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ABSTRA~T 

, 
M.Sc. JOHN KELL,Y 

, . 

Agricultural 
Engineering 

TI-E EFFECTS CF TDLAŒ, ZERO T1LLAŒ- AND F'ERTILIZER SOlRCES 
{)II CORN GROWTH AND YIELO. AND SOIL PHVSICAL PROPERTIES 

~ ~, ~ , 

An experiment was initiated in 1982 ta study energy conservation in silage 
'. . " 

corn production in two Quebec sons, a sandy loam and a clay. Conventioniù, 
~ 

reduced and .zero tillage heatrTients were cross classified with inorganic and 

organic (dairy cattle manure) fertilizer sources in a 3 X 2· fact.(:lrial experiment 

( with three replicates. Zero tillage significantl)L increased density levels 'in the 

topsofl of bath soUs, but did not affect cr op yields. The use of manure as an 

al ternate fertilizer soùree W8S more successful in 'the clay sail than in the 

sandy sail. ,Plant populations were r,educed through the use of zero an~ 

reduced tilli'ge in bath soUs. Yields of corn silag@ on a per plant basis were 

not affectled by any treatment. Reduced or zero tillage with inorganic 
r , 

fertHizer, as weIl as~ convantlonal or red~ed ti'llage with an,organic f,ertilizer 

were found to ~be viable alternate ,sUage corn production system components, 
o 

~P?licable. ln ~o~thern QI;Jebec and eastEfrn Ontario • 
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RESUME 

M.Sc. JOHN KELlY Géni& Rural 

EffETS DU LABOUR CONVENTIONNEL, MINIMAL, SEMI5-0IRECT ET OU TYPE 
DE FERTILISANT SUR LE -RENDEMENT DU MAIS-ENSILAGE 

ET DES PROPRIETES, ~HYSIQUE OU \~ , 

. ' 
Cest en 1982 qu'a débuté une expérience dOl1t l'objectif était dé comparer 

la' demande 
,. " 

énergétique" de différen~s programmes de production du 

, mais-ensilage. Le l'hais ~ . été cultivé' sur delJx types de soh i) un loam 

( sablonneux, et ii) de l'argilè. Trois méthodes de labourage: j) conventionnelle, 

ii) minimale et iii) semis-direct combinées à deux types de fertilisants: j) 

inorganique et ii) organique (fumier de 'vache laitiàre) formaient les six 

programm'ès de pro9'uction étudiés.' Ils ont été répartis dans chaque champ 

"suivant un model statistique factoriel avec trois répliques. Il a été observé que 

_ la pratique du semis-direct r~sultait en une. augmentation significative de la 
~ ~ 

densité de la couche ,8uper\fi~ielle de chaque sol, mais sans affecter le 

'" rendement du mais-ensilaga. l'utilisation du fumier comme substitut au 

fertilisant. inorganique a été plus fructueux dans l'argile que dans ;le la,am 

sablonneux. La population végétale a été réduite dans les parcelles dans 
~ 

lesquelles les te~niques de labourage minimalé et, semis-diréct étaient 
, 

employées. Aucun des programmes Ide production étudiés n'ont affectés le 

rendement- ~e mais-ensilage par plant de majs~ Il découle, de cette étude que , 
l'usage du labour minimal ou semis-direct, combiné à un fertilisant i~orgallique, 

.' 
ainsi que l'usage du labour conventionnel ou minimal combiné à un fe'rtUisant 

'7, 1 t 

\' . 
organique, sont des alternatives viables pour là produotion du-"~ai8-en8ilag~ dans 

les ragions du sud du Québec et de l'est de l'Ontario ..... 
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The format of· this thesis conforms to the McGill University guidelines 

concerning thesis preparation. In particular, the option specifie~ in section 

seven ,has been utilized. The text of this section is presented here for clari ey: 

"The candidate has the option subject ta the approval 
of the department, of including as part of the thesis the text 
of an original paper," or pa pers, 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 addi tional material (e.g. e?<perim'ental data, 
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provided. In any case, abstract, full introduction and 
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manuscript appear'i, connecting texts and common abstract, 
introduction and conclusions are required. A mere collection 
of manuscripts is not acceptable; nor éan 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 ta make an explicit statement on who 
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., 
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literature review as weIl as an aIl encompassing conclusion. Chapter 8 contains 

a Hst of all authors referred ta in this thesis. 

. and analyses are presented in the appendices. 
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Chapter 1 

Introduction 

Conventional tillage practice, in agriculture are being questioned 

today because of the high costa of labour, fuel and machinery; the need for 

eriergy conservation; the need to conserve moisture; and the loss of soil from 

wlnd and water eroaion of bare soH. Zero tillage, which is the introduction 

of the seed directly into the previous yearls stubble or crop residue wlthout 

any primary or secondary cultivation is receiving increased attention from 

farmers and scientists. The technologieat advanees in both the manufacture 

and use of pesticides over the past two decades, allows todayls farmer the 
o 

option of controUing weeds, insects and diseases without the use of the 
9 

moldboard plow. Conjointly with this advancement, the farm maehinery 

manufacturers are developing the specialired planting equipment necessary ta 

provide adequate seed-soU contact, sufficient seed depth and proper coverage 

to ensure full germination and emergence of the seed. 
• . '1 

Research has been conducted worldwide to asaass the feasibility of 

zero tillage crop production in terma of energy; economics; maintenance of 
, \ 

acceptable crop growth and yields and sail physical, nutrient and moisture 

statua. Unfortunately the results are as widespread as the number of 

research projects undertakén. Yield changes vary from a 30% reduction to a 

---tr-

. 
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2 

40% increase, depending on the sail type and climate of the region. The 

effects on sail etructure, and conservation range fram detriment.àl· ta highly 

beneficial. Most authors agree on the conservation aspects associated with 

zero tillage. Wind and water erosian of the sail 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 

c,rn produced in the state of Maryland is grown on zero tilled land. The· 

problem is that the re~ults. and recommendations from both the places where 

sucess has been realized, and where faiJures have occurred, cannot readily be 

transferred ta anotlier geographic location with different soUs and.a different 

climate. 

/ 
In particular, very little. testing has be1n. executed ,to date in the 

. , 
region pf southwestern Queb~c and eastern Ontar1o-to determine whether or 

nat zero tillage or reduceèJ tillage cauld im~rove the econom,ics of feed 

production and conserve the quality 0' arable soUs there. Furthermare, 
, "-../ 

among the most expensive inputs to a Forn production system, in terms of 

energy and dollars, is nitrogen. Commerc~al fertilizers amot.l1t to 40% of 

the variable costs of production, and up ta 50% of the expenditures on 

energy based farm inputs (Agriculture Canada, '1983). Very little work has 

been done investigating alternate sources of nitrogen ta produce direct drilled 

corn. If catUe manure were a viable al ternati ve ta manufactured inorganic , 

fertilizers under zero tillage, then a true enetgy conserving corn production 

system might be p~ible. 

• 

1, 
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3 
, ' 

Therefore, this atudy WBS designed to Basess the feasibility of using 
......,. 

reduced )nd zero tillage in combination '-Vith two souri"8 of fertilizer to 

grow sitage corn on two Boils in southwestern Quebec. 

"' 
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Chapter 2 

Uterature Review 

During the 1980'8 in the United St~tes alone, the large primary and 

secondary tillage implemetlts move each year the equivalent amount of sail 

that would be required to build a superhighway tram New York ta California 

(Phillips and Phillips, 1984)., This vast expenditure of energy and dollars, 

coupled with the need ta prevent sail erœion by wind and water from bare ...... 

soil has led ta the introduction of reduce~ and zero tillage practi ces in many 

parts of the world. In the 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 ta 25, 

50 and 24% in each of these three states respecti vely (Hill and Blevins 1973, 

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

• 2.1 Conventionsl Tillage 

'/1 

Conventional tillage usual1y consista of first piowing with a moldboard 

plow, then working the plowed 8011 wlth secondery tillage implements, such 

as the disk and harrow, until the enUre soU surface Îs smooth and uniform 

(Ol8On and 5choeberl 1970) ln man)' cases, pœt-emergent inter-row 

. --_.---------------- - - - ......... -11- _~ ~~_~_ 

.... 



5 

cultivations ar.e used ta control weeds (Fenster 1977). 

The responses to the question as ta why farmers plow usuelly centep .. 
around control1!ng weeds more than any other reason. Aeration of the soH is 

also considered important after the compaction created by heavy cultivation 

and harvestlng equipment makfng several passes over the field (Phlilips and 

Phillips, 1984). Other vaUd advantages include: pest control through 

incorporation of crop residues; incorporation of fertillzers ta improve their 

effectiveness; inerease soH temperatU1'6; stimuJate root growth and of course 

there ia always the pressure of tradition and aesthetic value of emerging 

seedlings ln a totally cIean soil surface environment (CanneH and Ellis 1979, 

Q'Sulllvan 1983, Southwell and Ketcheson 1978, Triplett and van Doren 1977, 

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

As is the case with any management practice apparently abundant 

wlth advantages, conventional tillage is burdened with disedvantaQes. 

Greeeen, 1983 points out that continuous tillage will eventually work against 

the buüdup of organic matter by increasing the rate of decomposition. The 

same author al90 reports that tillage requires traction, and with the type of 

agriculture we have in the 1980's, this means heavy compaqtive traction. 

The two main effects of tillage, JOO8ening and compacting are heavily 

~ependent 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 .. ... 
restricted infiltration of water and restriCted root elongation (CanneU et al. 

1978, Robertson and Erickson 1978). Excessive soil tillage can lead ta the 

J 
destruction of soil structure including continuous pores, earthworm holes and 

old TOot channels. Infiltration is the first soil property to suffer, which 

t -
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leads ta increased erosien eaused by the water runeff (Greaeen 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 plowin~, . 
whieh has a greater bulk density and higher penetration resistance than any 

. 
layer of an LJltilled sail. During dry periods, the effects of this layer are 

more pronouneed sinee oruy a small portion of the roots are able to 

penetrate it and reaeh the deeper water (Ehlers et al. 1983, Ellis and 

Barnes 1980, Vyn et al. 1979). Another major disadvantage of conventional 
~ 

tillage is that the sail surface is left bare and exposed ta wind and water 

erosion. Soil lasseS of between 10 and 30 t/ha/yr are not uncommon on 

sloping plowed soils (Fenster and Wicks 19-76, 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). 

o • 

2.2 Reduced Tillage 

Until the introduction of herbicides that eould adequat el y control 

weeds, farmers were forced to totally invert the sciit with a moldboard plow 
~ , if 

in order to control the weeds.l J Since then, various systems o~ reduced tillage 

have arisen using these herbicides ta control the weeds. (Jn Doren et al. 
, 

1977). These reduced tillage systems range from zero tillage, whie~ will be 

explained later, ta using a chisel plow as the primary cultivation ilT1plement. 

This particular method laasens the sail with a minimum of inversion of the 

surfacé and subsurface layers. Therefore, the crap residues are only p~rtial1y 
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incarparated and much remaire at the surface ta prevent wind and water 
~ 

erasian. Secondar)' cultivation is usually done with one pass of the disk 

harrow in thiS" type of' system (Erbach 1982, Meyer and Mannering 1967). A 
. 

principal advantage of t-his reduced tillage àystem is a reductiQn in the 

energy required per hectare for chisel plowing as compared ta molqbaard 

plowing (Griff!th and" Parsons 1980). It is this form of reduced cultivation 

that was chosen slong with conventionsl and no till te be the three tillage 

treatments in this experiment. 

2.3 Zero Tillage 

.. 
Zero tillage corn production may be defined as the placè'tnent of the 

.;;-

seed into narrow sJots, ,trenches or bands of sufficient width and depth for 

se~d coverage and seed to soil. contact in an unplowed soil (Phillips and 

R~Hlips "'1984). This unplowed sail generally contains e-ither a killed sad or the 

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

Doren et al. 1977). 

There are severaI indiv'idual factors that cantributed ta the increased . 
interest in zero tillage Binee the mid 1950's. The first and faremost wss' the 

development ,of herbicides to control the weeds. Population shifts. fram rural 

ta urban areas began depleting' farm labour pools in many parts of the 

viorld. The result was a search for less labour intensive production 

techniques such as zero tillage. Fann equipment manufacturers introduced 

zero tillage planting equipment with the capabimy to achieve consistent 
JI' 
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performance and reliable results. Climatic pressure, in the 
ç • 

heavy rainfalls occured in the late 1960'5 in many parts of the world, causi 

planting delays and ultimately reduced yields. Fermers were attrected "ta a 
.\ 

practice that would save time in e~tablishing crops as 1 evidenced by zero 
, 1 _ 

tillage (Phillips and PhilliRs ~9~4). A combinàtion of aU the a~o,ve\ social 

" , 
factors coupled with the many advantages to be discussed in thé next 

section, has accelerated the acceptance of such' a markedly different 

technique. 

2.4 Advantages of Zero Tillage 

1 

There are severaI advantages to the zero tiIJage production system. Many of 

these advantages will be discussed in more detait in Iater chapters of this 

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

1. Fuel requirements are greatly' re"duced wit~ a no tillage system. 

2. 

-, 

The fuel savings, resulting from a lack of land preparatio!" 
... 

operations, may amount tu 60% of the fuel u,sed in a conventional 

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

Compariso"n of no "tillage and œnventional tillage labour 

requirements show that a 50% labour reduction in ,land preparation 

and planting is realized under the no til!age system (Phillips and 

Phillips, 1984). Tf'Ii6, gr~at labour saving allows the farmer ~uch . 
better control of the timing of other fiéid operations to prevent 

working '1100 a soil that may be toc' wet and thus more susceptible to 

( 

, p 
------------~-------------------- ---~--------------------------------
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1 
compaction (Ellis and Barnes, 1980). 

'f"" 

3. Many studies have confirmed that no tillage agriculture can reduce 

4. 

sail erosion (due ta wind and water erosion) ta almost zero 

(McGregor et ai. 1975). McGregor and Greer (1982) found that 

these benefits could be obtained with no-till corn for silage as weIl 

as for grain corn, even though the amount of resi due remaining on 

'the surface aftQr harvest is considerably less for silage corn than 

for grain corn. 

The surface resfdues present in a no-tiUage cropping system greatly 

reduce soil water evaporation and increase the amOlJlt of 

infiltration. These benefits translate directly into improved water 

~vailabi1ity for the plants and to reduced runoff. The mulching 

aspect aiso encourages shallaw 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. f " 197-1, Bennett 1977). AU of these advantages can lead to 

fncreases of up to 40% in grain yields with zero tillage corn 

production (Moschler et al. 1972, Shear and M09chler 1969 and Lai 

J979). 

5. A greater flexibility in planting and harvest scheduling is offered ta 

the no till farm~'r'. Zero tillage provides the' opportunity ta plant 

without waiting for sutficient drying time for the tillage operations 

(Ellis and Barrtes ).980). Untilled Sa ils al90 provide improved 

trafficability for planting, pesticide application and harvesting • 

• 
-------....~----- -,---- ------------- ~~\~-------------------
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Increased :'rand use resulting from an Upgl"~ of clasSification due ta 

less erolton lasses is another advantage of zero tiU age in 

agriculture. Hill and Blevins 1973' suggested that no tillage can 

open up ralling grasslands ta cropping where they were suitable for 
PI 

only pasture beforehand. 

, 
7. One of the most important advantages. of no tillage IS the 1 mproved 

sail structure obtained after two ta three years of continuous zero 

tillage (Vyn et al. 1979, Oull 1979 and Cannell.· et al. 1978). 

Ir)creased earthworm populations, often by a factor of three or four, 

more conti nuit y of vertical pores and channels, ·deeper and more 

continuous cracking ln finel' soHs and gI:eatet stability of aggregates 

in the surface zone all contribute to the improved sail structure 
~ , 

(Ca~ell et al. 1978, Barnes and Ellis 1979 f;\fld Soane and Pidgeon 

1975). Roat elangation of the eeedlings .may he slower but. when the 

above mentioned change~ hav~ ~ccure~~ roots ,èa~(b~re numer~us 
below • .50 cm, .ma~ing p~Si~le ,gr'eater withdrawal ~f-water in dry 

conditions, sometimes wlth incr~aséd -y.ield;s éCanneH ét al. 1978). . 

8. Equlpment requirements and ~herefore costs,' are iower with zero 

tillage liechniques. The use 'of primary and secondar.y tillage 

equipment each year ie no longer necessary and therefore tractor 
l' 

horse~ower re~ulreme.nts are also much lower. 

---_.~._-~- ---- -
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2.S Disadvantage, of Zero Tillage 

Unfortunately, nàt aU the abovementioned advantages are appli cable under 

different soù and climatic conditions. The following potential disadvantages 

must always be consi<lered before a full scale adoption of the seemingly 

simple and succe9sfLJl technique of zero tillage is exercized. 

". 

1. Weed control will be a greater problem WI th~ pl owi ng and shi fts 

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

~Rplicatlon, selection of herbicides and crop rotations must be 
, , 

adopted by the grower using tero tillage (Chase and Megglt 1971). 

Bennett (1977) reported that herbicide costs for no-tillage could be 

tlp to two and a haif time~that for conventional tillage. 

2. Plant pests tend ta be a more setious problem on untiU.j3d soils with 

a crop residue on the surface because of the more stable habit~t 

provided (Musick and Pe~ty 1979 and Reicosky et al. 1977). 

-
3. Even though surface application of inofganic f~rtllizers has been 

shown ta be as efficient as incorporation tMoschler and Martens 

1975), nearly a11 nitrogen fertilizers are acid forl-ning, and 

conseqlllently, with no tillage the sail surface cal1 very rapidly 

become acidic (Vitœh ,and Warncke 1976), This acidic SOli surface 

can cause reduced effecti veness of herbi ci des (Blevins et al. 1978 

and Fox 1978). 

( 

____ ,_ .... _ .. ~ __ ~ è.- _ .. -'-" ..... , 'I!t!F"" .. _ ......... , _-----------------
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4. The sail temperature in the surface layers can be markedly cooler 

lM'lder ttl zero tillage regime. Temperatures, in sorne climate,s, can 
» 

run 2-10 degrees C lower and "aggravate cool soil situations for 

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

has shown only a very small difference ln the temperature profiles 

(Barclay et al. 1?83). 

5-. Poorly drained heavy solls may be unsuitable for zero tillage. 

3 Incresses ln bulk density of 0.20 Mg/m have been experienced ln 

the surface layers of zero tilled lands and can be detrimentaJ ta 

crop emergence and growth on these types of soils (Gantzer and 

Blake 1978 and Cannell et al. 1978). 

6. In mœt parts of the world, zero tillage corn yields are usually 

higher than with conventional tillage (M08chler et al. 1972, ,Shear 

and Moschler 1969 and Triplett and van Doren 1977). There are, 

however, certain sail and weather conditions in other parts where 

lower yields are experienced with zero tillage. Ketcheson (1977) ln 

particular, reported reduced root growth due ta hlgh resistance to 

root penetration, causing a 20-25% reductlon ln corn yieldsa 

r. The crop residuea left behind with zero tillage corn 'production are 

very unique in that they cause as many disadvantages as they do 

advantages. Whlle providi.ng an excellent mulch caver ta reduce 

srosian and evaporatian, increase infiltration Elhd avaiJable water, 

the J;esidues are .often blamed for otherwise unexplainable yleld 

reductions (Papendick and Miller 1977). Difficulty in stand 

t -----
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establishment, reduced seedhng vigor, ralease of phytotoxlC 

decomoposi tian products, fertility imbalances, reduced soll 

temperaturas and heavy pest infestations are sorne of the problems 

associated with these c/'op 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 ta accept the ragged appearance of zero tillage 

fields. The une ven, unkept, untidy appearance, which continues until 

the crop canopy forms, has had a deftntte social impaét on the 

adoption rate (Phillips and PhiUips 1984). 

After some 2S years of extensi ve research on corn productIOn WI th 

zero tillage, one Important tact stands out above aH the others: The resul ts. 

of any indiViduel study are nat readily transferable ta another geographlc 

location due to soll and climatlc dlfferences. 

The possible benefits to be galned through the use of zero tillage far 

outweigh the negative effects if the no-tillage technique~provides adequate 

results in terms of yields and quahty of harvested materlal. The potential 

ec~c, energy and énvironmental benefits obtainable if no-tl11age and 

alternat\ fertiJizer sources are successful, are adequate Justification 'for full 

scale resejU"ch projects to determine the feasibility in a particular region. 

Research in the area of organic fertili4:er sources in comblnation with 

reduced tillage is sev~rly lacking. Using dairy caUle manure, for example, 

as the nitrogen source for corn production on zerp tilled land would result in 
, 

very large economic; and energy sBvings. 

\ 
'. 
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Mclntoah and Varney (1972) reported equi valent silage yields ln 

continuous corn production between plots receiving 170 kg/ha of inorganic N 

with no manuré and plots receiving ~2 t/ha of manure with no inorganic N. 

In their e)(periment, the manure wa. fully incOI"porated into the soil. 

_1' ,. 



Chapter J 

Objectivee and Scope of the Study 

" The objecti ves of this study were: 
.... 

1. To estabIish an experiment on two sail types ta investigate the 

effects of three levels of tillage and two different fertilizer sources 

on sUage corn production ln Quebec. 

2. Ta grow a silage corn crop on all the plots of the ex periment using 

full scale field machinery and ta quantify the effects of the 

treetments on corn growth parameters such as: 1) leaf area index, 

ii) plant height, iii) dry matter accumulation, iv) moisture content, 

v) nutrient and chemical statua of the plant tissue at harves t and 

vi) final plant dry matter yield. 

'je Tc determine the treatment effects on the soUla physical, nutrient 

and moist~e status during the growing season 'by measuring: i) sail 

dry bulk density, ii) volumetrie mQisture content and Hi) sail 

fertUity 8I'ld Ol"ganic matter content. 

4. To recommend the most feasible silage eorn production system, for 

this region, fram the six treatment cbmbinations under 

investigation. 

-----~~~-~-----
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5. Ta outline anu of cancern for future researchera. 

SUage carn was chosen as the crop ta be grown becauae of its use on 

almost all farma in this region. A reductîon ln the amoLllt of crop residues 

left on the field after harvest in sUage cern, as compared to grain corn, 

facilitates the transition from conventional to zero tillage in terms of 

equipment reql,llrements and pest problems, and would therefore he more 

readil '1 8ccepted by the f armera in this regi on. 

The tests were perf~rrned on two diff.rent sail types (a sandy ioam 

and a clay), to further asses the adaptabUity ofU these techniques to this 

region. The results cauld be applied in any ares with similar soil and 

climatic conditions. 

, 

-r 

---------------------------------------------------------,--------
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Chapter 4 

The Influence of Tillage, Zero Tillage and Fertllizer Sources 

on Corn Growth and Yield 

4.1 Introdtl/ction 

More then 400,000 hectares of corn are grown each year in the 

80uthwestern Quebec and eastern Ontario regions. Fort Y percent of that 

area is devoted ta silage corn. Considering the potential fuel savings alane, 

zero tillage techniques could pOBsibly reduce farm operatlng costs by up c to 

$1 million each yes)'. 

These rislng energy casts and technological advances in the production 

and use of herbicides over the last two decades have contributed to the 

orientation of crop production management towards 1 conservation tillage 

sy8tems in certain world ragions (Griffith et al. 1977, Trip1ett and van 

Doran 1977 and van Doren et al. 1976). Reduced tillage practices and 

planting of cropl by direct drillin'g have been widely accepted ln 80me areas 

of bath develo~d and developing couhtries for the purposes of water 

conservation and eromon control (Unger' and MeCaUa 1980, F en es ter and 

Wicka 1976, Ketcheson 1977a and Bennett 1977). 

r. c 
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Studies on minimum tillage, fertillzer use and corn production have 

shown contradictory results depending on the location. For example, in areas 

such as western Ontario and parts of the American midwest, minimum tillage 
i 

has resulted in reduced yields (van Doren et al. 1976, Harrold et al. 1970, 

Ketcheson 1980, Lindsay et al. 1983, Fink and Wesley 1974 and Kethceson 

1977b), whereas other authors in Quebec, the American midwest and abroad 

have shawn that no-tillage methojs 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 treatmenq& have 

resulted in reduced yields on poorly drained soUs but have resulted in 
; 

increased ylelds on sloping sandy soUs in Ohio. Griffith et al. (1982) 

reported that no-tillage continuous corn will only outyield the conventional 

methods of tillage on light well dramed soils. On poorly drained heffttler 

soHs, they have shown a yield reduction of up to 10%. On the other hand, , 

Raghavan et al 1981, Barclay et al 1983 and McKyes et al. 1979 have al! 

demorlltrated that indeed zero tillage can be feasible in the heavy clay aoHs 

of northeast North America. 

A consi derable amount of research work has been done over the Isst 

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 

compare~ to the cOnventional methods of moldbGard plowing and disk 

harrowing. W ork in the state of Ohio ras shawn that at lesst a 50% mulch 

• 

, ,~ 
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cover la necessary for no-tillage ta equaJ conventional yields (Harrold et al. 

1970). Triplett et al. (1964) reported a posi ti 'le correlation between the 

amoll"lt of mulch cover and no-tiH grain yields on silt loam soils. 

Jones et al. (1969) found that a surface mulch increases yields to a 

greater degree than does tillage. lihey also fOl.nd no difference in corn 

yields under no-tillage and conventional tillage wlthout a r:pulch. Plant 

growth and yield response ta tillage de pend primarily on mulch and the 

structural conditiOns of the sail surface regulating Infiltration. Not anly does 

the mulch caver reduce evaporation from the BOIl surface and prevent the 

degrading effects of wind and water erasian, but it aIso increases the amount 

of infiltration and therefore the 8mOlnt of water available to the plants. 

Several authars. working ln semi-arid areas, have reported hlgher yleJds when 

corn is planted directly into a killed- sod (Moschler and Martens 1975, Estes 

1972 and Blevins et al 1971). Whereas other authors have shawn an increase 

in yields with zero tillage when a mulch, consistlng of the previous years 

.. .crop resi dues, lS present (Harrold et al. 1970 and Negi et al. 1980). 

Increased yields of up ta 23% in zero tilled silage corn are due maînly to 

the increased moisture conservation associated with the rhulching aspects of 

the kiUed sad (Estes 1972). 

The fertilizer requirements of corn grown under no-till conditions can 
~, 

be adequately met thtough surface application of 'the fe·ttiHzer, given proper 

conditions (Vitosh and Warncke 1976, Fink and .I~esle,y '1974, Moschler and 

Martens 1975 and Kang and Vanusa 1977). Vitosh and Warncke (1976) suggest 

that on cold soHs and those low in phosphorus, band applications of the 

phosphorus with a conservation type planter is nece8sary since, on these soHs 

) 



l 
--~ 

20 

the phosphorus is very immobile. Field experiments on three sail types in 

Virginia have sh6wn that fertilizer efficiency for no-tillage corn with surface 

application was hi<jler than for conventionally tilled corn with an equal 

disked in application rate (M~h1er et al. 1972). This was caused by higher 

moi sture contents in the upper layers leading to increased solubility. and 

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

Pot assi um and 
~ 

orus fertilizers have been fôund to be 

concentrated in the upper cm after six conseeutive years of no-tlll corn 

(Triplett and van Doren 196~~ and Moschler 1969) causing a higher P 

and K content in the leaves at the tasselling stage. Moschler and Martens 

(1975) reported a 14-19% increase in corn yields with no tillage over 

conventional tillage, caused by increased fertilizer efflclency during three 

years of above average reinfaIl in a silt loam sail. 

Ammonium nitrate may be the best source of nitrogen for surface 

application ta prevent the ammonia volatilizatlOn which might be experienced 

if urea were ta 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 at ,-
least 10 mm of rain fa11s within 48 haurs of application. Substantial 

nitrogen lœses are incurred ta the atmosphere if no rain falls within 6 days 

(Fox and Hof~man 1981). 

When dairy cattle manure is spread' on the surface of zero tilled 

land, an appreciable amomt of NH} lS sesily lost by, ammonia volatilization 

(Klausner and Guest 1981). Lauer et al. (1976) demonstrated that NH) losses 

after spreading were represented by mesn hal f li Ve$ ranging fram 1.9 ta 3.4 

\ 
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". 

da ys. Rapid loss was primarily due ta the drying of the manure on the sail 

surface and climatic conditions determil')ing this rate of lass. Dairy cattle 

manure, when used as the only nitrogen source in corn production, can 

produce equivalent yields to commercial inorganic fertilizatlon if it js applied 
r , 

in sufficient quantities (McIntosh and Varney 1972). Very little work has been 

carried out to examine the effects of using dairy manure as a mtrogen 

source for zero till corn. 

With subaptimal nitrogen rates in no-tillage corn production, nltrogen 

deficiency symptoms flave been found ta be mere severe throughaut the 

season and the yields have tended to be lower than with the same rate 

applied ta conventianal t.IUage plots (Bandel et al. 1975 and Blevlns 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 ail levels of nitrogen applied. 

Resulta from Kentucky, Maryland and Vir91nia show that ni~rogen. 

fertilizer IS used more efficiently in no-tillage th en in c(l1wentiorl'al 'tillage 

corn when evaluated on the basis of yield' response (Frye Ert al. 1981, 

Moschler and Martens 1975, Phillips et al. ~980 and Stanford et al. 1979). 

Gantzer and Blake (197B) reported a rapid rate of acidification of the 

sail surface layer with high rates of physiologically acid nitrogen fertilizer 

under no- till age. Numerous other authors have aIso shown an increased 
\. 

acidification of the sail surface layer LI'lder 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 tillagè has little influence on Cl'Op 

yield in the absence of weeds providing that a field has nat been campacted 

excessi vely. Herbicides now gi ve the farmer the option of controlling weeds 

with Iess tillage (Hinesly et al. 1967, Triplett and Lytie 1972 and Wimer 

1946). 

Ten ta 15%" more s.eed should be sown with zero tillage than with 

conventional tillage because trash may interfere with proper emergence of aU 

plants. Use of a conservation type planter which can seed throutjl sad, 

mulch or hard sail, is imperati ve ta obtajn the required seed-soil contact for 

proper germination (Nelson et al. 1976). In cases where canventional till age 

yields exceeded those of zero tillage (Fink and Wesley 1974), a higher plant 

population was largely the reason. Corn populations were paor on the zero 

tilled seedbed due ta heavy rains which occurred shortly after plfinting. 

Water concentrated in the na-tHI planting slits, flooding the young plants. 

Because the research performed on zero and reduced tillage aroll1d 

the warld is limited in its applicability ta other parts of the world, due ta 

sail and climatic differences, it is still not known how zero tillâge will 

perform in Quebec. With this in mind, field experiments were conducted on 

two different soUs ta examine the effects of tillage practices and fertilizer 

methods on the growth and yield of si l'age corn jn the eastern Canadian 

climate. 

, 
\1 
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4.2 Materi aIs and Methods 

. 
4.2.1 Experlment'1il Design 

This field study was established on tw'Q experimental sites Iocated at 
. 

the Macdonald College Research Station of Mc;:Gill University in Ste. Anne de 

Bellevue, Guebec. The first site comprises a" Macdonald clay, while the 

second site is on a St. Benoit light sandy Ioam. Figures 4.2.1 and 4.2.2 

illustrate the partlcle siz.edlstributions for these two salis. 

Prior ta 1982, continllous corn (Zea mays L.) was grown lrlder 

conventional tiBage for approxlmately 20 years on the sandy loam sail, while 

corn was grown trom 1970 ta 1976 Ilnd alfaIfa (Medicar) sativa l..) from 

" 
1976 to 1981 on the clay sOli. In the faU of 1981, a 2 X 3 factorl~ 

experiment was established. Six combinations of t,hree levels of tillage and 

two different fertilizer ~urces \/{ere randomized in a complete block design 

with three replicates forming a total of 36 plots, (18 per experimental site), 

indi vi dual plots measuring 10 X 12 m. 

The three levels of tillage were conventionàl, reduced and zero 

tillage. The conventional tillage treetment consisted of fall moldboard 

plowing ta a depth of 15 to 20 cm followed by two passe8 of a disk harrow 

in the spring for seedbed preparàtion. The .reduced tillage systems included 

faU chisel plowing with 8 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 

method Slmply loosens the sail with a mimmum of inversion of the surface 

and subsurface layers, and therefore results in on! y parti al incorporati on of 

crop residues. In the zero tillage plots, sUage corn was planted directly into .. 
the previous years stubble. Post emergent inter-row cultivations were not 

used on any of the plots, as chemlcal herbicides alone were used ta control 

the weed population. 

InorganiC granular fertilizers (commercial) and dalry cow manure 

(organic) were the two fertllizer treatments. Bath treatments were appHed 

at . rates dictated by pr! or sail chemlstry assays and local recommendations. 

This paper presents the results of two years growth on the sandy Iaam sail 

(1982-83) and one years growth on the clay sail (1983). DUflng the first year 

of the study (1982) severe prablems were encauntered wlth emergence in the 

cl ay SI te due ta improper adjustment of the pl anter and very dry candi ti ons. 

4.2.2 Fertilizer Application 
A! 

At the i-nitiation of the rkperuC:nt, sail test results indicated that 

the clay site had backgrall'ld levels of 322 kg P/ha. and 289 kg K/ha. Results 

from the sand si te were hlgher; 479 and 386 kg P and K/ha, respecti v~ly. 

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

Fisheries fettilizer recommendations, applications of 170, 75 and 80 Kg. of 

N, P 20 5 and K
2

0 were advised far sUage corn production. Phosphorus, in 

the form of triple superphosphate, was banded in bath the inorganlc 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. Organic fertilizer plots received manure et 

the equivalent rate of 170 Kg/ha N based on the semi-micro Kjeldahl 

analysis of the manure two days prior ta application. These plots recei ved 

no inorganic N or K fertilizer. 

Nitrogen was applled ta the lnorganic fertilizer plots using urea 

(45-0-0) on the reduced and conventionally tilled plots, and ammonium nitrate 

(34-0-0) on the zero tillage plots. Ammonium nitrate was selected as the N 

source on the zero tillage plots ta eliminate the possibility of ammonia 1098 

throurjl the volatilization of transformed urea If applIed and left at the 5011 

surface. 

Bath the manure and lnorganic fertilizers (nitrogen and potassIum) 

were incorporated on the conventional and reduced tillage plots wlth a disk 

harrow using two and one pass respectively. On the" zero tillage plots, 

ammonium nitrate and the manure were bath left on the surface. Based on 

soil sample results ln October 1982 (pœt-harvest), the same application rates 

were used in the spring of 1983. 

4.2.3 Herbicide Application 

Immediately prior ta seeding, the herbicides Atrazine (90W) at a rat"f 

of 1.5 Kg/ha and Alachlor (Lasso) at 2.5 Kg/ha were applied and pte-plant 

incorporated in those plots receiving conventional till~ge, and pre emergence 
~ ,. 1 

non-incorp'orated in' those plots recei ving the reduced and no- tillage 

treatments. Bentazon (0.84' Kg/ha.) and Citowett TM were subsequently 

applied post-emergent ta the entire plot aree. (Two applications eight days , 
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apart were necessary). Atrazine and Kornoil TM were also applied ta those 

plots in which volunteer grain was a prablem. AU plats recei ved the same 

herbicide treatment In the first year. The results of weed density ant! 

biomass studies during the summer of 1982, dictated no change in herbicide 

application rates among the plots for the 1983 growing season. 

Spot spraying of Killex brand herbicide was used in aU plots in the 

cl ay si te ta control dandelions. This was necessary because this si te 1S 

adjacent ta 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 

Bir planter was used ta seed the corn in ,76 cm rOlNs with an inter-plant 

spacing of 16.5 cm ta achieve the desired plant population of 80,000 

plants/ha. 

The planter Wied was a conservation type planter. Heavy dut y 

caÙlters ta open the narrow sIat for seed placement, heavier frame than 

normal plantera and down pressure springs (set ta their maximum) on the 

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

surf ace layers of the clay sail and the crop resi dues for those plots treated 

with zero tillage. 

Each plot contained 12 rOW3 12 m long. The plot separation was 

equivalent ta the space .between cern rows. Four rows were planted on bath 
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ends of the group of six plots in each replicate ta reduce edge effects. 

4.2.5 Plant Growth 

Foll~ing seeding, the number of days ta 80 % emergence' and 

tassellin~ was monitored. The final plant population in aU plots was aiso 

observed to quanti fy the effects of surface resi due and tillage systems on 

plant emergence. Leaf area index, number of le8ves, 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 outside 

four rows on each side were reserved as buffer rows, and the middle four 

were harvested at the end of the growing season. The remaining four were 

used for plant growth parameter measurement 
1 throughout the growing 

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

times during the growing sesson, ta monitor growth rate and maturity. 

The accumulated dry matter was obtained from the weight of these 

plants, calculated from the average moisture content obta1ned from aven 

ci'ying :;00\ gm chopped samples at sooe for 24 haurs, the average wet , 
\ " 

weight of dach plant and the total number of plants per plot. Total ày 
matter in Mg/ha,was- determined from the following equation: 

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

100 Ap 

Where; 

y ct = Plant yield (dry basis) (Mg/ha.) 
Wwet = Average wet weight per plant (Kg.) 
MC = Average moistur'e content (wet basis) 

per plant ('HI). 

-------------------~----~} 
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NP = Number of plants per plot 
Ap = Ares of the plot (10 X 122m) 
C = 10 (conversion from Kg/m ta Mg/ha). 

Total lesf area was computed by summing the length of all leaves 

and mÛltiplying by 6.67 (McKee 1964). The leaf ares index was calcUiated by 

dividing the total leef area per plant by the area occupied by one plant. 

The total number of ~ leaves per plant was obtained at the same Ume. The 

average plant heights were measured at the beginning of the séason, ta the 

uppermost unfolded leaf, and later in the growing season ta the top of the 

tassel. 

4.2.6 Harvest and Tissue AnalysÎs 

The centre four rows of eaèh plot were essentially undisturbed 

throughout the grQwing season. Human traffie was kept ta an absolute 

minimum as a11 measurements during the summer were taken on the outsi-de 

four' rOW8. These middle four rows were harvested in the fall for sUage cern 

.. 

with a John Oeere, three point hitch mour:'ted, single row forage harvester. "f' 

The total weight per plot was obtained, and then 500' 9 subsamples were 

aven dried at 50°C for 48 hours ta obtain the final moisture content and the 

final dry mat ter yield per plQt. Using the ares of the )four rows harvested, 

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

Pl~t tissue analyses were performed on each of the 36 dried 

8ubsamples ta observe the effects of our treatments on plant nutrie(lt 

,~ content. Crude protein, percent calcium, phosphorus, magnesium,' potassium 

as well as ir-on, manganese, copper and linc parts per million were the 

L 
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macro and micro nutrients identified. 

4.3 Results and Discussion 

4.3.1 Climate Conditions 
... 

The distrlbutlons of rainfail throughout the 1982 and 1983 growlng 

sessons are shown' in Figures 4.3.1 and 4.3.2, respecti vely. The month of 

May, 1982 was one of the driest on record, receiving 72 % less ralnfall then 

the 30 year average (Table 4.3.1). The extremely cry 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, wlth July, AuglBt 

and September receiving average rainfall amounts (Figure 4.3.3). 

The spring of 1983, on the other hand, could be classified as very 

w'et. In May, 62 ~ more rainfall than uSual tell, while in Jltle 'the 

precipitation was equal to the 30 yeer average (Table 4.3.1). Excellent weed 

cOhtrol was achieved during the wet spring. 

Conditions during July and August, however, were, very cry. Total 

precipitation for this period was only 114.6 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 ~hich received 57 % less raintail than average. 

Over the course of the two growing seasona, a water table has never 
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Table 4.3.1 Rainfall data dur ing the 
and the 

May 
June 
July 

August 
September 

May 
June 
July 

August 
September 

May 
Jun~ 
July 

August 
September 

30 year averages. 

-----------
Rainfall 

(mm) 

22.1 
117.6 

83.3 
136.8 
86.3 

-----------
Ralnfall 

(mm) 

126.9 
32.6 
66.3 
48.3 
82.0 

78.4 
37.3 
94.5 

111.9 
85.1 

_ .. ..-- ---~ ..... _---~ .... -> ...... _ .... _._--~ ................ - ~ ~ 

1982 

1982 

1983 

and 1983 growing 

--------------
Cummulat ive 

(mm) 

22.1 
139.7 
223.0 
359.8 

• r 446.1 

--------------
Cummulat ive 

( 1IIIl1) 

126.9 
159.5 
225.8 
274.1 
356.1 

78.4 
115.7 
210.2 
322.1 
407.2 

seasons 
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been measured at either site after the month of May. The sandy loam' site 

has excellent natural drainage, whUe the clay site has a layer of broken 

limes tone at a depth of approximately 0.8 ta 1.5 m with' a very hiçll 

horizontal conduction rate. For these reasons, curves of water table'position 

with time will not be presented. 

4.3.2 Sllil parameters 

Results of sail analyses performed first at the end of the growing 

season in 1982 and then after the 1983 season indicated that the phosphorus 

anq. potassi um levels in all plots on bath soils were still above 200 kg/ha 

(Kelly and McKyes 1984). According ta the Ministry of Agriculture, Fisheri es 

and Food in Quebec (1984), this indicates that bath soils are deemed rlch in 

terms of these elements. No sigruficant difference was fOUld ln the levels 

of phospharus pr potassium between plots due ta the applied treatments of 

tillage or fertilizer (Kelly and McKyes 1984). For these reasons, the 

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

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

, Sali nit y measurements in Octo1ler of 1982 and 1983, indicated that 

" . ( 
salt accumulation was not a problem, values of conductivity were all less 

than 1.0 mmho/cm. Richards (1969) stated that salinlty effects on all crops 

are mostly negligible when the conductivity of the saturation extract is Less 

than 2.0 mmho/cm. 

Organic matter percentages after two years of experimentation on 

the clay sail showed no effect due ta either treatment. There was, however 

- ... -~* - ~~ "--iii -,- - --- -

1 
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an interaction effect in the sandy soil. The comblnations of conventlonal 

---- tillage with organic fertilizers and redueed tillage with orgamc fertilizers, 

produced significantly higher organic matter ln the top sail than any of the 

other four treatment combinabons (Kelly and MtKyes 1984) • . 
Soil dry bulk densrty measurements ln 1983 revealed that the zero , 

tilled plots were more compacted in the top /5 cm in bath sail types, while 

the conventlOnal tillage plots exhibited a dense pJow layer at approxlmately 

20 cm (Kelly and McKyes 1984). 

Soi! volumetrie moisture content measurements revealed that the 

orgamc plots contained more water tt-roughout the growlng season than those 

plots fertl\Jzed from Inorganic sources. ThiS increased wafer avaiiabdity was 

due ta the mulchmg characteristics of the applied manure tKelly and McKyes 
,~, 

1984). 

4.3.3 Days ta Emer~ and T assel 
~ 

The number of days ta emerge and tasseI were observed in 1983 

only.- The results are presented in Tables 4.3.2 and 4.3.3, the corresponding 

analyses of variance are listed in Tabl~ A4.3.1 and A4.3.2 in Appendix A. 

The tabular format used in Table 4.3.2 and aU other mean value tables, 
\ ~ 

presents both the treatment combination means and the means of the 

.individual 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 
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Table 4.3.1 , 

Sanà~e 

FERTILIZER 

Cla~ Site 

FERTILIZER 

38 

Mean values of deys t 0 emerge 
Sand and Clay Sit~9 - 1983 

TILLAGE 
C ' R 

1: 14.67 14.67 

0: 14.67 14.33 

Mean: 14.67 a 14.50 a 

TIllAGE 
C R -

1: 
~ 

15.00 15.33 

0: 14.67 ~6.67 

Mean: 14.83 a 16.00 a 

Z 

13.67 

14.67 

14.17 a 

Z 

15.00 

15.33 

15.17 a 

* Meana with the same latter are not Blgn~flcantly different 
at the G.05 ·level using Duncan' s new multiple range test. 

----------~ -....... .--.. ...... _------ - ~~~...,.,...,... -~ -----------

Mean 

14.33 a 

14.56 a 

Mean 

15.11 a 

15. 56 a 



Table 4.3.3 

Sand S.Üe 

FER TIll ZER 

Cla~ Si te 

FERTILIZER 

39 

Mean values of days to tassel 
Sand and Clay Sites - 1983 

~ 

TILLAGE 
C R 

1: 67.33 a 66.00 ab 

0: 65.33 b 65.33 b 

Mean: 66.33 65.7L 

TILLAGE 
C R 

1: 67.GG 68.GO 

0: 67.33 69.(,0 

Mean: 67.17 a 68.50 a 

Z 

65.67 ab 

67.33 a 

66. Su 

Z 

68.GL 

69.33 

68.67 a 

* Means Wl th the same letter are not signl flcantly different 
at the G. u5 level using Duncan 1 s new mul tlple range test. 

Mean 

66.3e 

66.00 

~ 

67.67 a 

68.56 a 

'. [, 
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an alpha level of 5% were placed adjacent ta these main effect means. If, 

however, a treatment interaction does eXIst, Duncan's test was performed on 
10 

the means of the six treatment combtnations and the letters denoting 

sigmficance were placed next ta the combmation means. This technique is 

illustrated in Table 4.3.3 where there was a treatment interaction on the 

number of da ys to tassei in the sand lItte and none in the clay site. 

The number of days reqUlred for 80% of the final plant population ta 

emerge was not affecled by ~ther of the two treatments. It IS interesting 

ta note that of the plants that did emerge, nelther the organic fertillzer 

placed on the surface nor the increased dereity ln the top layer of the zero 

WIed plots affected thelr rate of emergence. When the emergence rate was 

belng measured, It appeared that tIllage did in fact have an affect. The end 

cf 
result, however, was thBt the final plant population WBS affected by the 

tillage treatment and not the emergence rate. ThiS result will be discussed 

-
in a Iater sectIOn. 

The number of days reqU1red for 80% of the plants to inHiate cob 

production (tasselltng) was maffected by the treatments in the clay site. In 

the sand SI te rowever, a fertilizer-tillage interaction effect existed. The 

largest dlff erence among the tre atment combinatiol'll was two days, which 

should not affect the final ear yield over the course of a 100 day growing 

season. 

4.3.4 Final Pl8{lt Population 

The final plant popÙfatiorB in 'the sand site during the 1982 season 

.:....-,. ... 

\ 

L 



Table 4.3.4 

Sand Si te 

F"ER TI LI ZER 

41 

Mean values of final plant population 
Sand Si te - 1962 

1 TILLAGE 
C R Z 

I: 869.3 858.7 -933.3 

0: 664.G 56G.3 672.G 

Mean: 776.7 a 802. 7 a 72G,G a 

* Means with the same letter are not significantly different 
at the 0.G5 level using Duncan' s new multiple range test. 

----,.,._ .... ---- ,,-~------ -----

Mean 

887.1 a 

645.4 b 

-
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Table 4.3.5 Mean values of final plant populatlon 
Sand an~ Cl.Y

I 
Sit •• - 1983 

Sand Site 
TILLAGE 

C R Z 

1: 912.0 864.0 818.0 
F"ERTILIlER 

0: 864.0 870.0 737.0 

Mean: 888.0 a 867.L a '777.5 b 

Clay Site 
TILLAGE 

C R .. l 

1: 864.0 829.3 782.6 
F"ERT ILlZER 

0: 891.0 789.0 825.0 

Hean: 877.5 a 809.2 b 803.8 b 

* Means wlth the same letter are not significantly different 
at the 0.(,5 level using OI.Jncan's new multiple range test. 

----- ._ . ---------

Mean 

864. 7 a 

823. 7 b 

Mean 

825.3 a 

835. G a 

.. 
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are shoV'n in Table 4.3.4, whiJe the sarne data from the sand and clay sItes 
~ 

for 1983 are shown in Table 4.3.5. The corresponding 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 treatmentll wauld affect the total number of plants per 

plot. There was no significant difference in plant populatiors due ta tillage, 

but there wœ a difference due to the fertilizer treatment. Organic 

fertilizer plots yielded 27.2% less plants than the inorganlc plots • 
• 

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

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 

respecti velYe 

In the clay site, a very dense layet in the zero tillage plots, and a 

high proportion of large diameter (larger than 2 cm) clada in the reduced 

tillage plots, bath caused Inadequate seed sail contact ta ensure complete 

germination. For these reasors, the plant populations in the zero and 

reduced tillage plots were not different from each other but were bath 

significantly less than the conventionsl tillage plots, which yielded 9% l'nore 

plants. 

The fertilizer sources had no effect on plant population in the clay 

site, but in the sand site, as in 1982, the inarganic plots had significantly 

more (5%) plants than the organic plots. SJnce there was no fertllizer 

interaction with tillage and the affects only appea-ed in the sandy loam sail, 

the ammonium and salt contents of the frash manure ware believed ta cause 

______ . ______ --,.- _1 
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the reduced popul ations. These two components of the manure can become 

80mewhat. toxie to the germinatlng seed, causlng a reduction in the number 

of suecessfully emerging plants. The gre ater adsorpti ve capacit y of the clay 

soil prevented this problem in the clay si te. 

4.3.5 Plant Growth Parameters 

Observations of dry matter yield, maturlty .. (percent mOlsture), plant 

height and leaf are a index were taken fi ve tim'es ln the 1982 growing 

season. Mean values are presented in Tables 4.3.6 ta 4.3.10 and the 

associated analyses of variance are listed in Tables A4.3.5 to A4.3.14 ln 

Appendix A. In addition to these four par ametera , the number of leaves per 

plant was messUred five timt;!S during the 1983 growing ~ason. Durlng the 

firat year of experimentation, tillage was not found ta have an effect on the 

growth rate of the corn after the firat set of plant parameter 

measurements. The inorganic fertilizer plots however, yielded consistently 

more than' the organie plots (see F}gure 4.3A). Measuremerits of leaf area 

index (LAI) indicated that the treatment effects were not significant exeept 

on the 64th day after seedin'g when the organie plots ~d a LAI 15% gre ater --1. 

than the inorganic plotl1 (Table 4.3.8). This trend is supported by the plant 

height data (Figure 4~3.5) which demollltrates that the organic plots were 8% 

'" 
taller than the inorganic plots 64 days after seeding (DAS), but were 

significantly taller on only one occasion (76 DAS, Table 4.3.9). It is 

interesting ta note that aven though the organic plots were taller with a 

larger leaf area, the inorganic plots aceumulated cry matter at a faster rate 

then the organie plots. 

.. 
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15 1982 SAND SITE 
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300 1982 SAND SITE 
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Plant maturity durlng 1982 was unaffected by elther treatment I..'ltll 

76 DAS. At this' stage, the plants started their â'ying process; the zero 

tillage plants "hed signiflcantly higher moisture contents th an the other two 

tillage treatments (Table 4.3.9). By the 91st DAS, a fertillzer tillage 

interaction developed ànd the zero organic plots had the hl~est moisture 

while the reduced argamc plots were the driest (Table 4.3.10). These results 

seem ta lndicate 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 ta 4.3.24 for the sand and clay Sites. Analyses of variance for these 

plant parameter measurements can be found ln Tables A4.3.15 to A4.3.40 in 

Appendix A. 

ln the sand Site, during the early stages of development, the 

conventional organic and teduced crganic plots yielded sigmticantly more dry 

matter then any other treatment combination (Table 4.3.12). ThiS InteractlOn 

effect can be explained by the increased levels of organic matter in the 

topsoil of these two treatment combinations. As the plants matured and the 

root systems developed ta deeper depths, this effect disappeared and 
1 

ditferences between the means became nonsignificant (Figure 4.3.6). 

1 
The plant helghts and leat area indices followed a similar trend in 

the Garly growth stages, although their differences were not siglificant. 

Unlike the LAPs which did not show any treatment effects for the remainder 

of the year, the plant heights in the organic fertHizer plots were 

significantly taller (8%) than those in the inorganic plots (Figure 4.3.7) on 

1 
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Figure 4.3.6. Variation in dry matter yield over the 1983 growing season 
for different treatment combinations in the Sand site. 
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Figure 4.3.7. Variation in plant height over the 19f33 growing season for 
different treatment combinations in the Sand site. 
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the last thI"ee parameter measurement deys. 

Early growth in the clay ~ te was SÎmùar to that in the sand site. 

Tables 4.3.16 and 4.3.17 end Figure 4.3.8 show that the conventional organic 

plots had a much faster growth rate up ta 42 DAS. The incorporation of 

manure aIsa resulted in slgniflcantly taÎler plants and in plants wi th a larger 

LAI in the conventional organic plots 29 DAS (Table 4.3.16). There were no 

differences statistically for either of these par am et ers for t~e balance of the 

growlng season. There was" however, a very recognizable trend. Figure 4.3.9 

il1ustrates fuat the zero tillage plants were approXimately 12% shorter than 

the others. This was not found ta bé statistically sigmfleant beeause of the 

variabillty among the treatment comblnations. 

Plant maturity during the 1983 growlng season in bath the sand and 

clay sites showed na differences due ta either treatment. The number of 

leaves wes not affected in either site untù 72 DAS (Figures 4.3.10 and 

4.3.11). At this point ln the sand si te, the argenie plots began ta shed their 

bottom leaves sigmficantly faster than the inorganic plots (Table 4.3.22). 

When corn plants abandon their bottom leaves, it is usually a result of either 

a moisture stress or a potassium deficiency. A patassium deficiency late in 
"9' 

the season can resul t in the leaf tips and margins turning brown and dying/ ...... 
,,,1 

(Larson and Hanway, 1976). Since moisture contents were actually higher in 
.., 

the arganie plots, the cause for the lœs of leaves was probably a nutrient 

stress nat experienced in the inorganic plots. The plants in the organic plots ) 

relied on the fr.esh manure for their only source of potassium and it is likely 

that this caused the differencès seen here. The clay site exhibited similar 

trends although they were not statistically siÇ1Ùficant. 

, 4 

JL. 
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Figure 4.3.8. Variation in dry matter yleld over the 1983 growlng season 
for different treatment combinations in the Clay si te. 
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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. 

"\ 



" 55 

, 
4.3.6 Harvest measurements 

~ 

The corn crops, were harvested for silage on October 7, 1982 in the 
",. 

sand site, September 13, 1983 in the clay site and September 20, 1983 in the 
r--/ 

sand site. Mean values of the harvest results in Mg/ha along with the 

associated moisture contents are presented in Tables 4.3.25 th'ough 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 df energy conservation and viability of 

reduced tillage the results for 1982 were very encouraging. The reduced 

tillage plots yielded signiflcantly more (14%) than the conventional tillage 

plots, while the zero tillage plots produced silage at a rate not significantly 

different fram the other two tillage treatments (Table 4.3.25). The plants 

receiving reduced tillage were also the drlest, 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 first year-, the savings in labour and fuel realized with zero 

tillage were quite valuable, sinee yield levels were maintained at a 

reasonable level. 

The results tram 1983 were slightly lesa encouraging. In the sand 

site, the reduced tillage yields. were nat significantly different tram the 

conventhmal but the zero tillage yie1ds were significantly lower then bath 

the reduced and conventionaJ tillage plots (Table 4.3.26). ln the day site, ,tthe 

zero tillage yields were significantly lower then thase I.I'lder conventional 

_____ r ___ ~ 
~ ~ '*~ ~ 
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Table 4.3.25 Hean values of hsrvest results 
Sand Site - 1982 

Dr~ Matter Yield!. Mg/ha 
TILLAGE 

C R 

1 : 15.10 16.51 
fERTILIZEH 

0: 13.29 15.95 

Mean: 14.20 b 16.23 a 

Percent Moisture 
TILLAGE 

C R 

1 : 55.06 52.26 
FERTILIZER 

0: 54.50 50.78 

Mean: 54.78 a 51.52 b 

Yleld eer P~nt, gm 
TILLAGE 

C R 

1: 210.4 212.3 
FERTILIZER 

0: 233.6 286.2 

Mean: 222.0 ail 249.3 a 

Z 

15.42 

13.64 

14.53 ab 

Z 

52.79 

56.36 

54.58 a 

Z 

220.2 

283.7 

252.0 a 

* Means with the same letter are nat significantly different 
at the G.05 level uSlng Duncàn's new multiple range test. 

,..-f 

Mean 

15.68 a 

14.29 a 

Mean 

53.37 a 

53.88 8 

Mean 

214.3 b 

267.8 a 
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Table 4.3.26 Mean values of harvest results 
Sand Site - 1983 

Dr~ Matter Yield. Mg/ha 
TILLAGE 

C R Z 

1 : 10.01 10.82 9.62 
fERTILIZER 

0: 11.29 11.06 9.57 

Mean: 10.65 a 10.94 a 9.6û b 

Percent Maisture 
TILLAGE 

C R Z 

1 : 42.25 b 39.85 b 40.91 b 
FERTILIZER 

0: 42.79 b 43.88 b 49.11 a 

Mean: 42.52 41.86 45.01 

Yield eer Plant! gm 
TILLAGE 

C R Z 

1 : 131. 7 150.0 141.2 
FER TI LI Z"ER 

0: 156.7 152.5 156.0 

Mean: 144.2 a 151. 3 a 148.6 a 

* Means with the same letter are nat significantly different 
at the G.05 level using Duncan's new multiple range test. 

Mean 

IG.15 a 

1(..64 a 

Mean 

41.GO 
/ 

45.26 

Mean 

14l.u b 

155.1 a 

1, 
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Table 4.3.27 Mean values of harveat results 
Clay Site - 1983 

Dr~ Matter Yleld, Mg/ha 
TILLAGE 

C R -
1 : 11.86 11.96 

FERTILIZER 
0: 12.52 11.54 

Mean: 12.19 a 11.75 ab 

Percent Moisture 
TILLAGE 

C R 

1: 39.43 43.77 
FERTILIZER 

0: 43.65 ' 44.08 

Mean: 41. 54 a 43.93 a 

Yield eer Plant, gm 
TILLAGE 

C R 

1: 165.3 172.6 
FERTILlZER 

, 

0: 168.7 175.5 

Mean: 167.0 a ..l74.1 a 

Z 

11.56 
. 

IG.84 

11.20 b 

Z 

42.43 

47.85 

45.14 a 

Z 

177 .1 

157.8 

167.4 a 

* Means with the B~mè letter are nct significantly different 
at the w.05 level uaing Duncan:s new multiple range test. 

i 

"---- '--, ,--------

Il. 80 a 

11.63 a 

Mean 

41.88 a 

45.19 a 

Mean 

171. 7 a 

167.3 a 

•• . \ 

l 
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tillage and the reduced tillage plotS""' were not significantly different from 

either the zero or conventionaJ 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 recei ve inorgamc 

nitrogen. It seems likely that the rasidual nitrogen from the alfalfa crop 

(1976-1981) coupled with the mtrogen in the frash manure were sufficient to 

'satlsfy the needs of the corn plants during the first two years of 

experimentation. 

It is interestlng to note that although the yieJd dlfferences in the 

sand site were not statisticaJly significant, the crganic 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 hicj1 rates, th\\! frash manure is harmful to the emerging seedJings but is 

beneficial to the plants that do manage to become established. 

Althoucj"l no differences in plant moisture content appeared throuljlout 

the year, an interaction affect between zero tillage and organic fertilizer in 

the sand site, caused this treatment combinatlOn to be, signific8!,)tly less 

mature than any other combination at harvest (Table 4.3.26). The reduced 

growth rate of these zero tillage plats with organic fertilizer (Tables 4.3.11 -

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

harllest. 

It was initially thought the 9.8 and 8.1% yield reductions in the zero 

till plots in the sand and clay sites respectively, were attributable to the 

.,. 

L 
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changes in sail structure, slightly increased weed populations and- a slower 

rate of early growth. However, when one conslders 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 mlilan 

values of yield per plant are presented in Tables 4.3.25 through 4.3.27, and 

the œsociated analyses of variance are listed in Tables A4.3.42, A4.3.44 and 

A4.3.46 (Appendix A). 

In bath 1982 and 1983, tillage had no effect on the yield of dry 

matter per plant. The populatIon differences between the plots, caused by 
'i 

the tillage treatm~nts, was believed to be the sole cause for the final silage 

yield differences. Fertilizer source did however, have a slgniflcant effect on 

yield per plant ln the sand site bath years •. Those plots receivlng manure as 

the fertllizer 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 red4ction in plant population was due 

ta skips spaced randomly throug,out the plots. The difference 15 probably 

due to incrèased organic fertilizer use efficiency in the sandy loam sail. 

This trend is not expected, to continue after many successi ve ye ars of 

fertilization with manure only. The sand plots aisa perfonne'~ qui te well due 

ta the high bac,kground levels of nutrients present at the start of the 

experiment. The fertilizer source did nat affect the yield per plant in the 

clay sail because the fertilizer source did not affect emergence ir.t the clay 

sail. 

These results become even more encouraging when one considers that 
~ 

the problem of plant population rs easie!" ta solve than ls a situation of 

., 
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degrading soil structure. Modification of the planter ta ensure proper 

loosening of the soil arolJ1d the seed in the zero tillage plots and better 

seedbed preparation in the reduced tillage plots ta provide adequate seed to 

soU contact, should result in equivalent yields for aU tiUage trea~!nts. 

To alleviate the issue of reduced emergence and populaflOns in the 

sand plots fertilized fram organic sources is a greater problem. The fact 

that the clay site was lJ1affected, tluggests that the lower cation exchange 

capaclty of the sandy loam soil was responsible for hlgher levels of 

ammonium and salt (both toXlC ta young plants) ln the sand plots ferulized 

with frash manure. Further research is necessary to be able ta use manure 

as an alternate fertllizer source in corn production ln sandy soHs. 

4.3.7 Plant TISsue Analysls 

At the end of two years of tillage and fertllizer treatments, drled 

samples of the corn sUage from the 1983 harvest were analyzed for micro 

and macro nutrlent 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 ln parts per million w-e presented in 

Tables 4.3.28 through 4.3.3~. The oaresponding analyses of variance are 

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

The use of dairy manure as the only nitrogen source in the arganic 

plots significantly reduced the percentage of crude protein present in the 

plants at harvast. This reduction amaunted ta 22 and 13% in the sand and 

clay sites respecti vely. The amolXlt of nitrogen taken, up by the plants was 

• 

-~ ---- --- ---~ 
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Table 4.3.28 Mean values of plant tissue analysis 
Sand Site 1983 

Crude, Protein. Of 
10 

TILLAGE 
C R Z Mean 

1: 8.00 7.43 8.17 7.87 a 
FERTILIZER '" 

• 0: 6.50 6.27 5.57 6.11 b 

Mean:' 7.25 a 6.85 a 6.87 a 

Calcium. % 
TILLAGE 

C R Z Mean 

1: 0.270 0.273 0.247 0.263 a 
FERTlLIZER 

0: 0.210 0.193 0.187 0.197 b 

Mean: 0.240 a 0.233 a 0.217 a 

Phosphorus , II' 

'" 
TILLAGE 

C R Z Mean 

1: 0.260 0.243 0.253 O.25G a 
FERTILIZER 

0: 0.260 0.273 0.280 0.270 a 

Mean: 0.260 a 0.258 a 0.267 a 

.. 
Magnesium. 01 

'" TILLAGE 
C R Z ~ 

1: 0.130 0.237 0.146 0.171 a 
FERTILIZER 

0: 0.143 0.126 0.163 0.144 a 

Hean: 0.137 a 0.182 a a .155 a 

* Means with the same letter are not significantly different 
st the 0.05 level using Duncan's new multiple range test. 
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Table 4.3.29 Mean values of plant tissue ana1ys.ls 
Sand Site - 1983 

Potassium! % 
TILLAGE 

C R Z 

1: 0.96 1.82 1.15 
FERTILIZER 

0: 1.42 1. 21 1.19 

Mean: 1.19 8 1.51 a 1.178 

Iron, eem 
TILLAGE 

C R l 

1: 67.67 63.GO 48.33 
FERTILIZER 

0: 58.67 61.GO 47.33 

Mean: 63.17 a 62.00 a 47.83 8 

Manganese, ppm 
TILLAGE 

C R l 

1: 25.3 23.0 24.3 
FERTILIZER 

0: 16.} 14.3 14.7 

Hean: 20.8 a 19.5 a 18.7 a 

Coeper. ppm 
TILLAGE 

C R Z 

1: a.GO 9.67 7.33 
FER TI LI ZER 

0: 8.67 9.67 9.00 

Hean: 8.33 a 9.67 a 8.17 a 

• Means with the same letter are nat significantly different 
at the 0.05 lev el using Duncan's new multiple range test. 

Mean 

1.31 a 

1.27 a 

Mean 

59.67 a 

55.67 a 

Mean 

24.2 8 

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 Protein, % 
TILLAGE 

C R 1. 

1: 7.53 7.80 7.87 

FER TI LI ZER 
0: 6.73 6.70 6.67 

Mean: 7.13 a 7.25 a 7.27 a 

Calcium, 1)1 

'" TILLAGE 
C R Z 

1: 0.236 0.263 0.250 

FERTILIZER 
0: 0.247 0.283 0.257 

Mea~: 0.241 a 0.272 a 0.251 a 

Phos~horus 1 '" '" TILLAGE 
C 1', B- Z 

1: 0.230 0.243 0.253 

FERTILIZER 
0: 0.263 0.257 0.220 

Mean: 0.247 a 0.250 a 0.237 a 

Magnesium. % 
TILLAGE 

C R Z 
':J 

1: 0.257 0.280 0.297 

FERTILIlER 
0: 0.233 0.307 0.267 

..... 

M,an: 0.245 a 0.293 a 0.282 a 

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' 

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

~'-_, _______________________ ~ ________ ~t_ 

, 
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\ -~ / Table 4.3.31 Mean values of plant tlssue anal yS1S 

Clay Slte - 1983 

c/) 
Potasslum. IV 

,0 

TILLAGE 
C R Z Mean 

~,.. -
1 : 0.927 1.003 0.903 u.9448 

FERTILIZER 
0: 1.G30 0.917 1.113 1. 02G a ., 

Mean: 0.978 a 0.960 e 1. G1G a 

Iron. eem." 
TILLAGE 

C R Z Mean -
1 : 67.67 58.67 68.00 64. 78 B \ FERTILIZER \ 
0: 50.67 54.00 67.67 57.44 8 \ 

Mean: 59.17 a 56.33 a 67.83 a 

, 
Manganese, e~m 

TILLAGE 
C R Z Mean -

I: 20.00 16.00 21. 33 19.11 a 

l FERTILIZER 
0: 13.33 13.67 16.33 14.44 a 

Mean: 16.67 a 14.83 a 18.83 a 

Coeeer, eem 
, TILLAGE 

C ~ Z Mean 

1 : 8.33 9.67 8.67 8.89 a 
FERTILIZrR 

O! 8.00 ll.33 11.33 10.22 a 

Mean: 8.17 a 10.50 a 10.00 a 

)l, 

* Means with the same lettfilr are not edgm ficantly d~ fferent 
at the 0.05 level using Duncan' s new muitlple range te!t. 

1 Oft ___ _ 

..... --- '--
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Table 4.3.32 Mean values of plant tissue analysls. Zlnc(ppm) 
Sand and Clay Sltes - 1983 

Sand SIte 
TILLAGE 

C R Z 

1: 28.3 28. Cl 28.3 
FERTILIZER 

0: 26.7 28.0 28.7 

Mean: 27.5 a 28.0 a 28.5 a 

Clay SIte 
TILLAGE 

C R Z 

1: 22.3 22.7 25.3 
FERTlLIZER 

0: 20.3 25.3 29.0 

Mean: 21.3 b 24. G ab 27.2 a 

" * Meens with the seme latter are nat significently dl fferent 
et the 0.05 level uSlng Duncen' s new multlple range test. 

\ 
) 

Mean 

28.2 a 

27.8 a 

Mean 

23.4 a 

24.9 a 

- - ------------
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lower in these organic plots probably because of the Increased leachmg and 

volatilizatlOn of the fresh' manure, and the lower nitrogen avallabillty as 

compare d ta the Inorganl c source of mtrogen. Visual observ atJO ns supported 

these results ln that these partlcular plots were a pale yellowish green whiJe 

the correspondlng lnarganlc plots were the proper dark green colour. 

Ail other nutrlent cont ents ln the cray sail were nat affected by 

elther treatment, except for zinc concentrabon. The zero tillage plots had a 

significantly hlgher zinc concentratlgn than the other two tillage treatments. 
r/ 

In the sand Site, tillage did not affect plant nutnent content and the 

fertilizer source only affected the cal el um 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, white that of 

1983 was one of the wettest. These differences allaw us ta evaluate the 

d'fferent tillage aRd fertillzer treatments under varylng weather conditiOns. 

The balance of the 1982 growing season could be oonsidered average, but the 

July-August perlad of 1983 received 45% less rain than the 30 yeer average. 

BackgrolJ"ld sail levels of phospharus and potassium were both greater 

than 200 kg/ha after the fiI:!t two years of experimentation. Salimty leveis 

were very low and showed na difference due ta the applied tre atments. 

SaIl organic mat ter levels in the clay plso showed no differences, but 

,'1 
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ln the sand an interaction between tillage and fertillzer appeared at the end 

of 1983. Thoae plots recelvlng incorporated manure (conventional and reduced 

organic) had significantly higher organic matter levels than the lnorganic 

fertllizer treatments, or the zero tIlled organle plots. 

The zero tillage plots were sigmflcantly mcre dense ln the top 5 cm 

1 ayer of soli and the conventlonal plots produce d a dense plO'... pan at a 

depth of approxlmately 20 cm. These dlfferences were statlstlcally 

signlflcant after the second year only. 

The rate of emergence of the young seedlings was unaffected by 

elther of the applIed treatments in 1983, and the number of days after 

o 
seeding required for tassellIng ta occur was simll arly unaffected in the cl ay 

site. A two day significant dlfference did occur ln the sand Site, but this 

was consi dered negligible when compared ta the length of the overall growlng 

sesson. 

The organic fertIlizer significantly reduced the plant population in the 

sand site in bath 1982 and 1983, but did not affect the population in the 

clay site. Tillage method did not affect the number of plants emerged per 

plot in the first year (1982), but no tillage significantJy reduced the number 

of plants in the zero tillage plots ln bath the sand and clay plots ln 1983. 

In 1982, ln 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 Inorganic sources. Tillage 

treatments did not affect any of the parameters e)(cept 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 dUrlng the growlng season 

was lJ1affected by bath treatments ln elther site. A tillage-fertilizer 

Interaction effect caused the conventlonal and reduced organte plots ln the 

sand site and the conventlOnal organic plots ln the clay sIte to accumulate 11 

dry matter at a faster rate ln the early stages of growth. Plant helghts ln 

those plots receiving organlc fertillzer were agaln slgmflcantly taller ln the 

sand site ln 1983. Unlike 1982, however, these plants dld accumulate more 

dry matter than those lI1der inorgamc fertillzer. In the clay site, bath plant 
1 

height and leaf area index were not influenced by treatment. 

Towards the end of 1983, the number of leaves per plant in sand 

site was significantly reduced due ta the organic fertllizer treatm The 

clay site followed the sarne trend although the differences ere not 

statistlcally significant. A lower availability of pota~sium due in part to the 

very dry soil conditIOns, was belleved to be the cause for the reduction ln 

the number of leaves in those plots fertilized with dairy caUle manure. 

First year harvest results were encouraging for reduced tillage 

practices, in that the reduced tillage plots produced a slgnificantly ~Igher 

amount of sUage, while the conventional and zero tillage plots were not 

different from each other. Thase plots receivlng the inorganic fertilizer 

treatment yielded 9.7% m<re crop than the organically fertilized plots. The 

variability among treatments was such that thls 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 ta the zero tillage treatment ln the 

clay and sand sites respectively (bath statlstica1ly signlficant). There was no 

effect, however, due to either of the two fertilizer treatments. If, however, 

one considers the final plant populations, the harvest results ln terma of 

grams of dry matter per plant are very promising. Tillage had no effect and 

plants ln the sand site fertillzed wlth orgamc materlal yielded signlflcant~y 

more than thase fertHized from inarganlc sources. 

A reduction of available nitrogen ln those plots fertilized with dalry 

caUle manure caused a decrease in the percentage of crude protein present 

in the sdage at harvest in bath the sand and clay sites (22 and 13%). This 

reductlOn hawever, was not sufficient ta prevent the plants fram produclng 

more dry matter than the plants fertilized inorganically, as was mentiéned 

above. No other plant nutrient contents were affected by treatment except 

for zinc in the clay site and calcium and manganese in the sand site. The 

former was reduced by the zero tillage treatment, whlle the latter two were 

decreased in the orgarlÏc plots. 

~n the basis of this study, the fol1owing conclusions can be drawn: 

1. Using the methodology described herein, the use of zero tillage ia likely 

ta reduce the final plant population significantly. 

~-"""""1 

2. The ~e ~f fresh dairy caUle manure on a sandy loem sail as the only 

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

population. 

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

J 
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significantJy increased the sail organic matter, content in the top' 20 

cm. 

4. Sandy ioam soils fertllized organically tended ta produce taller plants, 

but accumulated dry matter slower than if fertilized inorganically. 
J 

S. Zero tillage significantly reduced the plant populations ln bath sites in 

1983. Thesê final plant populations were seen ta be the cause of the 
1-

reduced yields in the zero tillage plots. Tillage treatmelit had no effect .. 
on the yield of dry matter per plant. 

6. Fertllizer source did not affect the yield per plot or per plant in a clay 

soil. In i'l sandy ioam soil, the organic fertilizer did not affect the 

yield per plot but siglificantly increased the yield per plant. 

7. The use of dairy cattle manure as the sole source of nitrogen, 

significantly reduced the percentage of crude protein in the silage at 
f 

harvest in bath a clay and a sandy ioam sail. 

8. It would seem from the experiments 'reported that by solving the 

\ probiem of reduced plant populations, the zero or reduced tillage 

techniques with either organic or inorganic fertilizer sources would be 

viable al ternati ve cern production system components, which could be 

considered for practical application in southwestern Quebec and eastern 

Ontario. 

, ' 

( 
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Table 4.3.6 Mean values of plant parameters 26 days after seedlng 
Sand Site - 1982 

Dry Matter Yleld, Mg/ha 
TILLAGE 

C R Z 

1: 0.071 0.090 0.066 
FERT ILIZER 

0: 0.053 0.068 0.036 

Mean: 0.062 ab 0.079 a 0.051 b 

Percent MOlst ure 
TILLAGE 

C R Z 

1 : 72.72 69.61 73.86 
FERTILIZER 

0: 67.67 72.37 L 71.04 

Mean: 70.20 a 70.99 a 72.45 a 

Plant Hei~t • cm 
TILLAGE 

C R Z 

1 : 17.20 17.00 17.37 
FERTILlZER 

0: 17.93 19.03 17.03 

Mean: 17.57 a 18.02 a 17.20 a 

Leaf Area Index 
~, TILLAGE 

C R Z 

1 : 0.126 0.131 0.122 
FER TlLIZER 

0: 0.121 0.176 0.127 

Mean: 0.124 a 0.154 a 0.124 a 

* Means with the same 1etter are nct significantly different 
at the 0.05.tevel using Duncan' s new multiple range test. 

Mean 

0.û76 a 

u.052 

Mean 

72. [;6 a 

70.36 a 

Mean 

17.,W a 

IB.OO a 

Mean 

0.126 a 

0.141 a 

------< ---

b 

l 
~---
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Table 4.3.7 Mean values of plant parameters 48 days arter seedlng 
Sand Site - 1982 

Dr;t t-tatt e r Yle Id • 

, 1 : 
FERTILlZER 

0: 

Mean: 

Percent MOlsture 

1 : 
FERTILlZER 

0: 

Mean: 

Plant Heiçpt. cm 

1: 
FERTIlIZER 

0: 

Mean: 

Leaf Area Index 

1: 
FER'ILlZER 

0: 

Mean: 

Mg/ha 

C 

1.09 

0.63 

0.86 a 

C 

92.19 

92.53 

92.36 a 

c 

74.60 a 

TILLAGE 
R 

0.88 

0.85 

0.86 a 

TILLAGE 
R 

92.8S 

91. 91 

92.40 a 

TILLAGE 
R 

Z 

1.26 

0.79 

1. û2 a 

Z 

92.22 

92.86 

92.54 a 

Z 

58.47 c 71.23 ab 

64.90 abc 69.57 abc 60.13 be 

69.75 

c 

1. 54 

1.34 

1.44 a . 

64.02 

TILLAGE 
R 

1.40 

1.90 

1.65 a 

65.68 

Z 

1. 74 

1.72 

1. 73 a 

* Means with the same letter are nat significantly different 
at the 0.05 level using Duncan's new multiple range test. 

Mean 

1.08 a 

0.75 b 

Mean 

92.43 a 

92.43 a 

68.10 

64.87 

Mean 

1.56 a 

1.65 a 

.. 



78 
Table 4.3.8 Mean values of plant parameters 64 days after seed~ng 

Sand Site - 1982 

Dry Matter Yleld. Mg/ha 
TILLAGE 

C R Z Mean 

1 : 4.55 5.62 4.65 4.94 a 
FER TI LIlER 

0: 3.95 3.73 4.61 4.10 b 

Mean: 4.25 a 4.67 a 4.63 a 

"-

~ Percent Moislure 
TILLAGE 

C R Z Mean 

1 : 86.68 87.33 87.14 87.05 a 
FERTILIZER 

0: 87.58 87.55 88.24 87.79 a 

Mean: 87.13 a 87.44 a 87.69 a 

Plant Heiçj1t. cm 
TILLAGE 

C R Z Mean 
, 

1: 118.3 13~.6 124.9 126.6 a 
FERTILIZER 

0: 139.2 138.9 134.8 137.6 a 

Mean: 128.8 a 131.8 a . 129.9 a 

, ... 81' 

Leaf Area Index 
• TILLAGE 

C R Z Mean 

1: 3.28 3.84 3.17 ~.43 a 
FERTILlZER 

0: ~.60 3.77 4.41 3.93 b 

Mear,t: 3~44 a 3.81 a 3.79 a 
(1 

* Means with the same lettet ar~ not significarl1y different 
at the 0.05 level using Duncan's.new multiple range test. 

t .. 

----"-
'" 
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Table 4.3.9 Mean valuea of plant perameters 76 deys after seeding 
Sand Site - 1982 

Dr~ Matter Yield, Mg/ha 
TILLAGE 

C R Z 

1: 8.88 8.JO 7.64 
fERTILIZER 

0: 6.91 7.37 6.62 

Mean: 7.89 a 7.83 a 7.13 a 

Percent MOlst.ure 
TI~LAGE 

C R Z 

1 : 79.18 78.97 80.17 
fERTILIZER ri 

0: 79.62 79.84 80.89 

Mean: 79.40 b 79.40 b 80.53 a 

Plant Heig,t. CfA 

TILLAGE 
C R 2 

1: 191.5 203.2 190.-8 
fERTILIZER 

0: 200.7 214.2 219.5 

Mean: 196.1 a 208.7 a 205.2 B 

Leaf Area Index .. 
TILLAGE 

C R 1 .z 
'" 

1: 3.90 3.77 3.56 
fERTILIZER 

0: 3.66 3.89 4.34 
< 

( 
Mean: 3.78 a 3.83 a 3.95 a 

.. 
* Mesos with t.he same let.ter are riot. e,ignificBnt 1y di(ferent 

• at the 0.05 leveI uBing Duncan',s new mu It,ip le 'range tes\:.. 

.. , .''Ii.,:. 

.. -

-------~----.------------~~~--~~-~~---------

• ,'"&il' ,;0, .:.. 

Mean 

8.27 B 

6.97 a 

Mean 

79.44 a 

80.11 a 

'" 
• 

Mean 

195.2 b 

211. 5 B 

Mean 

3.74 a 

J.96 a 
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Table 4.3.10 Mean values of plant parameters 91 days aft~r seeding 
Sand Site - 1982 

1 ~ 

Ory Matter Yield. Mg/ha 
" TILLAGE 

C R Z Mean 

1: 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 

. \ Percent Moisture 
TILLAGE 

C R Z Mean 

1 : 77 .48 ab 76.24 bc 76.63 abc 76.78 
FERTILIZER 

0: 75. al) bc 74.07 c 79.57 a 76.50 

Mean: 76.67 75.15 78.10 

Plant Heig,t. cm 
. TILLAGE ~ . -. ... C R Z Mean ... 

• 
'"-- " . 1 : 219."'IJ1 1 233-.6 .. ,)97• ~ ~ 209.9 a 

FERTILIZER . . .' ... 
0: 215.2 211.1 226.8 217.7 a "1 , .. 

Mean: 217.1 a 207.4 a 217.0 a 

'\ 
Leaf Area Index 

TILLAGE 
C R 'z Mean 

1: 3.75 " 3.07 3.63 3.48 a 
FERT.ILlZER 

0: 3.38 3.35 3.92 3.55 a 

'""' Mean: 3.56 a 3.21 a 3.77 a 

* Mesns with the same 1etter are not significantly different 
at the 0.05 level using Duncan's new multiple range test. 

, 
( 

.. 
~ 

- __ ~' _____________ '_~~"4 ___ ' __ ~., _____ -_____________________ -" 
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Table 4.3.11 Mean values of plant paramet ers 29 days after se.eding 
Sand Site - 1983 

Dr)': Matter Yie1d. Mglha 
TILLAGE 

C R Z Mean 

I: 0.168 0.154 0.136 0.153 a 
. FERTILIZE~ 

". 0.163 a 0: 0.169 0.203 0.119 

Mean: 0.169 a 0.178 a O.IV a 

Percent Moisture 
TILLAGE 

C R Z 

I: 75.84 75.69 73.92 
" FERTILIZER \" 

'"' 0: 79.88 75.38 76.84 

Mean: 77.86 a 75.54 a 75.36 a 

Plant Heiçtlt. cm 

1: 
FERTILIZER 

0: 

, . ... Mean: 

Leaf Ares Index 
TILLAGE' 

C R Z 

I: 0.596 0.583 0.533 
FERTILIZER 

0: 0.636 0.612 0.536 

. Mean: 0.616 a 0.598 a 0.536 a 

* Means with the same letter are nat aignificantly different 
at the 0.05 leve1 using Duncan's new multiple tange test. . " 

Mean 

75.15 a 

77 .37 a 

Mean 

0.571 a 

0.596 a 

L __ .. ~ __ ._. __ ._.' ______ ~_l _, ~--~~----------
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Table 4.3.12 Mean values of plant parameters 42 days after seeding 
Sand Site -: 1:983 

Dry Matter Y1eId. Mg/ha 
TILLAGE 

C' R Z 

1: 1.38 be 1.20 cd 1.02 d 
rERTIlIZER 

0: 1.64 ab 1.80 à 1.01 d 

Mean: 1.51 1.50 1.01 

• 
Percent Moisture 

TILLAGE 
C R Z 

"" 
1: 89.11 89.11 89.11 

rtRTI LI ZER 
0: 89.11 89.11 89.11 

Mean: 89.11 89.11 89.11 

Plant Heiq,t! cm 
TILLAGE 

C R Z 

1: 60.47 62.27 57.17 
rERTILIZER 

0: 64.47- 66.97 59.30 

Mean: 62.47 ab 64.62 a 58.23 b 

Leaf Area Index 
TILLAGE 

C R Z 
" 

1: 2.52 2.29 2.47 
rERTILIZER 

0: J.I~ 3.09 2.49 

Mean: 2.82 a 2.69 a 2.48 a 

* Means with the same lettar ère nat significantIy different 
at the 0.05 levei using Duncan's new Multiple range test • . 

- , 

Mean 

1. 20 

1.48 

Mean 

89.11 

89.11 

Mean 

59.97 b 

63.58 a 

Mean 

2.43 b 

2.90 a 

, ' 

....... 

t 
~ 
i 

.------_._.------------------~--------------~-------- -----------~ 
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Table 4.3.13 Mean values of plant parametet's 58 days aft~r seeding 
Sand Site - 1983 

Dpy Matter Yield z Mglha.. 
TILLAGE 

C R Z 

ç 1 : 4.92 4.59 4.62 
FER Tft.IZER 

0: 5.65 5.01 4.10 

Mean: 5.29 a 4.80 ab 4.36 b ., ,. 

Percent Moisture 
TILLAGE 

" 
C R Z - , 

1: 87.78 87.12 86.88 
FERTILIZER 

0: 88.3u 86.77 89.62 

Mean: 88.04 â 86.95 a 88.25 a 

Plant Height z cm 
TILLAGE 

C R l ,,-
" , 

1: 165.3 159.1 154.6 
FER T.I LI4ER ,\ 

0: 180.8 177.0 159.8 " 

Mean: 173.0 a 168.0 a 157.2 b 

* Meanà with the 8ame leUer are not signific,antly different 
at the 0.05 level' using Duncan' s new multiple range test,' 

-----------------------"~.------------------------------------

Mean 

4.71 a 

4.\92 a 

Mean 

87 . .26 "a 

88.23 a 

Mean -
159.7 b 

172.5 a 

., 

\ 
( 

;r. 
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-
Table 4.3.14 Mean values of plant parEijJleters "12 days a ft er seeding 

Sand Site - 1983 

~ 
Dry'Matter Yield, Mg/h~ 

r' TILLAGE 
C R 1.. ~ Mean -

1: 7.93 8.42 8.52 8.29 a 
f"ERTILIZER 

0: 8.30 9.58 7.36 8.41 a 

Mean: 8.12 a 9.00 a 7.94 a 

~ 

Peroent Moisture 
TILLAGE' 

C R Z Mean 

f: 84.45 83.81 83.24 83.83 a 
FERTILIZER 

0: 83.81 83.43 84.45 83.90 a 

Mean: 84.13 a 83.62 a 83.85 a 

Plant Hei~t. cm 
TILLAGE 

C R Z Mean 

1: 249.5 . 252.1 246.1 249.2" b 
f"ERTILIZER 

0: 267,3 265.3 265.4 266.0 a 

Méan: 258.4 B 258.7 a 255.7 a 

Leaf Area Index 
TILLAGE 

C R Z Mean 
--\ 

Il 4.87 4.78 4.67 4.77 a 
FERTILIZER 

0: 4.23 - 5.01 4.57 4~60 a 

Meant 4.55 à 4.89 a 4.62 a / 

o , 

* Meane with the aame latter ~.re not aignificantly different 
at the 0.05 1eve! using Duncan'. new mw.tiple, range teat. 

~ /, 

1 _ 

1 

1 

I
I 

/ 

/ 
/ 

1 

! 
/ 
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:J'able 4. 3:~5 Mean values of plant' parameters 92 days after seed~ng 
Sand Site -,19133 

~ 

Dry Matter Yield, ~/ha 
, TILLAGE 

C R Z ~ .. ' -
Il 10.25 '11.46 12.21 11.31 a 

FERTILIZF.;R 
0: 12.36 11. 52 ' 10.97 11.62 a 

Mean: 11. 31 a 'll.49 a 11.59 a 

.. Percent Moi st. ure 
TILLAGE 

C R Z ~ 

1: 76.93 76.10 74.51 n.. 75.85 a , FERTILIZER 
76.~ '8 0: 75.27 77.12 76.04 

Mean: 76.10 8 76.61 a 75.27 8 
j 

Plant 'Heiçllt, cm 
TILLAGE 

C R Z Mesn 

b 253.7 251.1 248.2 - 251.0 b 
fERTILIZER 

0: ' 265.9 265.7 271.4 267.6 a 

Mean: 259.8 8 258.4 a 259.8 8 
'-

} 

" Leaf Area Index 
TILLAGE 

C R Z ~ 

1: . 3.11 3.59 3,40, 3.37 a 
FERTIlIZER ... 

0: c. 3.17 3.16 3.16 a . , 
Means 3.38 a 3.28 a ; ... 

* Means with the sarne letter are not significant1y different 
î et the 0.05 levei using Duncan's new multiple fange test. 
,1 
• 
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,{ ... 
il ~ " 

~~ " 



.", 

\ 
, . 

, 
" 

.il' 

86 

.J 
Table 4.3.16 Mean values of plant parameters' 29 days afte'r seeding -

Clay Site - 1963 ' .... 

Dr~ Matter Yieid z ~/ha 'Î 
TILLAGE " 

e R 1 Mean -
1: 0.126 b 0.125 'b 0.lt9 b 0.127 

FERT 1 LItER .. 0: 0.225 a 0.110 b 0.114 b 0.149 

Mean: 0.176 0.118 0.122 1 

\ . 
( 

p 

Percent Moist ure 
TILLAGE 

C R Z -Mean 

1: -'77.77 79.73 79';:5 79.01 a 
FERTILIZER ~/ 

----0: 75.63 78.79 75.22 76.55 a 
s. 

Mean: 76:70 a 79.2~ a 77.38 a 

Plant Heiçj)t , cm .. 
TILLAGE 

C' R Z 
, 

Mean 

1: 20.77 ,0' 21.50 bc 25.47 ab " 22.58 
FERTILIZER 

0: 26.23 a 23.53 abc 20.40 c 23.39 

Mean: ~ 23.50 22.·52 22.93 , . 
• ~ 

leaf . Area Index 
f.llLAGE 

C R Z Mean 
~ 

1: 0.559 " bc 0.586 abc 0.624 sb 0.589 
FERTILlZER 

fi 

0: 0.667 a 0.557 be 0.513 c 0.579 

Mean: 0.613 0.571 ~ 0.568 

* Meens wH.il the same letter are nat significantly di fferent. 1 
at the 0 .. 05 levei ua..i.ng Dunes!,,' s new multiple range test-. ~ 

9 1'1 
: 
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.. Table 4.3.17 ~ean values of plant parametera 42 da ys sfter seedlng 
Clay Site - 1983 

Dry Matter Yield, Mg/ha .-
TILLAGE 

C R~ Z Meah 
IV 

1: 1.17 1.13 1.03, 1.11 a 
fERTILIZER . , 0: 1.98 1.00 0.69 1.22 a 
'fJ 

Mean: 1.58 a 1.07 a 0.86 a 

Percent Moisture 
TILLAGE 

C R Z Mean 

1: 85.70 85.70 85.70 8S.7l1 
fERTILIZER 

< 0: 85.70 -85.70 85.70 8S.7u, 

Mean: 85.70 85.70 85.70 

Plant Hei~t 2 cm 
TILLAGE 

C R Z Mean -
1: 55.10 54.27 . 49.40 52.92 a 

fERTILIZER 
0: 61.70 51.13 43.16 52.0G a 

0 

( Mean: 58.40 a 52.70 a 46.28 a 

/ ~ 

Leaf Ares Index 
TILLAGE 

C R Z Mean - -r .> 

1-1 2.08 2.10 2.06 .2.08 a 
fERTILIZER " 

0: 2.75 2.17 1.66 2.19 a 

Mean: 2.42 a 2.14 a 1.86 a 

* Mean~ with the S8me letter are nat significant.ly, different 
at the 0.05 lev el ueing Duncan' s new'multiple range test. 

.. 

7 

~ 
! 
} 
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Table 4.3.18 Mean values of plant paramet ers 58 days after seeding 
Clay Site - 198J 

Dr~ Matter Yiel<1. Mg/ha 
TILLAGE 

C R Z Mean 
",", -. 

1: 5.11 4.15 4.08 4.45 a 
FERTILIZER 

0: 4-.53 J.33 2.66 3. SU a 

Mean: 4.82 a 3.74 a 3.37 a 

Percent Hoisture 
TILLAGE 

r C R Z Mean 

1 : 84.13 85.00 84.99 84.71 a 
'F"ER TI LI ZER • 

0: 85.48 85.73 8S.70 85.64 a 

Mean: 84.80 a 85.J6 a 85.35 a 

Plant Heiq,t ! cm 
TILLAGE 

C R' Z Mean -
1: 129.7 129.1 119.2 125.7 a 

FERTILIZER 
, 

'" ... 0: 139.3 114.8 99.3 If7.B a 

Mean: 134.5 a 121.4 a 109:2 a 
\ 

Leaf Area Index tI!7 

TILLAGE 
C R Z Mean 1 

"1: 4.47 4.26 4.33 4.35 a 
FERTILIZER 

, 

0: 4.39 3.97 3.32 3.89 a 

~ean: 4.43 a 4.12 a 3.83 a 

* Means with the same letter are not,aignificantly different 
at the 0.05 level using Duncan's new multiple ranQ-e" test. 

\. 
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Plant Heicjlt , cm 
TILLAGE 

C R Z 
< -

I: 237.0 224.1 219.4 
FERTILIZER 

0: 24).2 227.9 205.3 
\. 

Mean: 240.1 a 226: 0 a 212.4 a 

Leaf Area Index 
TILLAGE 

C R Z -
lf· 4.68 4.52 4.75 

FERTIllZER 
o~ 4.67 4.38 3.96 

Mean: 4.67 a - 4.45' a 4.36 a &:)/ 

*' Means wit.h the same latter are not- significânt1y different 
at the 0.05 1evei using ~.mcanI8 new muitip-le range test. 

~ 

." u t; 

Mean 

226.9 a 

225.5 a 

~~an 

4.65 ~ 

4.34 a 
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Table 4.3.20 Mean values of plant parameters 92 days after 
1 Clay Site - 1983 

Dry Matter ~ieldz Mg/ha 
TILLAGE 

t C R Z 

1: 12.09 11.38 10.51 
FERTILlZER 

0: 12.77 10.98 9.35 

Mean: 12.43 a lL18 a 9.93 a 
d 

Percent Moist ure 
TILLAGE 

C R Z 

1: 76.04 75.85 76.35 
'FERTILIZER 

" 0: 76.42 77.50 76.86 

76.23 il 76.68 a 76.61 a 

Laaf Area Index 'li> 

TILLAGE 
C R Z 

~ 

~ 1: 4.19 3.97 4.00 
FERTILIlER 

0: 4.0.0 3.75 3.46 

Mean: 4.09 a 3.86 a 3 .• 73 a 
-

* Means with the same ,letter are not significantly dif&rent 
at the '"0.05 lev el using Duncan's new multiple range test. 

• 

- , 

4# 

seedl.ng 

Mean 

11.33 a 

11.03 a 
~. 

Mean 

76.08 ~ a 

76.93 ~ 

Mean --
4.05 a 

3.73 a . 
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Table 4.3.21 Mean values of number of leav8s for 29, 42, and 58 days 
after seeding. Sand Site - 1983 

29 Da~s After Seeding 
TILLAGE 

C R Z .-
....... , 

6.93 f' 1: 7.03 6.93 
FERTILIZER 

0: 7.~0 7.03 6..A3 

Mean: 7.11 Ga 6.98 a 6.68 a 

42 Da~s Aftar Seeding 
TILLAGE 

C R . Z -
1: 10.93 11.27 11.03 

FERTILIZER 
ll. ,0' 0: 11.50 10.43 

) Mean; 1l.32 a 11.38 a IG.73 a 
/' 

.56 Oa~s Aftér Seeding 
TI L I.:A GE 

C R ! 
1: 12.03 11.53 12.17 

FERTILIZER 
0: 11.67 11.33 11.43 

Mean: 11. 95 a 11.43 a Il.80 a. 
, 

* Maans with the sarne letter are' nat significantl.y different 
at ,the G.05 level uS,ing Duncan's new mu1ti~le- range test. 

" ._---~-~,--

Mean 
-:--

6.97 a 

6.89 ' , a 

Mean 

·11.08 a 

11.21 a 

Mean 

11.91 a 

11.54 a 



/ 

( 

92 0 

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

" . 
72 D8~s After Sèeding 

TILLAGE 
C R Z Mean 

• 1: 12.53 12.60 12.60 12.58 a 
FERTILIZER 

0: ~ 11.10 11.70 --r 11.10 

Mean: 11.82 a 12.15 a Il. 85 a 

92 Da~s After Seeding 
TILLAGE 

:"'C R Z . 
1: 9.17 10.50 9.87 

FERTILIZER 
0: 9.3G 9.70 9.10 I! 

Mean: 9~3 b 10.10 a 9.48 b 

.. Meana with the same letter are not signi ficant ly different 
et the 0.05 leve~ using Duncan's new'multiple range test. 

.. 

/ 

• 

11.30 b 

Mean 

9.84 a 

9.37 b 

• 

l 
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i; 
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Table 4.3.23 Mean values of number of 1eav.es for 29, 42. and 58 deys 

after seeding. Clay Sit:e - 1983 • 

29 Days After Seeding 
TILLAGE 

C R Z 

1: 6.77, .. 7.13 7.03 
FERTILIZER 

0 0: 6.93 6.83 6.37 

Mean: 6.85 a 6.88 a 6.70 "8 

42 Da~s After Seeding' 
TILLAGE 

C R Z 

1: 11.20 11.43 10.93 
FERTILIZER 

0: 11.70 10.87 10.43 

Mean: 11. 45 a 11.15 a 10.68 a. 

Plant Heigbt. cm ~ 
TILLAGE 

C R . Z 

1: 11. 37 11.93 11. 63 
FERTILIZER 

0: 11.47 11.27 11. 37 

~ean: 11.42 a 11.60 a 11.50 a. 

* Means with the same leUer _ are not slgni ficant1y different 
at the 0.05 leve1 uaing Duncan's new multiple range test. 

L 

Mean 

6.98 a 

6.64 a 

Mean 

11.19 a 

11. 00 a 

Mean 

11. 64 a 

11. 37 a 

• 

~ 

i 
.~ 
~ 
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Table 4.3.24 Mean values of number of leaves for 72 ana 92 days 
after seeding. Clay Site - 1983 

72 Da~s After Seeding 
TILLAGE 

C R Z Mean 

1: 13.27 13.20 13.03 13.17 a 
FER T l LI ZER 

0: 12.43 12.60 12.70 ~ 12.58 a 

Mean: 12.85 a 12.90 a .12.87 a 

92 C{a Y8 After Seeding 
TILLAGE 

C R Z 
~ 

1 : 10.97 11.67 lL93 
FERTILIZER 

.0: 11.37 11. 27 Il. 20 

Mean: 11.17 a 11.47 a Il. 57 a 

* Means with the same letter are not signi ficantly different 
st the 0.05 level usi~g Duncan's new multiple range test. 

\ 

Mean 

Il. 52 a 

Il. 28 a 

----------~,--------------~--_,_,------~------------------ --, ,--- t 
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Chapter 5 

The Effecta of Tillage, Zero Tillage and F ertilizer SOlD"CB8 

on SoU Strucl.'\Jre, Nutrient ... d Moisture Distribution in 

SUage Corn Production 

5.1 Introduction 

ln mœt areas of the world, the no tillage system is being considered 

,seriously as an alternative to conventional tillage methods in crop 

production. Reduced labour and fuel requirements, wind and water erosion 

control as well 88 the prospect of preventing soil degradation and maintaining 

equi val ent yields are some of the reasons for the move away from 

conventional tillage to zero tillage production of row crope. (Triplett anet. 

van ooren 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 perfonned in evaluating alternative tillage 

systems is quite dependent on the individuijl climatic and soil conditions. 

Succe8sful techniques in one area' do not necessarily suéceed elsewh~re • 

-----.-....... r----- __ J 
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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 

tillage (Brar et al. 1983, Shear and M08chler 1969 and Moschler et al. 

1972), while not aignificantly increasing sail compaction (She~r and Moschler 

1969 and Blevins et al. 1977). Lower yields have .been experienced wlth zero 

tillage (Ketcheson 19757 and Fink and Wesley 1973), wlth restricted root 

development in medium ta fine textured soils 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 undeslrable on fine 

textured soHo 

5011 compaction is generally viewed as betng 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 alowly in unplowed 

if soils, with resulting slower plant dev!,lopment. 

Bauder et al. (1981) and Pope (1982) showed that no tillage had the 

greatest soU density and le88t sail porosity when compared to other tillage 

systems used for 10 years on a cl ay loam sail. Numerous other authors have 

reported increased bulk density and reduced total air f illed pore space in the 

top 20 cm of sail LI"lder zero tillage systems. (Brar et al. 1983, Thlers et 

al. 1983, Van Ouerkerk and Boone 1970, Pidgeon and Soane 1977 and 

Triplltt end van Doren 1969). 'Co!,ventional tillage, however, doea usually 

produce a layer of sail at a certain depth having higher density and 
.~ 

.4 
penetration reslstance than any layer of lIltilled soU (EhJers et al. 1983). 

. \ 
ThiS denser layer, often called a plow pan, occur, just below the plowing 

depth, which is usually around 20 cm in depth. 

f 

.J 
.... '---~~-" ........ ------ --_._---
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After severaI years of continuous zero tillage, many soHs tend ta be 

compacted ta an equilibrium value of bulk density and strength. Unless the 
'---

sail is very wet, further normal traffic is not likely ta cause further 

compaction. SoUs under zero tillage, therefore, seem ta be more resistant 

ta compaction changes then plowed soils, (Baeumer 1970 and Pidgeon and 

Saane 1977). The fact that poorly drained s~ils tend ta compact ta injuriously 

high densities (Cannell et al. 1978) and that the accompanying lower air 

filled por08ities will cause restricted gas exchange in the spring, when sail 

water contents are ordinarily high, are some of the reasons why poorly 

drained \oils have been labelled as unsuitable for no tillage crop production 
f 

(Gantzer and Blake 1978). 

Under certain sail and climatic conditions, severa! studies have 

reported no sigrufieant difference in soil bulk density with zero tillage 

conditions when compared ta conventional tillage. Brar et a! (1983), working 

in Punjab, Jndia, observed that the increased bulk density in the zero tillage 

plots was not enough tq restrict yields ainee it only affeeted the frequeney 
1 

of the 'l'elati vely large pores in the sail aggregetea. The increased number of 

smaller pores in the zero tillage plots retained more water resulting in 

higher moist':lre contents and concommitant high moisture ,use efficiency and 

ultimately higher grain yields. Restriction ta root development, expected due 

to 'increased bulk density, was not fOlJ1d becauae the root channels made by 

previous crope remained undisturbed in these plots. 

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

increase i,n bulk denslty, B880CÎated with zero tillage, weB of' minor 

--_. -._- ------

\ 
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importance for root growtp. In fact, in weil structured soils and 'especially 

in some clay soils, this wal a poor inde.x of the suitability of the sail for 

root growth. On such soils which· have. been direct drilled for two or three 

years, there are changes in sail conditions which may lead ta an 

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

Sorne investigators have found that roots may be more abundant in 

subsoil horizons (below 25-30 cm) after a period of zero tillage, than after 

plowinÇJ (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, Barnas and Ellis 

1979 and Taylor et al. 1980). In èlay sail s, no tillage may also intensif y the 

1 shrinking procass creating vertical planes of weakness and cracks,. which rTVlY 

,aid root elongation (Ellis & Barnes 1980). 
y 

The planting of corn direcUy into a killed sod cari aIso prove ta be 

beneficial. Almost totaI reduction of wind and/or water soil erosion, opening 

to cropping of rolling grasslands that were previously suitable for only 

pastures l.d ina'e~d grain yields are some of the advantages that have 

been reali ed. In some parts of North America and other semi-arid climates, 
1 

loil-water :evaporation st planting and during early growth after conventional 

tillage can be so great 88 ta create a severe moisture deficiency which 

carries on ta the plants' reproductive period. Planting into the killed sod or 

retaining the previ~u8 years crop reaidues on the surface provides a mulch 

which greatly reduces water evaporation and rlnoff and increases infiltration, 

thereby increasing water available ta the plants and causing increased grain 

.. 
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yielda. (Hill and Blevins 1973, Blevins et al. 1971, Weatherley and Oane 

1979, Estes 1972 and Barclay et al. 1983). Lower water avaUabillty has been 

reported for zero tillage when all crop-residues were removed, which stresses 

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

Negi et al. (1981) showed ~hat after a number of years of ze.ro 

~llage on a clay soil, the size distribution of pores was such that a greater 

portion of the water was held at moderate suctions of 0.5 - 5 m than was in 

tilled soils. In other words, water was more available to the plants wh en it 

was needed. Tollner and Hargrove (1982), however, found that this sarne 
1 

decline in the pore size of solls under no tillage caused a decreased ability 

to retain plant available water. The water retention curve shifted ta higher 

moisture contents at high~r suction values and lower' moisture contents at 

lowe&'> 8uction values.. The key ta water availability 8eems to be the 

reduction in pq,re sizes. Most direct drilled soils do exhibi~ a greater ability 

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

. at low potentiels (Ball 198r, O'Sultivan 1983, Ehlers 1976, Van Ouerkerk and 

Boone 1970 énd- Blevins et al. 1971)., 

~ 

In Gr~at Britain, one of the main ressons for adopting direct drilling 

"-is the advantage that large clay loam farms can be drilled closer ta the 

optimum sowing date. In E!.ddition, cultivations in wet conditions, which 

cause drmage ta sail structure and subsequent yield reductions are avoided 
o 

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

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

'tillage management approaches can have undesirable effects in the long term, 

----_ ..... _ .... _. ____________ .....;~ _____ ,-------------------.---...... ~~ .. _l~ 
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suggested that theses effects could be minimized by an appropriate tillage 

rotation program. Other research conducted ta evaluate tillage rotations 

showed that periodic use of the moldboard plow could resul t in statistically 

hig,er yi el da (0 ickey .1983). 

Since all of the abovementio~ed observations ·appear ta be QUite , 

dependent on the particular soil type involved, and on the elimatic regian in 

each. case, it is difficult to determine whether or not· specifie 

recommendations provided by professianal researchers Cal be applied 
~ 

successfully in .another geographi~al are"a. Southern Quebec and southeastern 

Ontario, in particular have a coaler, wetter climate than most of the a-eas 

in whieh extensi ve tasting has been conducted on reduced and zero tillage 

systems. 

With this in' mind, field e:f<periments were condueted on two different. 

eastern Canadian soUs to examine the effects of tillage praetices in 

combinatian with fertilizer sources on sail structure, maisture distribution, 

and yields of silage corn. The purpose was tq ascertaln 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 sail structure and quality over a period of time. 

1 
! 

#i i 

L 
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5.2 "Materials and Methods 

'5.2.1 Experimental Design 

This field study was established an two experimental sites locatea at 

thè Macdonald College Research ~tatior. of McG1l1 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 Ioam. Figures 5.2.1 and 5.2.2 

illustrate the particle size distributions for these two soils. 

Prior te 1982, continuous ca-n (Zea mays ,L.) was grown under 
, 

conventional tillage for approximately 20 years on the sandy loam sail, while 

corn was grown fram 1970 ta 1976 Wld atfalfa (Medicago sativa L.) from 

1976 to 1981 on the clay soil. In the fali of 1981, a 2 X 3 factorial 

" 
experiment was estabtished. Six combinatiollB of three levels of tillage and 

two different fertilizer sources were randomized in a complete block desi!1' 

with UTee replicates forming a total of 36 plots, (18 ?Br experimental site), 

individuel 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 followed by two passes of a disk harrow 

in the spring for aeedbed preparation. The reduced tillage systems included 

fall chisel plowlng with a five shank chiee! plow with narraw spear pointed 

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

-~------------
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only one paas of a disk harrow as secondary tillage in the spring. This 

method simply loosens the sail with a minimum of inversi01. of the ~~rface 

end subsurface layers, and therefore results in only partial incorporation of 

crop residues. ln the !Zero tillage plots, silage corn wœ planted directly Înto 

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

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

the weed population. 

Jnorganic granular fertilizers (commercial) and dairy cow manure 

(organic) were the two fertilizer treatments. Both treatments were applied 

at rates di ctated by prior sail chemistry essays and local recommendati ons . .. 
This paper presents the res~ts of two years growth on the sanllly loam soU 

(19B2-B3) and one years growth on the clay sail (1983). During the first year 

ot the study (1982) seveœ probJéms were encoll'ltered with emergence in the 

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

5.2.2 Fertilizer Application 

At the initiation of the experiment, sail test results indicated thal 

the clay site had backgrolS\d'levels of )22 kg P/ha. and 289 kg K/ha. Resulta 

from the s'and site were higher; 479 and -386 kg P and K/ha, respectively. 

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

Fisheries fertilizer recommendationJ" applicationJ of 170, 75 and 80 Kg. of 

N, p 205 and K20 were advised for sUage corn production. Phosphorus, in 

the form of triple superphosphate, wes bànded in both the organic and 

1" 
inorganic plots at' 5 cm below and 5 cm baside the seed, since the dairy cow 

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

L _________ ._ .. __ ._~. 
----------------... ... .,.-~.~--_._--_ ... 
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source on the inorganic plots. Organic ~fertillzer plots recei ved manLl"e at 

the equivalent rate of 170 Kg/ha N based on' the semi-micro Kjeldahl 

analysis of the manure two days prior ta applieation. These, plots received • , ~f 
no inorganic N or K fertilizer. -J ',,, 

Nitragen was applied ta the inorganic fertilizer plots using urea 

(45-0-0) on the reduced and conventianally tilled plots" and' ammonium nitrate 
• 

(34-0-0) on the zero tillage plots. Ammonium nitrate was selected as the N 

source on the zero tillage plots ta eliminate the possibility of ammonia loss 

throug, the volatilization of transfarmed urea if applied and left at the sail 

surface. 

Bath the manure and inorganic fertilizers (nitrogen and pot~sium) 

were incorparated on ~hec con ven tian al and reduced tillage plots with a disk 

harrow using two and one pass respecti vely. On the zero tillage plots; 

ammonium nitra~e and thè manLl"e were bath left on the surface. Based on 

sail sample resul ts in Octaber 1982 (post-hJU'vest), ~he same appli.cation rates 

weré used in the spring of 1983. 

5.2.3 Herbicide Application 

Immediately prior ta seeding, th.e herbicides Atrazine (90W) at a rate 

of 1.5 Kg/ha. and Alachlor (lasso) àt 2.5 Kg/ha. were applied and pre-plant 

incorparated in those plots receiving conventianal tillage, and pre emergence 

nan-incorpora~&d in those plots recei ving the reduced and no tillage 

treatments. Bentazon (0.84 Kg/ha.) and Citowett TM were S41bsequently 

applied post-emergent ta the entire plot areà d(twa applicatioM eight days 

-, 
\. 

( 

, 
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, 
apart were neccessary). Atrazine and Kornoil TM were also applied ta those 

plots in which volunteer grain was a pr,oblem. AlI plots received the sarne 

herbicide treatment in the first year. The resul ts of weed density and 

biomass studies during the summer of 1982, dictated no change in herbicide 

application rates among the plots for the '1983 growing season. 

Spot spraying of K illex brand herbicide was used in all plots in the 

clay site to control dandeliors. This was neccessary because the site is 

adjacent ta a major highway, whose side are Laden with dandelions • 

5.2.4 Seedi ng 

. Seeding of Warwick (Trojan) 844 sUage corn took place on May 11, 

1982, and agrun on May 22, 1983. An International Hatvestor 800 conservation 

air planter was used ta seed the corn in 76 cm rows with an inter-plant 

spacing of 16.5 'cm ta achieve the desired plant populrtio~ of, 80,000 

plants/ha. " 

The planter used wa!l a conservation type planter. Heavy dut y 

coulters ta open the narrow sIot for seed placement, heavier frame than 

normal planters and down pressU('e springs (set ta their maximum) on the 

planting units were reql(ired to enable the planter ,ta penetrate the harder 

surface layers of the clay spil Md the crop residues for those plots treated 

with zero tillage. 
~- -

Each plot contBined 12 rows 12 m long. .J'.:!~ plot separation was 

equivalent to the space between corn rtlws. Four rows were plS'lted on bath 

ends of the group of six plots in each replicate ta redude
1 

edge effects. 

--------------------- ._------------------

.' , 



'. 

107 

5.2.5 Sail Density and Moisture Content 

Prlor ta..athe introduction .of the experiment in the fall of 1981, sol1 

bulk density readings were taken in both the clay and sandy loam si\les. 
. ' } 

SubsequentJy, three measurements were repeated in each of the plots durtng 
, 

the early part of the 1982 growin_g 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 ta six depths ranging from 

5 ta 30 cm in 5 cm increments by meaos of a TroXler 3401 nuclear denslty 
. , . 

gauge. The gauge consisted of a probe housing a Cesium 137 radioactive ,,. . . 
source and a geiC}3r counter byilt into the body of the gauge. The probe 

was inserted into the sail, and the wet bulk density ~~s~ftined 

quantity of gamma rays which' travèled ~hrough the 80il 8Td \IIere .. . .' " by the gelger counter at the lIod surface. , 

from theD 

recorded 

Concurrently, soil semples 9f about 50· 9 mass 'NeFe taken with. an 

suger at 5 cm intervals, weighed and ovén ~ed at 1P50C' for 24 hours to 

determine' the gravimetrlc moisture content: Using the measured grBvimetric 

moisturè contents, the \Wét 'bulk ~Em8ity meastJrements were converted té dry 

density values. 

These measured bulk' d~nsitièS were the averages ta each depth. If 

however, one desires to examine discrefB qhanges in the dry bulk density at 

various depths, as i~ helpfu! in a tillage experimenl:; the layer dry bulk 

densities are more useful. Ta obtain the layer densities using the average 

--_._~--- l 
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densi ty to each depth, the foll owing formula was used: 

)'2 z2 - "YI zl 12 = 
z2 - zl 

Wlere. "YI = average dry bulk densit y t 0 depth zl 

Y2 = dry bulk densit y of the layer bet ween zl and z2 

1'2 = average dry bu1k density ta depth z2 

Figure S.2.3 shows a schem.atic diagràm of the density gauge and summarizes 

these relati(:lnships (Taylor et al. 1981). 

It was desired aIso to observe the changes in moisture content of the 

soil layers continuausly with time, and for this purpose aluminum access 
, ~ 

tubes were instaIled ln 16 of the 36 plots. The probe of Troxler 3222 

moisture gau'~e was lawered inta the aCCe8S tubes and readings were taken to. 

a depth of 82.S cm at increments of 15 cm. 

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. Raiflfall data, 

aIang with any other m';teorological data 'required, were obtained from the 
j 

Macdonald College weather station, located within three km of the 

experimental si tes. 

r 

J 
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GAMMA 

( '2) 

Average density of layer to Z,· Ji 
Oensity of layer between ZI and Zl- 12 
, . 
Oensity measuremem of ~;:rr'Awro.Qe over Z2 = ~ 

, Thus 

Figure 5.2.3. 

'2-

:: ?a Z~ + '2 (Zz - Z, ) 
'Z 2, 

ra Zz- Yr z, 
Zz- Z, 

Ca1cuiation of dry bulk densi ty over small depth ranges 
(Taylor et al., 1981). 
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5.2.7 Harvest 

The centre four rows of each plot were essentia11y undisturbed 

throughaut the growing season. Human traffie was kept ta an absolute 

minimum as aIl measurements during the summer were taken on the outside-

four rows. These middIe four rows were harvested in the fa11 for silage corn 

with a John Oeere, three point hitch mounted, single row forage har ves ter. 

The totaI weight per plot was obtained, and then 500 g subsamples were 

aven dried at 500 C for 48 hours ta obtain the final moisture content and the 

final dry matter yield per plot. USlng the area of the four rows harvested, 

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

5.3 Results and Discussion 

5.3.1 Climate Conditions 

. 
The distrlbutions of rainfall throughout the 1982 and 1983 grawing 

~ 
seasollè are shawn in Figures 5.3.1 and 5.3.2, respectively. The manth of 

May, 1982 was one of the driest on record, receiving 72 % less rainfaIl then 

the JO year average (Table 5.3.1). As a result, emergence in the clay site 

wes much below normal. For this reasan, only those data obtained in the 

sand site during 1982, in addition ta the 1983 data fram bath sites will be 

reported here. The extremely dry spring of 1982 aIso contributed to the 

incomplete .activation of the herbicides applied 'and consequently less than 

perfect weed contr~l was achieved. Due ta a month of Jme with 3.2 times 

~~e normal reinfall, the balance of the 1..982 growing season finished slightly 

above average in t~,aI precipitation, with July, August ~and. September 
• 1 

'-..\ 

.. ------- l 
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Figure 5.3.1. Daily rainfaJl record for the 1982 growing season . 
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Table 5.J.l Rainfall data during the 1982 and 1983 growing sessons 
and the 'G ysar averages. 

Hay 
June 
July 

August 
Septèmber 

May 
June 
July 

August 
September 

May 
June 
Ju1y 

August 
September 

/ 

! 

Rainfall· 
(II1I'I ) 

22.1 
117~6 
83.3 

lJ6.8 
86.:5 

-----------
Rainfall 

ÇJnm) 
,ff 

126.9 
:52.6 
66.3 
48.3 
82.0 

1982 

1983 

-------------- \ 

Cummulative 
(mm) 

22.l 
139.7 
223.0 
359.8 
446.1 

--------------
Cummulative 

(mm) 

126.9 
159.5 
225.8 
274.1 
356.1 

--------- 30 f;ar average -------
Rain fa 11 Cummu1ative 

(mm) ("",) 

78.4 78.4 
J7 .3 115.7 
94.5 210.2 

111.9 322.1 
aS!l 4!J7.2 , 

1 • 

~ 
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Figure 5.3.3. CummulatÎve rainfall for the 19U2, 198> and the ~U year 
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receiving average rainfall &mOtXlts (Figure 5.3.3). 

The spring of 1983, on the other hand, could be cl as si fled as very 
'~ 

wet. In May, 62 percent more rainfall than usual feU, while in JU1e the 

precip(tation was equat ta 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 perlod 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 

1 

filling stage ln August which recei ved 57 % lees rainfall than averfge. 

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

been measUl"ed at either sit the month of May. The sandy Ioam site 

has excellent natural draina e, 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 reasons, ourves of water table position 

with time will 'nQt be presented. 

5.3.2 Soil Nutrient Statua 

Soil S'lalysis for potassium and phosJilorus were performed 01"1 both 

the clay and sand sites in the faU of 1981 to determine the initial 

application rates of the inorganic fe"rtilizers. Mean values of the potassium 

and ,phœ~orU8 contents in ,the topsoil and subsoil are presented in Table , , 

5.3.2, while the corresponding analyms of variance can be found in Tables 

85.3.1 to 65.3.4 in Appendix 8. According to the Mlnistry of Agriculture, J 

Fisheries and Food in Quebec (1984). 8 soil is deemèd rich in terms of these 

-
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Table 5.3.2 

Sand 51 te 

TILLAGE 

C 

R 

Z 

F"ERTILIZER 

1 

0 

" 
Clay Site 

TILLAGE 

C 

R 

Z 

F"ERTILlZER 

. 1 

0 
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Mean values of soil analysis 
Sand and Clay Sites - 1981 

PH05PHORUS 
(kg/ha) 

POTASSIUM 
(kg/ha) 

-------------- Depth (cm) ------------
u-2G 2u-4G CI-2G 2G-4G 

569.L 8 365.5 8 321. 2 a 235.8 8 

541.78 36J.5 a 319.3 a 248.7 a 

553.(, a 316.5 8 346.7 a 265.2 a 

570.0 a 349.6 a J52.9 a 263.u a 

539.1 a 347.4 a JG5.2 a 236.8 a 

PHOSPHORUS POTASSIUM 
(kg/ha) (kg/ha) 

1 

------------~- Depth ( cm) -------------
0-2C 2G-4u CI-2u 2G-4C" 

272.(. a 184.u a 336.5 a 26u.3 b 

25û.2 a 16u.5 a 4G7.2 a 295.2 ab 

252.8 a 124.5 a 456.5 a 313.7 a 

252.2 a 160.u a 427.9 a 27&.8 a 

264.4 a 152.7 a 372.2 :a 3liG.7 a 

* Mfans wbth the same letter are not aignificantly different 
a the .US level using Duncan'$ new multiple range test. 

/ 

, 
"l 
l 
1 
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elements if the residual levels in the topsoil are more thàn 200 kg/ha. AlI 

plots were therefore rich inj>0tassium and phosphorus (Table 5.3.2) and were 

fertilized accordingly. 

In the fall of 1982 and 1983, the soils were analyzed for potassium, 

phosphorus, organïc matter and salintty. The sali nit y measurements indicated 
<t 

that salt accumulation was nct a problem. Values of conductivlty were aIl 

lese then 1.0 mmho/cm. Richards (1969) stated that sali nit y effects in aU 

crops )Vere mostly negligible when the conducti vit Y of the saturation extract 

is lees than 2.0 mmho/ cm. F" or this reason, sallnity results 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 

f or the 1982 data and in T abi e 5.3.4 f or the 1983 data. The 8ssoci ated 

analyses of variance are presented in Tables B5.3.5 through 85.3.16 ln 

Appendix B. 

After two full years of experimentation, both the potassium and j' 

phosphorus levels were still greater than 200 kg/ha in the topsoll and no 

significant differences have appeared due ta either the tillage or fertilizer 

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

The organic matter contents of bath the sandy loam and clay soHs 

were not affected by treatment (Table 5.3.3) after t~e fint year. The sarne 

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 deveJoped in the top 20 cm. Table 5.3.5 
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Table 5.3.3 

Sand Site 

TILLAGE 

C 

R 

Z 

F"ERTILIZER 

l 

0 

Clay Site 

TILLAGE 

C 

R 

t 

fERTILIZER " 

1 

0 
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Mean values of soil analysis 
_Sand and Cl ay Si tes - 1982 

PHOSPHORUS POTASSIUM 
(kg/ha) (kg/ha) 

" 

ORGANIC MATTER ... (%) 

--------------------- Depth (cm) ----------------------
0-2G 2(,-4(, 

556. fi 4i 373. 7 a 

58G.7 a 448.3 a 

457.0 b 367.2 a 

543.7 a 392.4 a 

526.0 a 4GO.3 a 

PHOSPHORUS 
(kg/ha) 

G-2L 2G-4G 

4C6.3 a 326.2 a 

379.2 a 342.2 a 

413.3 a 354.7 a 

342.4 b 3G7.1 a 

456.8 a 374.9 a 

POTASSIUM 
(kg/ha) 

G-2L 2G-4G.? 

4.67 a 2.88 a 

4.72 a 2.52 a 

4.86 a '3.4G a 

4.86 a 2.79 a 

4.77 a 3.G8 a 

ORGANIC MATTER 
(~ ) 

--------------------- Depth ~cm)'--------------------~-
0-20 20-40 0-2G 2C-4G G-2G 2G-4G 

459.(, a 254.8 a 431.3 a 733.2 a 4.42 a 2.76 a 

439.2 a 255.2 a 431.8 a 753.8 a 4.G4 a 2.13 a 

5G3.3 a 267.3 a ~49.G a B07.5 a 4.79 a 1.57 a 
~v 

46ti.8 a 257.6 a 423.3 a 76G.7 a 4.56 a 2.26 a 

447.6 a 260.7 a 451;4 a 769.L a 4.25 a 2.(,4 a 

* Means wi th the same letter are not signi ficantly different 
at the L.L5 lev el using Duncan's new multiple range test. 

\ 

l 

~ ____ -.J 
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Table 5.3.4 

Sand Site 

", 

TILLAGE 

C 

R 

z 

FERTILIZER 

l 

o 

Clay Site 

TILLAGE 

C 

R 

Z 

fERTIllZER 

l 

0 
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Mean values of soil ana1ysis 
Sand and Clay Sites - 1983 

........ PHOSPHORUS POTASSIUM 
(kg/h~) 

~ 

(kg/ha) 
ORGANIC MATTER 

(%) 

____________ 4 ________ Depth (cm) -------~--------------
L-2G 2G-40 U-2C 20-40 0-2C 2u-40 

656.0 a 369.G a 287.6 a 196.8 a 

644.2 a 274.7 a 216.3 a 209.3 a 

7Gb.3 a 276.8 a 229.8 a 196.2 a 

644.2 a 290.7 a 216'.8 a 200.9 a 

693.4 a 323.0 a 272.6 a 2uG.78 

PHOSPHORUS 
(kg/ha) 

POTASSIUM 
(kg/ha) 

2.17 a 
See 

2.76 a 
Table 5.3.5 

2.42 a 

2.29 a 

2.6G a 

ORGANIC MATTER 
(%) 

--------------------- Depth (cm) ----------.-----------
0-20 2G-40 O~20 2G-40 0-20 2u-40 

, 

324.6 '8 245. fi a 331.8 a 330.G a 4.05 a 2.41 a 

288.7 a 226.7 a 379.5 a 346.5 a 4.21 a 2.98 a 

449.3 8 254.0 a 403.3 8 352.G a 4.05 a 2.63 a 

336.9. a 227.7 a 367.9 a 331.2 a 4.22 a 2.64 a 

371. 7 a 256.74 375.2 a . 354.4 a 3.99 a 2:7G a 
~ 

*-'Means with the same letter are not significantly different 
at the,0.G5 level using Duncan's new multipl~ range test. , 

... 

l 
l 

1 
J 
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Table 5.3.5 Mean values of organie matter pereentage 
Sand site - 1983 - Interaction effect. 

TREATMENT 

CO 
RO 
II 
RI 
ZO 
CI 

ORGANIC MATTER(%) 
(0-20 cm) 

1 # 

t 

, 4.82 a 
4.22 ab 
3.89 b 
3.88 b 
3.67 b 
3.38 b 

t 

.-; 

, _________ -...".--- - -0 _____ • _____ .l!..\ -~- - -

{J 

1 . 

1 
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presents the mean value, for th.ltreatment combinatlons of organic matter 

contents in the sand site topsoil at the end of the 1983 growlng season. The 

incorporation of the dairy cattle manure (organic fertllizer) ln the 

conventional and reduced tillage plots has carried a significant lncrease ln 
• 

their organic matter contents. There was no significant dlfference between 

any of the lnorganically fertlltzed plots or the zero tillage plots fertilized 

wlth organic fertilizer. The 1 atter showed no dlfference since the manure 

was not incorporated. 

f 
1 

5.3.3 SOlI Moisture Content 

In order to observe the changes ln sail volumetrie mOlsture content, 

neutron probe readings were taken on 12 occasions from 20 to 97 days after 

seeding in the sand. si te durlng 1982. Observations were made to obtaln 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 wi th the neutron probe in 

both the sand and clay sites eight times during the growlng season from 30 

to 65 days after seeding. Mechanical difficulties were encountered wlth the 

probe on July 22, 1983, preventing any further teadings. Gravimetrie 

mOlsture measurements in the topsoil, obtained whlle sampllng for soil 

density 80 and 93 deys after seeding, were converted to volumetrlc moisture 

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

the 1983 sOli moisture res,\ts. The shallow bed of broken limestone present 

in the clay. site precluded the measurement of volumetrie moisture in the 

60-90 cm range. 

The changes in moisturê content with time at each indivldual depth 
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for the sand site 1982, sand site 1983 and clay site 1983 él'e presented 

graPhically ln Figures 5.3.4, 5.3.5 and 5.3.6, respeetively. Observations were 

made for all tillage treatments receiving the inorganic fertllizer treatment 

and for the redueed and zero tilled plots reeeiving organie fertilizer, 

resulting in a total of five treatment combinations. 

Figure 5.3.4 shows that ln the fu'St year, the conventional inorganic 

plots contained the least emolXlt of water U-roughout most of the growing 

se as on. It does not appear that the treatments affected wat~r use during 

the growing season through elther evaporation or transpiration. The 

differences in volumetrl e moisture co nt ent bet ween the five treatment 

combinations rematned essenbally the same throughout the year. The initial 

moi sture contents however, were affected by the treatments, sinee it was at 

this time (20-30 days after seeding, Figure 5.3.4) that the ditferences first 
\ 

appeared. The reduced and zero tillage plots contained 2 ta 6% greater 

Illoisture contents' than the co'nventionaUy tilled plots. This increased 

moi sture availability contrlbutes to the plants increased resistance to 

prolonged periods without rainfall. The greater initial moisture contents' in 

the spring and greater moi sture retention during rainfalls, resulted frem th~ 

presence of surface residues in the inorganic plots and fram the application 

of manure on the organie plots. The rnanure acts in the same manner as 

would a surface residue, reducing evaporation and increasing infiltration. 

The resul~ from 1983, the second consecutl ve year of 

experimentation, were far more pronouneed. In the ssnd site at 0-30 cm, 

the organic plots contained more moisture than the inorgamc plots throucjlout 

the growing season (Figure 5.3.5). While the redueed and zero tillage plots 
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Figure 5.3.4. Soil vo~umetrlc moisture content with sail depth throughout .. 
~ the 1982 growing season under five different treatment 

cQmbinations in the Sand site. 
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Figure 5.3.5. Sail volumetric moisture content with soil depth throughout 
the 1983 growing sesson under fi"8 different treatment 
cQmbinations in the Sand site. 
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-CLAY SITE 
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Figure 5.3.6. 

DAYS AFTER SEEOING 

SoU volumetrie moistl,lre content with soH depth throughout 
the 1983 growing seSSOri under five different treatment 
combinations in the Clay site. 
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were not different from each ather, the canventionally tilled inorganic plots 

were consiltently 2-3% lower in maisture content. As was the case in 1982, 

these differences developed very early in the growing season due ta the 

applied tillage ald fertllizer treatments. In bath the 30-60 and 60-90 cm 

layera simUar trends were faund (Figure 5.3.5). The results do nat indicate a 

difterence in rooting distribution, since water use during the season was 

8lmost the same under each treatment combination. 

ln the clay site (1983), the patterns of water removai were very 

simUar ta thoae in the sand site. Once the initial differencea in moisture 

content were established, the curves of maisture content versus time 
1 

remained essentially parallel (Figure 5.3.6). Once again, the zera tillage 

arganie plots contained the most amount af water and the conventJ.onal 

inorganic plats held the least. 

5.3.4 'Soil Dry Bulk Density 

Priar ta the initiation of the experiment in April, 1982, soil cry bulk 

denaity measurements were taken in bath the sand and. clay sites. The 

means of three sets of readings are preaented graphically in Figure 5.3.7. 

3 The land site ranged from cry bulk denaity values of .1.07 ta 1.17 t/m , 

3 whUe the clay site lay between 1.64 and 1.23 rJm • 

ln Jlne 19~2, three sets .of denaity me88urements wefe taken ta 

depth of 25 cm in the clay and la1d sites. Mean values af these cry bulk 

denaitiea are presented in Table 5.3.6 and the correaponding analysis of 

____ . __ ~ ____________ , ~ ______ . ~ ___ ~" ____________ -______ -... 1 
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Figure 5.3.7. 

DRY' DENS,TY (Mg lm') 

. 
Vari,tion in dry density with depth for the two 
experlrnental sites prlor ta initiatIOn of th;' study - ~prll 
1982. 
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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 1Ct-15 15-2(j 20-25 
TILLAGE 

. 
C 1.19 a 1. 25 a 1.19 a 1.35 a 1. JI a 

R 1.14 b 1.22 a 1.18 a 1. 25 b 1.17 b 

Z 1.12 b 1.21 a 1.18 a 1.25 b' 1.13 b 

~' 

fERTILIZER 
(4 

1 1.15 a 1.23 a 1.20 a 1.27 a 1.20 a 

0 1.15 a 1.23 a 1.17 a 1.30 a 1. 21 a 

Sand Site 

DEPTH (cm) , 
0-5 5-10 10-15 15-2G . 20-25 

TILLAGE , 
C 1.16 a 1.22 8 1.22 8 1.228 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 

1 1.16 a 1.20 a 1.16 8 1.24 a 1.16 a 

0 1.17 a 1.23 8 1.19 8 1.23 a 1.18 a 
p~J" 

* Maans ~ith the same latter are nat significantly different 
at the "0.05 level using Duncan's ne-w multiple range test. 

( 

--------,._.--.--_.---------------------------------------~------------~----------------~ 
, 
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variance are in Tables 85.Jo17 ta B5.3.22 in Appendix 8. In the clay site, the 

canventionally tilled plots were significantly more dense than elther the 

reduced Or zero tilled plots at depths 0-5, 15-20 and 20-25 cm. The \ 

increaS8 at plowing depth can be explained by the action of the moldboard 

plow, but the difference in the tapsoil ia thought to be due to chance alone 

in as much 88 it W8S only the first year of measurements. The only 

statistically significant difference between the tillage treatments ln the sand 

site was located at 20-25 cm, where the zero tillage plots were less derl$e. 

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 (Tabl~ 5.3.6). 

Figure 5.3.9 shows graphs of density versus depth for "the fertilizer 

treatments. 

Seven sets of density E measurements were taken durlng July and 

August 1983, to a depth of 30 cm. The me8l'l values are presented in Table 

5.3.7, and the oorresponding analyses of variances are found in Table B5.3.23 

through 85.3.28 in Appendix B. 

/ 
The tillage effects on dry bulk density became very apparent in the 

second year of teeting. In the top soil (0-5 cm) the zero tillage plots were 
.. v~ 

significantly more dense than the oonventional plots in both the clay and 

sand sites. These differences however were only 7 and 8% respectl vely, and 

-in both cases lees th an a 0.10 t/mJ i(lCrease in density. This increase, 

resul ted fram a lack of SOlI 100sening and did not appear ta be detrimental 

to the growth and development of the plant root system. The increased top 

Boil density did howeve.r, cause problems in the clay soil i"n the spring, when 

the differences were more pronounced. Plant emergence was reduced by 9% 
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Figure 5.3.8. Variation in dry density wlth depth for different tillage 
~ treatments in the two experirnental sites - 1982. 
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Table 5.3.7 Mean 'values of dry bu1k density (g/cc) 
1 • Clay and Sand Sites - 1983 

f) 
Clay Site 

DEPTH (cm) 

0-5 5-10 10-15 15-20 20-25 25-30 
TILLAGE 

C 1.19 b 1. 32 a 1.35 a 1.46 a 1.43 El 1. 54 a 

R ""'1.22 ab 1.38 a 1.36 a 1.41 b 1.41 a 1.48 a 

Z 1.27 a 1. 33 a 1.32 a 1.37 c 1.38 a 1.51 a 
P'" 

fERTILIZER 

1 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 

-0 
1. 1) 

Sand Site 

OEPTH (cm) 

0-5 5-1G IG-15 15-20 20-25 25-3û 
TILLAGE -- C 1.1~ b 1.24 c 1.24 a 1.38 a 1.28 a 1.41 a 

R 1.14 b 1. 28 0 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 1.4G a 

• 
fER TI LI ZER 

~ 

1 1.22 a 1.29 a 1.28 a 1.39 a 1.30 a 1.42 a 

a 1.13 b 1.26 b 1.25 a 1.34 0 1. 25 b 1.39 a 

* Means with the S8me letter are not significant1y different 
at the 0.05 level using Duncan~8 new multiple range test. 

\ 

--- -----__ ---____ ; .... i ...... ~~----~------ ---
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in the zero tillage plots due ta inadequate seed ta soil contact" caused by the 

lack of a perfect planting mechanism for tl1ese conditions (Kelly and McKyes 

1984). 

The development of a dense layer' at 15-20 cm in the conventionally 

tilled plots, was seen in the second yeer in bath sites (Table 5.3.7). This 

layer resulted trom the action of the moldboard plow. Similar to ~he top 

sail effects observed in the zero tiUed plots, these incresses were less than 

0.10 tk/mJ and were not seen ta cause any significant change in plant 

development. Perhaps in subsequent years, these differences could become 

magnified. Graphical presentation 01 the effects of tillage on the dry bulk 

density can be fOlnd in Figure 5.3.10. 

Fertilizer source alse had a very clear effect on sail 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 gr~phically. The organic matter reduces the bulk density in the sandy 

loam sail, but ta date has had no effect on density in the clay sail (Table 

5.3.6 and Figure S.M). This increased organic matter and reduced density 

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

uptake. . . 

5.3.5 Harvest Results 

The detaHed results of' \Îàrvest and plant population measurements are 

presented in Kelly and McKyes 1984. Table 5.3.8 shows a summary gf these 

reaults. In 1982, in the sand site, the zero tillage dry matter yie1ds were 

-----------~~---------------~--~--------------------~--~---------------- ~~----......-.. --
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Figure 5.3.10. Variàtion in dry density wi~h depth for di fferent tillage 
treatments in the tWQ experimental sites - 1983. 
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Table 5.3.8 Summary of harvest and plant population measurements 
Sand and Clay Sites -~ 982 and 1983. 

Harvest Yield (Mg/ha). 
(DrY" Matter) 

TILLAGE • 

C 
R 
Z 

FERT IUZER 

l 
o 

Plant PopulatIon 
(Per plot) 

Yield / Plant 
(g ) 

TILLAGE 

C 
R 
Z 

FERTILIZER 

l 
o 

TILLAGE 

C 
R 
Z 

fERTILIZER 

1 
o 

1982 1983 
Sand Slte Sand Site 

14.20 b 
16.23 a 
14.53 ab 

15.68 a 
14.29 a 

777 a 
803 a 
72Ga 

887 a 
645 b 

222.0 a 
249.3 a 
252.0 a 

,214.3 a 
267.8 b 

10.65 a 
10.94 a 
9.60 b 

10.15 a 
10.64 a 

888 a 
867 a 
777 b 

865 a 
824 b 

144.2 a 
151.3 a 
148 •. 6 a 

141.0 b 
155.1 a 

1983 
Clay Site 

12.19 a 
11. 75 ab 
11. 20 b 

Il. 80 a 
Il. 63 a 

878 a 
809 b 
804 b 

825 a 
835 a 

167.0 a 
\ 174.1 a 

167.4 a 

171. 7 a 
167.3 a 

* Means with the same letter are nat significantly different 
st the 0.05 1evel using Duncan's new multiple range, test. 

<. 

--. -~- --- ---------------
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not significently dlfferent from either the reduced or convenbonal tillage 
\ 

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

the conventions! tillage plots, probably as a resuLt of the inaeased moisture 

aveil abil i t y. 

In 1983, fertilizer had no effect on the yield per plot, but tillage 

treatment sigmficantly affected the dry matter yields. The zero tillage plots 

yielded 10 and 8% less then the conventional plots ln the sand and clay sites 

respectively <Table 5.3.8). Wh~n one considers that the fmal plant populations 

were 12 and 8% less in zero tillage ln plots (sand and clay sites) as 

compared to the conventlOnal tIllage plots, the yleld per plant does not show 

any effect due ta the tillage treatments (Table 5.3.8). In fact, the 

conventional tillage plots Ylelded the least amoLnt of dry matter per plant. 
" 1 

It Îs felt that thls is a result of the reduced maisture avallabtllty m the 

critical growth stages during the very cry months of July and August 1983. It 

appBars that, after two years, the changes ln sail structure did nat 

significantly affect plant growth or development. 

Fertilizer source had no effect on plant yield, plot yield or plot 

population in the clay sail. In the sand site, although there was no 

sigmficant yleld difference between the two fertiJLzer treatments, the 

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

. matter and reduced bulk density contribut'Bd ta an improved root zone, which 

resulted in 10% greater yields per plant in the organic plots. ThiS increase 

in yield per plant do es not. seem ~ be caused by reduced interplant 

competition, since the population was only reduced by 4.7% and each plant 

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

--'~ 
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l: 

caused by skips spaced randomly ttToughout the plot and not by increased 

interplant spacings. 

5.4 Summary and Conclusions 

The Jirst two years of conventional, reduced and no till age 

experlments provided contrasting weather conditions. The spring of 1982 was 

one of th~ driest on record white 1983 was one of the wettest. The balance 

of the 1982 growing season could be considered average, but the July-August 

period of 1983 recel ved 45% less rain than the 30 yeer average. 

Sail nutrient assays revealed levels of at least 200 kg/ha phosphorus 
'Ill 

a"ld potassi um ln all plots at the end <H two years of investi gations and 

there were no differences present between any of the treatments. Salinity 

levels in all pJots were well below 1 mmho/cm, which is the conductivity 

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

An irteraction effect between the tillage and cow manure fertilizer 

treatments on the organic matter content of the top sail (.0-20 cm) appeared 

in the sand site at the end of 1983. Those plots receiving incorporated 

manure . (conventional and reduced organic plots) had signiflcantly higher 

organic matter levels than the inorganic ferf;ilizer treatments, or the zero 

tilled organic plots. 

The conven'ional t':goniC plots contaln.d 1 ... moi.: .... 'hàn the 

other treatment comblna~, tlToughout bath the 1982 end 1983 growing 

.. 

~-------~--- . ' 
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\ 
sesson in bath the sand and clay sites. In 1983, the accumulation of more 

reaiduea on the surface of the organic plots reeulted i~ highe,r moisture 

contents then in the inorganic plots, due to reduced evaporation and 

increaaed infiltration early in the sesson. 

In bath years, the rooting distribution appeared ta be the same 

between the plots aince the rate of water removal fram each layer 

determined fram measurements in all treatment combinations was essentially 

the sarne. The inItial differences in volumetric moisture content persisted 

through the entire growing season. 

After the first two years of investigations, significant differences in 

layer cry bulk densities appe,ared in both the clay and sandy loem soUs. In 

,the top sail (0-5 cm) of bath sites, the zero tiUagê plots were more' dense 

than either the reduced or conventional tillage plots. The cause of this 

increase was implem~nt traffic without any sail 1008eI11ng. As a resul t, 'plSCl! 

emergence problems were cre..ated in the clay sail ooly. 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 ta occur in bath the sand and clay sites. The magnitude of the 

increase in dry density WBS less than 0.1 tlm 3 and was therefore conaidered 

.. nat yet detrimental ta root ·growth. ~ 
h 

The organic fertillzer source reduced the dry bulk de~ity in the sand 

site at ·four of the six depth layera measured. The organic matter addition . 
in the ~!ilY soU did not affect its dry bulk density. 

The firs~ year's harv.t resulta were encouraging for reduced tillage 
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practices in that the reduced tillage plots produced a significantly higher 

am a unt of sUage whUe the conventional and zero tillage pl ots were not 

sig'lificantly different frem each other. In 1983, there were 8.1 and 9.8% 

reductions in yield due ta the zero tillage treatment in the clay and sand 

si tes respecti vely (bath si <J'Iificant). The correspanding reductians in plot 

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

of dry matter per plant. 

There were no fertilizer effects on the harvest resul ts in the clay 

sail in 1983. Those plots in the sand site fertilized with dairy catUe manure 

did however, produt:e more per plant than the inorganic plots. 

On the basis of this study, the following conclusions can be drawr): 

1. The incorporation of manure in oonventional and reduced tillage plots 

significantly ir:tcreased the organic matter content in the top sail. 

2. levels of phosphorus and potassium 88 well as salt concentrations were 

net affected in the first two years by the applied treatments. 

3. Vohnletric moisture cortents early in the growing season were lower in 

conventionally tilled plots then in the reduced or zero tillage plots. 

4. Sail moisture 'contents were hlgher in the reduced and zero tillage plots 

receiving the organic fertilizer treatment than in those plots receiving 

the inorganic fertilizer, due ta the surface residLes. 

5. Zero tillage aignificantly inaeased the dry bulk density in the top soil 

(0-5 cm) in bath ·'the clay and sandy ioam soilS; as a result, plant 
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emergence and consequently plant population .were reduced in bath' 

soils. 

J>. 
6. Conventlonal 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. 

7. AJthou<jl the zero tillage treatment reduced the plot yield in bath soHs 

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

plant. 

8. Fertilizer source did not affect the yield per plot or per plant in the 

clay aoil. ln the sandy loam BOil, the organic fertilizer sigmficantly 

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

9. It would seem from the experiments reported, wbich were conducted 

with close ta actual farming techriiqu~s and machinery, and in years of 

differing r&nfall patterns, that both reduced and zero tillage are viable 

alternative silage cocn production system com~nents, which could be 

considered fer practlcal application in southern Quebec' and eœtern 

Ontario. The results indl(!8te~in addition, that it is passible ta combine 

reduced energy input Boil preparation systems with dairy cattle manure 

88 the principal fertilizer source, without Bny deliteriolJs effects on sail 

quality or- sizeable reductions in a"op yields. 

--_ ..... ---- ~- --'~ ~ ......... ~ -, --_ .... - - , 



142 

5.5 ReJerences 

Baetxner, K. 1970. Flrst experiences. with di·rect dri1ling in Germany. Neth. J. 
Agric. Sei. 18: 283-292. 
~ 

BaU, B.C. 1981. Pore characteristlcs- of soits from two cultivation experiments 
af"'-shown by gas diffusivities and permeabilities and air-filled poroslties. 
J. Soil Sei. 32: 483-489. 

Barclay, J., G.S.V. Raghavan and E. McKyes. 1983. Zero/MInimum tillage 
techniques for corn production in Quebec. Vol. 2. Progress Report for 
Quebec Ministry of Agriculture. Grant Number MCA-83-1008. 127 pp. 

Barnes, B.T. and F.B. Ellis. 1979. Effects of different methods of cultivation 
and direct drilling, and disposaI of straw residues, on population of 
earthworms. J. Sail Sei., 3: 669-679 

Baucier, J.W., G.W.Randell and J.B. Swan. 1981. Continuous tillage: what it does 
ta the soil. Crops ahd Soils 34(3): 15-17. 

Black, A.L. and J.F. Power. 1965. Effect of chemical and mechanical faHow 
methods on moisture storage, wheat yields and soil erodibility. Soil Sei. 
Soc. Amer. Proe. 29: 465-468 

Blevins, R.L, D. Cook, S.H. Phillips and R.E. Phillips. 1971. Influence of 
no-tillage on soil moisture. Agron. J. 593-596. 

Blevins, R.L., G':W. Thomas and PL. Cornelius. 1977. Influence of no-tillage 
and nitrogen fertilization on certain sail properties after 5 years of 
conti nous corn. Agron. J. 69: 383-386. 

Bur, S.S~, J.S Dhaliwal, G.S. Gill, H.S. Sandhu and G.K. Singh. 1983. 
Cmtinuous maize and wheat production under .no-tillage. and conventionai 
tillage systems: a ten year study. In: F. Voigt (ed.), Proeeedings of the 

. 2nd international 0 seminer on energy _c~vation and use of renewable 
enérgies in the bio-industries. Trinit y ):1011ege, Oxford, Britain. pp 100-107. 

CanneU, R.Q., P.B. Davis, D. Mackney and J.D. Pidgeon. 1978. The sUltability 
of solls for sequential direct drilling of combine harvested crops in 

- Britain: a provisional classification. Outlook on Agriculture 9: 305-316. 

DiG:k,ey, E.C. 1983. Yield compa~isons between .continuous no-till and tillage 
rotations. Trans. of the ASAE 26(6): 1682-1686. 

Ehlers, W. 1975. Observations on earthworm ghannels and infiltration on tilled 
and untilled loess sail. Soil Sei. 119: 242-249. 

-- ---_-.:._--....,,~ ... -.--

• 1 

1 



143 

Ehlers, W. 1976. Water infiltration and redistribution in tilied and untilled ioess 
soil. Gattinger BoenkundIiche Berichte, 44: 137-156. 

Ehlers, W" U. Kopke, F. Hesse and W. 60hm. 1983. Penetration resistance and 
mot growth of oats in tilled and untilled loess soil. Soil Tillage Res. 3: 
261-275. 

Ellia, F .B. and B.T. Barnes. 1980. Growth and development of root systems of 
winter cereals grown after di fferent ttllage methods including direct 
drilling. Plant and Soit 55: 283-295. 

Ëste'S, G.O. 1972. Elemental composItion of Maize grown under no-tlll and 
conventional tillage. Agron. J. 64: 733-735. 

Fink, R.J. and D. Wesley. 1973. Corn yield as affected by fertilization and 
tillage system. Agron. J. 65: 70-71. 

Gantzer, C.J. and G.R.' Blake. 1978. Physical characteristics of LeSueur clay 
Ioam sail following ono-till and conventional tIllage. Agron. J. 70: 853-857. 

Gaultney, L., G. W. Krutz, G.e. Stemhardt and J.B. Liljedahl. 1980. Effects of ~ 
subsoil compaction on corn yield i Indiana. ASAE Paper 80-1011, 'St. 
Joseph, Michigan 49085. ~4 

Gerard, S.M. and R.K. Hay. 1979. The effect on eartyworms of ploughing, tined 
eultivation, ttirèct driUing and, nitrogen in a barlëy monoculture system. 
J. Agric. Sei. 93: 147-155. 

Hill, J.O.' and R.L. Blevin~. 1973. Quantitative soil moisture use in corn grown 
under conventiona! and no-tillage methods. Agron J. 65: 945-949. 

Kelly, J.K. and E. MeKyes. 1984. The influence of tillage, zero titage and 
fertilizer sources on corn grow~h and yield. In Press. 

Ketcheson, J.W. 1977. Effect of. tillage on fertilizer requirements for corn on 
a silt loam soil. Agron. J. 72: 540-542. 

McGregor, K.C. and J.O. Greer. 1962. Erosion control with no-till and redueed 
, till corn for silage and grain. Trans. of t~e ASAE 25(1): 154-159. 

Ministere de l'Agriculture des Pecheries et de l'Alimentation. 1964. Conseil 
des productions vegetales du Quebec: Mais culture. CPVQ-19B4 21pp. 

Moomaw, R.S. and A.R. Martin. 1978. Weed control in reduced tillage corn 
production system. Agron. J. 70: 91-94. 

M08chler, W.W., G.M. Shear, D.C. Martens, G.D.Jones and R.R. Wilrnouth. 
1972. Comparative yield$ and fertilizer efficiency of no-tillage and 
conventionally tilled corn. Agron. J. 64: 229-231. 

----- - ~-~-_ ... _ ........... _'" ~ 



144 

, " 
Negi, S.C., G.S.V. Raghavan and F. Taylor. 1981. Hydraulic characteristic8 of 

conventionally and zero tilled field plots. Sail and Tillage Rés. 2: 281-292. 
1 

OSulllvan, M.F. 1983. Water regimes in ploughed and direct drllied soits under 
cereals: a llterature review. Dep. Note SIN/38l Scot. Inst. Agric. Eng. 
Penicuik (unpubl). 

Phillips, S.H. and R.E. Phillips. 1984. No tillage agriculture: Principles and 
practices. Van Nostrand Reinhold Co. New York. 306pp. 

Pidgeon, J.O. and B.D. Saane. 1977. Effects of tillage and direct driUing on 
sail properties during the growlng season in a long-term barley 
monoculture system. J. Agric. SCI. 88(2): 431-442. 

Pope, R.A. 1982. Sail compactlon. Conservation tillage for crop production. Inst. 
of Ag. EI1d Nat. Res., Umv. of Nebraska, Lincoln. Tillage conf. proc. No 
1. r 

Richards, L.A. 1969. Olagnosing and improvement of saline and alkai solls. 
Agriculture handbook No. 60 USDA. 160pp. 

5hear, G.M. and W.W. Moschler. 1969. Continous corn by the no-tillage and 
convention al tillage methods: A six year comparison. Agron. J. 61: 
524-526. 

Taylbr, F., G.S.V. Raghavan, E. McKyes, 5. Negi, E Douglas and E. Stemshorn. 
1980. Sail structure and corn (maize) yields under conventiona'! and 
minimum tillage methods. ASAE Paper 80-1025, St. Joseph Michigan 
49085. lOpp. 

Taylor, F., S. Negi, G.S.V. Raghavan and E. McKyes. 1981. The effects of 
minimum tillage on corn growth in eastern Canadian agriculturel soils. 
Final report, Engineering and Stati$f:ical Researoh Institute. Agriculture 
Canada, Ottawa (Ontario) 143pp. . 

1 
Tollner, E.W. and W.L. Hargrove. 1982. Assesing the physical condition of a 

Piedmont soil under long term conventiona! and no tillage. ASAE Paper 
82-1514, St. Joseph Michigan 49085. 15pp. 

Triplett, G.B. 1973. An evaluation of Ohio soUs in relation ta no-tillage corn 
production. Wooster. pp 20. 

Triplett, G.B. ~d D.M. van Doren. 1969. Nutrient utilization of no-tillage corn. 
Ohio Rep. Res. Develop. Agri. Home Econ. Natur. Resor. 54(4): 59-60. 

Triplett, G. and D.M. Ven Doren. 1977. Agriculture without tillage. Scientific 
Amer. 236: 28-33. 



145 

Trouse, A.C. 1971. Soil conditions as they affect plant establishment, root 
conditions and yield. In: K.K. Barnes (ed.) Compactlon of agricultural soils. 
ASAE Monograph. St. Joseph Michigan 49085. 306pp. ' 

van Ouerkerk, C and F.R. Boone. 1970. Soil physical aspects of zero tillage 
experiments. Neth. J. Agric. Sei. lB: 247-261. 

Voorhees, W.B. 1982. Soil compaction may cause a problem with conservation 
tillage. Research News, USDA-AR5,'NC-I06. 

Weatherley, A.B. and J.H. Dane. 1979. Effect of tillage on soil-water movement 
during corn growth. Soil Sci. Soc. Amer J. 43: 1222-1225. 

--~------~ ------------ -------------
l 
J 



,,-

\ 

Chapter 6 

OveraU Conclusions 

The reaulta presented here encompass the first two years of an 

experiment which could hold promise for alterations ta the well accepted 

farmmg techniques practiced in southwestern Quebec and eastern Ontario. 

For alm08t 100 years, foutine moldboard plowing and successive dlskmgs of 

the land have been carried out in the fall and sprIng preparIng for the 

planting and growth of almost every field crop. The advent of commercially 

manufactured fertilizers enabled farmets ta dramatically increase their 

yielcls. The economic cœt of this increased yield rises each year as the cœt 

of manufacturing increases. 

This study chose ta exami ne the. producti on of sil age corn, si nce 

nearly all the farmers in this aree produce some silage cocn and the input 

costs ifl terms of fuel, fertilizer and herbicides are among the highest' for 

any field crop. In addition to the potential savings ta be derived from 

alternate tillage systems or alternate fertilizer sources, the transition tram 

conventional or accepted farming techniques ta these alternate corn 

production systems is relatively simple. 

Pefhaps the most important element involved In this transition is the 

corn planter. A conservation type Plan\}- or a standard planter with a heavy 

,--. -_._--~ ,~'- ---~---, --~-------- . 1. 
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frame and heavy dut y coul ters for both seed trench opening and fertilizer 

placement ia nece8sary to cut through the previous years trash and to 

penetrate the more dense surface laye,rs (0-5 cm) usually experienced with 

zero tillage. Proper adjUltment of each planting lIlit's down pressure springs 

aida greatly in achieviç.g the desired objectives. The problem of reduced 

plant populations due to the tillage treatments,. seen in thlS experlment, 

could be alleviated in thls way. 

The results of this two year study also indicated no effect of reduced 

or zero tillage on soil nutrient content. Therefore, • no change ln the 

"'" application rate of the macro nutriel1ts (N, P, K) IS required wlth these 

alternate systems. Weed densities were also studled 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 ta be 

very successful in the clay soil with all Uree tillage tre atments. Yield 

levels were maintBined and organic matter levels were increased in those 

plots wh~re the manure was i ncorporated. The only problem associated with 

the use of organic fertilizer in the clay soil was a 13% reduction (1% 
, 

absolute) in crude protein content of the sil age as compared ta the 

/ .... 
) 

Inorganically fertilized plots. In the sandy ioem 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 soUs 

(not fOllld in a clay soil) allowed the manure to become toxic to a smaU 

percent age of the seedlings. In addition, the" crude protein content 'was 

reduced by 2~% in th08e sandy loam plots fertilized orga"ically. Care should 

-_._., --_._--- ----- -- - - -.. ~_ .. _. -----. ---- - -_. 
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," 

therefore be exercised l'n utilizl~ manure as the only N source on sandy 

soUs. 

By removing the effects of the- reduced populations (due to thè zero 

and reduced tillage treatments), and looking at the yield on a pel' plant 

~ 
basis, it can be seen that dry matter yield levels can be malntalned through 

the use of zero or reduced till age. 

In conclusion, one important point must be emphasized. This was a 

two year study and the results are not l')8cE!Ssarlly extendable ta the long 

term use of these t~,chnlques. Instead, these recommendations are 1 ntended 
, iJ 

te provlde Infonp-ation for the farmers or researchers about the performance 

of these systems only ln the flrst two years of thelr usage. 

Bath reduced and zero tillage systems with inorgamc fertilizer are 

therefore viable alternative corn production system components. The use of 

dairy manure as the principal fertilizer source, wlth conyentional, reduced or 

""-
zero tillage in a clay sail and with either conventional or reduced tillage ln . 
a sandy l(}am soil would aIso be feaslble ln southwestern Quebec and eastern 

Ontario. None of the aboye alternative systems should have any detrlmental 

effects on sail quality or cause any sizeable reductions in crop yields. These 
" 

systems should also provide large economic, energy and equipment sayings 

which will praye ta be very beneficial ta the f armer in the short terme 

o 



Chapter 7 

Suggestionl for Further Rase..-ch 

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

investIgations be carrled out in order to gain further knowledge of the use of 

el ~ernate corn producti on systems: 

1. An experlment should be set up to investigate grain corn production 
\ 

with the use of these alternate tillage and fertlhzer techniques. 

The large volume of surface trash remaining after harvest, will gl ve 

ri se to a whole new set of problems. Seeding Will be much more 

di fficul t and weeds, diseases and i nsects will be present in 1 arger 

quantities than found when investigating sUage corn production. The 

potentiel for savings, however, is greater than for allage corn slnce 

the total number o'f acres devoted to grain cern exceeds the total 

f or sil age corn. 

2. In order to make long term recommendations, the experiment must 

be con tinued, and investigations made on the cumlilative effects of 

severaI years of conti nuous· appli cati on of these al ternate corn 

pr~duction sys tems. 
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J. Soil moisture charaeterlstie curves should be obtained ta ald ln 

lI1derstanding the differences found in volumetrie moisture contents 

thraughout the growi ng season. 

4. An experiment should be set up ta investigate the effects of 

applying fresh dairy cattle manure on a sandy sail. Sail nutrient 

levels, aCld content and sali nit y levels should be c10sely momtored 

Immedi ately after application until two to three weeks after 

emergence of the corn pl ents. 

5. Infil tratlon measurements should be taken ta quanti fy the effects of 

surface residue and tillage system on both infiltration and runoff. 

6. A new experiment should be set up to develop different application 

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

procedure would involve ways of incorporating the manure into the 

surface layers to reduce the nitrogen losses to the atmosphere. 

7. Development of a small plot manure spreader, ta 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 varlance of days ta emerge 
Sand and Clay Sites - 1983 

Sand Site 

Source D.F. S.S. M.S. F Value 

Madel 7 3.889 0.556 1. 22 
Error 10 4.556 0.456 

Corr. Tot. 17 8.444 C.V. 
5td. fJev. 

Mean 

Source D.F. Anova S.S. F Value 

Block 2 1.444 1. 59 
Fertilizer l 0.222 1J.49 

TIllage 2 0.778 0.85 
Fert * Till 2 1.444 1. 59 

Clay Site 

Source D.F. S.S. M.S. F Value 

Madel 7 9.667 1.381 1.66 
Error 10 8.333 0.833 

Corr. Tot. 17 18.GOO C.V. 
Std. Dev. 

Mean 

Sour~e D.F. Anova S.S. F Value 

Block 2 2.333 1.40 
Fertilizer l 0.889 1. û7 
Tillage 2 4.333 2.60 

Fert * Till 2 2.111 1.27 

...... ___ ~ L. -.- _ '-< ~~ ~ ~_~ ~ __ ..,~ ..... _ ... __ "'" ____ ~ ~ ___ _ 

Pr F R Sq. 

L.375 0.461 

= 4.675 
= u.675 
= 14.44 

Pr F 

0.252 
0.501 
0.455 
G.252 

Pr F R Sq. 

1J.226 0.537 

= 5.95 
= G.913 

= 15.333 

Pr F 

0.291 
0.326 
0.123 
0.323 
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T ab l e A4. 3 . 2 Analys.i:s of variance of deys ta tassel 
Sand and Clay Sites - 1983 

Sand .,süe 

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

Madel 7 13.167 1.881 2.56 0.086 0.642 
Error 10 7.333 0.733 

Corr. Tot. 17 20.500 C.V. = 1. 294 
Std. Dev. = u.856 

Mean' = 66.17 

Source D.F. Anova S.S. F Value Pr F 

Black ~ 0.000 0.00 1.uGO 
Fertllizer 0.500 0.68 0.428 

Tillage 2 2.333 1. 59 0.251 
Fert * hl! 2 10.333 7.05 0.(,12 

Clay SÜe 

'\ 

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

Madel 7 16.556 2.365 1.37 u.313 0.490 
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. An'ova S.S • F Value Pr • F ~ 
..... 

, 
." Black 2 4.111 1.19 0.343 ~ 

Fertilizer l 3.556 2.06 O.lBl 
Tillage 2 8.111 2.35 0.145 

Fert * hl! 
~. 

2 0.178 0.23 0.802 ., 

.-' 

\ 

<!'._--- -----< 
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Table A4.3.3 Analysis of variance of final plant populat lOn 
Sand Site - 1982 

Sand Site 

<III 

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

Madel 7 317071 45296 6.23 0.005 
~ 

0.813 
Error 10 72750 7275 

Corr. Tot. 17 389821 C. V. = 11.13 
5td. Dev. = 85.29 

Mean = 766.3 

Source D.F. Anova S. S. F Value Pr F 

\ 
\ Black 2 25180 1.73 u.226 " 

Fertilizer 1 . 262812 36.13 0.000 
Ti 14Jge 2 21721 1. 49 0.271 

Fert *\Till 2 7357 0.51 0.618 

l 

\ ., 

~------_._- , _1 
,/ 
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Table A4.3.4 Analysls of vanance of fInal plant populatlOn 
Sand and Clay SÜes - H83 

Sand Slte 

Source 

Madel 
Error 

Corr. Tot. 

Source 

Black 
Fertil~zer 

hllage 
Fert * Tlll 

Clay Site Ill> 

Source 

D.F. 

7 
10 
17 

D.r. 

Model L 
Error 10 

Carro Tot. 17 

Source 

f Black 
Fertilizer 
Tillage 

Fert * Tül 

5.5. 

56898.5 
10784.G 
67662.5 

D. F . 

2 
l 
2 
2 

~ 

S.S. 

30663.2 
9187.3 

39850.5 

D.F. 

2 
l 
2 
2 

M.S. 

8128.4 
1078.4 

Anova S. S. 

2224.0 
7564.5 

41323.G 
5787.0 

M.S. 

4380.5 
918.7 

Anova S.S. 

4192.0 
420.5 

2G249.3 
5801.3 

F Value 

7.54 

C. V. 
Std. Dev. 

Mean 

F Value 

1. 03 
7.01 

19.16 
2.68 

F Value 

4.77 

C.V. 
Std. Dev. 

Mean 

F Value 

2.28 
0.46 

11.G2 
3.16 

Pr F 

0.G03 

= 3.890 
= 32.84 

= 844.17 

Pl' F 

U.392 
0; 0.G24 

G.GGG 
0.117 

Pr F 

0.014 

= 3.651 

= 30.31 
= 830.17 

R 5q. 

0.841 

// 

C 
''\. 

.... ~ ... " 
\ 

R 5q. 

G.769 
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T ab 1 e A4. 3 . 5 AnalYS1S of variance of dry matter yleld and percent mOlsture. 
26 days after saedlng. Sand Site - 1982 

Dry Matter Y1eld. Mg/ha 

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

Model 7 0.006 O.GOI 3.62 0.033 G.717 
Error IG 0.002 0.000 

Corr. Tot. 17 0.009 C.V. = 24.34 
Std. Dev. = 0.016 

Mean = G.CJ64 

Source D.F. Anova,S.S. F Value Pr F , 
( 

/ 
GJ 

Block 2 0.001 2.39 0.142 
Fertil1zer 1 " 0.002 9.90 0.010 

Tillage 2 0.G02 5.08 0.030 
Fert * hll 2 O.GGO 0.24 0.788 

., 
Percent Moisture 

p 

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

1 Model 7 548.654 78.379 12.11 D.GOO G. tl94 
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 S.S. F Value Pr F 

Black 2 471.428 36.41 O.OuO 
Ferblizer 1 13.056 2.02 0.186 

Tillage 2 15.718 1. 21 0.337 
Fert * hll 2 48.452 3.74 0.061 



\ 

• 

J65 
, 

Table A4.3.6 Analys~s of variance of plant height and leaf ares index. 
26 days after seedir:lg. Sand Süe - 1982 

Plant He ight ~ cm 

Source 

Model 
Error 

Carro Tat. 

Source 

Black 
Fert ilizer 
Tillage 

Fart * h11 

Leaf Area Index 

Source 

Mode1 
Errar 

Carro Tot. 

Source 

Black 
Fert ilizer 
hllage 

Fert * Till 

D.F. 

7 
10 
17 

D.F. 

7 
10 
17 

D.F. 

2 
1 
2 
2 

D.F. 

2 
l 
2 
2 

S.S. 

13.347 
40.142 
S3.489 

S.S. 

0.008 
0.005 
0.014 

M.S. 

1. 907 
4.014 

Anava S. S. 

4.164 
2.961 
2.0û8 
4.214 

M.S. 

0.001 
0.001 

Anova S.S. 

G.002 
O.GOI 
0.004 
0.C02 

F Value Pr F R Sq. 

0.47 0.832 0.250 

C.V. = 11. 39 
Std. Dev. = 2.G03 

Mean = 17.594 

F Value Pr F 

0.52 0.611 
0.74 0.411 
0.25 0.784 
0.52 0.607 

F Value Pr F R Sq. 

2.3u 0.112 0.617 

C. V. = 17.11 
5td. Dev. = 0.023 

Mean = 0.134 

F Value Pr F-

1.80 0.215 
1.82 0.207 
3.36 0.076 
1.99 0.188 

.. 
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Table A4.3.7 Analysis of variance of dry matter yield and percent mOlsture. 
48 days a fter seedlng. Sand SIte - 1982 

Dry Matter Yleld, Mg/ha 

Source 

Model 
Error 

Corr. Tot. 

Source 

Black 
fertilizer 
Tillage 

Fert * Till 

D.f. 

7 
IG 
17 

Percent Moisture 

Source D.f. 

Model 7 
Error 10 

Corr. Tot. 17 

Source 

Biock 
fertilizer 
Tillage 

Fert * Till 

D.f. 

2 
l 
2 
2 

D.f. 

2 
l 
2 
2 

\ 

'S.S. 

0.819 
0.781 
1.600 

S.S. 

3.049 
5.793 
8.842 

M.S. 

0.117 
0.078 

Anova S.S. 

0.045 
0.480 
0.104 
0.190 

M.S. 

0.436 
0.579 

Anova S. S. 

0.740 
0.000 
'0.110 
2.199 

F Value Pr F R Sq. 

1. 50 0.271 G.512 .4fJ 

C.V. = 3û.46 
Std. Dev. = 0.279 

Mean = u.917 

F Value Pr F 

0.29 o 755 
6.15 0.033 
0.66 O. 36 
1. 22 O. 36 

f Value Pr F R 5q. 
tt; 

0.75 0.637 G.345 

C. V. = 0.823 
Std. Dev. = 0.761 

Mean = 92.412 

f Value Pr f 

0.64 0.548 
0.00 0.988 
0.09 0.910 
1.90 0.2GO 

c, 



~ 

... 

.. 

167 

Table A4.3.8 Analysis af varlance of plant height and leaf area index. 
48 days after seeding. Sand Site - 1962 

Plant Height. cm 

Source D.r. s.s. M.S. r Value Pr F R Sq. 

Model 7 932.28 133.18 3.94 0.025 0.734 
Errar lu 337.88 33. 79 

Corr. Tot. 17 1270.17 C.V. = 8.743 
Std. Dev. = 5.813 

Mean = 66.483 

.. 
Source D.r. Anove S. S. F Value Pr F 

Black 2 317 .143 4.69 0.037 
fertilizer 1 47.G45 1.39 0.265 

Tillage 2 104.373 1.54 0.260 
fert * Till 2 463.720 6.86 O. û13 

Leaf Ares Index 

Source D.r. S.S. M.S. r Value Pr r R Sq. 

Hodel ~ 7 0.808 0.115 0.79 0.613 u.356 
Error 10 1.464 0.146 

Corr. Tot. 17 2.272 C.V. = 23.79 
Std. Dev. = 0.383 

Mean :;; 1.608 

Source 
7\ 
\ D.r. Anova S. S. r Value Pr r 
\ • 

Black 2 0.118 /0.40 0.679 
fertilizer 1 0.038 0.26 0.621 

Tillage 2 0.263 0.90 0.437 
fert * Till 2 0.389 1.33 U.308 

. -.----- --~- -~---
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Table A4.3.9 Analysis of variance of dry matter yield and percent moisture. 
64 days after seeding. Sand Site - 1982 

.... 
Dry Matter Yleld; Mg/ha 

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

Model '7 7.941 1.134 1.85 0.183 0.564 
Error 10 6.140 0.614 

Corr. Tot. 17 14.081 C. V. = 17.34 
Std. Dev. = 0.784 

Mean = 4.519 10 

• 
Source D.F. Anova S.S. F Value Pr F 

Block 2 1.350 1.10 . 0.370 
Fertilizer 1 3.216 5.24 0.045 
Tillage 2 0.643 0.52 a.6G8 

Fert * Till 2 2.732 2.22 0.159 

Percent Moisture ' 

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

;{.lModel 7 4.447 0.635 1.15 G.406 0.446 
Error 10 5.524 0.552 

Corr. Tot. 17 9.971 C.V. = 0.850 
Std. Dev. = O. 743 

Mean = 87.42 

Source D.F. Anova S. S. F Value Pr F 

Black 2 0.398 0.36 D.7ù7 
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 helght and leaf aree Index. 
64 days after seedlng. Sand Site - 19/;J2 

Plant Hèight. cm 

Source D.r. S.S. M.5. r Value Pr F R sq. 

Model 1 3356.42 419.49 ~1 0.064 0.661 
Error 10 1672.68 161.21 

Corr. Tot. 11 -5029.10 C.V. = 9.186 
Std. Dev. = 12.93 

Mean = 132.13 

Source D.F. Anova S. S. F Value Pr F 
~ 

Black f 2261. 21 6.76 0.014 
Fertilizer 545.60 3.26 0.101 
Tilla~e 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. r Value Pr F R sq. 

Model 1 4.096 0.585 2.65 0.G79 0.650 
Error 10 2.210 0.221 

Corr. Tot. 17 6.306 C.V. = 12.77 
Std. Dev. = O.47G 

Mean = 3.680 

Source D.F. Anove S.S. f Value Pr F 

Black 2 1.104 2.50 0.132 
Fertilizer 1 1.108 ..p. 01 0.049 
Tillage 2 0.521 1.18 0.347 

fert * Till 2 1.364 .. 3.09 0.090 

i ... 

" -- -- - _._--- -----~-
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Table A4.3.11 Analysis of variance of dry matter yield and percent moisture. 
76 days after seedlng. Sand Site - 1982. 

Dry Matter Yle1d, Mg/ha 

Source D. r. 

Model , 7 
Error 10 

Corr. Tot. 17 

Source 

Black 
Fertilizer 
Tillage 

Fert * Till 

Percent Moisture 

Source 

Madel 
Error 

Corr. Tot. 

Source 

Black 
Fertilizer 
Til~e 

fert Till 

\ . 
1 

D.r. 

7 
10 
17 

S.S. 

16.239 
21. 901 
38.140 

D.F. 

2 
1 
2 
2 

S.S. 

10.692 
6.082 

16.774 

D.f. 

2 
1 
2 
2 

M.S. 

2.320 
2.190 

Anova S.S. 

5.463 
7.623 
2.166 
0.988 

M.S. 

1. 527 
0.608 

Anova S. S. 

3.393 
2.060 
5.093 
0.146 

F Value Pr F R Sq. 

1.06 0.452 0.426 

C.V. ~ 19.42 
5td. Dev. = 1.480 

Mean = 7.619 

F Value Pr F 

1. 25 0.328 
3.48 0.092 
0.49 0.624 
0.23 0.802 

r Value Pr F R Sq. 

2.51 0.091 0.637 

C.V. = 0.978 
5td. Dev., = 0.780 

Mean = 79.776. 

F Value Pr t 

2.79 0.109 
3.39 0.096 
4.19 0.048 
O.l~ 0.888 

--

( 
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Table A4.3.l2 Analysis of variance of plant helght and leaf aree index, 
76 days after seeding. Sand Site - 1982 

';:> 

Plant Height, cm 

Source 

Model 
Error 

Corr. Tot. 

Source 

Black 
FertiH.zer 
Tillage 

Fert * Till 

t>Leaf Area Index 

Source 

Model 
Error 

Corr. Tot. 

Source 

Black 
Ferti1izer 
Tillage 

Fert * Till 

\ 

D.F. 

7 
10 
17 

D.F. 

7 
10 
17 

S.S. 

2649.31 
1786.27 
4435.58 

D.F. 

2 
l 
2 
2 

S.S. 

1.845 
2.364 
4.209 

p.t. 
lb 

2 
l 
2 
2 

M. S. 

378.47 
178.63 

Anova S.S. 

592.87 
1197.24 
" 507.97 

351. 23 

M. S. 

0.264 
0.236 

Anova S. S. 

0.722 
0.218 
0.094 
0.811 

• 

, -- "- ----~ ----

F Yalue Pr f R Sq. 

2.12 0.136 0.597 

C.Y. : 6.574 
Std. Dev. : 13.37 

Mean""": 203.31 

F Value Pr F 

1.66 ' 0.239 
6.70 0.027 
1.42 0.286 
0.98 0.408 

F Yalue Pr f R Sq. 

1.11 0.423 0.438 

C.V. : 12.62 .- ~ 
Std. Dev. : 0.486 

- Mean : 3.853 

F Yalue '1\> Pr' F , 
1.)3 0.264 
0.92 0.360 
0.20 0.823 
1.71 0.229 

s;, 

/ 

" 

l 
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Table A4.3.13 Analysis of variance of dry matter yield and percent mOlsture. 
91 deys after seeding. Sand Site - 1982 

Dry Matter Yield. Mg/ha 

Source 

Model 
Error 

Corr. Tot. 

Source 

Black 
Fertilizer 

Tillage 
Fert * Till 

D.F. 

7 
10 
17 

Percent Moisture 

Source 

Hodel 
Error 

Corr. Tot. 

Source 

Black 
fertilizer 
Tillage 

fert * Till 

D.F. 

7 
10 
17 

" 

S.S. 

83.373 
73.889 

157.262 

D.F. 

2 
l 
2 
2 

S.S. 

52.077 
26.611 
78.688 

D.F. 

2 
l 
2 
2 

M.S. 

Il. 910 
7.389 

Anova S.S. 

26.377 
48.125 

2.468 
6.404 

M.S. 

7.440 
2.661 

Anove S.S. 

2. G33 
0.361 

26.027 
23.655 

Q 

F Value Pr F 

1.61 0.238 

c.v. = 25.36 
Std. Dev. = 2.7la 

Mean = lu.718 

F Value 

F 

1. 78 
6.51 
0.17 
0.43 

Velue 

2.80 

C.V. 
Std. Dev. 

Mean 

F Value 

0.38 
(J.14 
4.89 
4.44 

'"' 

= 
= 
= 

Pr 

Pr F 

0.217 
0.029 
0.849 
O.66ù 

F 

0.069 

2.129 
1.631 
76.641 

Pr F 

0.692 
0.720 
O.G33 
0.042 

> 

R Sq. 

0.53u 

R Sq. 

G.662 

~ 1 -
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Table A4.3.14 Analys~s of variance of plant he~ght and leaf area ~ndex. 
91 days aft,er seed~ng. Sand Site - 1982 

Plant He~ljlt, 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 

Source D.F. Anova S.S. F Value Pr f 

. Black 2 46.854 0.17 0.846 
FerUlïzer l 273.001 1.98 0.189 
Tillage 2 375.098 1. 36 0.300 

Fert * Till 2 4fo.858 1.49 0.27l 

1> 

Leaf Area Index 

Source O.F. S.S. M.S. F Value Pr F R Sq. 

Madel 7 1.654 0.236 1.19 0.390 0.453 
Error 10 1.994 0.199 

3.8148 
( 

C. V. 12. 70 :: Corr. Tot. 17 
Std. Dev. :: 0.447 

Mean :: 3.516 

Source D.F. Anova S. S. F Value Pr F 

Black 2 0.221 0 • .56 O • .591 
Fertilizer l 0.024 0.12 0.736 
Tillage 

" 
2 

Fert * hll 2 
0.976 2.45 0.136 
0.433 1.09 Q.374 

" 

/ 



174 

Table A4.3.l5 Analysls of varlance of dry matter yleld and percent mOlsture. 
29 days after seedlng. Sand SÜe - 1983 

Dry Matter Yleld. Mg/ha 

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

Madel 7 0.014 0.002 0.91 0.536 0.389 
Error 10 0.022 0.002 

Con. Tot. 17 0.037 C.V. = 30.02 
Std. Dev. = G~04 7 

Mean = o .15t:l 

Source D.F. Anova 5.5. r Value Pr F 
t. 

Black 2 0.001 0.33 0.727 
Fertilizer 1 0.001 0.24 a.ô37 
Tillage 2 0.009 1. 97 ù.191 

Fert * hll 2 0.003 0.77 0.490 

Percent Moisture 

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

Madel' 7 77 .862 11.123 1.15 0.406 0.446 
Error 10 96.745 9.674 

Corr. Tot. 17 J.74.607 C.V. = 4.879 
Std. Dev. = 3.110 

Mean = 76.261 
" 

Source D.F. Anova S.S. r Value Pr F 

Black 2 17.251 0.89 0.440 
rertilizer l 22.111 2.29 0.162 
Tillage 2 23.195 1.2L 0.341 

Fert * Till 2 15.305 0.79 0.480 

• 

1-
~------
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Table A4.3.16 Analysls of variance of plant height and 1eaf area Index. 
29 da ys after seeding. Sand SÜe - 19&.3 

Plant Hellj1t. cm 

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

Madel 1 39.766 5.681 1.88 0.177 0.568 
Error 10 30.259 3.025 

Corr. Tot. 17 70.024 C.V. = 7.746 
Std. Dey. = 1. 740 

Mean = 22.456 

, , Source D.F. Anoya S.S. F Value Pr F 

Block 2 7.748 1. 28 0.320 
Fertilizer 1 9.102 3.01 0.114 
Tillage 2 4.548 0.75 0.497 

Fert * Till 2 18.368 3.u4 0.093 

Leaf Area Index 

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

Madel. 7 0.029 0.004 0.99 0.490 0.4G9 
Error 10 0.042 0.004 

Corr. Tot. .1-7 0.072 C.V. = 11.17 
Std. Dey. = 0.065 

Mean = 0.583 

Source D.F. Anova S.S. F Value -Pr F 

Block 2 0.004 0.50 0.619 
fertilizer 1 0.G03 0.65 0.439 

Tillage ~ 2 0.021 2.52 0.130 
Fert * Till 2 0.001 0.11 0.895 

» 

-, 

.. 
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Table A4.3.17 Analysis of variance of dry maUer yield and percent moisture. 
42 days arter seeding. Sand Sile - 1983 

Dry Matte.r Yield. Mg/ha 

Source ' D. F. S.S. M.S. F Value Pr F R Sq. 

Madel 7 1.669 0.238 9.40 0.001 0.868 
Error 10 0.254 0.025 

Corr. Tot. 17 1.923 C. V. = Il.88 

J 
Std. Dev. = 0.159 

j 
Mean = 1.341 -

l 
Source D.F. ~va S.S. F Value Pr F 

., 
Black 2 ~.061 1. 20 0.341 

Fertilizer l .353 (- 13.89 0.004 
Tillage 2 0.966 ~19.U2 0.000 

Fart * Tip Z 0.290 ~5. 72 0.022 
J & 9 

• 

P~1cent Moislure 
'\. 

Soul'ce D.F. "5.5. M.5. F Value - Pr F R Sq. 

Model \ 0 a 99999 0 lJ 
Error IG 0 0 

Corr. Tolo 17 0 C. V. = 0 
Std. Dev. = 0 

Mean = 69.11 

Source D.F. Anova S.S. 1 F Value Pr F 
:i! 

Black 2 0 ,C 
Fertilizer 1 a 
Tillage 2 0 ( 

fert * Till Z 0 , 

s 

, 

''V C> . ..... 

,. 

f r .• " 

fi! - ---------- -- ' .. ,-.. -;;-- , , . 

; 

~ 
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Table A4.3.18 Ana1ysis of var iance of plant height and lea f area 1ndex. 
42 da9s after seeding. Sand Site - 1983, 

',! 
Plant Heighe. cm 

Source D.r. S.S. M. S. F Value Pr r R 5q. 

Model 7 203.881 29.126 2.65 0.079 0.650 
Error 10 109.976 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 

Black 2 13.338 0.61 0.564 
Fert Bizer l 58.681 5.34 0.044 
Tillage 2 126.581 5.75 0.022 

Fert * Till 2 5.281 0.24 0.791 

1Leaf Jtea Index 

... . 
Source D.F. ~<f 54>5. M.5. F Value Pr F R 5q. .... 

1 1 '. 
• ',f,. 

"1 

" 
Model 7 1.891 0.270 2.35 0.lG6 0.6~2 
Error 1G 1.148 0.1,15 

Corr. Tot. 17 3.039 C. V. = 12.72 
Std. Dev. = 0.339 

Mean = 2.664 

Source D. r. Anova S.S. r 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 vsriance of dry matter yiel'd and percent moish-ure, 
58 days after aeedl.ng. Sand Site - 1983 

Dry Matter Yield, Mg/ha 

Source D.F. S. S. M.S. F Value Pr F R 5q. 

Madel 7 4.126 0.589 2.06 ·0.14;6 
" 

0.590 
Error 10 2.868 0.287 

Corr. Tot. 17 6.994 C.V. :.1l.12 
5td. Dev. = O. 5~6 

Mean = 4.814 

Source D.F. Anoye S.S. F Velue Pr F 

Block 2 0.076 0.13 0.877 
Fertilizer 1 0.206 0.72 0.417 
Tillage 2 2.575 4.49 O.G41 

Fert * Till 2 1.269 2.21 0.160 

Percent Moisture 

Source D.F. S.S. M.S. f Value Pr F R Sq. 

, 
• ,Model 7 20.456 2.922 2.13 0.135 0.598 

. ?,rcrr .10 13.727 1.373 . ~ . 17 34.184 C.V. 1.335 Cor. Tot. = 
Il Std. Dey. = 1.112 

Mean = 87.744 

Source D.F. Anoya S.S: F Value Pr F 

Black 2 2.694 0.98 0.408 
fertilizer 1 4.263 3.11 0.109 
Tillage 2 5.891 2.15 0.168 

Fert * Till ~ 7.608 2.77 0.110 

" . 

,----~-- ~---
_~_----- _____ --1. 
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.Table A4. 3. 2G Analysis of variar'lce of plant height and leaf ares index. 
56 da ys after se~dlng. Sand Site - 1983 

Plant Height, cm . 
Source D.F. S. S. M.S. F Value Pr F R Sq. 

Model 7 17i7.18 246.74 5.04 0.011 G.779 
Error la 489.39 48.94 

Corr. Tot. 17 2216.57 C.V. = 4.212 
5td. Dev. = 6.996 

Mean = 166.11 
~ 

Source D.F. Anova S.S. F Value _ Pr F 

B10ck z 61.888 0.63 '" 0.551 
Fertilizer l 746.267 15.25 0.OG3 

T i11age 2 781.954 7.99 0.009 
Fert * Till 2 137.074 1.40 0.291 

Laaf Ares 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. = 10.87 
5td. Dev. = 0.5G8 

Mean = 4.669 

So'uree D.F. Anovâ S.S. r Value Pr F 

Block 2 0.162 0.32 0.737 
Fertilizer l 0.246 0.95 0.352 
Tillage 2 0.729 1.41 0.288 

Fert * Till 2, 0.025 G.05 0.952 

----

--- - ----------------._-----~~ 
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J Table A4.3.21 Analysis of variance of dry matter yield and 'percent moisture. 
72 days after seeding. Sand Site' - 1963 

Dry Matter Yiéld, Mg/ha 

""'-
Source D.t. S.S. M.S. t Valu~ _ Pr t /,R Sq. 

Model V7 10.983 1. 569 2.G7 '0.144 0.591 
Error lG 1.589 0.159 

Gorr. Tot. 17 18.573 C.V. = 10.43 
Std. Dev. = 0.871 

Mean = 8.353 

'" Source D.F. Anova S.S. F Value Pr F 

Block " 2 2.900 1.91 0.198 
" tertilizer 1 0.068 0.09 0.772 

Tillage 2 3.835 2.53 D·129 
Fert * Till 2 4.180 2.75 0.112 

Percent Moist ure 

Source D.t. S.S. M.S. F Value Pr F R Sq. 

Model 7 5.329 0.761 G.9) 0~5l3 G.399 
Error la 8.023 0.802 

Corr. Tot. 17 • 13.352 C.V. = 1.068 
5td. Dev. = 0.896 

Mean = 83.866 

Source D.F. Anova S. S. F Value Pr F 

B10ck 2 1.520 0.95 0.420 
Fertilizer 1 0.018 0.02 0.884 
Tillage 2 0.784 . 0.49 0.627 

Fart * Till 2 3.007 1.87 0.204 

\ 

_____ . __ ~ _____ l 
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Table A4. 3.22 Analysis of variance of plant heighL and leaf aree index. 
72 days after seeding. Sand Site.- 1983 

Plaht Heicjlt, cm 

Source D.F. S.S. ~. f Value 

lJ96.4S Madel 7 199.49 4.24 
Error la 470.71 47.07 

Corr. Tot. 17 1867.15 C. V. = 
_Std. Dey. = 

Mean = 
"1. 

Souro.e D.F. Anoye S.S. F Velue 

B10ck 2 72.86 0.77 
Fertilizer 1 1261. 69 26.80 
Tillage 2 31.47 0.33 

Fert * Till 2 30.41 0.32 

Leaf Area Index 

Source D.F . -5. S. M.S. F Value 

. ' 

Madel 7 1.171 0.167 1.10 
Errot la 1.521 0.152 

Corr.Tot. 17 2.~91 C. V. = 
Std. Dey. = 

Mean = 
, 

Source D.F. Anoya S.S. F Value 
" 

Black 2 0.063 . 0.21 
Fertilizer 1 0.133 0.88 
Tillage 2 0.402 1. 32 

F'ert * Till 2 0.573 1.88 

Pr F 

Il 

0.02(, 

~.663 
6.861 
257.59 

Pr F 

0.487 
0.000 
G.724 
0.731 

Pr F 

0.431 

8.322' 
G.390 
4.686 

Pr F 

0.817 
0.371 
g.309 
0.202 

f < 

/ 

R Sq. 

0.748 

R Sq. 

0.435 

/ 

, 

~ ----~----------------------____ ~ _________________________________________ ~------------~1! 1 
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Table A4.J.23 Ana1ysie of variance of dry matter yie1d and percent meisture. 
92 ,days after seeding. Sand Site - 19&3 

Dry Mattar Yie1d, Mg/ha 
'!; 

Source O.!="'- S.S. M.S. F Value Pr F ~ R 5q. 

• 
Model 7 13.913 1.988 1.45 0.285 0.5û4 
Error 10 13.666 1.367 

Carro Tot. 17 27.579 C.V. = 10.19 
5td. Det. = 1.169 

Mean = 11.462 

'< 

Source D.r. Anove S.S. F Value Pr r 

. 
Block 2 4.677 1.71 G.230 

FertÜizer 1 0.436 0.32 0.585 
Tillage 2 0.,254 0.09 '" 0.912 

Fert * Till 2 8.546 '3.13 0.088 

• 

Percent Hoisture 

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

Madel 7 15.516 2.217 1. 73 0.209 0.547 
Errer 10 12.848 1.285 

Corr. Tot. '17 ~ 28.363 C.V. = 1.492 
Std. Dev. = 1.133 " ' 

l 
Mean = 75.995 -.-" ~~ ... 

Source D.r. Anova s.s. F Value Pr F 

Block 2 0.849 0.33 0.726 
Fertilizer 1 0.402 0.J1 0.588 

Tillage 2 5.462 2.13 0 .. 170 
Fert * Till . 2 C. 8

•
S02 3.43 0.074 
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Table A4.3.24 Ana1ysis of var~nce of plant height !an~ leaf area index. 
a ~ 92 days after seeding. Sand Site 1,98) 

Plant Height, cm . 

Sourc'e D.L 

Model 7 
Error 10-

Corr. Tot. 1.7 

\ 
) 

Source 

( 
Block 

Fertllizer 
Tillage 

Fert * Till 

Leaf Ares Index 

Source D.F. 

Model 7 
Error 10 

Corr. Tot. 17 

Source . 

Block 
Fertilizer 

Tillage 
Fert * Till 

• 

S.S. 

1360.07 
892.77" 

2252.84 

D.F. 

2 
1 
2 
2 

D.F. 

2 
1 
2. 
2 

'-

5.S: 

0.602 
0.433 
1.035 

~ 

M.S. 

194.30 
89.28 

Anova S.S. 

5.74 
1246.67 

7.75 
99.91 . , 

M.S. 

, 
0.086 
0.043 

0.041 
0.202 
0.20Q 
0.15!t\ 

'\. 

/ 

\ 
\ 

t ValoUe Pr F 

2.18. '0.128 

C.V. = 3.644 
Std. Dev. = 9.449 

Mean = 259.31 
".. 

F Value Pr F , 
0.03 0.96.9 

13.96 0.004 
0.04 0.958 
0.56 0.589 

, 
F Value Pr ... F 

1. 99 0.157 

C.V. = 6.381 
Std. Dev. = 0.208 

Mean = 3.262 

F Value 

0.48 
4.65 
2.31 
1.83 

\ 

\ 

Pr F 

0,.634 
0.056 
0.150 
0.210 

• 

R Sq. 

0.604 

R Sq. 

0.582 

'\\, 
_____________ ~ _______ . ________ _=_ _ __:l;.,""'\'--, ____ -___ _ 
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Analysis of variance of dry matter yield and percent moisture. 
29 days after seedlng. Clay 'Si~e - '1963· . 

Dry Matter Yield, Mg/ha 
" 

Source D.r. S.S. , 
M·.S.' F Value Pr F R Sq. 

Madel 7 0.032 0.005 3.24 J 0.(,46 0.694 
Error 10 0.014 0.001 

Corr. Tot,. 17 0.047 C. V. = 27.31 
Std. Dev. = 0.W8 

Mean = 0.138 

Source D.r. Anal/a 5. S. F Value Pr F 

Black 2 0.004 1.50 0.270 
Fertilizer 1 0.002 1. 59 0.236 
Tillage 2 0.013 4.45 0.042 

Fert * Till 2 0.013 4.59 0.039 

Percent Meist ure 

Source D.F. S.S. M.S. F Value Pr r R Sq. 

Madel 7 76.410 - 10:916 1.41 0.301 0.497 
Êrror 10 7-7.458 7.746 

Corr. Tot. 11 153.868 C. V. = 3.578 
( Std. Dey. = 2:783 

Mean = 771777 
/ , 

Source D.r. Anoya S.S. r Value Pr F 

Block 2 19. ZOl ~ 1.24 0.331 
Fertilizer 1 27.257 3.52 0.991 
Tillage 2 21.168 1. 37 0.299 

Fart * Till 2 8.783 0.57 0.585 

\ 

? 

1 
1 
, 
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Table A4.3.~ ~nalysi~.Qf var~ance of plant height and leaf ares index, 
29 days after se~ding. Clay Site - 1983 

Plant Heicjlt, cm 

Source D.F. S.S. M.s. r Value Pr f R Sq. 

.. ~1 

Hodel 7 108.529 15.504 4.90 0.G12 0.774 
Error 10 31. 615 3.161 

Corr. Tot. 17 140.145 < C.V. = 7.736 
Std. Dev. = 1.778 

Mean = 22.983 

• Source D.F. Anova S.S. f Value Pr F 

Block 2 16.071 2.54 0.128 
fart ilizer 1 2.961 0.94 0.356 
Tillage 2 2.923 0.46 0.643 

Fert * Till 2 86.574 13.69 (J.OOI ., 
Leaf Area Index ., 

Source -D.F. S.S. M.S. i"- Value Pr f R sq. 

Madel 7 0.053 0.008 3.35 O. u4,-, ' (j.701 
Error 10 0.023 0.002 

Corr. Tot. 17 0.075 C.V. = 8.127 
Std. Dev'. ~ 0.047 

\ Mean = 0.584 

Source D.F. Anova S.S. r Value Pl' . F 

B10ck . 2 0.008 1.81 0.213 
fertilizBr l r 0.001 0.22 0.646 
Tillage 2 0.007 1.64 0.242 

rert * Till 2 0.037 8.14 O.OuB 

, . 

~ -- -·--····-----~-1-7-·---- --- -_ ...... .-,..---.-_.'-0,---

.-' 



lA6 

Table A4.J.27 Analysis of variance of dry matter yield ~Qd percent moisture. 
~2 ~ays after seeding. Clay Sité - 1983 

Dry Matter Yield, Mg/ha 

Source D.t. S.S. M.S. r Value Pr r R Sq. 

Madel 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 
5td. Dev. = 0.547 

Mean = 1.168 
co 

Source D.r. Anova S.S. r Value Pr r 
1 

Block , 2 0.152 0.25 G.781 
rertilizer l 0.055 0.18 0.677 
Tillage 2 1.632 2. 73 0.113 

rert * Till 2 1.114 1.86 0.205 

C4: 

Percent Moiature 

Source D.r. S.S. M.S. r Value Pr F R Sq. 
/' 

Madel 7 0 0 99999 0 0 
Error ~ 10 0 0 

Corr. Tot. • 17 0 C. V • = 0 
Std. Dev. = 0 

Mean = 85.700 

Source D.r. Anova S.S. r Value Pr r 

Block 2 0 : . 
rertilizer 1 0 
Tillage 2 0 

Fert * Till 2 0 
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Table A4.3.28 Analysis of variance of plant height and leaf area 1nd~x, 
42 days after seeding. Clay Site - 1983 

Plant Height. cm 

• 
Source D.r. S.S. M.5. F Value Pr r R Sq. 

Madel 7 625.11 89.301 1.09 0.435 0.43} 
Error 10 818.70 81.870 

Corr. Tot'. 17 1443.80 C.V. = 17.25 
Std. Qev. = 9.048 

Mean = 52.461 
~ 

Source D.F. Anova S.S. r 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 * hll 2 134.521 0.82 0.467 

1 

Leaf Area 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 
stq. Dev. = 0.579 

MeBn = 2.138 

Source D.F. Anova 5. S. F Value Pr F 

Black 2 ,.0-.127 0.19 O.tl3(J 
fertilizer 1 0.058 0.17 0.686 
Tillage 2 • 0.917 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 yleld and percent moisture, 
58 days after seeding. Clay Slte - 1983 

Dry Matter Yield, Mg/ha 
1 

- ,Source If). F. S. S. M.S. F Value Pr r R Sq. 

Model 7 15.058 '-2.151 1.43 b.293 0.50C 
Error 10 15.043 f.504 

Corr. Tot. 17 30.101 - C. V. = 30.86 
5td. Dev. = 1. 227 

Mean = 3.975 
" 

Source D.F. Anova S.S. F Value Pr F 

Black 2 3.674 1. 22 0.335 
Fertilizer l 4.005 2.66 0.134 
Tillage 2 6.824 2.27 à.15~ 

Fert * Till 2 0.554 0.18 0.835 
".--- • 

p.~c.n~~ure . 

c=7 
{ .. 

Source D.F. S.S. M. S. F Valve Pr r R Sq. 

Model 7 6.629 0.947 0.61 0.739 0.298 
Erf'or 10 15.580 1.558 

Corr. Tot. 17 22.209 C.V. = 1.466 
Std. Oev. = 1.24B 

Mean = 85.171 

Source D.F. Anova S. S. r 'l'Blue Pr F 

Black 2 1.104 0.35 0.110 
fertilizer 1 J.901 2.50 0.145 
Tillage 2 1.229 0.39 0.684 

Fert * Till 2 0.395 0.13 0.882 

../ 

,Î r-
1 

if 

, 
i 
i , 
• 
1 -. 
\ 
' ... 

-Î 
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Table A4. J.3G Analy9~9 of variance of plant height and lear area index. 
S8 days after seedlng. Clay Site - 1983 

Plant Heicjlt, ~ cm 

A. 

Source D.r. S.S. M.S. F Value Pr F R Sq. 

Madel 7 3644.54 520.65 1.42 0.298 0.498 
Errar 10 3678.70 367.87 .... 

Corr. Tot. 17 7323: 24 C.V. = 15.76 
Std. Dev. = 19.18 

Mean = 121. 71 • 

SQurce D.r. Anova S. S. F Value Pr r 

Black 2 732.77 LOG 0.403 
Fertilizer 1 280.06 0.76 0.403 
Tillage 2 1'910.86 2.60 0.124 

Fert * Till 2 720.86 lJ.98 ~ 0.409 

'1) 

• Leaf Areà Index 
'y 

, 
Source D.F. S.S. M.S. r Velue Pr F R Sq. 

, . 
Madel 7 4.574 0.653 1.~6 0.3113 u.488 
Error 10 4.807 0.481 

.Corr. Tot. 17 9.380' C.V. = 16.81 

/ Std. Dev. = 0.693 
Mean = 4.124 ... 

Spurce . D.F. Anova 5:5. F Value 'Pr F 

Black 2 '1.826 1.90 ~2UO 
Fertilizer 1 0.949 1.97 .190 

. Tillage. 2 1.100 1.14 0.357 
Fart * Till 2 0.699 

/ 
O.7} 0.507 

.4 

( 
1 -_ ..... _ ..... _---- ,------------------~-----------------------~ 
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Table A4.3.Jl Ana1ysis of variance of dry matter y~e1d and perc~t moisture. 
72 days after seeding. Clay Site - 1983 

Dry Matter Yie1d, Mg/he 

Source D.F. 

Model 7 
Error 10 

Corr. Tot. 17 

Source 

Block 
Fart ~llZer 
Tillage 

Fert * Till 

Percent Moisture 

Source- D.F. 

Model 7 
Error 10 

Corr. Tot. " 17 

Source 

Block 
Fertilizer 
Tillage 

rert * Till 

S.S. 

23.468 
14.361 

r 37.829 

D.F. 

2 
1 
2 
2 

S.S. 

5.140 
4.957 

10.097 

D.F. 

2 
1 
2 
2 

M.S. 

3.353 
1.436 

Anova S.S. 

3.399 
0.000 

17.265 
2.604 

/"\ 

M. S. 

0.734 
0.496 

Anova S.S. 

0.305 
0.130 
1.642 
3.063 

/'-

F Value Pr F R Sq. 

2.33 0.109 0.62G 

C.V, = 15.99 
5td. Dev. = 1.198 

Mean = 7.496 

F Value Pr F 

1.18 0.346 
0.00 8.994 
6.01 0.G19 
0.98 0.410 

F Value > Pr F R Sq. 

1.48 0.277 0.509 

C.V. = 0.846 
5td. Dev. = G.704 

Mean = 83.196 

F Value Pr F 

0.31 0.742 
0.26 0.620 
1.66 0.239 
3.09 0.090 
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1 Table A4.3.32 Analysis of variance of plant height and leaf area index, 
72 deys after seeding. Clay Süe - 1963 

Plant Height, cm 

Source D.r. S.S. M.S. F Value Pr F R Sq. 

Model 7 3810.12 544.30 1.17 0.398 0.450 
Error IG 4663.69 466.37 

" Corr. Tot. 17 8473.80 C.V. = 9.549 
Std. Dev. = 21.60 

Mean :: ~26. 16 

Source D. F. Anova S.S. F Value Pr r 

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.r. S.S. M.S. r Value Pr F R Sq. 

Model 7 1. 734 0.2"48 1.81 0.190 0.559 
Error 10 1.366 0.137 

Corr. Tot. 17 3.101 C. V. = 8.228 
Std. Dev. :: 0.370 

Mean = 4.492 

Source D.r. Anove S.S. F Value Pr r 

Black 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 
-, 

\ 
<, 

, --- ,--"''''-'--- __ -r-- ....... ______ -- ... --- ...... -""":"-----~~--------------
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Table A4. 3.33 Analysls of variance of dry matter yield and percent mOlsture. 
92 days after seedlng. Clay Site - 1983 

Dry Matter 
z.. 

Yield, Mg/ha 

Source D.r. S.S. M.S. 

Madel 7 29.369 4.196 
Error 10 40.701 4.070 

Corr. Tot. 17 70.070 

Source D.F. .. Anova S. s. 

Black 2 7.656 
rertil izer l 0.389 
Tillage 2 18.750 

Fer. Till 2 2.573 

Percent Moisture 

Source D.r. S.S. M.S. 

Madel 7 6.305 0.901 
Error 10 10.132 1.013 

Corr. Tot. 17 16.437 

Source D.F. Anova S. S. 

Black 2 0.881 
Fertilizer l 3.251 

Tillage 2 0.697 
Fert * Till 2 1.476 

---_ .. _--.. -- ----_ .. _--

F Value Pr F 

1.03 0.467 

c. V. = 18.05 
Std. Dev. = 2.017 

Mean = 11. 179 

r 

F Value 

0.94 
0.10 
2.30 
0.32 

Value 

0.89 

C. V. 

P'r 

Pr F 

0.422 
~.764 
0.150 
0.736 

r 

0.548 

= 1. 316 
Std. Dev. = 1.007 

Mean = 76.504 

f Value Pr r 

0.43 0.659 
J.21 D.104 
0.34 0.717 
Q.73 0.507 

\ 

R Sq. 

0.419 

R Sq. 

0.384 
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Table A4.3.34 Analysis of variance of plant helght and leaf area index. 
92 deys after seed~ng. C,lay Site - 1983 

Plant Height, cm 

Source D.F. S.S. M.S. F Value Pt F R Sq. 

Model 7 4920.46 702.92 1. 39 0.309 G.493 
Error 10 5069.52 5G6.95 

Corr. Tot. 17 9989.98 C.V. = 10.02 
Std. Dev. = 22.52 

Mean = 224.73 

Source D.F. Anove S.S. F Value Pr F 

Black 2 2071. 58 2.04 0.180 
Fertilizer l 126194 0.25 0.628 

Tillage 2 2232.28 2.2u 0.161 
Fert * 'Hl1 2 489.66 0.48 G.631 

Leaf Area Index 

SoJ'rce D.F. S.S. M.S. F Value Pr F R Sq. 

Madel 7 1.442 0.206 0.81 0.6G1 u.36l 
Error 10 2.554 0.255 

Corr. Tot. 17 3.996 C.V. = 12.98 
Std. De\l. = 0.505 

Me"an = 3.894 

Source D.F. Anova S.S. r Value Pr r 

Block 2 0.471 0.92 0.429 
Fertilüer 1 0.456 1. 79 0.211 

Tillêg'é 2 0.406 0.80 0.478 
Fert * Till 2 O.H)9 0.21 0.811 

,. 

\ 

\ " 1 
i 
t 

[ 
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Table A4.3.35 Analysis of variance of number of leaves. 29 and 42 deys 
after seeding. Sand Site - 1983 

29 Days After Seeding 

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

Hodel 7 1.471 0.210 , 0.94 0.520 0.396 
Error 10 2.246 0.225 ' "( 

Corr. Tot. 17 3.716 C.V. = 6.840 
Std. Dev. = 0.474 

Mean = 6.928 

Source D.F. Anova S.S. F Value Pr F 

Black 2 0.448 1.00 0.403 
Fertilizer 1 0.027 0.12 0.735 

{' Tillage 2 0.591 1.32 Q.311 
Fert * Till 2 0.404 0.90 0.437 

~~ o~ter seedin~ 

, '''---. Suu rsl D . F . S. S. M.S. F Value Pr F R Sq. 

Madel 7 10.452 1.493 4.74 0.014 0.768 
Errar 10 3.152 0.315 

Corr. Tot.- 17 13.604 C.V. = 5.038 
1 Std. Dev. = 0.561 

Mean = 11.144 

Source D.F. Anava S.S. F Value Pr F 

Black 2 7.414 11.76 0.002 
Fert ilizer 1 0.u80 0.25 0.625 
Tillage 2 1.534 2.43 .0.138 

Fert * Till 2 1.423 2.26 0.155 

__ ~""' __ . _. _.M"_---. ________________ =--___ _ _________ 1 
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Table A4.3.36 Analysis of variance of number of leaves. 58 and 72 deys 
after seeding. Sand Site - 1983 . 

58 Days After Seedlng 

Source 

Madel 
Error 

Corr. Tot. 

Source 

Black 
Fertilizer 
Tillage 

Fert * Till 

72 Deys After 

Source 

Madel 
Error 

Corr. Tot. 

j 
Source 

Black 
Fertilizer 
Tillage 

D.F. 

7 
10 
17 

5eeding 

D.F. 

7 
10 
17 

Fert * Till· 

D.F. 

2 
l 
2 

,2 

9 

s.s. 

1. 757 
2.839 
4.596 

S.S. 

9.764 
3.839 

13.603 

a 
\ 

9· F. 
\ 

2 
1 
2 
2 

M.S. 

0.251 
0.284 

Anove S.S. 

0.001 
0.605 
0.848 
0.303 

M.S. 

1.395 
0.384 

Anove S.S. 

1.688 
7.347 
0.404 
0.324 

F Value Pr f 

0.88 O.551~ 

C. V. = 4.543 
Std. Dev. = 0.533 

Mean = 11. 73 

F Value 

0.00 
2.13 
1.49 
0.53 

F Value 

3.63 

C.V. 
Std. Dev. 

Mean 

F Value 

2.20 
19.14 

0.53 
0.42 

= 
= 
= 

Pr 

Pr F 

0.998 
0.175 
0.271 
0.602 

F 

0.G32 

5.190 
0.'620 
11. 939 

Pr F 

0.162 
0.001 
0.606 
0.667 

,---------" - ,---,--------, 

'R Sq. 

q.382 

., 

R Sq. 

0.718 

_1 
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Table A4.3.37 Analysis of variance of number of leaves. 92 deys after 
seeding. 5an~ Site - 1983 

92 Days After Seedlng 

Source 

Model. 
Error 

Corr. Tot. 

1>, 
. Source 

8lack 
fertilizer 
Tillage 

Fert * Till 

D.F. 

7 
1'0 
17 

o.r. 

2 
l 
2 
2 

s.s. 

4.844 
1.5Z6 
6.369 

M.S. 

0.692 
0.15'3 

Anova S.S. 

0.588 
1.027 
2.388 
0.841 

f Value Pr r 

4.54 0.016 

C.V. = 4.066 
Std. Dev. = 0.391 

Mean = 9.606 

r Value Pr F 

1.93 0.196 
6.73 0.027 
7.83 0.009 
2.76 0.111 

R Sq. 

0.760 

-~---_._.--.------------------~,--~-------------------~--------------~------~-----------



42 Days After Seeding 

Source D.r. S.S. 

~odel 7 3.163 
Error la 4.786 

Corr. Tot. 17 7.949 

Source D.r. 

Block 2 
fertil izer l 

Tillage 2 
fert * Till 2 

.. 

M. S. 

, 
0.452 
0.479 

Anova S.S. 

0.141 
0.161 
1.791 
1.071 

l 

f Value Pr F 

0.94 0.515 

c. V. = 6.236 
Std. Dev. = 0.692 

Mean = 11.09 

F Value Pr f 

0.15 0.665 
0.J4 0.575 
1.87 0.204 
1.12 0.364 

R Sq. 

0.398 
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Table A4.3.39 Analysis of variance of number of leaves. 58 and 72 deys 
after see~:Hng. Clay Site - 198.3 

58 Days After Seeding 

Source D.F. S.S. M.S. f Value Pr f R Sq. 

Model 7 2.5.33 0.362 0.72 0.657 0.336 
Error 10 4.997 0.500 

Corr. Tot. 17 7.529 C.V. = 6.144 
Std. Dev. = 0.707 

Mean = Il. 51 

Source D.F. Anove S.S. F Value Pr F 

Black 2 1.643 1.64 0.241 
Fertilizer l 0.347 0.69 0.424 
Tillage 2 0.101 0.10 0.905 

{ Fert * Till 2 0.441 0.44 0.655 

\ 
72 Oays After Seeding 

Source D.F. S.S. M.S. r Value Pr F R Sq. 

Model 7 1.804 0.258 . 0.73 0.650 0.339 
Err·or 10 3.512 0.351 

Corr. Tot. 17:;-:':: 5.316 C.V. = 4.604 
, Std. Dev. = 0.593 

Mean = 12.87 

"" 
Source D.F. Anova'S.S. f Value Pr F 

Black 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 

l 
"- ---" --.--_.,--------_. 
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Table A4. 3.40 v Analys.is of variance of number of leaves, 92 days 
af1er seeding. Clay Site - 1983 

.. 
92 Days After Seeding 

Source D.r. S.S. M.S. r Value Pr r 

Model 7 3.137 0.448 0.91 G.538 
Error la 4.943 0.494 

Corr. Tot. 17 8.080 C.V. : 6.167 
Std. Dev. = G.703 

Mean = 11.40 

Source D.F. Anova S.S. r Value Pr F 

Black 2 1.330 1.35 0.304 
rertilizer 1 0.269 0.54 0.471:1 
Tillage 2 0.520 0.53 0.607 

rert * Till 2 l.Gl8 l·G3 0.392 

-- -----------

R Sq. 

0.388 
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Table A4.3.41 Ana1ysis of varlance of dry matter yie1d and percent moisture 
at harvest. Sand Site - 1982 

Dry Matter Yie1d. Mg/ha 

Source D.r. S.S. M.S. r Value Pr r R Sq. 

Mode1 7 31.127 4.447 2.41 0.lG1 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.r. Anova S. S. F Value Pr F 

Block 2 6.685 1.81 0.213 
Fertilizer 1 8.639 4.68 0.056 
Tillage 2 14.269 3.86 0.057 

rart * Till 2 1.534 0.42 0.671 

Percent Moisturè 

Source D.r. s.s. M. S. F V~lue Pr F R Sq. 

Madel 7 77.390 11.056 2.98 0.058 0.676 
Error 10 37.158 3.716 

Corr. Tot. 17 114.549 C. V. = 3.595 
Std. Dev. = 1.928 

Mean = 53.625 

Source D.r. Anove S.S. r Value Pr r 

.~ 

Black 2 14.366 1.93 0.195 
rertilizer 1 1.181 0.32 0.5B5 
Tillage 2 40.071 5.39 0.026 

Fert * Till 2 21.773 2.93 0.100 

--------------_.----------
___ ._~\ ______ 1 
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Table A4.3.42 Analysis of variance of yield per plant (gm), at harvest. 
Sartd Site - 1982 ' 

Vield per Plant, gm 

------~----------------------------------------------------------, 

Source 

Model 
Error 

Corr. Tot. 

Source 

Bl~k 
Fertilizer 
Tillage 

Fert * Till 

D.F. 

7 
la 
17 

-S.S. 

26877 .4 
5050.2 

31927.6 

D.F. 

2 
1 
2 
2 

M.S. 

3839.6 
505.0 

Anova S. S. 

8537.5 
12886.7 

3297.3 
2155.9 

F Valutt Pr F 

7.60 0.G03 

c.v. = 9.322 
Std. Dev. = 22.47 

Mean = 241. 08 

fi" Val.ue 

8.45 
25.52 
3.26 
2.13 .. -

Pr F 

0.007 
0.001 
0.081 
0.169 , 

), 

R Sq. 

0.842 

---------------~--~~--~ -~~--~----~-----------------------

\ 
1 
1 
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Table A4.3.43 Analysis of variaAce of dry matter yie1d sRd percent mo~sture 
• at ;,arvest. Sand Site - 1983 

Dry Hatter Yie1d, Mg/ha 

Source D.r. 

Mode1 7 
Error 1G 

Corr. Tot. 17 

,'" 
Source 

Black 
Fertilizer 

Tillage 
rert * Till 

Percent Moisture 

Source D.r. 

Madel 7 
Error 10 

Corr . Tot. 17 

Source 

Black 
fertilizer 

Tillage 
rert * Till 

S.S. 

Il. 297 
5.144 

16.441 

D.F. 

2 
1 
2 
2 

S.S. 

188.278 
52.456 

240.735 

D.F. 

2 
1 
2 
2 

. 
M.S. 

1.614 
0.514 

Anove S.S. 

. 2.782 
1.090 
5.974 
1.451 

M.S. 

1 26.897 
5.246 

Anova S. S. 

29.414 
81.579 
33.165 
44.120 

r Value 

~ 3.14 

C.V. 
5td. Dev. 

Mean 

F Valué 

2.70 
2.12 
5.81 
1.41 

F Value 

5.13 

C.V. 
5td. Dev. 

Mean 

r Value 

'> 2.80 
15.55 
3.16 

" 4.21 

Pu F 

0.050 

= 6.901 
= 0.717 
= 10.394 

Pr- F 

0.115 
0.176 
0.021 
0.289 

Pr F 

0.011 

= 5.310 
= 2.290 
= 43.131 . 

Pr F 

0.108 
0.003 
0.086 
O. G4 7 

R Sq. 

0.687 

R Sq. 

0.782. . 

, 

-------------~-------------.-------------------------------------------------
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Table A4.3.44 Ana1ysis of variance of yield per plant (gm). et harvest. 
Sand Site - 1983 

( 
Yield per Plant, gm 

Source D.F. S.S. M.S. r Value Pr F R SQ .• 

Model 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 

Black 2 288di11 - 2.12 0.171 

"j 
Fertilizer l 893.156 13.12 0.005 
Tillage 2 153.441 1.13 0.362 

Fert * Till 2 380.373 2.79 0.\109 

.-

. f 

-----------------"'--~- ---- --



204 

Table A4. 3.45 Analysis of variance of dry matter yield and percent moisture 
at harvest. 'Clay Slte - 1983 

Dry Malter Yield. Mg/ha 

Source D. F' • S.S. M.S. F Value Pr F R Sq. 

Model 7 Pt 17.274 2,468 8.45 0.002 0.855 
Error 10 2.919 0.292 

Corr. Tot. 17 20.193 C. V. = 4.613 
Std. Dev. = 0.540 

Mean = 11. 713 . , 
Source D.F. Anova S.S. F Value Pr F 

Black 2 12.583 21. 55 o.uoe 
Fertilizer 1 0.121 0.42 0.534 
Tillage 2 2.965 5.08 u.û3û 

Fert *" Till 2 1.604 2.75 0.112 

.. 
Percent Moisture ..-

Source D.F. S.S. M.S, F· Value' Pr F R Sq . 

• Model 7 145.835 2,0.834 1.42 0.295 (J.499 
Error 10 146.318 14.631 

Corr. Tot. 17 292.146 C. V. = 8.786 
SUI. Oev. : 3.825 

Mean = 43.537 

" 
/) 

Sourèe D.F. Anova S.S. F Value Pr F 

~t 

Block 2 34:849 1.19 0.344 
FeI:tilizer 1 49.402 3.38 0.096 
Tillage 2 40.177 1. 37 0.29-7 

'ert *" Till 2 21.408 0.73 0.505 

, 

-----_ ....... ......."..." ...... -... _------ -"---..... 
__ \ _____ . _______ 1 
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Table' A4. 3.46 Analysis of variance of yie1d per plant (gm), at harvest .. 

/ 

Clay Süe - 1983 

Yield ,par Plant 1 gm 

Source 

Model 
Error 

Corr. Tot. 

Source 

Black 
Fertilizer 

Tillage 
Fert * TiU 

D.r. 

7 
10 
17 

s.s. 

2824.59 
1004.37 

. 3828.97 

D.r. 

2 
l 
2 
2 

--------------------.-----.----_. _.p_.----.' 

M.S. 

403.51 
100.44 

Anova S.S. 

2051.23 
84.10 

187.40 
501. 87 

F Value Pr F R Sq. 

4.02 0.024 0.738 

C.V. = 5.912 
5td. Dev. = 10. (;2 

Mean = 169.50 

F Value Pr F 

" 

'" 10.21 0.004 
0.84 0.382 
0.93 0.425 
2.50 0.132 

__________ ~.""-___ . L 
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Table A4.3.47 Analysis of variance of plant tissue analysis for percent 
protein and percent calcium. Sand Slte - 1983 

Percent Proteln 

Source 

Madel 
Error 

Carr. Tot. 

Source 

B,lock 
Fertilizer 

Tillage 
Fert * Till 

Percent Calclum 

Source 

Model 
Error 

Corr. Tot. 

Source 

Block 
Fertillzer 

Tillage 
Fert * Till 

D.F. 

7 
10 
17 

D.F. 

7 
10 
17 

s. S. 

16.179 
2.199 

18.378· 

D.F. 

2 
l 
2 
2 

S.S. 

0.023 
0.016 
0.039 

D~F. 

2 
1 
2 
2 

'" 

M.5. 

2.311 
0.220 

Anova 5.5. 

0.008 
13.869 

0.614 
1.688 

M.S. 

0.003 
0.002 

Anove S. S. 

0.001 
0.020 
0.002 
0.000 

~ __ ~ ..... ___ _ r ~~ ... ~ ___ .~ ____ _ 

F Value Pr F R Sq. 

10.51 0.001 0.B80 

C. V. = 6.710 
Std. Dev. = G.469 

Mean = 6.989 

F Value Pr F 

0.02 0.983 
63.07 O.GOG 
1.40 Q.292 
3.&4 0.058 

F Value Pr F R Sq. 

2.15 0.132 0.601 

C.V. = 17 .15 
Std. 'Dev. = 0.039 

Hean = 0.023(; 

F Value Pr F 

0.42 0.670 
12.85 0.005 
0.56 0.590 
0.13 0.881 

" 
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Table A4.3.46 Analysis of varIance of plant tissue analysls far percent 
phosphorous and percent magnesium. Sand SÜe - 1983 

Percent Fhosphorous 

Source 

Model 
Error 

Corr. iot. 

Source 

Black 
F ert llizer 
hllage 

Fert * Till 

D.F. 

7 
10 
17 

Percent Magnesium 

Source D.F. 

Model 7 
Error 10 

Corr. Tot. 17 

Source 

Black 
Fertillzer 
Tillage 

Fert * Till 

D.F. 

2 
l 
2 
2 

-Ji). F. 

2 
l 
2 
2 

S.S. 

0.003 
0.004 
0.007 

\ 

S.S. 
'J 

0.028 
0.034 
0.062 

M.S. 

0.000 
0.000 

Anove S.S. 

0.001 
0.002 
0.000 
0.001 

M.S. 

0.004 
0.003 

Anoye S.S. 

,,~ 

0.003 
0.003 
0.006 
0.016 

\ 

--------_ ....... - -~ .. ...........-.-.--_._. -------

F Value Pr F R Sq. 

1.13 0.418 0.441 

,Co V. = 7.801 
Std. De",. = 0.02L 

Mean = 0.262 

F Value Pr F 

0.76 0.493 
3.85 0.078 
0.28 0.762 
0.97 0.411 

F Value Pr F R Sq. 

1.15 0.464 0.447 

- C. V. = 37.2G 
Std. Dell. = 0.059 

Mean = 0.158 

F Value Pr F 

0.42 0.670 
0.93 0.358 
0.89 0.44G 
2.27 0.154 

7' -
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Table A4.3.49 Analysis of variance of plant tissue ana1ysls for percent 
potassium and iron, ppm. Sand Site - 1983 

Percent Potassium 

Sowrce D.F. S.S. i:> M. S. r Value Pr r R Sq. 

Madel 7 1.964 0.281 0.74 . 0.645 0.341 
Error la 3.788 0.379 

Corr. Tot. 17 5.752 C.V. = 47.61 
Std. Dev. = û.615 

Mean = 1. 293 

Source D.r. Anove S.S. r Value" Pr r 

Black 2 0.640 0.84 0.458 
Fertilizer 1 0.006 0.02 0.902 
hllage 2 0.446 0.59 0.573 

Fert * Till 2 0.872 1.15 0.355 

Iron, ppm 

Source D.r. S.S. M.S. F Value Pt r R Sq. 

Mode1 7 1035.67 147.95 0.96 0.504 0.403 
Error 10 1.536.33 153.63 

Corr. Tot. 17 2572.00 1 C.V. 21.49 = 
5td. Dev. = 12.39 

Mean = 57.667 
, 

'Source D.F. 'Anoya S.S. r Value Pr F 

".:. - Black 2 32.333 0.,11 0.901 
Fertilizer 1 72.000 0.47 0.509 
Tillage 2 874.333 2.85 0.105 

Fert * Till 2 '57.000 0.19 0.834 

--- ---~ .. 



Table A4. J. 50 

Manganese, ppm 

Source 

Model 
Error 

Corr. Tot.. 

Source 

Black 
Fertilizer 

Tillage 
Fert * Till 

Copper, ppm 

Source 

Madel 
Error 

Corr. Tot. 

Source 

Block 
F'ertilizer 

Tillage 
Fert * Till 

209 

Analysis of variance of plant tissue ana1ysis for manganese, 
ppm. and copper. ppm. Sand Site - 1983 

1 

D.F. S.S. M.S. F Value Pr F R Sq. 

7 599.667 -85.667 5.94 0.006 0.806 
10 144.:rn 14.433 
17 744.000 C. V. = 19.32 

Std. De v .... = 3.799 
toiean = 19.667 

D.F. Anova S.S. F Value Pr F 

2 211.000 7.31 0.011 
l 373.556 25.88 a.DGI 
2 14.333 0.50 0.623 
2 0.778 0.03 0.974 

'D.F. S.S. M.S. F Value Pr t R Sq. 

7 25.389 3.627 1.29 0.347 0.474 
10 28.222 2.822 
17 53.611 C.V. = 19.26 

Std. Dev. = 1.680 
Mean = 8.722 

D.t. Anova S.S. t Value Pr F 
• 

2 12.444 2.2G lJ.l6l 
1 2.722 0.96 0.349 
2 B.ll1 1.44 0.283 
2 2.111 0.37 0.697 

'> 

---- ~_._------- ~ ----- -~---------
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Table A4.3.5l Analysis of variance of plant tissue analysis for 
zinc. ppm. Sand Site - 1983 

Zinc. ppm 

Source D.r. S.S. M.S. r Value Pr F 

Madel 7 48.667 6.952 0.38 0.897 
Error la 185.333 IB.S}3 

Corr. Tot. 17 234.000 C.V. = 15.38 
Std. Dev. = 4.305 

Mean = 28.000 , 
Source D.r. Anova S.S. r Value Pr f 

Block 2 41.333 1.12 0.366 
Fertilizer l 0.889 0.05 0.831 
Tillage 2 3.000 0.08 0.923 

fert * Till 2 3.444 0.09 0.912 

,. . 

-------------------------------._------------------~--

R Sq. 

-0.208 

, 
... 

, 

\ 
, 

1 
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Table A4.J.52 Ana1ysis of variance of plant tissue analysis for percent 
protein and percent calcium. Clay Site - 1983 

Percent Protein 

Source D.F. S.S. M.S. r Value Pr F R Sq. 

Model 7 5.142 0.735 4.47 0.017, 0.758 
Error 10 1.643 0.164 

Corr. Tot. 17, 6.785 C.V. = 5.617 
Stq. Dev. = 0.405 , 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 .- ~ 29.24 0.000 
Tillage 2 0.063 0.19 G.828 

rert * Till 2 0.130 0.40 0.683 

Percent Calcium 

Source D. F. S.S. M.S. r Value Pr F R Sq. 

Madel 7 0.011 0.002 l.02 0.474 u.416 
Error 10 0.016 0.002 

Corr. Tot. 17 0.627 C.V. = 15.63 
Std. Dev. = 0.040 

Mean = 0.256 

Source D.t. Anova S.S. r Value Pr .f . 
" 

B'lock 2 0.008 2.34 0.146 
Fertilüer 1 0.001 0.42 0.532 
Tillage 2 Q.Ou) 0.96 0.415 

Fert * Till 2 0.000 0.05 0.956 

1 , 

! 
i , 
i 

____ ,, __________ ~ _________________________________ ~l 
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Table A4.3.53 Analysis of variance of plant tlssue analysis for percent 
rnosphorous and percent magneSlUm. Clay Site - 1963 

Percent Pnosphorou's 

Sourc'!! 

Model 
Error 

Carr. Tot. 

Source 

Block 
tertilizer 

Tillage 
Fert * Till 

D.r. 

7 
10 
17 

Percent Magneslum 

Source D.F. 

Model 7 
Error 10 

Corr. Tot. 17 

Source 

Block 
rertilizer 

Tillage 
Fert * Till 

p.r. 

2 
1 
2 
2 

D.t. 

2 
1 
2 
2 

s. S. 

0.010 
0.013 
0.023 

S.S. 

0.011 
0.021 
0.032 

M.S. 

0.001 
0.001 

Anova S.S. 

0.006 
0.000 
0.001 
0.004 

M.S. 

0.002 
0.002 

Anova S.S. 

0.000 
0.000 
0.008 
0.063 

t Value Pr F 

1.13 0.417 

C.V. = 14.74 
Std. Dev. = 0.036 

Mean = 0.244 

t Value Pr F 

2.34 0.147 
0.07 0.799 
0.22 0.804 
1. 35 G.(Ij02 

r Value Pr F 

b.76 0.630 

ç. V. = 16.61 
5td. Dev. = 0.045 

Mean = 0.273 

r Value Pr r 

0.03 0.968 
0.17 0.687 
1.85 0.207 
0.70 0.520 

-~--- -...-~---- ~-- ~ ........... ------,------ -- ----- - ---

R Sq. 

0.441 

R Sq. 

0.348 
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Table A4.3,54 Anaalysis of variance of plant tissue ana1ysls for percent 
potassium and lron, ppm. Clay Slte - 1983 

Pèrcent Potassium 

Source 

Model 
Enor 

Corr. Tot. 

Source 

Block 
Fertilizer 
Tlllage 

fert * Till 

Iron, ppm 

Source 

Model 
Error 

Corr. Tot. 

Source 

Block 
fertilizer 
Tillage 

fert .. Till 

D.F. 

7 
10 
17 

D.F. 

7 
10 
17 

S.S. 

U.125 
0.182 
0.307v 

D.f. 

2 
1 
2 
2 

S.S. 

2468.56 
1541.22 
4009.78 

D.r. 

2 
1 
2 
2 

M.S. 

0.018 
0:018 

Anova S.S. 

0.024 
0.026 
0.007 
0.068 

M.S. 

352.65 
154.12 

Anova S.S. 

1571.44 
242.00 
430.78 
224.33 

F Value Pr F R Sq. 

0.98 u.496 0.406 

C.V. = 13.75 
Std. Dev. = U.135 

Mean = 0.982 

F Value Pr F 
> 

0.66 0.536 
1.41 0.263 
0.20 0.625 
1.86 0.206 

f Value Pr F R Sq. 

2.29 0.114 0.616 

C.V. = 2u.31 
5ld. Dev. = 12.41 

Mean = 61.111 

F Value Pr F .., 
5.10 0.030 
1. 57 0.239 
1.40 0.292 
0.73 0.507 

1 ~ L__ ~-~_--__ .. _~, ___ . -- ------._~~-



-r, ____ - / 

---. 
/ r 

\ 
214 

Table A4.3.55 Analys~s of varIance of plant tissue analysis for manganese. 
ppm. and copper, ppm. Clay Site - 1983 

Manganese, ppm 

Source D.r. S.S. J M.S. r Value Pr r R Sq-.. 
, 

Madel 7 165.889 23.698 0.62 0.733 0.301 
Error 10 385.222 38.522 

Corr. Tot. 17 551.111 C.V. = 36.99 
Std. Dev. =: 6.2G7 

Mean = 16.-778 

Source D.F. Anova S. S. F Value Pr F 

Black 2 5.444 0.07 0.932 
fertilizer l 98.000 2.54 0.142 

Tillage 2 48.111 0.62 0.555 
Fert * Till 2 14.333 Ü .19 0.833 

/~ 

~per. ppm 

r 
/ Source D.r. S.S. M.S. r Value Pr F R Sq. 

Model 7 41.889 5.984 0.82 0.589 G,.366 
Error 10 72.556 7.256 ".-

Corr. Tot. 17 114.444 C.V. = 28.19 
Std. Dev. = 2.694 

Mean = 9.556 

Source D.F. Anova S.S. F Value Pr F 

Block 2 B.778 0.60 0.565 
fertilizer l 8.000 1.10 0.318 
Tillage 2 18.111 l.t5 0.328 

0.48 0.631 ~ ,fert * Till 2 7.000 

~)~------------~-----

-

--~ .. _---~--_ ... ----- -- -. ---- --.----. -------- ~ .--~ -------
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Table A4. 3.56 Ana1ysi9 of variance of plant tissue ana1ysis for 
zinc. ppm. Clay Site - 1983 

Zinc, ppm 

Source D.r. S.S. M.5. r Value ' Pr F R Sq. 

Madel 7 204.500 29.214 2.56 0.086 0.642 
Error 10 114.000 11.400 

Corr. Tot. 17 31B.500 C.V. = 13.97 
Std. Dev. = 3.376 

Mean = 24.167 ~~ 

Source D.F. Anova S.S. F Value Pr F 

Black 2 65.333 2.87 0.104 
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 

, 

l ---. - - - -----------~--.... _-~----
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Table B5. 3.1 Analysis of variance of soil nulrients. 

Sand 5.lte - 1981 

Potasaium. 0-20 cm. 

Source D.r <" S.S. M.S. '. F Value Pr F R S~. 
~ 

C' 
Model 7 57664.4, 8237.8 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 S.S. F Value Pr F 

Black 2 36612.1 6.83 0.014 
Fertilizer 1 10224.5 3.82 0.079 
Tillagè 2 2801.4 0.52 0.608 

Fert * Till 2 8026.3 1.50 0.270 

~, 
') 

Potassium, 20-40 cm. / 
: 

Source D.r. S.S. M.S. F Value Pr F R Sq. 

1 

Model 7 ~ 9843 14JJ6.2 0.16 0.989 0.098 
Error 10 90605 9060.5 

Corr. Tot. 17 100447 C.V. = 38.09 
Std. Dev. = 95.19 

Mean = 249.89 

Source D.F. Anova S.S. F Value Pr F 

Black 2 4102.78 0.23 0.801 
Fertilizer l 3094.22 0.34 

... 
0.572 

Tillage 2 ,2594.78 0.14 0.868 
Fert * Till 2 51.44 0.00 0.997 

~----------_.~ __ lr.-_________________ _ 
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Table B5.3.2 Analysis of variance of 9011 nut rient s. 
Sand Site - 1981 

Phosphorous. 0-20 cm. 

Source D.F. S.S. M.S. r Value Pr F R Sq. 

Model 7 66570 9510.1 .2.75 0.072 0.658 
Error la 34560 3456.0 

Corr. Tot. 17 101130 C.V. = 10.60 
Std. Oey. = 58.79 

Mean = 554.56 

Source D.F. An~ S.S. r Value Pr F 
( 

. 
Block 2 57744.1 8.35 o.oor 

Fert ilizer 1 4293.6 1.24 0.291 
Tillage 2 2263.1 0.33 0.728 

Fert * Till 2 2269.8 0.33 0.72tl 

Ph osj:tl 0 roua. 20-40 cm. '\ 

Source D.r. S.S. M.S. r Value Pr F R Sq. 

Mode l 7 99886 14269 0.40 0.880 0.220 
Error 10 35-4874 35487 

Corr. Tot. 17 454761 C.V. =: 54.05 
Std. Dev. = 188.4 

Mean = 348.50 

Source D.r. Anova S.S. r Value Pr t 

'81ack 2 38486.3 0.54 0.598 
Fert Bizer 1 20.1 0.00 0.982 
Tillage 2 

\ 
9228.0 0.13 0.880 

fert * Till 2 52152.4 0.73 0.504 
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Table 85.3.3 Analysis of variance of sail nutrients. 
Clay S~te - 1981 

Potassium, 0-20 cm. 

Source 

Model . 
Error 

Corr. Tot. 

Source 

Black 
Fert lb.zer 
hllage 

Fert * Till 

D.t. 

7 
10 
17 

Potassium. 20-40 cm. 

Source D.F. 

Model 7 
Error 10 

Corr. Tot. 17 

Source 

Black 
Fertilizer 

fl11age 
tert * Till 

s.s. 

198607 
299934 
498541 

D.t. 

2 
l 
2 
2 

S.S. 

25420.4 
11989.2 
37409.6 

D.t. 

2 
1 

\ 

M.S. 

28372 
29993 

Anova S.S. 

32778 
13945 
43655 

108229 

'M. S. 

3631. 5 
1198.9 

Anova S.S. 

1344.8 
2156.1 
8800.1 

13119.4 

-- .... _--- - -- -_.- -~- -------_. "-- - - -

t Value 

0.95 

C.V. = 
Std. Dev. = 

Mean = 

r Value 

0.55 
0.46 
0.73 
1.80 

') 

F Value 

3.03 

C.V. = 
Std. Dev. = 

Mean = 

F Value 

0.56 
1.80 
3.67 
5.47 

Pr r R 5q. 

0.514 0.398 

43.29 
173.2 
40ù.06 

Pr r 

0.595 
0.511 
0.507 
0.214 

Pr F R Sq. 

0.055 0.680 

Il. 95 
34.63 
289.72 

Pr t 

0.588 
0.210 
0.064 
0.025 
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Table 85.3.4 Analys~9 of variance of sail nulrients. 
Clay 51t~ - 1981 

Ph oaph oroua • 0-20 cm. 

Source D.r. 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.V. = 35.60 
std. Dev. = 91.97 

Mean = 258.33 

Source D.F. Anove S.S. F Value Pr F 

Block 2 13009.0 0.77 0.489 
Fertilizer l 672.2 0.08 0.784 

Tillage 2 1702.3 0.10 O.9G5 
Fert * hll 2 8895.4 0.53 0.607 

Ph osph orous. 20-40 cm. 

Source D.F. ) S.S. M.S. F Value Pr F R Sq. 

Model 7 19822.3 28J~ 1. 23 0.372 0.462 
Error 10 23113.7 23]4.4 

Corr. Tot. 17 42936.0 C.V. = 30.75 
Std. Dev. = 48.08 

Mean = 156.33 

Source D.F. Anoya S.S. F Value Pr F 

Black 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--
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Table B5.3.5 Analysis of variance of soil nut rients. 
Sand Slte - 1982 

Potassium. 0-2û cm. 

Source D.F. S.S. M.S. r Value Pr F R Sq. 

Model 7 107256 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. Anove S.S. F Value Pr F 

Block 2 13254.1 1. 78 0.218 
rertilizer 1 58824.5 15.79 0.003 
Tillage 2 3908.8 0.52 0.607 

f-ert * Tl):l 2 31269.0 4.20 0.048 

Potassium. 20-40 cm. 

", Source D.F. S.S. M.S. r Value Pr F R Sq. 

Model 7 82947 11849 1.50 0.270 0.512\ 
Error 10 78933 7893 

Corr. Tot. 17 161880 C.V. = 26.05 
Std. Dev. = 88.84 

Mean = 341.00 

Source D.F. Anova S.S. F Value Pr r 

Block 2 56758.3 3.60 0.067 
Fertilizer 1 ~ 20672. t ' 2.6i 0.137 
Tillage 2 2449.0 0.16 0.858 

Fert * Till 2 3067.4 0.19 0.826 

, 

J 



~ 
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Table 85.3.6 Analysis of variance of soJ.! nulrienla. 
Sand Site - 1982 

Ph osJ:Îl oroua. 0-20 cm. 

• 
Source D.r. S.S. M.S. t Value Pr t R Sq. 

Mode1 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.t. Anova S.S. t Value Pr r 

Black 2 74629.0 5.56 0.024 
Fertilizer l 1404.5 0.21 0.657 
Tillage 2 55096.3 4.10 0.050 

fert * hl! 2 12554.3 0.94 0.424 

Ph osJ:Îl arDus. 20-40 cm. 

Source D.F. S.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 5.5: t 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 . 
Fart * Till 2 7402.1 0.26 0.774 

,# 

. - . 

L_ 



223 

Table B5.3~ 7 Analyeis of variance of sail nutrients. 
Sand Site - 1982 

Organic Mat~er. 0-20 cm. 

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

Mode1 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 = 4.816 

" Source D.F. Anova S. S. F Value Pr F 

Black 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.5. F Value Pr F R 5q. 

Mode1 7 6.107 0.872 0.41 0.838 0.246 
Errcor 10 18.709 1.871 

Corr. Tot. 17 24.816 C.V. = 46.60 
Std. Dev. = 1.368 

Mean = 2.935 

Source D.r. Anova S.S. r 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 

- -- ~ "'-'~-_......--
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Table 85.3.8 Ana1ysis of variance of soil nutrienta. 
Clay Site - 1982 

Potassium. 0-20 cm. 
\ 

Source D.r. S.S. M.S. r Value Pr F R 5q. 

Model, 7 49702 7100 0.56 0.773 0.281 
Errol' 10 126864 12686 

Corr. Tot. 17 176566 C.V. :: 25.75 
Std. Dev. :: 112.6 

Mean:: 437.39 

Source D.F. Anova S.S. r Value Pr F 

Block 2 2544.8 0.10 0.906 
rertilizer 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.r. S.S. M.S. r Val1,l8 Pr r R Sq. 

Model 7 12522(l3 178895 0.58 .0.759 0.289 
Error 10 3086885 308689 

Corr. Tot. 17 4339149 C.V. = 72.64 
Std. Dev. :: 555.6 

Hean :: 764.83 

Source D.r. Anova S.S. r vduè Pr F 

Block 2 427161 0.69 0.523 
fertilizer l 313 0.00 0.975 

Tillage 2 17665 0.03 0.972' 
fert * Till 2 807124 1.31 0.3H 

\ 

l _. 
-~"" --.,,------~--yp---
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Table BS.3.9 Analysis of variance of sail nutrients. 
Clay Site - 1982 

Ph osph orous. 0-20 cm. 

Source D.r. S.S. M.S. t Value Pr t R Sq. 

Model 7 90360 12909 2.0B 0.142 0.593 
Error 10 62145 6214 

Corr. Tot. 17 152505 C.V. = 16.81 
p Std. Dev. = 18.83 

Mean = 461.11 

Source D.t. Anove S.S. t Velue Pr r 

Black 2 28548.0 2.30 0.151 
tertilizer l 6922.7 1.11 0.316 

Tillage 2 12952.3 1.04 0.388 
Fert * Till 2 41936.8 3.37 0.076 

Phosphorous. 20-40 cm. 

Source D.r. s.s. M.S. t Value Pr F R Sq. 

Mode 1 7 43245.9 6118.0 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. Anoye S.S. t Value Pr F 

Black 2 6863.4 0.74 0.5uO 
Fertilizer 1 43.6 0.01 0.925 

/\ ITillage 2 608.8 0.07 0.937 
~rt * Till 2 35730.1 3.87 0.057 

J 

~ , __ "" ---.. ~ ~ .. ~- -r -_ .- -------~ -...,-~---
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Table 85.3.10 Analysis of variance of soil nutrients. 
Clay Site - 1982 

Organic Matter. 0-20 cm. 

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

Mode 1 7 6.551 0.936 1.10 0.431 0.435 
Error 10 B.508 0.851 

Corr. Tot. 17 15.059 C. V. = 20.89 
Std. Dev. = 0.922 

Mean = 4.415 

Source D.F. Anova S.S. r Value Pr F 

Black 2 1.537 0.90 0.436 
Fert Hl.Zer 1 0.510 0.60 0.457 
Tlllage 2 1. 725 1.01 0.397 

Fert * Till 2 2.779 1.63 0.243 

Organic Matter. 20-40 cm. F 
" 

Source D.F. S.S. M.S. r Velue Pr F R Sq. 

Model -7 6.084 0.869 0.93 0.521 0.395 
(rror 10 9.307 0.931 

Corr. Tot. 17 15.39L C.V. = 44.85 / 
Std. Dev. = 0.965 

Hean = 2.151 

Source D.F. Anova S.S. F Value Pr F 

Black 2 0.036 0.02 0.981 
F"ertilizer 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 85.3.11 Analyus of varIance of soil nutrlsnts. 
Sand Site - 1983 

Ph asJfloraus. 0-20 cm. 

Source D.r. S.S. M.S. r Value Pr F R Sq. 

Mode1 7 561059 80151 1.05 0.457 0.423 
Error 10 764447 76444 

Corr. Tot. 17 1325506 C. V. = 41.34 
Std. Dey. = 276.5 

Mean = 66B.83 

Source D.t. Anova S.S. r Value Pr F 

Black 2 509389 3.33 U.078 
Fert Bizer 1 10902 0.14 0.714 

Tillage 2 13076 0.09 0.919 
Fart * Till 2 27691 0.18 0.837 

-' 

Ph oaJflorous. 20-40 cm. 

Source D.F. S.S. M.S. r Value Pr r 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. Dey. : 121.5 

Mean = 306.83 

Souk-ce D.t. Anoye S.S. F Value Pr r 

Black' 2 33829.3 1.15 0.356 
Fertilizer 1 4704.5 0.32 0.585 
Tillage 2 34796.3 1.18 0.347 

Fart * Till 2 22197.0 0.75 0.496 

J 
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Table 85.3.12 Analysis of variance of soil nut rlents. 
Sand Site - 1983 

--........ , Potassium.~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 '--tIr- D.F. Anovs S.S. F Value Pr F 

810ck 2 36222.3 4.16 0.048 
Fert ilizer 1 14000.2 3.22 0.103 
Nllage 2 17317.0 1. 99 0.187 

Fert * Till 2 11870 .8 1.36 0.300 

PotassIum. 20-40 cm. 

Source D.F. 5.5, M.s. F Value Pr F R Sq. 

Model 7 25934.2 3704.9 0.80 0.605 0.359 
Error la 46282.9 4628.3 

Corr. Tot. 17 72217 .1 C.V. = 33.88 
Std. Dev; = 68.03 

Mean = 200.78 
tê 

Source D.F. Anovs S.S. r Value Pr F 
( 

Block 2 19415.1 2.10 0.174 
Fertilizer i 1 0.2 0.00 0.995 

..... Tillage 2 660.1 0,07 0.932 
i Fert * Till 2 5858.8 0',63 0.551 

.~. -'---' --...-_- ------,- ! 
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Table 85.3.13 Analysis of variance of sail nutrients. 
Sand Site - 19-83 

Organic Matt er. 0-20 cm. 

Source D.r. S.S. M.S. F Value Pr F R Sq. 

Model 7 5.46ê 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.r. Anove S.S. r Velue Pr F 

p-

Black 2 1. 762 3.76 0.061 
Fertilizer 1 1.222 5.21 0.046 
Tillage 2 0.352 0.75 0.497 

Fert * Till 2 2.132 4.55 0.039 

Organic Matt er. 20-40 cm. 

Source D.r. S.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 S.S. r Value Pr r 

Block 2 4.635 2.28 0.153 
f'erti1uer 1 0.451 0.44 0.520 

Tillage 2 1.052 0.52 0.611 
f'~rt * Till 2 0.602 0.30 0.750 

---- ~ ~.,_ .. _---, "- -_ .............. ~ .......... -------, - --- -~ 



230 

Table 85.3.14 Analysis of variance of soil nut rient&. 
Clay Site - 1983 

Phosphorous. 0-20 cm. 

Source D.F. S.S. M.S. r Value Pr F R Sq. 

Model 7 185521 265d3 0.65 0.709 0.312 
Errdr 10 408587 40858 

Corr. Tot. 17 594108 C.V. = 57.06 
Std. Dev. = 202.1 

Mean = 354.28 

Source D.F. Aneva S.S. F Value Pr F 

r810ck 2 36894.1 0.45 0.649 
rertilizer 1 5442.7 0.13 0.723 
Tillage 2 85244.1 1.04 0.388 

Fert * Till 2 57940.1 , 0.71 0.515 

1 

Ph osph orous. 20-40 cm. 

Source D.F. S.S. M.S. r Value Pr r R Sq. 

Model 7 84106 12015 2.12 ,J.lrd36 0.597 
Errer 10 56690 5669 

Corr. Tot. 17 l4~)797 C.V. = 31.Q9 
, Std. Dev. = 75.29 

Mean = 242.17 

Source D.F. Anova S.S. F Value Pr F 

Black 2 18156.3 1.60 0.249 
Ferlilizer l 3784.5 0.67 0.433 
Tillage 2 2362.3 0.21 0.815 

Fert * Till 2 59803.0 5.27 0.027 
" 

. - ------._--- ---- --..-.-.,----- --_._ .. ~-----
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Table B5. 3.15 Analysis of variance of soil nut rient s. 
Clay Site - 1983 

P~ssium. 0-20 cm. 

Source D.r. S.S. M.S. F Value Pr r 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-o Dev. :: 84.53 

Mean = 371. 56 

Source D.F. Anova S.S. F Value Pr F 

Black· 2 2272.1 0.16 0.856 
Fert ilizer 1 242.0 0.03 0.858 
Tlilage 2 15904.8 1.11 0.366 

Fert * hll 2 16496.3 1.15 0.354 

~, 

Potassium. 20-40 cm. 

Source D.r. 
') 

S.S. M. S. F Value Pr F R Sq. 

Model 7 29705.5 4243.6 0.95 0.515 0.398 
Error la 44891.0 4489.1 

Corr. Tot. 17 74596.5 C. V. = 19.54 
Std. Dev. = 67.00 

Mean = 342.,83 

Source D.r. Anova S.S. r Value Pr r 

Block 2 17782.0 1.98 0.189 '1 

Fertilizer 1 2426.7 0.54 0.479 
Ir-- Tillage 2 1573.0 0.18 0.842 

Fert * Till 2' 7918.8 0.88 0.444 

--- -------- -------- ~ -~----------------
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Table 85.3.16 Analysis of varlance of 8011 nut r ients. 
Clay Site - 1983 

Organic' Matter. 0-20 cm. 

Source D.r. s.s. M.S. r Value Pr F R Sq. 

7 3.197 0.457 0.51 0.808 ü.263 
10 8.960 0.896 
17 12.157 C. V. = 23.08 

Std. Dev. = 0.947 
Mean = 4.102 

Source D.F. Anova S. S. F Value Pr F 

Block 2 
, 

1.373 0.77 0.490 
rertllizer 1 0.233 0.26 0.621 

Tillage 2 0.099 1 0.06 0.946 
Fert * Tl Il 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.r. Anova S.S. r Value Pr P 

Black 2 5.730 3.95 0.055 
fertilizer 1 0.015 0.02 0.889 

Tillage 2 1.003 0.69 0.524 
fert * T 1. li 2 0.217 0.15 0.863 

i 
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. Table 85.3.17 Analysis of variance of density at depths of 0-5 cm and 
5-1u cm, Clay 5ite - 1982. 

Depth = 0-5 cm 

Source 

Model 
Error 

Corr. Tot. 

Source 

Block 
Fertilizer 

Tillage 
Fert * hl! 

Depth = 0-10 cm 

Source 

Model 
Error 

Con. Tot. 

Source 

Black 
fertilizer 

T.lllage 
fert * Till 

D.r. 

7 
10 
17 

D.F. 

7 
10 
17 

D.F. 

2 
1 
2 
2 

D.F. 

2 
1 
2 
2 

5.5. 

0:018 
0.008 
0.026 

S.S. 

0.016 
0.028 
0.043 

M.S. 

0.003 
0.001 

Anova S.S. 

0.000 
0.000 
0.012 
0.005 

M.S. 

0.002 
0.003 

Anova S.S. 

0.004 
0.000 
0.004 
0.008 

r Value 

3.18 

C.V. 
Std. Dev. 

Mean 

F Value 

0.12 
0.33 
7.69 
3.15 

r Value 

0.82 

C.V. 
Std. Dev. 

Mean 

r Value 

0.68 
0.00 
0.72 
1.46 

Pr r 

0.048 

= 2.464 
= 0.u28 
= 1.151 

Pr f 

0.889 
0.578 
0.010 
0.087 

Pr r 

0.595 

= 4.282 
= 0.052 
=' 1. 226 

Pr F 

0.531 
0.986 
0.511 
0.278 

R Sq. 

0.690 

R Sq. 

0.363 
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Table 85.3.18 Analysls of variance of denslty at depths of IG-15 cm 
and 15-20 cm. Clay Site - 1982 

Depth = 10-15 cm 
~ 

Source D.t. S.S. M.S. r Value Pr r 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. V. : 5.067 
Std. Dev. = 0.060 

Mean = 1.184 

Source D.r. Anova S.S. F Value Pr F 

, 
Block 2 0.021 2.89 0.103 

fertih.zer 1 0.002 0.57 0.466 
Tillage 2 0.000 0.00 0.996 

rert * Till 2 0.005 0.72 0.509 

'" 

" 
Depth = 15-20 cm 

Source D.F. S.S. M.S. r Value Pr F R Sq. 

Madel 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 

.r, Source D.F. Anove S.S. r Value Pr F 

Black 2 0.011 1.38 0.295 
Ferlilizer ~ 1 0.004 1.08 0.324 

Tillage 2 0.044 5:50 0.025 
Fert * Till 2 0.010 1. 26 0.326 

""" \ .. 

1 --
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Table B5.3.l9 Analysie of variance of densit y at a depth of 20-25 cm 
Clay Site - 1982 

Depth :: 20-25 cm 
~ 

Source D.F. S.s. M.S. F Value Pr F R Sq. 

Madel 7 0.160 0.023 8.23 0.002 0.852 
Error 10 0.028 0.003 

Corr. Tot. 17 0.188 c.v. = 4.377 
Std. Dev. = 0.053 

Mean = 1.204 

Source D.t. Anova S.S. F Value Pr F 

Block 2 0.034 6.06 0.019 
Fertilizel" 1 0.000 0.09 0.772 
Tillage 2 0.106 19.01 0.004 

Fert * hll 2 0.020 3.68 0.064 

/' 

i ----.. _---
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Table BS.3.20 Analysia of variance pf density at depths of u-5 cm and 
5-10 cm. Sand Site - ~982 

Depth = 0-5 cm 

Source 

Model 
Error 

Corr. Tot. 

Source 

Block 
Fertilizer 
hllage 

Fert * Till 

Depth = 5-10 cm 

D.t. 

7 
10 
17 

Source D.t. 

Madel 7 
Error 10 

Corr. Tot. 17 

Source 

Block 
Fertilizer 
Tillage 

Fert * Till 

- --~----~-

D.t. 

2 
1 
2 
2 

D.f. 

2 
l 
2 
2 

s.s. 

0.005 
0.021 
0.025 

S.S. 

0.010 
0.027 
0.037 

M.S. 

0.001 
0.002 

Anove S.S. 

0.003 
0.000 
0.001 
0.001 

M.S. 

0.001 
0.003 

Anova S.S. 

'\: 
0.003 
0.004 
0.001 
0.001 

? ..... 
• , 
'-. • 

t Value Pr F 

0.32 0.927 

C.V. = 3.887 
Std. Dev. = 0.045 

Mean = 1.165 

t Value Pr t 

0.64 0.549 
0.08 0.787 
0.26 0.776 
0.19 0.831 

t Value Pr F 

0.52 0.798 

C.V. = 4.297 
Std. Dev. = 0.052 

Mean = 1.212 

F Value Pr F' 

0.62 0.559 
1.54 0.242" 

'" 0.24 0.789 
0.20 0.620 

R 5q. 

0.184 

R ~q. 

0.268 
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Table B5.3.21 Analysis of variance of density at depths of 10-15 cm qnd 
15-20 cm. Sand Site - 1982 

Depth = 10-15 cm 

Source D.r. S.S. M.S. r Value J Pr F R Sq. 

Hodel 7 0.026 0.004 0.59 0.753 0.291 
Error 10 0.063 0.006 

Corr. Tol. 17 0.089 C.Y. = 6.782 
Std. Dev. = 0.08ù 

Mean = 1.173 

Source D.r. Anova S.S. F'Yalue Pr F 

Black 2 0.000 0.02 0.985 
FertUizer 1 0.004 0.65 0.440 
Tillage 2 0.018 1.44 0.281 

rert * Till 2 0.003 0.27 0.768 

Depth = 15-20 cm 

Source D.F. S.S. M.S. r Value Pr F R Sq. 

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.r. Anov8 S.S. F Value Pr r 

Black 2 0.019 1.39 0.293 
Fertilizer l 0.001 0.08 0.780 
Tillage 2 0.003 0.24 0.794 

rert * Till 2 0.023 1.66 0.239 

------------ --'---~ 

" :;..- ~ 
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Table 85.3.22 Anaiysis of variance of density at a depth of 2G-2'5 cm 
Sand Site - 1982 

Depth = 20-25 cm 

Source D.F. S.S. M.S. F Value Pr F 

J» 
Model 7 0.079 O.OH 3.74 0.030 
Error 10 0.030 O.OOJ 

Corr. Tot. 17 0.109 C.V. = 4.707 
Std. Dev. :: 0.055 

Meao :: 1.167 

Source D.i=". Anova S.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.a8 0.021 
Fert * Till 2 0.001 0.23 0.797 

.J 

----,-- - - ---:----

R Sq. 

0.724 
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Table B5.3.23 Ana1ysis of variance of deneity at deplhs of 0-5 cm and 
5-10 cm. Clay Site - 1983 

Depth ;; 0-5 cm 

Source D.F. S.S. M.S. F Value Pr r R Sq. 

Model 7 0.031 0.004 1.63 0.232 0.533 
Error 10 0.027 0.003 

Corr. Tot':' 17 0.057 C.V. = 4.209 
Std. Dev. = 0:052 

~ 

Mean = 1.229 

Source D.F. Anove S.S. r Value Pr F 

Black 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, r R Sq. 

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. De\l. ;; 0.049 

Mean = 1.342 
1 

Source D.r. Anove s.s/~~ f Value Pr F 

Black 2 0.008 1. 75 0.223 
fertilizer l 0.001 0.31 0.592 

Tillage 2 0.010 2.14 0.169 
Fert * Till 2 0.0'64 0.84 0.459 

l 
~ ....-.-....-..-. ~ r_ ----__ --_ ..... ---- -.-----
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Table 85.3.24 Analysia of variance of density at depths of 10-15 cm and 
15-20 cm. Clay site - 1983 

Depth = 10-15 cm • 

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

Model 7 0.017 0.002 2.02 0.1~2 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 (,.090 
Ferlilizer l 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. S.S. 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 

C·orr. Tot. 11 0.044 C.V. :: 2.317 
Std. Dev. = 0.033 

Mean :: 1.411 

Source D.F. Anova S.S. F Value Pr F 

Block 2 1 0.009 4.16 û.049 
F ert iUze r l 0.000 0.01 0.912 
Tillage 

~) 
2 0.024 11.01 0..003 

fert * hl! 2 0.001 0.38 0.693 

( 

___________ -~_ k •• __ " •• ____ --------_ 
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Table B5.3.25 Analyais of variance of densily at depths of 20-25 cm and 
25-3G cm. Clay Slte - 1983 

Depth = 20-25 cm 

Source D.r. S.S. M.S. F Value Pr t R Sq. 
1 

Model 7 0.016 0.002 0.65 0.712 0.311 
Error 10 0.036 0.004 

Corr. Tot. 17 0.052 C.V. = 4.250 
Std. Dev. = O.06u 

Mean = 1.408 

Source D.F. Anova S.S. r Value Pr F 

Block 2 0.004 0.58 0.576 
FertillZer l 0.000 0.08 0.777 

T 111age 2 0.007 0.92 0.431 
Fart * Till' 2 0.005 0.72 0.512 

Depth = 25-30 cm 

Source D.r. s.s. M.S. r Value Pr F R Sq. 

Mode1 7 0.039 0.006 0.82 0.591 0.365 
Error 10 0.068 0.007 

Corr. Tot. 17 O.lOB C.V. = 5.471 
Std. Dav. = 0.083 

Mean = 1.510 

Source D.F. Anova S.S. F Value Pr F 

Black 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 0.016 1.17 0.349 

-~ ______ -_________ l 



1 
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Table B5.3.26 Analysis of varlance of density at depths of u-5 cm and 
5-10 cm. Sand Slte - 1983 

Depth = 0-5 cm 

Source 

Model 
Error 

Corr. Tot. 

Source 

Block 
Fertilizer 

T 111age 
Fert * hll 

D.F. 

7 
10 
17 

Depth : 5-10 cm 

Source D.F. 

Model 7 
Error la 

Corr. Tot. 17 

Source 

Black 
Fertilizer 

Tillage 
Fart * Till 

r 

D.F. 

2 
1 
2 
2 

D.F. 

2 
l 
2 
2 

S.S. 

0.078 
0.026 
0.104 

S.S. 

0.025 
0.004 
0.029 

M.S. 

0.011 
'0.003 

Anal/a S.S. 

0.001 
0.034 
0.039 
0.004 , 

M.S. 

0.004 
0.000 

Anava S. S. 

0.000 
0.005 
0.020 
0.000 

-.- _ .. - ----

F Value Pt f 

4.26 0.020 

C. V. = 4.361 
Std. Dev. : 0.051 

Mean = 1.173 

F Value Pr F 

0.21 0.811 
12.90 0.005 

7.48 0.010 
0.76 U.492 

F Value Pr f 

8.15 0.002 

C.V. : 1.637 
5td. Dev. = 0.021 

Mean = 1. 278 

F Va,lue Pr F 

0.15 0.861 
lO.J5 0.009 
22.85 0.000 
0.36 0.705 

R Sq. 

0.749 

R Sq. 

0.851 
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Table 65.3.27 Ana1ysis of varlance of density at depths of 10-15 cm and 
15-20 cm. Sand Site - 1983 

Depth = 10-15 cm 

Source 

Mode l 
Error 

Corr. Tot. 

Source 

Block 
Fert ilizer 

Tillage 
Fert * Till 

Depth ;: 15-20 

Source 

Model 
Error 

Corr. Tot. 

Source 

Block 
Fertllizer 

Tillage 
Fert * Till 

D.F. 

7 
10 
17 

cm 

D.F. 

7 
10 
17 

D.F. 

2 
l 
2 
2 

D.F. 

2 
1 
2 
2 

S.S. 

0.013 
0.013 
0.025 

S.S. 

0.020 
0.004 
0.024 

M.5. 

0.002 
0.001 

Anova S.S. 

0.000 
0.003 
0.006 
O.ODJ 

M.S. 

0.003 
0.000 

Anove S.S. 

0.001 
0.015 
0.003 
0.001 

F Value Pr F R Sq. 

1.42 0.296 0.499 

C. V. = 2.807 
Std. Dev. = 0.036 

Mean = 1.266 

F Value Pr F 

0.14 0.872 
2.49 0.146 
2.53 0.129 
1. 07 0.380 

F Value Pr F R 5q. 

6.50 0.005 0.820 

C. V. = 1.535 
Std. Dev. = 0.021 

Mean = 1.364 

F Value Pr F 

0.75 lJ.495 
33.17 0.000 
3.78 0.060 
1.63 0.244 

- .. - .... -- .. "'.~--"'" 

,. 
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Table 85.3.28 Analysis of variance of densit y at depths of 20-25 cm and 

25-30 cm. Sand SIte - 1983 

Depth = 20-25 cm 

Source D.F. S.S. M.S. F Value Pr F _R 5q. 

Mode1 7 0.023 0.003 5.99 0.006 0.808 
Error la 0.005 0.001 

Corr. 'Tot. 17 0.028 C. V. = 1.835 
5td. Dev. = 0.023 

Mean = 1. 275 

Source D.F. Anova S.S. F Value Pr F 

Block 2 0...001 0.81 0.474 
Fert lllZer 1 0.015 27.46 0.000 
Tillage 2 0.006 5.42 0.025 

Fert * Till 2 0.001 1.02 0.395 • 

Depth = 25-30 cm 

Source D.F. S.S. ' M.S. r Value Pr F R Sq. 

Model 7 0.019 0.003 0.59 0.753 0.291 
Error la 0.046 0.005 

Corr. Tot. 17 0.065 C.V. = 4.837 
Std. Dev. = 0.068 

Mean = 1.403 (,1 

Source D.F. Anova S.S. F Value Pr F 

810ck 2 0.003 0.31 0.741 
Fertilizer 1 0.006 1.35 0.273 

T1llage 2 0.001 0.09 0.913 
Fert * Till 2 0.009 0~98 0.409 

.-. ~--_ .. _--- ~-- - --~_._-_. __ .,_. ---------------------


