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THE EFFECTS OF TILLAGE, ZERO TILLAGE- AND FERTILIZER SOURCES
ON CORN GROWTH AND YIELD. AND SO PHYSICAL PRG’E_RTIES

3

e . ,

v An experiment was initiated in 1982 to study energy conservation Jn silage
corn production in two Quebec soils, a sandy loam,and a clz;y. Conventional,
reduced and.zero tillage treatments were cross cl,.assif‘ied with inorganic and
organic (d'airy cattle manure) fertilizer sources in a 3 X 2. factgrial experiment
with three replicates. Zero tillage significantly increased density levels'in the
topsoil of both soils, but did not affect cr;)p yields. The use of manure as an
alternate fertilizer source was moare successful in ‘the clay soil than in the
sandy soil. .Plant populations were reduced tht:ough the use of zera and

reduced till¥ye in both soils. Yields of corn silag@ on a per plant basis were

not affectied by any treatment. Reduced or zero tillage with inorganic

4
Al

fertilizer, as well as conventional or reduced tillage with an, organic fertilizer
were found to'be viable alternate silage corn production system components,

apélicable in southern Quebec and eastern Ontario.
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RESUME

M.Se. ' JOHN KELLY Génie Rural

»

EFFETS DU LABOUR CONVENTIONNEL, MINIMAL, SEMIS-DIRECT ET DU TYPE

DE FERTILISANT SUR LE -RENDEMENT DU MAIS-ENSILACE
ET OES PRQOPRIETES.PHYSIQUE DU}SOL

~

-

C'est en 1982 qu'a débuté'uﬁe expérience dont l'objectif était de comparex:
la demande énergétique de différents programmes ci'e production du
mais-ensilage. Le mais & été cuitivé sur deux types d; sol: i) un loam
sablonneux, et ii) de l'argilé. Trois méthodes de labourage: i) cc;nventionnellé,
ii) m—inimale :at iii) semis-direct combindes 2 Jeux types de:fertilisaﬁtsz i)
inorganiqt;e et ii) organique (fumier de "vache laitidre) formaient les six
progr'amm%s de pro,d\uction étudids.’ Ils ont été ré]::artis dans chaque champ
‘suivant un model statistique factoriel avec I:.rois répliques, Il a été observé que
.la pratique du samxs-dxrect résultait en une augmentatlon sxgmf:catlve de la

%,

densité de la couche super"f:cnelle de chaque sol, mais sans affecter le
[

rendement du mais-ensilage. L'utilisation du fumier comme substitut au

fertilisant .inorganique a é&té plus fructueux dans I'argile que dans °le loam

v

~sablonneux. L.a population végétale a été réduite dans les parcelles dans
lesquelles les techniques de labourage minimale et semis-diréct étaient
employées. Aucun des programmes 'de ;)roduction étudiés n'ont affectéds le
rendement- de mais-ensilage par plant de mais. Il découle-de cette étude que
lusage du labour minimal ou semis-direct, combiné ‘é un fertilisant iﬁorgapidue,
" ainsi que l'usage du labaur conventionnel ou minimal comb'im‘1 & un fért:zlisant
organique, sont des alternatives viables pour la produotion du“rf\\‘ais-ensila(je dans

les regions du sud du Québec et de I'est de 1'Ontarioc..* ‘
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' FORMAT OF THESIS

The format of -this thesis conforms to the McGill University quidelines

A}

concerning thesis preparation. In particular, the option specified in section
seven has been utilized. The text of this section is presented here for clarity:

"The candidate has the option subject to the approval
of the department, of including as part of the thesis the text
of an original paper, or papers, suitable for submission to
learned journals for publication. In this case the thesis must
still conform to all other requirements explained in this
document, and additional material (e.g. experimental data,
details of equipment and experimental design) mfay need to be
provided. In any case, abstract, full introduction and
conclusion must be included, and where more than one
manuscript appears, connecting texts and common abstract,
introduction and conclusions are required. A mere collection
of manuscripts is not acceptable; nor can reprints of
published ‘papers be accepted.

While the inclusion of manuscripts co-authored by the
candidate and others is not prohibited for a test period, the
candidate is warned to make an explicit statement on wha
contributed to such work and to what extent. Copyright
clearance from the co-author or co-authors must be included
when the thesis is submitted. Supervisors and others will have
to bear witness to the accuracy of such claims before the
oral committee. It shodld also be noted that the task of the
external examiner is much more difficult in such cases."

Prof. E. McKyes is listed as second author for both of the manuseripts
presented in Chapters 4 and 5. His contribution to the papers was as a
supervisor and advisor. Prof. McKyes was also my graduate student advisor and

N .
thesis supervisor. . ‘

Chapters 1, 2 and 6 provide the reader with a full introduction and
literature review as well as an all encompassing conclusion, Chapter 8 contains
a list of all authors referred to in this thesis. Additional experimental data

' and analyses are presented in the appendices.
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Chapter 1
Introduction

Conventional tillage practices i|;1 agriculture are being questioned
today because of the high costs of labour, fuel and machinery; the need for
energy conservation; the need to conserve moisture; and the loss of soil from
wind and water erosion of bare soil. Zero tillage, which is the introduction
of the seed directly into the previous year's stubble or crop residue without
any primary or secondary cultivation is receiving increased attention from
farmers and scientists. The technological advances in both the manufacture
and use of pesticides over the past two decades, allows today's farmer the
option of controlling \néeeds, insects and diseases without the use of the
moldboard plow. Conjointly with this advancement, the farm machinery
manufacturers are developing the specialized planting equipment necessary to
provide adequate seed-soil contact, sufficient seed depth and proper coverage

to ensure full germination and emergence of the seed.
- -

Research has been conducted worldwide to assess the feasibility of
zero tillage crop production in terms of energy; economics; maintenance of
acceptable crop growth and yi°el<§s and soil physical, nutrient and moisture
status. Unfortunately the results are as widespread as the number of

research projects undertaken. Yield changes vary from a 30% reduction to a
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40% increase, depending on the soil type and climate of the region. The
effects on soil structure. and cornservation range from detrimentsl to highly
beneficial. Most authors agree on the conservation aspects associated with

zero tillage. Wind and water erosion of the soil are minimized and moisture

conservation is usually maximized.

Considerable success has been achieved in areas such as the midwest

corn belt of the United States and in the United Kingdom. Over 50% of the

cgrn produced in the state of Maryland is grown on zero tilled land. The-

problem is that the results and recommendations from both the places where
sucess has been realized, and where failures have occurred, cannot readily be
transferred to another geographic location with different soils and,a different

0

climate.

In particular, very little testing has bee{n.executed Lo date in the

v ‘ A
region f southwestern Quebec and eastern Ontarlo—to determine whether or
not zero tillage or reduced tillage could improve the economics of feed

production and conserve the .quality ofi arable soils there. Furthermore,

- * >~
among the most expensive inputs to a gorn production system, in terms of

energy and dollars, is nitrogen. Commercjal fertilizers amount to 40% of
the variable costs of production, and up ta 50% of the expenditures on
e;wergy based farm inputs (Agriculture Canada, 1983). Very little work has

been done investigating alternate sources of nitrogen to produce direct drilled

corn. If cattle manure werg a viable alternative to manufactured inorganic
R

- fertilizers under zero tillage, then a true energy conserving corn production

system rnight be possible.
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Therefore, this study was designed to assess the feasibility of using

~
reduced hnd zero tillage in combination with two sourges of fertilizer to

grow silage corn on two soils in southwestern Quebec.
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Chapter 2

Literature Review

During the 1980's in the United States alone, the large primary and
secondary tillage implements r;ove each year the equivalent amount of soil
that would be required to build a superhighway from New York to California
(Phillips and Phillips, 1984). This vast expenditure of energy and dollars,
éoupled with the need to prevent soil erosion by wind and\water from bare
soil has led to the‘ introduction of reduced and zero tillage practices in many
parts of the world. In ihe states of Kentucky, Maryland and Virginia in the
early 1960's, zero tillage corn production occupied less than 2% of the land
under cultivation for corn. By the early 1970's, this figure had risen to 25,
50 and 24% in each of these three states respectively (Hill and Blevins 1973,

Bandel et al. 1975 and Moschler and Martens 1975).‘

2.1 Conventional Tillage

Conventional tillage usually consists of first piowing with a maldboard
plow, then working the plowed soil with secondary tillage implements, such
as t'he disk and harrow, until the entire soil surface is smooth and unifarm

(Olson and Schoeberl 1970) In many cases, post-emergent inter-row

—
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cultivations are used to control weeds (Fenster 1977).

The responses to Wthe question as ta why farmers plow usually centep
around controlling weeds more than any other reason. Aeration of the soil is
also considered important after the compaction created by heavy cultivation
and harvesting equipment making several passes over the field (Phillips and
Phillips, 1984). Other valid advéntages include: pest control through
incorporation of crop residues; incorporation of fertilizers to improve their
effectiveness; increase soil temperature; stimulate root growth and of course
there is always the pressure of tradition and aesthetic value of emerging
seedlings 1n a totally clean soil surface environment (Cannell and Ellis 1979,
O'Sullivan 1983, Southwell and Ketcheson 1978, Triplett and van Doren 1977,\

Phillips and Phillips 1984, Voorhees 1976 and Vyn et al. 1979).

As is the case with any management practice apparently abundant

with advantages, conventional tillage is burdened with disadvantages.

%

Greacen, 1983 points out that continuous tillage will eventually work against
the buildup of organic matter by increasing the rate of decompasition. The
same autholr also rep’orts that tillage requires traction, and with the type of
agriculture we have in the 1980's, this means heavy compactive traction.
The twao main effects of tillage, loosening ang compacting are heavily
qependent~ on the soil water content at the time;’of plowing. Plowing in wet

\_\/
conditions can cause smearing of the plow sole which may cause both

o @
restricted infiltration of water and restricted root elongation (Cannell et al.
1978, Robertson and Erickson 1978). Excessive soil tillage can lead to the
. . . . . J
destruction of soil structure including continuous pores, earthworm holes and

old root channels. Infiltration is the first soil property to suffer, which
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leads to increased erosion caused by the water runoff (Greacen 1983, Davies
et al. 1979, Southwell and Ketcheson 1978). This continuous cultivation leads
eventually to a build up of a dense layer, just below the depth of plowing,

which has a greater bulk density and higher penetration resistance than any

layer of an untilled soil. During dry periods, the effects of this layer are

more pronounced since only a small portion of the roots are able to

penetrate it and reach the deeper water (Ehlers et al. 1983, Ellis and
Barnes 01980, Vyn s.:t al. 1979). Another major disadvantage of conventional
tillage ‘is tha; the soil surface is left bare and exposed to wind and water
erosion. Soil losses of between 10 and 30 t/ha/yr are not uncommon on
sloping plowed soils (Fenster and Wicks 1976, Harrold .and Edwards 1974 and
Webber 1964). The greatest disadvantage, however is the demands that
‘conventional tillage makes upon the farmer in terms of energy, labour, and

machinery costs (Wittmuss et al. 1975, Pidgeon 1979).

v

Y .

2.2 Reduced Tillage

Until the introduction of herbicides that could adequately control
weeds, farmers were forced to tatally invert the sgil with a moldboard plow
in order to control the weeds.!’Since then, va;-ious systems o¢ reduced tillage
have arisen using these herbicides to control the weeds (van Doren et al.
1977). These reduced tillage sy;tems range from zero tillage, which will be
explained later, to using a chisel plow as the primary cultivation implement.

This particular method loosens the soil with a minimum of inversion of the

surfacé and subsurface layers. Therefore, the crop residues are only partially

>
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incorporated and much remains at the ’surface to prevent wind and water
erosion. Secor:dary cultivation is usually done with one pass of the disk
harrov; in thie type of system (Erbach 1982, Meyer and Mannering 1967). A
principal advantage of this reduced tillage system is a reductiqn'in the
energy required per hectare for chisel plowing as compared to moldboard
plowing (Griffith and” Parsons 1980). It is this form of reduce.d cultivation

that was chosen along with conventional and no till to be the three tillage

treatments in this experiment. .

5

2.3 Zero Tillage

L4 » ¢
Zero tillage corn production may be defined as the place\’nent of the

seeé’ into narrow slots, trenches or bands of sufficient width and depth for
seed coverage and seed to soil.- contact in an unplowed soil (Phillips and
Phillips ~1984). This unplowed soil generally contains either a killed sod or the

residues’ from the previous years crop, or baoth (Griffith et al. 1977 and van

Doren et al. 1977). .

.

There are several individual factors that cont.ributed to the increased
interest in zero tillage since the mid 1950's. The first and foremost was the
development of herbicides to control the weeds. Population shifts,from rural
to urban areas began depleting' farm labour pools in many parts of the
world. The result was a search for less labour intensive producti‘on

techniques such as zero tillage. Farm equipment manufacturers introduced

zero tillage planting equipment with the capability to achieve consistent
. »

‘.

)
{
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performance and reliable results. Climatic pressure, in the form of unusual

heavy rainfalls gccured in the late 1960's in many barts of the world, causing

3

planting delays and ultimately reduced yiel&s. Farmers were attracted to a
X

practice that would save time in establishing crops as ’evide?ced by zero

tillage (Phillips and Philligs 1984). A combination of all the above\ social

-

h 2 -
factors coupled with the many advantages to be discussed in the next

section, has accelerated the acceptance of such a “markedly different\

technique.

2.4 Advantages of Zero Tillage -

!

L

There are several advantages to the zero tillage production system. Many of

these advantages will be discussed in more detail in later chapters of thig

~ -

report. A brief synopsis of these are presented here as a summary:

1. Fuel requirements are greatly reduced witg a no tillage system.
The fuel savings, “resulting from a lack of land preparation
operations, may amount to 60% of the fuel used in a conventional

tillage system (Doleski et al. 1981 and Frye et al. 1981).

2. Comparison of no ‘tillage and donventional tillage labour
requirem;nts show tbat a 50% labour reduction in .land preparation
and planting is realized under the no tillage system (Phillips and
Phillips, 1984). This gr:eat labour saving al'lows the farmer much

better control of the timing of other fieid 6[:erations to prevent

working won a soil that may be too wet and thus more susceptible to
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5.

-

compaction (Ellis and Barneé, 1980).

13

Many studies have confirmed that no tillage agriculture can reduce
soil erosion (due to wind and water erasion) to almost zer;
(McGretjor etr al. 1975). McGregor and Greer (1982) found that
these benefits could be obtained with no-till corn for silage as well
as for grain corn, even though the amount of residue remaining on

the surface after harvest is considerably less for silage corn than

for grain corn.

The surface residues present in a no-tiltage cropping system greatly
reduce soil water evaporation and increase the amount of
infiltration. These benefits translate directly into imp\roved water
9vailability for the plants and to reduced runoff. The mulching
aspect also encourages shallow rooting, the plants are therefore
better able to use the moisture from light rains and make more
efficient use of the surface applied fertilizers (Estes 1972, Blevins
et al. 1971, Bennett 1977). All of these advantages‘ can lead to
Increases of up to 40% in grain yields with zero tillage corn

-

production (Moschler et al. 1972, Shear and Moschler 1969 and Lal

1979).

A greater flexibility in planting and harvest scheduling is offered to
the no till farmer; Zero tillage provides the opportunity to plant
without waiting for sui;ficient drying time for the tillage operations
(Ellis and Bardes ).980).1 Untilled soils also pro;/ide improved

trafficability for planting, pesticide application and harvesting.

”

o
i
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Increased fand use resulting from an upg:a§§ of clasafication due to
less erodbon losses is another advantage of zero tillage in
agriculture. Hill and Blevins 1973 suggested that no tillage can

open up rolling grasslands to cropping where they were suitable for

P
only pasture beforehand.

\
One of the most important advantages of no tillage 1s the lr‘éproved
soil structure obtained after two to three years of continuous zero
tillage (Vyn et al. 1979, ODull 1979 and Cannell. et al. 1978).
Increased earthworm populations, often by a factor of three or four,
more continuity of vertical pores and channels, -deeper and rr{ore
continuous cracking 1n finer soils and greater stability of aggregates
in the surface zone all contribute to the improved soil structure
(Cangell et al. 1978, Barnes and Ellis 1979 and Soane and Pidgeon

-—

1975). Root elongation of the seedl'ings‘may be slower but.when the
. ’ 8
above mentioned changes have occured, roots caf BE-more numerous

below’ S50 cm, nmafcing possibletgr‘eatér withdrawal bf water in dry

conditions, sometimes with increased yields (Cannell et al. 1978).

s

Equipment requirements and t‘herefor‘e'costs,‘ are lower with zero
tilage techniques. The use of primary ard secondary tillage
equipment each year is no Ioﬁger necessary and therefore tractor

1Al "’

horsepower requirements are also much lower,

S g - S,
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2.5 Disadvantageg of Zero Tillage

v

Unfortunately, not all the abovementioned advantages are applicable under

different sod and climatic conditions. The following potential disadvantages

must always be considered before a full scale adoption of the seemingly

(

simple and successful technique of zero tillage is exercized.

1.

3.

Weed control will be a greater problem w1tho\(\ plowing and shifts

in weed populations will be more pronounced., Different timing of

application, selection of herbicides and crop rotations must be

adopted by the grower using zero tillage (Chase and Meggit 1971).
Bennett (1977) reported that herbicide costs for no-tillage could be

dp to two and a half times that for conventional tillage.

Plant pests tend to be a more serious problem on untilled soils with
a crop residue on the surface because of the more stable habitat

provided (Musick and Petty 1979 and Reicosky et al. 1977).

Even though surface application of inorganic fertilizers has been
shown to be as efficient as incorporation (Moschler and Martens
1975), nearly all nitrogen fertilizers are acid forfning, and
consequently, with no tillage the sc;il surface can very rapidly
become acidic (Vitosh .and Warncke 1976). This acidic soil surface

can cause reduced effectiveness of herbicides (Blevins et al. 1978

and Fox 1978).
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The soil temperature in the surface layers can be markedly cooler

under th zero tillage regime. Temperatures, in same climates, can

run 2-10 degree; C lower and aggravate cool soil situations for

warm season crops. Work in the eastern Canadian climate, however

has shown only a very small difference 1n the temperature profiles
-

(Barclay et al. 1983).

Poorly drained heavy soils may be unsuitable for zero tillage.
Increases in bulk density of 0.20 Mg/m3 have been experienced In
the surface layers of zero tilled lands and can be detrimental to
crop emergence and growth on these types of soils (Gantzer and

Blake 1978 and Cannell et al. 1978).

In most parts of the world, zero tiillage corn yields are usually
higher than with conventional tillage (Moschler et al. 1972, Shear
and Moschler 1969 and Triplett and van Doren 1977). There are,
however, certain soil and weather conditions in other parts where
lower yields sre experienced with zero tillage: Ketcheson (1977) 1n
particular, reported reduced root growth due to high resis'tance to

root penetration, causing a 20-25% reduction i1n caorn yields.

The crop repidues left behind with zero tillage corn production are
very unique in that they cause as many disadvantages as they do
advantaées. While providing an excellent muleh cover to reduce
erosion and evaporation, increase infiltration dnd available water,
the residues are ®often blamed for otherwise unexplainable yield

reductions (Papendick and Miller 1977). Difficulty in stand
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establishment, reduced seedling vigor, release of phytotoxic
decomoposition  products, fertility imbalances, reduced soll
temperatures and heavy pest infestations are some of the problems
associated with these crop residues (Papendick and Miller 1977, Vyn

et al. 1979 and Elliot et al. 1977).

8. Tradition holds deep in the hearts of many farmers, and it has been
hard for them to accept the ragged appearance of zero tillage
fields. The uneven, unkept, untidy appearance, which continues untii
the crop canopy forms, has had a definite social impatt on the

adoption rate (Phillips and Phillips 1984).

After some 25 years of extensive research on corn production with

zero tillage, one important fact stands out above ail the others: The results

of any individual study are not readily transferable to another geographic

location due to soil and climatic differences.

The possible benefits to be gained through the use of zero tiliage far
outweigh the negative effects if the no-tillage technique,provides adequate
results in terms of yields and quality of harvested material. The potential
ecgr:r}\;c, energy and environmental benefits obtainable if no-tillage and
alternat\ fertilizer sources are successful, are adequate justification ‘for full

scale research projects to determine the feasibility in a particular region.

A

Research in the area of organic fertilizer sources in combination with
reduced tillage is severly lacking. Using dairy cattle manure, for example,
as the nitrogen source for corn production on zerp tilled land would result in

vei-y large economig and energy savings.

\
\\
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Mclntosh and Varney (1972) reported equivalent silage vyields in
continuous corn production between plots receiving 170 kg/ha of inorganic N
with no manure and plots receiving €2 t/ha of menure with no inorganic N.
In their experiment, the manure was fully incorporated into the soil.

- re—— é
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Chapter 3

Objectives and Scope of the Study

[N
The objectives of this study were:

L

Y

To establish an experiment on two soil types to investigate the
effects of three levels of tillage and two different fertilizer sources

on silage corn production in Quebec.

To grow a silage corn crop on all the plots of the experiment using
full scale field machinery and to quantify the effects of the
treatments on corn growth parameters such as: 1) leaf area index,
ii) plant height, iii) dry matter accumulation, iv) moisture content,
v) nutrient and -chemical status of the plant tissue at harvest and
vi) final plant dry matter yield.

To determine the treatment effects on the soil's physical, nutrient
and moisture statu; during the growing season by measuring: i) solil

dry bulk density, ii) volumetric moisture content and iii) soil

fertility and organic matter content.

To recommend the most feasible silage corn production system, for

this region, from the six treatment c¢ombinations under

investigation.

L - —
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5. To outline areas of concern for future researchers.

Silage corn was chosen as the crop to be grown because of its yse on
almest all farms in this region. A reduction in the amount of crop residues
left on the field after harvest in silage corn, as compared to grain corn,
facilitates the transition from conventi‘onal to zero tillﬁae l in terms of
equipment requirements and pest problems, and would therefore be more

readily accepted by the farmers in this region.

The tests were performed on two different soil types (a sandy loam
and a clay), to further asses the adaptability of’ these techniques to this
region. The results could be applied in any area with similar soil and

climatic conditiona.




Chapter 4

The Influence of Tillage, Zero Tillage and Fertilizer Sources

on Corn Growth and Yield

/

4.1 Introduction

More then 400,000 hectares of corn are grown each year in the
southwestern Quebec and eastern Ontario regions. Fort'.y percent of that
area i3 devoted to silage corn. Considering the potential fuel savings alone,
zero tillage techniques could possibly reduce farm operating costs by up. to
$7 miu‘i‘on each year.

These rising energy costs and technological advances in the production
and use of hérbicides over the last two decades have contributed to the
orientation of crop production management towards : conservation tillage
systems in certain world regions (Griffith et al. 1977, Triplett and van
Doren 1977 and van Doren et al. 1976). Reduced tillage practices and
planting of crops by direct drilling have been widely accepted in some areas
of both developed and developing countries for the purposes of water
conservation and erosion control (Unger- and McCalla 1980, Fenester and

Wicks 1976, Ketcheson 1977a and Bennett 1977).

[ — T w - = xmus ——
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Studies on minimum tillage, fertilizer use and corn production have
shown contradictory results depending on the location. For example, in a;'eas
such as western Ontario and parts of the American midwest, minimum tillage
has resulted in reduced yields (van Doren ét al. 1976, Harrold et al. 1970,
Ketcheson 1980, Lindsay et al. 1983, Fink and Wesley 1974 ahd Kethceson
1977b), whereas ather authors in Quebec, the American midwest and abroad
have shown that no-tillage methods resulted in higher yields (Moschler et al
1972, Barclay et al. 1983, Estes 1972, Jones et al. 1969, Taylor et al.
1981, Shear and Moschler 1969, Brar et al. 1983, Lal 1979 and Triplett and

van Doren 1969).

Van Doren et al.1976), have shown that no-tillage treatments have
resulted in reduced vyields on poorly drained soils but have resulted in
increased yields on sloping sandy soils in Ohio. Criffith et al. (1982)
reportéd that no-tillage continuous corn will only outyield the conventional
methods of tillage on light well drained soils. On poorly drained hedvier
soils, the; have shown a yield reduction of up to }0%. On the other hand,
Raghavan et al 1981, Barclay et al 1983 and McKyes et al, 1979 have all

demonstrated that indeed zero tillage can be feasible in the heavy clay soils

of northeast North America.

A considerable amount of research work has been done over the last
20 years in an effort to identify some of the factors responsible for either
the increase or decrease in crop yields associated with zero tillage when
compared to the conventional method; of moldbeard plowing and disk

harrowing. Work in the state of Ohio has shown that at least a 50% mulch

!
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cover is necessary for no-tillat‘;e to equal conventional yields (Harrold et al.
1970). Triplett et al. (1964) reported a positive correlation between the

amount of mulch cover and no-till grain yields on silt loam soils.

Jones et al, (1969) found that a surface mulch increases yields to a
greater degree than does tillage. They also found no difference in corn
yields under no-tillage and conventional tillage without a rmuich. Plant
growth and yield response to tillage depend primarily on mulch and the
structural conditions of the soil surface regulating infiltration. Not only does
the mulch cover reduce evaporation from the soil surface and prevent the
degrading effects of wind and water erosion, but it also increases the amount
of infiltration and therefore the amount of water available to the plants,
Several authors, working in semi-arid areas, have reported higher yields when
corn is planted directly into a killed- sod (Moschler and Martens 1975, Estes
1972 and Blevins et al 1971). Whereas other authors have shown an increase
in yields with zero tillage when a mulch, consisting of the previous years
crop residues, is present (Harrold et al. 1970 and Negi et al. 1980).
Increased yields of up to 23% in zero tilled silage corn are due mainly to
the increased n’ioistur;: conservation associated with the rhulching aspects of

the killed sod (Estes 1572).

The fertilizer requirements of corn grown under no-till conditions can
be adequately met through surface application of 'ti’we feptiizer, given proper
conditions (Vitosh and Warncke 1976, Fink and f%{esle,y 41974, Maoschier and
Martens 1975 and Kang and Yanusa 1977). Vitosh and Warncke (1976) suggest
that on cold scils and those: low in phosphorus, band applications of the

phosphorus with a conservation type planter is necessary since, on these soils
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the phosphorus is very immobile. Field experiments an three soil types in
Virginia have shown that fertilizer efficiency for no-tillage corn with surface
application was higher than for conventionally tilled corn with an equal
disked in application rate (Mosfhler et al. 1972). This was caused by higher
moisture contents in the upper layers leading to increased solubility and

greater uptake of nutrients (Lal 1979 and Lal 1976).

. Potassium and phasphorus fertilizers have been found to be
concentrated in the upper cm after six consecutive years of no-till corn
(Triplett and van Doren l%Ngx; and Moschler 1969) causing a higher P
and K content in the leaves at the tasselling stage. Moschier and Martens
(1975) reported a 14-19% increase in corn yields with no tillage over
conventional tillage, caused by increased fertilizer efficiency during three

years of above average rainfall in a silt loam soil.

Ammanium nitrate may be the best source of nitrogen for surface
application to prevent the ammonia volatilization which might be experienced

if urea were to be applied (Vitosh and Warncke 1976, Fox and Hoffman 1981,

Mengel et al. 1982 and Bandel et al. 1980). Urea can be used only if’ai

least 10 mm of rain falls within 48 hours of application. Substantial
nitrogen losses are incurred to the atmosphere if no rain falls within 6 days

(Fox and Hoffman 1981).

When dairy cattle manure is spread” on the surface of zero tilled
land, an appreciable amount of NH} is easily lost by. ammonia volatilization
(Klausner and Guest 1981). Lauer et al. (1976) demonstrated that NH losses

after spreading were represented by mean half lives ranging from 1.9 to 3.4
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days. Rapid loss was primarily due to the drying of the manure on the soil
surface and climatic conditions determining this rate of loss. Dairy cattle
manure, when used as the only nitrogen source in corn production, can
produce equivalent yielps to commercial inorganic fertilizatlon if it js applied
in sufficient quantities’(McIntosh and Varney 1972). Very little work has been

carried out to examine the effects of using dair§ manure as a nitrogen

source for zero till corn.
14

g

With suboptimal rttitrogen rates in no-tillage corn produ:tion, nitrogen
deficiency symptoms have been found to be mare severe throughout the
season and the yields have tended to be lower than with the same ra‘te
applied to conventional tillage plots (Bandel et al. 1975 and Blevmé et al.
1983). When nitrogen fertilizer was adequate, equal yields have been achieved
between no-tillage and conventional tillage (Blevins et al. 1983 and Kang
and Yanusa 1977). Lal (1979) however, attained higher corn yields for zero

tillage versus conventional tillage at all levels of nitrogen applied.

r

Results from Kentucky, Maryland and Virginia show that nitrogen,
fertilizer 1s used more efficiently in no-tillage than in conventional ‘tillage
corn when evaluated on the basis of yield response (Frye et al. 1981,

Moschler and Martens 1975, Phillips et al. 1980 and Stanford et al. 1979).

Gantzer and Blake (1978) reported a rapid rate of aciéification of the
soil surface layer with high rates of physiologically acid nitrogen fertilizer
under no-tillage. Numerous other authors have also shown an increased
.acidification of the scil surface layer under no tillage corn (Moschler et al.

1973, Triplett. and van Doren, 1969 and Blevins et al. 1977).
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Several studies have shown that tillage has little influence on crop
yield in the absence of weeds providing that a field has not been compacted
excessively. Herbicides now give the farmer the aption of controlling weeds
with less tillage (Hinesly et al. 1967, Triplett and Lytle 1972 and Wimer
1946).

M;#\( Ten to 15% more seed should be sown with zero tillage than with
. ,

conventional tillage because trash may interfere with proper emergence of all
plants. Use of a conservation type planter which can seed through sod,
;nulch or hard soil, is imperative to obtain the required seed-soil contact for
proper germination (Nelson et al. 1976). In cases where conventional tillage
yields exceeded those of zero tillage (Fink and Wesley 1974), a higher plant
population was largely the reason. Corn popL;l:tior\s were poor on the zero

tiled seedbed due to heavy rains which occurred shortly after planting.

Water concentrated in the no-till planting slits, flooding the young plants.

-

Because the research performed on zero and reduced tillage around
the world is limited in its applicability to other parts of the world, due to
soil and climatic differences, it is still not known how zero tillage will
perform in Quebec. With this in mind, field experiments were conducted on
two different soils to examine the effect‘s of tillage practices and fertilizer
methods on the growth and vyield of silage corn in the eastern Canadian

climate.

3
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4.2 Materials and Methods a

B t <

4.2.1 Experimenthl Design

.

This fleld study was established on two experimental sites located at
the Macdonald College Research Station of McGill University in Ste. Anne de
Bellevue, Quebec. The first site comprises a Macdonald clay, while the
second site is on a St. Benoit light sandy loam. Figures 4.2.1 and 4.2.2

illustrate the particle size distributions for these two soils.

Prior to 1982, continyous corn (Zea mays L.) was grown under
conventional tillage for approximately 20 years on the sandy loam sail, while
corn was grown from 1970 ta 1976 snd alfalfa (Med'ica?—é) sativa L.) from
1976 to 1981 on the clay sol. In the fall of 1981, a\ 2 X 3 factorial
experiment was established. Six combinations of three levels of tillage and
two different fertilizer spurces were randorized in a complete block design
with three replicates forming a total of 36 plots, (18 per experimental site),

individual plots measuring 10 X 12 m.

The thrée levels of tillagé were conventional, reduced and =zero
tillage. The conventional tillage treatment consisted of fall moldboard
plowing to a depth of 15 to 20 cm followed by two passes of a disk harrow
in the spring for seedbed preparétion; The reduced tillage systems included
fall chisel plowing with a five shank chisel plow with narrow spear pointed

shovels spaced 30 cm apart, and operating at 15-20 cm depth, followed by

[ ey
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only one pass of a disk harrow as secondary tillage in the spring. This
method simply loosens the soil with a minimum of inversion of the surface
and subsurface layers, and therefore results in only partial incorporation of
crop residues. In the zero tillage plots, silage corn was planfed directly into

the previous years stubble. Post emergent inter-row cultivations were not

used on any of the plots, as chemical herbicides alone were used to control

the weed population.

Inorgamc granular fertilizers (commercial) and dairy cow manure
(organic) were the two fertilizer treatments. Both treatments were applied
at ‘rates dictated by prior soll chemistry assays and local recommendations.
This paper presents the results of two years growth on the sandy loam soil
(1982-83) and one years growth on the clay soil (1983). During the first year

of the study (1982) severe problems were encountered with emergence in the

clay site due to improper adjustment of the planter and very dry conditions.

4.2.2 Fertilizer Application

-~

At the initiation of the %penrgnt, soil test results indicated that
the clay site had background levels of 322 kg P/ha. and 289 kg K/ha. Results
from the sand site were higher; 479 and 386 kg P and K/ha, respectively.
Based on these findings, and on Quebec Ministry of Agricuiture, Food and
Fisheries fertilizer recommendations, applications of 170, 75 and 80 Kg. of
N, PZOS and KZO were advised for silage corn production. Phosphorus, in
the form of triple superphosphate, was banded in both the inorganic and

organic plots at 5 cm below and 5 cm beside the seed, since the dairy cow

manure is very low in phosphorus. Muriate of Potash was used as the K
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source on the inorganic plots. Orgenic fertilizer plots received manure at
the equivalent rate of 170 Kg/ha N based on the semi-micro Kjeldahl
analysis of the manure two days prior to application. These plots received

no inorganic N or K fertilizer.

Nitrogen was applied to the 1norganic fertilizer plots using urea
(45-0-0) on the reduced and conventionally tilled plots, and ammonium nitrate
(34-0-0) on the zero tillage piots. Ammonium nitrate was selected as the N
saurce on the zero tillage plots to eliminate the possibility of ammonia loss
through the volatilization of transformed urea 1f applied and left at the sail

surface.

Both the manure and inorganic fertilizers (nitrogen and potassium)
were incorporated on the conventional and reduced tillage piots with a disk
harrow using two and one pass respectively. On the zero tillage plots,
ammonium nitrate and the manure were both left on the surface. Based on

soil sample results In October 1982 (post-harvest), the same application rates

were used in the spring of 1983. \

4.2.3 Herbicide Application

Immediately prior to seeding, the herbicides Atrazine (90W) at a rat‘?r
of 1.5 Kg/ha and Alachlor (Lasso) at 2.5 Kg/ha were applied and pre-plant
incorporated in those plots receiving conventional tillage, and pre emergence
non-incorporated inﬂ those plotsw receiving the reduced and no-tillage

treatments. Bentazon (O.M‘Kg/ha.) and Citowett TM were Bubsequently

applied post-emergent to the entire plot area. (Two applications eight days
N\ s
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apart were necessary). Atrazine and Kornoil TM were also applied to those
plots in which volunteer grain was a problem. All plots received the same
herbicide treatment i1n the first year. The results of weed density an#
biomsss studies during the summer of 1982, dictated no change in herbicide
application rates among the plot:for the 1983 growing season.

Spot spraying of Killex brand herbicide was used in all plots in the
clay site to control dandelioms. This was necessary because this site is

adjacent to a major highway, whose sides are laden with dandelions

{(Taraxacum officinale L.).

4.2.4 Seeding

Seeding. of Warwick (Trojan) 844 silage corn took place on May 11,
1982, and again on May 22, 1983. An International Harvestor 800 conservation
air planter was used to seed the corn in 76 cm rows with an inter-plant
spacing of 16.5 om to achieve the desired plant population of 80,000

plants/ha.

The planter wsed was a conservation type planter. Heavy duty
coulters to open the na;'row siot for seed placement, heavier frame than
normal planters and down pressure springs (set to their maximum) on the
planting units were required to enable the planter to penetrate the harder

surface layers of the clay soil and the crop residues for those plots treated

with zero tillage.

Each plot contained 12 rows 12 m long. The plot separation was

equivalent to the space bstween carn rows. Four rows were planted on both
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ends of the \group of six plots in each replicate 'to reduce edge effects.

&

4.2.5 Plant Growth

Follving seeding, the number of days to 80 % emergence' and
tasselling was monitored. The final plant population in all plots was also
observed to quantify the effects of surface residue and tillage systems on
plant emergence. Leaf area index, number of leaves, plant height, dry
matter accumulation and plant moisture content were the growth parameters
measured at two week intervals. Of the 12 rows in each plot, the :)utside
four rows on each side were reserved as buffer rows, and the middle four
were harvested st the end of the g!'owi;ug season. The remaining four were
used for plant growth parameter measurement throughout 'the growing

season. Four plants were sampled at random, from these last four rows, five

times during the growing season, to monitor growth rate and maturity.

The 'accumulated dry matter was obtained from the weight of these
plants, calculated from the average moisture content obtained from oven
drying 500, gm chopped samples at 80°C for 24 hours, the average wet

weight of each plant\and the total number of plants per plot. Total dry
matter in Mg/ha was. determined from the following equatione

Yd = Wwet * (100 - MC) * Np * C
100 Ap

-

Where;

Yd = Plant yield (dry basis) (Mg/ha.)

Wwet = Average wet weight per plant (Kg.)

MC = Average moisture content (wet basis)
per plant (%).

”

~
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NP = Number of plants per plot
Ap = Area of the plot (10 X 12,m)
C = 10 (conversion from Kg/m® to Mg/ha).

Total leaf area was computed by summing the len§th of all leaves

and multiplying by 6.67 (McKee 1964). The leaf area index was calculated by

dividing the total leaf area per plant by the area occu})ied by one plant.
The total number of . leaves per plant was obtained at the same time. The
average plant heights were measured at the beginning of the séason, to the
uppermost unfolded leaf, and later in the growing season to the top of the

tassel.

4.2,6 Harvest and Tissue Analysis

The centre four rows of each plot were essentially undisturbed
throughout the growing season. Human traffic was kept to an absolute
minimum as all measurements during the summer were taken on the outside
four rows. These middle four rows were harvested in the fall for silage carn
with a John Deere, three point hitch mounted, single row forage harvester.l
The total weight per plot was obtéined, and then 500 ' g subsamples were
oven dried at 50°C fcsr 48 hours to obtain the final moisture content and the
final dry matter yield per plqt. Using the area of the four rows harvested,

the total dry matter measured per plot was converted to Mg/ha.

Plant tissue analyses were performed on each of the 36 dried
subsamples to observe the effects of our treatments on plant nutrient
content. Crude protein, percent calcium,'phosphorus, magnesium, ’ potassium

as well as iron, manganese, copper and zinc parts per million were the

‘
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macro and micro nutrients identified. ,

4.3 Results and Discussion

4.3.1 Climate Conditions

The distributions of rainfall throughout the 1982 and 1983 growing
seasons are shown in Figures 4,31 and 4.3.2, respectively. The month of
May, 1982 was one of the driest on recprd, receiving 72 % less rainfall than
the 30 year average (Table 4.3.1). The extremely dy spring of 1982
contributed to the incomplete activation of the herbicides applied and
consequently less than perfect weed control was achieved. Due to a month
of June with 3.2 times the normal rainfall, the balance of the 1982 growing
season finished slightly above average in total precipitation, with July, August

[
and September receiving average rainfall amounts (Figure 4.3.3).

The spring of 1983, on the other hand, could be classified as very
wet. In May, 62 % more rainfall than usual fell, while in Juhe ‘the
precipitation was equal to the 30 year average (Table 4.3.1). Excellent weed

control was achieved during the wet spring.

Conditions during July and August, however, were very dry. Total
pracip{tation for this period was only 1146 mm or 45 % lower than the 30
year average (Table 4.3.1). Most of this deficit took place during the grain

filling stage in August which received 57 % less rainfall than average.

Over the course of the two growing seasors, a water table has never
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Table 4.3.1

34

Rainfall data during the 1982 and 1983 growing seasons

and the 30 year averages.

)

May

June
July
August
September

May

June

July
August
September

May

June
July
August
September

Rainfall
(mm)

22.1
117.6
83.3
136.8
86.3

Rainfall
(mm)

126.9
32.6
66.3
48.3
82.0

- — ——

yRainfall
(mm)

78.4
37.3
94.5
111.9
85.1

Cummulat ive
(mm)

22.1
139.7
223.0
359.8

-7 446.1

Cummulat ive
(ma)

126.9
159.5
225.8
274.1
356.1

30 year average ----—--
Cummulat ive
(mm)

78.4
115.7
210.2
322.1
407.2
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!

been measufed at either site sfter the month of May. The sandy loam'site
has excellent natural drainage, while the clay site has a iayer of broken
limestone at a depth of approximately 0.8 to 1.5 m with’ a very high
horizontal conduction rate. For these reasons, curves of water table;po'sition

with time will not be presented.

4.3.2 Sgqil parameters

-

Results of soil analyses performed first at the end of the growing
season in 1982 and then after the 1983 season indicated that the phosphorus
and, potassium levels in all plots on both scils were still above 200 kg/ha
(Kelly and McKyes 1984), According to the Ministry of Agriculture, Fisheries
and Food in Quebec (1984), this indicates tt_hat both soils are deemed rich in
terms of these elements. No sigmificant difference was found in the levels
of phosphorus or potassium between plots due to the applied treatments of
tillage or fertilizer (Kelly and McKyes 1984). For these reasons, the

fertilizers (both organic and inorganic) were applied in the springs of 1983

and 1984 at the same rates as the initial application in 1982.

' d Salinity measurements in October of 1982 and 1983, indicated that
salt accumulation was not a p;"oblem, values of conductivity were all less
than 1.0 mmho/cm. Richards (1969) stated that salinity effects on all crops
are mostly negligible when the conductivity of the saturation extract is less

than 2.0 mmbho/cm.

Organic matter percentages after two years of experimentation on

4

the clay soil showed no effect due to either treatment. There was, however

o e B e T T TSN, - — —
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an interaction effect in the sandy soil. The combinations of conventional
"7 tillage with organic fertilizers and reduced tillage with organic fertilizers,
produced significantly higher organic matter in the top soil than any of the

B

other four treatment combinations (Kelly and McKyes 1984).

Soil dry bulk density measurements in 1983 revealed thart the zero
tilled plots were more compacted in the top 5 em in both soil types, while
the conventional tillage plots exhibited a dense plow layer at approximately

20 cm (Kelly and McKyes 1984),

Soil wvolumetric moisture content measurements revealed that the
organic plots contained more water throughout the growing season than those
plots fertilized from 1norganic sources. This increased water availability was

due to the mulching characteristics of the applied manure ‘(Kelly and McKyes

1984).

4,3.3 Days to Emergg and T assel

The number of days to emerge and tassel were aobserved in 1983
only.~. The results are presented in Tables 4.3.2 and 4.3.3, the corresponding
analyses of variance are listéd in Tables A4.3.1 and A4.3.2 in Appendix A.
The tabuar forrpat used ir/w Table lt.3.2 and all other mean 'valu‘e tal;;es,
presents both the treatment combination means and the means of the
.ndividual treatments, ‘that is the main effect means. When no treatment

interaction exists, Duncan's new multiple range test was performed on the

means of each treatment and the letters denoting significant differences at

= e % R emmar o . - - -

=
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Table 4.3.2 Mean values of days to emerge
’ Sand and Clay Sites - 1983

Sand Gite
TILLAGE
E ‘ _R_ ; Mean
I+ 14.67 14.67 13.67 14.33 a
FERTILIZER
0: 14.67 14,33 14.67 14.56 a
Mean : 14.67 a 14.50 a 14.17 a
Clay Site
TILLAGE ’
c R z Mean
I: t 15.00 15.33 15.00 15.11 a
‘ FERTILIZER
0: 14.67 16.67 15.33 15.56 a

Mean: 14.83 a 16.00 a 15.17 a

* Means with the same letter are not significantly different
at the (.05 level using Duncan's mew multiple range test.

S v - o - —— RS
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Table 4.3.3 Mean values of days to tassel

{ Sand and Clay Sites - 1983
Sand Site o
- TILLAGE
C R z Mean
I: 67.33a 66.G0 ab 65.67 ab 66.3C
FERTILIZER .
0: 65.33 b 65.33 b 67.33a 66 .60
Mean: 66.33 65.70 66.50
’ Clay Site ‘
TILLAGE
[ R Z Mean
I:  67.00 68.00 68.00 67.67 a
FERTILIZER
0: 67.33 69.0G 69.33 68.56 a

Mean: 67.17 a 668.50 a 68.67 a

* Means with the game letter are not significantly different
at the (G.G5 level using Duncan's new multiple range test.



an alpha level of 5% were placed adjacent to these main effect means. If,
however, a treatment interaction does exist, Duncan's test was performed on
the means of ti:oe six treatment combinations and the letters denoting
significance were placed next to the combination means. This technique is
illustrated in Table 4.3.3 where there was a treatment interaction on the

number of days to tassel in the sand dite and none in the clay site.

The number of days requred for 80% of the final plant population to
emerge was not affected by sither of the two treatments. It 1s interesting
to note that of the plants that did emerge, neither the organic fertilizer
placed on the surface nor the increased dersity in the top layer of the zero
tilled plots affected their rate of emergence., When the emergence rate was
betng measured, 1t appeared that tillage did in fact have an affect. The end

v

resm(/t, however, was that the final plant population was affected by the
i
tiliage treatment and not the emergence rate. This result will be discussed

in a later section.

The number of days requred for 80% of the plants to initiate caob
production (tasselling) was unaffected by the treatments in the clay site. In
the sand site however, a fertilizer-tillage interaction effect existed. The
largest difference among the treatment combinations was twa days, which
should not affect the final ear yield over the course of a 100 day growing

se ason.

>

4,.3.4 Final Plant Population

The final plant populations in\the sand site during the 1982 season

3
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Table 4.3.4 Mean values of final plant population )
Sand Site - 1962 : 1/>
N
Sand Site
+ TILLAGE
c R L Mean

I: 869.3 856.7 -933.3 887.1 a
FERTILIZER . ]

O 664.0 56G.3 672.0 645.4 b

Mean: 776.7 a BG2.7 a 720.0 a

* Means with the same letter are not significantly different
at the (.05 level using Duncan's new multiple range test.

¥
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Table 4.3.5 Mean values of final plant population
Sand and Clay Sites - 1983

¥
q

Sand Site
TILLAGE
c R Z Mean
I: 912.0 864.0 818.0 864.7 a
FERTILIZER
Q0: 864.0 870.0 737.0 823.7 b
Mean: 888.0 a 867.0 a J77.5 b
Clay Site
= ==e TILLAGE
c - R 4 Mean
. I: 864.0 829.3 782.6 825.3 a
FERTILIZER
0: 891.0 785.0 825.0 835.06 a

Mean: 877.5 a 809.2 b 803.8 b

* Means with the same letter are not significantly different
at the 0.0G5 level using Duncan's new multiple range test.
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are shown in Table 4.3.4, while the same data from the sand and clay sites
9
for 1983 are shown in Table 4.3.5. The correspending analyses of variance

are listed in Tables A4.3.3 and A4.3.4 in Appendix A.

Since 1982 was the first year of the experiment, it was not expected
that the tillage treatments wauld affect the total number of plants per
plot. There was no significant difference in plant populations due to tillage,
but there was a difference due to the fertilizer treatment. Organic

fertilizer plots yielded 27.2% less plants than the inorganic plots.

In 1983, the effects of the tillage treatments became significant in

0 b

both the sandy loam and clay soils, The zero tillage plots in the sand site

produced 10.8 and 12.5% less plants than the reduced and conventional plots

respectively.

¥

In the clay site, a very dense layer in the zero tillage plots, and a
high proportion of large diameter (larger than 2 cm) clods in the reduced
tillage plots, both caused inadequate seed soil contact to ensure complete
germination. For these reasons, the plant populations in the zero and
reduced tillage plots were not different from each other but were both
significantly less than the conventional tillage plots, which yielded 9% fnore

N ~?

plants,

The fertilizer sources had no effect on plant population in the cdlay
site, but in the sand site, ;s in 1982, the inorganic plots had significantly
more (5%) plants than the organic plots, Since there was no‘fertilizer
interaction with tillage and the effects only appeared in the sandy loam soil,

the ammonium and salt contents of the fresh manure were believed to cause

: 1
¢ — - e e g
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the reduced populations. These two components of the manure can become
somewhat. toxic to the germinating seed, causing a reduction in the number
of successfully emerging plants. The greater adsorptive capacity of the clay
soil prevented this problem in the clay site.

»

4.3.5 Plant Growth Parameters

Observations of dry matter yield, maturity.(percent moisture), plant
height and leaf area index were taken five times 1n the 1982 growing
season. Mean values are presented in Tables 4.3.6 to 4.3.10 and the
associated analyses of variance are listed in Tables A4.3.5 to A43.14 1n
Appendix A, In addition to these four parameters, the number of leaves per
plant was measured five times during the 1983 growing sgasan. During the
first year of experimentation, tillage was not found to have an effect on the
growth rate of the corn after the first set of plant parameter
measurements. The inorganic fertilizer plots however, yielded consistently
more than ‘the organic plots (see F}gure 4.3.4). Measurements of leaf area
index (LAD) indicated that the treatment effects were not significant except
on the 64th day after seeding when the 6rganic plots !Qéﬁg a LAl 15% greater
than the inorganic plots (Table 4.3.8). This trend is supported by ‘the plant
height data (Figure 4,3.5) \A!\hich demorstrates that the organic plots were 8%
talier than the inorganic plots 64 days after seeding (DAS), but were
significantly taller on only one occasion (76 DAS, Table 4.3.9). It s
interesting to note that even though the organic plots were taller with a
larger leaf area, the inorganic plots accumulated dry matter at a faster rate

.

than the organic plots.
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-

hs

15k 1982 SAND SITE

DRY MATTER YIELD <Mg/had

]
0 20 40 B0 80 100

DAYS AFTER SEEDING

-

d

Figure 4.3.4.  Variation in dry matter yield over the 1982 growing season
for different treatment combinations in the Sand site.
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. Plant maturity during 1982 was unaffected by either treatment until
76 DAS. At this stage, the plants started their drying process; the zero
tillage plants "had significantly higher moisture cantents than the other two
tilage treatments (Table 4.3.9). By the 9lst DAS, a fertilizer tillage
interaction developed and the zero organic plots had the highest moisture
while the reduced organic plots were the driest (Table 4.3.10). These results
seem to indicate that zero tillage retarded the maturation of the plants in

the first year.

The five plant parameters measured in 1983 are presented in Tables
4,3.11 to 4.3.24 for the sand and clay sites. Analyses of variance for these
plant parameter measurements can be found 1n Tables A4.3.15 to A4.3.40 in

Appendix A.

In the sand site, during the early stages of development, the
conventional arganic and reduced organic plots yielded significantly more dry
matter than any other treatment combination (Table 4.3.12). This interaction
effect can be explained by the increased levels of arganic matter in the
topsoil of these two treatment combinations. As the plants matured and the
root systems developed to deeper depths, this effect disappeared and
differences between the means became non;ignificant (Figure 4.3.6).

I

The plant heights and leaf area indices followed a similar trend in
the garly growth stages, although their differences were not significant.
Unlike the LAI's which did not show any treatment effects for the remainder
of the vyear, the plant heights in the organic fertilizer plots were

significantly taller (8%) than those in the inorganic plots (Figure 4.3.7) on
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Variation in dry matter yield over the 1983 growing season
for different treatment combifations in the Sand site.
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the last three parameter measurement days.

Early growth in the clay gite was similar to that in the sand site.
Tables 4.3.16 and 4.3.17 and Figure 4.3.8 show that the conventional organic
plots had a much faster growth rate up to 42 DAS. The incorporation of
manure also resulted in significantly taller .plants and in plants with a larger
LAI in the conventional organic plots 29 DAS (Table {1.3.16). There were no
differences statistically for either of these parameters for the balance of the
growing season. There was.however, a very recognizable trend, Figure 4.3.9
illustrates that the =zero tillage plants were approximately 12% shorter than
the others. This was not found to bg statistically significant because of the

k3

variability among the treatment combinations.

Plant maturity during the 1983 growing season in both the sand and
clay sites showed no differences due to either treatment. The number of
leaves was not affected in either site untl 72 DAS (Figures 4.3.10 and
4.3.11). At this point 1n the sand site, the organic plots began to shed their
bottom leaves significantly faster than the inorganic plots (Table 4.3.22).
When corn plants abandon their bottom leaves, it is ususlly a result of either

a moisture stress or a potassium deficiency. A potassium deficiency late in

» .

the season can result in the leaf tips and margins turning brown and dying.. .

(Larson and Hanway, 1976). Since moisture contents were actually higher in
the organ}c plots, the cause for the loss of leaves was probably a nutrient
stress not experienced in the inorganic plots. The plants in the organic plots
relied on the fresh manure for their only source of potassium and it is likely
that this caused the differences seen here. The clay site exhibited similar

trends although they were not statistically significant.

et
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Variation in dry matter yield over the 1983 growing season
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Figure 4.3.10. Variation in number of leaves over the 1983 growing season
for different treatment combinations in the Sand site.
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Figure 4.3.11. Variation in number of leaves over the 1983 growing season
for different treatment combinations in the Clay site.
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.
4.3.6 Harvest\ measurements ’
’ )

The corn crops were harvested for silage on QOctober 7, 1982 in the
sand site, Septemer 13', 1983 in the clay site and September 20, 1983 in the
sand site. Mean values of the harvest xf;ults in, Mg/ha along with the
associ ated moisture contents are presented in Tables 4.3.25 through 4.3.27.
The corresponding analyses of variance are listed in Tables A4.3.41, A4.3.43

and A4.3.45 in Appendix A.

From the point of view of energy comservation and viability of
reduced tillage the results for 1982 were very encouraging. The reduced
tillage plots yielded significantly more (14%) than the conventional tllage
plots, while the zero tillage plots produced silage at a rate not significantly
different from the other two tillage treatments (Table 4.3.25). The plants
receiving reduced tillage were also the driest, which indicates a more mature
stand. In 1982, the inorganic plots had a 9.7% greater yield than the
organic plots but this difference was not significant at the 5% level.
Therefore, in the éirst yeary the savings in labour and fuel realized with zero
tillage were quite valuable, since yield levels were maintained st a

reasonable level.

The resuits from 1983 were slightly less encouraging. In the sand
site, the reduced tillage yields. were not significantly different from the
conventional but the zero tillage yields were significently lower than both
the reduced and conventional tillage plots (Table 4.3.26). In the clay site, /t}:e

zero tillage yields were significantly lower than thase under conventional
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Table 4.3.25 Mean values of harvest results
Sand Site - 1982

Dry Matter Yield, Mg/he

TILLAGE
c R z Mean
Is 15.10 16.51 15.42 15.68 a
FERTILIZER
0: 13.29 15.95 13.64 14.29 a
Mean: 14.20 b 16.23 a 14.53 ab
Percent Moisture
TILLAGE
c R z Mean
I: 55.06 52.26 52.79 53.37 a
FERTILIZER
0: 54.50 50.78 56.36 53.88 s
Mean: 54.78 a 51.52 b 54.58 a .
Yield per Plant, gm
‘ TILLAGE
E_ R L Mean
I: 210.4 212.3 220.2 214.3 b
FERTILIZER
0: 233.6 286.2 283.7 267.8 a

Mean: 222.0 a, 249.3 a 252.0 a

* Means with the same letter are not significantly different

at the (.05 level using Duncan's new multiple range test.
o~

o
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Table 4.3.26 Mean values of harvest results
Sand Site - 1983

Dry Matter Yield, Mg/ha

TILLAGE
[V R Z Mean
I: 10.061 16.82 9.62 1G.15 a
FERTILIZER
0: 11.29 11.06 9.57 10.64 a
Mean: 1G.65 a 10.94 a 3.60 b
Percent Moisture
TILLAGE
C R Z Mean
I: 42.25 b 39.85 b 40.91 b 41.00
FERTILIZER
0: 42.79 b 43.88 b 49.11 a 45.26
Mean: 42.52 41.86 45.01
Yield per Plant, gm
TILLAGE
c R Z Mean
. I: 131.7 150.0 141.2 141.06 b
FERTILIZER
0: 156.7 152.5 156.0 155.1 a

Mean: 144.2 a 151.3 a 148.6 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.
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Table 4.3.27 Mean values of harvest results
Clay Site - 1983

Dry Matter Yield, Mg/ha

TILLAGE
c R Z Mean
I: 11.86 11.96 11.56 11.80 a
FERTILIZER . .
0: 12.52 11.54 16.84 11.63 a
Mean: 12.19 a 11.75 ab 11.20 b
Percent Moisture ¢
TILLAGE
c R Z Mean
I: 39.43 43.77 42.43 41.88 a
FERTILIZER .
0: 43.65 - 44.G8 47.85 45.19 a
Mean: 41.54 8 43.93 a 45.14 a
Yield per Plant, gm
‘ TILLAGE
c R z Mean
I: 165.\} 172.6 177.1 171.7 a
FERTILIZER .
0: 168.7  175.5 157.8 167.3 a

Mean: 167.0 a SL74.1 a 167.4 a

* Means with the sgme letter are not aignifzicant‘ly different
at the 0.05 level using Duncan's new multiple range test.
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tillage and the reduced tillage plots” were not significantly different from
either the zera or conventional plots (Table 4.3.27). The fertilizer sources
had no effect on total silage yield per plot in 1983. Even though no
inorganic nitrogen was applied to the organic plots, they were still able to
produce silage at the same rate as those plots that did receive inorganic
nitrogen. It seems likely that the residual nitrogen from the alfalfa crop
(1976-1981) coupled with the nitrogen in the fresh manure were sufficient to
‘satisfy the needs of the corn plants during the first two years of

experimentation.

It is interesting to note that although the yield differences in the
sand site were not statistically significant, the arganic plots with a
population 5% less than the inorganic plots, actually produced 5% more silage
than the inorganic plots. This would seem to indicate that, when applied at
such high rates, the fresh manure is harmful to the emerging seedlings but is;.

beneficial to the plants that do manage to become established.

Although no differences in plant moisture content appeared throughout
the year, an interaction effect between zero tillage and arganic fertilizer in
the sand site, caused this treatment combination to be significantly less
mature than any other combination at harvest (Table 4.3.26). The reducec_i
growth rate of these zero tillage plots with organic fertilizer (Tables 4.3.11 -

4.3.15) was believed to be the cause of the increased moisture content at

har vest.

It was initially thought the 7.8 and B.1% yield reductions in the zero

till plots in the sand and clay sites respectively, were attributable to the
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changes in soil structure, slightly increased weed populations and-a slower
rate of early growth. However, when one considers the final plant
population in each of the plots and analyzes the harvest data in terms of
grams of dry matter per plant, the results are quite different. The maan
values of yield per plant are presented in Tables 4.3.25 through 4.3.27, and
the associated analyses of variance are listed in Tables A4.3.42, A4.3.44 and

A4.3.46 (Appendix A).

In both 1982 and 1983, tiillage had no effect on the vyield of dry
matter per plant. The population differences between the plots, caused by
the tillage treatménts, was believed to be the sole cause for the final silage
yield differences. Fertilizer source did however, have a significant effect on
yield per plant 1n the sand site both years. Those plots receiving manure as
the fertilizer source had 4.7% less plants than the inorganic plots but yielded
10% more dry matter on a per plant basis. It is not likely that reduced
competition is the sole cause since the reduction in plant population was due
to skips spaced randomly throughout the plots. The difference 1s probably
due to increased organic fertilizer use efficiency in the sandy loam soil.
This trend is not expected to continue after many successive years of
fertilization with manure only. The sand plots also performed quite well due
to the high background levels of nutrients present at the start of the
experiment. The fertilizer source did not affect the yield per plant in the

clay soil because the fertilizer source did not affect emergence in the clay

soil. j

These results become even more encouraging when one corsiders that

the problem of plant population is easier to solve than is a situation of

. o ——

~y
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degrading soil structure. Modification of the planter to ensure proper
loosening of the soil around the seed in the zero tillage plots and better
seedbed preparation in the reduced tillage plots to provide adequate seed to

soil contact, should result in equivalent yields for all tillage trea!@ents.

To alleviate the issue of reduced emergence and populations in the
sand plots fertilized from organic sources is a greater problem. The fact
that the clay site was unaffected, suggests that the lower cation exchange
capacity of the sandy loam soil was responsibie for higher levels of
ammonium and salt (both toxic to young plants) in the sand plots fertlized
with fresh manure. Further research is necessary to be able to use manure

as an alternate fertilizer source in corn production in sandy sails.

4.3.7 Plant Tissue Analysis

At the end of two years of tillage and fertilizer treatments, dried
samples of the corn silage from the 1983 harvest were analyzed for micro
and macro nutnent contents. Mean values of the results of percentage crude
protein, calcium, phosphorus, magnesium and potassium as well as the iron,
manganese, copper and zinc contents In parts per million de presented in
Tables 4.3.28 through 4.3.32, The carresponding analyses of variance are

listed in Tables A4.3.47 to A4.3.56 in Appendix A.

The use of dairy manure as the only nitrogen source in the organic
plots significantly reduced the percentage of crude protein present in the
plants at harvest. This reduction amounted to 22 and 13% in the sand and

clay sites respectively. The amount of nitrogen taken up by the plants was

S ]
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Table 4.3.28 Mean values of plant tissué analysis
Sand Site - 1983

Crude Protein, %

TILLAGE
C R z Mean
I: 8.00 7.43 8.17 7.87 a
. FERTILIZER
. 0: 6.50 6.27 5.57 5§.11 b
Mean: 7.25 a 6.85 a 6.87 a
Calcium, %
— TILLAGE
c R _Z_ Mean
I: G.270 0.273 0.247 0.263 a
FERTILIZER
0: 0.210 0.193 0.187 0.197 b
Mean: 0.240 a 0.233 a 0.217 a
Phosphorus, %
TILLAGE
C R z Mean
I: 0. 260 0.243 0.253 0.250 a
FERTILIZER
0: 0.260 0.273 " 0.28C 0.270 a
Mean: 0.260 a 0.258 a 0.267 a
Magneaium. %
. TILLAGE
E B_ _Z_ Mean
I: 0.130 0.237 0.146 0.171 a
FERTILIZER
0: g.143 0.126 0.163 0.144 a

Mean: 0.137 a 0.182 a 0.155 a

* Means with the same letter are not significantly different
“ at the 0.05 level using Duncan's new multiple range test.

e ot s [P . - -

@
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Mean values

63

Sand Site - 1983

Potassium, %

FERTILIZER

Mean:

Iron, ppm

FERTILIZER

Manganese, ppm

FERTILIZER

Copper, ppm

I:
FERTILIZER
0:

Mean:

- TILLAGE
£ R
0.%6 1.82
1.42 1.21

1.19 a 1.51 a

I

- TILLAGE
c R
67.67 63.00
58.67 61.60

63.17 a 62.00 a

TILLAGE
£ R
25.3 23.0
16.3 14.3
20.8 & 19.5 a
TILLAGE
¢ R
8.G0 9.67
8.67 9.67

8.33 a 9.67 a

of plant tissue analysis

IN

1.15
1.19

1.17 a

Z
48.33
47.33

47.83 &

I~

24.3
14.7

18.7 a

z
7.33
9.06

8.17 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.

Mean
1.31 a

1.27 a

Mean
59.67 a

55.67 a

Mean
24.2 a

15.1 b

Mean

8.33 a
9.11 a
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- Table 4.3.30 Mean values of plant tissue analysis
Clay Site - 1983

Crude Prbtein, %

TILLAGE
4 R 4
I: 7.53 7.80 7.87
FERTILIZER i
0: 6.73 6.70 6.67
Mean: 7.13 a 7.25 a 7.27 a
G Calcium, %
TILLAGE
9 R Z
I: 0.236 0.263 0.250
FERTILIZER
- 0: 0.247 0.283 0.257
Meaf: 0.241 a 0.272 a 6.251 a
Phosphorus, %
( TILLAGE
c " R z
I: 0.230 0.243 0G.253
FERTILIZER

0: 0.263 0.257 0.220

Mean: 0.247 a 0.250 a 0.237 a

Magnesium, %

TILLAGE
c R Z
I: 0.257  0.280  0.297
FERTILIZER
0: 0.233  0.307 0.267

-

Msan: 0.245 a 0.293 a 0.282 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.

Mean
7.73 a

6.70 b

Mean

0.251 a

0.263 a

Mean
0.242 a

0.247 a~

Mean

0.278 a

0.269 a’
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y Table 4.3.31 Mean values of plant tissue analysis '/D
! Clay Site - 1983 </
;
Potassium, %
TILLAGE o
C R V4 Mean
—r bl - - ——
I: 0.927 1.003 G.903 (.944 a
FERTILIZER ¢
0: 1.030 0.917 1.113 1.020 a
4
Mean: 0.978 a 0.960 = 1.01C a
Iron, ppm..
TILLAGE
c R z Mean
I:  67.67 58.67 68.00 64.78 a \
N FERTILIZER
0: 50.67 ) 54.00 67.67 57.44 a
‘\ Mean: 59.17a  5.33a  67.83 a
Manganese, pp_ril
TILLAGE
c . R 14 Mean ,
I: 20.00 16.00 21.33 19.11 3
i FERTILIZER .
4 G: 13.33 13.67 16.33 14.44 a
Mean: 16.67 a 14.83 a 18.83 a
Copper, ppm
* TILLAGE
c R 1 Mean
. I: 8.33 9.67 8.67 8.89 a
FERTILIZER .
0¢ 8.00 11.33 ¢ 11.33 10.22 a

Mean: 8.17 a 16.50 a 1G.0G s

' * Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range tedt.
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Table 4.3.32 Mean values of plant tissue analysis, Zinc(ppm)
Sand and Clay Sites - 1983

Sand Site
TILLAGE
C R ; Mean
I: 28.3 28.G 28.3 28.2 a
FERTILIZER
0: 26.7 28.0 28.7 27.8 a
Mean: 27.5 a 28.0 = 28.5 a
N
Clay Site
TILLAGE
Cc B_ Z Mean
‘ I: 22.3 22.7 25.3 ¢ 23.4 g
FERTILIZER
. 0: 20.3 25.3 29.0 24.9 a
g Mean: 21.3 b 24.G ab 27.2 a
‘, —
r
* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.
t
\
\
T
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lower in these organic plots probably because of the increased leaching and
volatilization of the fresh manure, and the lower nitrogen avallability as
compared to the tnorganic source of nitrogen. Visual observations supported
these results 1n that these particular plots were a pale yellowish green while

the corresponding inorganic plots were the proper dark green colour,

All other nutrient contents in the ckay soil were not affected by
either treatment, except for z1nc concentration. The zero tillage plots had a

significantly higher zinc concentratign than the other two tillage treatments.

/

e

In the sand site, tillage did ot affect plant nutrient content and the
fertilizer source only affected the calcium and manganese contents. Their

concentrations were 25 and 37% less, respectively, in the organic plots.

4.4 Summary and Conclusions

The spring of 1982 was one of the driest on record, while that of
1983 was one of the wettest. These differences allow us to evaluate the
dlfferent tillage afd fertilizer treatments under varying weather conditions.
The balance of the 1982 growing season coud be considered average, but the

July-August period of 1983 received 45% less rain than the 30 year average.

Background soil levels of phosphorus and potassium were both greater
than 200 kg/ha after the fist two years of experimentation. Salimity levels

were very low and showed no difference due to the applied tre atments.

P
X

Soil organic matter levels in the clay glso showed no differences, but
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in the sand an interaction between tillage and fertilizer appeared at the end
of 1983. Those plots receiving incorporated manure (conventional and reduced
organic) had significantly higher organic matter levels than the inorganic

fertilizer treatments, or the zero tilled organic plots.

The zero tillage plots were signuficantly mare dense in the top 5 cm
layer of sol and the conventional plots produced a dense plow pan at a
depth of approximately 20 cm. These differences were statistically

significant after the second year only.

The rate of emergence of the young seedlings was unaffected by
either of the applied treatments in 1983, and the number of days after
seeding required for tass@élllng to occur was similarly unaffected in the clay
site. A two day significant difference did occur in the sand site, but this
was considered negligible when compared to the length of the overall growing

season.

The organic fertilizer significantly reduced the plant population in the
sand site in both 1982 and 1983, but did not affect the poputation in the
clay site. Tillage method did r;ot affect the number of plants emerged per
plot in the first year (1982), but no tillage significantly reduced the number

of plants in the zero tillage plots in both the sand and clay plots 1n 1983.

In 1982, 1n the sand site, the organic fertilizer treatment resulted in
taller plants with a larger leaf area, but a slower rate of dry matter
accumulation than the plants fertilized from 1norganic sources. Tillage
treatments did not affect any of the parameters except moisture content.

Zero tillage caused the plants to dry down at a slower rate than the other
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tillage treatments.

In 1983, the plant percent moisture content during the growing season
was unaffected by both treatments 1n either site. A tillage-fertilizer
interaction effect caused the conventional and reduced organic plots 1n the
sand site and the conventional organic plots 1n the clay site to accumulate
dry matter at a faster rate in the early stages of growth., Plant heights 1n
those plots receiving organic fertilizer were again significantly tailer in the
sand site 1n 1983. Unlike 1982, however, these plants did accumulate maore
dry matter than those under inorganic fertilizer. In the clay site, both plant

(

height and leaf area index were not influenced by treatment.
’ (

Towards the end of 1983, the number of leaves per plant in}the sand
site was significantly reduced due to the organic fertilizer treatmént. The
clay site followed the same trend although the differences ere not
statistically significant. A lower availability of potassium due in part to ths;
very dry soil conditions, was believed to be the cause for the reduction in
the number of leaves in those plots fertilized with dairy cattle manure. ’

First year harvest results were encouraging for reduced tillage
practices, in that the reduced tiliage plots produced a significantly h’lgher"
amount of silage, while the conventional and zero tillage plots were not
different from each other. Those plots receiving the inorganic fertilizer
treatment yielded 9.7% more crop than the organically fertilized plots. The

variability among treatments was such that this difference was not

statistically significant.

'

At first glance, the 1983 harvest results were less encouraging.

£
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There were 8.1 and 9.8% reductions due to the zero tillage treatment in the
clay and sand sites respectively (both statistically significant). There was no
effect, however, due to either of the two fertilizer treatments. If, however,
one corsiders the final plant populations, the harvest results in terms of
grams of dry matter per plant are very promising. Tillage had no effect and
plants 1n the sand site fertilized with organic material yielded significantly

mare than those fertilized from inorganic sources.

A reduction of available nitrogen in those plots fertilized with dairy
cattle manure caused a decrease in the percentage of crude protein present
in the silage at harvest in both the sand and clay sites (22 and 13%). This
reduction however, was not sufficient to prevent the plants from producing
more dry matter than the plants fertilized inorganically, as was mentioned
above. No other plant nutrient contents were affected by tre\atment except
for zinc in the clay site and calcium and manganese in the sand site. The
former was reduced by the zero tillage treatment, while the latter two were

decreased in the organic plots.
@n the basis of this study, the following conclusions can be drawn:

1. Using the methodology described herein, the use of zero tillage is likely
to reduce the final plant population significantly.

e

2R
2. The uke of fresh deiry cattle manure on a sandy loam soil as the only

source of nitrogen and potassium caused a decrease in the final plant

popul ation.

©

3. The incorporation of manure in conventional and reduced tillage plots
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Q

significantly increased the soil organic matter-. content in the top 20

cm.

-
-

Sandy {oam socils fertilized organically tended to produce taller plants,

but accumulated dry matter silower than if fertilized inorganically.
\J

Zero tillage significantly reduced the plant populations 1n both sites in
Y
1983. These final plant populatiors were seen to be the cause of the
®
reduced yields in the zero tillage plots. Tillage treatment had no effect
w
on the yield of dry matter per plant.
Fertilizer source did not affect the yield per plot or per plant in a clay

soil. In a sandy loam soil, the organic fertilizer did not affect the

yield per plot but significantly increased the yield per plant.

The wuse of dairy cattle manure as the sole source of nitrogen,
significantly reduced the percentage of crude protein in the silage at
?

harvest in both a clay and a sandy loam soil.

(3

It would seem from the experiments reported that by solving the
problem of reduced plant populations, the zero or reduced tillage
techniques with either organic or inorganic fertilizer sources would be
viable alternative corn production system components, which could be
considered for practical application in southwestern Quebec and eastern

Ontario.
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Table 4.3.6

Sand Site - 1982

Dry Matter Yield, Mg/ha

FERTILIZER

Mean:

Percent Moisture

FERTILIZER

Mean:

Piant Height, cm

FERTILIZER

Mean:

Leaf Area Index

—

I:
FERTILIZER
0:

Mean:

[-N

¢
0.071
0.053

0.062

1

712,72
67.67

76.20

|

17.26
17.93

17.57

£
0.126
G.121

0.124

ab

a

76

TILLAGE

- R

0.G90
G.Ge8

0.079 a

TILLAGE
R

69.61
72.37

70.99 a

TILLAGE
R

17.00
19.03

18.62 a

TILLAGE
R

0.131
0.176

0.154 a

Mean values of plant parameters 26 days after seeding

Z Mean
G.066 0.076 a
G.G36 G.052 b
6.G51 b

Z Mean
73.86 72.06 a
71.G4 70.36 a
72.45 a

z Mean
17.37 17.18 a
17.03 18.G0 a
17.20 a

z © Mean
0.122 0.126 a
0.127 0.14]1 a
0.124 &

* Means with the seme letter are not significantly different
at the 0.05 Jevel using Duncan's new multiple range test.
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Table 4.3.7

Sand Site - 1982

Ory Matter Yield, Mg/ha

\ I: 1.
FERTILIZER

0: 0

Mean: a.

Percent Moisture

I 92

FERTILIZER
0 92
Mean: 92.

Plant Height. cm

1 74

FERTILIZER
0: 64
Mean: 69.

Leaf Area Index

I: 1.

FERSILIZER
0: 1.
Mean: 1.

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.

[

09

.63

86

[

.19

.53

36

)

.60

.90

75

4

a

77

TILLAGE
R

0.88
0.85

0.86 a

TILLAGE
R

92.88
91.91

92.40 a

TILLAGE
R .

58.47 ¢

abc 69.57 abc

64.02

TILLAGE
R

1.40
1.90

1.65 a

e e b——— ———

j~

1.26

92.22
92.86

92.54 a

1Y

71.23 a
60.13

65.68

z
1.74
1.72

1.73 a

b

be

Mean
1.08 a

0.75

Mean
92.43 a

92.43 a

Mean
68.10

64,87

Mean
1.56 a

1.65 a

Mean values of plant parameters 48 days after seeding

b
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Table 4.3.8 Mean values of plant parameters
Sand Site - 1982

Dry Matter Yield. Mg/ha

TILLAGE
£ R
I: 4.55 5.62
FERTILIZER
0: 3.95 3.73

Mean: 4.25 a 4.67 a

~
\\"\\ Percent Moisture
TILLAGE
c R
I: 86.68 87.33
FERTILIZER
0: 87.58 87.55

Mean: 87.13 a 87.44 a

Plant Height, cm

TILLAGE
’ c R
’ I: 118.3 136.6
FERTILIZER
0: 139.2 138.9
Mean: 128.8 a 137.86a -
L PV
Leaf Area Index =
. TILLAGE
’ c R
 k 3.28 3.84
FERTILIZER
0: 3.60 3.77

Mean: 3.44 a8 3.81 a

" # Means with the same letter arg not significa

64 days after seeding

Z Mean
4.65 4.94 a
4.61 4.10 b
4.63 a

z Mean

87.14 87.05 a
88.24 87.79 a
87.69 a

z Mean

124.9 . 126.6 a
134.8 137.6 a
129.9 a

&

z Mean
3.17 3.43 a
4.41 3.93 b
3.79 a

tly different

at the 0.05 level using Duncan's, new mult iple range test.
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Table 4.3.9 Mean values of plant parameters 76 days after seeding
Sand Site - 1982

-
- Dry Matter Yield, Mg/ha
TILLAGE
| £ R z Mean
I: 8.88 8.30 7.64 8.27 a
FERTILIZER '
0: 6.91 1.37 6.62 6.97 a
. Mean: 7.89 a 7.83 a 7.13 a :
Percent Moisture
TILLAGE
C R Z Mean
I: 79.18 78.97 80.17 79.44 a
FERTILIZER ¢
0: 79.62 79.84 80.89 80.11 a
Mean: 79.40 b 7940 b 80.53 a
Plant Height. cm R v
TILLAGE g
c R z Mean
I: 191.5 203.2 1908 | 195.2 b
FERTILIZER
0: 200.7 214.2 219.5 ° 211.5 a
Mean: 196.1 a 208.7 a 2865.2 a
Leaf Area Index )
TILLAGE
c R 7. Z Mean
I: 3.90 3.77 3.56 3.74 a
FERTILIZER ) Co
- o: 3.66 3.89 4.34 3.96 a
. X / ’
. Mean: 3.78 @ 3.83 a 3.95 a
* Means with‘the same letter e}e hot .gignificant 1y different
at the 0.05 level using Duncan's new multiple range test.
L e o
. o C o

b
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Table 4.3.10 Mean values of plant parameters 91 days after seeding
Sand Site - 1982

Dry Matter Yield, Mg/ha

. TILLAGE
c R Zz Mean
I: 13.15 10.99 12.92 12.35 a
FERTILIZER ‘
. 0: 8.93 9.41 8.91 9.08 b

Mean: 11.04 a 10.20 a 10.92 a

i

Peréent Moisture

TILLAGE
E_ B ; Mean
I: 77.48 ab 76.24 be 76.63 abc 76.78
FERTILIZER
0: 75.86 be 74.07 ¢ 79.57 a 76.50
Mean: 76.67 75.15 78.10
Plant Height, cm
TILLAGE N
c R 4 Mean
< I: 20970 - 283.6 . 207.2 209.9 a
FERTILIZER .o -,
0: 215.2 211.1 226.8 217.7 a
" Mean: 217.1 a 207.4 a 217.0 a
A\ \(
Leaf Area Index
TILLAGE ‘
E . 3 : YA Mean
I: 3.75 ° 3.07 3.63 3.48 a
FERTILIZER
0: 3.38 3.35 3.92 3.55 a
Mean: 3.56 a 3.21 a 3,77 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new mult iple range test.

4
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Table 4.3.11 Mean values of plant parameters 29 days after seeding
Sand Site - 1983 . ’

Dry Matter Yield. Mg/a

TILLAGE .
c R ’ Z Mean
I: 0.168 0.154 0.136 0.153 a
FERTILIZER - . .
0: 0.169 0.203 0.119 ~0.163 a

Mean: 0.169 a 0.178 a 0.127 a

Percent Moisture

TILLAGE
[ R z N Mean
I: 75.84 75.69 73.92 _ 75.15 &’
FERTILIZER Y
0: 79.88 75.38 76.84 77.37 a
Mean: 77.86 a 75.54 a 75.38 a
%
Plant Height, cm
TILLAGE
c R y4 Mean
I: 20.60 23.00 21.63 v 21,74 a
FERTILIZER "
0: 24.87 22.77 21.87 23.17 a
v Mean: 22.73 a 22.88 a 21.75 a
M A‘ - ' C ‘ L]
Leaf Area Index . . 7
TILLAGE®
c R z Mean
I: 0.596 0.583 0.533 0.571 a
FERTILIZER . .
0: 0.636 0.612 0.538 0.59 a

- Mean: 0.616 & 0.598 a 0.536 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple tange test.
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Table 4.3.12 Mean values of plant pafameters 42 days after seeding
Sand Site - 1983

4

Dry Matter Yield, Mg/hs

TILLAGE
C R z Mean
’ It 1.38 bc 1.26 cd 1.02 d 1.20
FERTILIZER
0: 1.646ab  1.80 a 1.01 d 1.48
Mean: 1.5l 1.50 1.0l

Percent Moisture

TILLAGE
C R Z Mean
— — — ‘ ————r—
I: 89.11 89.11 89.11 89.11
FERTILIZER
0: 89.11 89.11 89.11 89.11
Mean: 89.11 89.11 89.11
Plant Height, cm
TILLAGE
c R 4 Mean
I: 60.47 62.27 57.17 59.97 b
FERTILIZER . ‘
0: 64.47- 66.97 59,30 63.58 a
Mean: 62.47 ab 64.62 a 58.23 b
Leaf Area Index
- TILLAGE . _
c R rs Mean
. 3
I: 2.52 2.29 2.47 2.43 b
FERTILIZER
0: 3.12 3.09 2.49 2.90 a
Mean: 2.82 a 2.69 a 2.48 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.

o MR et TR P
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Table 4.3.13 Mean values of plant parameters 58 days after seeding
’ Sand Site - 1983

Dey Matter Yield, Mg/ha

TILLAGE
[ R r4 - Mean
¢ I: 4.92 4.59 4.62 ' - 4.71 a
FERTILIZER ‘ \
0: 5.65 ) 5.01 4.10 4.92 a
Mean: 5.29 a 4.80 ab 4.36 b ) . .
3 » (ﬂ
Percent Moisture
TILLAGE
, 0 c, R z Mean
I: 87.78 87.12 86.88 87.26 ‘a
FERTILIZER
0: 88.30 86.77 89.62 88.23 a
Mean: 88.04 & 86.95 a 88.25 a -
Plant Height, cm
TILLAGE
c R N 4 Mean
1
I: 165.3 159.1 154.6 159.7 b
FERTILIZER i ;
0: 180.8 177.06 159.8 - 172.5 a
Mean: 173.0 a 168.0 a 157.2 b
Leaf Area Index : .
TILLAGE . )
C R V4 Mean
= = £ Jean
I: ; 4.66 4.31 . 4.68 4.55 a
FERTILIZER %
0: 4.87 4.47 5.02 4.79 a

Msan: 4.77 a 4.39a> 4.85 a

* Means with the same letter are not significantly different
at the 0.05 level-using Duncan's new multiple range test .

3




Table 4.3.14

Sand Site - 1983

"~
Dry 'Matter Yield, Mg/ha

I:
FERTILIZER

0:

Mean:

Percent Moisture

I:
FERTILIZER
. 0:

Mean:

Plant Height, cm

-

I;
FERTILIZER
‘ 0:

Méan:

Leaf Area Index

AN

I:
0:

FERTILIZER

Mean:

]

8.12 a

Iy

84.45
83.81
84.13 a

-

[
249.5 -
267.3
258.4 a

<
4.87

4.23 -

4.55 a

g

84

TILLAGE .

R

8.42

9.58
9.00 a

-

TILLAGE:
R

83.81
83.43
83.62 a

TILLAGE
R

252.1
265.3
258.7 a

TILLAGE
R

4,78
5.01
4.89 a

8.52

I~

83.24
84.45
83.85 a

IN

246.1
265.4

255.7 a

z
4.67
4.57

4.62 a '

)

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.

Mean values of plant parametérs 72 days after seeding

Mean

' 8.29 a

8.4]1 a

Mean
83.83 a
83.90 a

Mean

249.2 b

'266.0 a
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Table 4.3.15 Mean values of plant parameters 92 days after seeding

Sand Site - 1983

A \

Dry Mstter Yield, Md/ha

. ¢

‘ I+ 10.25
FERTILIZER ,

0:  12.36

Mean: 11.31 a

Percent Moisture

’ ¢
I: 76.93

FERTILIZER
0: 75.27

Mean: 76.10 a

Plant ‘Height, cm

[
]
I+ 253.7
FERTILIZER
0:.  265.9

-

Mean: 259.8 a

o

c

I 3.11

Leaf Area Index

FERTILIZER'

.o ﬁifaxla )
Meant 3.13 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.

- TILLAGE

R

T e

‘11.46

11.52
11.49 a

TILLAGE
R

76.10
77.12

76.61 a

TILLAGE
R

251.1
265.7

258.4 a

TILLAGE
R

3.59
3.17

3.38 a

)

(1Y)

12.21
16.97

11.59 a

N

174.51

76.04

75.27 a

I~

248.2 -
271.4

259.8 a

z
3,40,
3.16
3.?8 a

Mean .
11.31 a
11.62 a

Mean
75.85 a

75.ié‘a
J

Mean
251.0 b
267.6 a

Mean
3.37 a 2
3.16 a

i1
o
r@hﬂﬂ”ﬂ“ﬂﬂwmhﬁmﬁnmmbﬁﬁam»«w» ,:NN“
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Table 4.3.16 Mean values of plant parameters 29 days after seeding
Clay Site - 1983 .

Dry Matter Yield, Mg/ha

TILLAGE 7
c Rk Medn
I: 0.126 b 0.125°b 0.129 b 0.127
. FERTILIZER . L
- 0: 0.225a 0.110 b 0.114 b 0.149
Mean:  0.176 0.118 C.122 /
Percent Moisture !
’ TILLAGE
c R z -Mean
( . It “97.77 79.73 79.53 79.01 a
. FERTILIZER —_ .
0:  75.63 78.79 75.22 76.55 a
s . °
Mean: 76.76 a 79.26a 77.38 a
Plant Heigwt, cm -
— ) TILLAGE
C R r .7 Mean
I:+ 26.77 .c 21.50 bc 25.47 ab - 22.58
FERTILIZER
0: 26.23a  23.53 abc 20.40 ¢ 23.39
. Mean: % 23.50 22.52 22.93 '

Leaf Area Index

TILLAGE
c R z . Mean
3
I: 0.559 ﬁ.)’bc 0.586 abc G.624 ab 0.589

FERTILIZER
0: 0.667 a 0.557 be 0.513 ¢ 0.579

Mean: 0.613 0.571 - 0.568

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.
.L} : . j * [

A ' !
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- Table 4.3.17 Mean values of plant parameters 42 days after seeding
Clay Site - 1983

.

Dry Matter Yield, Mg/ha

TILLAGE
_C_ N .B_" }_ Meah
I: 1.17 1.13 1.03, 1.11 a
FERTILIZER
Y . 0: 1.98 1.00 0.69 1.22 a
Mean: 1.58 a 1.07 a 0.86 a
Percent Moisture
TILLAGE
Q ﬁ A Mean
I: 85.70 85.70 85.70 85.7u
FERTILIZER _ .
.0: 85.70 85.70 85.70 85.70
Mean: 85.70 85.70 85.70
Plant Height, cm
TILLAGE
c R Z Mean
I 55.10 . 54.27 ° 49.40 52.92 a
FERTILIZER . v
) 0: 61.70 51.13 43.16 52.00 a
( Mean: 58.40 a 52.70 a 46.28 a
%
Lesf Area Index
TILLAGE -
c R z Mean
. s '4
Is 2.08 2.10 2.06 .2.08 a
FERTILIZER -
0: 2.75 2.17 1.66 . 2.19 a

Mean: 2.42 8 2.14 a 1.86 a

* Means with the same letter are not significant.ly, different
at the 0.065 level using Duncan's new'multiple range test.

L]
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Table 4.3.18 Mean values of plant parameters 58 days after seeding
Clay Site - 1983

Dry Matter Yield, Mg/ha

TILLAGE
c R ' y4 Mean
o8] ) »
- I: 5.11 4.15 T 4,08 4.45 a
FERTILIZER
, 0: 4. 53 3.33 2.66 3.5 a
Mean: 4.82 a 3.74 a 3.37 a
Percent Moisture
TILLAGE
’ ¢ c R z Mean
, I: 84.13 85.00 84.99 84.71 a
FERTILIZER .
0: 85.48 85.73 85.76 85.64 a
Mean: 84.80 a 85.36 a 85.35 a
" Plant Height, cm .
s TILLAGE ‘
C R z : Mean
I:  129.7 128.1 119.2 125.7 a
FERTILIZER )
’ 0: 139.3 114.8 99.3 117.8 a
Mean: 134.5 a 121.4 a 109.2 a
\ ,
Leaf Area Index ' s “
TILLAGE
c - R ‘ Z Mean
"It 4.47 4.26 4.33 4.35 a
FERTILIZER . :
0: 4.39 3.97 3.32 3.8% a
Mean: 4.43 a 4.12 a 3.83 a

* Means with the same letter are not.significently different
at the 0.05 level using Duncan's new multiple range-test.
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“Z ‘ Table 4.3.19 Mean values of plant para;\n'etera 72 days after seeding
Co g Clay Site - 1983 E :
Dry Matter Yield, Mg/ha
. ; TILLAGE
c R r4 Mean
1: 8.34 6.71 7.43 7.49 a
FERTILIZER
0: 9.39 6.53. 6.58 7.5G6 a
Mean: 8.86 a 6.62 b 7.01 b
Percent Moisture ] 2
TILLAGE
c R Z Mean
I: 82.66 . 84.26 82.92 83.28 a
FERTILIZER ' .
: 0: 83.37 82.98 82.98 83.11 a
Mean: 83.01 a 83.6%a 82.95 a
Plant Height, cm o
. , TILLAGE
c R Z Mean
¢ -
I: 237.0 224.1 219.4 226.9 a
FERTILIZER )
’ O:  243,2 227.9 205.3 225.5 a
..
Mean: 240.1 a 226.0 a 212.4 8
Leaf Area Index i
TILLAGE
c R Z Mean
Is 4.68 4,52 4,75 4.65 a
FERTILIZER
0s 4.67 4,38 3.96 4.34 a
Mean: 4.67 a “4.45 a8 4.36 a

* Means with the same letter are not gignificdntly different
at the 0.05 level using Duncan's new multiple range test.
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Table 4.3.20 Mean values of plant parameters 92 days after seeding
»Clay Site - 1983

Dry Matter Yield, Mg/ha

TILLAGE
$ c R z Mean
I: 12.09 11.38 1G.51 11.33 a
FERTILIZER —
0: 12.77 . 10.98 9.35 11.03 a

Mean: 12.43 a 11.18 a 9.93 a
)

Percent Moisture

. TILLAGE
E_ E z Mean
I: 76.04 75.85 76.35 76.08 a”
'FERTILIZER
1H 76.42 77.50 76.86 76.93 a
\\3 Mean: 76.23 & 76.68 a 76.61 a
" Plant Hefighf , cm
. ~ TILLAGE
- C R rs Mean
. . I 226.8 225.8 ° 213.7 222.1 a
- FERTILIZER ,
0: 241.6 236.0 204.5 227.4 a
Mean: 234.2 a 230.9 a 299.10 a
Leaf Area Index - .
TILLAGE
- c R Z Mean
{I: 4-19 3-97 4.00 4005 a
FERTILIZER

1H 4.00 3.75 3.46 3.73 a -

-~

Mean: 4.9 a . 3.86 a 3.73 a

* Means with the same letter are not significantly-qlif'ﬁerent
at the *0.05 level using Duncan's new multiple range test.
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Table 4.3.21 Mean values of number of leaves for 29, 42, and 58 days
after seeding. Sand Site - 1983 |

29 Days After Seeding

TILLAGE
c R z Mean
-~ f ; .
- I:  7.03  6.93 6.93 6.97 a
FERTILIZER | ’
0:  7.20 7.03 °  6.43 6.89 @’
/ Mean: 7.11 a 6.98 a 6.68 a
., 42 Days After Seeding
) TILLAGE
c R z Mean
I:  16.93 11.27 11.03  11.68 &
FERTILIZER o
0: 11.70 . 11.50 1G.43 11.21 a
B Mean; 11.32a 11.38a » 1G.73 a
58 Days After Seeding -
~ ~ TILLAGE i
c ~ R Z Mean
I:  12.03 11.53 12.17 " 11.91a ° |
FERTILIZER
0: 11.87 11.33 11.43 11.54 a

Mean: 11.95 a 11.43 a 11.80 a.

* Means with the same letter are not significantly different
at the G.05 level using Duncan's new multiple-range test.

o
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Table 4.3.22 Mean values of number of leaves for 72 and 92 days
after seeding. Sand Site - 1983

72 D&ys After Seeding

c

- I: 12.53
FERTILIZER

0: _11.10

Mean: 11.82 8

92 Days After Seeding

e
I: 9.17

FERTILIZER
0: 9.30

Mean: 9ﬁ;3J b

TILLAGE
R

12.60

-~

11.70

12.15 a8

TILLAGE
R

10.50
9.70

10.10 o

Ld

z Mean
12.60 12.58 a
11.10 11.30 b
11.85 a
z Mean

9.87 9.84 a
9.10 @ 9.37 b
9.48 b

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new'multiple range test.
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Table 4.3.23 Mean values of number of leaves for 29, 42, and 5& days

after seeding. Clay Site - 1963 °

~
29 Days After Seeding
TILLAGE
c R r4 Mean
I: 6.77 ., 7.13 7.03 6.98 a
FERTILIZER .
° 0O 6.93 6.63 6.37 6.64 @
Mean: 6.85 a 6.88 a 6.70 -a
42 Days After Seeding
TILLAGE
. c R z Mean
I: 11.20 11.43 16.93 11.19 a
FERTILIZER
0: 11.76 16.87 10.43 11.G0 a
Mean: 11.45 a 11.15 a 10.68 a.
Plant Height, cm ~y
TILLAGE
c R o, Mean
I: 11.37 11.93 11.63 11.64 a
FERTILIZER . ‘
0: 11.47 11.27 11.37 11.37 a
~ Mean: 11.42 a 11.60a  11.50 a.

* Means with the same letter.are not significantly different
at the 0.05 level using Duncan's new multiple range test. .

B e

saludta R

I,w:»:ewz‘-«mw- u s



94

Table 4.3.24  Mean values of number of leaves for 72 ana 92 days
| after seeding. Clay Site - 1963

72 Days After Seeding

TILLAGE
c R r4 Mean
I: 13.27 13.20 13.03 13.17 a
FERTILIZER 0
0: 12.43 12.66 12.70 ~12.58 a
Mean: 12.85 a 12.90 a 12.87 a
92 ays After Seeding
v TILLAGE
c R r4 Mean
Q
I: 10.97 11.67 1L.93 11.52 a
FERTILIZER ’
NIH 11.37 11.27 11.20 11.28 a

" Mean: 11.17a 11.47a  11.57 a

* Means with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple range test.

-1
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Chapter 5

The Effects of Tillage, Zero Tillage and Fertilizer Sources
on Soil Structure, Nutrient and Moisture Distribution in

Silage Corn Production

» , ’

5.1 Introduction

'In most ereas of the \;vorid, the no tillage system is being considered

seriously as an alternative to conventional tillage methods in crop

a
.

production. Reduced labour and fuel requirements, wind and water erosion
control as well as the prospect of preventing soil degradation and maintaining
equivalent yields are some of the reasons for the move away from
conventional tillage to zero tillage production of row crops. (Triplett and
van Doren 1977, McGregor & Greer 1982, Phillips et al. 1984). The use of
herbicides has eliminated much of the need for cultivation in row crops

(Triplett 1973 and Moomaw and Martin 1978),

Most of the research performed in evaluating alternative tillage
systems is quite dependent on the individual climatic and soil conditions.

Successful techniques in one area do not necessarily sudceed elsewhire.
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Long term studies in certain geographical regions have shown that no
tillage corn production can produce equal or better yields than conventional
till age (.Brar et al. 1983, Shear and Moschler 1969 and Maoschler et al.
1972), while not significantly increasing soil compaction (She\a\i and Moschler
1969 and Blevins et al. 1977). Lower yields have been experienced with zero
tillage (Ketcheson 1977 and Fink and Wesley 1973), with restricted root
development in medium to fine textured socils being cited as one of the
major causes (Ketcheson 1977). Voorhees (1982), on work performed in
Minnesota, stated that a no tillage system may be undesirabie on fine

textured soil.

Soil compaction is generally viewed as being a cause of reduced plant
root activity (Gaultney et al 1980). Trause (1971) observed that even with

relatively low levels of compaction, roots elongate more slowly in unplowed

c,soils, with resulting slower plant development.

Bauder et al. (198l) and Pope (12§2) showed that no tillage had the
greatest soil density and least soil'porosity when compared to other tillage
systems used for 10 years on a clay loam sail. Nucnerous other authors have
reported increased bulk demgity and reduced total air filled pore space in the
top 20 cm of soil under zero tillage systems. (Brar et al. 1983, Ehlers et
al. l§83, Van Ouerkerk and Boone 1970, Pidgeon and Soane 1%77 and
Triplgtt end van Doren 1969). ‘Conventional tillage, however, does ‘usually
produce a layer of soil at a certain deptf; ﬂhaving higher density and
penetration resistance than any layer of mtilleg soil (Ehlers et al. 1983)

This denser layer, often called a plow pan, occurs\ just below the plowing

depth, which is usually around 20 cm in depth,
I

Lo



97

After several years of continuous zero tillage, man;' soils tend to be
compacted to an equilibrium value of bulk density and strength. Unless the
soil is very wet, further normal traffic is no\-t-“likéiy‘ to caus; further
compaction. Soils under zero tillage, therefore, seem to be more resistant
to compaction changes than plowed soils, (Baeumer 1970 and Pidgeon and
Soane 1977). The fact that poorly drained sqils tend to compact to injuri‘ously
high demsities (Cannell et al. 1978) and that the accompanying lower air
filled porosities will cause restricted gas exchange in the spring, when soil
water contents are ordinarily high, are some of the reasons why poorly
drained $oils have been labelled as unsuitable for no til}age crop production

(Gantzer and Blake 1978).

Under certain soil and climatic conditions, several studies have
reported no siénificant difference in soil bulk density with zero tillage
conditions when compared to conventional tillage. Brar et al (1983), working
in Punjab, India, observed that the increased bulk density in the zero tillage
plots was not enough tg restrict yields since it only affected the freguency
of the,relatively large pores in the soil aggregates. The increased number of
smaller pores in the zero tillage plots retained more water resulting in
higher moisture contents and concommitant high moisture use efficiency and
ultimately higher grain yields. Restriction to root development, expected due

to increased bulk density, was not found because the root channels made by

previous crops remained undisturbed in these plots.

Ehlers et al. (1983) and Cannell et al. (1978) both showed that the

increase in bulk d’ensity, associated with zero tillage, was of minor

t
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importance for root growth. In fact, in well structured soils and 'especially
in some clay soils, thi; was a poor index of the suitability of the soil for
root growthl On such soils which- have been direct drilled for two or three
years, there are changes in sail conditions  which may lead to an

improvement in root growth. (Cannell et al. 1978).

Some investigators have %ound that roots may be more abundant in
subsoil horizons (below 25-30 cm) after a period of zero tillage, than after
plowing (Ellis and Barnes 1980, Cannell et al. 1978, O'Sullivan 1983 and
Ehlers et al. 1983), with the increase being explained by the buildup of a
continuous pore system in untilled soil created by earthworms ‘and the roots
from preceeding crops. (Gerard and Hay 1979, Ehlers 1975, Barnes and Ellis
1979 and Taylor et al. 1980). In clay soils, no tillage may also intensify the
shrinking process creating vertical planes of weakness and cracks,' which may

aid root elongation (Ellis & Barnes 1980).
\Z

The planting of corn directly into a killed sod can also prove to be
beneficial. Almost total reduction of wind and/or water soil erosion, opening
to cropping of rolling grasslands that were previousiy suitable for only
pmture; d increasg‘d grain yields are some of the a'dvantages that have
been realiY;d. In some parts of North America and other semi-arid climates,
soil-water evaporation at planting and during éarly growth after conventional
tillage can be so great as to create a severe moisture deficiency which
carries on to the plants' reproductive period. Planting into the killed sod or
retaining the previqus years crop residues on the surface provides a mulch
which greatly reduces water evaporation and runoff and increases infiitration,

thereby increasing water available to the plants and causing increased grain
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ylelds. (Hill and Blevins 1973, Blevins et al. 1971, Weatherley and Dane
1979, Estes 1972 and Barclay et al. 1983). Lower water availability has been
reported for zero tillage when all crop-residues were removed, which stresses

the importance of crop residue management (Black & Power 1965).

Negi et al. (1981) showed that after a number of years of zero
@illage on a clay soil, the size distribution of pores was such that a greater
portion of the water was held at moder.ate suctions of 0.5 - 5 m than v:/as in
tilled soils, In ott'\er words, water was more available to the plants when it
was needed. Tollner and Hargrove (1982), however, found that this same
decline in the pore size of soils under no tillage caused a decreased ability/
to retain plant available water. The water retention -cur\.re shifted to higher
moisture contents at higher suction values and lower: moisture contents at
lower® suction values.‘. T!;e key to water availability seems to be the
reduction in pgre sizes. Most direct drilled soils do exhibit a greater ability

to store moisture, by containing less -water at high potentials and more water

"at low potentials (Ball 1981, O'Sullivan 1983, Ehlers 1976, Van Ouerkerk and

Boone 1970 and- Blevins et al. 1971). .

~

In Great Britain, one of the main,reas/ons for‘ adopting direct drilling
is the advantage that large clay lggm farms can be drilled closer to the
optimum sowing date. In addition, cultivations in wet conditions, which
cause damage to soil -structure and subsequent yield re°ductioné are gVoided

(Ellis and Barnes 1980 and Cannell et al. 1978).

o

Tollner . and Hargrove (1982), realizing that both zero and conventional

> tillage mana;gement approaches can have undesirable effects in the long term,
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suggested that theses effects could be minimized by an appropriate tillage
rotation program. Other research conducted to evaluate tillage rotations
showed that periodic use of the moldboard plow could result in statistically

higher yields (Dickey 1983).

Since all of the abovementioped observations -appear to be quite
dependent on the particular soil type invelved, and on the climatic region in
each. case, it is difficuit to determine whether or not- specific
recommendatiors provided by professional researchers can be applied
s'.;ccessfully in .another geographical area. Southern Quebec and southeastern
Ontario, in particular have a cooler, wetter climate than maost of the areas
in which extensi;/e testing has been conducted on reduced and zero tillage

systems,

With this in mind, field experiments were conducted on two different .
eastern Canadian soils to examine the effects of tillage practices in
combination with fertilizer sources on soil structure, moisture distribution,
and yields of silage corn. The purpose was tg ascertain whether alternative
tillage systems are a viable and economical management choice for farmers
in this particular location, or whether prohibitively deliterious effects would

be observed in the soil structure and quality over a period of time.

L
LN
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5.2 -Materials and Methods

'5.2.1 Experirmental Design

t

This field study was established en two experimental sites located at
the Macdonald College Research Station of McGill University in Ste. Anne de
Bellevue, Quebec. The first site comprises a Macdonald clay, while the
second site is on a St. Benoit light sandy loam. Figures 5.2.1 and 5.2.2

illustrate the particle size distributions for these two soils.

Prior to 1982, continuous corn (Zea mays L.) was grown under
conventional tillage for approximately 20 years on the sandy loam soil, while
corn was grown from 1970 to 1976 and alfalfa (Medicago sativa L.) from
1976 to 1981 on the clay soil. In the fall of 1981, a 2 X 3 factoria
experin;ent was established. Six combinations of three levels of tillage and
two different fertilizer sources were randomized in a complete block design
with three replicates forming a total of 36 plots, (18 per experimental site),

individual plots measuring 10 X 12 m.”

The three levels of tillage were ‘conventional, reduced and zero
tillage. The conventional tillage treatment consisted of fall moldboard
plowing to a depth of 15 to 20 cm fgllowed by two passes of a disk harrow
in the spring for seedbed preparation. The reduced tillage systems included
fall chisel plowing with a five shank chisel plow with narrow spear pointed

shovels spaced 30 cm apart, and operating at 15-20 cm depth, followed by
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only one pass of a disk harrow as secondary tillage in the spring. This
rr‘rethod simply loosens the soil with a minimum of inversiorz of the surface
and subsurface layers, and therefore results in only partial incorporation of
crop residues. In the zero tillage plots, silage corn was planted directly into
the previous years stubble. Post emergent inter-row cultivations were not

used on any of the plots, as chemical herbicides alone were used to control

the weed papulation.

dnorganic granular fertilizers (commercial) and dairy cow manure
(organic) were the two fertilizer treatments. Both treatments were applied
st rates dictated by prior soil chemistry assays and lo:al recommendations.
This paper presents the results of two years growth on the sandy loam sail
(1982-83) and one years growth on the clay soil (1983). During the first year
of the study (1982) severe probléms were encountered with emergence in the

clay site due to improper adjustmvent of the planter and very dry canditions.

5.2.2 Fertilizer Application

4
2

At the initiation of the experiment, soil test results indicated that

s

the clay site had background-levels of 322 kg P/ha. and 289 kg K/ha. Results

from the sand site were higher; 479 and ‘386 kg P and K/ha, respectively:

Al

Based on these findings, and on Quebec Ministry of Agriculture, Food and

Fisheries fertilizer recommendations, applications of 170, 75 and 80 Kg. of
N, pZOS and KZO were advised for silage corn production. Phosphorus, in
the form of triple superphosphate, was banded in both the organic and
inorganic plots at*5 cm below and 5 cm beside the seed, siflce the dairy cow

manure is very low in phosphorus. Muriate of Potash was used as the K

3

*)
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source on the inorganic plots. IOrganic;fertil'izer pliots received manure at
the equivalent rate of 170 Kg;/ha N based on the semi-micro Kjeldahl
analysis of the manure two days prior to,a?plicggﬁon. These plots received
no inorganic N or K fertilizer. . --‘\\~‘~

Nitrogen was applied to the inorganic fertilizer plots using urea
(45-0-0) on the reduced and conventionally tilled plots, and amm?nium nitrate
(34-0-0) on the zero tillage plots.” Ammonium nitrate v.vas selected as the N
source on the zero tillage plots to eliminate the possibility of ammonia loss

through the volatilization of transformed urea if applied and left at the soail

surface.

Both the manure and inorganic fertilizers (nitrogen and potqssium)
were incorporated on t_;hefconvent;ional and reduced tillage piots with a disk
harrow using two and one pass respectivély. On the zero tillage plots,
ammonium nitrate and the manuwre 'were both left on the surface. Based on
soil sample results in October 1982 (post-harvest), the same application rates

were used in the spring of 1983.

5.2.3 Herbicide Application

Immediately prior to seeding, the herbicjdes Atrazine (90W) at a rate
of 1.5 Kg/ha. and Alachlior (Lasso) & 2.5 Kg/ha. were applied and pre-plant
incorporated in those plots receiving conventionsal tillage, and pre emergence
non-incorporatéd in those plots receiving the reduced and no tillage
treatments. Bentazon (0.84 Kg/ha.) and Citowett TM were subsequently

applied post-emergent to the entire plot area . (two applications eight days



106

apart were neccessary)i Atrazine and Kornoil TM were also applied to those
plots in which volunteer grain was a problem. All plots received theh.same
herbicide treatment in the first year. The results of weed density and
biomass studies during the summer of 1982, dictated no change in herbicide

application rates among the plots far the 1983 growing season.

Spot spraying of Killex brand herbicide was used in all plots in tf;e
clay site to control dandeliors. This was neccessary because the site is

adjacent to a major highway, whose side are laden with dandelions.

5.2.4 Seeding

- Seeding of Warwick (Trojan) 844 silage corn took place on May 11,
1982, and again on May 22, 1983, An International Hatvestor 800 conservation
air planter was used to seed the corn in 76 cm rows with an inter-plant
spacing of 16.5 ‘ocmn to achieve the desired plant popul?tio? of 80,000

plants/ba.

The planter used was a conservation type planter. Heavy duty
coulters to open the narrow slot for seed placement, heavier frame than
normal planters and down pressure springs (set to their maximum) on the

planting units were required to enable the planter to penetrate the harder

surface layers of the clay soil and the ecrop residums for those plots treated

& -

with zero tillage.

N

A

Each plot contained 12 rows 12 m long. The plot separation was
equivalent to the space between corn rows. Four rows were planted on both

ends of the group of six plots in each replicate to redude edge effects.
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5.2.5 Soil Density and Moisture Content

Prior taathe introduction of the experiment in the fall of 1981, soil
bulk density readings were taken in both the clay and sandy loam sites.
Subsequently, three measurements were repeated in each of the Piots dur)mg
the early part of the 1982 growing season. A total of seven readings were

obtained per plot at the beginning and near the end of the 1983 growing

season.

Average wet bulk densities were measured to six depths ranging from
5 to 30 ecm in 5 cnr increments by means of a Troxler 3401 nuclear density
gaﬁge. The gauge consisted of a praobe 't‘\ousing a Cesium 137 radioactive
source and.z geiger c;Junter 'byilt into the body'of the gauge. The probe
was insertc;d into the soil' and the wet bulk der’mity wgség é}‘mined from thes

quantity of gamma rays which ‘traveled through the soil a d were recorded

¢ . . .
by the geiger counter at the soil surface. . .

Concurrently, soil samples gf abodut 50- g mass were taken with. an

auger at 5 cm intervals, weighed and oven dxéed at lpSOC\fur 24 hours to

determine the gravimetric moisture content. Using the measured gravimetric

moisturé contents, the ‘wet 'bulk density measurements were converted td dry

~

density values,

These measured bulk densities were the averages to each depth. If

" however, one desires to examine discrete changes in the dry bulk density at

various depths, as i helpful in a tillage experiment; the layer dry bulk

densities are more useful. To obtain the layer densities using the average
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density to each depth, the following formula was used:

Y7, - Mz

Z2 - Zl

= average dry bulk density to depth z;

5
I
®
Nﬂ ’_:2
(I}

dry bulk density of the layer bet ween z, and z,

= average dry bulk density to depth z,

N

Figure 5.2.3 shows a schematic diagram of the density gauge and summarizes

<2
N
]

these relationships (Taylor et al. 1981).

It was desired also to observe the changes in moisture content of the
soil layers continuously with time, and for this purpose aluminum access
tubes, were installed 1in 16 ofvthe 36 plots. The probe of Troxler 3222
moisture gauie was lowered into the access tubes and readings were taken to

L]

a depth of 82.5 cm at increments of 15 em.

5.2.6 Rainfall and Water Table

*

Water table tubes were installed in the same 16 plots to monitor the
pbsition of the water table throughout the growing season. Raipfall data,
along with any other méteorological data ‘required, were obtained from the
Macdonald College weather station, located within three km of the

experimental sites.

e e S . a—. e AT————— e o
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COUNTE‘R }

\\ (N 1
GAMMA RAYS. . — 1 Z (%)
A
(%) l

.S‘OURCE'

o e

Average density of layer to Zj= %
Density of layer between Z, and Z,= 7,
Density measurement at Zz“ Average over Zo = %
- ?l Z, +)'2(Zg"2|,
Zz ?

. Thus

x %2~ % 2,
2 Z,- Z

Figure 5.2.3. Calculation of dry bulk density over small depth ranges
(Taylor et al., 1981).




5.2.7 Harvest

The centre four rows of each piot were essentially wundisturbed
throughout the growing’ season. Human traffic was kept to an absolute
minimum as all measurements during the summer were taken on the outside
four rows. These middle four rows were harvested in the fall for silage corn
with a John Deere, three point hitch mounted, single row forage harvester.
The total weight per plot was obtained, and then 500 g subsamples were
oven dried at 50°C for 48 hours to obtain the final moisture content and the
final dry matter yield per plot. Using the area of the four rows harvested,

the total dry matter measured per plot was converted to Mg/ha.

5.3 Results and Discussion

<

5.3.1 Climate Conditions

The. distributiofs of rainfall thx:oughout the 1982 and 1983 growing
seasons are shown in Figures 5.3.1 and 5.3.2, respectively. yThe month of
May, 1982 was one of the driest on record, receiving 72 % less rainfall than
the 30 year average (fable 5.3.1). As a result, emergence in the clay site
was much below normal. For this reason, only those data obtainéd in the
sand site during 1982, in addition to the 1983 data from both sites will be
reported here. The extremely dry spring of 1982 also contributed to the
incomplete activation of the herbicides applied ‘and consequently less than
perfect weed contral was achieved. Due to a month of June with 3.2 times
the normal rainfal}, the balance of the 1982 growing season finished slightly
above average in total precipitation, with iuly, August “and . Sqeptember

o

~|

T v
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Figure 5.3.1. Deily rainfall record for the 1982 growing season.
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Table 5.3.1 Rainfall data during the 1982 and 1983 growing seasons
. and the 3C year averages.

----------- 1982 cmsem e |
Rainfall. Cummulative
(mm) (mm)
May 22.1 22.1
June 117.6 139.7
July 83.3 223.0
August 136.8 359.8
Sept ember 86.3 446.1
———— 13 S ——
ainfall Cummulative
(4hm) . (rom)
o .
May 126.9 126.9
June 32.6 159.5
July 66.3 225.8
August 48.3 274.1
Sept ember 82.0C 356.1
emm—wa= 30 ﬁar average ——e-~e-
= Rainfall Cummulative
(mm) (mm)
May ' 78.4 . 78.4
' June 37.3 115.7
July 94.5 210.2
August 111.9 . 322.1
Sept ember 85,1 407.2 .
/



PR

o

RAINFALL (mm)

400 L -
300 | |
200 | |
100 | ]
MAY JUNE JUY  AUGUST  SEPTEMBER

MONTH

Figure 5.3.3. Cummulative rainfall for the 1942, 1983 and the 30 year
average.
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receiving average rainfall amounts (Figure 5.3.3).

The spring of 1983, on the other hand, could be classified as very
wet. In May, 62 percent more rainfall than usual fell, while in June the
precipftation was equal to the 30 year average (Table 5.3.1). Excellent weed

control was achieved during the wet spring.

Conditions during July and August, however, were very dry. Total
precipitation for this period was only 114.6 mm or 45 % lower than the 30
year average (Table 5.3.1). Most of this deficit took place during the grain

filling stage 1n August which received 57 % less rainfall than aver{age.

Over the course of the two growing seasons, a water table has never

. been measured at either sitfa?\thr\the month of May, The sandy locam site
has excellent natural drainage, while the clay site has a layer of broken

limestone at a depth of approximately 0.8 to 1.5 m with very a high
horizontal conduction rate. For these reasors, curves of water table position

with time will not be presented.

5.3.2 Soil Nutrient Status

Soil analysis for potassium and phosphorus were performed on both
the clay and sand sites in the fall of 1981 to determine the initial
application rates of the inorganic fertilizers. Mean values of the potassium
and phosphorus contents in ‘the topsoil and subsoil are pt:%ented i‘n Table
5.3.2, while the corresponding analysis of variance can be found in Tables
B5.3.1 to BS5.3.4 in Appendix B. According to the Ministry of Agriculture,’

Fisheries and Food in Guebec (1984), a soil is deeméd rich in terms of these

oy
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Table 5.3.2 Mean values of soil analysis
Sand and Clay Sites - 1981

Sand Site
PHOSPHORUS POTASSIUM
(kg/ha) ' (kg/ha)
-------------- Depth (cm) ~-e—mmcmeeea
G-2GC 26-40 G-20 206-40
TILLAGE
C 569.0 a 365.5 a 321.2 a 235.8 a
R 541.7 a 363.5 a 319.3 a 248.7 a
Z 553.0 a 316.5 & 346,7 a 265.2 a
FERTILIZER
I 576.6 a 349.6 a 352.9 a 263.0 a
0 539.1 a 347.4 a 365.2 a 236.8 a
%
Clay Site
PHOSPHORUS POTASSIUM
(kg/ha) (kg/ha) y
Depth (em) ~=eememeaca—u
0-2C 26-40 0-29 2G-40°
TILLAGE
C 272.9 a 184.06 a 336.5 a 260.3_ b
R 25G6.2 a  1606.5a  407.2 @  295.2 ab
l 252.8 a 124.5 a 456.5 a 313.7 a
FERTILIZER
-1 252.2 a 160.0 a 427,9 a 276.8 a
0 264.4 a 152.7 & 372.2 2 3GG.7 a

* Mgana w&th the same letter are not significantly different
at the (.05 level using Duncan's new multiple range test.

A o S ¥
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elements if the residual levels in the topsoil are more than 200 kg/ha. All
plots were therefore rich in }potassium and phosphorus (Table 5.3.2) and were

fertilizad accordingly.

In the fall of 1982 and 1983, the soils were analyzed for potassium,
phosphorus, organic matter and salinity. The salinity measurements indicated
that. salt accu:'uulation was not a problem. Values of conductivity were all
less than 1.0 mmho/cm. Richards (1969) stated that salinity effects in all
crops were mostly negligible when the conductivity of the saturation extract

is less than 2.0 mmho/cm. For this reason, sallnity resuts will not be

presented here.

Mean values of potassium and phosphorus levels as well as organic
matter percentages for the sand and clay sites are presented in Table 5.3.3
for the 1982 data and in Table 5.3.4 for the 1983 data. The associated
analyses of variance are presented in Tables B5.3.5 through B5.3.16 in

Appendix B. - )
/

After two full years of experimentation, both the potassium and .

phosphorus levels were still greater than 200 kg/ha in the topscil and no
significant differences have appeared due to either the tillage or fertilizer

treatments at either of the depths presented (Table 5.3.4).

The organic matter contents of both the sandy loam and clay soils
were not affected by treatment (Table 5.3.3) after t".hp first year. The same'
was true for the clay site in 1983 (Table 5.3.4). The sand site, however, in
1983 exhibited the start of a. predictable trend. An interaction -effect

between fertilizer and tillage developed in the top 20 cm. Table 5.3.5

t
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Table 5.3.3 Mean values of soil analysis
Sand and Clay Sites - 19862

Sand Site
PHOSPHORUS POTASSIUM ORGANIC MATTER
(kg/ha) (kg/ha) -~ (%)
--------------------- Depth (M) —=——cemm e
0-2G 26-4C G-20 20-4GC G-20 20-4G
TILLAGE
(o 556.6 @ 373.7 a 406.3 a 326.2 a 4.67 a 2.88 a
R 580.7 a 448.3 a 379.2 a 342,2 a 4.72 a 2.52 a
y4 457.6 b 367.2 a 413.3 a 354.7 a 4.66 a 3.40 a
FERTILIZER
I 53,7 a 392.4a 342.4 b 307.1 a 4.86 a 2,79 a
0 526.6 a 4060.3 a 456.8 a 374.9 a 4.77 a 3.8 a
Clay Site ,
PHOSPHORUS POTASSIUM ORGANIC MATTER
(kg/ha) (kg/ha) (%)
- Depth '( S
0-20 20-40 0-26 20-4GC 6-2C 20-4G
TILLAGE ’ .
c 459.6 a 254.8 a 431.3a 733.2 a 4,42 a 2.76 a
R 439.2 a 255.2 a 431.8a 753.8 a 4.G4 a 2.13 a
z 503.3 a 267.3a_449.0a B07.5a 4.79a 157 a
FERTILIZER » ‘
I 1 466.8 a 257.6 a 423.3 a 760.7 a 4,56 a 2.26 a
0] 447.6 a 266.7 a 4514 a 769.0C a 4.25.3 2.04 a

* Means with the same letter are not significantly different
at the G.G5 level using Duncan's new multiple range test.

‘4
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{ Table 5.3.4 Mean values of soil analysis
Sand and Clay Sites - 1983
Sand Site
. PHOSPHORUS POTASS UM ORGANIC MATTER
- (kg/ha) (kg/ha) (%)
L S PRSP Depth (cm) =-——--- S —
? 0-20 20~40 6-2C 20-40 0-2C 20-4GC
P TILLAGE
C 656.0a 369.0 a 267.6a 196.8 a 2.17 a
See
R 644.2 a 274.7 a 216.3 a 209.3 a 2.76 a
Table 5.3.5
z 706.3 a 276.8 a 229.8 a 196.2 a 2.42 a
. FERTILIZER
I 644.2 2 296.7 a 216.8 a 200.9 a 2.29 a
0 693.4a 323,06 a 272.6a 20GC.7 a . 2.60 a
(
Clay Site
PHOSPHORUS POTASSIUM DRGANIC MATTER
. (kg/ha) (kg/ha) (%)
- -— Depth (em) -— -
G-20 20-40 0-20 2G-4G 0-20 20-40
TILLAGE "
c 324.6a 245.6 a 331.8 a 33G.0 a 4,05 a 2.41 a
R 288.7 a 226.7 a 379.5 a 346.5 a 4.21 a 2.98 a
z 449,38 254.6 a 403.3 a 352.0 a8 4,065 a 2.63 a
L FERTILIZER
I 336.9a 227.7 a 367.9a 331.28 4,22 a 2.64 a
0 © 371.7a 25.74 375.2a '354.6a . 3.9 a 2.7G a
4
*>Means with the same letter are not significantly different -

at the. G.05 level using Duncan's new multiple range test.

y
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Table 5.3.5 Mean values of organic matter percentage
Sand site - 1983 - Interaction effect.

o TREATMENT

co -
RO
Z1
RI
z0
CI

ORGANIC MATTER(%)

(0-20 cm)

'4.82 a

4.22 a
3.89
3.88
3.67
3.38

b
b

b
b
b

PR
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presents the mean values for the treatment combinations of organic matter
contents in the sand site topsoil at the end of the 1983 grawing season. The
incarporation of the dairy cattle manure (organic fertilizer) 1n the
conventional and reduced tillage plots has riarried a significant increase in
their organic matter contents. There was no significant difference between
any of the 1norganically fertilized plots or the zero tillage plots fertilized

with organic fertilizer. The latter showed no difference since the manure

d 3

|
i

was not incorporated.

5.3.3 Soil Moisture Content

In order to observe the changes In soil volumetric molsture content,
neutron probe readings were taken on 12 occasions from 20 to 97 days after
seeding in the sandvsite during 1982. Observations were made to obtain the
average water contents for each of three seperate layers, namely 0-30 cm,
30-60 cm, 60-90 cm. In 1983, readings were taken with the neutron probe in
both the sand and clay sites eight times during the growing season from 30
to 65 days after seeding. Mechanical difficulties were encountered with the
probe on July 22, 1983, preventing any further readings. Gravimetric
moisture measurements in the topsoil, obtained while sampling for soil

density 80 and 93 days after seeding, were converted to volumetrnc moisture

- content using the soil's bulk density, and are included in the presentation of

the 1983 soll moisture resyits. The shallow bed of broken limestone present
in the clay site precluded the measurement of volumetric moisture in the

60-90 cm range.

The changes in moisturé content with time at each individual depth

o
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for the sand site 1982, sand site 1983 and clay site 1983 are presented
grap')hically in Figures 5.3.4, 5.3.5 and 5.3.6, respectively. Observations were
made for all tillage treatments réceiving the inarganic fertilizer treatment
and for the reduced and zero tilled plots receiving organic fertilizer,

resulting in a total of five treatment combinations.

Figure 5.3.4 shows that 1n the first year, the conventional inorganic
piots contained the least emount of water throughout most of the growing
season. It does not appear that the treatments affected water use during
the growing season through either evaporation or transpiration. The
differences in volumetric moisture content between the five treatment
combinations remained essentialy the same throughout the year., The initial
moisture contents however, were affected by the treatments, since it was at
this time (20-30 days after seeding, Figure \5.3.4) that the differences first
appeared. The reduced and zere tillage plots contained 2 to 6% greater
tnoisture contents than the conventionally tilled plots. This increased
moisture availability contributes to the plants increased resistance to
prolonged periods without rainfall. The greater initial moisture contents ‘in
the spring and greater moisture retention during rainfalls, resuted from the
presence of surface residues in the inorganic plots and from the application
of manure on the organic plots. The manure acts in the same manner as

would a surface residue, reducing evaporation and increasing infiltration.

The rwm}t from 1983, the second consecutive year of
experimentation, were far more pronounced. In the sand site at 0-30 cm,
the organic plots contained more moisture than the inorganic plots throughout

the growing season (Figure 5.3.5). While the reduced and zero tillage plots

-
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were not different from each other, the conventionally tilied inorganic plots

were consistently 2-3% lower in moisture content. As was the case in 1982,

these differences dsveloped very early in the growing season due to the

applied tillage and fertilizer treatments. In both the 30-60 and 60-90 cm
layers similar trends were found (Figure 5.3.5). The results do not indicate a
difference in rooting distribution, since water use during the season was

almost the same under each treatment combinationi.

In the clay site (1983), the patterns of water removal were very
similar to those in the sand site. Once the initial differences in moisture
content were established, the curves of moisture content versus time
remained essentially parallel (Figure 5.3.6). Once again, 'the zero tillage

organic plots contained the most amount of water and the conventional

inorganic plots held the least.

5.3.4 Soil Dry Bulk Density |

Prior to the initiation of the experiment in April, 1982, soil dtry bulk
density measurements were taken in both the sand and clay sites. The
means of three sets of readings are presented graphically in Figure 5.3.7.
The sand site ranged from dry bulk density values‘of 1.07 to 1.17 l:/m3,

while the clay site lay between 1.84 and 1.23 t/m>.

In June 1982, three sets of density measurements were taken to

N

depth of 25 cm in the clay and sand sites. Mean values of these dry bulk

densities are presented in Table 5.3.6 and the corresponding analysis of

N
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Table 5.3.6 Mean values of dry bulk density (gfcc)
. Clay and Sand Sites - 1982
Clay Site
_ DEPTH (cm) _
0-5 5-10 16-15 15-20 20-25

TILLAGE .

» 1.19 a 1.25 a 1.19"a 1.35 a 1.31 a

R 1.14 1.22 a 1.18 a 1.25 b 1.17 b

z 1.12 1.21 a 1.18 a 1.25 b 1.13 b
FERTILIZER a

I 1.15 a 1.23 a 1.20 a 1.27 a 1.20 a

0 N 1.15 a 1.23 a 1.17 a 1.30 a 1.21 a
Sand Site

DEPTH (cm)
0-5 5-1G 10-15 15-20 T 20-25

TILLAGE ‘ o :

c 1.16 a°  1.22a 1.22 a 1.22 a 1.21 a

R . 1.16 a 1.21 a 1.16 a 1.25 a 1.18 a

Z 1.18 a 1.20 a 1.14 a 1.22 a 1.11 b
FERTILIZER

I 1.16 a 1.20 a 1.16 a 1.26 a 1.16 a

0 1.17 a 1.23 a 1.19 a 1.23 a 1.18 a

AN

* Means with the same letter are not‘significantly different
at the ‘0.05 level using Duncan's new multiple range test.
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variance are in Tables B5.%17 ta B5.3.22 in Appendix B, In the clay site, the

conventionally tilled plots were significantly more dense than either the

reduced or zero tilled plots at depths 0-5, 15-20 and 2[]—25 cm. The
increase at plowing depth can be explained by the action of the moldboard
plow, but the difference in the topsoil is thought to be due to chance alone
in as much as it was only the first year of measurements. The only
statistically significant difference between the tillage treatments in the sand
site was located at 20-25 cm, where the zero tillege plots were less densge.
Graphs of these are presented in Figure 5.3.8. There were no effects of
fertilizer source on dry bulk density in either site in 1982 (Table 5.3.6).
Figure 5.3.9 shows graphs of density versus depth for ‘the fertilizer

treatments.

Seven sets of densityfmeasurements were taken during July and
August 1983, to a depth of 30 cm. The mean values are presented in Table
5.3.7, and the corresponding analyses of variances are found in Table B5.3.23
through B5.3.28 in Appendix B. )
-

The tillage effects on dry bulk density became very apparent in the
second year of testing. In the top soil (0-5 cm)wthe zero tillage plots were
significantly more dense than the conventional plots in both the clay and
sand sites. These differences however were only 7 and 8% respectively, and
-in both cases less than a 0.10 t/m} increase in density. This increase,
resulted from a lack of soil loosening and did not appear to be detrimental
to the growth and development of the plant root system. Tnhe increased top

soil density did however, cause problems in the clay sgil in the spring, when

the differences were more pronounced. Plant emergence was reduced by 9%
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Table 5.3.7 Mean values of dry bulk density (g/ce)
Clay and Sand Sites - 1983
~ \
Clay Site
DEPTH (cm)
.0-5 5-10 10-15 15-20 20-25 25-30

TILLAGE

c 1.19° b 1.32a 1.35a l.46a 1.43a 1.5 a

R **1.22 ab 1.38 a 1.36 a 1.41 b 1.41 a 1.48 a

@hZ 1.27 a 1.33 a 1.32 a 1.37 ¢ 1.38 a 1.51 a

FERTILIZER

I 1.24 a 1.34 a 1.34 a 1.41 a 1.40 a 1.50 a

0 1.22 a 1.35 a 1.35 a 1.41 a 1.41 a 1.52 a

-
Sand Site '
~ DEPTH (cm)
‘ 0-5 5-16  10-15  15-20  20-25  25-30

TILLAGE
~

c 1.1 b 1.24 ¢ 1.24 a 1.38 a 1.28 a 1.4]1 a

R 1.14 b 1.28 b 1.29 a 1.36 b 1.29 a 1.40 a

z 1.24 a 1.32 a 1.27 a 1.35 b 1.25 b 1.46 a
FERTILIZER .

1 1.22 a 1.29 a 3 1.28 a 1.39 a 1.30 a l.QZ a

0 1.13 b 1.26 b 1.25 a 1.34 b 1.25 b 1.39 a

* Means with the same letter are not significantly different

at the 0.05 level using Duncan's new niultiple range test.
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8
in the zero tillage plots due to inadequate seed to soil contact caused by the
lack of a perfect planting mechanism for these conditions (Kelly and MciKyes

1984).

N k)

*

The development of a dense layer’ at 15-20 cm in the conventionally
tilled plots, was seen in the second year in both sites (Table 5.3.7). This
layer resulted from the action of the moldboard plow. Similar to the top
soil effects observed in the zero tilled plots, these increases were less than
0.10 l:k/m3 and were not seen to cause any signi‘ficant change in plant
development. Perhaps in subsequent years, these differences could become
magnified. Graphical presentation of the effects of tillage on the dry bulk

density can be found in Figure 5.3.10.

Fertilizer source also had a very clear eff;act on soil density in 1983,
In the sand site, the presence of organic fertilizer significantly reduced the
bulk density at all but two depths {Table 5.3.7). Figure 5.3.11 depicts this
trend graphically. Thq organic matter reduces the bulk density in the sandy
loam sacil, but to date has had no effect on density in the clay soil (Table
5.3.6 and Figure 5.M). This increased ox:ganic matter and reduced dersity

results in a very favorable root zone condition for plant growth and nutrient

uptake. -

4

5.3.5 Harvest Results

The detailed results of harvest and plant population measurements are
presented in Kelly and McKyes 1984. Table 5.3.8 shows a summary of these

results. In 1982, in the sand site, the zero tillage dry matter yields were
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Table 5.3.8 Summary of harvest and plant population measurements
Sand and Clay Sites -41982 and 1983.

1982 1983 1983
Sand Site  Sand Site Clay Site

Harvest Yield (Mg/ha)-

(Dry- Matter)
TILLAGE -
C 14.20 b 1G.65 a 12,19 a
R 16.23 a 10.94 g . 11.75 ab
‘ \ Y4 14.53 ab 9.60 b 11.20 b
FERTILIZER
I 15.68 a 10.15 a 11.80 a
0 14.29 a 16.64 a 11.63 a
Plant Population
(Per plot)
TILLAGE
C 777 a 868 a 878 a
R 803 a 867 a 809 b
Zz 726 a 777 b 804 b
FERTILIZER
1 887 a 865 a 825 a
0 645 b 824 b 835 a
Yield / Plant
(g )
TILLAGE
C 222.0 a 144.2 a 167.0 a
R 249.3 a 151.3 a v 174.1 a
Z 252.0 a 148.6 a 167.4 a
FERTILIZER
I 214.3 a 141.0 b 171.7 a
0 267.8 b 155.1 a 167.3 a

* Medns with the same letter are not significantly different
at the 0.05 level using Duncan's new multiple rangeutest.
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not significantly different from either the reduced or conventional tillage
L)

plots. The reduced tillage plots did, however, yield significantly more than

the conventional tillage plots, probably as a result of the inceased moisture

availability.

In 1983, fertilizer had no effect on the yield per plot, but tillage
treatment significantly affected the dry matter yields, The zero tillage plots
yielded 10 and 8% less than the conventional plots in the sand and clay sites
respectively (Table 5.3.8). When one considers that the final plant populations
were 12 and 8% less in zero tillage i1n plots (sand and clay sites) as
compared to the conventional tillage plots, the yield per plant does not show
any effect due to the tillage treatments (Table 5.3.8). In fact, the
convenitional tillage plots yielded the least amounf of dry matter per plant.
It is felt that this is a result of the reduced moisture availability 1n the
critical growth stages during the very dry months of July and August 1983. It
appears that, after two years, the changes i1n soil structure did not

significantly affect plant growth or development.

Fertilizer source had no effect on plant yield, piot yield or plot
population in the ec¢lay soil. In the sand site, although there was no
significant yield difference between the two fertilizer treatments, the

population was reduced by 4.7% in the organic plots. The inéreased organic

"matter and reduced bulk density contributed to an improved root zone, which

resulted in 10% greater yields per plant in the organic plots. This increase
in yield per plant does not seem to be caused by reduced interplant
competition, since the population was only reduced by 4.7% and each plant

produced 10% more dry matter. [n addition,the reduction in population was

8
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L 4
caused by skips spaced randomly throughout the plot and not by increased

interpl ant spacings.

5.4 Summary and Conclusions )

The first two years of conventional, reduced and no tillage
experiments provided contrasting weather conditions. The spring of 1982 was
one of the driest on record while 1983 was one of the wettest. The balance
of the 1982 growing season could be considered average, but the July-August

period of 1983 received 45% less rain than the 30 year average.

Soil nutrient assays revealed levels of at least 200 kg/ha phosphorus
and potassium in all plots‘;at the end of two years of investigatioms and
there were no differenc present between any of the treatments. Salinity
levels in all plots were well below 1 mmho/cm, which is the conductivity

value when plant growth is affected by salt concentration in the soil.

An ipteraction effect between the tillage and cow manure fertilizer
treatments on the organic matter content of the top soil (0-20 cm) appeared
in the sand site at the end of 1983. Those plots receiving incorporated
manure . (conventional and reduced organic plots) had significantly higher
organic matter levels than the inorganic fertilizer treatmt;nts, or the zero

tilled organic plots. "

The conventional g‘norganic plots contained less moisture than the

other treatment combina . throughout bath the 1982 and 1983 growing

-
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season in both the sand and clay sites. In 1983, the accumulation of more
residues on the surface of the organic plots resulted in higher moisture
contents than in the inorganic plots, due to reduced evaporation and

increased infiltration early in the season.

In both years, the rooting distribution appeared to be the same
between the plots since the rate of water removal from each layer
determined from measurements in all treatment combinations was essentially

the same. The imtial differences in volumetric moisture content persisted

through the entire growing season.

After the first two years of investigations, significant differences in
layer dry bulk densities appeared in both the clay and sandy loam soils. In
the top soil (0-5 cm) of both sites, the zero tillage plots were more dense
than either the reduced or conventional tillage plots. The cause of this
increase was implement traffic without any soil loosening. As a result, -plant
smergence problems were created in the clay soil only. At the depth of
plowing (15-20 cm), the conventional’ plots were more dense than the zero
tillage plots due to the ‘action of the moldboard plow at that depth. This
was seen to occur in both the sand and clay sites. The magnitude of the
increase in dry density was less than 0.1 l:/m3 and was therefore comsidered

.. hot yet detrimental to root ‘growth.

A
The organic fertilizer source reduced the dry bulk density in the sand

site at four of the six depth la):ers measured. The organic matter addition

in the qiay soil did not affect its dry bulk density.

The first year's harvest resuits were encouraging for reduced tillage
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practices in that the reduced tillage plots produced a significantly higher
amount of silage while the conventional and zero tillage plots were not
significantly different from each t;ther. In 1983, there were 8.1 and 9.8%
reductions in yield due to the =zero tillage treatment in the clay and sand
sites respectively (both significant). The corresponding reductions in plot

plant populations were 12 and 8%, resulting in no tillage effect on the yield

[

“

of dry matter per plant.

There were no fertilizer effects on the harvest results in the clay
soil in 1983. Those plots in the sand site fertilized with dairy cattle manure

did however, produce more per plant than the inorganic plots.
On the basis of this study, the following conclusions can be drawn:

1. The incorporation of manure in conventional and reduced tiliage plots

significantly increased the organic matter content in the top soil.

2. Levels of phosphorus and potassium as well as salt concentratiors were

not affected in the first two years by the applied treatments.

3. Volumetric moisture contents early in the growing season were lower in

conventionally tilled plots than in the reduced or zero t}Uage plots.

4. Soil moisture contents were higher in the reduced and zero tillage plots
receiving the organic fertilizer treatment than in those plots receiving

the inorganic fertilizer, due to the surface residues.

5. Zero tillage significantly incressed the dry bulk density in the top soil

(0-5 com) in both “the clay and sandy loam sails; as a result; plant

R,
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emergence and consequently plant population .were reduced in both -

sails.

Conventional tillage plots cantained a significantly more dense layer at
15-20 cm than the reduced or zero tillage plots, due to the action of

the moldboard plow.

Although the zero tillage treatment reduced the plot yield in both soils

in 1983, there was no tillage effect on the yield of dry matter per

plant.

Fertilizer source did not affect the yield per plot or per plant in the
clay soil. In the sandy loam soil, the organic fertilizer significantly

increased the yield per plant but did not affect the total plot yield.

It would seem from the experiments reported, which were conducted
with close to actual farming techp(iques and machinery, and in ysars of
differing rdinfall patterns, that both reduced and zero tillage are viable
alternative silage corn production system com‘g{nents, which could be
considered for practical application in southern (Quebec’ and eastern
Ontario. The results inditete, in addition, that it is pessible to combine
reduced energ); input soil preparation systems with dairy cattle manure
as the principal fertilizer source, without any deliterious effects on soil

quality or-sizeable reductions in crop yields.
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Chapter 6

QOverall Conclusions

The results presented here encompass the first two years of an
experiment which could hold promise for alterations to the well accepted
farming techniques practiced in southwestern Quebec and eastern Ontario.
For almost 100 years, routine moldboard plowing and successive diskings of
the land have been carried out in the fall and spring preparing for the
planting and growth of aimost every field crop. The advent of commercially
manufactured fertilizers enabled farmers to dramatically increase their
yields. The economic cost of this increased yield rises each year as the cost

of manufacturing increases.

This study chose to examine the production of silage corn, since
nearly all the farmers in this area produce some silage corn and the input
costs ip terms of fuel, fertilizer and herbicides are among the highest‘ for
any field crop. In addition to the potential savings to be derived from
alternate tillage systems or alternate fertilizer sources, the transition from

conventional or accepted farming techniques to these alternate corn

production systems is relatively simple.

Perhaps the most important element involved in this transition is the

corn planter. A conservation type plan or a standard planter with a heavy

@ _—l
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frame and heavy duty coulters for both seed trench opening and fertilizer
placement is necessary to c-ut through the previous year's trash and to
penetrate the more dense surface layers (0-5 cm) usually experienced with
zero tillage. Proper adjutment of each planting unit's down pressure springs
aids greatly in achieving the desired objectives. The problem of reduced
plant populations due to the tillage treatments, seen in this experiment,

could be alleviated in this way.

The results of this two yesr study also indicated no effect of reduced
or zero tillage on soil nutl:ient content. Therefore, «no change 1n the
application rate of the macro nutriends (N, P, K) 1s required with these
alternate systems., Weed densities were also studied and no large differences

appeared, therefore, herbicide application rates should be the same for all of

the alternate production schemes studied here.

The use of dairy cattle manure as the only N source proved to be
very successful in the clay soil with all three tillage treatments. Yield
levels were maintained and organié matter levels were increased in those
plots where the manur‘e was incorporated. The only problem associated with
the use of organic fertilizer in the clay soil was a 13% reduction (1%
absoluté) in crude protein content of the silage as compared to t'he
inorganically fertilized plots. In the sandy loam soil, however, the use of
these quantities of fresh manure caused a reduction in overall plant
population. It was believed” that the low adsorptive capacity of these soils
(not found in a clay soil) allowed the manure to become toxic to a small
percentage of the seedlings. In addition, the crude pratein content “was

reduced by 22% in those sandy loam plots fertilized orgamically. Care should
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therefore be exercised in utilizing manure as the only N source on sandy

soils.
%

By removing the effects of the reduced populations (due to the zero
and reduced tillage treatments), and looking at the yield on a per plant
basis, it can be seen that dry matter yield levels can be maintained through

the use of zero or reduced tillage.

In conclusion, one important point must be emphasized. This was a
two year study and the resuits are not necessarily extendable to the long
term use of these techniques. Instead, these recommendations are 1ntended
to provide mforrpétion fordthe farmers or researchers about the performance

-~
of these systems only 1n the first two years of their usage.

Both reduced and zero tillage systems with inorganic fertilizer are
therefore viable alternative corn production system components. The .use of
dairy manure as the principal fertilizer source, with conventional, reduced or
zero tillage in a clay s;oil and with either conventional or recEced tillage in
a sandy loam soil would also be feasible in southwestern Quebec and eastern
Ontario. None of the above alternative systems should have any detrimental
effects on 80il quality or cause any sizeable reductions in crop yields. These
systems should also provide large economic, energy and equipment savings

which will prove to be very beneficial to the farmer in the short term.

b



Chapter 7

Suggestions for Further Research

On the basis of this study, it is recommended that the following

investigations be carrned out in order to gain further knowledge of the use of

alternate corn production systems:

An experiment should be set up to investigate grain corn production&
with the use of these alternate tillage and fertilizer techniques.
The large volume of surface trash remaining after harvest, will give
rise to a whole new set of problems. Seeding will be much more
difficult and weeds, diseases and insects will be present in larger
quantities than found when investigating silage corn production. The
potential for savings, however, is greater than for silage corn since

the total number of acres devoted to grain corn exceeds the total

fojr silage corn.

In order to make long term recommendations, the experiment must
be continued, and investigations made on the cumulative effects of

several years of continuous application of these alternate corn

productian systems,
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Soil moisture characteristic curves should be obtained to aid 1n
understanding the differences found in voluntétric moisture contents
throughout the growing season. I

An experiment should be set up to investigate the effects of
applying fresh dairy cattle manure on a sandy soil. Soil nutrient
levels, acid content and salinity levels should be closely monitored

immediately after application until two to three weeks after

emergence of the corn plants.

Infiltration measurements should be taken to quantify the effects of

surface residue and tillage system on both infiltration and runoff.

A new experiment should be set up to develop different application

techniques of organic fertilizer (manure) on zero tillage plots. This
A

procedure would involve ways of incorporating the manure into the

surface layers to reduce the nitrogen losses to the atmosphere.

Development of a small plot manure spreader, to accurately and
evenly dispense known quantities of manure, would greatly reduce

the input labour requirements in this type of research project.

-
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Table A4.3.1 Analysis of variance of days to emerge
Sand and Clay Sites - 1983
Sand Site
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 3.889 0.556 1.22 C.375 G.461
Error 10 4.556 0.456
Corr. Tot. 17 8.444 C.V. = 4.675
Std. Dev. = (.675
Mean = 14.44
Source D.F Anova S.S. F Value Pr F
Block 2 1.444 1.59 0.252
Fertilizer 1 0.222 G.49 0.501
Tillage 2 0.778 0.85 G.455
Fert * Till 2 1.444 1.59 G.252
Clay Site
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 9.667 1.381 1.66 G.226 G.537
Error 10 . 8.333 0.833
Corr. Tot. 17 18.060 C.V. = 5.95
Std. Dev. = (.913
Mean = 15.333
Sourcte D.F. Anova S.S. F Value Pr F
Block 2 2.333 1.40 0.291
Fertilizer 1 0.889 1.07 0.326
Tillage 2 4.333 2.60 0.123
Fert * Till 2 2.111 1.27 0.323
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Table A4.3.2 Analysis of variance of days to tassel
Sand and Clay Sites - 1983
Sand ~61ite
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 13.167 1.881 2.56 0.088 G.642
Error 10 o 7.333 0.733
Corr. Tot. 17 20.500 C.V. = 1.294
Std. Dev. = (.856
Mean = 66.17
Source D.F. Anova S.S. F Value Pr F
Block 2 0.Goo 0.00 1.000
Fertilizer X 0.500 0.68 0.428
Tillage 2 2.333 1.59 0.251
Fert * Tall 2 1G.333 7.G5 0.012
Clay Site
Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 16.556 2.365 1.37 L.313 G.490
Error 10 17.222 1.722
Corr. Tot. 17 33.778 C.v. =1.927
. Std. Dev. = 1.312
Mean = 68.11
Source D.F. Anova S.S. F Value Pr'F°
Block 2, 4.111 1.19 0.343
Fertilizer 1 ’ 3.556 2.06 0.181
Tillage 2 8.111 2.35 0.145
Fert * Tall 2 0.778 0.23 0.802
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Table A4.3.3 Analysis of variance of final plant population
Sand Site - 1982

s

Sand Site ¢
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 317071 45296 6.23 G.G05 % 0.813
Error 10 72750 7275
Corr. Tot. 17 389821 C.v. = 11.13
Std. Dev. = B5.29
Mean = 766.3
Source D.F. Anova S.S. F Value Pr F
N Block 2 25180 1.73 G.226
Fertilizer 1 . 262812 36.13 G.600
Tillage 2 21721 1.49 0.271
Fert *\‘Till 2 7357 0.51 0.618
[}
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Table A4.3.4 Analysis of variance of final plant population
' Sand and Clay Sites - 1983
Sand Site
Source D.F. S.S. M.S. F Value Pr F R 5q.
Model 7 56898.5 8128.4 7.54 0.003 0.841
Error 10 10784.0 1078.4
Corr. Tot. 17 676682.5 C.V. = 3.890
Std. Dev. = 32.84
Mean = 844.17
Source D.F. Anova S5.65. F Value Pr F
Block 2 2224.0 1.03 U.392
Fertilizer 1 7564.5 7.01 - G.024
Tillage 2 41323.0 19.16 0.000
Fert * T1ll 2 5787.0 2.68 0.117
7
€.
\ > -
Clay Site > .
Source D.F. 5.S. M.S. F Value Pr F R Sq.
A\ .
Model y/ 7 30663.2 4380.5 4.77 0.014 G.769
Error 10 9187.3 918.7
Corr. Tot. 17 39850.5 C.V. =
Std. Dev. =
Mean =
Source D.F. Anova S5.S. F Value
V Block 2 4192.0 2.28
Fertilizer 1 42G.5 0.46
Tillage 2 20249.3 11.G2
Fert * Ti1ll 2 5801.3 3.16
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Table A4.3.5 Analysis of variance of dry matter yield and percent moisture,
26 days after sseding. Sand Site - 1982

Ory Matter Yield, Mg/ha

! Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.006 0.G01 3.62 0.033 G.717
Error 10 0.002 0.000

Corr. Tot. 17 0.069 C.V. = 24.34
Std. Dev. = 0.016
Mean = (.U64
Source D.F. Anova S.S. F Value Pr F
hz/
[4 e
Block 2 0.001 2.39 0.142
Fertilizer 1 e 0.002 9.90 0.010
Tillage 2 0.002 5.08 0.630
Fert * T111 2 0.000 0.24 U.788
-«

Percent Moisture

.

Ll

Source D.F. S.S. M.S. F Value Pr F R Sq.
» Model 7 546.654 78.379 12.11 0.600 0.894
Error 10 64.731 6.473
Corr. Tot. 17 613.385 C.V. = 3.573
Std. Dev. = 2.544
! Mean = 71.213
Source D.F. Anova 5.S. F Value Pr F
Block 2 471.428 36.41 0.000
Fertilizer 1 13.056 2.02 G.186
Tillage 2 15.718 1.21 0.337
Fert * T111 2 48.452 3.74 G.061
» -
t
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Tahle A4.3.6 Analysis of variance of plant height and leaf area 1index,

26 days after seeding.

Plant Height, cm

Sand Site - 1982

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 13.347 1.907 0.47 0.832 0.250
trror 10 40.142 4.014
Corr. Tot. 17 53.489 C.v. = 11.39
Std. Dev. = 2.003
Mean = 17.594
Source D.F. Anova S5.S. F Value Pr F
Block 2 4.164 0.52 0.611
Fertilizer 1 2.961 0.74 0.411
Tillage 2 2.008 0.25 0.784
Fert * T1ll 2 4.214 0.52 0.607
Leaf Area Index
Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 0.608 0.G01 2.30 G.112 0.617
Error 10 0.065 0.001
Corr. Tot. 17 0.014 c.v. = 17.11
Std. Dev. = 0,023
Mean = 0.134
Source D.F. Anova S.S. F Value Pr F —
B81ock 2 (.002 1.80 0.215
Fertilizer 1 0.G01 1.82 0.267
Tillage 2 0.004 3.36 0.076
Fert * Till 2 0.C02 1.99 0.188
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Sand Site - 1982

Dry Matter Yield, Mg/ha

Analygsis of variance of dry matter yield and percent moisture,
48 days after seeding.

Source D.F. 5.S. M.S. F value Pr F R Sq.
Model 7 0.819 0.117 1.50 0.271 C.512 4
Error 16 0.781 0.078
Corr. Tot. 17 = 1.600 C.vV. = 30.46
N Std. Dev. = 0.279
Mean = 0.917
Source D.F. Anova 5.S. F Value Pr F
Block 2 0.045 0.29 0}755
Fertilizer 1 0.480 { 6.15 0.\033
Tillage 2 0.104 0.66 0.936
Fert * Till 2 0.190 1.22 0.336
Percent Moisture -
4
Source D.F. 5.S. M.S. F Value Pr F R Sq.
&
Model 7 3.049 0.436 0.75 G.637 U.345
Error 10 5.793 0.579
Corr. Tot. 17 8.842 C.v. = G.823
Std. Dev. = G.761
Mean = 92.432
Source D.F. Anova S.S. F Value Pr F
Block 2 0.740 0.64 0.548
Fertilizer 1 0.00C 0.00 0.988
Tillage 2 0v.110 G.09 0.910
Fert * Till 2 2.199 1.90 0.200

.
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Table A4.3.8

Plant Height, c
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-

Analysis of variance of plant height and leaf area index,
48 days after seeding. Sand Site - 1962

m

Source D.F. S5.S. M.S. F Value Pr F R Sq.
Model 7 932.28 133.18 3.94 0.025 0.734
Error 10 337.88 33.79
Corr. Tot. - 17 1270.17 C.V. = 8,743
Std. Dev. = 5.813
Mean = 66.483
1
i *
Seurce D.F. Anova S.S. F Value Pr F
Block 2 317.143 4.69 0.037
Fertilizer 1 47.045 1.39 0.265
Tillage 2 164.373 1.54 0.260
Fert * Till 2 463.720 6.86 0.013
Leaf Area Index -

Source D.F. 5.5. M.S. F Value Pr F ~ R Sq.
Model ¢ 7 0.808 0.115 0.79 U.613 G.356
Error 10 1.464 0.146

Corr. Tot. 17 2.272 C.v. = 23.79
Std. Dev. = (G.383
Mean = 1.608
P
Source \ D.F. Anova S.S. F Value Pr F
A\ -
Block 2 0.118 ,0.40 0.679
Fertilizer 1 0.038 G.26 0.621
Tillage 2 0.263 .90 0.437
Fert * Till 2 0.389 1.33 G.308
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Table A4.3.9 Apalysis of variance of dry matter yield and percent moisture,
64 days after seeding. Sand Site - 1982

Dry Matter Yxeld."‘Mg/ha

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 7.941° 1.134 1.85 G.183 0.564
Error 10 6.140 0.614
Corr. Tot. 17 14.081 C.V. =17.34
Std. Dev. = 0.784
Mean = 4.519
1
Source D.F. Anova S.S. F value Pr F
Bloeck 2 1.350 1.10" 0.370
Fertilizer 1 3.216 5.24 U.G45
Tillage 2 0.643 0.52 0.608
Fert * Till 2

2.732 2.22 0.159

f

Percent Moisture?

Source D.F. S.S. M.S. F Value Pr F R Sq.
#Model 7 4.447 0.635 1.15 G.406 0.446
Error 10 5.524 0.552
Corr. Tot. 17 9.971 C.vV. = 0.850
Std. Dev. = 0.743
Mean = 87.42_
Source D.F. Anova S5.S. F Value Pr F
¢ Block 2 0.398 0.36 0.7u7
Fertilizer 1 2.464 4.46 0.061
Tillage 2 0.945 0.86 0.454
Fert * Till 2

0.640 0.58 0.578
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Table A4.3.1G Analysis of variance of plant height and leaf area 1index,
64 days after seeding. Sand Site - 1982

Plant Héight, cm

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 3356.42 479.49 287 0.064 0.667
Error 10 1672.68 167.27
Corr. Tot. 17 -5029.10 C.v. = 9.786
Std. Dev. = 12.93
Mean = 132.13
. Source D.F. Anova S.S. . F Value Pr f
¢
Bl ock | 2261.21 6.76 0.014
Fertilizer 1 545.60 3.26 0.101
Tillage 2 288.11 0.86 0.452
Fert * Till 2 261.49 0.78 0.483

Leaf Area Index

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 4.096 0.585 2.65 0.079 G6.650
Error 10 2.210 0.221

Corr. Tot. 17 6.306 C.V. = 12.77

‘ Std. Dev. = 0.470

Mean = 3.680
Source D.F. Anova S.S. F Value Pr F
Block 2 1.104 2.50 0.132
Fertilizer 1 )* 1.108 -».01 : 0.049
Tillage 2 0.521 1.18 0.347
Fert * Till 2 1.364 » 3.09 0.090
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Table A4.3.11 Analysis of variance of dry matter yield and percent moisture,

76 days after seeding.

Dry Matter Yield, Mg/ha

Sand Site - 1382.

L)

Source D.F. 5.5. M.S. F Value Pr F R Sq.
Model v 7 16.239 2.320 1.06 0.452 6.426
Error 10 21.901 2.190
Corr. Tot. 17 38.140 C.V. = 19.42
Std. Dev. = 1.480
Mean = 7.619
Source D.F. Anova S.S. F Value Pr F
Bl ock 2 5.463 1.25 0.328
Fertilizer 1 7.623 3.48 0.092
Tillage 2 2.166 0.49 0.624
Fert * Till 2 0.988 0.23 0.802
Percent Moisture
Source - D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 10.692 1.527 2.51 0.091 0.637
Error 10 6.082 0.608
Corr. Tot. 17 16.774 C.v. = 0.978
Std. Dev..= 0.780
Mean = 79.776
Source D.F. Anova S.S. F Value Pr F
| Block 2 3.393 2.79 0.109
Fertilizer 1 2.060 3.39 0.096
Tillage 2 5.0693 4.19 D0.048
Fert Till 2 0. 146 G6.12 0.888
| .
[
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Table A4.3.12 Analysis of variance of plant height and leaf area index,

76 days after seeding.

‘Plant Height, cm

Sand Site - 1962

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 2649.31 378.47 2.12 G.136 0.597
Error 10 1786.27 178.63
Corr. Tot. 17 4435.58 C.V. = 6.574
‘ ) Std. Dev. = 13.37
Mean™= 203.31
Source D.F. Anova S.5. F Value Pr F
Block 2 592.87 1.66 - 0.239
Fertildizer 1 1197.24 6.70 0.027
Tillage 2 - 507.97 1.42 0.286
Fert * Till 2 351.23 0.98 0.408
]/
cLeaf Area Index
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 1.845 0.264 1.11 0.423 G.438
Error 10 2.364 0.236
Corr. Tot. 17 4.209 C.V. = 12.62 ~ .
Std. Dev. = 0.486
* Mean = 3.853
3
Source , - . D.F. Anova S.S. F Value v Pr” F
Block 2 6.722 "1.53 0.264
Fertilizer 1 0.218 0.92 0.360
Tillage 2 0.094 0.20 0.823
Fert * Till 2 1.71 0.229

0.811
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Table A4.3.13 Analysis of variance of dry matter yield and

91 days after seeding.

Dry Matter Yield, Mg/ha

Sand Site - 1982

percent moisture,

Source D.F. S.S. M.S. F Value Pr F R Sq.
s
Model 7 83.373 11.910 1.61 0.238 0.530
Error 1G 73.889 7.389
Corr. Tot. 17 157.262 C.V. = 25.36
Std. Dev. = 2.718
Mean = 10.718
Source D.F. Anova 5.5. F Value Pr F
Block 2 26.377 1.78 0.217
Fertilizer 1 48.125 6.51 0.029
Tillage 2 2.468 0.17 0.849
Fert * Till 2 6.404 0.43 0.66U
%,
Percent Moisture -

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 52.G677 7.440 2.80 0.069 0.662
Error 10 26.611 2.661

Corr. Tot. 17 78.688 C.v. = 2.129

Std. Dev. = 1.631

Mean = 76.641
Source D.F. Anova 5.5. F Value Pr F
B8lock 2 2.033 0.38 0.692
Fertilizer 1 0.361 .14 0.720
Tillage 2 26.027 4.89 G.033
Fert * Till 2 23.655 4.44 G.042
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Table A4.3.14 Apalysis of variance of plant height and leaf area index,

91 days after seeding. S5and Site - 1982

Plant Height, cm

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 1105.81 157.97 1.15 0.407 0.445
Error 10 1376.82 137.68
Corr. Tot. 17 2482.63 C.V. = 5.488
Std. Dev. = 11.73
Mean = 213.81
Saurce D.F. Anova S.S. F Value Pr F N
*Block 2 46.854 0.17 0.846
Fertilizer 1 273.001 1.98 0.189
Tillage 2 375.098 1.36 0.300
Fert * Till 2 4Y0.858 1.49 0.271
»
Leaf Area Index
Source i D.F. S.S. M.S. F value Pr F R Sq.
Model 7 1.654 0.236 1.19 0.390 0.453
Error 10 1.994 0.199
Corr. Tot. 17 3. 648 : C.vV. = 12.70
Std. Dev. = 0.447
Mean = 3.516
Source D.F. Anova §.S. F Value Pr F
Block 2 0.221 0.56 D.591
Fertilizer 1 0.024 0.12 0.736
Tillage 2 0.976 2.45 0.136
Fert * 1211 4 2 0.433 1.09 0.374
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Table A4.3.15 Analysis of variance of dry matter yield and percent moisture,
29 days after seeding. Sand Site - 1983

-7

Dry Matter Yield, Mg/ha

Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 0.014 0.002 G.91 0.536 0.389
Error 10 0.022 0.002
Corr. Tot. 17 0.037 C.v. = 30.02
Std. Dev. = 0.047
Mean = 0.158
Sburce D.F. Anova S.S. F Value Pr F
A
Block 2 0.601 0.33 0.727
Fertilizer 1 0.001 0.24 G.037
Tillage 2 0.009 1.97 0.191
Fert * Till 2 0.003 G.77 0.490

Percent Moisture

Source D.F. S.S. . M.S. F Value Pr F R Sq.
Model- 7 - 77.862 11.123 1.15 0.406 G.446
Error 10 96.745 9.674

Corr. Tot. 17 174.607 C.V. = 4.079

Std. Dev. = 3.110

Mean = 76.261

*

Source D.F. Anova S.S. F Value Pr F
Block 2 17.251 G.89 0.440
Fertilizer 1 22.111 2.29 0.162
Tillage 2 23.195 1.20 0.341
Fert * Till 2 15.305 g.79 0.480
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Table A4.3.16 Analysis of variance of plant height and leaf area index,
29 days after seeding. Sand Site - 1963

Plant Height, cm ,
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 39.766 5.681 1.88 0.177 0.568
Error 10 30.259 3.025

Corr. Tot. 17 76.024 C.V. = 7.746

Std. Dev. = 1.740

Mean = 22.456
‘. Source D.F. Anova S.S. F Value Pr F
Block 2 7.748 1.28 0.320
Fertilizer 1 9.102 3.01 G.114
Tillage 2 4.548 , 0.75 0.497
Fert * Till 2 18.368 3.04 0.093

Leaf Area Index

Source D.F. S.S. M.S. F value Pr F R Sq.
Model 7 0.029 0.004 0.99 0.49G C.409
Error 10 0.042 0.004

Corr. Tot. 37 0.672 C.v. = 11.17 ,

Std. Dev. = 0.065

- Mean = 0.583

/

Source D.F. . Anova S.S. F Value —~Pr F
Block 2 0.004  ° 0.50 Q.619
Fertilizer 1 0.C03 | 0.65 0.439
Tillage € 2 0.021 2.52 0.13C
Fert * Till 2 0.001 0.11 0.895

I
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Table A4.3.17 Ansalysis of variance of dry matter yield and percent moisture,
42 days after seeding. Sand Site - 1983

Ory Matter Yield, Mg/ha

1

Source D.F. 5.S. M.S. ~ F Value Pr F R Sq.
Model 7 1.669 D.238 9.40 0.001 (.868
Error 10 0.254 0.025
Corr. Tot. 17 1.923 C.v. = 11.88
‘ Std. Dev. = 0.159%
. Mean = 1.341
Al
‘o
Source D.F. %«wa S.S. F Value Pr F
Block 2 0.061 . 1.20 0.341
Fertilizer 1 .353 ( 13.89 0.C04
Tillage 2 0. 966 19.02 0.660
Fert * Till 2 0.290 .5.72 0.022
———— ,

I}p\;jcer\t Moisture

Source D.F. "s.S. M.S. F Value . -Pr F R Sq.
Model [ 0 ‘ 0 99999 0} U
Error 10 0 1]

Corr. Tot. 17 0 ’ .C.¥.= O
Std. Dev. = 0
. Mean = 89.11
Source D.F. Anova S.S. ; F Value Pr F
Block 2 o . ’ Q
Fertilizer 1 o . '
Tillage 2 0 / . . . :
fert * Till 2 0 v R
Iﬁ) 4 ’ o,
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Table A4.3.18 Analysis of variance of plant heiéht and leaf area index,
42 days after seeding. Sand Site - 13983.

4

Plant Height, cm

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 203.881 29.126 2.65 0.079 0.650
Error 10 169.976 10.998
Corr. Tot. 17 313.856 C.V. = 5.369
Std. Dev. = 3.316
, Mean = 61.772
Source D.F. Anova S.S. F- Value Pr F
Bl ock 2 13.338 0.61 0.564
Fertilizer 1 58.681 5.34 0.044
Tillage 2 126.581 5.75 0.622
Fert * Till 2 5.281 0.24 0.791

v oo

ﬁ Leaf}l‘ea Index
“ - g

Source D.F. ©° v Se§. ., M.S. F Value Pr F R Sq.
¢ A -
.
Model 7 1.891 0.270 2.35 0.1G6 0.622
Error 10 . 1.148 0.115 .
Corr. Tot. 17 _3.039 C.V. = 12.72
. \ Std. Dev. = 0.339
Mean = 2.664
Source D.F. Anova S.S. F Value Pr F
Block 2 0.034 0.15 0.863
Fertilizer 1 1.006 8.76 0.014
, Tillage 2 0.353 1.54 0.262
Fert * Till 2 0.498 2.17 0.165
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Table A4.3.19 Analysis of variance of dry matter yield and percent moisture,
58 days after seeding. Sand Site - 1983

Dry Matter Yield, Mg/ha

Source D.F. 5.5, M.S. F Value Pr F R Sq.
Model 7 4.126 0.589 2.06 ‘0.146 . 0.590
Error 10 2.868 0.287
Corr. Tot. 17 6.994 C.v. =.11.12
Std. Dev. = 0.536
Mean = 4.814 ;
Source D.F. Anova S5.S. F Value Pr F
Block 2 0.076 0.13 0.877
Fertilizer 1 0.206 0.72 0.417
Tillage 2 2.575 4.49 0.041
Fert * Till 2 1.269 2.21 0.160

Percent Moisture

Source D.F. 5.S. M.S. F Value Pr F R Sq.
* Model 7 20.456 2.922 2.13 6.135 0.598
ror 210 13.727 1.373
Corf. Tot? " -17 . 34.184 C.V. = 1.335
h . : L Std. Dev. = 1.172
Mean = 87.744
Source D.F. - Anova 5.5 * F Value ~ Pr F
Block 2 2.694 0.98 G.408
Fertilizer 1 4.263 3.11 0.109
Tillage 2 5.891 2.15 0.168
Fert * Till 2 7.608 2.77 . 0.110
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.Table A4.3.2C Analysis of variance of plant height and leaf area index,

56 days after seeding.

" Plant Height, cm

Sand Site - 1983

Source D.F. S.S. "M.S. F Value Pr F R Sq.
Model 7 1727.18 246.74 5.04 0.011 G.779
Error 10 489.39 48.94
Corr. Tot. 17 2216.57 C.v. = 4.212
Std. Dev. = 6.996
\ Mean = 166.11
Source D.F. Anova S5.S. F'Value Pr F
~ Block 2 61.888 0.63 °  0.551
" Fertilizer 1 746.267 15.25 . 0.003
Tillage 2 781.954 7.99 0.009
Fert * Till 2 137.074 1.40 0.291
Leaf Area Index !
Source D.F. S.S. M.S. F Value Pr F - R Sq.
Model 7 1.163 0.166 0.64 0.713 0.311
Error 10 2.578 0.258
Corr. Tot. 17 3.741 . C.v. = 1G.87
Std. Dev. = 0.5G8
Mean = 4.669
Source D.F. Anova S.S. F Value Pr F
Block 2 6.162 0.32 0.737
Fertilizer 1 0.246 0.95 0.352
Tillage 2 0.729 1.41 0.288
. Fert * Till 2, 0.025 G.05 0.952
L~
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, Table A4.3.21 Analysis of variance of dry matter yield and ‘percent moisture,
72 days after seeding. Sand Site'- 1963

* Dry Matter Yield, Mg/ha

s, DY
Source D.F. 5.S. M.S. FValue _Pr F R Sq.
Model ‘7 10.983 1.569 2.07 +0.144 0.591
Error 1C 7.589 0.759 i
Corr. Tot. 17 18.573 C.v. = 10.43
Std. Dev. = 0.871
Mean = 8.353
S
Source D.F. Anova S.S. F Value Pr F
Block . 2 2.900 1.91 0.198
Fertilizer 1 0.068 0.09 0.772
Tillage 2 3.835 2.53 0.129
Fert * Till 2 4.180 2.75 0.112
Percent Moisture
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model . 7 5.329 0.761 G6.95 0.513 G.399
. Error 10 8.023 0.802 |
Corr. Tot. 17 13.352 C.V. = 1.068
< Std. Dev. = 0.896
Mean = 83.866
Source D.F. Anova S.S. F Value Pr F
Block 2 1.520 : 0.95 0.420
Fertilizer 1 0.018 0.02 0.884
Tillage 2 0.784 0.49 0.627
Fert * Till 2 3.007 1.87 0.204
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Table A4.3.22 Analysis of variance of plant height.and leaf area index,
72 days after seeding. Sand Site.- 1383

)

Plant Height, cm

Source D.F. 5.S. Ny{} F Value Pr F R Sq.
) . \
- Model 7 . 1396 .lg 199.49 4.24 0.02C 0.748
N Error 10 470.71)  47.07
Corr. Tot. 17 1867.15 C.V. = 2.663
: .Std. Dev. = 6.861
Mean = 257.59
A
Sourcse ’ D.F. Anova S.S. F Value Pr F
% Block 2 72.86 o 0.77 0.487
Fertilizer 1 1261.69 26.80 0.000
Tillage 2 31.47 0.33 0.724
Fert * Till 2 30.41 0.32 0.731

/
Leaf Area Index ) .
Source D.F. "5.S. M.S. F Value Pr F R Sq.
Model 7 1.171 0.167 ©1.10 0.431 0.435 .
Error 10 1.521 0.152
Corr. Tot. 17 2.691 C.vV. = 8.322
Std. Dev. = 0.390
. Mean = 4.686
Source , D.F. Anova 9,.S. F Value Pr F
. / Block 2 0.063 + 0.21 6.817 '
. Fertilizer 1 0.133 0.88 0.371
/ Tillage 2 0.402 1.32 8.309
- Fert * Till 2 0.573 . 1.88 - 0.202
#
s “ %
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Table A4.3.23 Analysis of variance of dry matter‘yiéld and percent moisture,
- 92 days after seeding. Sand Site - 1963

Dry Matter Yield, Mg/ha

. ]
Source D.F.’ S.S. M.S. F Value Pr F - R Sq.
Model 7 13.913 1.988 1.45 0.285 0.504
Error 10 - 13.666 1.367 )

Corr. Tot. 17 27.579 ) C.V. = 10.19

. Std. Dev. = 1.169

‘ Mean = 11.462
Source D.F. Anova S.S. F Value Pr F
Block 2 4.677 1.71 6.230
Fertilizer 1 0.436 0.32 0.585
Tillage 2 0..254 0.09 ~0.912
Fert * Till 2 8.546 3.13 G.088

Percent Moisture U

Source D.F. S.S. M.S. F Value Pr F R Sq.
* )
Model 7 15.516 2.217 1.73 0.209 0.547
Error 10 12.848 1.285 )
Corr. Tot. "17- 28.363 C.V. = 1.492
Std. Dev. = 1.133 .
) Mean = 75.995 -
Source D.F. ‘Anova S.S. F Value Pr F
Block 2 0.849 0.33 0.726
. Fertilizer 1 G.402 0.31 0.588
Tillage 2 5.462 2.13 © 0,170
Fert * Till . 2 Sg?”\‘ 8.802 3.43 0.074
S

s B b
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- ‘ Table A4.3.24 Analysis of variance of plant height and leaf area index,

S | o A

92 days after seeding.

Sand Site - 1983

\ ~ ) Q.;
Plant Height, cm
[
Source D.F. M.S. F Value Pr F R Sq.
. Model 7 1360.07  194.30 2.18. -0.128 0.604
Error 10 - 892.77, 89.28
Corr. Tot. 97 2252.84 C.V. = 3.644
Std. Dev. = 9.449
’ | Mean = 259.31
§
{
[" Source D.F. Anova S.S. F Value Pr F
‘ LY
Block 2 5.74 0.03 0.969
Fertilizer 1 1246.67 '6\‘ 13.96 0.004
Tillage 2 7.75 0.04 0.958
Fert * Till . 2 99.91 - 0.56 0.589
Leaf Area Index
3
Source D.F. M.S. F Value Pr*F R Sq.
g Model 7 0.086 1.99 G.157 0.582
Error 10 0.043 7
Corr. Tot. 17 C.v. = 6.381
Std. Dev. = 0.208
" Mean = 3.262
Source . D.F. ”Ar{ova S.S. F Value Pr F
Block 2 0.041 0.48 0.634
Fertilizer 1 0.202 4.65 0.056
Tillage 2. 0.203 2.31 0.150
Fert * Till 2 0.15 \ 1.83 0.210
N

-
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Table A4.3.25 Analysis of variance of dry matter yield and percent m

- . * 29 days after seeding.

v v

Dry Matter Yield, ﬁg/ha

v

Clay ‘Site - 1963

~

/
oisture,

Source D.F. S.S5.  * M.S. F Value Pr F R Sq.
Model 7 0.032 0.005 3.24 , 0.046 0.694 #
Error 10 0.014 0.001 .
COI‘I’. TOt, 17 00047 C.V. - 27.}1
Std. Dev. = 0.038
Mean = 0.1}8
Source D.F. Anova S5.S. F Value Pr F
Block 2 0.004 1.50 0.270
Fertilizer 1 0.002 1.59 0.236
Tillage 2 0.013 4.45 G.042
Fert * Till 2 0.013 4.59 0.039
Percent Moisture
Source D.F. S.S. M.S. F value Pr F R Sq.
Model 7 76.410 - 10.916 1.4} 0.301 6.497
Error 10 - 77.458 7.746 .
Corr. Tot. 17 153.868 C.V. = 3,578
- ( Std. Dev. = 2.783
Mean = 77,777
4 *
Source D.F. "Anova S.S. F Value Pr F
Block 2 19.201 , 1.24 0.331
Fertilizer 1 27.257 3.52 0.901
Tillage 2 21.168 1.37 0.299
Fert * Till 2 B8.783 0.57 0.585
\ ) :
! 3
H
- . E
e
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1
1

TablerA&.szﬁ Analysiss of vériance of plant height and leaf area index, -

29 days after seeding.

Plant Height, cm

Clay Site - 1983

Source D.F. 5.S. M.S. F Value Pr F R Sq.
w? -
Model 7 108.529 15.504 4.90 0.GCl12 C.774
Error 10 . 31.615 3.161
Corr. Tot. 17 140.145 . C.V. = 7.736
Std. Dev. = 1.778
Mean = 22.983
L 4
Source D.F. Anova S5.S. F VYalue Pr F
Block 2 16.071 2.54 0.128
Fertilizer 1 2.961 0.94 0.356
Tillage 2 2.923 0.46 0.643
Fert * Till 2 86.574 13.69 {.001
Leaf Area Index .
Source D.F. 5.S. M.S. F Value Pr F R Sq.
3
Model 7 0.053 D.008 3.35 o.uag : U.701
Error 10 0.023 G.002
Corr. Tot. 17 0.075 c.vV. = 8.127
Std. Dev. = 0.047
\ Mean = 0.584
Source D.F. Anova S.S. F Value Pr- F
Block . 2 0.608 1.81 0.213 .
Fertilizer 1 0.001 0.22 0.646 i
Tillage 2 0.007 1.64 0.242
Fert * Till 2 0.037 8.14 0.0u8
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Table A4.3.27 Analysis of variance of dry matter yield and percent moisture,
42 days after seeding. Clay Site - 1983

Dry Matter Yield, Mg/ha

Source . D.F. 5.5. M.S. F Value Pr F R 5q.
Model 7 2.954 0.422 ©1.41 0.300 0.497
Error 10 2.992 0.299
Corr. Tot. 17 5.946 C.V. = 46.85
Std. Dev. = 0.547
Mean = l.lé&_
Source D.F. " Anova S.S. F Value Pr F
b
Block ' 2 0.152 0.25 G.781
Fertilizer 1 0.055 0.18 0.677
. Tillage 2 1.632 2.73 0.113
Fert * Till 2 1.114 1.86 0.205
vy
G

Percent Moisture

Source D.F. 5.5. M.S. F Value Pr F R Sq.
Model 7 0 0 99999 o 0
Error 10 0 1]

Corr. Tot. 17 0 ‘ C.Vv.= O
Std. Dev. = 1]
Mean = 85.700
Source D.F. . Anova S.S. F Value Pr F
Block 2 0 . ‘
Fertilizer 1 0 .
Tillage 2 o .
Fert * Till 2 1] .
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Table A4.3.28 Analysis of varidnce of plant height and leaf area index,

Plant Height, cm

42 days after seeding. Clay Site - 1983

Source D.F. S.S. M.5. F Value Pr F R Sq.
3
Model 7 625.11 89.301 1.09 0.435 0.433
Error 10 818.70 81.870
Corr. Tot'. 17 1443.80 C.V. = 17.25
Std. Dev. = 9.048
Mean = 52.461
)
Source D.F. Anova S5.S. F Value Pr F
Block 2 45.803 0.28 0.762
Fertilizer 1 3.827 0.05 0.833
Tillage 2 440.954 2.69 0.116
Fert * Till 2 134.521 0.82 0.467
y
Leaf Agea Index -

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 1.963 0.280 0.84 0.582 0.369
Error 10 3.356 0.336

Corr. Tot. 17 5.319 C.v. = 27.10
. Std. Dev. = 0.579
Mean = 2.138
Source D.F. Anova S.S. F Value Pr F
Block 2 8.127 6.19 0.830
Fertilizer 1 0.058 0.17 0.686
Tillage 2° 6.917 1.37 0.299
Fert * Till 2 0.861 1.28 0.319
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Table A4.3.29 Analysis of variance of dry matter yield and percent moisture,

58 days after seeding. Clay Site - 1983

Dry Matter Yield, Mg/ha

~ « Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 15.658 “2.151 1.43 b.293 G.50¢
Error 10 15.043 ?.504
Corr. Tot. 17 30.101 - C.V. = 30.86
Std. Dev. = 1.227
Mean = 3.975
Source D.F. Anova S.S. F Value Pr F
Block 2 3.674 1.22 0.335
Fertilizer 1 4.005 - 2.66 0.134
Tillage 2 6.824 2.27 0.15
Fert * Till 2 0.554 0.18 0.835
_ e |
Percen;:Loisture p '
\ I’ S -
N :

Source D.F. S.S. M.S. F Valye Pr F R Sq.
Model 7 6.629 0.947 0.61 0.739 0.298
Ertor 10 15.580 1.558

Corr. Tot. 17 22.209 C.V. = 1.4656
Std. Dev. = 1.248
Mean = 85.171
Source D.F. Anova S.S. F Value Pr F
Block 2 1.104 0.35 0.710
fFertilizer 1 3.901 d 2.50 0.145
Tillage 2 1.229 0.39 0.684
Fert * Till 2 0.395 0.13 0.882
v
¢ -
) £
' . -

\

mﬁh« e
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Table A4.3.3C Analysis of variance of plant height and leaf area index,
58 days after seeding. Clay Site - 1983

Plant Height, cm

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 3644.54 520.65 1.42 0.298 0.498
Error 10 ] 3678;70 367.87 ~
Corr. Tot. 17 7323.24 C.v. = 15.76
Std. Dev. = 19.18
Mean = 121.71
Squrce D.F. Anova S.S. F Value Pr F
Block 2 732.77 1.00 0.403
Fertilizer 1 280.06 0.76 0.403
Tillage ‘ 2 1910.86 2.60 0.124
Fert * Till 2 720.86 ' .98 e 0.409

Leaf Area Index

Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 4.574 0.653 1.36 0.318 G.488
Error 10 4.807 0.481
.Corr. Tot. 17 9.380" C.v. = 16.81
Std. Dev. = 0.693
Mean = 4.124
-Q
Source - D.F. Anova S.S. F Value ‘Pr F
Block 2 1.826 1.90 Q, 200
Fertilizer 1 G.949 1.97 0% 190
- Tillage 2 1.160 1.14 0.357
Fert * Till 2 6.699 0.73 0.507
‘kh
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Table A4.3.31 Analysis of variance of dry matter yield and percgt moisture,
72 days after seeding. Clay Site - 1983

¢

Dry Matter Yield, Mg/ha ~
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 23.468 3.353 2.33 0.109 0.620
Error 10 14.361 1.436
Corr. Tot. 17 " 37.829 C.v, = 15.99
Std. Dev. = 1.198
Mean = 7.496
Sourcs D.F. . Anova S.S. F Value Pr F
B1ock 2 3.399 1.18 0.346
Fertilizer 1 0.000 0.00 4.994
Tillage 2 17.265 6.01 0.019
Fert * Till 2 2.804 0.98 0.410

Percent Maisture

~
Source D.F. S.S. M.S. F Value > Pr F R Sq.
Model 7 5.140 0.734 1.48 0.277 0.509
Error 10 4.957 0.496
Corr. Tot. 17 10.097 C.V. = 0.846
’ Std. Dev. = 0.704
Mean = 83.196
Source D.F. Anova S.S. F Value Pr F
Block 2 0.305 0.31 0.742
Fertilizer 1 0.130 0.26 0.620
Tillage . 2 1.642 1.66 0.239
Fert %* Till 2 3.063 3.09 0.690
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Table A4.3.32 Analysis of variance of plant height and leaf area index,

72 days after seeding.

Plant Height, cm

Clay Sate - 1963

Source D.F. S.S. M.S F Value Pr F R Sq.
Model 7 3810.12 544.30 1.17 0.398 0.450
Error 10 4663.69 466.37 . -
Corr. Tot. 17 8473.80 C.V. = 9.549
Std. Dev. = 21.60
Mean = 226.16
Source D.F. Anova S.S. F Value Pr F
Block 2 1116.84 1,20 ‘ 0.342
Fertilizer 1 8.68 0.02 0.894
Tillage 2 2313.15 2.48 0.134
Fert * Till 2 371.44 0.40 0.682
Leaf Area Index
Source D.F. S.8. ' M.S F Value Pr F R Sq.
Model 7 1.734 0.248 1.81 0.19%0 G.559
* Error 16 1.366 0.137
Corr. Tot. 17 3.101 C.V. = 8.228
Std. Dev. = 0.370
Mean = 4.492
Source D.F. Angva S.S. F Value Pr F
Block 2 0.462 1.69 0.233
Fertilizer 1 0.432 3.16 0.106
Tillage 2 0.316 1.16 0.353
Fert * Till 2 0.524 1.92 0.198
\

B I -



1192

Table A4.3.33 Analysis of variance of dry matter yield and percent moisture,

92 days after seeding.

Dry Matter Yield, Mg/ha

Clay Site - 1983

N

- Source D.F. S.S. M.S. F value Pr F R Sqg.
Model 7 29.369 4.196 1.03 G.467 0.419
Error 10 4G.701 4.070

Corr. Tot. 17 70.070 C.V. = 18.05

Std. Dev. = 2.0G17

Mean = 11.179
Source D.F. LAnova S5.5. F Value Pr F
Block 2 7.656 0.94 0.422
Fertilizer 1 0.389 0.16 0.764
Tillage 2 18.750 2.30 0.150
Fer% Till 2 2.573 0.32 0.736

, Percent Moisture
¢ .

Source D.F. S.S. M.S. F Value Pr F R 5q.
Model 7 6.305 0.901 0.89 G. 548 0.384
Error 10 10.132 1.013

Corr. Tot. 17 16.437 C.V. = 1.316
Std. Dev. = 1.007
Mean = 76.504
Source D.F. Anova S.S. F Value Pr F
Block 2 G.881 0.43 0.659
Fertilizer 1 3.251 3.21 G.104
Tillage 2 0.697 0.34 G.717
Fert * Till 2 1.476 0.73 0.507

—— )
— rnn i s—————— L PR
.

om——— s
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92 days after seeding. Clay Site - 1963

Plant Height, cm

Table A4.3.34 Analysis of variance of plant height and leaf area index,

Source D.F. S.S. M.S. F Value Pt F R Sq.
Model 7 4920.46 702.92 1.39 0.36? 0.493
Error 10 5069.52 506.95
Corr. Tot. 17 9989.98 C.v. = 10.02
Std. Dev. = 22.52
Mean = 224.73
Source D.F. Anova S.S. F Value Pr F
Block 2 2071.58 2.04 0.180
Fertilizer 1 126.94 0.25 0.628
Tillage 2 2232.28 2.20 0.161
Fert * Fill 2 489.66 0.48 5.631
Leaf Area Index
Sodrce D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 1.442 0.206 0.81 G.601 0.361
Error 10 2.554 0.255
Corr. Tot. 17 3.996 C.V. = 12.98
Std. Dev. = 0.505
Me'an = 3.894
Source D.F. Anova S.S. F Value Pr F
Block 2 0.471 0.92 06.429
Fertil{ger 1 0.456 1.79 0.211
Tillage 2 0.406 0.80 0.478
Fert * Till 2 0.169 G.21 G.811
)
\

e

e ]

|
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Table A4.3.35 Analysis of variance of number of leaves, 29 and 42 days
Sand Site - 1983

after seeding.

29 Days After Seeding

194

Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 1.471 0.210 ., 0.94 0.520 G.396
Error 10 2.246 0.225 t
Corr. Tot. 17 3.716 C.V. = 6.840
Std. Dev. = 0.474
Mean = 6.928
Source D.F. Anava S.S. F Value Pr F
Block 2 0.448 1.00 0.403
Fertilizer 1 0.027 0.12 0.735
. Tillage 2 0.591 1.32 0.311
Fert * Till 2 0.404 0.90 0.437
¢
/ﬂ\’//ﬂZ‘DE?E\ﬂ(ter Seeding
Souggp/] D.F. S.S. M.S. F Value Pr F R S5q.
Model 7 10.452 1.493 4.74 0.014 0.768
tError 10 3.152 0.315 .
Corr. Tot.. 17 13.604 C.V. = 5.038
/ Std. Dev. = 0,561
’ Mean = 11.144
Source D.F. Anova S.S. F Value Pr F
Block 2 7.414 11.76 0.002
Fertilizer 1 0.080 0.25 0.625
Tillage 2 1.534 2.43 0.138
Fert * Till 2 1.423 2.26 0.155
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Table A4.3.36 Analysis of variance of number of leaves, 58 and 72 days
Sand Site - 1983 Y

after seeding.

58 Days After Seeding

195

1

Source D.F. S.S. M.S. F Value Pr F "R Sq.
Model 7 1.757 0.251 0.88 G.551° 06.382
Error 10 2.839 0.284
Corr. Tot. 17 4.596 C.V. = 4.543
Std. Dev. = §.533
Mean = 11.73
Source D.F. Anova S.S. F Value Pr F
~ Block 2 0.001 0.00 G.998
Fertilizer 1 0. 605 2.13 G.175
Tillage 2 0.848 1.49 0.271
Fert * Till 2 0.303 0.53 0.602
72 Days After Seeding
Source D.F. ¢ S.S. M.S. F Value Pr F R Sq.
Model 7 9.764  1.395 3.63 0.632 0.718
Error 10 3.839 0.384
Corr. Tot. 17 13.603 ~C.V. = 5.190
Std. Dev. = 0.620
Mean = 11.939
P 1
Source D.F *  Anova S.S. F Value Pr F
Block 2 1.688 2.20 0.162
Fertilizer 1 7.347 19.14 0.001
Tillage 2 0.404 0.53 0.606
Fert * Till. 2 0.324 0.667

0.42
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Table A4.3.37 Analysis of variance of number of leaves, 92 days after
seeding. Sand Site - 1983

92 Days After Seeding

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 4.844 0.692 4.54 0.016 0.760
Error 10 1.526 G.153
Corr. Tot. . 17 6.369 C.V. = 4.066
Std. Dev. = 0.391
Mean = 9.606
*source D.F. Anova S.S. F Value Pr F
Block 2 0.588 1.93 0.196
Fertilizer 1 1.027 6.73 0.027
Tillage 2 2.388 7.83 0.009
2 0.841 2.76 0.111

Fert * Till
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Table A4.3.38 Analysis of variance of number of leaves, 29 and 42 days
( dgzs after seeding. Clay Site - 1983
29 Days After Seeding
&
Source . D.F. S5.S. M.S. F vValue Pr F R Sq.
Model 7 1.500 0.214 1.05 G.456 0.424
Error 10 2.038 G.204
Corr. Tot. 17 3.538 C.V. = 6.628
. Std. Dev. = G.451
6 Mean = 6.811
Source D.F. Anova S.S. F Value Pr F
Block 2 0.302 G.74 0.501
Fert%lizer 1 0.500 2.45 0.148
Tillage .2 0.114 0.28 0.761
Fert * Till 2 0.583 1.43 0.284
42 Days After Seeding
Source D.F. $.S. . M.S. F Value Pr F R Sq.
Model 7 3.163 0.452 0.94 G.515 0.398
Error 10 4.786 0.479
Corr. Tot. 17 7.949 C.V. = 6.236
Std. Dev. = 0.632
Mean = 11.09
Source D.F. Anova 5.S. F Value Pr F
Block 2, 0.141 0.15 0.865
Fertilizer 1 0.161 .34 0.575
Tillage 2 1.791 1,87 0.204
Fert * Till 2

1.071 1.12 0.364
1
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Table A4.3.39 Analysis of variance of number of leaves, 58 and 72 days
after seeding. Clay Site - 1983

58 Days After Seeding

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 2.533 G.362 0.72 0.657 G.336
Error 10 4.997 0.500
Corr. Tot. 17 7.529 C.V. = 6.144
! . Std. Dev. = 0.707
Mean = 11.51
Source D.F. Anova S.S. F Value Pr F
Block 2 1.643 1.64 0.241
Fertilizer 1 0.347 0.69 0.424
Tillage 2 0.101 0.10 0.905
{ Fert * Till 2 0.441 0.44 0.655

72 Days After Seeding

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model "7 1.804 0.258 - 0.73 0.650 0.339
Error 10 3.512 0.351

Corr. Tot. 172 5.316 C.V. = 4.604
T Std. Dev. = (G.593
Mean = 12.87
Source D.F. Anova 'S.S. F Value Pr F
Block 2 0.048 0.07 0.935
Fertilizer 1 1.561 4.44 0.061
Tillage 2 0.008 0.01 0.989
Fert * Till 2 0.188 0.27 0.771

!

R . T o
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Table A4.3.4G. Analysis of variance of number of leaves, 92 days

after seeding.

92 Days After Seeding

Clay Site - 1983

Source D.F. S.S. M.S. F Vvalue Pr F R Sq.
Model 7 3.137 0.448 ‘0.91 $.538 0.388
Error 10 4.943 0.494
Corr. Tot. 17 8.080 C.V. = 6.167
Std. Dev. = (.703
Mean = 11.40
Source D.F. Anova S.S. F Value Pr F
Block 2 1.330 1.35 0.304
Fertilizer 1 0.269 0.54 0.474
Tillage 2 0.520 0.53 0.607
Fert * Till 7 2 1.618 1.03 0.392
%
§
)
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Table A4.3.41 Analysis of variance of dry matter yield and percent moisture
at harvest. Sand Site - 1982

Dry Matter Yield, Mg/ha

a

Source D.F. 5.5. M.S. F Value Pr F R Sq.
Model 7, 31.127 4.447 2.41 0.101 0.628
Error 10 18.463 1.846
Corr. Tot. 17 49.590 C.V. = 9.067
Std. Dev. = 1.359
Mean = 14.986
' Source D.F Anova S.S. F Value Pr F
K4
Block 2 6.685 1.81 G6.213
Fertilizer 1 8.639 4.68 0.056
Tillage 2 14.269 3.86 0.G57
Fert * Till 2 1.534 0.42 0.671
Percent Moisture
£
Source D.F. S5.S. M.S. F Value Pr F R Sq.
Model 7 77.390 11.056 2.98 0.058 G.676
Error 10 37.158 3.716 .
Corr. Tot. 17 114.549 C.V. = 3.595
Std. Dev. = 1.928
Mean = 53.625
Source D.F. Anova S5.5. F Value Pr F
Block 2 14.366 1.93 0.195
p Fertilizer 1 1.181 0.32 G.585
Tillage 2 40.071 5.39 0.026
Fert * Till 2 21.773 2.93 G.100

T

4N
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Table A4.3.42 Analysis of variance of yield per plant (gm), at harvest.
Sand Site - 1982 ’

Yield per Plant, gm

Source D.F. 5.8, M.S. F Value Pr F . R Sq.

Model 7 . 26877.4 3839.6 7.66 0.003 0.842
Error 10 5050.2 505.0
Corr. Tot. 17 31927.6 C.V. = 9.322
Std. Dev. = 22.47
Mean = 241.08
Source D.F. Anova S.S. F Value Pr F
Block 2 8537.5 : 8.45 0.007
Fertilizer 1 12886.7 25.52 0.001
Tillage 2 3297.3 3.26 0.081
Fert * Till 2 2155.9 2.1%-4 9.169

N
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Table A4.3.43 Analysis of variance of dry matter yield amd percent moisture

« at harvest.

Dry Matter Yield, Mg/ha

Sand Site - 1983

N

-

.

F Value Pe F

Source D.F. 5.5. M.S. R Sq.
Model 7 11.297 1.614 $3.14 0.050 G.687
Error 1G 5.144 0.514
Corr. Tot. 17 16.441 C.V. = 6.901
Std. Dev. = (G.717
Mean = 10.394
Source ’ D.F. Anova S.S. F Value Prv F
Block 2 _2.782 2.70 0.115
Fertilizer 1 1.090 2.12 0.176
Tillage 2 5.974 5.81 0.021
Fert * Till 2 1.451 1.41 0.289
Percent Moisture
Source D.F. S.S. M. 5. F Value Pr F ‘ R Sq.
Model 7 188.278 ' 26.897 5.13 0.011 0.782 .
Error 10 52.456 5.246 . )
Corr. Tot. 17 240.735 C.V. =5.310
Std. Dev. = 2.290
Mean = 43.131 -
Source D.F. Anova S5.8S. F Value Pr F
Block 2 29.414 > 2.80 0.108
Fertilizer 1 * 81.579 15.55 0.003
Tillage 2 33.165 3.16 0.086
Fert * Till 2 44.120 .4.21 0.G47
L o
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Table A4.3.44 Analysis of variance of yield per plant (gm)., at harvest.
( Sand Site - 1983
. Yield per Plant, gm .
Source D.F. S.S. M.S. F Value Pr F R Sq.
Medel 7 1715.64 245.09 3.60 0.033 0.716
" Error 10 680.56 68.06
Corr. Tot. 17 2396.20 C.V. = 5.574
Std. Dev. = 8.250
- Mean = 148.01
Source D.F. Anova S.S. F Value Pr F
Block 2 288671 - 2.12 0.171
4 p Fertilizer 1 893.156 13.12 0.005
5 Tillage 2 153. 441 1.13 0.362
Fert * Till 2 380.373 2.79 0..109

I ’ girrnic PR PR T i
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Table A4.3.45 Analysis of variance of dry matter yield and percent moisture

at harvest . ‘'Clay Site - 1983

Dry Matter Yield., Mg/ha

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 - 17.274 2.468 8.45 0.002 0.855
Error 1G 2.919 0.292
Corr. Tot. 17 20.193 C.V. = 4.613
. Std. Dev. = 0.540
Mean = 11.713
i
Source D.F. Anova S.S. F Value Pr F
Qlock ' 2 12.583 21.55 0.000
Fertilizer 1 0.121 0.42 0.534
Tillage 2 2.965 5.08 G.030
Fert * Till 2 1.604 2.75 0.112
A
Percent Moisture - -

Source D.F. S.S. M5, F-Value - Pr F R Sq.
Model 7 145.835  20.834 1.42 0.295 0.499
Error 10 146.310 14.631 : ;

Corr. Tot. 17 292.146 : C.v. = 8.786
~ Std. Dev. = 3.825
Mean = 43.537
Source D.F. Anova S.S. F Value Pr F
B8lock 2 34:849 1.19 G.344
Fertilizer 1 49.4062 3.38 0.096
Tillage 2 40.177 1.37 0.297
Fert * Till 2 21.408 6.73 0.505

12
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Table- A4.3.46 Analysis of variance of yield per plant (gm), at harvest.
Clay Site - 1983

Yield per Plant, gm

F Value

Source D.F. S.S. M.S. Pr F R Sq.
Model 7 2824.59 403.51 4.02 0.024 0.738
Error 10 1004.37 100.44
Corr. Tot. " 17 * 3828.97 C.V. = 5.912
Std. Dev. = 10.02
Mean = 169.50
Source D.F. Anova S5.5. F Value Pr F
S
' AN
Block 2 2051.23 10.21 0.004
Fertilizer \ 1 84.10 0.84 0.382
Tillage 2 187.40 0.93 0.425
Fert * Till 2 501.87 2.50 0.132
A Y4

F’(
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Table A4.3.47 Analysis of variance of plant tissue analysis for percent
protein and percent calcium.

Percent Protein

Sand Site - 1983

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 16.179 2.311 10.51 G.001 0.880
Error 10 2.199 0.220
Corr. Tot. 17 18.378 - C.V. = 6.71C
Std. Dev. = 0.469
Mean = 6.989
Source D.F. Anova 5.5. F Value Pr F
Block 2 0.008 0.02 0.983
Fertilizer 1 13.869 63.07 0.00G
Tillage 2 0.614 1.40 0.292
Fert * Till 2 1.688 3.64 0.058
Percent Calcium
Source D.F. S.S. M.S. F Value Pr F R Sq.
{
Model 7 0.0623 0.003 2.15 0.132 0.601
Error 10 0.0616 0.002
Corr. Tot. 17 0.039 C.V. = 17.15
Std. Dev. = 0.039
Mean = 0.230
Source D.F. Anova S.S. F Value Pr F
Block 2 0.001 0.42 0.670
Fertilizer 1 0.020 12.85 0.0605
Tillage 2 0.002 0.56 0.590
Fert * Till 2 0.000 0.13 0.881

A WA 2 2 s s SA ri, A, ey pees rpi ———— - s e e e ae e de
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Table A4.3.46 Analysis of variance of plant tissue analysis for percent

phosphorous and percent magnesium.

Percent Phosphorous

Sand Site - 1983

v

R Sq.

Source D.F. S.S. M.5. F Value Pr F
Model 7 0.003 0.000 1.13 0.418 0.44]1
Error 10 0.004 0.000
Corr. Tot. 17 0.007 C.V. = 7.801
Std. Dev. = 0.020
Mean = (.262
Source D.F. Anova 5.5. F Value Pr F
Block 2 0.001 g.76 0.493
Fertilizer 1 0.002 3.85 0.078
Tillage 2 0.000 0.28 0.762
Fert * Till 2 0.001 0.97 0.411
Percent Magnesium \
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.028 0.004 1.15 0.484 0.447
Error 10 0.034 0.603
Corr. Tot. 17 0.062 -C.V. = 37.20
Std. Dev. = 0.059
Mean = 0.158
Source P.F. Anova S5.S. F Value Pr F
. Block 2 G.003 0.42 0.670
. Fertilizer 1 0.003 .93 0.354
* Tillage 2 0.066 0.89 0.440
Fert * Till 2 0.016 2.27 0.154
S
\
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Table A4.3.49 Analysis of variance of plant tissue analysis for percent

potassium and iron, ppm.

Percent Potassium

'

Sand Site - 1983

Source D.F. S.S. ®M.S. F Value Pr F R Sq.
Model 7 1.964 G6.281 0.74 - G.645 0.341
Error 10 3.788 0.379
Corr. Tot. 17 5.752 C.V. = 47.61
Std. Dev. = 0.615
Mean = 1.293
Source D.F. Anova S.S. F Valuye* Pr F
Block 2 0.640 0.84 0.458
Fertilizer 1 0.006 0.02 0.902
Tillage 2 0.446 0.59 0.573
Fert * Till 2 0.872 1.15 0.355
Iron, ppm
Source D.F. S.S. M.S. F Value Pr F R Sg.
Model 7 1035.67 147.95 0.96 0.504 0.403
Error 10 1536.33 153.63
Corr. Tot. 17 2572.00 ! C.V. = 21.49
Std. Dev. = 12.39
Mean = 57.667
) v
‘Source D.F. Anova S.S. F Value Pr F
- . Block 2 32.333 G.11 0.901
Fertilizer 1 72.000 0.47 0.509
Tillage 2 874.333 2.85 G.1G5
Fert *'Till 2 57.000 0.19 0.834
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Table A4.3.56 Analysis of variance of plant tissue analysis for manganese,

ppm, and copper. ppm.

Manganese, ppm

Sand Site - 1983

{
Source D.F. 5.5. M.S. F Value Pr F R Sq.
Model 7 599,667 =85.667 5.94 0.Go6 0.806
Error 10 144.333 14.433
Corr. Tot. 17 744.000 C.V. = 19.32
Std. Dev, = 3.799
Mean = 19.667
Source D.F. Anova S.S. F Value Pr F
Block 2 211.000 7.31 0.011
Fertilizer 1 373.556 25.88 0.0G1
Tillage 2 14.333 0.50 0.623
Fert * Till 2 0.778 0.063 0.974
Copper, ppm
Source 'D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 25.389 3.627 1.29 0.347 0.474
Error 10 28.222 2.822
Corr. Tot. 17 53.611 C.V. = 19.26
Std. Dev. = 1.680
Mean = 8.722
Source D.F. Anova S5.S. F Value Pr F
Block 2 12,444 2.20 0.161
Fertilizer 1 2.722 0.96 0.349
Tillage 2 8.111 1.44 0.283
2 2.111 0.37 0.697

Fert * Till
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Table A4.3.51 Analysis of variance of plant tissue analysis for

zinc, ppm. Sand Site - 1983
Zinc, ppm
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 48.667 6.952 .38 6.897 0.208
Error 16 185.333 18.533
Corr. Tot. 17 234.000 C.v. = 15.38
Std. Dev. = 4.305
Mean = 28.0060
r
Source D.F. Anova S5.5. F Value Pr F
Block 2 41.333 1.12 0.366
Fertilizer 1 0.889 0.05 0.831
Tillage 2 3.000 0.c8 0.923 .
Fert * Till 2 3.444 0.09 0.912
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Table A4.3.52 Analysis of variance of plant tissue analysis for percent
protein and percent calcium. Clay Site - 1983

Percent Protein

Source D.F. S.S. M.S. F Value Pr F R 5q.
Model 7 5.142 0.735 4.47 6.017 0.758
Error 10 1.643 0.164
Corr. Tot. 17 6.785 C.V. = 5.617
Stq. Dev. = 0.4G5
% Mean = 7.217
Source D.F. Anova S.S. " F value Pr F
Block 2 ¢+ 0.143 0.44 0.658
Fertilizer 1 4.805 w - 29.24 0.00G
Tillage 2 0.063 0.19 0.828
Fert * Till 2 0.130 0.40 0.683
Percent Calcium
Source D.F. 5.S. M.S. F value Pr F R Sq.
Model 7 0.011 0.002 1.02 0.474 G.416
Error 10 0.016 0.0602 .
Corr. Jot. 17 0.6827 C.V. = 15.63
Std—- Dev- = 0-040
Mean = 0.256
Source D.F. Anova S.S. f Value Pr F
B1ock 2 0.008 2.34 G. 146
Fertilizer 1 G.001 G.42 0.532
Tillage 2 0.003 0.96 0.415
Fert * Till 2 0.000 0.065 0.956

T ann ey T e e
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Table A4.3,53 Analysis of variance of plant tissue analysis for percent

phosphorous and percent magnesium.

Percent Phosphorous

Clay Site - 1963

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.010 0.001 1.13 0.417 0.441
Error 10 0.013 0.001
Corr. Tot. 17 0.023 C.v. = 14.74
Std. Dev. = G.036
Mean = 0.244
Source D.F Anova S.S. F Value Pr F
Block 2 0.006 2.34 G.147
Fertilizer 1 0.000 0.07 0.799
Tillage 2 0.001 0.22 G.804
Fert * Till 2 0.004 1.35 0.302
{
Percent Magnesium
Source D.F. S.S. M.S. F value Pr F R Sq.
Model 7 0.G11 0.002 b.76 0.636 0.348
trror 10 0.021 0.002
Corr. Tot. 17 0.032 C.v. = 16.61
Std. Dev. = 0.045
Mean = 0.273
Source D.F. Anova 5.S. F Value Pr F
Block 2 0.000 0.03 0.968
Fertilizer 1 0.000 0.17 0.687
Tillage 2 0.008 1.85 0.207
Fert * Till 2 6.063 0.70 0.520
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Table A4.3.54 Anaalysis of variance of plant tissue analysis for percent
potassium and iron, ppm. Clay Site - 1983

Percent Potassium

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.125 0.018 .98 0.496 0.406
‘  Exror 10 0.182 olcls
Corr. Tot. 17 0.3G7v C.v. = 13.75
Std. Dev. = (U.135
Mean = 0.982
Source D.F. Anova 5.8, F Value Pr F
Block 2 0.024 0.66 0.536
Fertilizer 1 0.026 1.41 0.263
Tillage 2 0.007 6.20 0.625
Fert * Till 2 0.0e8 1.86 0.206
Iron, ppm
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 2468.56 352.65 2.29 0.114 0.616
b Error 10 1541.22 154.12
Corr. Tot. 17 4009.78 C.v. = 20.31
Std. Dev. = 12.41
Mean = 61.111
Source D.F. Anova S.S. F Value Pr F
I |
Block 2 1571.44 5.10 06.030
Fertilizer 1 242.00 1.57 0.239
Tillage 2 430.78 .40 G.292
Fert * Till 2 224.33 0.73 0.507
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Table A4.3.55 Analysis of variance of plant tissue analysis for manganese,

Manganese, ppm

ppm, and copper, ppm.

Clay Site - 1983

Source D.F. S.S._/ M.S. F VvValue Pr F R Sq-
- ’
Model 7 165.889 23.698 0.62 G.733 0.301
Error 10 385.222 38.522
Corr. Tot. 17 551.111 C.V. = 36.99
Std. Dev. = 6.2G7
Mean = 16.778
Scurce D.F. Arnova S.S. F Value Pr F
Block 2 5.444 0.07 0.932
Fertilizer 1 98.000 2.54 0.142
Tillage 2 48.111 0.62 8.555
Fert * Till 2 14.333 G6.19 0.833
T
Ehfper. ppm
7 t
- Source D.F. S.S. M.S. F Value Pr F R 5q.
Model 7 41.889 5.984 0.82 G.589 G.366
Error 16 72.556 7.256 -
Corr. Tot. 17 114.444 C.v. = 28.19
Std. Dev. = 2.694
Mean = 9.55%6
Source D.F. Anova S.S. F Value Pr F
B8lock 2 8.778 0.60 0.565
Fertilizer 1 8.000 1.10 0.318
Tillage 2 18.111 1.25 0.328
2 7.000 0.48 0.631

/\) Fert * Till
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Table A4.3.56 Analysis of variance of plant tissue analysis for

zinc, ppm. Clay Site - 1983
Zinc, ppm -
Source D.F. 5.5. M.S. F value Pr F R Sq.
Model 7 204 . 500 29.214 2.56 0.0G86 0.642
Error 10 114.000 11.400
Corr. Tot. 17 318.500 c.v. = 13.97
Std. Dev. = 3.376
Mean = 24.167 @
Source D.F. Anova S.S. " F Value Pr F
Bl ock 2 65.333 2.87 0.1064
Fertilizer 1 9.389 0.82 0.386"
Tillage 2 102.333 4.49 0.041
Fert * Till 2 27.444 1.20 0.340
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Table B5.3.1
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Sand Site - 1981

Potassium, 0-20 cnm.

Analysis of variance of soil nutrients.

Source D.Fe_ 5.S. M.S. F Value Pr F R Sh.
S
Model 7 57664 .4. B8237.8 3.07 0.053 0.683
Error 10 26796.6 2679.7
Corr. Tot. 17 84460.9 C.Y. = 15.73
. Std. Dev. = 51.77
Mean = 329.06
Source D.F. Anova 5.S. F Value Pr F
Block 2 36612.1 6.83 0.014 .
Fertilizer 1 10224.5 3.82 0.079
Tillagé 2 2801.4 0.52 0. 608
Fert * Till 2 8026.3 1.50 0.270
. P
Potassium, 20-40 cm. o /
. 7
Source D.F. S.S. M.S. F Value Pr F R Sqg
Model 7 ~ 9843 1406.2 0.16 G.989 0.098
Error 10 90605 9060.5
Corr. Tot. 17 100447 C.vV. = 38.09
» Std. Dev. = 95.19
' Mean = 247.89
Source D.F. Anova S.S. F Value Pr F
Bl ock 2 4102.78 0.23 < 0.801
Fert ilizer 1 3094.22 0.34 0.572
Tillage 2 .2594.78 0.14 0.868
Fert * Till 2 51.44 0.00 0.997
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Table B5.3.2 Analysis of variance of so1l nutrients.
Sand Site - 1981

Phosphorous, 0-20 cm.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 66570 9510.1 ‘2.75 0.072 0.658
Error 10 34560 3456.0 .
Corr. Tot. 17 101130 C.v. = 10.606
Std. Dev. = 58.79
Mean = 554.56
Source D.F. Anova 5.5. F Value Pr F
; p
Block 2 57744.1 8.35 0.00¥
Fertilizer 1 4293.56 1.24 0.291
Tillage 2 2263.1 0.33 0.728
Fert * Till 2 2269.8 0.33 0.728
Phosphorous, 20-40 cm. =
Source D.F. S.S. M.S. F Value Pr F R Sq.
Mode 1l 7 99886 14269 0.40 0.880 0.220
Error 10 354874 35487
Corr. Tot. 17 454761 C.V. = 54,05
Std. Dev. = 188.4
Mean = 348.50
’ Source D.F. Anova 5.S. F Value Pr F
‘Block 2 38486.3 0.54 0.598
Fert ilizer 1 20.1 0.00 0.982
Tillage 2 9228.0 0.13 0.880
Fert * Till 2 52152.4 0.73 0.504

"w
i
!
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Table B5.3.3 Analysis of variance of soil nutrients.
Clay Site - 1961

Potasaium, 0-20 cm.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model - 7 1986G7 28372 0.95 0.514 0.398
Error 10 299934 29993
Corr. Tot. 17 498541 C.V. = 43.29
Std. Dev. = 173.2
Mean = 400.06
Source D.F. Anova S.S. F Value Pr F
Block 2 32778 0.55 0.595
Fertilaizer 1 13945 0.46 0.511
Tillage 2 43655 0.73 0.507
Fert * Till 2 108229 1.80 0.214
Potassium, 20-40 cm,

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 25420.4 3631.5 3.03 0.055 0.680
Error 10 11989.2 1198.9

Corr. Tot. 17 374G9.6 C.V. = 11.95
Std, Dev. = 34.63
Mean = 289.72
Source D.F. Anava S.5. F Value Pr F
Block 2 1344.8 0.56 0.588
Fertilizer 1 2156.1 1.80 0.210
Tillage 88006.1 3.67 0.064
Fert * Till 13119.4 5.47 0.025




220

Table B85.3.4  Analysis of variance of soil nutrients.
Clay Siteg - 1961

Phosphorous, G-20 cm.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 24279 3468.4 0.41 0.875 0.223
Error 10 84583 8458.3
Corr. Tot. 17 108862 C.vV. = 35.60
Std. Dev. = 91.97
Mean = 258.33
Source D.F. Anova S.S. F Yalue Pr F
Block 2 13009.0 0.77 0.489
Fertilizer 1 672.2 0.08 0.784
Tillage 2 1702.3 0.10 0.965
Fert * T11l 2 8895.4 0.53 0.607
' ]
Phosphorous, 20-40 cm.

Source D.F./:) S.S. M.S. F Value Pr F R Sq.
Model 7 19822.3 283;<g(f' 1.23 0.372 0.462
Error 10 - 23113.7 2314\

Corr. Tot. 17 42936.0 C.vV. = 30.75
Std. Dev. = 48.08
Mean = 156.33
Source D.F. Anova S5.S. F Value Pr F
Block 2 5167.0 1.12 0.365
Fertilizer 1 242.0 0.10 0.753
Tillage 2 10777.0 2.33 0.148
Fert * Till 2 3636.3 0.79 0.482

T T ————
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Table B5.3.5

Potassium, 0-20 cm.
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Analysis of variance of soil nutrients.
Sand Site - 1982

Source D.F. 5.9. M.S. F Value Pr F R Sq.
Model 7 1072564 15322 4.11 0.022 0.742
Error 10 37247 3724
Corr. Tot. 17 144504 C.V. = 15,27
Std. Dev. = 61.03
Mean = 399.61
Source D.F. Anova S.S. F Value Pr F
Block 2 13254.1 1.78 0.218
Fertilizer 1 58824.5 15.79 0.003
. Tillage 2 3508.8 0.52 0.607
Fert * TiT1 2 31269.0 4.20 0.048
Potassium, 20-40 cm.

”  Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 82947 11849 1.50 0.270 0.512
Error 10 78933 7893

Corr. Tot. 17 151880 C.V. = 26.05

Std. Dev. = 88.84

Mean = 341.00
Source D.F. Anova S5.S. F Yalue Pr F
» Block 2 56758.3 3.60 0.067
Fertilizer 1 a 20672.7 2.62 0.137
Tillage 2 2449.0 0.16 0.858
Fert * T7ill 2 3067.4 0.19 0.826

et %
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Table B85.3.6 Analysis of variance of soil nutrients.
Sand Site - 1982

Phosphorous, 0-20 cm.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 143684 20526 3.06 0.054 0.682
Error 10 67118 6712
Corr. Tot. 17 210803 C.v. = 15.32
Std. Dev. = 81.93
Mean = 534.83
Source D.F. Anova S5.S. F Value Pr F
Block 2 74629.0 5.56 0.024
Fertilizer 1 1404.5 0.21 0.657
Tillage 2 55096.3 4.10 0.050
fert * Tall 2 12554.3 0.94 0.424

Phosphorous, 20-40 cm.

Source D.f. 5.S. M.S. F Value Pr F R Sq.
Model 7 47571 6795 0.48 0.826 0.253
Error 10 140478 14048

Corr. Tot. 17 188048 C.V. = 29.90

Std. Dev. = 118.5

Mean = 396.39
Source D.F. Anova 5.S5.° F Value Pr F
Block 2 15477.8 0.55 0.593
Fertilizer 1 280.1 0.02 0.891
Tillage 2 24410.8 0.87 0.449
Fert * Till 2 7402.1 0.26 0.774

—— — . e o s —
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Table BS5.3.7
Sand Site - 1982

Organic Matter. 0-20 cm.

223

Analysis of variance of soil nutrients.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.669 0.096 0.20 0.977 0.124
Error 10 4.723 0.472
Corr. Tot. 17 5.392 C.V. = 14.27
Std. Dev. = 0.687
Mean = 4.81l6
, Source D.F. Anova S.S. F Value Pr F
Block 2 0.065 0.07 0.934
Fertilizer 1 0.032 0.07 0.800
Tillage .2 0.091 0.10 0.909
Fert * Till 2 0.480 0.51 0.616
Organic Matter, 20-40 cm.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 6.107 0.872 0.47 0.838 0.246
Ercor 10 18.709 1.871

Corr. Tot. 17 24.816 . C.vV. = 46.60
Std. Dev. = 1.368
Mean = 2.935
Source D.F. Anova 5.5. F Value Pr F
Block 2 0.965 0.26 0.778
Fertilizer 1 0.402 0.21 0.653 .
Tillage 2 2.366 0.63 0.551
Fert * Till 2 2.373 0.63 0.550




Table 85.3.8
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Clay Site - 1982

Potassium, 0-20 cm.

Analysis of variance of soil nutrients.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 49702 7100 0.56 0.773 0.281
Error 10 126864 12686
Corr. Tot. 17 176566 C.V. = 25.75
Std. Dev. = 112.6
Mean = 437.39%
Source D.F. Anova S5.5. F Value Pr F
Block 2 2544.8 0.10 0.906
Fertilizer 1 3556.1 0.28 0.608
Tillage 2 1214.1 0.05 0.953
Fert * Till 2 42387.4 1.67 0.237
Potassium, 20-40 cm.

Source D.F. S.S. M.5. F Valye Pr F R Sq.
Model 7 1252243 178895 g.58 .0.759 0.289
Error 10 3086885 308689 ‘

Corr. Tot. 17 4339149 - C.V. = 72.64
Std. Dev. = 555.6
Mean = 764.83

Saurce D.F. .Anova 5.5. F Value Pr F

Block 2 427161 0.69 0.523

Fertilizer 1 313 0.00 0.975

Tillage 2 17665 0.03 0.972*

fFert * Till 2 807124 1.31 0.313

\
> t
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Table B85.3.9 Analysis of variance of soil nutrients.
Clay Site - 1962

Phosphorous, 0-20 cm.

Source D.F. 5.5. M.S. F Value Pr F R 5q.
Model 7 90360 12909 2.08 0.142 0.593
Error 10 62145 6214
Corr. Tet. 17 152505 C.V. = 16.87
» Std. Dev. = 78.83
Mean = 467.17
Source D.F. Anova S5.S. F value Pr F
Block 2 28548.0 2.30 0.151
Fertilizer 1 6922.7 1.11 0.316
Tillage 2 12952.3 1.04 0.388
Fert * Till 2 41936.8 3.37 0.07¢6
Phosphorous, 20-40 cm.

Source D.F. 5.5. M.S. F value Pr F R 35q.
Model 7 43245.9 6178.0 1.34 0.326 0.484
Error 10 . 46129.9 4613.0

Corr. Tot. 17 89375.8 C.V. = 26.21

: Std. Dev. = 67.92

Mean = 259.11
Source D.F. Anova 5.S. F Value Pr F
Block 2 6863.4 0.74 0.506
Fertilizer 1 43.6 0.01 0.925
,Tillage 2 608.8 0.07 0.937
U rert * Till 2 35730.1 3.87 0.057
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Table B85.3.10 Analysis of variance of soil nutrients.

i Clay Site - 1982

Organic Matter, 0-20 cm.

Source D.F. S.S. M.S. F Value Pr F . R Sq.
Model 7 6.551 0.936 1.10 0.431 0.435
Error 10 8.508 0.851
Corr. Tot. 17 15.059 C.v. = 20.89
Std. Dev. = 0.922
Mean = 4.415
p Source D.F. Anova S.S. F Value Pr F
Block 2 1.537 0.90 0.436
Fertilizer 1 0.510 0.60 0.457
Tillage 2 1.725 1.01 0.397
Fert * Till 2 2.779 1.63 0.243
Organic Matter, 20-40 cm. £
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 77 6.084 0.869 0.93 0.521 0.395
Error 10 9.307 0.931
Corr. Tot. 17 15.391. C.V. = 44.85 P
Std. Dev. = 0.965
Mean = 2.151
Source D.F. Anova S.S. F Value Pr F
Block 2 0.036 0.02 0.981
Fertilizer 1 0.231 0.25 0.629
Tillage 2 4,266 2.29 0.152
Fert * Till 2 1.551 0.83 0.463
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Table B5.3.11 Analysis of variance of soil nutrients.

Sand Site - 1983

Phosphorous. 0-20 cm.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 561059 80151 1.05 0.457 0.423
Error 10 764447 76444
Corr. Tot. 17 1325506 C.V. = 41.34
S5td. Dev. = 276.5
Mean = 668.83
Source D.F. Anova S.65. F Value Pr F
Block 2 509389 3.33 u.078
Fertilizer 1 10902 0.14 0.714
Tillage 2 13076 0.09 0.919
Fert * Till 2 27691 0.18 0.837
Phosphorous. 20-40 cm.

Source D.F. S5.S. M.S. F Value Pr F R Sq.
Model 7 95527 13646 0.92 0.527 0.393
Error 10 147537 14753 .

Corr. Tot. 17 243064 C.V. = 39.59
Std. Dev. = 121.5
Mean = 306.83
Source D.F. Anova S.S. F Value Pr F
Block - 2 33829.3 1.15 0.356
Fertilizer 1 4704.5 0.32 0.585
Tillage 2 34796.3 1.18 0.347
Fert * Till 2 22197.0 0.75 0.496




Table B5.3.12
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Analysis of variance of soil nutrients.
Sand Site - 1983

RN Pot assium.”0-20 cm.
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 79410 11344 2.61 0.083 0.646
Error 10 43523 4352
Corr. Tot. 17 122934 C.V. = 26.96
Std. Dev. = 65.97
Mean = 244.67
Source L D.F. Anova S.S. F Value Pr F
! Block 2 36222.3 4.16 0.048
Fertilizer 1 14000.2 3.22 0.103
Tillage 2 17317.0 1.99 0.187
Fert * Till 2 11870.8 1.36 0.300
Pot assium. 20-40 cm.
Source D.F. S.S. M.S. F Value Pr F R Sq.
]
Model 7 25934.2 3704.9 0.80 0.605 0.359
Error 10 46282.9 4628.3
Corr. Tot. 17 72217.1 C.V. = 33.88
Std. Dev. = 68.03
Mean = 200.78
@
Source D.F. Anova 5.S. F Value Pr F
{
Block 2 19415.1 2.10 0.174
. Fertilizer! 1 0.2 0.00 0.995
T, Tillage 2 660.1 0.07 0.932
! Fert * Till 2 5858.8 0.63 0.551
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Table B5.3.13 Analysis of variance of soil nutrients.
Sand Site - 1983
Organic Matter. 0-20 cm. ”

Source D.F. S.S. M.S. F Value Pr F R 9q.

Model 7 5.468 0.781 3.33 0.042 0.700

Error 10 2.343 0.234

Corr. Tot.. 17 7.811 C.v. = 12,16
Std. Dev. = 0.484
Mean = 3.981
Source D.F. Anova S.S. F Value Pr F
’P’
Block 2 1.762 3.76 0.061 ‘
Fertilizer 1 1.222 5.21 0.046
Tillage 2 0.352 0.75 0.497
Fert * T1ll 2 2.132 4.55 0.039
Organic Matter. 20-40 cm.

Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 6.740 0.963 0.95 0.513 0.399
Error 10 10.153 1.015

Corr. Tot. 17 16.893 C.V. = 41.21
Std. Dev. = 1.008
Mean = 2.445
_Source . D.F. Anova 5.S5. F Value Pr F
Block 2 4.635 2.28 0.153
Fertilizer 1 0.451 0.44 0.520
Tillage 2 1.052 0.52 0.611
Fert * Till 2 0.602 0.30 0.750
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Table B5.3.14 Analysis of variance of soil nutrients.
Clay Site - 1983

Phosphaorous, 0-20 cm.

Source D.F. 5.S. M.S. F value Pr F R Sq.
Model 7 185521 26503 0.65 ; 0.709 ©0.312
Error 10 408587 40858
Corr. Tot. 17 594108 C.V. = 57.06
Std. Dev. = 202.1
Mean = 354.28
Source D.F. Anova S.S. F Value Pr F
-Block 2 36894.1 0.45 0.649
Fertilizer 1 5442.7 0.13 0.723
Tillage 2 85244.1 1.04 0.388
Fert * Till 2 57940.1 - 0.71 0.515

4

Phosphorous. 20-40 cm.

Source D.F. S.S. M.5. | F Value Pr F R Sqg.
Model 7 84106 12015 2.12 A3 36 0.597
Error 10 56690 5669

Corr. Tot. 17 140797 C.v. = 31.09

" Std. Dev. = 75.29

Mean = 242.17

Source D.F. ** Anova S.S. F Value Pr F
Block 2 18156.3 1.60 0.249
Fertilizer 1~ 3784.5 .0.67 0.433
Tillage 2 2362.3 0.21 g.815
Fert * Till 2 59803.0 5.27 0.027




«
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Table B5.3.15 Analysis of variance of soil nutrients.
Clay Site - 1983

Po@ggsium. 0-20 cm.

Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 34915 4987.9 0.70 0.675 0.328
Error 10 71457 7145.7
Corr. Tot. 17 106372 C.v. = 22.75
Std. Dev. = 84.53
Mean = 371.56
Source D.F. Anova S5.S. F Value Pr F
Block 2 2272.1 0.1% 0.856
Fertilizer 1 242.0 0.03 0.858
Tillage 2 15904.8 1.11 0.366
Fert * Till 2 16496.3 1.15 0.354
—~
Potassium. 20-40 cm.

Source D.F. "s.s. M.S. F Value Pr F R Sq.
Model 7 29705.5 4243.6 0.95 0.515 0.398
Error 10 44891.0 4489.1

Corr. Tot. 17 74596.5 C.V. = 19.54
Std. Dev. = 67.00
Mean = 342.83
Source D.F Anova S.S. F Value Pr F
Block . 2 17782.0 1.98 0.189 7
Fertilizer 1 2426.7 0.54 0.479
2 Tillage 2 1573.0 0.18 0.842
Fert * Till 2 7918.8 0.88 0.444
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Table B5.3.16 Analysis of variance of soil nutrients.

Clay Site - 1983

Organic Matter, 0-20 cm.

Source D.F. S.S. M.S. F Value Pr F R Sq.
AN
Model 7 3.197 0.457 0.51 0.808 0.263
Erro 10 8.960 0.896
Corr 17 12.157 C.vV. = 23.08
Std. Dev. = 0.947
Mean = 4.102
Source D.F. Angva S5.S. F Vvalue Pr F
Block 2 f 1.373 0.77 0.490
Fertilizer 1 0.233 0.26 0.621
Tillage 2 0.099 0.06 0.946
Fert * T1ill 2 1.491 0.83 0.463
Organic Matter, 20-40 cm.
Source D.F. S.S. M.S. F Value Pr F . R Sq.
!
Model 7 6.965 0.995 1.37 0.314 0.490
Error 10 7.262 0.726
Corr. Tot. 17 14.227 C.V. =31.88
Std. Dev. = 0.852
Mean = 2.673
Source D.F. Anova S.S. F Value Pr F
Block 2 5.730 3.95 0.055
Fertilizer 1 0.015 0.02 0.889
Tillage 2 1.003 0.69 0.524
Fert * Tali 2 0.217 0.15 0.863
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- Table B5.3.17 Analysis of variance of density at depths of G-5 cm and
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5-10 cm, Clay Site - 1982.

Depth = G-5 cm

-

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.018 0.003 3.18 0.048 0.690
Error 10 0.008 0.001
Corr. Tot. 17 0.026 C.V. = 2.464
Std. Dev. = 0.028
R Mean = 1.151
Source D.F. Anova S5.5. F Value Pr F
Block 2 0.000 0.12 0.889
Fertilizer 1 0.000 0.33 0.578
Tillage 2 0.012 7.69 0.010
Fert * T1ll 2 0.005 3.15 0.087
Depth = 0-10 cm
Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 0.01¢ 0.002 0.82 0.595 0.363
Error 10 0.028 0.003
Corr. Tot. 17 0.043 C.V. = 4,282
Std. Dev. = 0.052
Mean = 1.226
Source D.F. Anova §.S. F Value Pr F
) Black 2 0.004 0.68 0.531
Fertil;zer 1 0.000 0.00 0.986
Tillage 2 0.004 0.72 0.511
Fert * Till 2 0.008 1.46 0.278

PR
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Table B5.3.18 Analysis of variance of density at depths of 106-15 cm

and 15-20 cm. Clay Site - 1382

Depth = 10-15 cm
.

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.028 0.004 1.11 0.423 0.438
Error 10 0.036 0.004
Corr. Tot. 17 0.064 C.vV. = 5.067
Std. Dev. = 0.060
Mean = 1.184
Source D.F. Anova 5.5. F Value Pr F
Block 2 ’ 0.021 2.89 0.163
Fertilizer 1 0.002 0.57 0.466
Tillage 2 0.000 0.00 0.996
Fert * Till 2 0.005 0.72 0.509
. t
Depth = 15-20 cm
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.070 0.010 2.48 0.094 0.634
Error 10 0.040 0.004
Corr. Tot. 17 0.110 C.V. = 4.941
Std. Dev. = 0.063
Mean = 1.284
P Source D.F. Anova 5.S. F Value Pr F
Block 2 0.011 1.38 0.295
Fertilizer 1 0.004 1.08 0.324
Tillage 2 0.044 5.50 0.025
Fert * Till 2 0.010 1.26 0.326
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Table B5.3.19 Analysis of variance of density at a deptn of 20-25 cm
Clay Site - 1982

Depth = 20-25 cm

R Sq.

Source D.F. S.S. M.S. F Value Pr F
Model 7 0.160 0.023 8.23 0.002 0.852
Error 10 0.028 0.003
Corr. Tot. 17 0.188 C.vV. = 4.377
Std. Dev. = 0.053
Mean = 1.204
Source D.F. Anova S.S. F Value Pr F
Block 2 0.034 6.06 0.019
Fertilizer 1 0.000 0.09 G.772
Tillage 2 0.106 19.01 0.004
Fert * Till 2z 0.020 . 3.68 0.064
Y




Table B5.3.20 Analysis of variance

5-10 cm.

© Depth = 0-5 cm
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Sand Site - ¥982

f
f density at depths of G-5 cm and

Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.005 0.001 0.32 0.927 0.184
Error 10 0.021 0.002
Corr. Tot. 17 0.025 C.vV. = 3.887
Std. Dev. = 0.045
Mean = 1.165
Source D.F. Anova S.S. F Value Pr F
Block 2 0.003 0.64 0.549
Fertilizer 1 0.060 0.08 0.787
Tillage 2 0.001 0.26 0.776
Fert * Till 2 0.001 0.19 0.831
Depth = 5-10 cm
Source D.F. 5.5. M.S. F Value Pr F R Sqg.
Model 7 0.010 0.001 0.52 0.798 0.268
Error 10 0.027 0.003
Corr. Tot. 17 D0.037 C.V. = 4.297
Std. Dev. = 0.052
Mean = 1.212
Source D.F. Anova S.5S. F Value Pr F
N
Block 2 0.003 0.62 0.559
Fertilizer 1 0.004 . 1.54 0.242°
Tillage 2 0.001 0.24 D.789
Fert * Till 2 0.001 0.20 0.820
an
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Table B5.3.21 Analysis of variance of density at depths of 10-<15 cm and
{ 15-20 cm, Sand Site - 1982

Depth = 10-15 cm

Source D.F. S.S. M.S. F Value »+ Pr F R Sq.
Model 7 0.026 0.004 0.59 0.753 0.291
Error 10 0.063 0.006
Corr. Tot. 17 0.089 C.V. = 6.782
’ Std. Dev. = 0.080
Mean = 1.173
Source D.F. Anova S.S. F*Value Pr F
Block 2 0.000 0.02 0.985
Fertilizer 1 0.004 0.65 0.440
Tillage 2 0.018 1.44 0.281
Fert * Till 2 0.003 0.27 0.768

Depth = 15-20 cm

Source D.F. S.S. M.S. F Value Pr F R Sq.
i Model 7 0.045 0.006 0.95 0.512 0.399
Error 10 0.068 0.007
Corr. Tot. 17 0.114 C.V. = 6.713
Std. Dev. = 0.083
Mean = 1.230
Source D.F. Anova S.S. F Value ’ Pr F
1
Block 2 0.019 1.39 0.293
Fertilizer 1 0.001 0.08 0.780
, Tillage 2 0.003 0.24 0.794
Fert * Till 2 0.023 1.66 G.239
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Table B5.3.22 Anaiysis of variance of density at a depth of 20-25 cm
Sand Site - 1982

Depth = 20-25 cm

Source - D.F. S.S. M.S. F Value Pr F R Saq.
go
Model 7 0.079 0.011 3.74 0.030 6.724
Error 10 0.030 0.003 .
Corr. Tot. 17 0.109 C.v. = 4,707
Std. Dev. = 0.055
Meap = 1.167
Source D.F. Anova 5.S. F Value Pr F
Block 2 0.039 6.53 -0.015
Fertilizer 1 0.003 0.91 0.363
Tillage 2 0.035 5.88 0.021
Fert * Till 2 0.001 0.23 0.797
4
“%
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Table B5.3.23 Analysis of variance of density at depths of (-5 cm and
5-10 cm, Clay Site - 1983

Depth = 0-5 cm

Source D.F. 5.5, M.S. F Value Pr F R Sq.
Model 7 0.031 0.604 1.63 0.232 0.533
Error 10 0.027 0.003
Corr. Tot% 17 0.057 . C.V. = 4.209
- Std. Dev. = G.052
Mean = 1.229
Source D.F. Anova S5.S. F Value Pr F
Block 2 0.009 1.72 0.229
Fertilizer 1 0.001 0.36 0.564
Tillage 2 0.020 3.71 0.063
Fert * Till 2 0.001 0.11 0.894
Depth = 5-10 cm
Source D.F. S.S. M.S. F Value Pr, F R Sgq.
Model 7 0.024 0.003 1.40 0.305 0.494
Error 10 0.024 0.002 '
Corr. Tot. 17 0.048 C.V. = 3.657
Std. Dev. = 0.049
Mean = 1.342
¢
Source D.F. Anova S.ép///" F Value Pr F
Block 2 0.008 1.75 0.223
Fertilizer 1 0.001 0.31 0.592
Tillage 2 0.010 2.14 0.169
Fert * Till 2 0.004 0.84 0.459

- s Lot A ronson e =i
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Table B5.3.24 Analysis of variance of density at depths of 10-15 cm and
15-20 c¢m, Clay site - 1983

Depth = 10-15 cm

»

Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 0.017 0.002 2.02 0.152 0.586
- - Error 10 0.012 0.001 »
Corr. Tot. 17 0.029 C.V. = 2.559
Std. Dev. = 0.034
Mean = 1.345
Source D.F. Anova S.S. F Value Pr F
Block 2 0.007 3.10 G.0s%0
Fertilizer 1 0.001 0.75 0.408
Tillage 2 0.005 2.02 0.183
Fert * Till 2" 0.004 1.57 0.255
Depth = 15-20 cm
Source D.F. 5.5. M.S. F Value Pr F R Sq.
Model 7 0.033 0.005 4.44 0.017 0.757
. Error 10 0.011 0.001
Corr. Tot. 17 0.044 C.V. = 2.317
s Std. Dev. = 0.033
Mean = 1.411
H
Source D.F. Anova S.S. F Value Pr F
Block 2 / 0.009 4.16 U.049
Fertilizer 1 0.000 0.01 0.912
Tillage B 2 0.024 11.01 0.003
Fert * Tall 2 0.001 0.38 0.693




241

Table B5.3.25 Analysis of variance of density at depths of 20-25 em and
; 25-30 cm, Clay Site - 1983
Depth = 20-25 cm
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.016 0.002 0.65 06.712 0.311
Error 10 0.036 0.004
Corr. Tot. 17 0.052 C.V. = 4.250
Std. Dev. = 0.06U
Mean = 1.408
Source D.F. Anova S5.S. F Value Pr F
Block 2 0.004 0.58 G.576
Fertilizer 1 0.000 0.08 0.777
Tillage 2 0.007 0.92 0.431
Fert * Till"® 2 0.005 0.72 0.512
Depth = 25-30 cm A
Source D.F. S.S. M.S. F Value Pr F R Sq.
Model 7 0.039 0.006 0.82 0.591 0.365
Error io 0.068 0.607
Corr. Tot. 17 0.108 C.V. = 5.471
Std. Dev. = 0.083
Mean = 1.510
Source D.F. Anova S.S. F Value Pr F
Block 2 0.013 0.93 0.426
Fertilizer 1 0.001 0.19 0.672
Tillage 2 0.009 0.68 0.529
Fert * Till 2 0.0l16 1.17 0.349
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Table B5.3.26 Analysis of variance of density at depths of U-5 cm and
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5-10 em, Sand Site - 1983

Depth = 0=5 cm

Source D.F. S.S. M.S. F value Pr F R Sq.
Model 7 0.078 0.011 4.26 0.020 0.749
Error 10 0.026 0.003
Corr. Tot. 17 0.104 C.V. = 4,361
. Std. Dev. = 0.051
Mean = 1.173
Source D.F. Anova S.S. F Value Pr F
Block 2 0.001 0.21 0.811
Fertilizer 1 0.034 12.90 0.005
Tillage 2 0.039 7.48 0.010
Fert * Tall 2 0.904 g.76 (.492
Depth = 5«10 cm
Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 0.025 0.004 8.15 0.002 .851
Ertor 10 0.004 0.000
Corr. Tot. 17 0.029 \ C.V. = 1.637
Std. Dev. = 0.021
Mean = 1.278
Source D.F. Anova S.S. F Yalue Pr F
Block 2 0.000 0.15 0.861
Fertilizer 1 0.005 10.35 0.009
Tillage 2 0.020 22.85 0.600
Fert * Till 2 0.000 0.36 0.705
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Table B5.3.27 Analysis of variance of density st depths of 10-15 cm and
15-20 cm. Sand Site - 1983
Depth = 10-15 cm
Source D.F. 5.S. M.S. F Value Pr F R Sq.
Model 7 0.013 0.002 1.42 0.296 0.439 °
Error 10 0.013 0.001
Corr. Tot. 17 0.025 C.v. = 2.807
Std. Dev. = 0.036
Mean = 1.266
Source D.F. Anova S.S. F Value Pr F
Block 2 0.000 0.14 0.872
Fertilizer 1 0.003 2.49 0.146
Tillage 2 0.006 2.53 0.129
Fert * Till 2 0.003 1.07 0.360
Depth = 15-20 cm
Source D.F. 5.5. M.S. F Value Pr F R Sq.
Model 7 06.020 0.003 6.50 0.005 G.820
Error 10 0.004 0.0G0o
Corr. Tot. 17 0.024 C.v. = 1.535
Std. Dev. = 0.021
Mean = 1.364
Source D.F. Anova S.S. F Value Pr F
Block 2 0.001 0.75 u.495
Fertilizer 1 0.015 33.17 0.000
Tillage 2 0.003 3.78 0.060
2 0.001 1.63 0.244

Fert * Till
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Table B5.3.28 Analysis of variance of density at depths of 20-25 cm and
25-30 cm, Sand Site - 1983

" Depth = 20-25 cm

Source D.F. 5.S. M.S. F Value Pr F R Sg.
Model 7 0.023 0.603° 5.99 0.006 0.808
Errqr 10 0.005 0.001
Corr. Tot. 17 0.028 C.V. = 1.835
Std. Dev. = 0.023
Mean = 1.275
Source D.F Anova 5.S. F Value Pr F
Block 2 0.601 0.81 0.474
Fertilizer 1 0.015 27.46 0.000
Tillage 2 0.006 5.42 0.025
Fert * Till 2 0.001 1.02 0.32?
Depth = 25-30 cm
Source D.F. 5.5. 'M.S. F Value Pr F R Sq.
Model 7 0.019 0.003 0.59 0.753 0.291
Error 10 0.046 0.005
Corr. Tot. 17 0.065 C.V. = 4,837
Std. Dev. = 0.068
Mean = 1.403
Source D.F Anova §5.S. F Value Pr F
Block 2 0.003 0.31 0g.741
Fertilizer 1 0.006 1.35 0.273
Tillage 2 0.601 0.09 0.913
Fert * Till 2 0.009 0.98 0.409




