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Final points
I have made some simple points to get 
people thinking about the educational 
efforts about weeds. We have achieved 
much in community awareness over the 
last decade but we may be losing effec-
tiveness. I would like to suggest that we 
consider well our weed education efforts 
and work for constant improvement. Let’s 
keep working on new ideas to get our im-
portant messages about weeds and their 
control to the wider community.
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Introduction
Zoochory, or seed dispersal by animals, 
occurs in over 50% of all plant species 
(Tiffney and Mazer 1995). The fossil 
record suggests that mesozoic fauna in-
gested seeds and may be the fi rst recorded 
seed dispersers (Tiffney 2005). Zoochory 
is advantageous to plants by providing 
an opportunity to disperse seeds further 
than can typically be achieved via abiotic 
methods. 

Where suitable morphological seed 
characteristics are present, dispersal can 
occur via exozoochorous means. External 
transport can allow for dispersal distances 
ranging from tens of metres to kilometres 
through attachment to sheep (Fischer et 
al. 1996) or cattle (Couvreur et al. 2005). 
Couvreur et al. (2005) have suggested that 
seed retention time is generally not af-
fected by environmental factors such as 
the weather or the vegetation community 
type, whereas there are interactions be-
tween seed morphology and the length 
of animal fur. Small, light seeds tend to be 
retained better in short fur, whereas larger 
heavy seeds, or seeds with many long ap-
pendages, are retained better in longer fur 
(Couvreur et al. 2005, Romermann et al.
2005). 

Sorensen (1986) has suggested that 
species with adhesive disseminules suit-
able for exozoochorous dispersal are more 
likely to be low growing annuals from 
dry or disturbed habitats, as typifi ed by 
a wide range of burrs. Cattle have been 
reported by Declerckfl oate (1997) as be-
ing major dispersers of hound’s-tongue 
(Cynoglossum offi cinale L.) burrs, a noxious 
weed from North America that grows to a 
height of 50 cm.

Endozoochorous methods, where seeds 
are ingested and pass through the gut, are 
the most common form of seed disper-
sal by animals, suggesting there is an in-
nate ability of seeds to survive digestion. 
Hughes et al. (1994) suggest that such bi-
otic dispersal is generally related to seed 
size, with larger seeds more likely to be 
dispersed by endozoochory than smaller 
seeds.

Weeds occur in all farming production 
systems, with a range of methods poten-
tially available to reduce seed recruitment. 
Techniques for controlling viable seed set 
include chemical control (e.g. spray top-
ping), mechanical control (e.g. slashing, 
tillage), seed collection at harvest, fodder 
conservation (hay or silage) and grazing. 

When seed is collected at harvest, the two 
main options for disposing of the collected 
seed are burning or feeding to livestock. 
Seed left in the paddock after harvest can 
also be spread by livestock, as sheep are 
capable of ingesting grain and seed scat-
tered on the ground (Curtis and Mavran-
tonis 1990, Olson et al. 1997). With the ex-
ception of mechanical control or burning 
of collected seed, these methods rely on 
the remaining viable weed seeds being 
destroyed during the digestion process. 
Poorly digested seed may pass through 
the animal in the faeces in germinable con-
dition, leading to either weed reinfesta-
tion in the original fi eld, or infestation of 
other fi elds. There is also the possibility of 
spreading weed seed to other properties. 

It has been shown that seed from weeds 
(Piggin 1978, Wallander et al. 1995, Olson 
et al. 1997) and pasture species (Edward et 
al. 1998) can pass through sheep and re-
main viable. Piggin (1978) suggested that, 
despite all germinable seed being passed 
within three days, sheep are most likely 
responsible for the spread of Paterson’s 
curse (Echium plantagineum L.) across Aus-
tralia. Control of volunteer crop species is 
also an aspect of weed control that needs 
to be considered. Whilst work has been 
done on the intake or nutritive qualities of 
crop seeds (Curtis and Mavrantonis 1990), 
no reports detail the viability of any ex-
creted crop seeds. 

Rate of passage
Cattle have been identifi ed as a high risk 
for spreading prickly acacia (Acacia nilotica
L.) due to seed dispersal after ingestion 
(Tiver et al. 2001). To minimize the spread 
of prickly acacia, they recommend that 
livestock that come from infested prop-
erties are quarantined for six days until 
seeds have passed through the digestive 
tract. Further, management strategies 
should control cattle movements between 
paddocks during periods when cattle are 
ingesting pods and seeds.

Similarly, it can take up to fi ve days for 
all annual ryegrass seed to pass through 
the digestive tract of sheep, which is in 
line with fi ndings for other weed species 
(Table 1). There is also agreement within 
the literature that seeds can pass through 
the digestive tract of sheep and cattle 
within 24 hours. Therefore, any manage-
ment strategies for controlling the move-
ment of weed seeds by livestock must be 
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implemented early after ingestion and re-
main in place for up to a week to account 
for any seeds that are excreted. 

Per cent excretion
Cattle on restricted intakes can excrete 
up to 8%, 40% and 48% of oat, barley and 
wheat grain respectively (Toland 1976). 
Comparable rates of excretion have been 
reported for a range of weed species (Ta-
ble 1). Signifi cantly, a lower percentage of 
ingested seed is reported to be excreted by 
sheep, with this difference suggested as be-
ing a result of the extent to which the two 
animals chew the grains (Waldo 1973).

The viability of the recovered seeds 
as reported by these authors was highly 
variable, and this may also be a result of 
several factors. 

The maturity of the ingested seed may 
contribute to the amount excreted. Olson 
and Wallander (2002) reported that less 
leafy spurge seed (Euphorbia esula L.) seed 
at the soft dough stage was excreted and 
remained viable compared to hard dough 
or mature seed. Other factors such as 
quantities of seed ingested, seed charac-
teristics, diet quality, the species and age of 
animals used, length of time in the rumen 
and basal diet have also been suggested 
as contributing to the observed level of vi-
ability of excreted seeds (Blackshaw and 
Rode 1991). It would appear, however, 
that viability of seeds is signifi cantly re-
duced by passage through animals.

Seed size and shape
The size of ingested seed may infl uence 
the fate of seed in the intestine of livestock. 
When using spheres of various densities 
ranging in size from 3.2 mm to 12.7 mm fed 
to Holstein heifers, Ehle and Stern (1986) 
found that particle density has a greater 
effect on intestinal passage than particle 

Table 1.   Reported rates of seed passage, seed recovery and germination of selected seeds ingested by sheep and 
cattle.
Species Retention time (days) Per cent recovered Per cent germination

sheep cattle sheep cattle sheep cattle Source

Prickly acacia 6 Tiver et al. 2001

Giant Parramatta grass 4–7 6 19 Andrews 1995

Chilean needle grass 4 2–6 <50 Gardener et al. 2003

Giant rats tail grass 4 41 79 Bray et al. 1998

Annual ryegrass 4 4 11 33 21–40 24–40 Stanton et al. 2002

Pasture speciesA 2–3 2–3 11 48 0–60 0–60 Simao Neto et al. 1987

Serradella 2–5 <10 – Edward et al. 1998

Paterson’s Curse 3 – 1–2 Piggin 1978

Spotted knapweed 5 4 0–26 Wallander et al. 1995

Leafy spurge – 4 5–24 Olson et al. 1997

A Stylo, glycine, clover species, carpet grass and signal grass.A Stylo, glycine, clover species, carpet grass and signal grass.A

size, and it was only at low particle den-
sity that smaller particles passed through 
heifers more readily than larger particles. 
The medium density spheres (1.34 g mL-1) 
were also observed to pass through cattle 
the quickest and in the highest numbers.

When feeding seed from a range of 
pasture species to sheep and cattle, Simao 
Neto et al. (1987) observed that more short 
seeds were excreted by sheep compared 
to long seeds. However, seed shape did 
not infl uence the amount of seed excreted 
by cattle, although larger seeds tended to 
have a slower rate of passage.

Seed coat thickness
Tiffney (2004) suggests that endozoo-
chorous seed dispersal requires a seed coat 
that provides the embryo with protection 
during passage through the gut, yet does 
not greatly inhibit subsequent germina-
tion. 

There are significant morphological 
differences between yellow and brown 
brassica seeds (Vaughan 1959, Stringam 
et al. 1974), with yellow seeds having thin-
ner seed coats with higher levels of oil and 
protein when compared to brown seeds. 
When canola seed hulls are fed to pigs, 
Bell and Shires (1982) found that the yel-
low seed hulls were more digestible than 
brown hulls. The thinner, more digestible 
nature of yellow seed hulls would indi-
cate that lighter coloured seed would be 
less likely to pass through livestock and 
remain viable compared to darker col-
oured seed. While St John et al. (1987) 
have reported that canola seed hulls are 
less digestible than the seed embryo, and 
therefore potentially protect the embryo 
during passage though the digestive tract, 
only a low percentage of dark coloured 
canola seed ingested by sheep is excreted 
whole (Stanton et al. 2003). 

Seed quality
The oil content of the seeds may also in-
fl uence rate of passage through the di-
gestive tract, and therefore the viability 
of excreted seed. Increasing levels of oils 
and fats in the diet of lambs (Petit et al.
1997) and cattle (Hussein et al. 1996) can 
decrease the DM digestibility in both ani-
mals. Therefore, as oil in the diet increases, 
through either increased oil content of the 
seeds or increased intake of seeds, some 
disruption to normal intestinal function 
could be expected. This can lead to lower 
digestibility and faster rates of passage, 
which may tend to increase the numbers 
and viability of excreted seed. However, 
from a livestock management perspective, 
this may also reduce the length of time 
taken for all seeds to be excreted after in-
gestion. Further, while the quality of the 
seeds ingested can infl uence the rate of 
passage and the level of germinability of 
excreted seed, the quantity of seed in the 
diet is likely to be more infl uential.

Summary
The potential for seed dispersal by live-
stock has implications for integrated weed 
management. The practice of utilizing 
sheep and/or cattle to reduce additions to 
the seedbank and hence restrict the build 
up of weeds needs refi nement. Sheep are 
more effective than cattle in reducing the 
amount of germinable seed and should be 
used in preference to cattle. Further, the 
time taken for passage of seed through the 
digestive system could provide a mecha-
nism for spread of weeds beyond the fi eld. 
It is inevitable that there will be spread 
within the fi eld where the seed is con-
sumed. However, there needs to be a peri-
od of several days following consumption 
to ensure clean-out of the digestive tract 
before animals are moved to new areas to 



Plant Protection Quarterly Vol.21(4)  2006  147

minimize the risk of spread. 
The fate of ingested seeds is becom-

ing more important as herbicide toler-
ant crops, such as triazine tolerant and 
imidazolinone tolerant varieties of wheat 
and canola, are introduced or herbicide 
resistant weeds become more prevalent. 
Spread of seeds can be avoided by the use 
of appropriate animal husbandry practic-
es. Restricting livestock to a holding area 
for seven days would ensure that they 
had passed all viable seeds before being 
moved away from the fi eld. This would 
be more critical in the case of stock that 
had only been exposed to the seed source 
for a short period of time and therefore 
potentially had a higher level of seed in 
their diet. This management technique 
should be seen as an essential part of any 
effective integrated weed management 
strategy. It would have the advantage of 
ensuring that any seeds are not spread 
away from the source fi eld, as most seeds 
appear to have similar retention times in 
the intestine. Newly purchased livestock 
should also be held in yards for a similar 
time period for the reason of ensuring that 
no undesired plants are introduced onto 
the property.
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