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ABSTRACT 
) / 

/hiS 87" used in'~depth C8iC~18t i~n, of the .. energy 

se q u-e ste r e d .1 n the l n put s toc 0 r n s lIa g e pro duc t Ion s ys t e m s 

and actual Yields of those produ~t~on systems to rletermine 

the most efflrlcnt system ln terms of rcsourrp depl~t19n. 

The Ylelds we r e '8 Iso co m par e don l he bas 1 S 0 f the f u -;:; l 

consumed by each system to flnd the mosl productlVt::' I-n terms 

of fuel consumptlon. The costs were delermlned for each of 

the systems and were related to the Yl~lds produced to 

determlne the most efflclent system ln terms of flnanclal 
~~ 

productlvlty. The productIon systems analysed In<luded three 

levels of tlilage, 
'1 

two types of fertillzer and two dlfferent 

soil types. The experiment was carried out dUFln~ the 1983 

growl ng season. , 
The highest yields were found ln the conventionally 

tilled organically fertilized systems ln both the sandy loam 

s~ll where the yleld was 12520 kg dry matter per ha and the 

clay Sril WhlCh produced 11280 kg/ha. The no-till 

achieved slgnlficantly lower Ylelds ln the sandy loem 

plots 

soil 

and were significantly lower than the conventlonally tilled 

" plots in the clay soil. 

Th~ Most efficient system vis-a-VlS resource depl~tlon 

or total energy consumpt~on was the no-tlll organlc system 

which prpduced productlvities of 0.83 kg/MJ ln the sandy 

loam soil and 0.96 kg/MJ in the clay. Fertillzer had 

, ! 

1 ] 
/ 

_~~_"""",,,\,,, ___ ,,,,,,,,,,_= _________ ~w~-"I ..... ~...,...,~...,., .. ~.,....-_ 

" . 

-



, \ 

J-

( 

tre.endous impact on the energy productivity because of the 

vast aMount of energy used in the productIon of Inorganic 

nitrogen sources. The inorganic systems were almost always 

nearly 50%, les~ efficient than comparable organlcally 

fertilized systems. The inorganic fertillzers had lIttle 

e ffect on the yield but accounted for over 10000 MJ/ha or' 

nearly 50% of the total energy expended ln these systems. 

The IDosi effIcIent system ln ierIns of sllatrc produced 

per dIesel fuel Input was the no-tlli Inorganlc system 

regardless of soil type. ThIS system reiurncd 112.9 kg/L ln 

the s~ndy loam 5011 and 146.5 kg/L ln the clay. The 

conventlonsl tIllage system returned the lowest YIeld per 

fuel Input approxlmately 50% of that of the no-tlll systems" 

The cast analysls was performed on the basis of fi 14% 

o 

interest, $8.00 per hour labour charge and $0.45 per lItre 

diesel fue l . costs. The expenses fell lnto four categories 

belng machIne, fuel, labour and input costs where the Input 

cos t SIn c 1 u d e d fer t III Z e r, he r bic 'i de and se e d cos t s . . 
The most productIve system ln terms of fInances was the 

'" no-ti 11 organlc combInat ion in both salIs WhlCh produce9 

'12.02 'kg of dry matter per each dollar spent in the cray 

. 
~oil and 10.59 kg/$ in the sandy loam. 

~ 
The least productIve 

.. 
~was found to be the conventional inorganic system which 

produced an average of 9.14 kg/$ across bath soils. 

~ii i 
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Dans la présente analyse, nous avons 'rai t appel à des 

calculs rigoureux de l'énergie absorbée dans les Intrants 

des méthodes de productIon du fourrage de rna~s ensIlé et au 

rendement rée l de ces méthodes de produ,ct10n, afIn de 

détermIner la méthode la plus efficace en termes 

d'épUIsement des ressources. Les productions ont également 

été comparées en fonctIon de la quantité de carburant 

consommée afIn de détermIner le système le plus productIf en 

terms de consommatIon de carburant. Après avoir préclsé le 

coUt de chacune de ces méthodes de production, nous avons 

établI le rapport coUl-rendemel1t de chacune, dans le but de 

dét erminer '1 a méthode l a pl us efficace en te rmes de 

productivité financlère. Les' systèmes de production soumIS 

à notre analyse comportaient trois types de labourage, deux 

types "d'engrais et deux types de sol. L'experience a été 

menée à bien pendant la saison de culture de 1983. 

Les méthodes de production faisant appel aux engrais 

organIques et, au labourage conventionnel ont produit les 

taux de rendement les plus élevés, à la fois dans la terre 

grasse sableuse où le rendement s'est élevé à 12 520 kg de 

matière sèche par ha et dans la terre-glaise où le rendement 

s'est' chiffré à 11 280 kg/ha. Les cha.ps non labourés ont 

produi t des taux, de rendement substantiellement inférieurs 

-dans la terre grasse sableuse et leur rendement a été 

iv 
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considérable.ent inférieur à celui des cha.ps labourés 

conventionnellement, dans la terre-glaise. 

La méthode organique sans labourage s'est révélée la 
~ 

méthode la plus efficace par rapport à l'épuisement des 

ressources ou à la consomm~tion globale d'énergie. En effet, 

elle a produit un r~ndement de 0,83 kg/MJ, dans la terre 

grasse sableuse ef' de 0,96 'kg/MJ dans la terre-glaise. 

L'engraIs utIlIsé a exyrcé un Impact cons"idérable s'ur la 
1 

-
produclI VI té éner gé tIque en raIson de la vas te quantlté 

d'énergie utIlIsée dans la productIon de sources 

1 norgan 1 ques azotées. De façon générale, les m,éthodes 

i no rgan i qu"es ont été presque la mOItIé mOIns efficaces que 

les méthodes comparables faIsant appel aux engrais 

organIques. Bien que plus de la 000 MJ/ha, SOIt '~resque la 

mOltii de l'énergie consommée par ces 

attrIbuables auxl engrais inorganIques, 

que peu d'effet sur le rendement. 

méthodes, a~nt été 

ces dernlers ~ont eu 
1 

1 

\ 

La méthode la plus effIcace en termes de /0 rrage 

prodUIt par unité de carburant diepel a été la 

InorganIque sans labourage, indépendamment du type de sol 

utilisé. En effet, cette méthode a donné un rendement de 

1 Î2, 9 kg/L dans Is terre grasse sableuse et de 146,5 

dans 1 a terre-glaïse. La méthode de 1 abourage conventIonne l,. 

qUI s'est révélée la méthode la mOIns effIcace, à ce poste, 

a produit un taux de rendement par unité de carburant de 

quelque 50% inférieur à la méthode inorganique sans 

labourage. 
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L~etude des conts a été fondée sur les paramètres 

sui vants: taux d·int~r@t de 14 p.c .• frais de main-d'oeuvre 

établis à 8$ l'heure et prix du carburant diesel fixé à 

0,45$ le litre. Quatre postes des dépenses ont été 

Identifiés: l~s frais de machinerie, de carburant, de main-

d'oeuvre et d'Intrants, ces dernIers faisant état des coUts 

4e l'engrais, des herbiCIdes et des semences. 

La méthode la plus effIcace en termes fInanCIers a été 

la combInaIson organique sans labourage, dans les deux types 

de sol; dans la terre-glaIse, elle a produIt 12,02 kg de 

matIère sèche par dollar InvestI et dans la terre grasse 

sableuse, 10,59 kg/$. En revanche, la méthode lnorganique 

conventIonnelle s'est révélée être la mOIns rentab le, 

n'ayant produit, en moyen ne, qu'un rendement de 9,14 kg/$. 

dans les deux types de sol. 
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INTRODUCTION 

The increasing use of corn as an ensiled feed has 

prompted the examination of .any aspects of its use and 

nature. 

Silage corn has a relatively h1gh return pe~ acre and 

therefore has long been a valued crop 1n the United States. 

As varieties requiring lower values of heat units were 

developed, i ts use spread north to Canada. 

At the same time, energy 11mitations and pesticide 

developlaent have caused the re-evaluation of tradit10nal 

( tillage practices. Reduced and no-till tillage systems are 
., 

becoming increasingly ,popular for corn silage due to the 

lower energy costs, reduced man power and improved s~il 

structure obtained with their use. Conservatio~ tillage 

systems also reduce soil erosion and generally result in 

'yields comparable with conventional lIethods. These reduced 

tillage systems do, however, require a higher level of 

aanage.ent 'and control but have been shown to reduce costs 

if imple.ented correctly. 

In- order to fully understand the impact of the change 

caused by the use of no-tiii and reduced tillage, vis-a-vis 

energy, it is 111portant to exam1ne each system as a whole. 

Therefore each entire system must be evaluated in terms of 

( the total resource depletion it càuses or in other words, 

1 
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the total allount of energy expended to lIake the systea work. 

This" is accoaplished by perforaing an energy aDaly~is 

on each sys,tell includin~'--.. aIl the energy inputs to the 

systell, direct and indirect. The "systems can also be 

eveluated at the producer's energy spending level, however 

this ia only part of the total energy expended t? grow the 

corn. The hidden or indIrect energy expenditures come from 

the manufacturing of machlnery, fertilize"rs, pesticides, 

etc. T?e results of a~ energy analysis should be expressed 

in the units of kg dry matter (kg DM) per energy input, in 

order to show the lIost efficient production method in terms. 

of yield and energy input. (" 
The purpose of this study IS to evaluate three different 

tillage treatments with two different fertilizers in two 

di-fferent soils for a total of twelve treatments un der South 

Western Quebec climatic conditions. The report includ'es the 

different yields produced by each system determined 

experimentally as weIl as the total resource depletion 

Jjf 
caused by each system as determined by process analysis. The 

producer's energy expenditu~e8 and a financial co.parison of 

the twelve systell. are also given. 

2 
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LITBRATURJ RBVIBW 

2.1 Tillage 
\ 

Tradi tional cul tural practices have always included .a 

high degree of tlilage. The moldboard plow has been the 

basis of conventlonal tillage since its wide spread 

acc~ptance ". ln the eighteen hundreds (Turner, 1983) . Plowing 

and Its assuclated secondary tillage treatments are used 

primarily for the control of weeds (CAST, 1977; Triplett and 

yan Doren, 1977; Pidgeon, 1979). Additional benefits of 

conventional tillage are improved seed bed preparatlon 

(Triplett and van Doren, 1977 ; Bennett, 1977; GriffIth et 

al. , 1977a) and residue Incorporation (Amemiya, 1977; Dull, 

1'979) . 

The advent of highly effièient herbicides in the 1960's 

cast doubts on the necessity of conventional tillage (plow, 

disk-harrow and cultivator) (Triplett and 'van Doren~. 1977, 

Turner, 1983; Griffith et al., 1977a;' Bennett, 1977). 

Although no-till or reduced tillage had been used spari~gly 

but with 8o.e 8ucceS8 since the 1940'9 (Triplett and van 

Dor~n, 1977), it did Dot coae into co •• erci~l practice u~til 

the 1970's ITriplett and van Doren. 1977; Pidgeon, 1979) . 

~he use of reduced tillage is now becoming .ore (and more 

accepted as a valuable cropping technique (Turner, 1983; 

Dull,' 1979). 
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The ~dvantages to be gained by the use of reduced 

tJ lIage ,are as nu.eroua as they are di vergent. The .ajor 

,) advantages that can be noted fro. Bennett (1977), Triplett 

and van Doren (1977), Barc~al. (1983) , Singb et al. 

< 
(1979) are; 

reduction in on-farm fuel consumption 

- effectIve control of wind and watJr erosion 
:;t,) , 

- increased water infiltration 

- improved timiliness of field operations 

- reduction in field hime and labour 

possibllity of increased crop yield 

- surface applied lime and fertilizer are more readily 

available to the plants 

- posslbility of double cropping each year 

- utilizatlon of marginal and sloping land 
, 

- reductlon in field equipment needs. 

The use of reduced tillage practices ia often inltiated 

for one or two of the above reasons and the additional 

beneflts are seen as supplementa1 gains. The majQr Impetus 

. 
for the utllization of reduced tillage by commercial 

producers is the Increased profits obtained (Hamlett et al., 

1983; Ford and Kraft, 1977). However no cultivation system 

is wlthout dl9advantages. The maJor restreints concerning 

reduced tIllage, as compiled from Bennet (1977), Barclay et 

al. (1983), Triplett and van Doren (1977) and Duil (1979) 

are; 

- increased chemical coats 

4 
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- increased dependency on herbicides " 
possible residual ~ui;d-u~ of chemicala in the soil 

, f 

- leaching losses of nitrogen . 

higher level of management required. 

Turner (1983) states that the major reservation to 

reduced tillage is its perception by farmers. However, the 

increasing acceptance of reduced tillage by farmers would 

indicate that man y of them feel It is ta their advantage 

(Fluck and Baird, 1980; Turner, 1983; Doleskl et al., 1981). 

2.2) Bnergy AnalysÏB 

Bnergy analysis is a relatively young discipline which 

consists of the identIfication and mea9urement of energy 

flowa sequeatered in various goods and se~vlces (Fluck and 

Baird, 19BO). The use of ~nergy analysis is effective in the 

détermination of the most,efficlent production systems and 

conservâtion practiees vis-a-vis energy consumption (Fluck, 

19B1; Hill and Ramsay, 1977, Ozkan, 19B 1). Hill and Ramsay 

(1971) also stated that energy analysis 19 valuable for the 

determination of national policy on agrlcultural energy use. 

The discipline of energy anslysis is characterized by 

.8Dy divergent philosophies and concepts which are refleeted .~, 

by equally different approach~s and aethodologies. However 

• ost of these aethods fall into one of two different schools 

-
of thought. Fluck and Baird (1980) presented the 

characteristics of the two, 

energetic and sequestered. 

under the headings of eco-

The eco-energetic 

5 
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concerned wi th developing co.plete aodeta \.f}~~,. 

, -. ~ 

systems 
{ 
\ 

including solar radiation and labour inputs as weIl as, in 

80.e cases, an energy theory of value. The sequestered 

energy school of thought is primarily concerned with the 

depletion of the earth's resources and therefore only non-

renewable energy sources, or their equivalents, are 

considered. While an eco-energetic analysis is a useful 

practice to observe naturally occurring energy flows, it lS 

evident that a sequestered energy anaIysls is more 

beneficial for the comparison of specific processes from the 

conservation point of view (Fluck, 1981). 

Fluck and Baird (1980) predicted that over time, the 

differences ln analyses will disappear and certain standard 

conventions will be agreed upon. However a major obstacle to 

unifioatlon i9 the differing objectives of the approaches 

, which, while both being of worth, are decidedly distinct. 
, 

Present l y, the conventions most adhered to are those, or 

variations of those established by tÈe 1974 International 

Federation of Institutes of Advanced Study which follows the 

sequestered energy procedure (FI uck~/ 
/ 

1981) . Pimmental 

(1980), in his Hand Book of / Energy Ut il i zat ion in 

Agriçulture, used only sequestered energy analysis because 

of its superiority for use in developing management 

strategies. Fluck and Bair~ (1980) described the three 

aethods for deteraining th~ ~equestered energy in a- service 

or good as follows: 

1) Statistical Analysis - In statistieal analysÏjI, or 

6 
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eeono.ie analY.is, a quotient ie created by dividing ft 

nation's pri.ary energy consu.ption by its gross national 

product. This qu~tient ie then applied to the economic value 

of a ser~iee or good to deter.ine its energy intensity. This 

method is suitable for quiek estimotes at the national level 

but is unreliable at the micro' or system level (Fluek, 

1981 ) . 

2) Input-Output Analysis - Input-output analysis 

dlvides the entire eeonomy of a specified reglon, such as a b 

nation or province, lnto a fini te number of industrles. The 

transactions between sections are then quantified and 

recorded in t~e se1ected, often monetory, unlts. An input-

output analysis ia best applied to large economies or 

societies as a who1e. The results yie1ded' by thls farm of 

analysis are more aceu~~te than those of statlstical 

analysis and its greatest abi1ity ie the demonstration of 

the effect felt in one section of the economy by changes 

applied to another. However, Fluck'and' Baird (1980) stated 

that it is of limited worth when applied to a specifie 

proeess at the producers' ~evel. 

3) Proeesa Analysis - Process analysis i9 the 

examination of a specifie process or pr.oduct on the basts of 

" the su •• ation of the energy requireaents of aIl the inputs 

for that process or product. These inputs themselves are 

1 

then analysed individually in the sa.e manner, and this 

lDethodology ia followed until aIl "upstream" inputs and 

hidden energy costs have been included (Fluck and Baird, 

7 , 
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1980). The use of process analysis i8 best suited to a 

specifie system (Fluck and Baird, 1980) ~nd can be expected 

to yield the best results or the three .ethods although, it 

requires the most effort (F1uck, 1981). 

The objectIves of an energy analyais are to examine and 

determine the energy flows within a certain process or 

system. When process analYSls lS used, t~e eventual outcome 

i9 the comparlson of certain practlces and thelr effect on 

the, process efficlency. This efficiency has been 

traditionally expressed in terms of an enetgy ratIo, that 

i9, output to Input (Fluck and BaIrd, 1980). When dealIng 

with agricultural subsistence soeleties, the energy ratio IS 

a use fuI and loglcal reflectlon of the system (FI uck and 

Baird, 1980) , however when dea1 ing wi th Industria1ized 

agriculture, the use çf such a ratio can be mlsleading 

(Ozkan, 1981; Connor, 1977). 

The confusion develops over the uti1ization of the 

energy ratIo for the determinatlon of policy and strategy. 

Pasour and Bu110ck (1977) pOlnted out the fal1acy ln using 

the energy ratio by demonstratlng the inequivalence of 

fossi1 fuel energy ta food energy. Foods are obviously 

consumed for reasons other than thelr energy content and 

therefore an evaiuation of a certain production system by 

its energy efficiency alone is certainly of limited merit. 

For t~i 9 reason, Fluck and BaIrd (1980) proposed the use of 

a unit ca11ed energy produc~ivity which relates a process to 

( it~ output by means of g ratio of the quantity of output to 

-, 
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unit of fnput energy. 

, 

Fluck and Baird (1980) pointed out that energy 

productivitY.,ia specific for each agricultural pr,oduct under 

given circumstances and therefore can only be used for the 

comparison of various productlon practices under the same 

specifie circumstances. In no way can it be used to compare 

different crops or even the same c rop in a different 

location or climate because they are slmp1y incomparable 

under those terms. Althou~h energy productivity is not 

, wi thout Hs limItations, It appears to be a more useful 

parameter than the energy ratio as an evaluator for 

comparative purposes (Fluck, 1981). 

Fluck (1981 ) proposed a generai methodology for 

perforJiling a'.h energy anal ys 15 as follows: 

1) choose a boundary and the process to be analyzed. 

2) identify and quantlfy aIl inputs with respect to 

time output. 

3) assign energy requirements to aIl inputs. 

4 ) ide n tif yan d qua n tif y a 11 0 U t-p u t s . 

5) relate inputs or sequestered energy to outputs. 

6) apply results of the energy analysis to some-useful 

purpose. 

Although~ the application of an energy anaIyais would 

appear straight-forward, (Fluck and Baird, 1980) there are a 
\ 
n~mber of problems wMch must bit. handled 'before "proceeding. 

'. 

(1981) presented the problems WhlCh occur when 

( applying energy snalysis to agricultural systems and sorne 
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PAssible solutions. He reco •• ends that the enthalpies of 

different/ prillary energy sources be sUllllarized alleviating 

the problem of non-ho.ogeneity of energy sources. Pimmental 

(1980 ) hand],ed this problem by employing an energy 

efficlency ratio to the pr imary energy source, thereby 

reduclng lts inherent worth. Fluck (1980) also recommended 

that systems lnvolvln~ multiple outputs should apport Ion the 

sequestered energy according to their relatIve economlC 

worth. He also recommended that the boundarles around the 

system be b~sed on physical or economic borders and that~the 
~'C:-

e~rgy theory of value should be ignored. 

2.3) Examples of Enerer Anolysjs 

Energy analysis has been performed on a large numbe~ of 

crops u'nder a.number of different conditions.' It "would be 

impossible t;o l1st aIl' of the available references, 1\owe"ver 

a selected few are presented. 

Pimmental ,(1980) listed an exhaustive compilatlon of 
... 

varlOUs crops. Whlle the data given is certalnly of value, L 

there are llmltations to its usefulness. Little, if any, 

information is given con~erning the natural constraints 

under which the systems were examined and no lndications are 

given as ta soil type, cli.ate or any other system 

parameters. 

Myers (1983 ) examined energy use' ln TunlSlBn wheat 

farms Bnd found there ta be three levels of mechanizBtlon. 

The report shows that the three levels had distInct 

10 
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differences in labour and ener gy us e, however in this 

context there was a direct comparison betweeD fossil fuel 

energy and human consumed energy although the two are not 

equivalent (Connor, 1977). 

Avlani and Chancellor (1977) intensely examined the 

energy requirements of the' productl0n, processing and 

consumptl0n of wheat ln Californla. The report was 

predomlnantly done uSlng process analYS1S, howe ver 

input/output and statistlcBl analysls were Rlso used. The 
o 

problem of non-homogenelty of energy sources was handled ln 

thlS case by maintainlng a separation of energy sources. The 

units used throughout the report were predomlnantly BTU/ton 

or Meal/ tonne, however the el\er gy ru t 1 d was used for the 

comparison of productIon methods and 'geographlcal locatIons. 

Labour in this case was not Included beeause, on the basis 

of a whole economy, energy used ln the eeonomy and that used 
.~ 

tà support the llfestyle are the sorne, and hence double 

aecountlng w'ould occur (Avlsnl and Chancellor, 1977). 

Goering and Dougherty (1982 ) performed an energy 

analysis on eleven vegetable 011 fuels and found that 

soybean oil had the highest energy rLtlo of the unlrrigated 

crops, at 4.56. The most efficient 011 crop tested was 

sunflower, WhlCh nad a ratIo of 1.96. The authors found that 

irrigatlon, when used, accounted for 58 percent of the total 

energy cost. The use of the output/Input ratIo was Justified 

in this case because the production of this fuel lB for the 

purpose of creating an energy source and 8 ratio of less 

11 
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than uni ty would be causing ft net 1088 (Spedding, and 

Wals ingJtam, 1975). Labour was included in this ca~e using ft 

ratio of energy consumed to hours worked per week. 

Stan h III ( 1980 ) conducted an energy analysis of six 

different tomato cropp,ing systems. The systems lncluded open 

field unprotected productIon ln Ca~lfornia as weIl as other 

\ 
varylng degrees of protectIon ln Isr~el and 

tomatoes were for consumpt10n in England, thus 

transportation energy was 1ncluded as an Input as weIl as 

labour and aIl other upstream energy Inputs. Stanhlll (1980) 

found that the open field unprotected tomatoes of Callfornia 

( 
were the least energy IntensIve and hiS results show a range 

of 1.4 to 137 MJ/kg for aIl of the systems. 

2/4) Energy Analysis and Tillage Systems 

A number 'of works have been publlshed ln the area of 

energy used ln tillaRe systems. German et al. (1977) 

performed a hypotheticai energy anaIysls on conventlonal 

lA " tillage, reduced t~llagc and no-tlll for soybean productIon. 

The authors used assumed crop yields for each of the three 

tt'ea tmen t s as weIl as unlform fertilizer and herb IC ide 

applicatIons. Hypolhetical labour Inputs and aIl others were 

shown in thelr physicai unlts such as time and mass, and no 

conversion rates were presented. As we Il, no differences 

between B011 types or between c1imates were shown, however • 

the assumed product10n systems were listed in detail. The 

authors estiwated 8 20 to 30~ energy saving by 8witching to 
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reduced or no-tlll wlth no-till being the better of the two. 

However. the authors a190 shpwed that reduced tillage is 

more profitable for the farmer and therefore more 11kely to 

be implemented. The valldity of USln!! a.n energy efficiency 

ratio (output/input) to evaluate product Ion methods is 

questioned but used none the less. 

Vaup:han et al. (1977) performed nn cncrRY nnnlysis on 

three soybea.n and graln corn production syslems Involvlng 

coonvenl1onal r e duc e d t 1 lIa g e and no -- t l Il . They 

found a possIble d1esel fuel equlvalenl reducllün of 13.1 to 

38.4 L/ha for corn and 11.2 tü 47 6 l./ha for soybeans. These. 

results may be mlsicading because treatment effects on Yleld 

were not consldered. Therefore, althouRh the L/ha value may 

be lower, the energy expended per Yleld may have been 

higher. The authors also assumed equlil fertlllzlltion rates 

, 
across the treatments and the cost of seed W8S not Included 

in their analyslS. AlI the Inputs to thelr systems were 

expressed ln thelr dlesel fuel equlvalence wlth the 

exception of labour wh~ch was not cons ldered an energy 

input. 

Rask and Forster (1977) performed an energy analysis on 

three different tillage treatments ln three soi Is for corn 

production. The authors lncluded aIl upstream energy costs 

by evaluatlng the economlC worth of input energl~s to each 

system. ThIS method of analysls allowed them to examlne the 

net effect of energy prlce changes on producers ln the short 

(. Hnd long term. The Huthors showed the varying effects of 

13 , 
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sdil type on profit aargins with the three treat.ents. From 

\ 

this they stated that energy priee changes have little 

impact on the economic choice of tillage system in these 

soils. 

Knapp (1980). in Pimmeptal (1980), presented an energy 

analYSIS of seven corn silage production systems. lncluded 

were Inputs and outputs for five North American reglons 

uSlng conventional tillage, no-tlll and one system using 

-
manpower exclusively. 

Within the conventional systems, Knapp (1980) included 

aIl Inputs and upstream costs such as machinery production, 

however labour was not counted as an energy cost. This was 

because he was examining resource depletion using the 

sequestered school 'of thought. 

The most efficient system in teriDs the energy 

output/input ratIo was found to be the unmechanized manpower 

system wlth a ratIo of 26.8, however at the same tlme thiS 

was also the least efficIent in terms of production. The 

most effIcient mechanlzed system was unirrigated corn grown 

in the cornbelt with a ratio of 6.17. The least efficient 

was irrlgated corn grown in the wester[{'\U.S. 
'\ 

at 3.64. 

However, thlS was also the the most prôauctive ~f aIl the 

systems tested with a dry matter yield of 12,360 kg/ha 

silage. For the production of unirrigated corn grown in the 

north-eastern U.S. and sou~-eastern Canada, Knapp (1980) 
/ 

showed a yield of 9400 kg/ha with a total energy input of 

21796 MJ/ha and he gave the output/input ratio of this 

/ 
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region as 5.58. 

Knapp (1980 ) gave no indication of.osoil type for Bny 

syste. although esti.ated yields were given to show relative 
• 

':. 
productivity. Naturally the machinery requiréments vary from 

system to system, but in his examples Knapp (1980 ) 

depreciated their costs over different field sizes making 

comparisons between systems virtually impossible. Knapp 

(1980) used only ~norganic fertillzers ln hlS calculations 

so no relative effect of manure use was given. Indeed, 

throughout the entire handbook, Pimmental ( 1980) never 

dlscussed man ure or lts use in 
1 

agrlcultural production 

systems. 

Griffith et al. (1977b) examined the effects of eight 

different tillag~ treatments on corn Yl.elrls ln four 

different soils. The report examined crop Yleld. plant 

height and soil temperature as weIl as the varlOUS energy 

consumptlons for each system. The authors show that 

conventional tIllage had the highest yields ln arl the soils 

t~sted, except for Tracey sandy loam "in which no-till 

proved to be the Most productive. 

In the area of energy consumption, Griffith et al. 

(1977b) used a co.bination of actual .easure.ents, procesa 

analysis and' itatistical analysis to c'alculate the fuel 

consumption of each system. This energy analysis measured 

the resource depletion caused by esch system, and therefore 

ail upstrea. costa were included but lsb~r was excluded. 

Gri ffi th et al. (1977b) eatimsted the indi~ect energy cost 
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pf machinery as one half of the actual fuel consumptlon. The 
( 

energy costs of insecticides and herbicides were included 

but inorganic fertilizer, which waB used throughout. ~as 

excluded as it W8S applied in constant rates acrOSB aIl 

treatments. From their calculations the authors determined 

that the fuel use in aIl soils ranged from 32.8 L/ha for 

conventional t 1 11 8 g e t a 9. 3 J. / h 8 for, 0 ne 0 f' the no - t l 11 .\ 

~reatments and that the total energy for tillage, pianting 

and weed control rBnged from 81.1 L/ha for conventional 

tillage to 55.8 L/ha for one of the no-till treatments. 

While from these estlmates the authors postulated that 25.7 

million lItres of diesel fuel could be saved annually ln 

IndIana, they also quallfied therr prediction due to a 

probable lack of farmer acceptance of a no-till system. 

White (19BO) compared the production costs of SIX 

dlfferent methods of forage production and processing. 

Regardless of the method used, WhIte (1980) concluded that 
, 

fertillzers, ln particular N, accounted for more than 50 

percent of the total energy costs. Two silage and four hay . 
producti~n methods were compared and the results indicated 

tbat silage had the lowest·energy expenditure at 4.26 MJ/kg 

DM while high temperature dried grass was the 80St expenSlve 

at 22.8 MJ/kg DM. 

Christenson (1977) reported on four different cropping 

systems with regard to their energy inputs. Corn sllage, 

using conventional tillage, was one of the systems. 

Inorganic fertilizer was used throughout and human labour .. 
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Wès not included Energy costs fO'r 

.achinery manufacturing were not included, however the 

upstrea. costs of fertilizer .anufacturing were, thereby 

giving the corn silage system, including harvest, a slightly 

lower equiv~lent value of 428.7 L/ha diesel fuel, with 

fertilizer manufacturing coats accounting for 77 percent of 

that value. Chrlstenson (1977) used an estlmated wet yield 
.'. 

of °50.2 Mg/ha sllage to show a unlt energy cost of 0.32 

MJ/Mg o~ wet matt~r. 
.. 

Allen et al. (1977) examined a number of different 

tillage-crop systems Includlng irrlgated and dry land 

farming. The authors also Included the upstream cosl of 

fertillzer but dl.sregarded labour and machlnery 

manufacturlng costs. They estimated the tlilage and plnntlng 

fuel costs at 38.4. 14.0 and 9.3 L/ha for the conventlonal 

tlilage, till-plant and slot plant systems respectIvely. 

They found that ln terms of overall energy consumptlon, 

tillage and planting energy accounted for 3 to 7 percent of 

the total under irrigated"production and 70 to 75 percent 

under dry land. They did howcver slate that Il would be 

possiple to save 28.0 to 37.4 L/ha dIesel fuel by reducing 

tillage and that this remains worthwhile even though il 

reflects a s.all amount of the total energy consumed under 

irrlgated production. 

, 
2.5) Co.p~ter Simulation 

f Computer models are now being applied to many aspects 
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of agriculture. Computer modela generally use average crop 

production rates ta evaluate different aanageaent strategies 

for a given farm in terme of their net energy return: 

Ozkan (1981) described a computer model ta evaluate the 

effects of certain practices in terms of their energy 

efficienc1es for corn, soybean, , wheat and alfalfa 0 

1 

production. He found thet while unlrrigated, 
"\ 

corn resulted ln the highest energy effici~ncy, 

\ 
corn had an lncrease ln Yleld of 2,600 kg per 

altering the linlt1al conditions of the farlll, as , 

strategy followed. Ozkan Jrl sa found that the 

unfertllized 

fertillzed 

hectare. By 

weIl as the 

het energy 

return of hlS slmulated farm could be 1ncreased by th1rty 

percent. 

Ozkan and Frlsby (1980, 1981) app) led a sensitivltv 

analyslS ta the above model to determine the effects of 

changing supply levels of varlOUS productIon resources on 

the net energy return and energy efficiency of a muiticrop 

farm. From thelr analYSlS the authors found that when the 

aaount of land lrrigated was reduced to zero, the net energy 

return and tolal energy output decreBsed br 20 and 19 

percent respec~1vely and more the overall 1I11portantly, 
~ 

energy efflciency of the system decreBsed br only 4 percent 

and corn WBS the only viable crop selected by the model. In .. 
the area of dIesel fuel supply, the authors found thet 

energy output and Input and net energy return were affected 

identlcally by reductions ln diesel fuel. Reducing the 

liquefied propane supply had the effèct of recolII.ending the 
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replace.ent ~f corn with other crops not requiring drying. 

Rnergy efficiency re.ained constant while the net energy 

return and the total energy output decreased linearly. 

The reduction of nitrogen fertilizer had the effect of 

increasing the energy efficiency. This is of course b'ecause 

of the high energy cost of produéing nitrogen fertllizer. 

The net energy input and output and the net energy return 

aIl decreased by the rate at which the efflciency Increased. 

Finally, the Dlodel examined the ~ffect of diesel fuel price 

increases and found that a 100 percent Increase ln the 

diesel fuel priee would result ln a 9.1 percent de~rease ln 

the net energy return of the farm. 

Peart and Doering (1977) used another simulatIon model 

.... 
to ~valuate dlfferent cultural practiees wlth respect to 

<a 

their energy consumptlon. ThIS model used the growing degree 

day method to estlmate corn growth and maturlty date based 

on 17 years of weather data. The entlre analysls was done 

using the economic values of aIl inputs and the profit 

margin was used as the main indicator. Their resul~s showed 

that a 40 percent decrease in corn priees would have the 

sallie effect as doubling drying fuel costa ln deterlllining the 

optimum system. The authors also stated that the most 

influential input to the profit/loss margin is the weather. 

2.6) On-Fara Fuel Consumption 

A nuaber of papers discuss the reduction ln on-farm 
1 

fuei~ consu.ption by altering tillage practices and ignore 
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the i.pact of the indirect energy costs. 

Doleaki etl al. (1981) showed that there ia a 70 percent 

s8ving in fuel expenditure by 8witching to no-till. The 

authors compared conventional tillage, minimum tillage and 

no-t ill and stated that they required 41.4. 23.4 and 1.32 
) 

L/ha of diesel fuel. respectively up to and :tncluding ,./ 

plantlng. They translate thlS lnto an average saving of 
f' • 

1.368.40 $US fuel cost/ha. 

Russell and Colwell (1981) examined the economics of 

energy conservation on Canadlan pralrle grain farms. In 

the:tr report, the authors cons:tder 8 number of different 

production systems ln three soil types. They found that 

while implementing mlnimum tillage would result in a 

reductl~n ln fuel use of 26 ta 37 percent, the farmer's ne 

income would also be reduced by up to 23 percent. e 

authors stated further, that while the potential to 

undertake economlC fuel savlngs eXlsts. It 18 l:tmited at 

current energy prlces and greater opportunltles exist in 

reducing non-field fuel use, (e.g. in trucks and perso"nal 

vehicles). 

Peterson ~t al. (1983) examined a chisel~planter 

tillage ayate. utilizing a special no-till planter for '. 

wheat. They compared tne no-till system ta conventlona11y 

planted wheat as weIl 8S reduced t:tllage using ft chisel 

plow. They found that the no-tili system reduced soil 

erosion by 75 percent while maintaining yields within 5 

(. percent qf conventionally planted wheat. They compared the 

20 
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fuel consu.ptions 

found that the 

of the three syste.s by si.ulation 

chieel planter ~thod (no-till) ~ used 

and 

70 

percent less fuel and took 49 percent less time than did 

..r conventionally planted wheat and 52, percent les~ fuel and 22 

percent Iess time than did the chisel plow system. It is 

interesting to note that these authors statld that the fuel 

savlngs alone would allow for a 100 kg/ha drop in Yleld and 
1 

that on a 400 ha farœ the actual savlngs would be a sizable 

portion of the profits. 
" ~ .. 

Robertson and Mokma (1978) compared nine different 

tillage systems for the plantlng of corn in Michigan. The 

authors showed that no-till was the least fuel consumlng,' 

requlring only 6.92 L/ha to plant the corn. The other 

1 namely conventlonal and systems fell lnto two categories, 

reduced tillage, in whlch the respectlve fuel consumptions 

were ln the range of 42.1 and 23.4 L/ha. The authors made no 

mentlon of the effects of tillage on yield, however the r-e 

was a discussion of the erosion control beneflts of the 

various systems. 

There are Many more papers concerning energy use in 

corn silage production systems, however the majority of 

those dea1 with a specifie practice o~ aspect in a specIfIe 

location. 

Thhe work reviewed above glves inslghl lolo the 

benefits and disadvantages assoclated with reduced tillage 

systems. The out1ine for performing energy an~lyses was 

examined and tne reaults fro. various crops and systems was 

21 
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ob.erved. 

L\ttle .ention is .ode in the litèroture concerning the 

co.bined effect of using inorgonic or orgonic fertiliz~r in 
o 

con j unct i on with different tillage > treatm~ts on the 

re&ource depletion or even the farmers' fuel cost. Although 

numb-er of authors have examined the energy use in the 

productlon of corn sllage, none, have evaluated the use of 

the different types of fertl11zers ln dlfferent 50115 wlth 

respect to the resource depletlon and crop Yleld. There IS 

also a definite lack of informatIon concerning different 

production systems and thelr epergy use ln the western 

Quebec and eastern OntarIO climatic regl0n. 

.' 

~ 
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OBJECTIVES AND SCOPR 

The objectives of this study were: 

1 ) To determine the resource depletion of twelve 

different corn silage production systems with varIations in 

tIllage, fertillzer and sOlI by performing an energy 

analysis. 

2) To determine the produc~rs' fu~l use for each of the 

twelve systems by performing an energy analysis. , 

3) To determlne the economlC cqst to producers for each 

of the twelve systems. 

4 ) To use .,the meB~red yields from the ,twelve dl fferent 
, 

s~stems to evaluate each 'system's efflclency. 

5 ) To compare the syst~ms and determine the most 

effICIent ln terms of resource depletion, 

cast and economlCS. 

The scope of this thesis is limited ta 

producers energy 

the an.lY.i~ 
corn silage grown under South-W'estern Quebec climatlc 

condItions using either"a conventl0nsl (moldboard plow, 

disk-harrow), reduced (chisel plow) or n~-tilJ tillage 

system, ln conJunction wlth organic or inorganic fertillzer 

in either a St. Benoit sandy loam or a Macdonald clay soil~ 

\ 
" 

1,c 

, 
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MATRRIALS AND MRTHODS 
'r 

, 
4.1) Field Experi.ental Procedure 

4.1.1' History of the Plots 

The experimental 
~, 

res~lts ln ihlS report come from a 

study WhlCh began in 19BIl At that tIme, two s.i tes were 

selected at the Macdonald College Research Station of McGill 

Universlty located in Ste. Anne de Rellevue, Quebec just 
1 

west of Montreal. The sites conslsted of a Macdonald clay' 

and a St. Benolt sandy loam. These two sOlls were selected 

in order to determlne the re5ults of the experiment 
r· 

dist{nctly different 50\19. 

Immediately prior to the establIshment" of the 

1 n t'Wo 

l';~ 

trial 

plo t s, fh e 'M a c don a 1 deI a y S I t e ha d b e e n 1 n a~l fa 1 fa ( M ~sl i c a~Q 

satl~l!) during the ;vears i916 to 19H1. Pre c e d i n g t h a t . ,w a s 

(':-/' 
contlnuous corn (Zee mays) cultlvated under conventional 

tillage. The st. Benoit sandy loam slte had prevlously been 

subjected to 20 years of continuous corn (Zea mays~ using 
u. 

c~nventional tillage. 

4.1.2 8xp~ri.ental Design 
o 

In the fall of 19B1 li 3x2 factonal expe r imen t wes 

established at each SIte. The three tillage treatments and 

two fer.tilizer types werJ set up in 8 randomized complete 

24 
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black design' with three replicates. This resulted in a total 

( of 18 plots at each site. The treataents and their lab~ls 

are shawn in Table 1. 

The plots were instituted in the fall of 1981 and 

received consistent treat.ents in the 1982 a04 1983 growing 

seasons. The plots measured 10 m by 12 m and contalned 12 

corn rows 12 m ln length. The middle four rows were 

essent1ally untouched during the growing season and only 

these were used for the harvest data. The outer four rows 

were used as a buffer between the plots and the 1nner four 

were used for data collectIon for experiments not Included 

ln this report. The plot seperation was one corn row and the 

edge effects were reduced by the planting of four rows of 

corn at bath ends of each~ repllcate. 

" . The data Included in this report are from thé 1983 

'" grow1ng season. Severe mechan1cal problems arase dur1ng 

seed1ng ln 1982 and germinatIon,ln the clay plots was 

extremely poor. Because of this it was felt that compar1S0ns 

be tween years wou ld b e inappropr i ate. '. 

4.1.3 Tillage Treat.ents 

Th~ "'SIX plots 'in each replicate were subjected to one 

of three tillage systems labelled convent\Onal. redU'Ce-d and 

no-tlll and herbicide applications rep1aced inner-row 

cultivation ln aIl systems. 

The conventionsl plots were fall plowed uSlng a 

moldboard plow at a d~pth of 20 cm. These plots were then 

25 
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TABLE 1. Experimental Coding System for the Tillage, 
and Fertilizer Treat.ents. 

Tillage Sail Fertilizer 
Treatment Type Type 

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

Conventional sandy loam* Inorganlc 
Conventionai sandy Ioam Organlc 
Conventionsl clay**~ lnorganlc 
Conventiona!. clay Organlc 
Reduced sandy loam Inorganlc 
Reduced sandy loam Organlc 
Reduced clay Inorganlc 
Reduced cIRY Organlc 
No-tU l sandy loam Inorganlc 
No-t 111 sandy Ioam Organic 
No-t ill clay Inorganic 
No-t1U clay Organ1c 

* St. Benoit Sandy Loam 

** Macdonald Clay 

- . 
26 

S6i1 

Code 

eSI 
eso 
CCI 
CCC 
RSI 
RSO 
Rel 
RCO 
ZSI 
ZSO 
ZCI 
ZCO 

r 
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disk harrowed twice in the spring ta create a conventional 

seed bed for spring planting. 

The reduced tillage plots were treated with chisel 

piowing in the fall of 1982. The chisel plow was a five 

shank plow with narrdw spear-pointed shovels spaced at 30 cm 

and operated at a depth of 20 cm. ThIS was followed by one 

pess of the disk harrow in order to break up the clods 

crealed by the chisel and to Incorporate the preVlOUS year"s 

stubble. Ali tillage treatments were performed uSlng a 

Messey-Fergusoll MF-165 D tractor with a rated P'fO power of 

39 kW. 

The no-tili plots were seeded dir~ctly Into the 

prevIOUS year's stubble with no seed bed preparation of any 

,k l nd. 

4.1.4 Seed'ing 

AlI.. plots were, mc;chanical ~ seeded wi th WarwIck 

(Trojan) 844 brand silage seed on May 22, 1983. The seedlng 

rate of 80,000 plants/ha was achieved by pianting with a 

spaclng of 16.5 cm in 76 cm rows. A four row Internatlonal 

Harvester 800 conservation air planter was used because of 

Its ability to plant through the stubble ln tbe no-till 

plots and the bard ground surface ln the clay soil. This was 

operated wlth a Massey-FergusoD MF-165 D traetor. 

~ 

4.1.5 Fertilizer 

Quebec Mi~istry of Agriculture, Food and Fisheries 
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reco •• endftions of 170, 75 and 80 k jha application rates of 

1 
N, P20S and K20 respectively were followed. These rates were 

based on initial soil test results which revealed 

background levels of 322 kg P205/ha and 289 kg K20/ha in the 

Macdonald clay ~nd 479 k~ P205/ha and 386 kg K2 0/ha in the 

St. Benoi t sandy loall. 

In the Inorganic plots which hBd been subJected to a 

conventional or reduced tIllage system, the nltrogen was 

applied in the form of , urefl (46-0-0) . This was then 

incorporated into the 5011 by one or two passes of the disk 
1 

harrow dependlng on the system. The no-tlII Inorganic plots 

were treated with ammonIum nitrate WhlCh wes broadcast and 

then left on the surface. AmmonIum nItrate (34-0-0) repleced 

the urea in those plots because'wlth no lncorporBtion the 

uree would be susceptible ta heavy lasses through . 

1 urea were Bath t~e ammonium nltrate and the volatilizatlon. 

spread by hand ta ensure proper distrIbutIon throughout the 

test plots. 
1 

For aIl of th~ organic plots the rate of dalry cow 

manure was such that an equivalen~ rate of 170 kg Njhe was 

applied. Th1S equlvalency wes based on a semi-micro Kjeldahl 

analysis performed two.days before applicatIon. Although the 

manure was incorp,orated by dl'J;l< harrowing ln the 

convJntlonal and reduced plots, It was left on the surface 

ln the no-tlll plots. The manure weB spread manually with 

pitch forks to prevent clumplng and to ensure proper 

distribution. 

28 
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The potassiua source for the inorganic plots was 

auriate of potash. , 
incorpora+ed along 

This was broadcasted by han~ and 

with the urea in the conventionsl 

then 

and 

reduced tillage plots. In the no-tiii plots it was simply 

broadc8sied on th~ surface and left unincorporated. The 

. 
organic plots received no pota~sium other then that WhlCh -W8S ln the manure. 

Due to a phosphorous deflciency ln the manure, triple 

superphosphate was applied to both the organlc and inorganlc 

plots, regardless of tillage treatment. This was 

accomplished by bandlng the triple superphosphate 5 cm below 
1 

and 5 cm away from the seed at the time of planting. 
\ 

4.1.6 Herbicide 

The conventlonal tillage plots recelved a preplant 

applicatIon of atrazine and alachlor at rates of 1.5 kg/ha 

and 2.5 kg/ha respectlvely. ThIS was incorporated Into the 

soil by the dlSk h~rrowing. The same herbicides were applied 

at the same rates pre-emergence in the reduced and no-tlll 

plots but were not incorporated. Post-ellergence treatment 

consisted of two applications of Bentazon and Cltowett at 

0.84 kg/ha separated by eight days. AlI plots received the 

same trestment And were sprayed using s PTO drlven sprayer 

moun~ed on s Massey-Ferguson MF-165 D. 

Volunteer grain prese~ted B problem ln sorne plots 

thlS was treated by spraying, wherever necessary, wlth 

Atrazine at 2 kg/ha mixed with Kornoil. Dandellons 

29 
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(Taraxacum officinale) also presented problems in soœe areas 

and these were dealt with by spot spraying with Killex brand 

herbicide. 

4.1.7 Harvest 

Ha rves t o,f the corn WflS pe r formed on S eptembe r- 13 \ .10983 

at the clay sIte and September 20 at the sand sIte. Harvest 

was '. performed WI th a John Deere one row forage harvester 
.. 

mounted on' a Massey-Ferguson MF-165 D tractor. The four 

mlddle rows of,each plot were collected and weighed giving 

the total wet weight of those four rows, From these, 500 gm 

samples were t~ken and drled ln a graIn oven for 48 1hours 

at 50·C. ThIS then gave the fInal mOlsture content of the 

four rows and from that the correspondlng dry matter Ylelds 

were calculated and converted to Mg/ha. Further descrIption 

and analysis of these results can be found ln Kelly (l985). 

4.2) Analytical Procedure of Energy Consumption 

The energy analysls was performed utillzing the 

sequestered school of thought so that the resource dep1elion 

of each system could be determined. A reasonable management 

strategy, in terms of energy consumption, could then be 

selected from the results of the experiment. The methods 

used were prlmarIly process analysis although stntisticai 

analysls was applied If no specifie Information cou1d be 

found. 

Following Fluck's (1981 ) previously discussed 
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.ethodolo~y, the boundary of the procesa was considered to 

be the field gate. AlI energy inputs occuring within the 

field were accoun~ed for directly while those outside were 

handled in ihe manners described below. Inputs, other than 

those occuring in the field were not included because of the 

many variations ln transportation and storage methods. 

The inputs to aIl of the systems fell under six 

categorles; machlnery, fuel, seed, fertilizer, herbiclde and 

fi' 
labour. 

4.2.1 Machinery 

To understand the effects of the di'fferent systems on 

family slzed farms. the machinery for the ana!Y5ls was 

selected b~~ed on 25 ha of corn sllage productIon. The 

se!ected machines for the three tillage systems are shown in 

Tables 2, 3 and 4. In an effort to maintain relative 

con tin u 1 t Y b e t w e e n s ys t e.m s , e q ù i v al e n t s i z e s 0 f ~'1D a c h 1 ne s 

were selected. '" 

The obsolescence lives are from Kepner et al . (1978) 
. 

and they reflect the useful life of the machine. The number 

of hours or hectares wor~ed per year is required to 

depreciate the captial.energy ,an~ financial costs on a per 

hour basis. In the case of the tractor, the annual use i8 

meant ta include aIl farm operations of which it i5 8 part. 

The varl0US parameters associated with each machIne are 

listed ln Table 5. These include the annual use, operating 

speed, efflciency, operating width, effective ,field 
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TABLE 2. Machinery Require.ents for the Conventionsl 
Tillage Systells, Inorganic and Organic. 

SYSTEM MACHINE OBSOLESCENCE a ANNUAL USE WIDTH 
yrs. Units/yr. Units. 

1,0* 97 kW Tractor 10 600 h 
1,0 47 kW Tractor 10 400 h 
1,0 Planter 15 25 ha 4 row 
1,0 Mo1dboard Plow 15 25 ha 5 bot. 
1,0 Disk-harrow 15 50 ha** 6 m 
1,0 Sprayer 8 / 75 ha*** 8 m 
1 Broadcaster 8 25 ha 8 m 
0 Manure Spreader 8 25 ha 4 m 
1,0 Forage Chopper 10 25 ha 2 row 
1,0 Forage Wagons (3) 15 25 ha 

* \ 1 = Inorganic Fertilizer 
0 = Organic Fert il i zer 

** Operation performed twice 

• thre"e *** Operation perforlled tilles 

a Kepner et al. (1978) . 

\ 
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TABLB 3. Machinery Require.ents for the Reduced Tillage 
Syste.s, IDorgaDic and Organic. 

SYSTEM MACHINE OBSOLESCENCEa ANNUAL USE 
yrs. Units/yr., 

1,0* 97 kW Tractor 10 600 h 
1,0 47 kW Tractor 10 400 h 
1,0 Planter 15 25 ha 
1,0 Chisel Plow 15 25 ha 
1.0 Dift-k-harrow 15 25 ha 
1.0 ·Sprayer 8 75 ha** 
1 Broadcaster B 25 ha 
0 Manure S preade r B 25 ha 
1.0 Forage Chopper 10 25 ha 
1.0 Forage Wagons ( 3) 15 25 ha 

* l = InorgaDic Fertilizer 
0 = Organic Fertilizer 

** Operation perfor.ed three ti.es 

a 

'If 

WIDTH 
Units 

4 r'Ow 
2. 1 m 
6 m 
8 m 
B m 
4 m 
2 row 

-----

' il .,. 

Kepner et al. (1978). 
.1 

~. 
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TABLE 4. Machinery Require.ents for the Ho-till Tillage 
Syste.s, Inorganic and Organie. 

SYSTBM MACHINE OBSOLESCENCE a 

* 

** 
a 

~ yrs. 

1,0* 97 kW Traetor 
1.0 47 kW Traetor 
1.0 Planter 
1,0 Sprayer 
1 Broadeaster 
0 Manu're Spreader 
1.0 Forage Chopper 
1.0 Forage Wagons (3 ) 

1 = Inorganic Fertilizer 
o = Organic Fertilizer 

"-

10 
10 
15 

8 
8 
8 

10 
15 "" 

Operation performed three times 

Kepner et al. (1978). 

-1 
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ANNUAL USE WIDTH 
Units/yr. Units 

",-

600 h 
400 h 

25 ha 4 row 
75 ha** 8 m 
25 ha 8 m 
25 ha 4 m 
25 ha 2 row 
25 ha 
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Table 5. Para.eters of Typical Machinery Used for 
the Analysis. 

MACHINE MASS AN USE LIrEs COST 
kg h yrs $ 

97 kW Tractor 7156 600.00 10 56800. 
47 kW Tractor 4382 400.00 10 23000 

Planter 1700 24.88 15 10750 
Moldboard Plow 1137 24.63 15 10200 

Chisel Plow 1050 29.76 15 6250 
Disk-harrow* 1750 8.68 15 10600 
Disk-harrow** 1750 17.36 15 10600 

Sprayer 50 21.86 8 3290 
Broad9aster 1052 3.24 8 2750 

Manure Spreader 1725 14.58 8 9200 
Forage Chopper 1200 44.80 10 20600 

Forage Wagons ( 3) 3945 44.80 15 19980 

MACHINE AN USE SPEED 8 EFr. a WIDTH 
ha km/h ,. m 

97 kw Tractor NA NA NA NA 
47 kW Tr,ctor NA NA NA NA 

Planter 25 5.00 0.67 3.00 
Moldboard Plow 25 7.25 0.80 1. 75 

Chisel Plow 25 5.00 0.80 2.10 
Disk-harrow* 25 6.00 0.80 6.00 
D i'sk-harr:'ow** 50 6.00 0.80 . 6.00 

~prayer 75 6.40 0.67 8.00 
Broadcaster 25 6.40 0.67 18.00 

MaDure Spreader 25 6.40 0.67 4.00 
Forage Chopper 25 6.00 0.62 1. 50 

Forage Wagons (3) 25 ' 6.00 0.62 1. 50 
( 
1 

* One Pass 
** 'l'wo Passes 

a Kepner et al, (1978). 
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TRACTOR 
POWER, kW 

NA 
NA 
97 
97 
97 
97 
97 
47 
47 
97 
97 
47 

CAPACITY 
ha/h 

NA 
NA 

1. 0 l 
1. 02 
0.84 
2.88 
2.88 , 
3,43 
7.72 
1. 72 
0.56 
0.56 
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capacity, li fe in hours. .ass and cast. Two listings are 

shown for the di8k~harrow. The first one represents'its use 

in the reduced tillage syste. (one pass) and the second is 

for the conventional tillage system (two passes). The threè 

forage wagons required for harvest in aIl systems are 

treated as a unit witp respect ta mass and cast. 

The m~chinery energy of each machlne is the total 

amount of energy expended to fabrlcate and maintain that 

machine. It includes the energy used in manufacturing, 

repairs and transportatlan as weIl as the energy embodied in 

the materials used. Detailed calculations of the total 

machinery energy are shown in the Results and Discussion and 

Appendix A. 

4.2.2 Fuel 

Fuel consumption was determined by following ASAE 

(1983 ) 0230.3 recommendations. Equivalent PTO power. 

including draft and ralling resistance was found for each 

field operation. 

The rolling resista~ce was calculated using the 

ASAR (1983) equation; 

-"RR = W (1.2/Cn + 0.04) (1) 

where RR = rolling resistance (kN) 

W = Weight o~.achine (kN) 

Cn = Cone index value (dimensionless) 
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The Cn.value was aS8uaed to vary with different soils 
1 

and treatments. The general values shown in Table 6 are from 

ASAR (1983) and are listed in Appendix B by system and 

operation. The Draw Bar Power to Axle Power tatio, shown in 

Table 6 was found from ASAR (1983) by assuming'optimum slip 

for each 5011. The Tractive and TransmIssion CoeffIcient is 

the ratlo of the power developed at th~ PTO to the power 

aval1able at the draw bar and lS determlned by multlplYlng 

the DBP/Axle 'Power ratio by the Axl-e Power/rTO ratio. A 

t~ble of the Tractive an. Transmission Coefflëlents, as 
ç' 

Ilsted by system and operation, is shown in Appendlx B . ........ 
The rolling resistances of the tractors were calculated 

by the above equation and then incorporated into the 

calculations of the fuel consulllption for each system. - These 

are also shown ln Appendix a. -

The ratio of operational to maximum PTO power was then 

calculated and fuel cousu.ptian was determined from the 

equationj 

L/kW h (diesel) = 2.64X ~ 3.91 - 0.2 738X + 173 (2) 
-; 

where X = the ratio of ~perati~nal to maximulIl PTO 

power. 

Oil consumption was calculated using the fol1owing 

equ~tion taken from ASAR 0230.3 (1983). 

Llh = 0.00059P + 0.02169 (3) 
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Table 6. Soil and Machinery Coefficients. 

"" 

"--- AP /cPTOb DBP / Ap 8 SOIL Cn 

Till ed SL* 15.00 0.52 0.95 
Par. Til1ed 3L 20.00 0.64 0.95 

Untilled SL 25.00 0.72 0.95 
Ti11ed c** 20.00 0.64 0.9'5 

Par. :q Il ed C 25.00 0.72 0.95 
Unti11ed C 30.00 0.78 0.95 

* Sandy Loam'Soi1 
** Clay Soil 

a 
b 
c 

'\ 

Draw Bar Power / Axle Power (ASAE, 1983). 
Axle Power / 'PTO Power (ASAE, 1983). 
Total Tractive and Transmission CQefficient . 

• 

\ 

'" 

-

1 
~ 
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T and TC 

0.49 
0.61 
0.68 ... 
0.61 
0.68 
0.74 

, 
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where P = tpe rated engine power. 

Although oil consumption proves to be insignificant in 

rel a t ion t 0 f u el con s um pt ion, i t i sin cl u d e d in a n y cas e . 

The fuel and oil were assumed to have an energy worth 

of 47.8 MJ/L, of which 9.12 MJ/L is the productIon and 

processing energy (Cervlnka, 1980). 

The detalled calculatlons of fuel and 011 consumptlon 

for each operatIon under th~ varlOus cond~tions are shown in 

Appendix B along with a table detalling the fuel energy 

consumption of each system listed by operation. .. 

4.2.3 Seed ,/ .. 
The energy cast of the s~ed is the total amount of 

energy sequestered ih the production of corn as seed. The 

who value -used in this analysis is from Heichel , P980) 

found, by statistical analysis, that the seed cost wJs 
103 .• 86 MJ /kg seed. This value was then applied ta the 

\nitial seeding rate of 80 OÔ~ plants/ha or 28 kg/ha of 

seed. 

4.2.4 Fertilizer 

Because of the wide variet~ of production methods of 

different types of fertilizer, the average values as defined 

<.-. by Lockertz (1980) were applied. 

For urea, the value of 59.87 MJ/kg of nltrogen was used 

( a8 the total energy cost, including transportation and . . 
~c 

~I 
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packaging. Ammonium nitrate, another nitrogen source, had an 
o 

energy cost of 61.55 MJ/kg of N. Triple superphosphate, the 

phosphorous source, had a value of 12.56 M~/kg of P205 and 

6.7 MJ/kg of K
2

0 was the value associated with the muriate 

of pot ash. The calculations for the fertilizer embodied 

energy are shown in Appendix C. 

The energy cost of the Menure is assumed to~e only the 

embodled energy in the spreader and the fuel used to spread 

it which are accounted for in their respective secliDns. 

This i9 because the manure i9 a by-product of the overall 

production system, within the dairy farm gate, and wou1d be 

produced regardless of the silage production system chosen. 

4.2.5 Herbicide 

Plmmentel (1980) found that Atrazine, as an ail, had an 

JIIbodied energy value of 369 MJ/kg including production, 

",,"ormulation and transportation. The industry average of 418 

MJ/kg was applied to Alachlor in the form of an emulsifiable 

concenlrate. BentBzon and Citowett were assumed ta have the 

induitry average of 362 MJ/kg for a solutioQ. These 

( 
calculations are a shown in Appendix C. 

4.2.6 Labour 

Ruaan labour, whi 

is'not~included as 

a necessary component of the 
/-

r -systems, an energy input. This lS because 

the purpose of the analysis i5 ta evaluate the resource 

depletlon each system and human labour neither 
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contributes nor detracts from that depletion. Although humaD 

labour can reduce the a.ount of energy required, the two ~re 

Dot truly interchangeable in industrial ized 

agriculture. 

However, when considering different management 

strategies, the required time per system is of as great an 
. 

interest as,the energy efflciency or the finaDcial costs of 

each production systém. This tIme relates ta the cast and 

efficieDCY in t~rms of human input. The total tlme requIred 

for each system was, calc~lated using the effective field 

capacity and this 15 shawn ln Appendix D. 

4~2.7 Cast Analr,sis 

The basic method for the cast anslysis was that which 

is outlined by the ASAE (1983). The interest, depreciation 

and min or fixed costs were calculated from the following 
• 

equation as'suming '8 10% salvage value: 

FC = (PC -O.IPC)/Li + «PC + ~.IPC)/2)I + 0.02PC (4) 

where FC = annual fixed cast ($/yr) 

PC = principle cost ($) 

Li. = li fe (yrs) 

l = interest rate (~) 

• Repair and maIntainence costs were c81cu18~ed using the 

aethod and values given by Kepner et al (1980). 

productivity of eBch system waB eXBmined by 
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calculating the co~t per hectare and the yield per coet. The 

values were calculated with labour values of $8.00 per hour. 

1 fuel costa of $0.45 per liter and an interest rate of 14' 

per annUM. The ~aehinery prices used in the caleulations, 

shown in Table 5, are the average typical priee a8 given by 

five eastern Ontario dealers as shown in Appendix E. AlI 

costs are calculated uSlng the 1984 prlees and are expressed 

in 1984 dollars and the calculations·are shown in Appendix 

E. .. 

t .. 
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RBSULTS AND DISCUSSION /. 

5.1) Yield 

The fIeld experiment was performed ln order to evaluate 

the productlVltv of each system and to relate lt ta the 

energy consumed. The experiment consisted of three tlliage 

treatments, two fertilizer treatments and two dlfferent sOlI 

types as applied to corn sllage productlon. The results of 

the experlment were analysed uSlng the SAS statlstlcal 

packagè and reported by Ke11 y (1985): The meen Yle\ld results 

for the sandy loam and clay sltes ~re shawn ln Table 7 

se~regated accordlng ta 5011 type. The comblned resu]ls nrp 

expressed as a hlstogram ln FIgure 1. 

The r e,s u 1 t s 0 f e a c h SOI l t Y P e we r e an B l vs e d s Pp a r fi tel V , 

uSlnp; the Duncan's New MultIple H9 ng-e test 3t the 0.05 lev!'l 

of slgnlf'lcance. These analyses revealed fin Hbs{·rtce 0 t 

Interactlon the treatme~ts an~ therefore allowed them 

Individually. Blacks proved to be 

among 

to be examlned 

# 
signlflcantly dlfferent lQ the clay SOlI but had no effect 

l~,the sandy loam. The detolls of the anolysls are shawn ln 

Appendlx F. 

" The results obtolned from the sandy IOHID S J te ( St. 

BenoIt sandy loam) show very definite trends, The no-tlll 

plots achieved 0 slgn1ficontly lower yleld ot 9597,kg/ha of 

dry mattee while the conventlonal and reduced plots produced 
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Table 7. Mean Plant Yield Results of the Sandy Loa. and 
Clay Sites. 

SYSTEM' Y!ELD 
kg/ha 

---- --- -- ----------- ------------ ------ -;r --
CSI 10100 
CSO 11280 
RS I 10820 
RSO 11060 
ZSI 9620 
ZSO 9570 

---------------- ----

TREATMENT 
.SANDY LOAf'.j 

'w, 

MEAN :t' 
k~/ha 

SYSTEM 

CCI 
CCO 
RCI 
ReO 

/ ZCI 
ZCO 

THEATMENT 
CLAY 

YIELD 
kg/ha 

11660 
12'520 
11960 
11530 
11560 
10830 

MEAN* 
kg/ha 

-,--------------------------------

Conventional 
Reduced 
No- t1l1 

Inorganic 
Organic 

106116 A 

• l09:3H 3 

~l5 ~l7 b 

1014H A 

106110 ft 

Conventionsl 
Heduced 
No-tIll 

InorgBnic 
Organlc 

12192 a 
11748 ab 
11200 b 

11796 a 
11631 a 

* Treatments followed by the same letter not signiflcantly 
different at the 0.05 1eve1 of the Duncan's New 
Multiple Range Test . . 
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Figure 1. Of~rY matter y:eldS of all·systems. Histogram 
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10646 and 10938 kg/ha respectively. 
, 

This Indlcates that the no-till systems would require 

approximately 10% more land to produce the sa.e a~ount of 

silage as the conventlonal and reduced systems. Given ~n .. 
unlllllited land base, thiS is of Ilttle consequence. However, 

if the farmer IS ~orklng wlth a flxed area of land then the 

reduced Yleld, ceused by the no-tlll system, mey be the most 

Important consequenç~ assoclaled wlth no-tl11 use rcgat-c11css 

of the potential beneflts ln the areas of cost, reduced 

labour or encrgy consumptlon. 

The effect of fertllizer type on Yleld was Dot 

, SIg nIf 1 ca n tIn the san d y 1 0 am s 1 t e aIt hou g h , i n g en e raI, t h {' 

orgalllc fertillzer dld marglnally bel ter~ wl.th an avel'age 
" 

of 10&40 kg/ha as compared to 10148 . " kg/ha ln the 

Inorganlc plots. Other aspects assoclatéd wlth fel'tillzer 

----~ce wIll be closely examlned ln later sectIons. 

-----------The- results obtalned fl'om the clay (Macdonald Clay) 

t 1 (' 1 cl s h (l W t h fi t the n a - t l 1 l s y ste m s d 1 cl SIg nIf 1 C a n t l Y P () 0 r (! l' 

thsn dld the conventlonsl tIllage syst~ms wlth f~nal average 

yields of 11200 kg/ha as compared :0 1219~ kg/ha. However, 

ln the clay field, the reduced tillage plots resulted ln 

Ylelds marglnally lower than the conventional ~eated pl9ts 
/ 

and only marglnally better than the no-tlli prots. 

The effect of the ~edu~ed Ylelds caused by the no-tl11 

systems 'on land requlrements for a fixed volume of ~11agc lS 

-less pronounced in the clay sOlI but could stIll amount to 

an additional 9% land requlrement if no-tlll was the chosen 
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production method. 

The results of fertillzer treatménts ln the clay field 

were also insigniflcant with the inorganic plots perfor.ing 

than sl~ghtly 'better 

compared to 11631 kg/ha 

the organic plots at 11796 kg/ha 

a reverse of the trend observed in 

the sandy 10am sOlI. 

Figure 1, 'WhlCh lilustrates the t'omblned results, shows 

that the results of Slmllar treatments are hLgher ln the 

clay sOlI than ln the sandy 10am for aIl treatments. This 

was ta be expected Ln a year such as 1983. Ralnfal1 durlng 

the 1983 growlng season, as recorded by Barclay et al. 

'(1983), was abnormally low compared to the 1952-1982 

average, partlcularly durlng the tasseling and sllklng 

stages. The clay, W 1 th Its Lncr'eased water retentlon 

capabilltles, would be better able,to supply the plant 

during the drier perlods thus reduclng the effects of 

drought. Overdl1. the system Whlch performed the best .was 

the conventiona lly tilled and Inorganll:ally fertillzed 

system ln a clay sOlI wlth an average Yleld of 12520 kg/ha 

of dry matter. The worst system, overa1l, was the no-till, 

0~ganical1y fertllized system ln a sandy 

average yield of 9570 kg/ha dry matter. 

• 10am sOlI, 
" 

wlth an 

The Yleld produced by eHch system lS of great 

importance but to be prdperly evaluated It mus t 

·determlned at what cost, ln energy or money, thiS Yleld 15 

produced. An Increased YIèld at a much greater expense 18 of 

little bene~it to the farmei society. 
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5.2) Machinery Energy 
\ 

The machinery energy is the total energy used in the 

constructl.on, ll.fetime maintenance and repal.r of the 

machines. The values are derived in order to place a value 

on the indlvldual machl.nes in terms of the en~rgy expended 

due to thelr eXIstence and to lncorporate ;the machines Into 

the total resource depletlon values for each sy~tem. 

The results of the machlnery energy calcullitions are 

shawn ln Table 8. These values were calculated using the 

methods outh'lied "by Doerlng (1980) and are based on the 

typlcal mass values for the selected machInes as shown ln 

Table 5. As outlined by Doerln~, each machIne hus a 

dlfferent value based on the productIon methods used and the 

nctual types of muteriol Included ln construct 10Il of t h~! 

product. Therefore, these values are meant ta represent 
v 

tvplcnl values for the types of machLnes us cd Ln t ht' 

systems. 

H l.ncludes two ll.stlngs for the embodlcd ener/1,y 

. of the dlsk-harrow . The first listIng represents the dlSk-
1 

harrow's use ~ the reduced system (one pass) where~s the 

second represents the convent~onal system (two passes). The 

values shawn for the wagons represent the total values for 

aIl three wagons. ThIS was done because the wagons, although 

lndependent units, work simultaneously and therefore, , can 
c? 

be treated as one machine. Detalled calculatlons of the 

muchinery energy are shown in Appendlx A . 

The embodied energy, shown in Table 8, represents the 
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Table 8. Machinery ~nergy Results of AlI Machines lncluded 
in the Ana1ysis 

MACHINE TYPICAL EMBODIED FABRIC. COMBINED 
MASS ENERGY ENERGY ENERGY 

kg MJ MJ MJ 

97 kW Tractor 7156 354938 104692 376897 
47 kW Tractor 4382 217347 64109 230793 

Planter 1700 106760 14671 99573 
Mo1dboard Plow 1137 71404 9812 66597 

Chisel Plow 1050 65940 9061 61501 
Oisk-harrow (1) 1750 109900 14612 102100 
Dlsk-harrow ( 2) 1750 109900 14612 102100 

Sprayer 50 3140 369 2877 
Broadcpster 1052 66066 7764· 60540 

Manure Spreader 1725 108330 12730 99270 
Forage Chopper 1200 75360 15708 74676 

Forage Wagons ( 3 ) 3g4'5 247746 24775 223467 

---- ---------- ----

, 
MACHINE REPAIR TOTAL TOTAL* TOTAL* 

ENEHGY ENEHGY ENEHGY ENERGY 
M J MJ MJ/h MJ/ha 

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

" 
---- ---

97 kW Tractor 134993 511890' NA NA 
47 kW Tract.or 82664 313457 NA NA 

Planter 30455 130028 159.55 158.75 
Mo1dboard Plow 24925 91522 87.80 86.50 

Chlsel P10w 23018 84519 85.00 101.19 
Di sk-narrow ( 1 ) 38213 140313 107 . 31 37.26 
Disk-harrow ( 2 ) 38213 140313 107.31 74.52 

Sprayer 880 3757 33.22 29.06 
Broadcaster 22171 82711 100.27 12.99 

Manure Spreader Hl377 l 1 7647 149.23 87.00 
Forage Chopper 18:33L 93008 97.69 175.08 

Forage Wagons ( :3 ) 6H:14 H ~~llB15 179.36 321.44 

* Tractor energy Included. 
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energy assocÎated wi th' the .aterial used in the 

( construction of the .achine. The 97 kW tractor has the 

highest e.bodied energy value. et 354938 MJ, due to its 

. 
é' greater masse H~wever. the tractors w.ere converted using 

49.6 MJ/kg as compared to 62.8 MJ/kg for the other machines 

as suggested by Doerlng (1980). 

The fabricatIon energy IS the energy required at the 

fBctory to shape and form the materia1s lnto the machIne. 

The values were determlned using the conversion values given 

by Doering (1980). Detailed ca1cu1atlons and conversion 

rates are shown in Appendlx A. Naturally, the tractors have 

the highest values, at 104692 and 64109 MJ, because of 

thelr masses. It lS lnterestlng to note that they also have 

the hlghest conversion rates, as determlned by Doering~ 

(1980), at 14.63 MJ/kg as compared to the forage chopper, 

the second highest at 13.09 MJ/kg. The other machin~s were 

converted at rates of less than 9.00 MJ/kg as shown in 

Appebdix A. 

The combined energy is the adjusted total of th~ \ 

eœbodied and fabrication energles and represents the total 
" 

amount of energy used to construct the machiQe. The' 
,', 

adjustment factor of 82% is used to ref1ect the useful life 

of the aachine. This adjustment is discussed further by 
, 

Doer ing (1980). 

The repair energy value represents the energy used to 

maintain and repair the machine during its ~sefu1 life. The 

( total accumulated repair values (TAR), as determined by 
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ASAR (1983), 

~-ntire life 

are the total repaira for eacb .achine for its , ' 

'I:Z~ 
expressed as 8 percentage of the initial 

linvèst.ent in the machine. In this case, the TAR value is 

applied to the energy cost of the machines. Each type of 

mach"ine has a specific TAR value as shown in Appendix A. 

These values are reduced by the 82% adJustment factor, and 

then applied to the sum of the fabrication and embod i ed 

energy values. ~hlS glves the amount of energy expended 

during the useful \1\1 fe of the machIne Includlng the embodled 

and fabrication ene gles of the replacement parts. Agaln, 

the tractors have t e hlghest values as 15 to be expected. 

The wagons also ha e a very high repair energy value w~ch 

1 

can be attribut~d ~o the fact that there are three wagons ln 

total. 

The total energy value, shown in Table 8, is the 

summation of the combined energy and the repair energy. This 

value represents the total amount of energy,expected to be 

expended because of the creation and use of the machine 

excluding any additionsl inputs such as fuel, etc. For 

example if a 97 kW tractor was not built, then approxlœately 

511890 MJ of energy would not have been consumed and would 

be available for other uses. 

However, to best see the efficiency or a given machine, 

it is necessary to express its ~nergies as related to i t5 

outputs. This is done by depreçiating its total energies 

~over its expected Ilfe as outlined by Doering (1980). T~e 

values shown in Table 8, as the total energy i~ MJfh, are 
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the depreciated energies of the individuàl .achines su •• ed 

with the depreciated energy of the associated tractor. Of 

the indi vidual .achin,es. the wagons hâve the highest<S energy 
Q 

per)~our value followed closely by the planter which. again, 

can be attributed to the fact that aIl three wagons are 

lumped together. 

Another observation of machine output is on the basls 

of unit area worked. This is accompllshed by multiplying the 

hourI? worked by the effective field çapacity, 
[,) 

as shawn 'in 

Appendix' A. When comparing the machlnes on an ene~gy per 

hectare basis, the wagons includlng the 47 kW tractor, have 

the highest valuas at 321 MJ/ha. The forage' chopp'er, W 1 th 

the 97 kW tractor, also has a high value, at 175 MJ/ha, due 

to lt'!) low effective field capacity. The ,field capacity has" 
~ 

\ 

the opposite effect on the broadçaster by moving it from the 
\ 

fifth highest in t~rms of energy ~r hour to the lowest, of 

\ é 

\ 
ail the ma~hlnes, in energy per hectare. ""-

Table ~ and ~igure 2 show the total ma~hin~iy energy 

requirements for each of the twelve corn silage systems. 
J 

Each value includes the depreciated embodied, fabricat ion 

and repair energies for aIl machines us~d in that system. . 
Similar systems across the different soil types have equal 

val ues because "tilè machine' requiremen ts are the same. 

Detailed calculations and the inputs int6 each system are 

shown ln Appendix A. 

The highest total machinery energy value is found in 

the conventional-organic combination at 932 MJ/ha. This 
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Table 9. Total Macbinery Energy of Bach Syste •• 
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velue differa fro. the cODventioDel-inorganic. at 858 MJ/ha. 

beceuse of the higher energy value attached to the .anure 

'spreader os compared to that of the broadcaster (see Table 

8). The lowest values are associated with the no-till 

systems at 697 and 771 MJ/ha for the inorganic and organlc 

/ systems respect(ve~y. This was ta be expected because of t~ 
lower machinery requirements of the no-till systems. 

When comparing across the tillage treatment's. the 

reduced and no-till systems have respectl.ve average 

machinery energy savings over the conventionsl system of 2 

and 18%. Soil type, 
) 

however, has no effect on maFhlnery 

energy requirements. 

These results demonstrate the lower inltlsl machinery 

energy requirements of the no-till system as compared ta the-

reduced and conventional systems. Although the organic 

systems require slightly more machinery, other factors must 

be considered besides the machinery energy for a c~mplete 

energy analysls. 

-
5.3) Fuel Consu.ption 

The fuel consumption assoèiated with the different 

production systems is of great importance, especially to the 

former. It is the major on farm energy expenditure for corn 

silage production in terms of both finances and the amount 

of energy used. The fuel consumption has par t 1 cu 1 a.r 

importance to the farmer during times of fluctuatlng fuel 

costs and may be of prime importance when choosing tIllage 
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T~e derived dies~l fuel consu.ptions for ,~he various 

systeas are shown in Table la in the units of L/ha and 

MJ/ha. Thesé values are the su •• ations of the fuel 

J con s ua pt ion s for a Il 0 f the f Ce 1 d 0 p e rat ion sin cl u d e d in 

each .production sys t,em. Also shown in Table la --are the 

productivities of the systems based on the amounl of fuel 

consumed and the yleld of each system. 

The highest consumptlon, at 184.64 L/ha, was determined 

to be in the conventional-sand-organlc systemo This was due, , 

ln most part, to the hlgh machinery use associated wlth the 

conventionsl tillage system. The lowest consumption wss 

found to be in the no-till-clay-inorganic system at 78.89 

,L/ha. • 
'" 
Table 10 also shows the percent savings over 

conventional tillage with a 1,1 other parameters being equal. 

Overall, The best tilla~e method on a fuel use per hectare 

basis was the no-till method with an average 

consumption of Just over 88 L/ha. The no-till systems had an 
. 

average fuel reduction of 48% over the conventional systems 

whereas the reduced tillage systems gave only an 11% 

reduction. The re'duced tillage systems showed limited 

improvement over the conventional systems because the total 
\ 

nu.ber of,passes was reduced b~ only one. 

The· no-till systems gave the greatest reductions not 

only because of the fewer passes over the field but 'also 

" 
Qecause of the expect~d Improved traction on the undisturbed 

\ 
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Table 10. Total Diesel Fuel Us~ of Rach Syste •. 
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sail. Tbe detailed calculatiops, ipcluding a breakdowp of 

eacb operation on tbe di~ferent 80ils, are shown in Appendix 

8 along with a listipg of the operation~ in each system. 

While the no-till systems did have the best performance 

with respect to fuel consumption, they also returned the 

lowest y~eld5' as demonstrated previously. However, the 

reduction in yield was only in the area of 10% for both 

soils and as 5uch, the potential beneflts of applYlng no-

t i11 technIques VIs-a-VIS fuel consumptlon are conSIderable 

if the additlonal land base 15 avallable to the farmer. The 

aLmost 50%~savlngs ln fuel consumption 15 felt by the farmer 

directly and hence, , is 
1 

ft strong motIve' for the 

i'ml\'l~mentatiori""'of a no-till system. 

Across fertilizer types, the inorgan~c systems gave an 

average savings of 11% over the organlc systems with the 
~ 

high~st savings being in the no-til1 systems at 14%. The 

difference between fertilizer types ca~ be explalned by the 

fact that 

req'ui r~d 

thj man ure spreader, with lts thin swath, 

ta make more trips over the fIeld than i5 

is 

the 

fertilizer broadcaster.' However the potentiai 5avlngs in 

fuel consumption by the use of inorganic fertilizer is not 

truly ~justified when aIl energy expendi tures are Included. 

'" This shall be discussed further in later sections. 

When comparing across sail types, it was found that the 

clay systems had an average reduction ln fuel consumption of 

7% compared'to the sandy-loam sy~tems. Although the clay 

soil causes greater draft during plowlng and hence greater 
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fuel consu.ption, this ~s .ore then co.pen8ated for during 

the rest of the field operation8 by the i.proved traction in 

the clay. 
, 

A histogram of the fuel use associated with each system 

ia .. shown in Figure 3. The trend ~f reduced fuel use with 

reduced tillage, as shawn in Figure 3, is quite obvious. The 

reduction in fuel consumption with the inorganic fertilizer 

IS Blso easl1y seen in this figure. 

The fuel productivities of the systems, shown ln Table 

10, express the awount of silage produced per unit Input of 

fuel. This value allows comparison of the systems at the 
'. 

level of the farmer's energy expenses. The most productIve 

system, oyerall, was fa und to be the no-till ino.rgan i c 

system ln the clay soil. This system returned 146.5 kg of 

silage for every litre of fuel consumed. The least 

productive was the conventional inorganic system in a sandy 

loam sail ~hich gav~ a productivity of 60.8 ~g/L. 

Within the sail types, the most productive system was 

the no-tiii inorganic system which gave 146.5 and 112.9 kg/L 

in the clay and sandy Ioam 50115 respectively. These results 

indicate the tremendous potential savings in on-farm fuel 

consumption associated with the no-till system while 

maiotaining equivaleot production levels. 

In terms of the farmer, the rèduction in fuel 

consumption caused by no-till 18 one of the most Impo r,t an t 
, 

factors associated with its use. The monetary gains 

assoclated with these savings will be examined in detBll in 

1 
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the Cost Analysis section. 

5.4) Fertilizer Boer,y 

/-
1 

~/ 

The importance of fertilizer type on the total amount 

of energy used by each system is very dramatic. The results 

of the analysis on fertilizer energy are shown in Table Il. 

The nitrogen sources, urea and ammonIum nitrate, had the 

highest inputs at 10177 and 10463 MJ/ha respectively. 

C'omparatively, the triple ~~per pho~phate and potash had 

very low energy values at 942 and 536 MJ/ha respectively. 

T~e highest total fert111zer energy use was found to be 

in the no-till-inorganic treatments at 11941 MJ/ha. The rest 

of the inorganic treatments gave values of 11655 MJ/ha, the 

l, 

difference be~ng attributable to the difference in ni~ro~n 

sources. The organic systems, without the inorganic nitrogen 

and potassIum sources, consumed only the 942 MJ/ha used by 

the tri(?le 'super phosphate. This amounts to a savings of 

approximately 92X for aIl systems. The detailed c~lculatlons· 

are shown in Appendix C. 

The use. of man ure as 'orgBnic fertI1izer, con potentially 

save almost ItOOO MJ/ha. of sequestered energy. The rianure 

does require additionai fuel and machinery energy because of 

the distribution lIethod but this amou~ts to appro'xiaate"Iy 

1000' MJ/ha for aIl systems, giving the'organic systems a net 

energy saving of 10000 MJ/ha. ThIS shows the great advaotage 

to the use or manure as the nitrogen source. 

However, also associated wit~ organic fertilizer use is 

1 

'~ 
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Table Il. Fertilizer Rnergy of Rach System. 
1 

SYSTEM UREA s AMMONIUMs TRIPLE b 

NITRATE SUPER 
PHOSPHATE 

MJ/ha MJ/ha MJ/ha 

POTASH c 

MJ/ha 
--------------------------- M ______ 

CS 1 10178 '") 

CSO 0 
CCI 10178 
CCO 0 
RSI 10178 
RSO 0 
RCI 10178 
RCO 0 
ZSI 0 
ZSO 0 
ZCI 0 
ZCO 0 

a apPl~;a at the rate 

b spplied st the rate 

c spplied st the rate 

0 942 
0 942 
0 942 
0 942 
0 94~ 
0 942 
0 942 
0 942 

10464 942 
0 942 

10464 942 
0 '942 

of 170 kg N/ha 

of 75 kg P20 5/ ha 

of 80 kg K20/hs 

62 

CI 

536 
0 

536 
o· 

536 
0 

536 
0 

536 
0 

536 
0 

/ ,.- / 

TOTAL 

\ MJ'/ha 

11656 
942 

11656 
942 

11656 
9!l2 

11656 
942 

11942 
942 

11942 
942 

. 
<II 

t 
.; 

" 
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o 6% increase in the labour require.ents. 
'\>' 

Although this may 

be a very s.all increase, the nature of .anure .akes it 

unpleasant to work with as co.pared to inorganic ferti1izer 

and this may prove to be one of the deciding factors in the 

~ selection of fertilizer type. At }he some time, .enure 

disposaI is an ever-present concern on Most dairy farms and 

the use of manure as fettilizer would alleviat~'much of that 

probl~m. Even wlth the use of such new technology as e , 

digester, the menure must stIll be disposed of and Its use 

as fertiIlzer lS the obvious solution. 

The results of this study Indicate that Inorganic 

• fertilizer use, other than as a supplement to Menure, 15 a 

very cost1y procedure ln terms of energy consumptlon. The 
. 

financiaI aspect of fertilizer use will be examined In.1ater 

sections. ". 
0' 

5.5) Herbicide and Seed Energy 

The herbicide treatments for aIl systems were the same 

and as such the energy sequestered in the herbicIde was the 

same'for aIl systems. The Atrazine applications required a 

total of 553 MJ/ha, the AlachIor was found to use 1045 MJ/ha 

~nd t~e Bentazon and Citowett, together, consumed 609 MJ/ha 

for a grand total of 2208 MJ/ha. This value- represents the 

the energy used in the production, and 

~istribution of the herbicides. Detailed calculations are 

shown in Appendix C. 

In terms of the overall energy use by each system, the 
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herbIcide ~0~t5 àmount to only 10 - the total and IS 

certolnly beneficial for the maintenance of yield levels. 

Any reduction in herbicide energy could lead to reduced 

-
Ylelds therefore herbIcide energy 15 not an Bree of grea t 

potentlal with respect to energy consèrvatl0n. ThIS IS 

partlcularly true concernlng th~ no-tili treatments where 

weed manage,ent 1S of great concern. 

The seed energy 1S the amount 01 ~ner!{y " requlred ~to 
\ ' 

produce the seed used by the system. The 'amount of ellergy 

assoCI~led ~th lhe seed 1S 2908 MJ/ha 

80000 plants/ha and was the same for 

for a seed1n~ rate of 

all systems. Any 

polenl1al savlngs gSlned from the reductlon of seed planted 

would produce lower Yleld levels and would Ilot necessarlly 

reduct' thp pner~y .. product IVlty of the system. T h P 1" (' for e , 

seed energy IS a baSIC Input and no true SaVlrlgs are 

possIble ln lhls area but the seed and herblCldp ener~y 

st) 1 1 con trI but e l 0 l h e r e sou r c e d e pIe t Ion C 3 use d" tJ V ,e a c h 

slla~e productIon method. 

5.6) Resource Depletlon 

The resource depletion caused by each system IS the 

total amount of energy required to produce the corn. It can 

be assumed that If the corn were not grown, then thlS ener"RY 

1 
wo'uld be avallable for other sectors of the economy albelt 

ln thd form ln WhlCh Il originaled. Ta b l~' 12 Cl n d F 1 li: u r-t: 

show the total amount of energy expended by each system, ln 

MJ/ha of corn grown, as weIl as the values of the varlous 
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inpu ts to the sy&te.s. 1 

The ma~imum energy consumed W8S 25599 MJ/ha for the 

conventional-sand-inorganic system. The minimum wa8 expended 

by the no-till-clay-organic system at 11247 MJ/ha. The 

difference is attributable, in Ithe Most part, to the energy 

" embodied in the inorgsnic fertilizer as was previously 

exam i ned. 

The potentlal savings by changing tillage systems 1S 

due, ln the Most part, to the assoclated reductlon ln the 

fuel consumptlon. The average potentlal saving, over the 

. cqhventlonal system, in total energy expended was 3% by 
, 

sWltchlng to reduced tIllage and 19% by the use of no-till. 

'l'he potentlal savlngs of ·no- t i Il ove r reduced tillage 

amounled to 3014 MJ/ha or 15% of the reduced tlilage energy. 

\ 

These values Indlcate the ~~bstantial savings in energy by 
.. 

the use of no-till. 
~ 

The most dramatlc savings observed ~as due to t~e ..,. 

effect of fertillzer. Wit\ aIl other factors held constant, 

the average potentlal savlngs by switching to organic 

fer~illzer from inorganic fertillzer was 
r "'\ 

syJiems using ures as the nltrogen source • 

40% in those 

This amoun s to a 

saVings of appro'xunately lo()(YOO MJ/ha across all 
) 

systems. The potentlal savings whenlamllonium nitrate is·,the 
,r / 

nitrogen source. averaged 47% which again 

expe'lllded, WhlCh 
\ 

IS due 

A' 
The dl fference Inl~hrr", eJl'1 

, :;::::..--

solely to the Iffere~ce---.r1~ 

approxlmately 10000 MJ/ha. 

fertilizer energy. demonstrates" the greBt energy onsumptlon 
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~ , of the nitrogen fertilizel;"s. 

The influence of soil type was very li.ited in aIl 

cases and only gave variations of Iess than 2% or about 471 

MJ Iha. 'Thi s indi cates t hat sail type has li t tIe ef'fect on 

the 
.. energy used for 'the production of corn silage. The 

effec t of soil type lS felt by the reduction ln Yleld and 
f 

1 

therefore has a direct effeet on the energy pFOductivity but 

is of 11mited consequence when evaluatlng the resource 

depletlon. 

The most dramatic savlngs, 'whIle malntalning the same 

soil type, lS achieved by the use of 'the no-till-organic' 
, 

system as comp~red to the conventlonnl-inorganlc. In the 

sandy loam SOlI, the possible savlngs by using ~o-tlI1 and 

organle fertilizer, was 14012 MJjha or 55% of the original 

energy expenditure. 'In the clay SOlI, the maXImum possible 

savings was 13923 MJ/ha or, again, 55%. This would indic(lte 

that potential savings of energy, at a national or 

level, by the use of the no-tlll and organic 

fertilize comblnatlbn, lB very great. This energy would not 

aIl / be ln th~ same form and can not therefore be expressed 

as a direct 'savlngs in petroleum. Nor would these savings 

aIl appear at the same level in the economy. However, these 

values represent the potential reduction in the energy used 

by the agriculture industry as whole for the produ9tion of 

corn sllage. 

Figure 4 shows the resource depletlon of each system as 

expressed ',.OD a per hectare basis. The dIstinctive trend 
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associated with the fertilizer use i5 very noticeable slong 

with the reduc~iQn of energy assoclated with the reduction 

of tillage. 

While the resource depletlon caused by each system lS 

of interest, the maximum corn sllage productIon based on 

en~rgy Input lS an even more Important parameter If energy 

consumptlon lS to be reduced ~ith constant or Increased 

productIon levels. ThIS IS examlned ln the n,ext sect 1011. by 

the comparlson of the energy productlvilles of each system. 

5.7) Ener~roductivity 

.-1 The energy productlvlty lS the relationship between the 

( 0 ut put 0 f e a c h s ys t e ma? d a 'u nIt 0 fIn p il t en erg y . l t '1 sus e d 

to compare the systems ln teqns of thclr rplatlve 

productlVl:tles and to determlne the most effICIent sys t em 

VIs-a-VIS energy use. The calculated energy productlvltles 

of the systems are shawn in Table 13 and Flgurp 5. Aiso 
J 

shown ln Table 13 are the output t~ Input ratIOS for nll of 

the systems. The output IS determlned by convertlng the 

yield 'of sllage ta energy Jus'lng ]2.9 MJ/kg (Knapp, 19UO). 

The highest energy productlvlty of aIl of the systems 

examined was found ta be that of the no-tl11 ,'or:ganIcally 

fertillzed system ln a clay soi1 at 0.96 kg/MJ. The lowes t 

return ~or energy Input, at 0.39 kg/MJ, was found to be the 

productlVlty of the conventlonally tilled 

f~rtillzed system ln the sandy Ioam SOlI. 

In general, energy product~vlty was found to lncrease 
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Table 13. 

17 

SYSTEM 

-~ 

eSI 
CSQ) 
CCI 
CCO 
RSI 
RSO 
Rel 
RCO 
ZSI; 
ZSO 
ZCI 
zeo 

----

.. 

~ / -

, , 

Rnergy Product,i vi ty of Rach Syste •• 

' Y lE LD ENERGY PRODUeTIVITY 
kg/ha 

10100 
11280 
11860 
1252.0 

", 1 0820 
11060 
11960 
11530 

9620 
9570 

11560 
10830 

1 
1 

/ 

/ 

MJ/ha kg/MJ 

25599 0.39 
15843 0.71 
2'5170 0.47 
15251 0.82 
24825 0.44 
14906 0.74 
24273 0.49 
14292 0.81 
21854 0'.44 
11587 0.83 
21553 0.54 
11247 0.96 
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OUTPUT/IN,PUT 

5. Il 
9.22 
6.10 

10.63 

J 
5.64 
9.61 
6.38 

10.45 
,,-.5.70 
10.69 
6.94 

12.46 , , 
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with decreasing tillage. The poorest vroductivities were 

cslculated to be those associated with the conventionsl 
9 

tilLage systems which had on average productivity of 0.60 

kgjMJ. The reduced and no-till systems dld better with 

,\ average values of 0.62 and 0.69 kg/MJ respectlvely" 

All other pBrameters being equal, switchlng from 

conventional to reduced tIllage gave ah average Improvement 

in the productlvlty of 5%. The greatest Increase, at 13%, 

was found to be ln the lnorganlcally fertillzed sandy loam 

system. The 1east effect was found to be ln the organlcallY 

fertillzed clay comblnatlon where productlvlty actually 

decreased by 1% when the reduced system was app11pd. ThIS 

r-eductlon can be explalned by lhe fact that the 

conventlonally tllied organlcally fertllized clay system had 

the hlgh~st Yleld of aIl t~eBtrnents and the reductlon ln 

energy use associated wlth the reduced tIllage system was 

insufflcient, in comparlson to the reductlon ln Yield, in 

order to increase the productlvlty. 

When comparlng conventlonal to no-tlll, 
/ 

the no-till 

gave productlvltles that were an average of 16% hlgher. The 

biggest improvement ln productlVlty was found ta be ln the 

organlc systems where the use of no-tll1 Increased the 

product i v l1y by 17,.. The smallest'improvement was in the 

inorganically fertllized sandy loa~ system in both soils 

where the Increase in productlvlty was 13%, sb 11 a 

respectable improvement. The P~Oductlvltles of the no-tlll 

systems as coœpared to those of the conventiona1 are much 
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b.etter even after accounting for the reduct ion in yields 

caused by the use of no~till. In the most part, these 

improvements in 
',>or. 

the productivity are due to the reduced fuel 

consumptlons ass'ociated wlth the no-till systems. The 

machlnery energy is also lower in the no-till system WhlCh 

a gai n con t r_l but est 0 I t s su p e rIO r pro d u-c t I VIt les. 

The no-qll system waa, on the average 10% more 

productive than the reduced Lilluge system. The maXImum 

Improvement was determlned ta be ln the organlcally 

fertillzed clay soil system where the use of no-till 

produced a 18% Improvement ln the productlvlty. ThIS 

dramatlc Improvement can be attrlbuted ta the reductlon ln 

fuel jnd machinery energy with no slgnIflcant dlfferences ln ,. 
the pelds. The lowest Improvement ln productlVlty by the 

use of no-tlll over reduced tIllage was ln the inorganlcally 

fertillzed sandy loam system where the prqductlvlty showed 

no change. 
-, r 

ThIS lack of Improvement ln the productlvlty lS 

explalned by the reduced Yields associated wlth the use of 

no-tlll in the s~ndy loam 5011. 

These results show that the use of a no-tlll system can 

improve the energy productivity of corn sllage regardless of 

the type of fertilizer or soil. This would indlcate that on 

a greater scale, provincially or nationslly, 
1 

the trend 

towards no-till should be encouraged if ener,y conservation 
,1 . 

ln corn sllage productlonis to be reallzed. 

Fertilize~ type caused the most dramatic change ln the 

energy productlvity. The average energy ptoductivity for 

~3 ' 
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sys tems us ing 'i norgan i c fert il izer was found t 0 be 0.46 

kg/MJ while the organic systems gave an average productivity 

of 0.81 kg/MJ. This tremendous discrepancy can be explained 

by the vast amount of energy sequestered in the nitrogen 

fertilizers as described in previous sections. 

Across systems of slmllar treatments,~ the average 

increase ln the energy productivlty caused by using organlc 

fcrtl11zer A was 76%. The greatest Improvement'was found to be 
t' 

ln the no- tIll system in the sandy loam sOlI where 

productlVlty wus found ta be 0.44 

fer,t llizer and 0.83 kg/MJ for the 

kg)MJ fO~n~ganlC 

organic system. ThIS 

amounts to an improvement of 88% in the productlvlty. The 

least lmprovement was f0und ln the reduced tIllage system in 

the clay sOlI where the productlvlty was stIll lncrea~ by 

a substantlal 65%. 

The energy productivitles illustrate the tremendous 

energy cast of uSlng lnorganic nitrogen sources. The yields 

of the two fertillzer types were show? to have no 

dlfferences and as such the effect of the 

Inorganlc fertillzer only serves to reduce the productivlty 

> of'comparable systems. These results would indlcate that the 

If use of Inorganic nltrogen shou~d ~e severely scrutinlzed 

energy consumption is to be lowered during the production of 
r 
corn silage. 

The effect of SOlI type on the energy productivlty Was 

such that the production of corn silage waB more effIcient 

in the èlay SOlI. The average productivity was found ta be 

! 
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0.68 kg/MJ, ln th~ clay sOlI whereas the sandy loam soil 

returned an average of 0.59 kg/MJ. The differenees in the 

results are attributable to the superlor Ylelds ln the clay 

soil, as shown in Tables 7 and 13. 

The avera ge 1 i mprovemelnt ln the productivltles of 

Slmllar systems aeross sOlI type W8S found to be 16%. The 

g'reatest ITlCre!lse was ln the Inors;(aTlICHlly fertillzed 

conventl<Jnally ttlled and no-till systems'where the clay 

u 
soil performed more thHn 20% better thHn dld the sandy loam. 

The least lmprovement was in the reduced organlc comblnatlon 

where sOlI type onf y created a 10%, dlfference ln the energy 

produetlvlty. The dlfferences belween lhe saIl types can b'e 

explalned by the lower Ylelds assocl!~ted wlth the sandy lQam 

sa lI. 

The dlfferences ln the productlvltlcs, cHused by sOll 

type: ,are of Ilmlted value because the Lirmer rarely has the 

op1 1 UII o f s p 1)e ct 1 fi Ir s Cl lIt Y pet 0 (Il) \' g r- t' il t t'xtent. 

SOlI types, the most energy effICIent production method was 

found ta be the no-tlll organlcally fertillzed comb 1 nà" 1 on 

WhlCh gave productivitles of 0.83 kg/MJ ln the 
1 

sandy loam 

and 0.96 kg/MJ ln the clay saIl. 

Overall, these results Indlcate that the use of no-tlll 

ln conJunctlon wlth organlc fer1111zer hHS tremendous 

patent laI for the conservatIon of ~nergy whlle produclng 

equal flmounts of sllélge. The energy proctuctlvlty of a nu 

till organle fertillzer system Islan average of 108% better 

than 

( 
1 

1 
R convent10nally tilled Inorganlc system regardless of 
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soil type. The adopt ion of the no--tIlI system would requ1re 

a 10% lncrease in the la~d worked as weil as addltional 

labour but at a natIonal level the Impllcat10ns w1th respect, 

to energy conservatIon are tremendous. 

Naturally the no-hll or organlc 

fertillzer 15 a declslon made by the farmer. This declslon 
1 

lS not made on the baSlS of eneq(y US(~ hut on economlCS. 

Ther-efore. the finances of Ithe varlous systems will be 
1 

exarn1ned ln the follow1ng sectIons ln arder to flnd the 

,system most llkely to be Implemented. Examloed flrst are the 

labour requlrements of the 1ndfvldunl systems und the ImpHct 

of the tillage systems and/or fertillzer cholce. 
/ 

hll. Labour 

The labour assoclated w1th a partlcular syatem lS of 

Importance to the farmer as Ilt IS one of hlS 

1 n p li t~. and 1 S. lhcrefore, a factor when decldln)/, 
1 

on. t Ilf" 

productIon meLhods to be used. The calculated labour values 

for alliof the systems are shown 1n Tahle 14 And FIgure O. 

IDetalled calculatlons are shawn ln Appendlx D. 

The results of the calculations l nd l coate that the 

maXImum amount of labour 15 assoclated w1th the conve,ntlonal 
1 

Rnd organlc fertlllzer combInat Ion Wlth 7.72 h/ha 

requlred lo complete aIL the tasks ln bath SOI~S. The least 

labour IntenSive productIon method WHh fo~nd to bc th~ Tl '() 

tIlL 
i 

InurgBnlc811y fertillzed system at 5.58 h/ha. 

The amount of labour requ1red W8S found to Increase 

1 
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Table 14. Labour Requireaenta of Bach Sye te. Based on One 
and 25 ha of Corn. 

SYSTEM 

CSI 
CSO 
CCI 
CCO 
RSl _ 

" RSO 
RCl 
RCO 
ZSI 
ZSO 

;' ZeI 
'zco 

" 

", ' 

LABOUR 
h/ha 

1 

7.26 
7.72 
7.26 
7.72 
7. 12 
7-.57 
7. 12 
7.57 
5.58 
6.04 
5.58 
6.04 

77 

LABOUR FOR 25 ha. 
h 

181. 58 
192.91 
181.58 
192.91 
178.03 
189.36 
178.03 
189.36 
139.58 
150.92 
139.58 
150.92 

.' 
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with increasin, tiUa,e. The conventional systeas were/' 

calculated to require an aver~ge of 7.49 h/ha as coapared ta 

the reduced and no-till systeas which required averages of 

7.34 and 5.al h/ha respectively. 

Comparing across similor systems, the reduced tillage 

systems were found ta save only 2% of the labour required 

for the conventional systems. This can-be explained by the 

reduction of only one pass ln the reduced systems compared 

to the conventlohal. 

implementing ~0-til1 

The potential 
1 

as compared to 

labour savlngs by 

\ 
convenllonal tillage 

were found to be approximately 22%. ThIS is due t~ the 

substantially reduced field work assoclated wlth the no-tl11 

system. The benefits of applYlng no-tl11 are almost as great 

°when It lS compared to reduced tillage. The no-tl11 labour 

requirements were found to be 20% less than those of 

reduced tillage. 
. 

Although the benefits of no-till in the area of labour 

are ,reat, thé reduced yields of the \o-ti11 systems would 

necessitate the worklng of approxlmately 10% more land 

thereby decreasing the savlngs ln labour. Howev~,r,' even 

after applying the addi tional land requuements. the no-ti11 

systeas still have an approximate 10% saving in labour over 

the conventional and red~ced systems. 

The use of organic fertilizer ~as foun~ to lncrease the 

labour requirements. The average labour requirement for the . 
inorganic systems wos 6.65 h/ha whlle the organlc systems 

were fourrd to require an 8,\erag e of 7. Il h/ha. The increase 

79 , 
\ 

~ ._- - --_ •. - ------_ .. ,"" . 

\ 
\ 

\ 

\ 

\ 

\ 

\ 

1 . 

-~-~--------...;",,----



/ 

ln labour 
1 1 

f 0 r',,-:,"'; 0 (' g fi n 1 (' fert IIJ,zat Ion over Slmllar 
..... 

Inorg8J11cally fertillzed systems was found to amo~ ta 

'-~ 

approximately 6%. Thls difference lS due ta the greRter tlme 

" requlred ln the fIeld with the manure spreader as compared 

to the broHdcaster 

These values <1nly Include the BC tUAI fIe ~d tlmt:' 

because mnnure would requlrp disposai rcgardlqsc; of 

fprtlllZf'r typ(>. 

SOlI WBS' determ 1 n!:'d t () hAVP no 'f'fff'ct on IHbour 

requirements 1 n that the worklng limes o t variOus 

1 m pie IlLe n t s WOU 1 d b eth (' ~ fi m pre g fi r cl 1 e & s il t SOI Iyp(' 

The leBsl labour IntensIve cor rJ sIlap;e production 

method was found to h(' Ih!' no tl11 lTIOrgHnlc comblnatlon ftt 

5 5H h/ha However, lflhour 15 /inly pflrt o,f the total inputs 

f rom th (' P ers pee t 1 V {'of t h (' f 101 r m t' r- Thf' labour rf'qulrements 

dlscuss.ed "above. fl r' e 1 n (' 1 u cl e d d spa r t () t totfll cosls 

r. 
assoc Ioted W J t h P!H h P 1 il du ( 1 1 () Il m .. 1 h () d wh J( Il a r t.r d f' fi 1 t w 1 1 Il 

ln the next section. 

5.9) Cast AnalYS1S 

The total flnanclal cost Incurred durlng the productIon 

of the corn sllage lS of great Interest ta the farmer and lS 

often uscd as ft prIrlClpIe conSIaerl:lt Ion f CI r the 

determlnatlon of the productIon method to be used The vleld 

t H rm<> l' 

and 1 S examlned ln the next sectlon. The total costs for 

( each system were calculated, as shown in Appendlx E, and the 

80 
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each syste~ were calculated, as shawn in Appendix E, and tbe 

results are listed in Table 15 as'well as 
" ~ 

Figure The 

total costs were broken down int~ four distinct groups being 

machine. fuel. labour and inputs. The inputs grouping 
/----

~includes th"e costs of the fertillZer, herbicide and seed. 

---------

i 
\ 
t _t ____ ~~~ _ ~ 

~The machIne costs were most expenSlve lnput, 

accou~ 1 ng for almost 70% of the total costs ln aIl systems 

The mAf.!1 1 np costs conslst of t~ total amount of capItal 

spent for the machInes depreclated over their lIves, 

repRlr and 

Insurance 

malntenance costs, 

Salvage 
j 

values of 

Interest rate of 14% was used. 

Interest and taxes 

10% were Bssumed and 

Taxes and Insurance 

the 

and 

an 

were 

calculated as 2% of the prInclple cast of the machIne 

ann ua Il y'. 

The machIne costs ranged from $784.30/hr ta $531.82/ha 

for the convenlionai-organic and the no-till-lnorganlc 

systems respectively. fhe ~ajor difference~ werè due ta the 

increased machlnery requirements of the conventional system. 

The average machine costs for the conventional tillage 

systems was found ta be approximately $748/ha while the 

reduced was s}lghtly less at around $714/ha. This dlfference 
. 

is because of the lower c~t of the chisel plow as compared 

ta the moldboard plow and the lower use of the dlsk\harrow. 

The 'no-tiii system showed the least machinery expenditure, 

at approximately $567/ha. The savings is a result of the 

redtn:ed capItal expenditure required for the machinery in 

the no-tiii sy~tem. 
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Table 15. Total Financia1 Costs of Bach Syatea (1984 
dollars). 

SYSTEM MACHINE FUEL LABOUR INPUT TOTAL 
COSTS COSTS COSTS COSTS eOSTS 

$/ha $/ha $/ha $/ha $/ha 

CSI 713.30 74.77 58. 10 356.96 1203.13 
csa 784.30 83.09 61 .73 208.34 1137.46 
CCI 713.30 70.72 ~8. 10 356.96 1199.09 
CCO 784.30 '77.51 61 .73 208.34 1131 .88 ' 
RSI 678.94 67.69 56.97 356.96 1160.56 
RSO 749.94 74.17 60.60 208.34 1093.35 
RCI 678.94 62.19 56.97 356.96 1155.36 
RCa 749.94 68.69 60.60 208.34 1087.56 
ZSI 531.H2 38.33 44.67 378.01 992.83 
ZSO 602.82 44.53 18.29 208.34 903.99 
ZCI 531. 82 35.50 44.67 378.01 990. 00 
zeo 602.82 4 l .33 48.29 208.34 900.79 

, , 
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The inorganic syste.s had an average machine cost of 

$64l/ha while the organic systems were found ta need $7l2/ha 

of machinery. The difference here is attributable to the 

greater capi tal cost of the .anure spreader as compare,d ~ 

the broadc~ter, shown in Table 5. 

Similar systems across soil type had equivalent machine 

costs because the machinery reqqired is dependent on the 

production method used and IS not influ~nced by sOlI type. 

The 

$0.45/1. 

fuel costs were calculated u~ing a unit prlee of 
$ 

The fuel costs accounted for only about 3 to 7% of 
c 

the total costs. The dlfferences ln fuel consumptlonS wer~ 

dlscussed ln a preVlous sectIon. 

The labour costs also' had Ilttle effect on the tolal 

eosts as labour account~d for only about 5% of the total 

costs for aIl systems. 

The Inputs, including aIl fertilizers, herbicides and 
l 

seed were the second IDost important contributor and also ha~ 

great variations between systems. The detailed calculations 

of the input costs along with the unit priees are shown ln 

Appendix E. 

The input costs had two distinct groups, the 

inorganically fertilized and the organically. The organic 

inputs, ,at $208.34/ha amounted-'to approximately 2e% of the 

total costs for aIl organic systells. The additional costs 

incurred thrQ~gh the use of inorganic fertilizer amounted to 

a 75% increase in' the input costs. The inorganic systems had 

total Input costs of either $356.96/ha or $378.01/ha, 
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depending on the nitrogen source, and thfS accounted for 
, , 

approxi.ately 35~ of the total costa in those systems. 

The .ost costly system. overall. was determined to be 

the conventional tillag~ and inorgani, fer t i 1 i z e'r 
, 

combination in a sandy loam with total expenditures of 

$1203.13 per ha of corn grown. The least expens i ve 

productIon system was the no-tiii orgenic in a clay soil 

which required only $900.79 per ha from planting to harvest. 

The maJor reasons for these differences are the lower 

machine costs assoclated with the no-till and the reduced 

amount of purchased Inputs. 

The average per hectare costs varled very littie from 

the conventionai systems to the reduced, $ll70/ha as 

compared to $1148/ha. The no-tIll systems cost substantially 

less with average total expenditures ~f $946/ha. The 

reduction in costs associated with the no-till system is the 

combined effect of lower machinery requirements, lower fuel 

costs and reduced labour input. 1 

The Inorganic systems averaged $IlI6/ha and the organic 

syste~s $l042/ha. The apparent gains in reducing the 

fertilizer costs in the ôrganic systems were almost 

nullified by the increased machinery, fuel and labour costs 

associated with .anure use and accounted for the only 6% • 
difference between fertilizer types. The difference caused 

by fertilizer ty~ was more pronounced in the no-till 

systems where the total coste were lower and the. inorganic .. 
fertilizer costs slightly higher., The result being that thè 
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organic fertilizer no-tl11 .y.te •• vere an average of lO~ 
) 

lese cOBtly than ~he inorganic a,ate.a: 

Soil type had al.ost no effect on the t6tal coat 

incurred by each Bystem 8S the sandy 108. systems a.veraged . .. 
~ total 19t5 of $I081/ha and the clay sfstems cost $1077/ha. 

~h least expensive systells, overall, were the no-till 

organl system at $903.99/ha in the Bondy lo~m and $900.79 

in the clay. 

Total cast IS not, in ltself, a valld parameter for the 

sel e.c t ion 0 f a production system. The effect of the 

production method on yield must be àccounted fo~ and as such 

the next seetlon combines the two to determlne the Most 

prod~tlve system ln terms of kilograms produced per unit 

dollar Input. 

5.l0} Financial Prpductivity 

The 'firiancial productivity should be the parameter used 

by the farmer ta select his production aethod. This value 

shows the most profitable system ta produce the re-quired 

,-allount of corn 8 il age and is found by divlding the yield by 

\ thl total costs associated with the system. 

....... Table 16 and Figure 8 show the resul ts of the 

calculations of financial productivity. The least expensive 

COrn silage wa8 produced by the no-til1 organlc system in a 

clay sail which was found ta have a productivlty of 12.02 

kg/S. The .ost expensive silage was produced, by the 

conventional inorganic syatem where only 8.39 kg of silage 
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Table 16. ;inane.!.l Pt-oduetivity of Rach Syste. Basad on 
$ 0.45/ Litre Fuel. $ 8/hr Labour Cost and 14' 
Intereat. 

SYSTEM YIELD COST' PRQDUCTIVITY 
kg/ha $/h8 kg/$ 

eSI 10100 1203.13 8.39 
eso 11280 1137'·46 9.92 
CCI 11860 1199.'09 9.89 
CCO 12520 1131.88 Il.06 
RSI 10820 11eO.56 9.32 
RSO 11060 1093.35 10.12 
Re I 11960 1155.36 10.35 
RCO 11530 1087.56 10.60 
ZSI 9620 992.83 9.69 
ZSO 9570 903.99 10.59 
ze 1 11560 990.00 Il.68 
ZCO 10830 900.79 12.02 

~ , . 

J 
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was produeed for each dollar,put into the syate •• 

Acroa. tillage treat.eDt., the productivity rose with 

decrea8ing tillage. The conventiona1 syste.s produced an 

average of 9.82 kg of silage for each dollar while the 

reduced and no-tif1 systems produced averages of 10.10 and 

Il.00 kg/$ respectively . .. This indicates that the no-till 

systems can produce 12% more sllage, than the conventional 
.> • 

systems, for every dollar spent ln production costs. ThIS, 

ln turn)- 1 S translatable dlrectly lnto profIts for the 

farmer. The sup,erlority of the no-tIll lS aga1n evident when 

cost lB the major concern. 

The effect of fertillzer 
1 

type on the flnaneial 

productlVlty was that the orgenie systems were slightly more 

productIve than the Inorganlc systems based on· average 

produetlvitles of 10.72 to 9.89 kg/$. The dlfference here iB 
\ 

due mostly to the d1fferenees ln the yields as was 

previous1y observed. 

The clay soils, w1th tneir higher yields, returned an 

average produetlvity that was hlgh~r than that of the sandy 

loam system. The clay systems produeed an ~verage of 10.93 

kg of silage for every dollar spent while the sandy loam 

syste.s only produced an average of 9.67 kg/S. The 

difference here waB due pri.arily to the difference in the 

yields as the total coata of the two soils were al.ost 

equal. 

Within the soils, the no-t1ll organie system W8S the 

productIve in ter •• of the money spent to grow the 
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corn. In the clay soil. the no-till organie .yate. produeed 

12.02 kg/$ and the second most productive system was the no-

till inorganic systea which produced Il.68 kg/$. The least 

productive' system was the conventional inorganic whieh· 

returned 9.89 kg/$. 

In the sandy Ioam sOlI, the no-tlll organic system was 

found to have a productivlty of 10.59 kg/$ and the reduced 

organic system was the second most productIve at 10.12 kg/$. 

The worst system, ln the sandy loam sOlI, was the 

conventlonsl Inorganlc system WhlCh relurned only 8.39 kg of 

sllage for each dollar put ln ta the system. 

These results show thAl farmers shouid conslder no-till 

as a vlable, if not superlor, tillage system for the 

productIon of corn sllage. When used ln conJunctlon with' 

~ . organlc f ef' fIl 1 Z e r • no-till cao reduce production costs by 

up to 20% over conventional inorganlc whlle producing the 

same amount of sllage. The benefits of no-till and organic 

fertilizer in the Bres of fInances are directly related to 

the profitabillty of the operatIon as a whole. 

The use of no-tl11 and organlc fertillzer ié on~y 

possible when the addltlonal land required is available_ at 

no added expense. If the additionai land must be rented or 
• < 

purehased then the financial benefits of no-till and-organic 

fertllizer may not bè observed. This is. of course, totally , 
dependent on the operation of the farm as a whole and the 

• 1 
deeision on tillage system must be made accordingly. 
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( VI 

SUMMARY AND CONCLUSIONS 

JThis analysis used in-depth calculations of thè energy 

sequestered in the inpyts into corn silage productIon and 
, 

actual yields of those productIon systems to determine the 

most effIcIent system ln terms of resource depletion. The 

Ylelds were also compared on the basls of the fue 1 

consumptlon of each system. The costs wer~ determined for 

each of the systems and were related ta the Ylelds produced 

to determine the MOSt effICIent system based on flnanclal 

productivlty. The productIon systems analysed lncluded three 

1 ev e 1 s 0 f t III age. t wo type S 0 f fer t III Z e r and t W 0 d 1 f fer e n t 

The fIeld experlment was performed durlng the 

1983 growing sesson. 

The energy inputs were broken dnwn Into IndivIdual 

sectIonS under the headings of machinery, fuel, seed, 

fertilizer, and herbicide. The machinery energy consisted of 

three inputs which were embodied, fabricatIon and repair 

energy. These values were added together to flnd the tot'al 

energy incorpora t ed in to each mach i ne throughou t i ts en tire 

) i fe Bnd this energy WBS then depreciated over the 1 i fe of 

the machine. The depreciated energies of the operations were 

added together to' find the total machlnery energy required 

for ~ach syste •. ~n a per hectare basis. 

( , 
The fuel consuaption was calculated for each operation. 
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in eacb soil. From thia, the total fuel require.ent fôr each 

syst.. was found and converted to energy uaing a standard 

conversion rate of 47.8 MJ/L (Cervinka, 1980) . 

The seed. fertilizer and herbicide energies were found 

by converting each application rates into the net energy 

sequestered ln each substance. Man ure was ~ssumed to have no 

net energy cost because i t i9 Ji by product of the farm and 
, 

the energy sequestered in it wou 1 d be accounted for 

elsewhere. 

AlI of the above energies were summed to glve the total 

resource depletlon cause.d by each system. The energy 

productlvlties were calculated by dividing the Yleld 

obtalned from each system by the resource depletlon . 
caused. 

The most efficient system vis-a-vls energy consumption 

was the no-till organic system which produced productivities 

of 0.83 kg/MJ in the sandy loam sail and 0.96 kg/MJ in the 

clay. The least efficient system was the conventionai 

tillage and inorganic ferti 1 izer system wh.i ch gave 

product i vit les of less than 50~ of those from the no-tiii 

organic combination. 

Fertilizer bad a tre.endous impact on the energy 

producTivity because of the vast a.ount of ene~gy __ used, in 

the production of inorganic nitrogen sources. The 

inorganically fertilized systems were almost always 50% less 

efficient tban comparable o~ganically fertilized 

use of inorganic ferttlizers had little effect The 
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yield but accounted for over 10000 MJ/ha or nearly 50~ of 

the total energy expended. 

In ter.s of en~rgy use, the no-till systeas showed 

great potential for the conservatIon of energy whlle 

maintaining yield levels. The use of manure as the nitrogen 
"1 

source· has fantastlc potential for conservlng the energy 

requlred to pr6duce corn s11age whlle, at the same tIme, 

eliminatlng dIsposaI problems and lmprovlng the SOlI 

structure. , 
\ 

The most efficIent system ln terms of sIlage produced 

per dIesel fuel Input wes the no-tiii lnorganlc system 

regard1ess of 5011 type. ThIS system returned 112.9 kg/L ln 

the san d y 1 0 Q,'m 's 0 lIa n d 1 4 6 . 5 k g / LIn the C 1 a y . 
"-

The second 

most effICIent system was the no-tIll system ln conJunctlon 

with organic fertIllzer. The con ven t lons1 tillage system 

returned the lowest yield per fuel 

50% of that of the no-tlll systems. 

system performed sllghtly better 

input at ~ximately 

The reduced tillage 

thsn the conventionai 

syst~m but was quite poor when compared to the no-till 

system. 

The results indicale that substantial reductions in on 

farm fuel consumption are possible with the use of a no-tipI 

tillage system. However, the use of organic fertilizer---

caused an average increase in the fue.l consumption of ll~ 

indicating a drawback to the Implementation ~f organic 

fertilizer systeas . 

. The cost analysis waB performed on the basis of a 14~ 

o • 
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Interesl rale, $8.00 per hour labour costs and SO.4fi per 

Iltre dIesel fuel ëôsts. The expenses fe Il lnto four 

4 , categories belng mti~h i ne. fuel. labour and Input costs where 

the lnput costs Included fertillzer, herblcide and seed 

(,08ls, Manurf', was Rssumed to be a by product, of the farm. 

The machine costs were found bv taklng an average of 

pr If PS • liS quoted by l'ive eastern OntariO and 

depreCi(Jtln~ these costs over the Ilfe of lhe machlnp. The 

IrIdC hl flf' 
\ 

( () S t f.. H«(ounted for 70% of the total pxpensps for 

ail s)stems studled and averaged $676 83 per hectare of corn 

) 
p;rowll IbHSP<! on 25 ha) Thu no-Illl systems had the lowest 

machine rosts at $567/ha while the conventlonal was the mast 

exppnslv(' Rt 1 The fuel costs amounted,. to only about 

(,1 t hl' t ()té'! j ('osls and labour was even less th cl n t h ft t 

Th!' Inputs amounted to Just over $350/hH for the Inorll;anl( 

c; v., t cm d Il d t Il f~ () r g a n les V ste m s ha d 1 n p u 1 f' a s t 5 n f a 

The mast productlve system ln terms of flnanc.es. 

assumlng zero~manure cos t. was the no~tlll organlc 

C'omblnatlon whlch produced 12.02 kg of dry matter per each 

do l 1 ar spent I~ lthe clay sol1 and 10.59 kg/$ ln the sandy 

loam. least productlve WBS found t (l be the 

conventlonal InorgBnlc system WhlCh produced an average of 

~.14 kg/$ ét< ross both s011s. 

Il H S pd 0/1 t h t' /- e sul t S 0 f él lit h r (' (' crI ter] Il. t h (' n li t il 1 

organlc fertillzer combinat'lon proved ta be the most 

effIcient. These results ind1CBte that substant1Rl Bmounts 

94 

---",-~_ .... - .. _ ..... __ ._",;; ____ pa--_ .. aL __ ..,._",, __ ""_ ._.., •• , ___ - ___ _ 
................... *' ... cs 



t 
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( 

of energy can be saved by the ImplementatIon of a no-tIll 

tillage system and organlc fertillzer. The energy saved 

would be ln varlous forms; natural gas from the productIon 

of lnorganlc fert i llzer, electrlclty from the machlnery 

fabrIcatIon plants and dIesel fuel from the fArm. ReRHrdlpss 

of the form of the energy the savlngs would st li 1 be 

RVHIlablp 

therefore 

consumed. 

The 

systems 

to o t hl' r 
1 

\ 

sectors 01 th (' e( onornv and 

reduce the amount of Irreplaceablp fossll 

major Impptus for the Implemen.tatlbn of 

by the farmer 1 S the patent lai reductlon 

would 

1 ue 1 

these 

1 n 

product) on costs The results show that the comblnatlon of 

no-tlll and manure can Indeed savp the fermer 1D0ney wh Ile 

produClnp, t h t' SHmt' arn()unt of corn sil il g(' AlthouRh th<:> 

flnanclal benefits are the major draw ta the ImplementatIon 

of th(~se systf'ms, t h<' loi III dlso IPCeIVl' t h t' 

addltlonal beneflts assoclated wlth n <) t 1 1 1 allrl OIjJ,BllIC 

f~rlllizer use such as Improved SOI~ structure, 

erOSlon a\d Improved tlmellness for the field operatIons, 

The major conslralnl a~sOcIHted wllh the no-lll1 and 

organlc system 1S the reduced Ylelds achleved. The 

ImplementatIon of lhese systems ImplH's thf' worklng of more 

land ta produce lhe same adlount of sllage at reduced cast 

" 
and energy. 1ft he ad dy t Ion ft lIa n dis pre s (' n t li n d a v ail fi b ) e 

tt'ten lhe no-tlll orgallic comblnallOIl 15 thp most productIve 

system ln terms of money or encrgy. 

" 
95 
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( VII 

SUGGESTIONS FOR FURTBBR RBSBARCB 

The results of this analysis are very promising for the 

use of no-till tIllage treatments and organic fertillzer. 

However t~e results are based on the yields obtalned durlng 

p;roWln~ 

growln~ seasons 

season only and can only reflect 

such as that. This would lndlcate .. 
upon 

that 

addItlonal ylt--ld results are requlred ln arder ta betler 

evaluate the dlfferent 

amount of slla~e produced. 

productIon systems Vls-a-Vls 

• 
'," 

Another beneflt of further field studles would be 

IndIcatIon of the long term effects of no-tdl on 

the 

the 

the 

yu"lds. The results of thlS study were based on Ylelds 

produced during the second year of productIon wlth a 

system and the long term effects of a given tillage practlce 

or fertillzer treatment need to investigated. These effects 

Include the SOlI temperature and humidity and any addltlon~l 

dlsease or Insect problem associated wlth no-tlll use. Some 
1 

problems were encountered with seeding in the flrst year of 

this proJect and Investig~tion into the problems of no-till 

planting should be examined. 

There is limited benefit in the closer examination of 

the fuel consumptions associated wlth the varlOUS treatments 

because of lts limited effect on the ,overall energy 

consumptlon of each system. 
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An area of great potential is the use of .anure as the 

nitrogen source for the plants. Further research in this 

area could include the examination of the use of digesters 

whereby ~he man ure produces energy and the effluent from the 

digester is used as the nltrogen source for the plants. This 

system would have the mHnure servlng two roles wlth regard 

to energy conservation. The rlrst belng the ellmlnatlon of 

energy Intf'nSlVf' 1 norgan 1 ( fert i Il ZE'rs ~nd secondly thE' 

production of methane whlch could ln turn reduce the dIesel 

fuel requlrempnts. 

The effects of prlce changes could be exsmined ln arder 

to observe the the effect on the flnanclal productlvlty and 

to determlne at what prlCPS thf' no-tll1 Inurg;tnlc ceases to 

be the most efficient system overall. This wodld then creste 

the sItuatIon whereby one productIon system may be the most 

effICIent ln terms of energy but unlikely to be implemented 

because of economiCS. From that one COUld investigate the 

use of subsidies or tariffs on certaIn Inputs which would 

ensure that the most energy efficient was also the most cost 

effective thereby promotlng Its use. 

An Identlcal experiment could be run on grain corn 

employing the same techniques applied here. This would 

de.ons~r8te the effect of tillage, fertilizer and soil type 

on the efficiency of graIn corn production and may indicate 

that the most effICIent silage corn production system may 

not be the rooat effICIent for graIn corn. 
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TABLE A.1 Total Machlnery Energy. 

MACHINE MASS 
kg 

CONV.EMB* EMB.ENR. CONV.FAB .• " 
MJ/kg MJ/kg MJ 

97 kW Tractor 
47 kW Tractor 

Planter 
Moldboard Plow 

Chisel Plow 
Dlsk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 

97 kW Tractor 
47 kW Tractor 

Planter 
Mo1dboard P10w 

Chlsel Plow 
Dlsk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wa gon s ( :i ) 

7156.00 
4382.00 
1700.00 
1137.00 
1050.00 
1750.00 

50 00 
1052.00 
1725.00 
1200.00 
3945.00 

49.60 
49.60 
62.80 
62.80 
62.80 
62.80 
62 80 
62.80 
62 80 
62.80 
62.80 

FAB.ENR. EMB.+FAB. 
MJ MJ 

104692.2B 459b2Y.HB 
64108.66 2811\')') H6 
14671.00 121431 00 
9812 31 81215.91 
906].50 75001.50 

14612.50 124512.50 
369 00 3509.00 

7763.76 73829.36 
12730.50 121060.50 
15708.00 91068.00 
24774.60 272520 bO 

-----------------------~--

TAB** CONV HEl' 
MJ/kg 

354937.60 
217347.20 
106760.00 
71403.60 
65940.00 

109900.00 
3140.00 

66065.60 
108330.00 

75:160 00 
247746 00 

14.63 
14.63 

8.63 
8.6~ 

8.63 
8-.35 
7.38 
7.3B 
7 38 

13.09 
6.28 

ADJUST. ADJ.TOTAL 
FACTOR* MJ 

0 H2 376H9fi.50 
0 82 230793 81 
0.82 99573 42 
0 82 66597.05 
0 82 61501 . 2:{ 
0 82 102100 25 
() 82 2H77 :~ H 

0 H2 60540.08 
0 H2 99269.61 
0.82 74675.76 
0 82 2 ~ :l tH; 6 . fi 9 

- - - - - - ------~---- --

IiEI' ENIi. TOTAL ENH 
MJ MJ 

-------------- ------- -- --------- - - --- ------------- --- ---

97 kW Tractor 0.89 0.33 134993.30 511889.80 
47 kW Tractor 0.89 0.33 82663.59 313457.39 

Planter 0.76 0.33 30454.89 130028.31 
'Moldboard Plow 0.93 0.33 24925.1f; 9152.2.2] 

Chisel Plow 0.93 0.33 23017.96 84519.19 
Disk-harrow 0.93 0.33 38212.89 140313.14 

Sprayer 0.76 0.33 880.06 3757.44 
Broadcaster 0.91 0.33 22170.96 82711.03 

Manure Spreader 0.46 0.33 18376.98 117646 5Y 
Forage Chopper 0.61 0.33 18331.99 93007 7 [) 

Fotage Wagons (3 ). 0.76 0.33 68348.17 291815.06 
--------------~--------_._---------- - - ~ - - - - - - - -- - - --.. _. - -- -

* Doerlng (1980) 

** Total Annual RepBir. ASAE (1983). 
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TABLE A.2 Unit Machinery Ener,y. 

MACHINE TOTAL RNR. LIFR* 
h 

97 kW Tractor 
47 kW Tractor 

Moldboard Plow 
Chisel Plow 

Qisk-harrow(l) 
Disk-harrow(2) 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 

97 kW Tractor 
47 kW Tractor 

Planter 
Moldboarçl Plow 

Chlsel Plow 
Disk-harrow(l) 
D1sk-harrow(2) 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 

MJ 

511889.80 
313457.39 

91522.21 
84519.19 

140313.14 
140313.14 

3757.44 
82711.03 

117646.59 
93007.75 

291815.06 

10000.00 
10000.00 

2500.00 
2500.00 
2500.00 
2500.00 
2000.00 
1200.00 
1200.00 
2000.00 
5000.00 

TRACTOR TOTAL RNR. 
kW MJ/h** 

NA NA 
NA NA 

97.00 159.55 
97.00 87~80 

97.00 85.00 
97.00 107.31 
97.00 107.31 
47.00 33.22 
47.00 100.27 
97.00 149.23 
97.00 97.69 
47.00 179.36 

UNIT RNR. 
MJ/h 

51.19 
31. 35 
36.61 
33.81 
56.13 
56.13 

1. 88 
68.93 
98.04 
46.50 
58.36 

CAP. 
ha/h 

NA 
NA 

1. 01 
1. 02 
0.84 
2.88 
2.88 
3.43 
7.72 
1. 72 
0.56 
0.56 

TOTAL ENR. 
MJ/ha 

NA 
NA 

158.75 
86.50 

101.19 
37.26 
74.52 
29.06 
12.99 
87.00 

175.08 
321. 44 

---------------------------------------------------------
Note: MJ/ha refers to ha's of corn planted . 

* Kepner et &1. (1978). 

** includea appropriate tractor e~ergy. 
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~ABLE A.3 Syste. Machine~y Energy Listed by Operation . • 
MACHINE 

97 kw Tractor 
47 kW Tractor 

Planter 
Moldboard Plow 

Chisel Plow 
Disk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 
~ 

CSI 

NA 
NA 

158.75 
86.50 

NA 
74.52 
29.06 
12.99 

NA 
175.08 
321.44 

eso 

NA 
NA 

158.75 
86.50 . 

NA 
74.52 
29.06 

NA 
87.00 

175.08 
321.44 

CCI 

NA 
NA 

158.75 
86.50 

NA 
74.52 
29.06 
12.99 

NA 
175.08 
321.44 

CCO 

NA 
NA 

158.75 
86.50 

NA 
74.52 
29.06 

NA 
87.00 

175 ."trE' 
321/44 

-----------------------------------------------------\----
TOTAL MJ/ha 858.34 932.35 858.34 932.35 

_____________ L ________________________________________ ___ _ 

MACHINE 

97 kw Tractor 
47 kW Tractor 

Planter 
Moldboard Plow 

Chisel Plow 
Dlsk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 

TOTAL MJ/ha 

MACHINE 

97 kw Tractor 
47 kW Tractor 

Planter 
Moldboard Plow 

Chisel Plow 
Disk-harrow 

Sprayer 
Broadc8ster 

. Manure Spreader 
Forage Chopper 

Forage Wago,\J1s (3) 
~ 

RSI 

NA 
NA 

158.75 
NA 

101.19 
37.26 
29.06 
12.99 

NA 
175.08 
321.44 

835.76 

ZSI 

NA 
NA 

158.75 
NA 
NA 
NA 

29.06 
12.99 

NA 
175.08 
321. 44 

RSO 

NA 
NA 

158.75 
NA 

101.19 
37.26 
29.06 

NA 
87.00 

175.08 
321. 44 

909.78 

ZSO 

NA 
NA 

158.75 
NA 
NA 
NA 

29.06 
NA 

87.00 
175.08 
321.44 

RCI 

NA 
NA 

158.75 
NA 

101.19 
37.26 
29.06 
12.99 

NA 
175.08 
321.44 

835.76 

ZCI 

NA 
NA 

158.75 
NA 
NA 
NA 

29.06 
12.99 

NA 
175.08 
321.44 

Rca 

NA 
NA 

158.75 
NA 

101.19 
37.26 
29.06 

NA 
87.00 

175.08 
321. 44 

909.78 

zca 

NA 
NA 

158.75 
NA 
NA 
NA 

29.06 
NA 

87.00 
175.08 
321 .44 • 

-----------~----------------------------------------------

TOTAL ~J/ha 697.32 771.33 697.32 771.33 
-----------4----------------------------------------------, ~ 
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TABLE B.1 Cone Index ta1uea 

OPERATION 

Planter 
Moldboard Plow 

Chisel Plow 
Disk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Planter 
Moldboard Plow 

Chisel Plow 
Dlsk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

CSI 

15.00 
25.00 

NA 
20.00 
15.00 
15.00 

NA 
15.00 

RS 1 

20.00 
NA 

25.00 
20.00 
20.00 
20.00 

NA 
20.00 

cso 

15.00 
25.00 

NA 
20.00 
15.00 

NA 
15.00 
15.00 

RSO 

20.00 
NA 

25.00 
20.00 
20.00 

NA 
20.00 
20.00 

CCI 

20.00 
30.00 

NA 
25.00 
20.00 
20.00 

NA 
20.00 

Re 1 

25.00 
NA 

30.00 
25.00 
25.00 
25.00 

NA 
25.00 

CCO 

20.00 
30.00 

NA 
25.00 
20.00 

NA 
20.00 
20.00 

RCD 

25.00 
NA 

30.00 
25.00 
25.00 

NA 
25.00 
25.00 

ZSI ZSO ZCI ZCD 
, - - - - - - - - - - - - - - - - - - - - - - -\ - - - - - - - - - _1- _ _ _ _ _ _ _ _______________ _ 

Planter 25.00 25.00 30.00 30.00 
Moldboard Plow NA NA NA NA 

Chlsel Plow nA NA ~A NA 
Disk-harrow NA NA NA NA 

Sprayer 25.00 25.00 30.BO 30.00 
B roadcasler 25.00 NA 30.00 NA 

Menure Sprea er NA 25.00 NA 30.00 
Forage Chopper 25.00 25.00 30.00 30.00 

Note: Values from ASAE (1983). 

Il 
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TABLE 8.2 Tractive and Tran •• iasion Coefficients. 

( OPERATION CS! CSO CCI CCO 

Planter 0.49 0.49 0.61 0.61 
Moldboard P10w 0.68 0.68 0.74 0.74 

Chisel P10w NA NA NA NA 
Dlsk-harrow 0.61 0.61 0.68 0.68 

Sprayer 0.49 0.49 0.61 0.61 
Broadcaster 0.49 NA 0.61 NA 

Manure Spreader NA 0.49 NA 0.61 
Forage Chopper* 0.49 1 0.49 0.61 0.61 
----------------------------~--------------------------- = ". 

tf"'· , 
'. RSI RSO Rel ReD 

- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - ~ - - - -------

Planter 0.61 0.61 0" 68 0.68 
Moldboard Plow NA NA NA NA 

Chisel Plow 0.68 0.68 0.74 0.74 
Disk-harrow 0.61 0.61 0.68 0.68 

Sprayer 0.61 0.61 0.68 0.68 
Broadc6ster 0.61 NA 0.68 NA 

Manure Spreader NA 0.61 NA 0.68 
Forage Chopper* 0.61 0.61 0.68 0.68 

ZSI ZSO ZCI ZCD 

-------------~~r-------------------------------------- --
Plantep 0.68 .0.68 0.74 0.74 

Moldboard Plow NA NA NA NA 
Chieel Plow NA NA NA NA 
Disk-harrow NA NA NA NA 

Sprayer 0.68 0.68 0.74 0.74. 
Broadcaster 0.68 NA 0.74 NA 

Manure Spreader NA 0.68 NA 0.74 
Forage Chopper* 0.68 0.68 0.74 0.74 

1( * Includes Forage Wagons. 

Note: Values deter.ined from ASAE (1983). 

( 
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TABLE B.3 Tractor Rolling Re.i.tan~e CalculatioDs. 

eN 

15. 00 
20.00 
25.00 
30.00 
15.00 
20.00 
25.00 
30.00 

TRACTOR 
kW 

97.00 
97.00 
97.00 
97.00 
47.00 
47.00 
47.00 
47.00 

WRIGHT 
kN 

70.20 
70.20 
70.20 
70.20 
42.99 
42.99 
42.99 
42.99 

RR 
kN 

8.42 
7.02 
6.18 
5.62 
5.16 
4.30 
3.78 
3.44 

1 -----------------------------------------------

Not'l!' Values determined from W(1. 2/en + 0.04). ASAE (1983), 

1 ç 
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TABLB 8.4.1 Fuel Consuaptions for the Planter and Sprayer. 

PLANTER 
Cn 

Ave. Weight kN 
RR kN 

Tractor kW 
Tractor RR kN 

Total RR kN 
Mach. Draft kN 

Total kN 
Speed km/h 

D rawBarPowe r kW 
T and T coe f . 
PTO EqUlv kW 

PTO Opere kW* 
PTO EqUIV. kW 

Total PTO req kW 
Max. pro A V. kW 

PTO REQ./MAX PTO 
Fuel Use I/h* 

011 Use l/h* 
Total Fuel l/h 

cany. MJ/I# 

TOTAL MJ/h 

SPRAYER 

15.00 
11.78 

1. 41 
97.00 
8.42 
9.84 
6.20 

16.04 
5.00 

22.27 
0.49 

45.46 

NA 
45.40 
45.46 
97.38 

0.47 
26.94 
.0.08 
27 02 
47 80 

1291 50 

20.00 
11.78 

1. 18 
97.00 
7.02 
8.20 
6.20 

14.40 
5.00 

20.00 
0.61 

32.78 

NA 
32.78 
32.78 
97.38 
0.34 

22 _ 72 
0.08 

22.79 
47.80 

25.00 
11.78 

1. 04 
97.00 

6.18 
7.21 
6.20 

13.41 
5.00 

18.63 
0.68 

27.40 

NA 
27.40 
27.40 
97.38 

0.28 
20.57 

0.08 
20.65 
47.80 

987.03 

30.00 
Il. 78 
0.94 

97. 00 
5.62 
6.56 
6.20 

12.76 
5.00 

17.72 
0.74 

23.95 

NA 
23.95 
23.95 
97.38 

0.25 
19.01 
0.08 

19.08 
47.80 

912.24 

Cn 15.00 20.00 25.00 30.00 
Ave. Weight kN N'A NA NA NA 

RR kN NA NA NA NA 
Tractor kW 47.00 47.00 47.00 47.00 

Tractor RR kN 5.16 4.30 3.78 3.44 
Total RR kN 5.16 4.30 3.78 3.44 

Mach. Draft kN NA NA NA NA 
Total kN 5.16 4.30 3.78 3.44 

Speed km/h 6.40 6.40 6.40 6.40 
DrawBarPower kW 9.17 7.64 6.73 6.11 

T and T coef. 0.49 0.61 0.68 0.74 
PTO Equiv. kW 18.72 12A3 9.89 8.26 

_________________ ~ _______________ ~-l------------------ __ _ 

PTO Oper. kW* 1. 86 t.BS 1. 86 1. 86 
PTO BqUIV. kW 18.72 12.53 9.89 8.26 

Total PTO req kw 20.58 14.39 11.75 10.12 
Max. PTO Av. kW 46.62 46.S2 46.62 46.62 

PTO REQ./MAX PTO 0.44 0.31 0.25 0.22 
F..'--el Use I/h* 12.53 10.37 9.23 8.42 

Oil Use I/h* 0.05 0.05 0.05 0.05 
Total Fuel lIh 12.58 10.42 9.28 8.47 

conv. MJ/lt 47.80 47.80 47.80 47.80 

TOTAL MJ/h 601.09 498. 18 443.75 405. Q,2 

* ASAE (1983). 
, Cervlnka (1980). 
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TABLE 8.4.2 Fuel Consu.ptions for the Moldboard Plow. 

MOLDBOARD PLOW; SANDY LOAM 
Cn 15.00 

Ave. Weight kN NA 
RR kN NA 

Tractor kW 97.00 
Tractor RR kN 8.42 

Total RR kN 8.42 
Mach. Draft kN 12.19 

Total kN 20.61 
Speed km/h 7.25 

DrawBarPower kW 41.51 
Tl ft n d T C 0 e f . 0 . 4 9 
PTO EqulV. kW 84 72 

PTO Oper. kW* 
PTO EqulV. kW 

Total PTO req kW 
Max. PTO Av. kW 

PTO REQ./MAX PTO 
Fuel Use l/h* 
011 Use l!h* 

TotAl Fuel l/h 
conv. MJ!ll 

TOTAL MJ/h 

MOLDBOARD PLOW CLAY 
en 

Ave. Weight kN 
RR kN 

Tractor kW 
Tractor RR kN 

Total RR kN 
Mach. Draft kN 

Total kN 
Speed km/h 

D raw8arPower kW 
T and T coef. 
PTO Equiv. kW 

NA 
84.72 
84.72 
97.38 

0.87 
42.10 

0.08 
42. 18 
47.80 

2016.32 

15.00 
NA 
NA 

97.00 
8.42 
8.42 

21. 22 
29.64 
7.25 

59.70 
0.49 

121.84 

20.00 
NA 
NA 

97.00 
7.02 
7.02 

12.19 
19.21 
7.25 

38.69 
0.61 

63.42 

NA 
63.42 
63.42 
97.38 

0.69 
32.73 

0.08 
32 81 
47 80 

1568 31 

20 00 
NA 
NA 

97.00 
7.02 
7.02 

21.22 
28.24 

7.25 
56.87 

0.61 
93.23 

25.00 
NA 
NA 

97.00 
6.18 ' 
"S.18 

12.19 
18.37 
7.25 

36.99 
0.6A 

54.40 

NA 
51\.40 
54.40 
97 3A 

0.56 
29.72 

0.08 
29.80 
47.80 

l424.34 

25.00 
NA 
NA 

97.00 
6.18 
6.18 

21.22 
27.40 
7.25 

55.18 
0.68 

81.14 

30 :00 
NA 
NA 

97.00 
5.62 
5.62 

12.19 
17.81 
7.25 

35.86 
0.74 
48.46 

NA 
48.46 
48.46 
97.38 

0.50 
27.87 

0.08 
27.95 
47.80 

l335.87 

30.00 
NA 
NA 

97.00 
5.62 
5.62 

21.22 
26.84 
7.25 

54.04 
0.74 

73.03 
---------------------------------------------------------

PTO Opere kW* NA NA NA NA 
PTO Equiv. kW 121.84 93.23 81. 14 73.03 

Total P~req kW 121.84 93.23 81.14 73.03 
Max. PTO Av. kW 97.38 97.38 97.38 97.38 

PTO REQ./MAX PTO 1. 25 0.96 0.83 0.75 
Fuel Use l/h* 71.98 47.18 40.22 36.46 
Oil Use l/h* 0.08 0.08 0.08 0.08 

Total Fuel l/h 72.06 47.26 40.30 36.54 
conv. MJ/1' 47.80 47.80 47.80 47.80 

--------------------~-------~----------------- - ---------
TOTAL MJ/h 3444.48 2259.06 1926.49 1746.73 

* ASAE ( 1983 ) . , Cervinka ( 1980) . 
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TABLB B.4.3 Fuel Coneu.ptiona for the Chieel Plow. 

CHISBL PLOW; SANDY 
Cn 

AV'e. Weight kN 
RR kN 

Tractor kW 
T r a c t a r RR k N 

Total RR kN 
Mach. Draft kN 

Total kN 
Speed km/h 

Draw8arPower kW 
T and T coe f. 
PTO EqU1V. kW 

PTO Oper. kW* 
PTO EqUIV. kW 

Total P1'O req kW 
Max. PTO Av. kW 

PTO REQ./MAX PTO 
Fuel Use I/h* 

011 Use I/h* 
Total Fuel l/h 

cany. MJ/l' 

TOTAL MJ Ih 

CHISEL PLOW; CLAY 
Cn 

Ave. Welght kN 
RH kN 

Tractor kW 
Tractar HH kN 

Total RH kN 
Mach. D raft kN 

Total kN 
Speed km./h 

DrawBarPower kW 
T and T coef. 
PTO EqUIV. kW 

PTO Oper. kW. 
PTO Equiv. kW 

Total PTO req kW 
Max. PTO Av. kW 

PTO REQ. /MIAX PTO 
Fuel Use l/h* 
ail Use l/h* 

Total Fuel I/h 
canv. MJ/1' 

TOTAL MJ/h 

* ASAE (1983). 
, Cervinka (1980). 

LOAM 
15.00 

NA 
NA 

97.00 
8.42 
8.42 

31.43 
39.85 
5.00 

55.35 
0.49 

112.96 

NA 
112.96 
112.96 
97.38 

1. 16 
62.87 

0.08 
62.95 
47.80 

3009.05 

15.00 
NA 
NA 

97.00 
8.42 
8.42 

29.57 
37.99 
5.00 

52.77 
0.49 

107.69 . 
NA 

107.69 
107.69 
97.38 

1. Il 
58. 09 

0.08 
58.17 
47.80 

2780.53 

20. 00 
NA 
NA 

97.00 
7.02 
7.02 

31.43 
38.45 
5.00 

53.40 
0.61 

87.55 

NA 
87.55 
87.55 
97.38 

0.90 
43.69 

0.08 
43.77 
47.80 

2092.07 

20.00 
NA 
NA 

97.00 
7.02 
7.02 

29.57 
36.59 
5.00 

50.82 
0.61 

83.31 

NA 
83.31 
83.31 
97.38 

0.86 
41.35 

0.08 
41.42 
47.80 

1980.08 

113 

25.00 
NA 
NA 

97.00 
6.18 
6.18 

~l. 43 
37.61 
5.00 

52.23 
0.68 

76.81 

NA 
76.81 
76:81 
97.38 
0.79 

38.14 
0.08 

38.22 
47.80 

1826 73 

25.00 
NA 
NA 

97.00 
6.18 
6.18 

29.57 
35.75 
5.00 

49.65 
0.68 

73.01 

NA 
73.01 
73.01 
97.38 
0.75 

36.46 
0.08 

36.53 
47.80 

1746.33 

30.00 
NA 
NA 

97.00 
5.62 
5.62 

31. 43 
37.05 
5.00 

51.45 
0.74 

69.53 

NA 
69.53 
69.53 
97.3R 

0.71 
35.02 
0.08 

35. la 
47.80 

1677.91 

30.00 
NA 
NA 

97.00 
5.62 
5.62 

29.57 
35.19 
5.00 

48.87 
0.74 

66.04 

NA 
66.04 
66.-04 
9.7.38 
0.68 

33.68 
0.08 

33.76 
47.80 

1613.81 
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j' TABLE 8.4.5 Fuel Conau.ptiona for the Fertilizer Equip.ent. 

BROADCASTBR 
Cn 

Ave. Weight kN 
RH kN 

Trac t or kW 
Tractor RH kN 

Total RH kN 
Mach. Dra ft kN 

Total kN 
Speed kll/h 

Draw8arPower kW 
T and r coef, 
PTO Equ l v. kW 

pro Oper. kW* 
PTO Equiv. kW 

Total PTO req kW 
Max. pro Av. kW 

pro REQ. /MA X pro 
Fuel Use l/h* 

011 Use l/h* 
Total Fuel l/h 

conv. MJ/ll 

TOTAL MJ/h 

MANURE SPREADER 
Cn 

Ave. Weight kN 
RR kN 

rractor kW 
Tractor RR kN 

Total RR kN 
Mach. Dra ft kN 

Total kN 
Speed kll/h 

Draw8arPower kW 
T and T coef. 
PTO Equiv. kW 

PTO Ope r. kW* 
PTO Equi v. kW 

Total PTO req kW 
Max. PTO A v. kW 

PTO RBQ. IMA X pro 
Fuel Use l/h* 

Oil Use l/h* 
Total Fuel I/h 

con\'. MJ/l# 

TOTAL MJ/h 

* ASAR (1983). 
# Cervinka (1980). 

t * 

15.00 
33.97 
4.08 

47.00 
5. 16 
9.23 

NA 
9.23 
6.40 

16.42 
0.49 

33.51 

2.00 
33.51 
35.51 
46.62 
0.76 

17.69 
0.05 

17.74 
47.80 

847 . 91 

15.00 
64. Il 
7.69 

97.00 
8.42 

16.12 
NA 

16.12 
6.40 

28.65 
0.49 

58.48 

12.70 
58.48 
71. 18 
97.38 
0.73 

35.69 
0.08 

35.77 
47.80 

1709.62 

20.00 
33.97 
3.40 

47.00 
4.30 
7.70 

NA 
7.70 
6.40 

13,68 
0.61 

22.43 

2.00 
22.43 
24.43 
46.62 
0,52 

13.72 
0.05 

13.77 
47.80 

658.26 

20. 00 
64. Il 
6.41 

97.00 
7.02 

13.43 
NA 

13.4'3 
6.40 

23.88 
0.61 

39.14 

12.70 
39.14 
51. 84 
97.38 
0.53 

28.92 
0.08 

29.00 
47.80 

1385.99 

115 
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25.00 
33.97 

2.99 
47.00 

3.78 
6.77 

NA 
6.77 
6.40 

12.04 
0.68 

17.71 

2.00 
17.71 
1.9.71 
46.62 

0.42 
12.25 

0.05 
12.30 
47.80 

587 86 

25.00 
64. Il 

5.64 
97.00 

6.18 
Il.82 

NA 
Il.82 
6.40 

21.01 
0.68 

30.90 

12.70 
30.90 
43.60 
97.38 

0.45 
26.36 

0.08 
26.44-
47.80 

1263.78 

30.00 
33.97 

2.72 
47.00 

3.44 
6. 16 

NA 
6.16 
6.40 

10.95 
0.74 

14.79 

2.00 
14.79 
16.79 . 
46.62 

0.36 
Il .27 
0.05 

11.32 
47.80 

541. 15 

30.00 
64. Il 

5.13 
97.00 
5.62 

10.74 
NA 

10.74 
6.40 

19.10 
0.74 

25.81 

12.70 
25.81 
38.51 
97.38 

0.40 
24.72 

0.08 
24.80 
47.80 

1185.51 

-
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TABLE 8.4.6 Fuel ConauaptioDs for the Harvesting Bquipaent. 

FORAGE CHOPPER 
Cn 

Ave. Weight kN 
RR kM 

Tract!'or kW 
Tractor RR kN 

Totel RR kN 
Mach. Qraf't kN 

Total kN 
Speed kll/h 

o raw8arPowe r kW 
T and T coef, 
PTO EqU1V. kW 

PTO Ope r. kW* 
PTfiJ Equ IV. kW 

Total PTO req kW 
Max. PTO Av. kW 

PTO REQ. /MAX PTO 
Fuel Use l/h* 

011 Use l/h* 
Total Fuel l/h 

conv. MJ/U 

TOTAL MJ/h 

FORAGE WAGONS 
Cn 

Ave. Welght kN 
RR kN 

Tractor kW 
Tractor RR kN 

Total RR kN 
Mach. Draft kN 

Total kN 
Speed km/h 

Draw8arPower kW 
T and T coef. 
P"TO EqUlV. kW 

PTO Oper. kW* 
PTO Equi v. kW 

Total PTO req kW 
Max, PTO Av, kW 

PTO REQ. /MAX PTO 
Fuel Use l/h* 
Oil Use l/h* 

Total Fuel l/h 
con.." MJ/U 

15.00 
NA 
NA 

97.00 
9.84 

9.84 
6. 16 

15.99 
.6.00 

26.65 
0.49 

54.40 

10.00 
54.40 
64.40 
97.38 
0.66 

33.08 
0.08 

33.16 
47.80 

1585.01 

15.00 
51.30 
6.16 

47.00 
5.16 

Il. 31 
NA 

Il. 31 
6.00 

18.86 
0.49 

38.48 

NA 
38.48 
38.48 
46.62 

0.83 
19.08 
0.05 

19.13 
47.80 

TOTAL MJ/h 914.20 

* ASAE (1983). 
, Cervinka (1980). 

20.00 
NA 
NA 

97.00 
8.20 

8.20 
5.13 

13.33 
6.00 

22.21 
0.61 

36.41 

10. 00 
36.41 
46.41 
97 38 
0.48 

27 24 
0.08 

27.31 
47.80 

130S>.65 

20.00 
51.30 
5.13 

47.00 
4.30 
9.43 

NA 
9.43 
6.00 

15.71 
0.61 

25.76 

NA 
25.76 
25.76 
46.62 

0.55 
14.14 
0.05 

14. 19 
47.80 

678.19 

116 

25.00 
NA 
NA 

97. 00 
7.21 

7.21 
4.51 

1 1 .73 
6.00 

19 55 
0.68 

28.74 

10 00 
28.74 
38.74 
97.38 

0.40 
24.80 

0.08 
24 88 
47.80 

1189.17 

25. 00 
51.30 

4.51 
, 47.00 

3.78 
8.30 

NA 
8.30 
6.00 

13.83 
0.68 

20 _,34 

NA 
20.34 
20.34 
4.6.62 

0.44 
12.45 

O. 05 
12.50 
47.80 

597.48 

30.00 
NA 
NA 

97.00 
6.56 

6.56 
4.10 

10.66 
6.00 

17.77 
0.74 

24 al 

la 00 
24.01 
34.01 
97.38 
0.35 

23.17 
0.08 

23.25 
47 RD 

1111 13 

30.00 
51 .30 
4. 10 

47.00 
3.44 
7.54 

NA 
7.54 
6.00 

12.57 
0.74 

16.99 

NA 
16.99 
16.99 
46.62 
0.36 

11.34 
0.05 

Il .39 
47.80 

544.48 

-.. ""1'-_ ...... ~ ~ .. ~ .... %_""._4\ .. & __ M ........ ~ .. ----- --------______________ -_ .... 
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TABLE 8.5 Fuel Energy Li.ted by Syste. and Operation. 

OPERAT ION 

Planter 
Moldboard PI ow 

Chisel Plow 
Disk-harrow 

Sprayer 
B roadcas ter 

Manure Spreader 
Forage Chopper 

Forage Wagons (3) 

TOTAL MJ/ha 

Plantpr 
Moldboard Plow 

Chlsel Plow 
Dl sk- harrow 

Sprayer 
Broadcaster 

Manure Sprf~ader 

Forage Chop'pe r 
Forage Wagons ( 3) 

TOTAL MJ/ha 

Planter 
Moldboard Plow 

Chisel Plow 
Disk-harrow 

Sprayer 
B roadcas ter 

Manure Spreader 
Forage Choppel" 

Forage Wagons ( 3) 

CSI 

1278.71 
1396.41 

NA 
1011.19 
525.73 
109.83 

NA 
2830.38 

816.25 

7968.51 

HS 1 

1078.81 
NA 

2174.68 
505.60 
435.73 

H5.27 
NA 

2331.51 
605.52 

7217.11 

ZSI 

977.26 
NA 
NA 
NA 

388.12 
76.15 

NA 
2123.52 

533.46 

CSO 

1278.71 
1396.41 

NA 
1011.19 
525.73 

NA 
993.96 

2830.38 
816.25 

8852.64 

RSO 

1078.81 
NA 

2174.68 
505.60 
435.73 

NA 
805.81 

2331.51 
605.52 

7937.65 

zso 

977.26 
NA 
NA 
NA 

'388.12 
NA 

734.76 
2123.52 
533.46 

CCI 

1078.81 
1712.48 

NA 
1289.96 
435.73 
85.27 

NA 
2331.51 
605.52 

7539.28 

RCI 

977.26 
NA 

1921.20 
644.98 
388. 12 
76. 15 

NA 
2123.52 
533.46 

6664.69 

ZCI 

903.21 
NA 
NA 
NA 

354. 25 
70. 10 

NA 
1984.16' 
486.14 

CCO 

1078,81 
1712.48 

NA 
1289.96 
435.73 

NA 
805.81 

2331.51 
605.52 

825~.82 

RCO 

977.26 
NA 

1921.20 
644.98 
388. 12 

NA 
734.76 

2123.52 
533.46 

7323.30 

ZCO 

903.21 
NA 
NA 
NA 

354.25 
NA 

689.25 
1984.16 
486.14 

---------------------------------------------------------
TOTAL MJ/ha 4098.51 4757.12 3797.85 4417.01 

... 
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TABLE C.I Fertilizer Inergy CslculstioDS 

Type 

j 

Ures 
Amllonium Ni trate 
3-superphosphate 

Mur i ate Potash 

Ures 
AmmoniuJI NI trate 
3-superphosphate 
Mur i a t e ;.p 0 tas h 

170.00 
170.00 
75,00 
80.00 

eSI 

10177.90 
NA 

942.00 
• 536.00 

TOTAL MJ/ha 11655.90 

U'rea 
Ammonium Nitrate 
3-superphosphate 
Muriate Potash 

RSI 

10177.90 
NA 

942 . 00 
536.00 

TOTAL MJ/ha 11655.90 

Conv. * 
MJ/kg 

59.87 
61.55 
12.56 
6.70 

eso 

NA 
NA 

942.00 
NA 

Energy 
MJ/ha 

10177.90' 
10463.50 

942.00 
536.00 

CCI 

10177.90 
NA 

942.00 
536.00 

942.00 11655.90 

RSO RC 1 

NA 10177.90 
NA NA 

942.00 942.00 
NA 536.00 

942.00 116s-5.90 

eco 

NA 
NA 

942.00 
NA 

942.00 

RCO 

NA 
NA 

942.00 
NA 

942.00 
----------~----------------------------------~-----------

ZSI zso zeI zeo, 
----------~----------------------------------------------

Ure a 
AIIIDon i UII Ni: t ra te 
3-superphosphate 
Muriate Potash 

NA 
10463.50 

942.00 
536.00 

TOTAL MJ Iha 11941 .50 

* Lockertz (1980). 

NA NA 
NA 10463.50 

942.00 942.00 
NA 536.00 

942.00 11941.50 

119 

NA 
NA 

942.00 
NA 

942.00 
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TABLE C.2 Herbicide Bnergy C8~cu18tion8. 

Type 

Atrazine 
Alachlor 

Dent & Cit 

, 
Atraz lne 
Alachlor 

Bent 8. Cit 

1.50 
2.50 
1. 68 

CSI 

553.50 
1045.75 
609.17 

Conv.* 
M.J/kg 

369.00 
418.30 
362.60 

CSO 

553.50 
1045.75 

609. 17 

Energy 
MJ/ha 

553.50 
1045.75 

609.17 

CC I 

553.50 
1045.75 
609.17 

CCO 

553.50 
1045.75 
609. 17 

- - - - - - - - -- - - -- - --r - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -- - - -
TOTAL MJ,tha 

Atrazlne 
Alachlor 

Bent 8. CIl 

TOTAL MJ/ha 

2208.42 

RSI 

553.50 
1045.75 
609.17 

2208.42 

ZSI 

2208.42 

Rsa 

553.50 
1045.75 

609. 17 

2208.42 

zsa 

2208.42 

RC 1 

553.50 
1045.75 

609.17 

2208.42 

ZCI 

2208.42 

Rea 

553.50 
1045.75 
609.17 

2208.42 

zea 

Atrazine 553.50 553.50 553.50 553.50 
Alachlor 1045.75 1045.75 1045.75 1045.75 

---~~;~;~~~~~ï~:---ï;~~~~;---ï;~~~~;---ï;~~~~;~~;- , 
* PilIImental (1980). 

.. 

, 
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TABLE D.l Ti.e Required for Rach Operatlon . 

CAPACITV* , of PASSES 
OPBRATION ba/h 

Planter 1. 01 1. 00 
Moldboard Plow 1. 02 1. 00 

Chisel Plow 0.84 1. 00 , 
1.~0 Dis k - ha r r ow ( 1 ) 2.88 

DlSk-harrow( 2) 2.88 2.00 
Sprayer 3.43 3.00 

8roadcaster 7.72 1. 00 
Manure Spreader 1 .72 1 . 00 

Forage Chopper 0.56 1.00 
Forage Wagons(3) 0.56 l .00 
------------ --------- --- --- -- -- -- - - - - -...,- - - - -

CORN 
he 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 

- - - --

(1) Disk-harrow use ln th~ reduced tIllage system. 
, , 

- -

(2) Dlsk-harrow use ln the conventlonal tiliage system. 

(3) Forage wagons operated slmultaneously 

* Capacity from Appendlx A . 

. \ 

\ 
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TIME 
h 

1. 00 
0.99 
1. 19 
0.35 
0.69 
0.87 
0.13 
0.58 
1. 79 
1 . 79 

- - --



TABLE D.2 Ti.e Required for Rach Syste. Listerl by Operation. 

OPERATION eSI eso CCI ceo 

Planter 1. 00 1. 00 1. 00 1. 00 
Moldboard Plow 0.99 0.99 0.99' 0.99 

Chisel Plow NA NA NA NA 
Disk-harrow 0.69 0.69 0.69 0.69 

Sprayer 0.87 0.87 0.87 0.87 
Broadcaster 0.13 NA O. 13 NA 

Manure Spreader NA 0.58 NA 0.58 
Forage Chopper 1. 79 1. 79 1. 79 1. 79 

For age Wagons(3) 1. 79 1. 79 1. 79 1 .79 
-------------------------------------------------------------
TOTAL MAN-HOURS 7.26 7.72 7.26 7.72 

---------------- -- ------ ------

OPERATION RSI RSO Rel RCO 

Plaoter 1. 00 1. 00 1. 00 1. 00 
Moldboard Plow NA NA NA NA 

Chlsel P10w 1. 19 1. 19 1. 19 l . 19 
Dlsk-harrow 0.35 0.3.5 0.35 0.35 

Sprayer 0.87 0.87 0.87 0.87 
~ Broadcaster O. 13 NA O. 13 NA 

anure Spreader NA 0.58 NA 0.58 
Forage Chopper 1. 79 1. 79 1. 79 1 .79 

Forage Wagons(3) 1. 79 1. 79 1. 79 1 .79 
--------------------?--------------------- ---------- --- ------

TOTAL MAN-HOURS 7.12 7.57 7.12 7.57 

OPERATION ZSI ZSO ZCI zeo 

Planter 1. 00 1. 00 1. 00 1. 00 
Moldboard Plow NA NA NA NA 

Chisel Plow NA NA NA NA 
Disk-harrow NA NA NA NA 

Sprayer 0.87 0.87 0.87 0.87. 1 

Broadcaster 0.13 NA 0.13 NA ~ 

Menure Spreader NA 0.58 ..... NA 0.58 
Forage Chopper 1. 79 1. 79 1. 79 1. 79 

Forage Wagons(3) 1. 79 1. 79 1. 79 1. 79 
------------------------------------~------------------------

TOTAL MAN-HOURS 5.58 6.04 5.58 6.04 

( 
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TABLE D.3 Ti.e Required for 25 ha. 

( OPERATION CSI eso CCI eeo 

Planter 24.88 24.88 24.88 24.88 
Moldboard Plow 24.63 24.63 24.63 24.63 

Chisel Plow NA NA NA NA 
Dlsk-harrow 17.36 17.36 17.36 17.36 

Sprayer 21. 86 21.86 21.86 21.86 
Broadcaster 3.24 NA 3.24 NA 

Manure Spreader NA 14.58 NA 14.58 
Forage Chopper 44.80 44.80 44.80 44.80 

Forage Wagons(3) 44.80 '44.80 44.80 44.80 
------ -------------------- ---------------------------------
TOTAL MAN-HOURS 181 5R 192.91 181. 58 192.91 

- - - - - - --------------------

OPERATION I-IS 1 RSO RCl RCO 
-- --------- ------- --~------ --------------

Planter 24 88 24.88 24.88 24.88 
Moldboard Plow NA NA NA NA 

Chlsel Plow 29 76 29.76 29.76 29.76 
DlSk -harrow A 68 8.68 8.68 8.68 

Sprayer 2 l 86 2r- 86 21.86 21.86 
Broadcaster 3 24 NA 3.24 NA 

Manure Spreader NA 14.58 NA 14.58 
Forage Chopper 44 80 44 80 44.80 44 80 

Forage Wagons(3) 44.80 44.80 44.80 44.80 
---------------- -- -- -------------- ---- -----------

TOTAL MAN-HOURS 178.03 189.36 178.03 189.36 

OPERATION ZSI ç ZSO ZeI ZCO 
- - - - - - - - - - - - .. - - - - - - - - - - - - - - - - - - -':..... - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Planter 24.88 24.88 24.88 24.88 
Moldboard Plow NA N7\ NA NA 

Chisel Plow NA NA NA NA 
Disk-harrow NA NA NA NA 

Sprayer 21.86 21.86 21.86 21.86 
8roadcaster 3.24 NA 3.24 NA 

Manure Spreader NA 14.58 NA 14.58 
Forage Chopper 44.80 44.80 44.80 44.80 

Forage Wagons(3) 44.80 44.80 44.80 44.80 

TOTAL MAN-HOURS 139.58 150.92 139.58 150.92 

( 
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TABLE E.1 Average 

DBALER 

MACHINE 

97 kw Tractor 
47 kW Tractor 

Planter 
Moldboard Plow 

Chlsel Plow 
Dlsk-harrow(l) 
DISk harrow(2) 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

forage W~gàns(3) 

97 kw Tractor 
47 kW Tractor 

Planter 
Môldboard Plow 

Chlsel Plow 
DIsk-harrowCl ) 
DIsk-harrow(2) 

Sprayer 
Broadcaster 

Manure Spresder 
Forsge Chopper 

forage Wagons(3) 

NA: Not Aval1ab1e. 

Machinery PrIees. 

GIL BEAUDRY TIBBEN ALFRED FARM 
FARM SUPPLIES RQUIPMBNT 

WINCHBSTER IROQUOIS 
ONT. ONT. 

$ - $ 

75000.00 45000.00 
35000.00 17000.00 
15000.00 8000.00 
12000.00 8000.00 
6000.00 5000.00 
8000.00 9000.00 
8000.00 9000.00 
5500.00 2250.00 
1500.00 2500.00 

10000.00 7000.00 
17000.00 18000.00 
16500.00 18000.00 

MARTIN & MUIR GARY SMITH 
EQUIPMENT SALES & SERVICE 

MAXVILLE MAKVILLE 
ONT. ONT. 

$ 

54000.00 
21000.00 

NA 
11000.00 

NA 
16500.00 
16500.00 
4000.00 

NA 
11000.00 
21000.00 
22500.00 

$ 

50000.00 
18000.00 

9000.00 
12000.00 

3000.00 
10000.00 
10000.00 
2500.00 
5000.00 
8000.00 

25000.00 
22500.00 

RQUIPMENT 
ALFRED 

ONT. 

$ 

60000.00 
24000.00 
11000.00 

8000.00 
11000.00 
9500.00 
9500.00 
2200.00 
2000.00 

10000.00 
22000.00 
20400.00 

AVERAGE 
$ 

56800.00 
23000.00 
10750.00 
10200.00 

6250.00 
10600.00 
10600.00 
3290.00 
2'"750.00 
9200.00 

20600.00 
19980.00 

(1) Disk-harrow use in the reduced tillage sYBtem. 

(2) Disk-harrow use in the conventionsl ti~lage system. 

(3) Three forage wagons in total. 

Note: For additionsl machine psrameters see Table 5. 
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TABLE 8.2 Machinery Coat Calculation •• 

MACHINE 

97 kw tractor 
47 kW tractor 

Planter 
Moldboard Plow 

Chise1 Plow 
Disk-ha,rrow( 1) 
Disk-harrow(2) 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 

PERCENT INT. 
SALVAGE RATE 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

'0.10 
0.10 
0.10 
0.10 

0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 

AVG COST 
$ 

56800.00 
23000.00 
10750.00 
10200.00 
6250.00 

10600.00 
10600.00 
3290.00 
2750.00 
9200 .~o 

20600.00 
19980.00 

FC* 
$/year 

10621.60 
4301.00 
1687.75 
1601.40 
981.25 

1664.20 
1664.20 
689.26 
576.13 

1927.40 
3852 20 
3136.86 

FC 
$/h 

17.70 
110.75 
a7.85 
a5.02 
32.97 

191.72 
95.86 
31.53 

177.87 
132.24 
85.98 
70.01 

MACHINE AVG REP** TOTAL TRACTOR OPERATION TOT. 
~ $/h kW $/h $/ha 

97 kw tractor 0.010 23.38 NA NA NA 
47 kW tractor 0.010 13.05 NA ,NA NA 

Planter 0.075 75.91 97.00 99.29 98.80 
Moldboard Plow 0.080 73.18 97.00 96.56 95.13 

Chlsel Plow 0.048 35.97 97.00 59.35 70.66 
DlSk harrow(l) 0.048 196.80 97.00 220.19 76.45 
Dlsk-harrow(2) 0.048 100.95 97.00 124.33 86.34 

Sprayer 0.100 34.82 47.00 47.87 41.86 
Broadcaster 0.100 180.62 47.00 193.67 25.09 

Manure Spreader 0.100 141. 44 97.00 164.82 96.09 
Forage Chopper 0.040 94.22 97.00 117.60 210.76 

Forage Wagons(3) 0.018 73.61 47.00 86.66 155.31 
------------------------------------------------------------

(1) Dlsk-harrow use 1n the reduced tillage system. 

(2) Disk-hsrrow use in the conventionsl tillage system. 

(3) Three forage wagons in totsl. 

* Fixed Costs. ASAE (1983). 

** Average hourly repaire, Kepner et al. (1978) . 

• 
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TABLB B.3 Machinery C08ta Listed by Syate. and Operation. 

MACHINB 

97. kw Tractor 
47 kW Tractor 

Planter 
Moldboard Plow 

Chisel Plow 
Dlsk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 

TOTAL $/ha 

MACHINE 

97 kw Tractor 
47 kW Tractor 

Planter 
Moldboard Plow 

Chlsel Plow 
Dlsk-harrow 

Sprayer 
Broadcaster 

Manure Spreader 
Forage Chopper 

Forage Wagons(3) 

TOTAL $/ha 

MACHINE 

CSI 

HA 
NA 

98.80 
95.13 

NA 
86.34 
41. 86 
25.09 

NA 
210.76 
155.31 

713.30 

RSI 

NA 
NA 

98.80 
NA 

70.66 
76.45 
41.86 
25.09 

NA 
210.76 
155.31 

678·a1.. 

zsr 

eso 

NA 
NA 

98.80 
95.13 

NA 
86.34 
41.86 

NA 
96.09 

210.76 
155.31 

784 30 

RSO 

NA 
NA 

98.80 
NA 

70.66 
76.45 
41.86 

NA 
96.09 

210.76 
155.31 

749.94 

ZSO 

CCI 

NA 
NA 

98.80 
95.13 

NA 
86.34 
41. 86 
25.09 

NA 
210.76 
155.31 

713.30 

RC 1 

NA 
NA 

98.80 
NA 

70.66 
76.45 
41.86 
25.09 

NA 
210.76 
155.31 

678.94 

zeI 

eco 

NA 
NA 

98.80 
95.13 

NA 
86.34 
41.86 

NA 
96.09 

210.76 
155.31 

784.30 

RCO 

NA 
NA 

98.80 
NA 

70.66 
76.45 
41.86 

NA 
96.09 

210.76 
155.31 

749.94 

ZCO ________________________________________ ~ __________ . ________ L 

97 kw Tractor NA NA NA NA 
47 kW Tractor NA NA NA NA 

Planter 98.80 98.80 98.80 98.80 
Moldboard Plo~ NA NA NA NA 

Chieel Plow NA NA - NA NA 
Diek-harrow NA NA NA NA 

Sprayer 41.86 41.86 41.86 41.86 
Broadcaster 25.09 NA Z5.09 NA 

Manure Spreader NA 96.09 NA 96.09 
Forage Chopper 210.76 210.76 210.76 210.76 

Forage Wagons(3) 155.31 155.31 155.31 155.31 
--------------------------------~--------------------------

TOTAL $/ha 531.82 602.82 531.82 602.82 

(3) Three forage wagons in total. 
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TA8tH 1.4 Coat Caleulations of the Various Inputs. 

INPUT 

1 TOTAL 
RATB kg/ha 

ACTIVE INGR. 

TOTAL 
RATE 

---------------------~-----------------------------------
URKA 

AMMONIUM NITRATE 
3-SUPBRPHOSPHATE 

MURIATE OF POTASH 
ATRAZINE 
ALACHLOR 
KORNOIL 
BENTAZON 
CI'l'OWETT 

UREA 
AMMONIUM NITRATE 
3-SUPERPHOSPHATE 

MURIATE OF POTASH 

ATRAZINE 
ALACHLOR 
KORNOIL 
BENTAZON 
CITOWETT 

HERB -TOTAL * 
SEED * 

46-0-0 
34-0-0 
0-44-0 
0-0-60 

UNIT* 
COST 

0.33 $/kg 
0.29 $/kg 
0.32 $/kg 
0.20 $/kg 

5.55 $/kg 
6.40 $/L 
1.60 $/L 

25.25 $/L 
4.80 $/L 

170.00 
170.00 
75.00 
80.00 

1. 50 
2.50 

NA 
1. 68 

NA 

369.57 kg/ha 
500.00 kg/ha 
170.45 kg/ha 
133.33 kg/ha 

1.50 kg/ha 
5.22 L/ha 
5.60 L/ha 
2.92 L/ha 
0.01 L/ha ., 

COST 
$/ha 

121.96 
143.00 
53.86 
26.67 

8.33 
33.39 
8.96 

73.77 
0.04 

124.48 
30.00 

* Priee as quoted by Kemptvi11e Co-op, Kemptvllle, Ontario, 
fall, 1984. 

129 ---.tt ..... --..._ - ~_"~-; ... ..,.~-;. , ... ____ .. ; ...... ba ... ~i.~ .. '.t..,., .,.., ....... - ...... 0 ...... 1 ____ -_"'7 __ _ 

( 

t 
, 

~ 

t 
,t 

, " 

:'.,. 

as 1 



( 
TABLE E.5 Input Coat Liated by Sy.te •. 

------ --

SYSTEM 

CSI 
CSO 
CCI 
CCO 
RSI 
RSO 
RC 1 
RCO 
ZSI 
ZSO 
ZCI 
ZCO 

SEED 
S/ba 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
3'0. 00 

URBA AM. NIT. 3-PUOS 
S/ha S/ba S/ha 

121.96 0.00 53.86 
0.00 0.00 53.86 

121.96 0.00 53.86 
0.00 0.00 53.86 

121. 96 0.00 53.86 
0.00 0.00 53.86 

121.96 0.00 53.86 
0.00 0.00 53.86 
0.00 143.00 53.86 
0.00 0.00 53.86 
0.00 143.00 53.86 
0.00 

J 
0.00 53 86 

-----------------------------------~----

• 
POTASH HERBICIDE TOTAL 

SI ha $/ha $/ha 
- --------------- - - --------------- -- --- ------

CSl 26.67 124.48 35~6 
CSO 0.00 124.48 208.34 
CCI 26.67 124.48 356.96 
CCO 0.00 124.48 208.34 
RSl 26.67 124.48 356.96 
RSO O~OO 124.48 208.34 
RCI 26.67 124.48 356.96 
RCO 0.00 124.48 208.34 
ZSI 26.67 124.48 378.01 
ZSO 0.00 124.48 208.34 
zeI 26.67 124.48 378.01 
ZCO 0.00 124.48 208.34 

----------~---------------------------------------------

130 

l 

------, ____ "~ ~-~-~._~F----.44~,Ii.S~---~----~ .... ·a~;------$~P.,---,~.---- -----.. .., .. 



TABLE IL 6 Labour and Fuel Cost Ca1culatione. 

(~r LABOUR LABOUR* LABOUR 
SYSTEM CHARGE COST 

h/ha $/h $/ha 
---------------------------------------------------------

CSI 7.26 8.00 58.10 
eso 7.72 8.00 61.73 
CCI 7.26 8.00 58.10 
CCC 7.72 8.00 61.73 
RSJ 7.12 8.00 56.91 
RSO 7.57 8.00 60.60 
RCJ 7. 12 8.00 56.97 
RCO 7.5.7 8.00 60.60 
ZSI '5.58 8.00 44.67 
ZSO 6.04 8.00 48.29 
ZCI 5.5ti B.OO 44.67 
ZCO 6.04 8.00 48.29 

--------- ------ ------- ---- -------------

FUJL FUEL* FUEL 
CONSUMP PRICE COST 

L/ha $/L $/ha 
------

CSI 166 15 0.45 74.77 
CSO 184.64 0.45 83.09 
CCI 157.17 0.45 70.72 
CCC 172.24 0.45 1-7.51 
RSI 150.43 0.45 67.69 
RSO 165.50 0.45 74.47 
RC 1 138.87 0.45 62.49 
RCO 152.65 0.45 68.69 
ZSI 85.18 0.45 38.33 
ZSO 98.96 0.45 44.53 
ZCI 78.89 0.45 35.50 
ZCO 91.85 0.45 41.33 

--------~------------------------------------------------

* Eastern Ontario priees, fa11 1984 . 

.. 

f 
( 

13 } 
r ---- -- -,-- » el J ... • ------...... -



, . 

AppeDdix F 

Statlstical Analysis of Plant Yields " 
page 

F.I) Yield Results from the Sandy Loam 
Slte ......•...•......... . v •••••••••• 133 

F.2) Yield Results from the Clay Site .... 134 

1 

/ 

( 

---.......... _- -- -~. -._-~.= 132 
• • # ... -- ,.-._----.. ~S 



( 

( 

( 

"----~ ----

p-

TABLE F.l Yield Resulta fro. the Sandy Loa. Site. 

Note: These values were deterained by Kelly (1985). 

SOURCE OF SUM 
OF 

SQUARES 

MEAN 
SQUARE 

F VALUE PR > FR-SQUARE C.V. 

Madel 7 11.2966 1.6138 
5.1442 0.5144 

16.4409 

3.1400 0.0499 0.6871 6.9006 
Error 10 
Co r. To 17 

ROOT MSR MEAN 
0.7172 10.3937 

----------------r--------------------------------- -----
SOURCE OF ANOVA F PH > F 

------~------~~------------------
Blocw/ 2 2.7824 
Fert 1 1.0898 
TIll 2 5.9738 
Til1*Fe 2 1.4507 

2.70 
2.12 
5.81 
1. 41 

0.1151 
0.1762 
0.0212 
0.2880 

Duncan's MultIple Range Test for yleld. 
Alpha 0.05 DF=lO MSE=Q.5l44 
Means wlth the seme grouping are not slgntflcantly different 

TILLAGE N 

Reduced 6 
Conven. 6 
No-tIll 6 

FERT. N 

Organic 9 
Inorgan 9 

BLOCK N 

MEAN 

10.938 
10.646 
9.597 

MEAN 

10.640 
10.148 

MEAN 

GROUPING 

A 
A 
B 

GROUPING 

A 
A 

GROUPING 
------------~--------------

3 
1 
2 

6 
6 
6 

10.891 
10.360 
9.930 

AC 
A 
A 

L 
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TABLE F'.2 Yield Reaul ta fro. the Clay; Si te. 

J 
Note: These values were deter.ined--1>y Kelly (1985) . ,-
SOURCE OF StlM - --MÉAN F VALUE PR > F R-SQUARE C. V. 

OF SQUARE 
SQUARES -

Mode 1 7 17.2739 2.4677 
2.9195 O. 2919 

20. 1934 

8.4500 0.0016, 0.8552 4.6128 
Error 10 
Cor. To 17 

ROOT MSE MEAN 
0.5403 • 11.7134 

----------------------------~--~---------------------------

SOURCE OF ANOVA F PR > F 
SS 

-----------------------------------
Block 2 12.5829 21.55 0.0002 
Fert 1 0.1214 0.42 0.5336 
TIll 2 2.9651 5.08 0.0301 
Til1*Fe 2 1.6045 2.75 0.1119 

---D~ncan's MultIple Range Test for yield. 
Alpha-O.OS DF=IO MSE~0.5144 

Means wlth the same grouping are not slgnlflcantly dlfferent 

TI LLAGE N 

Conven. 6 
Reduced 6 
No-tlll 6 

FERT. N 

MEAN 

12. 192 
11.748 
Il . 200 

MEAN 

GROUPING 

A 
A.B 

B 

.GROUPING 
---------~-----------------

Inorgan 9 
Organlc 9 

BLOCK N 

Il. 796 
Il. 631 

MEAN 

A 
A 

.~d 

GROUPING 
-----------------------.~--

3 
1 
2 

6 
S 
6 

12.759 
11. 668 
10.713 

A 
- 8 

C 
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