2 .Obc
3.3b
1.6c
3 .4b
3.4b
I.2c
l.4c
2.3bc

4.2a
3.2a
4.5a
2.Ba
3.la
4 .2a
3.5a
3.2a
3 .6a
L.9a
I .6a
3.9a

67.3bcde
100 .4abc
144.3a

33 .4de
112.5abc
111. 9abc
22.8e
65.8bcde

128.1ab
30.8de
62. Scde
88.6abcd

41. 3ab
58.3ab
81 .4a
16.lb
64.l-ab
7I.Zab
l-5.2b
36.Oab
66. Bab
15 .4b
34. 8ab
64 .2ab

69.3abcd 17 .La
88.2ab 2I.5a

I02.9a 23.6a
24.3e 4.3a
52.6bcde 9 .2a
66.labcde 20.8a
37 .6cde 11.0a
75.2abc 19.la
69 .9abcd 18.5a
31.7de 5.6a
42.Ocde 36.la
58.3bcde 19 .2a

79 .5ab 33.la
86.6a 31.6ab
80.3ab 32.Lab
58.lab 22.3ab
71.lab 2I.6ab
80 . 6ab 2I.lal>
45.5b 17 .6ab
83.5ab 24.5ab
68.4ab 26.5aTt
4s.3b 13.5b
47 .l ab 19 . 3ab
83.3ab 31.4ab

10

20

A
B

C

A
B

C

A
ÐD

C

A
B

C

A
B

C

A
B

C

1\

B

C

A

B

c

t0

20

+--.ti,/ithin site -nutrient, means followed by the same letter are not
sígnificantly different at Tukey's 0.05 level.
*No statistical analysis performed, data frorn 1 replicate only.


