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Conservation tillage and weed revolutions 
R. W. Medd 
Agricultural Research and Veterinary Centre. Orange. New South Wales 2800 

Weed problems in agriculture are ever
changing. The available cont rol met
hods have unquest io na bly improved 
during this century due to mecha n
ization and the advent o f organic 
herbicides . However , des pite th e 
inventi veness of current weed control 
technology, few species have been 
eliminated and the problems revolve. 
Shifts in weed ~ ora a re part o f the 
folklore of weed science a nd indeed 
have ta ken place througho ut agr icul
tura l history. Species shi fts mostly 
happen slowly a nd are rarel y caused by 
a single factor. This is clear fro m a 
European study which shows tha t the 
interaction of herbicides, fertili zers, 
the form o f tillage, crop types a nd 
cropping sequences has fo rced the 
evolution of regiona l weed ~oras (Haas 
a nd Streibig 1982). But a recent world
wide change, the upsurge in annual 
grass weeds, has been prom ulgated by 
conservation tillage practices in winter 
cereal production (Wicks 1985). It is 
this problem and it s manifes tat ion in 
the southern Australian wheat belt that 
is focused on in this paper . Whilst this 
is not the only change that has 
occurred it has become an impon 3nt 
obstacle in fa rming systems that a im 
to conserve soil resources. Further
marc, it serves to illustrate how weeds 
cont inue to turn full circle on man. 

Troublesome annual grasses in the 
southern Austra lian wheat belt are 
annual ryegrass (Lolillln rigidum), wild 
oats (A vella spp.), annua l phalar is spe
cies (Phalaris spp.), annual brome 
grasses (Bromus spp.), ba rl ey grasses 
(Hordeum spp.), and also silver grasses 
(Vulpia spp.) and possibly winter grass 
(Poa antlUa) in the high rainfa ll zone. 
These are no t new introductions so, to 
begin to understa nd why they have 
ingrcssed, it is necessary to examine 
how farming practices have a ltered and 
to determine the biological features o f 
weeds that have enabled them to adapt 
( 0 the new farming pract ices. Some 
stra tegies for overcoming annual grass 
weed problems are discussed . 

Differences in conservation 
farming practices 

Conservation tillage is a co llective term 
fo r practices that eliminate some or all 
operations involving soil disturbance. 

In so doing, three possible weed 
control functions of tillage are reduced 
or lost: cont rol wi thin the crop (e.g . 
inter-row cultivation), control of weeds 
during the fa llow (i .e. during th e non
crop period), and the anima tion of 
propagules (i.e. to stimulate germin
a tion within the seed ba nk). Benefits 
could be expected from the latt er two 
functions when using conventional 
tillage. 

The substitution of herbicides for t il
lage during the preparat ion of land fo r 
cropping proba bly gives an eq ua lly 
efficient control of weeds within the 
fa llow, a lthough this has not been 
closely studied. Plants that survive pre
crop prepa ra tions a re more d ifficult to 
kill because of size tolera nce to norma l 
rates of post-emergent herbicides. 

One o f the time honoured ro les o f 
ti ll age has been to stimulate weed 
emergence prior to sowing the crop
to anima te seeds and, subsequent ly, 
control them. This role is completely 
lost in direct drilling and chemical 
fa llow systems a nd is o nly part ly 
applied with reduced tillage tech
niques. C learly, if weeds emerge there 
are alternati ves to tillage fo r cont ro ll
ing them but for the moment there is 
no feasible prac tice that can substi tute 
for the a nimat ing role of tillage. 

Pre-emergence herbicides are not 
widely used for grass control in con
servation til lage for several reasons. 
First ly, they mostly have a na rrow 
spect rum, for example, chlorsulfuron 
a nd pendimetha li n are registered for 
a nnual ryegrass but not fo r ot her 
a nnua l grasses. Some need thorough 
soil incorporation (e.g. tr ifluralin) 
which opposes one of the main obj ec
tives of co nservation tillage. Further
more, the pre-emergence herbicides 
can be inac tivated by herbage a nd 
stubble residues, the retention of which 
is a desirable prac tice in these systems. 
To some degree this may be overcome 
by applying doses above currently 
recommended rates, but this is still 
subject to test. Moreover the cost 
effecti veness of this option may be 
doubtful. 

A II these factors have meant an 
increased reliance on post-emergence 
control o f weeds. Genera lly these 
herbicides have greatest effi cacy on 
small pla nts and crop tolerance dimin
ishes after early til leri ng. But here 
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again there are no broad-spectrum 
herbicides that will control a nnua l 
grasses in wi nter cereals. In contrast, 
severa l recently developed herbici des 
can control selectively a wide spectrum 
of grasses in broadleaf winter crops. 
Consequently, there has been a resur
gence of in te res t in crop a nd herbici de 
rotation, resulting in a wider range of 
winter crop species being grown in 
southern A ustralia. U nder conven
tional tillage, annual ley pastu res were 
the main ro tational alterna ti ve. Ley 
pastures are still widely used in con
servation t illage systems a nd tech
niques such as spray topping have been 
developed to minimize seeding of 
a nnua l grasses in the fina l year of th e 
pasture rotation. Spray topping in vol
ves the application of non-selective 
herbicides when th e majo ri ty o f 
inflorescences cont ain seed in the 50 ft 
dough stage. As emphasized by Ha r
radine (1986), the tim ing of herbicide 
application is critical and carefu l atten
tion to grazing management is required 
to ensure synchronization of flowering 
in the weed population for optimal 
results. 

W ith conservation ti llage, crops can 
be sown immedi ately following o pen
ing rains which means that they are 
o f len pla nted earl ier tha n is the case 
with conventional tillage. This can give 
crop yield ad vantages because of th e 
longer growi ng season compared wi th 
lower potent ia l yields expected from 
late-sown crops. H owever, ea rl y 
growth rates are generally considerably 
reduced in crops established using con
servation tillage tech niques, pa rt icu
la rl y direct drilling (Gates el al. 198 1). 
Consequently, the main elfect o f earl y 
sowing may be to olfset ta rdy crop 
establishment. Several conseq uences 
concerning weeds result from earl y 
sowing. First ly, weeds can estab li sh 
under less compet iti ve stress from the 
crop if it s grow th is reta rded . 
Secondly, the speed of weed emergence 
may be favoured relati ve to crop emer
gence. Th ere are a number o f reasons 
fo r this, for example. weed seeds may 
a lready have begun germ inat ing when 
the crop is plant ed. or warmer soil tem
peratures may in vi te different ia l 
response ... favouring weeds. 

Other nota ble differences between 
conscn·alian tillage and conventional 
met hod .... arc that in conservation tillage 
a larger pro portion of weed seed 
remains on or near the soil sur face. 
Tillage, if used, is mostl y wit h tined 
implements to avoid trash inversion 
and this results in minimal deep buria l 
o f seed. It is not clear whether the 
retention o f surface st ubble affects the 
behaviour o f weed seeds . 
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Biological features involved 
in weed adaptation 

This group of grass weeds which 
behave as winter annual s emerge and 
reproduce within the life span of the 
cro p. Like the cereals they tiller and 
can adjust their reproducti ve yield 
according to the resources available. 
They differ ho wever, by maturing 
befo re the crop and shed most o f their 
seed befo re the cro p is ha rvested . 
Apart from these general features their 
bi ological behaviour tends to vary. For 
insta nce, they display a wide range of 
species specifi c emergence patterns and 
seed lo ngevity, a nd seed dormancy 
vari es between and within species. A s 
al :-eady mentioned, there is no one 
registered herbi cide th at will contro l 
these grasses selectively in winter 
cereals and, in additio n, herbicide 
resistance has occurred in ryegrass 
(H eap a nd Knight 1982) and barley 
grass (Powles 1986), indicati ve o f their 
bi ological di versit y. 

It wo uld seem, therefore, tha t broad 
b iological features a re respo nsible for 
the build-up o f annua l g rasses in con
servation tillage systems. Since the seed 
is th e perennating organ of annuals, 
either seed carryover via a seed bank 
o r the influx o f fresh seed is necessary 
for these grasses to persist. 

Seed bank carryover effects 

A number o f facto rs, parti cula rl y 
dorm ancy, influence whether seeds 
persist as via ble pro pagules o r di s
appear fro m the seed bank . Loss fro m 
th e seed bank s is by seed germination, 
death th ro ugh metabo li c failure o r 
predatio n, o r expo rt fro m thc soil. The 
sum of these fates over time gives a 
'decay' curve. The inverse at anyone 
tim e gives the number of seeds 
persisting. 

T he decay fun ctio n o f seeds in the 
cultiva ted layer o f arable soils has been 
shown to be either ex ponential 
(Robert s 1970; Egley a nd Chandler 
1983) o r hyperbo lic (Burnside el al. 
198 1). The ra te of decay seems to vary 
a mo ng species but Lewis (1973) con
el uded th at seeds of few grass species 
persist longer t han fo ur yea rs. 
However, thi s depends o n th e expres
sion of seed dormancy. In Bromus 
diandrus, fo r example, i~nate dor
ma ncy is wea kly expressed a nd a lm os t 
all seeds \v ill germinate a ft er a short 
per io d o f afte r- ripening (C hea m 
1986a; Harradine 1986). Whilst a small 
percent age of seed ent ered induced 
dormancy, carryover of low popula
tions of seed was due more to enforced 
dorm ancy. Even so , seeds of thi s 
species are nO( well adapt ed for sur-

vival since only under cool moist soil 
storage condit ions did longevity exceed 
18 months (C heam 1986b). Similarly, 
popula tions of A vena jalua which 
lacked innate embryo dormancy per
sisted less than two years regardless of 
depth o f burial (Zorner el al. 1984) . 
Thi s contrasts with studies of A . jalua 
genotypes having inna te or induced 
embryo dormancy which acted to 
pro long lo ngevity. In one study 5"70 o f 
seeds were viable a ft er 4 years (Wilso n 
1985) and I "70 o f another seed po pula
tio n persisted a ft er 7 years (Banting 
1966). With Poa annua, Ro berts and 
Feast (1 972) found that 12 "70 o f seeds 
surv ived a ft er 6 years (averaged over 
three depths o f burial in disturbed and 
undi sturbed so ils). In th ese cases there 
is some indication that dormancy is 
favoured by deep buria l, th ereby 
i nc reas i ng lo ngev i t y. Lo ngev it y 
a ppears to be sho rtened as a result o f 
seed buria l in species which lack innat e 
do rmancy o r are devoid o f mechan
isms that ena ble dormancy to be 
induced. Here the indicatio ns are that 
unburied seeds survive for longer 
periods due to enfo rced do rmancy (see 
F ro ud-Willia ms 1983; C heam 1986a 
a nd Ha rradine 1986 in rela tio n to 
Bromus spp.) . 

There is strong evidence th at ger
mination of seeds account s for a large 
pro po rtio n of seed bank decay. Non
dormant seeds are free to germinate 
a nd will do so if suppl ied with favour
able environment al conditions. This is 
the po int at whi ch tillage has most 
effect fo r it may enha nce the release o f 
seeds fro m do rmancy as well as 
improve the availabilit y o f optima l 
microsit es for germination; together 
these speed up seed bank decay. 
Ro bert s (1970) showed that the decay 
was most ra pid with multiple tillage. 
Seaso na l timing of tillage is not neces
sa rily im portant (Ro bert s a nd Po tte r 
1980 ; Robert s 1984) but th e cho ice o f 
till age im plement can affect the ra te of 
decay (e.g. Wilso n 1978; 1985), most 
pro bably due to depth o f burial effects. 
Zo rner el al. (1 984) fo und , fo r 
instance, that deeply buried seeds o rA. 
/ afua were more likely to germinate 
th an seeds a t sha llow depths whereas 
those seeds closer to the surface tended 
no t to germinate but lost viabili ty, pos
sib ly due to meta bo lic fa ilu re. When 
seeds germinat e but fail to produce 
seedlings thi s loss mostly goes unno t
iced; it is often termed 'fatal' germina
ti on and there is a growing reali zation 
th at it co ntri but es signifi ca ntl y to 
decay. This a lso is influenced by depth 
of buri al and interacts strongly with 
seed size and qualit y. For example, 
mo re th an half th e seeds o f A. j alua 

germinating a t a depth o f 75 mm and 
a lmost a ll seeds buried at 230 mm 
fail ed to produce seedlings (Murdoch 
1983). Wilson (1985) o bserved >85'70 
loss o f buried A. jalua seeds, further 
indicating the vulnerability of seed 
populat io ns when deposited a t depth . 
Based o n the beha vio ur o f wild oats, 
burial of small seeded species would 
seem to enhance the prospects fo r fatal 
germinatio n due to th eir limited endo
sperm reserves. There is little do ubt 
that fa tal germinatio n is also rela ted 
to soil type and bulk densit y (Egley and 
C ha ndler 1983) . 

Burning also affects grass seed lo ng
evit y. Fo r example, seeds o f A . jalua 
(Wilson a nd C ussans 1975) and of 
A lopecurus myosuroides (M oss 1980) 
lying o n the sur face were killed by 
burning the stubble. The effect is tem
perature dependent a nd is governed by 
the amo unt o f stubble, the speed o f the 
fire and the moisture content of th e 
seed . Imbibed seeds and those covered 
by even shallow layers o f so il suffered 
less mort alit y and were seemingly less 
do rma nt as a result o f burning. The 
fire residues appea red a lso to pro
vide a mo re favo urable seedbed fo r 
germinati on. 

FaclOrs affecling seed produclion 

Th e importance of seed production 
versus seed bank carryover in regard 
to the persistence of wild oats in the 
UK has been highlig hted by Wilso n 
(1 978). Input s to seed ba nks are either 
from impo rt s (herein igno red) or fro m 
seed producti on by plant s that survive 
or escape treatm ent within the crop. 
Seed producti o n depends initia lly o n 
the recruitment (esta blishment) o f 
plant s and henceforth on their growth 
to maturit y. Survival, growth and 
reproduclion are influenced both by 
environmental and densit y-dependent 
factors wh ereas recruitmem is mainl y 
under environmental control. 

It is abundantly evident fro m the 
above discussion th at seed buri al 
affects recruitm enl. Whereas most 
recruit s arise from shallowly buried 
seeds, tho se placed at the extremes (i. e. 
o n the surface o r buried deeply) a re 
less lia ble to produce plant s (Roberts 
1984). With this gro up ar weeds, most 
recruitm ent comes from seed that is 
less than o ne year o ld. But , generally, 
recruitm em is not a limiting factor 
even tho ugh mostly o nly a small 
proportion of seeds in the soil emerges 
annuall y. It is not uncommon for 
a nnua l emergence to be < 10 "70 o f the 
via ble seed bank ( Ro bert s 198 1; 1984) 
and sometim es ca n be as low as < 1% 
( Ro bert s and Ri ckett s 1979). 
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Of much greater importa nce in crop
ping cycles is the timing of recruitment . 
Among this group of grasses two 
broad emergence patterns are evident. 
Recruitment is either a single event, as 
is the case for B. diandrus (Cheam 
1986a; Harradine 1986); or it has an 
initial wave followed by smaller 
periodic emergence events, generall y 
occurring through to spring, as in 
A vena spp. (Amor 1985) . Where 
recruitment is staggered there is a high 
probability of some plants avoiding 
control since late post-emergence con
trol is not possible due to the lack of 
crop tolerance. 

A major factor cont ributing to the 
production of seed is weed survival. 
C nly. under exceptional conditions is it 
possible to obtain >90"7. in-crop con
trol of weeds. Generally, up to 25"70 of 
weeds survive post-emergence treat
ment . Clearly this fraction is capable 
of reproduction, even though the 
growth a nd fecundi ty of individuals 
may be retarded by treatment. 

Species fecundit y varies from a few 
seeds to several hundred per plant and, 
like crop plants, is density dependent. 
For example Radford et al. ( 1980), 
using a mixed population of A vena 
spp., found that seed production per 
unit a rea was similar for all weed den
sities at low crop density. Weed seed 
production declined for all densities of 
the weed as crop densit y increased, 
especially in low weed po pulations. 
Seed production o f Lolium rigidum, 
likewise, remained high over a wide 
range of densities wit h mixtures of 
wheat (Rerkasem et al. 1980). Time of 
emergence and soil moisture and fertil
ity are o ther factors which influence 
the fecundity (Peters 1982). Between 
90 and 100"70 of seed produced by A. 
Jatua in crops of spring barley was 
produced by ea rly emerged plants 
(Peters 1984). Seed production and 
qualit y can also vary according to the 
environmental conditions prevailing 
during seed maturation (Moss 1983) . 

Conclusion 

A considerable range of options is 
available for weed control in conser
valion farm ing. There is no overall 
prescription; it is a matter o f assessing 
the weed problem on a field basis and 
determining which are the most 
appropriate techniques to apply in that 
situa ti on. Inva ria bl y weed-control 
schedules are aimed prin cipally at 
minimi zing crop yield loss altributable 
to competition, a nd rightly so . It is 
equally apparent tha t these practices 
concentrate on ki lling plants; a trend 
exacerbated in conservat ion farming 

by eliminating practices that contribute 
to seed bank decay, along with a 
heavier reliance on in-crop contro l. 
These deficiencies have been upper
most in a llowi ng annual grasses to 
invade. 

To correct th is, weed-control decis
ion ma king needs to incorporate the 
concept of population management 
since the carryover o f weed propagules 
together with the influx of new seed 
affect s future decisions. This does not 
require the development of new tech
niques but calls instead for the harness
ing of practices in an integrated 
fashion to optimize both crop yield 
a nd weed population suppression. In 
this regard there are few comprehen
s ive aids to assist producers in their 
decision making. However, assessment 
of the amount of population regula
tion attained from given inputs of con
trol is now possible at a resea rch level 
by using models, opening the way to 
a more analytical approach to weed 
management on the farm (Medd 1987) . 

Fine tuni ng of management systems 
undoubtedly leads to improved weed 
contro l but will not necessarily 
eliminate weed problems. This is borne 
out by two published examples (Doyle 
et al. 1985; Cousens et al. 1986). From 
this it must be concluded that availabl e 
techniques are manifest ly incapable of 
eliminating weeds, no matter how pre
c isely they are in tegrated . The single 
reason fo r this is their fai lure to dis
rupt seed cycles adequately. Although 
attempts to regulate seed popu lat ions 
directly have so fa r met with only 
partial success (Medd 1985), they 
a mply demonstrate that it is possible. 
Research along these lines is strongly 
advocated for the annual grasses since 
they are not well adapted for long-term 
storage in the soil. 
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First choice grass herbicide. 
Fusilade 212 is firmly 
established as the first choice in 
broadacre and horticultural crops. 

o Outstanding crop safety. 
o Perennial and annual 

grass weeds. 
o Reliable. 
o Rainfast in sixty minutes. 
o First choice, obviously. 


