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Introduction 

In 1876, R. B. Smith had the happy 
accident tha t led to his d iscovery o f the 
st ump-jump p ri ncip le. Befo re 1t was 
widely adopted, the new design o f 
plo ugh had to OVercome well -esta b
lished prejud ices aga inst a slovenly 
fa rming practi ce that wo uld a llow 
stum ps and roots to be left in the crop
ping paddocks. 

I f legend is to be believed, then it 
was a n accident that broke j ust the o ne 
bolt tha t a llowed the plough-body to 
sw ing out of the way, ra ther than a 
conscious a tt em pt to seek machinery 
to Overcome the prob lems of clearing 
a nd cu lti vating th e ma llee-scrub
covered land of South A ust ra lia. Sm ith 
began the great A ustralian trad itio n of 
the farmer- inventor, a t ra d it io n that 
in many ways has held back the 
adva nce of techno logy in this count ry. 

In a book published in 165 1, Samuel 
Ha rt lib made th is plea: 

'I wonder that so many excellent 
Mechanicks who have beaten their 
bra ins about the perpe tual motion 
a nd ot her curiosit ies, th a t they 
might fi nd the best way to ease a ll 
Mot ions, sho uld never so much as 
ho no ur the P lo ugh (which is the 
most necessary Instrument in the 
world) by th eir labo ur a nd studies. 
I suppose a ll know, that it would be 
an extraordinary benefi t to this 
Country, if tha t I o r 2 horses could 
plo ugh a nd draw as much as 4 or 6 
a nd furth er a lso th at there is no 
small difference in plo ughs and wag
gons, when th ere is scarce a ny SUTe 

rule fo r ma king them; and every 
Count ry, yea, almost every County, 
differs not o nly in the Plo ughs, but 
even in every part, which varie ty 
showeth , tha t the Hu sband-man, 
who is o rd ina ril y ig no ra nt in 

Mecha nicks, is even a t his wits end 
in this Instrument , which he must 
necessarily use cont inua lly. Surely 
he would deserve well o f th is Nation 
a nd be much honoured by all , tha t 
would set down exact rules for th e 
mak ing of this most necessary but 
contemned Instrument , and so for 
every pa rt thereof; fo r witho ut 
questio n th ere a re exact Rules to be 
la id down fo r this, as fo r Shipping 
a nd fo r o ther things.' 
Today, we are in the middle of a 

reassessment of tillage practices, wi th 
many new ideas being proposed , much 
q uestio ning of p resent practices, p ro
mo tio n of new devices or resuscitatio n 
of o ld devices, to the confusion o f the 
p ract it io ner, j ust as it was in 165 1. 

Recent changes 

It took a lo ng time fo r th e plo ugh to 
evo lve from its o riginal wooden fo rm 
to the tillage machines we know today. 
Much of that p rogress has been made 
thro ugh the delibera te a pplicatio n o f 
new theory a nd techno logy to the 
needs of fa rming. Examples o f this a re 
the USe of iron and its subsequent 
improved a lloys, better stump-jump 
mechanisms, the USe of hydraulics a nd 
the a ir seeder. 

The pressu re to become mo re cost
effective has led to the escala tion o f the 
area cropped per ma n, and also to new 
ideas in the design a nd o peratio n of 
machines which can use the power o f 
bigger t ractors mo re effectively. More 
po wer means wider machines o r higher 
speed, but there is a confl ict bet ween 
these two o ptions. 

Wider machines give higher dra ft 
which, in lurn, requires mo re to rque 
to be transmitted thro ugh gear boxes 
a nd shafts; these must then be made 

Plant Protection Quarterly Vol. 2(2) 1987 79 

la rger to cope with the heavier loads. 
Witho ut upgrad ing to a llo w for the 
increased loads, transmissions will fa il. 
However, the power of the tractor can 
be used also if it is opera ted a t a higher 
speed, and there may be rela tively little 
increase in torque loadings. But speed 
can only be increased to the extent that 
opera tio n remains comfo rtable and the 
driver can still control the tractor 
accurately. Mo re importantly, higher 
speed can destro y soil structure, par
ticula rly where no change has been 
made to the tillage tool to allow for the 
increased speed. So a compromise 
must be made between speed and 
width . 

Furthermore, it is no t o nly cost 
cont rol th a t has become an issue. 
Farmers and the communil y are much 
mo re concerned a bo ut the enviro n
ment and the idea of susta ina ble 
agriculture. The issues now are to 
conserve soil , to maximize moisture 
retentio n and reduce energy consump
tio n, while maximizing yields a nd 
minimizing costs. 

Ma ny new systems have been tried 
o ver the past decade o r so, often quite 
rad ical in th eir approach, a nd LOO 
often with new jargon to describe the 
technique. ' Minimum t illage', 'zero 
tillage', 'conservation tillage' and 
'custo m-prescri bed tillage' a re te rms 
that have been coined a nd a re widely 
used , but they may mean d ifferent 
things to d ifferent people. Each region 
has its own condit ions a nd its o wn 
recipe fo r how best to deal with those 
conditio ns. 

Eq ui pme nt ma nufac tu rers have 
been concerned a t the potentia l 
explosio n in d ifferent tillage compon
ents that would be required to cater fo r 
the many different systems that have 
been proposed. There is a need fo r a 
cool look a t the o bject ives o f tillage 
and the means o f a tta ining those 
o bjecti ves. 

Present concerns 

M inimizing soil loss a nd maximizing 
retentio n o f soil moisture, when 
coupled with cost reduction, typically 
implies red ucing the number of work
ings o f the soil , using implements less 
aggressive in their actio n, and retain
ing stubble residues o n the soil surface. 
Less working saves the cost o f fuel and 
labo ur, reduces loss o f soil mo isture 
brought about by turning up the lower, 
mo ister soil , a nd reduces damage to 
soil structure either thro ugh the actio n 
o f the tillage tool o r thro ugh compac
tion. 

Less aggressive implements sho uld 
have less dra ft a nd will cause less soil 
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disturbance, thus conserving fuel, soil 
moisture and soil structure. Retaining 
stubble residues o n the surface in
creases surface roughness, reducing the 
wind speed and temperature at the soil 
surface and hence the evaporation of 
moist ure. 

In the last ten years fa rmers have 
looked at less-aggressive tillage tools 
such as the blade ploughs and rod 
weeders that have been used in other 
countries, but which have not found 
favour in Australia until now. They are 
also trying chisel ploughs with sweep 
points for weed control in order to 
make more use of th eir present equip
ment. Farmer innovators are assessing 
the effectiveness of spik ed chains as a 
weed control device. The degree of suc
cess of each of these will depend very 
much upon the region in which it is 
used. 

The level of weed control can be 
dependent on the aggressiveness of the 
implement, particularly on heavy soils; 
if less aggressive implements are used, 
then the potentially poorer weed con
trol must be overcome either by 
improving management (especially the 
timing of operations) or by com
plementing the tillage operation with 
the use of herbicides. Less aggressive 
implements are more suited to lighter 
soils where they give more effect ive 
weed control, especially in those areas 
where weed kill is aided by the climate. 

Future trends in tillage tools 

Ideally a farmer would like to have a 
wide range of tillage tools to suit differ
ent requirement s for different soils in 
different seasons as he has with herbi
cides where he can select from a range 
of chemicals to meet specific needs. 
However, as the costs of purchasing 
and of owning machinery a re increas
ing, farmers are being forced in the 
oppos ite directio n, towards reducing 
the number of tillage machines they 
have o n hand . Similarly, consider
ations of sales volumes and production 
costs are enco uraging machinery 
manufacturers to reduce the number of 
different machine options they offer to 
the market. 

Together these pressures demand the 
search for more versatile tillage imple
ments. A recent example is the 
development of scarifiers and chisel 
ploughs with wider tine spacing (200 
mm and over). Greater versatili ty, 
however, means compromise; while 
chisel ploughs can be used for primary 
and secondary cultivation, and for 
sowing when fitted with an ai r seeder, 
they give poorer weed control in heavy 
so il than a traditional scarifier , and 

their sowing performance is inferior to 
a purpose-built seeder. Again com
promises on weed control must be 
overcome by beller management and 
the use of herbicides. 

Obviously, more effort will be 
directed to making implements more 
suited to the range of operations 
expected - nOl only for weed control 
but also for sowing. There is much still 
to be learned on where problems will 
arise and which of these can be most 
easily overcome. One area receiving 
allention is that of beller depth con
trol which is needed for satisfactory 
seeding, particularly in reduced tillage 
si tuatio ns. Options include electronic 
depth-sensing coupled to automatic 
control, or beller design of the support 
system for the implement frame to give 
more even depth across and through 
the implement. 

Increasing allention is also being 
given to building implements beller 
able to handle stubble residues, partic
ularly those used for secondary culti
vation and sowing. 

The radical change of practice 
implied by controlled trallic, whether 
using gantries and permanent wheel 
tracks or si mply tractors operating on 
annually-renewed wheel tracks, will 
preserve soil structure; the lower soil 
compaction will mean lower draft, that 
is lower energy inputs. The new system 
should favour the use of less aggres
sive implements. The prime disincen
tive to change will be capital cost for 
the gantry systems. For tractor-based 
controlled operations, the problem will 
be to come up with the components for 
a system where the width of imple
ments is constrained to multiples of the 
width of primary cultivat ion tools. 
This may require greater variation in 
speed than at present, with consequen
tial implications for the tillage tools in 
the system, though the real range of 
drafts will not be known until more 
field-scale trials have been made. 

The alternative to weed control 
by tillage 

The use of herbicides for weed control 
as a total substitute for tillage is 
increasing. However, various trials 
suggest that some soil manipulation is 
required in many districts, at least at 
the time of sowing, to promote root 
development and emergence. There is 
a lso a need for tillage in some areas to 
help alleviate root diseases such as 
rhizoctonia. The move toward tOlal 
weed control by herbicides is being res
tricted by the absence of machinery 
suitable for sowing into uncultivated 
soil. 

There is a continuing need for more 
effective application of herbicides 
Costs of chemicals are now approach
ing the cost of fuel for farmers, and 
there will be pressure to get the best 
value for the expenditure. Concern for 
the environment calls for the reduction 
of misapplication of chemicals arising 
eit her through excessive rales, uneven 
application or through drift. Manyare 
concerned at possible chemical residue 
build-up in the soi l. There is too a con
cern at the development of resistant 
varieties, a problem that does not arise 
when u ing tillage for weed control. 

The first step in reducing these con
cerns is through beller application 
practices, and cont inuing effort is 
needed to improve the genera l under
standing of operat ion and maintenance 
of spray equipment. Secondly, th ere 
remains plenty of scope for the beller 
design and manufacture of spray 
equipment. Nozzles need to have beller 
wear characteristics and greater unifor
mity of output. Beller nozzle position
ing and design for beller penetration 
of standing stubbles ca n improve the 
performance of spray booms. The 
design of shielded booms is being 
investigated so that the pOlential 
beneflls of superior penetralion and 
less drift can lead to less chemical 
application and less unwanted damage 
10 the environment. Electrosta tic 
spraying, still in its in fancy as applied 
to agriculture, may a lso offer improved 
application . 

More radical possibilities, such as 
the use of ultrasonic sound or high
vollage electric charges to kill weeds, 
have proved to have 100 high a power 
demand to be satisfactory. A more 
likely development is some varia lion of 
the 'seeing' spray boom that will on ly 
apply herbicide where a weed is detec
led. 

Cost implication 

Growing awareness of the true costs of 
owning and operating machinery will 
lead to changes. For many years it has 
been known that the machinery invest
menl per hectare can vary by a factor 
of 4 to I or more between farmers in 
the same district growing the same 
crops. Even in the cost of similar oper
ations there can be a range of cost of 
2 to I or more between individual 
farmers. This awareness will eventually 
lead to beller management, spurred on 
by the continuing pressure on the less 
financially secure farmers. 

A major saving can be made by 
reducing the investment in machinery, 
moving to fewer and mo re versatile 
machines. This is a disincentive to the 



development of dedicated spraying 
machines of the kind that have 
emerged in Britain , except for use by 
contractors. 

Beller management will lead to a 
combinat ion of ti llage and herbicides 
chosen in accordance with seasonal 
conditions. For example, studies in the 
W immera show that in a wet start to 
a season, it is beller to use herbicides 
to commence fallowing while in a drier 
season mechanical methods are more 
cost-effective. 

Concern with costs and energy con
servation will see a trend toward lower 
d ra ft and less aggressive implements, 
provided weed control can be main
ta ined, and th is will call fo r beller 
management . 

However, the extent to which an 
individual farmer will move toward the 
use of herbicides should depend on his 

investment in tillage machinery. Once 
the initia l cost has been incurred then 
the concern wi ll be with the marginal 
o perating cost; often it may be less 
costly to use the existing tillage tool 
where only the labour, fuel and wear 
on po ints has to be paid for, ra ther 
than using a herbicide where the 
chemical and again labour, fuel and 
wear on nozzles have to be taken into 
account. The ba lance of the equation 
will depend very much o n th e relative 
value o f fuel and chemicals. 

Conclusion 

Weed control is still undergoing 
change. The ba lance between the use 
of herbicides and mechanical methods 
will be influenced by the development 
of more versatile tillage implements 

FORTHCOMING CONFERENCES 

First International Seminar on Plant Protection 

The Seminar, which is organized by the 
Natio nal Center fo r Plant Protection 
of the Republic of C uba, is to be held 
at the International Conference Center 
in Havana on 22-25 September 1987 . 
The event will be of part icular interest 
to specialists in phytopatho logy, ento
mology, weed control, nematology, 
acarids and pesticide chemistry. 

The scientific programme will cover 
the fo llowi ng themes. 
I. Methods of pest forecasting in crop 

lands. 
2. Methods of disease fo recasting in 

crop lands. 
3. Recent met hods fo r rapid diagnosis 

of pests and disease-causing agents. 
4. Chemical means of pest, disease and 

weed cont rol in crop lands. 
5. Non-chemica l means of pest, dis

ease and weed control in crop lands. 

6. Pesticide behaviour and degradation 
in the environment. 
The official languages o f the Semi

nar will be English and Spanish. T here 
will also be a scientific and trade exhi
bit ion during the conference. 

For furth er in fo rm atio n please 
contact: 
• Palacio de las Convenciones, 

A partado Postal 16046, 
La Habana, Cuba 
Telex: 511 609 PALCOCU BA 

• Eng. Pedro L. Bernal, 
Chairman Organizing Commillee 
I st Internationa l Scientific 
Seminar on P lant Protection, 
C NSV, Calle 150 No. 2125 e121A 
y 25 Siboney, Playa, Ciudad de La 
Habana, Cuba 
Tel. 21-8 142, 21-8818 
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and more effective spray application 
equipment as well as by the relative 
costs of fue l, chemicals and machin
ery. 

As Hartlib urged in 1651 , we, as 
experts, need to set down the ' rules'. 
These rules govern the requirements 
and the suitability o f different tech
niques and tools to meet those require
ments. We a lso need to explain th is fo r 
the benefit o f fa rmers and the Natio n. 
We need to do this in an organized way 
using proper scientific techniques, 
whether in engineering science or 
agricultural science, and we must not 
rely on the hit-or-miss approach o f 
wait ing for the happy accident that has 
been so providential for this country 
in the past. 


