
|

Seed dispersal plays a crucial role in the ‘success’ of many weed spe-
cies. An important effective way of seed dispersal is by animals through 
both ectozoochorous and endozoochorous modes (Wang et al., 2017). 
In regions with regular livestock movement, for example in central Asia, 
zoochory is probably one of the most important mechanisms of seed 
dispersal (Bläß et al., 2010). Seed dispersal by animals is not only im-
portant in rangelands and natural ecosystems, but also in non-grazed 
ones. Weed seeds can be transported after ingestion by animals and 

shed directly in pastures or spread via fresh manure to arable fields 
(Petit et al., 2013). Manures from sheep, goats, cows and pigs are used 
as fertilising materials in organic agricultural fields (Issaka et al., 2012). 
In sampling of 12 milking-cow and heifer barns on six New York farms, 
133 thousand weed seeds per kg fresh manure were observed (Pleasant 
& Schlather, 1994). Sheep can disperse 40 thousand seeds per animal 
every year (Welch, 1985). Thirty-seven per cent of the local plant spe-
cies were found as viable seeds in sheep dung (Pakeman, 2001). Seeds 
of weed species infesting forage production farms are reported to be 
frequent in daily diet of livestock (Shaheen et al., 2014).
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Endozoochory is known as an important mechanism for the spread of weeds. We car-
ried out experiments to assess the fate of seeds of several weed species (Convolvulus 
arvensis, Cuscuta campestris, Rumex crispus, Hordeum spontaneum and Sorghum ha-
lepense) after passing through the gut of sheep and goat. Eighteen animals of both 
sheep and goat received diet mixed with seeds of the weed species or control with 
only wheat bran (five weed species + control × three replications). Results showed 

that a higher proportion of seeds were missing after passage through the sheep gut 
than in goats. In goats, a greater proportion of seeds were dead after passage, but the 
number of seeds collected from dung was also greater. Weed species differed, with 
the highest seed recovery and viability in Cuscuta campestris. Based on time of seed 
passages through the animal gut estimated for the different weed species, we recom-

via their faeces. For goats, if R. crispus and C. arvensis seeds could be excluded from 

transportation via dung, but we found R. crispus and C. arvensis seeds to be present 
and viable in goat dung even 120 hr after feeding. Very large numbers of viable seeds 
can be found in goat and sheep dung, so the use of rotted manure is highly recom-
mended to avoid transportation of viable seeds via manure fertilisers.

gut passage, seed recovery, seed transmission, seed viability, weed species
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After passage through the animal gut, some seeds are killed, 
while others may become less dormant and hence more germinable 
(Baskin & Baskin, 2014). Seed germination response to animal gut 
can be highly species-specific. In cattle, the estimated time to 50% 

Rumex cris-
pus Polygonum aviculare L. (common 

leguminous species and between 0.8% and 3.2% for gramineous 
species.

There are great differences among animal species, but also 
among individuals of the same species, in seed fate through their 
guts (Cirujeda et al., 2019). One animal may have numerous viable 
seeds in the pellets, while, another has none (Heady, 1954). Rahimi 

recovery and viability.
The size of animal is important in seed dispersal. It was found 

that larger primates (i.e. those with longer digestive tracts) may 
be more effective seed dispersers as seeds germinated earlier and 
seedlings performed better the longer the time they spent in the 
acid (i.e. stimulated gut; Chac, 2014). Retention time is also positively 
correlated with animal size; therefore, it is lowest in rabbit gut which 

-
tively (Illius & Gordon, 1992). For goat, the passage time of seeds 

species (Harrington et al., 2011; Wang et al., 2017).
Apart from strong effect of animals and weed species, the in-

teractions between weed species and animals are also important 
(Bilal, 2015). Fazelian et al. (2014) tested the seed germination of 39 
plant species excreted from faeces of cattle, sheep and goat, show-
ing that while seed traits highly determined their fate through animal 
guts, this could be very interactive with physical and chemical prop-
erties of animal digestive tracts.

Convolvulus arvensis L. (field bindweed) (Orloff et al., 2018), 
Cuscuta campestris Yuncker (dodder) (Saric-Krsmanovic et al., 2018), 
R. crispus (Iqbal et al., 2019), Sorghum halepense L. Pers. (johnson 
grass) (Peerzada et al., 2017) and Hordeum spontaneum L. (wild bar-
ley) (Hosseini et al., 2019) are common grassland weeds and they 
vary in seed characteristics, such as size, shape and hardness (Hogan 

& Phillips, 2011). As their seeds remain viable in dairy manure 

restrictions are often imposed when using organic fertiliser contain-
ing weed seeds (Mt & Schlather, 1994).

Worldwide, stock numbers have increased in the last 20 years 
from 1 billion to 1.1 billion for sheep and from 0.4 billion to 0.5 bil-
lion for goats (Terrili, http://www.fao.org/3/ah221 e/AH221 E01.
htm). These two species are commonly grazed and raised in the same 
flocks (Yakhchali & Ranjbargarmabolia, 2008). Because of their dif-
ferent body mass and gut traits, they also differ in their potential for 
endozoochory (Degen, 2007) and, therefore, must be treated differ-
ently to control movement of weed seeds through their grazing and 
in their fresh manure.

In this study, we ask four main questions: (a) how different do 
the seeds of the common weeds C. arvensis, C. campestris, R. crispus, 
S. helepense and H. spontaneum pass through the gut of sheep and 
goat? (b) what is the duration of the species-specific passage and ex-
cretion through the digestive tract? (c) for how long will the seeds of 
these weeds remain viable in the fresh manure of sheep and goats? 
(d) based on our results, what can be recommended with regard to 
the safe movement of sheep and goats to avoid transportation of 
viable and germinable seeds to new areas?

|

|

Intact seeds of C. arvensis, C. campestris, S. halepense, H. spon-
taneum and dry fruits of R. crispus were collected from maize 
(Zea mays L.) and alfalfa (Medicago sativa L.) fields in Karaj, Iran 
(35.8400°N, 50.9391°E) in October 2013 and 2015. The collected 
seeds were air-dried, and waste materials and immature seeds 
were removed. Undamaged seeds were stored in paper bags at 
room temperature until start of the experiment (one month at the 
temperature of 20–23°C). Three replicates of 1,000 seeds from 
each weed species were weighted to obtain 1,000-Seed weight. 
The length and width of seeds were also measured using Vernier 
calliper (Table 1).

Seed characteristics of the weed species used in the experiment (±SE)

Convovulus arvensis L. 3.00 (0.001) 2.00 (0.002) 4.00 (0.280) 3.00 (0.002) 2.00 (0.01)

Cuscuta campestris Yuncker. 1.50 (0.02) 1.50 (0.001) 1.80 (0.01) 1.80 (0.02) 0.81 (0.002)

Hordeum spontaneum C. 
Koch.

13.20 (0.03) 12.10 (0.003) 0.45 (0.002) 42.00 (1.050)

Rumex crispus L.a 2.50 (0.002) 2.00 (0.001) 2.00 (0.280) 2.50 (0.002) 1.90 (0.002) 1.50 (0.043)

Sorghum halepense L. 4.00 (0.001) 1.50 (0.001) 4.50 (0.001) 2.00 (0.01) 5.10 (0.310)

aFor Rumex crispus, the characteristics of fruits were measured. 
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A repeated measure experiment was conducted in a factorial ar-
rangement of treatments with three replications. The experiment 
was repeated twice during 2013 and 2015. Experimental factors 
were animals, comprised of indigenous sheep (Ovis aries L.) and goats 
(Capra aegagrus hircus) and weed species as described above. Female 
sheep and goats with average body weight of, respectively, 44.5 
(± ±0.31) kg in 2013 and 45.0 (±0.25) and 38.5 (±0.44) 
kg in 2015 were chosen for the experiments. Eighteen sheep and 18 
goats were placed individually in wooden boxes (1.5 m × 0.7 m) with 
1.25 m distance and fed with common diet (Table 2).

Animals were put inside the boxes 24 hr before the experiment 
to allow them to acclimate to the experimental conditions. Daily 
amount of sheep and goat food was considered 3 and 1.5 kg (Lacey 
et al., 1992). Seeds of each weed species were added to the diet in 
a ratio of 1,500 seeds kg-1 diet. Hence, the diet fed to every sheep 
and goat on the first day only consisted of 4,500 and 2,250 seeds, 
respectively. Weed species seeds were mixed homogenously with 
200 g wheat bran and then added to each animal's daily diet. Fresh 
water and salt blocks were also provided ad libitum.

Each animal received diet mixed with one of the weed species 
seeds or control diet with only wheat bran (seed-free diet) (five 
weed species + control × three replicates = 18 animals). The diet 
was hourly monitored to make sure that all of seeds were eaten. 
Faeces collection commenced 24 hr after feeding and was contin-
ued for 5 days. Daily faecal materials were carefully collected off the 
floor and the boxes became completely clean (Lacey et al., 1992). At 
each faeces collection, five subsamples were taken from each animal 
faeces using a cream scoop. Each subsample represented about 4% 
to 7% of the total daily output of an individual animal, as the bulk 
density of the dungs was not the same over time (Lacey et al., 1992). 
Faeces were washed with faucet water through a wire sieve (80 
mesh) until the water was clear. Hard faeces were immersed in cold 

separate seeds from faecal remains. Undamaged seeds derived from 

daily faeces were counted to determine seed recovery for each day. 
Seeds were then stored in plastic bags in a cool dry place for further 

recovered per sample for sheep and more than 38 seeds for goats. In 
order to standardise the tests, we used 30 seeds for each germina-
tion test that were placed in a Petri dish.

|

Seeds before feeding to animals and after recovery from each ani-
mal were subjected to germination and viability tests. Germination 
test was conducted in a germination chamber. Seeds of C. arvensis 
and S. halepense were maintained at 30°C in darkness; C. campes-
tris seeds were maintained at the same temperature, but exposed 
to 8 hr daily light (Benvenuti et al., 2005) and H. spontaneum and R. 
crispus seeds were exposed to 25°C and darkness for germination 
testing (Taylorson & Hendricks, 1972). From each replicate, 30 seeds 
of each weed species were put in 8 cm glass dishes that had one disc 
of germination paper and 10 ml of distilled water. Germination was 
counted daily based on radicle protrusion (2 mm) for 14 days. The 
tetrazolium test was used to determine viable seeds. For this, non-
germinated seeds were first pricked or scratched to break any hard 
seed coats and then sectioned to expose the embryo and stained 
with 2,3,5-triphenyl tetrazolium chloride solution in distilled water 
with pH 7 at 20°C in darkness. After 48 hr, seeds whose embryos 
had stained red and had firm flesh were classified as viable. Non-
germinated seeds with complete embryo colouring were thus con-
sidered to be dormant seeds. At any time after feeding (TAF), the 
total number of viable seeds comprised the number of recovered 
seeds that germinated and the number that were determined as 
dormant.

|

A combined analysis was performed to data; as the effect of year 
was significant, therefore the data of each experiment (year) were 
analysed and shown separately. The effects of animal type, weed 
species and TAF on recovery, viability and germinability of in-
gested seeds were subjected to mixed effects analysis that was 
performed in R-studio using package nlme (Pinheiro et al., 2020). 
Percentage data were arcsine transformed before analysis to meet 
the normality assumption for the analysis of variance (Zar, 2014). 
For statistical comparisons, we used protected least significant dif-
ference (LSD). The interactions were analysed and presented using 
non-linear regression. SigmaPlot (12.5) was used for non-linear 
regression analysis. Seed recovery (%) in sheep and viability (%) 
in both sheep and goat over TAF were described using a logistic 
model as follows:

(1)
y =

a

1 +

(
TAF

T50

)b

Ingredients of the diet of sheep and goats

Wheat straw 470 240

Alfalfa 190

Barley 450 215

Beet pulp 110 50

Wheat brana 120

Mineral and vitamin 20 11

Salt 10

Corn silage 1,500 780

Total 3,040 1,554

aIn addition to these amounts, 200 g wheat bran was mixed with the 
seeds before adding seeds to the daily diet of each animal. 
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where y represents seed recovery or viability (%), a is the maximum 
seed recovery or viability (%) that occurs with initial extraction time, 
T50 denotes the time for 50% reduction in a, and b is the slope at the 
linear part of the curve (rate of seed recovery or viability decrease over 
TAF).

The percentage of germination over TAF for both sheep and 
goat and recovery for goat were described with a Gaussian model 
as follows:

where y is seed recovery or germination (%), c is the maximum seed re-
covery or germination (%), x0 is the time at which the c value occurs, y0 
is seed germination or recovery at first assessment (24 hr after feeding) 
and d is the standard deviation of y.

Model fit was assessed using the lack of fit test, root mean 
square of error (RMSE), adjusted R-squared (R2

adj
) and the standard 

error of parameters.

|

The seed viability and germination of each weed species at the be-
ginning of the experiment are shown in Table 3. Seeds of H. sponta-
neum were completely lost through the digestive tract of both sheep 
and goats and no seeds were recovered from the faeces samples 
over TAF. For the remaining weed species, mixed effect analysis in-
dicated significant interactions between animal type, weed species 
and time (TAF) on seed recovery, viability and germination percent-
age (p
non-linear regression.

|

Figure 1 shows an overall comparison of recovery, viability and 
germinability of weed seeds in sheep and goat dung after 120 hr. 
Averaged over both years, a significantly higher number of seeds 
were missed in sheep than goat guts (Figure 1). However, per cent 

of dead and dormant seeds were higher in goat dung. Also, seeds 
extracted from goat faeces were more germinable than those ob-
tained from sheep dung. The per cent dead, viable and germinable 
seeds differed between weed species, as in sheep, a higher per 
cent of the recovered seeds of C. campestris and R. crispus were 
dormant, while for other weed species the ratios were approxi-
mately the same. In goat, a high per cent of C. campestris seeds 
were dormant.

Averaged over years and weed species, sheep dung contained 
19% of the fed seeds, of which 4.25% (standard error = 1.32) 

-
minable. Goat dung contained 33% of the fed seeds of which 14% 

-
minable. Therefore, a significantly higher number of seeds were 
recovered from goat dung (p < 0.05), with a higher percentage 
of dead, dormant and germinable seeds (p < 0.05, with LSD val-
ues for dead, dormant and germinable seeds of 4.2, 4.5 and 1.4, 
respectively).

Averaged over all weed species, seed recovery was significantly 
lower in 2013 than in 2015 (p < 0.01, LSD = 4.7), with the recovery 
of 14.8% (2) and 23% (3.4) of seeds for sheep and 32.3% (3) and 54% 
(4.1) for goats in 2013 and 2015, respectively.

|

For both years, C. campestris showed the highest seed recovery 
(Table 4). In general, seed recovery was higher at the beginning and 
decreased with TAF. For example, in C. campestris with increasing 
TAF from 24 to 120 hr, seed recovery decreased from 10% (±2.0) to 

± ±3.4) to 1% (±0.1) in 2015 
(Figure 2). The decreasing trend of seed recovery (%) over TAF was 
described using Equation 1.

The seed recovery of C. arvensis was initially (TAF = 24 hr) higher 
than S. halepense and R. crispus (Table 4). In 2013, 48 hr after feeding, 
the three weed species had the same amount of seed recovery, while 
in 2015, C. arvensis showed higher seed recovery than S. halepense 
and R. crispus with TAF (Figure 2).

(2)y = y0 + c ∗ exp

(
−0.5

(
TAF − x0

d

)2
)

Convovulus arvensis L. 100.0 (0.00) 7.0 (1.70) 98.8 (0.00)

Cuscuta campestris 
Yuncker.

13.0 (2.00) 99.8 (0.01) 10.0 (3.50)

Hordeum spontaneum 
C. Koch.

100.0 (0.00) 19.0 (5.30) 100.0 (0.00) 17.0 (4.30)

Rumex crispus L. 100.0 (0.00) 8.0 (1.40) 100.0 (0.00) 12.0 (4.00)

Sorghum halepense L. 99.8 (0.00) 4.5 (0.80) 100.0 (0.00) 3.0 (0.50)

Initial weed seed viability 
and germination at the beginning of the 
experiments (±SE)
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Seeds viability over TAF was well described with logistic model equa-
tions (Equation 1). In both years, C. campestris seeds showed high levels 
of viability through the experiment. Viability of seeds collected 24 hr 

±4.4) and 100%, but decreased to 83% 
after 120 hr (Figure 2). Rumex crispus seeds were also highly viable, while 
C. arvensis seeds showed on average the least viability of all weed species 
studied. Sorghum halepense seeds showed also a low viability, as in 2015, 
the seeds extracted 120 hr after feeding had viability less than 20%.

Germination (%) over TAF significantly differed among weed species. 
Rumex crispus seeds showed no germination in 2013 and less than 7% 
in 2015, with no visible trend over time. With 24 hr after feeding, the 
highest germinable seeds belonged to S. halepense with 23% (±

±2.0) germination in 2013 and 2015, respectively; how-
ever, those severely decreased with TAF (Figure 2). Germination of C. 
arvensis and C. campestris seeds were low at the beginning and latest 
samplings, while showed a significant rise in middle time, therefore, 
a Gaussian model was used to describe changes in seed germination 
over TAF (Figure 2). However, the peak time was different between 
C. arvensis and C. campestris (parameter x0 in Table 4). According 
to model estimates, for C. campestris, the faeces samples collected 
85–90 hr TAF contained highest germinable seeds, while for C. arven-
sis

|

Seed recovery from goat faeces showed different trends from sheep. As 
for all weed species, the seed recovery over TAF was peak type and well 

Proportion (%) of seed 
absence, dead, dormant and germinable 
seeds in sheep and goat faeces after 
120 hr. Different weed species for 2 years 
(2013 and 2015) are included. Bars show 
the standard error

Proportion (%) of seed absence, dead, dormant and germinble seeds 
of each species over 2013 and 2015

Sheep

0 20 40 60 80 100

C. arvensis-2013

C. arvensis-2015

C. campestris-2013

C. campestris-2015

S. halepense-2013

S. halepense-2015

R. crispus-2013

R. crispus-2015

Absent
Dead 
Dormant 
Germinable 

Goat

0 20 40 60 80 100

C. arvensis-2013

C. arvensis-2015
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5

ht
tp
://
do
c.
re
ro
.c
h



Pa
ra

m
et

er
 e

st
im

at
es

 o
f f

itt
in

g 
no

n-
lin

ea
r m

od
el

s 
(E

qu
at

io
ns

 1
 a

nd
 2

) t
o 

pr
op

or
tio

n 
(%

) o
f s

ee
d 

re
co

ve
ry

, v
ia

bi
lit

y 
an

d 
 

ge
rm

in
at

io
n 

ov
er

 T
A

F 
fo

r s
ee

ds
 e

xt
ra

ct
ed

 fr
om

 s
he

ep
 fa

ec
es

 (±
SE

)

b
a

T
y 0

c
x 0

d
R
2 a
d
j

Se
ed

 
re

co
ve

ry
Co

nv
ol

vo
lu

s 
ar

ve
ns

is
(0

.8
)

3.
20

 
(1

.2
)

4.
50

 
(0

.4
)

(0
.8

)
(5

.1
)

84
.0

0 
(1

0.
0)

—
—

—
—

—
—

—
—

0.
97

0.
90

0.
28

Cu
sc

ut
a 

ca
m

pe
st

ris
2.

00
 

(0
.3

)
2.

40
 

(0
.5

)
(4

.3
)

(3
.2

)
30

.1
2 

(8
.8

)
(8

.9
)

—
—

—
—

—
—

—
—

0.
99

0.
98

0.
30

0.
90

Ru
m

ex
 

cr
isp

us
(1

.4
)

5.
11

 
(1

.0
)

3.
12

 
(0

.2
)

4.
35

 
(0

.3
)

(3
.7

)
57

.2
2 

(3
.0

)
—

—
—

—
—

—
—

—
0.

97
0.

98
0.

20
0.

25

So
rg

hu
m

 
ha

le
pe

ns
e

4.
10

 
(1

.9
)

3.
50

 
(1

.5
)

2.
42

 
(0

.4
)

(1
.1

)
73

.1
0 

(1
0.

4)
49

.8
0 

(0
.8

)
—

—
—

—
—

—
—

—
0.

89
0.

93
0.

33

Se
ed

 v
ia

bi
lit

y
Co

nv
ol

vo
lu

s 
ar

ve
ns

is
(1

.3
)

2.
10

 
(0

.7
)

(4
.2

)
59

.0
0 

(4
.0

)
14

5.
55

 
(2

0.
3)

(1
2.

0)
—

—
—

—
—

—
—

—
0.

84
0.

93
3.

78

Cu
sc

ut
a 

ca
m

pe
st

ris
2.

71
 

(1
.3

)
0.

40
 

(0
.1

)
10

0.
00

 
(0

.0
)

(1
2.

0)
-

-
—

—
—

—
—

—
—

—
0.

85
0.

94
3.

70
0.

81

Ru
m

ex
 

cr
isp

us
1.

80
 

(0
.5

)
4.

90
 

(1
.2

)
89

.0
0 

(5
.7

)
89

.0
0 

(2
.0

)
13

4.
00

 
(1

0.
0)

—
—

—
—

—
—

—
—

0.
95

0.
95

2.
30

2.
73

So
rg

hu
m

 
ha

le
pe

ns
e

0.
40

 
(0

.2
)

2.
10

 
(0

.9
)

10
0.

00
 

(0
.0

)
81

.0
0 

(1
3.

0)
11

.0
0 

(1
.7

)
77

.0
0 

—
—

—
—

—
—

—
—

0.
97

0.
90

1.
70

Se
ed

 
ge

rm
in

at
io

n
Co

nv
ol

vo
lu

s 
ar

ve
ns

is
—

—
—

—
—

—
3.

22
 

(0
.3

)
(0

.5
)

8.
90

 
(0

.5
)

21
.2

1 
51

.8
3 

(1
.0

)
(0

.4
)

18
.3

8 
(1

.2
)

21
.8

2 
(0

.8
)

0.
98

0.
99

0.
39

0.
40

Cu
sc

ut
a 

ca
m

pe
st

ris
—

—
—

—
—

—
3.

50
 

7.
00

 
(2

.5
)

(2
.7

)
(2

.7
)

85
.1

3 
90

.0
0 

(3
.3

)
(3

.0
)

24
.0

0 
(5

.7
)

0.
80

0.
89

1.
50

1.
92

Ru
m

ex
 

cr
isp

us
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—

So
rg

hu
m

 
ha

le
pe

ns
e

—
—

—
—

—
—

—
—

23
.1

2 
(2

.0
)

47
.3

1 
(7

.1
)

51
.0

0 
(3

.1
)

4.
00

 
(0

.2
)

3.
15

 
(0

.3
)

0.
99

0.
99

0.
30

N
ot

e:
 A

dj
us

te
d 

R-
sq

ua
re

d 
an

d 
RM

SE
 o

f m
od

el
 fi

t a
re

 a
ls

o 
in

cl
ud

ed
.

b,
 th

e 
sl

op
e 

at
 th

e 
lin

ea
r p

ar
t o

f t
he

 c
ur

ve
 (r

at
e 

of
 s

ee
d 

re
co

ve
ry

 o
r v

ia
bi

lit
y 

de
cr

ea
se

 o
ve

r T
A

F)
; a

, t
he

 m
ax

im
um

 s
ee

d 
re

co
ve

ry
 (%

) o
r v

ia
bi

lit
y 

 
(%

);T
50

, t
he

 ti
m

e 
fo

r 5
0%

 re
du

ct
io

n 
in

 a
; y

0, 
in

iti
al

 s
ee

d 
ge

rm
in

at
io

n 
(%

) t
ha

t o
cc

ur
s 

w
ith

 in
iti

al
 e

xt
ra

ct
io

n 
tim

e;
 c

, t
he

 m
ax

im
um

 s
ee

d 
ge

rm
in

at
io

n 
 

(%
); 

x 0, 
th

e 
tim

e 
at

 w
hi

ch
 th

e 
c 

va
lu

e 
oc

cu
rs

; d
, t

he
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 s
ee

d 
ge

rm
in

at
io

n 
(%

) o
ve

r T
A

F 
fo

r s
he

ep
; R

M
SE

, r
oo

t m
ea

n 
sq

ua
re

 o
f e

rr
or

;  
R
2 a
d
j: a

dj
us

te
d 

R-
sq

ua
re

d.

6

ht
tp
://
do
c.
re
ro
.c
h



described by Gaussian model (Figure 3). Cuscuta campestris seeds were 
the most abundant seeds found in goat dung (Table 5). For both years, the 
peak seed recovery of C. arvensis, C. campestris, and S. halepense occurred 
between 40 (±1.4) and 49 (± R. crispus, the peak of 
seed recovery was estimated to occur 81 (±2.9) h after feeding (Table 5).

The viability of seeds found in goat dung decreased with TAF. The 
change in seed viability (%) was well described using a logistic model 
(Equation 1; Figure 3), however, parameter estimates suggested sig-
nificant difference between weed species. Cuscuta campestris showed 
highest viability (100%) with early and middle TAF, however, with 

± ±

in 2013 and 2015, respectively (Figure 3). Rumex crispus seeds also 
maintained their viability until 70 hr after feeding then decreased. 
For S. halepense, maximum viability was 84% (±
(Table 5). A rapid decline in the viability of S. halepense seeds oc-
curred from 40 and 70 hr after feeding, respectively for 2013 and 
2015 (Table 5; Figure 3). Convolvulus arvensis seeds found 24 hr after 

Germination of R. crispus seeds was lower than 2% and 7%, respec-
tively for 2013 and 2015. Germination of the other weeds followed 

Change in seed recovery 
(%), seed viability (%) and seed 
germination (%) with TAF for sheep and 
different weed species. The fitted lines 
are model predictions. Bars show the 
standard error of means
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a peak trend over TAF (Figure 3). Goat dung collected between 
38 and 85 hr after feeding contained the highest number of ger-
minable seeds (Figure 3). Sorghum halepense seeds were the most 
frequent germinable seeds in goat dung and its peak time was esti-
mated to be 38 (± C. arvensis 
was estimated 82 (±1.8) hr after feeding and occurred shortly after 
that for S. halepense ±0.3) hr after feeding (Table 5).

|

The fate of plant seeds following consumption by animals differs 
among weed species. Even congeneric plants often show little 

consistency in their response because of variations in seed morphol-
ogy or age (Kuiters & Huiskes, 2010). The current study shows the 
differential fate of seed recovery, viability and germination after 
passing through the animal gut. Seed recovery from digestive tracts 
depends on features such as size, shape, mass, hardness and age 
of ingested seeds (Gardener et al., 1993; Kuiters & Huiskes, 2010; 
Wang et al., 2017).

Animal species also play an important role in seed dispersal by 
endozoochory. Sheep and goats are closely related and both belong 
to the subfamily Caprinae. However, there are differences in their 
anatomy, physiology and feeding behaviour. Sheep are grazing ani-
mals while goats are essentially browsing (Devendra, 1990). Grazers 
and browsers have measurable differences in the morphology of the 

Change in seed recovery 
(%), seed viability (%) and seed 
germination (%) with TAF for goat and 
different weed species. The fitted lines 
are model predictions. Bars show the 
standard error of means
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foregut (rumen, reticulum, abomasums, and omasum), the hindgut, 
salivary glands, mouth, teeth, liver, and body mass that may influ-
ence their ability to consume grasses and browses and its digestion 
(Odashima et al., 1991). Sheep have significantly longer rumen re-
tention and mean retention times. In contrast, goats have faster 
passage rate through the digestive tract (Tsiplakou et al., 2011). 
Shipley (1999) also showed that the gut length of sheep is longer 
than that of goats. In line with this, we found that a larger propor-
tion of seeds did not pass through the sheep gut, while more seeds 
were recovered from goat faeces. Goats have a higher fermen-
tation rate in the rumen and also a higher absorption rate (Zoidis 
et al., 2018). This leads to more damage to seeds and thus, higher 
dead seeds were found in goat faeces. Moreover, the number of 
germinable seeds was higher in goat than sheep, but this could also 
be due to the chewing system in the goat that produces sever scar-
ification to hard seed coats during the passage (Neto et al., 1987). 
The acids within the tract may have further promoted scarification 
of some of these hard seed coats (Harrington et al., 2011).

In sheep, the time of recovery was similar for seeds of the differ-
ent weed species in both years. However, the magnitude of recov-
ery (%) was higher for C. campestris, which could be due to the size 
and shape of C. campestris seeds. The average size of the C. camp-
estris seeds is about 1.5 mm (the smallest among the seeds studied) 
with spherical shape. According to Jensen et al. (1995), there might 
be an inverse relationship between seed size and recovery, as the 
small seeds are in general less digestible compared to the big seeds 

this, we also found an overall trend of decrease of per cent seed 
recovery from animal dung with increasing seed weight (Figure 4). 
Seeds of H. spontaneum were completely lost through the digestive 
tract of both sheep and goat over TAF. This could be due to the 
larger seed size of this species compared to the other seeds. Larger 
seeds are more likely to get damaged than smaller seeds by chewing 

during rumination. Harrington et al. (2011) found a negative linear 
relationship between seed size and the percentage of seeds recov-
ered following passage through goats. In their trial, the two longest 
seeds had the lowest recovery. However, other studies showed that 
the percentage of recovery was positively correlated with seed size 
(Gardener et al., 1993; Wang et al., 2017) and that the shape was the 
main factor in seeds remaining undamaged. Furthermore, spheri-
cal seeds are reported to escape more easily from mastication and 

elongated seeds are more often lost through the animal gut. In line 
with this, we found that H. spontaneum, the species with the most 
elongated seeds among the weeds studied, was absent in animal 
dung and showing zero seed recovery, and the recovery was also 
low for S. halepense seeds that are relatively elongated. In contrast, 
seeds of C. campestris and C. arvensis are rounder and smaller and 
were more often recovered as viable seeds in animal dung (Table 1; 
Figure 1).

Traveset et al. (2008) suggested that in addition to seed size, the 
hardness of the seed coat is also an important factor in the success of 
seeds in passing through the digestive tract. Convolvulus arvensis seeds 
are of medium size (Traveset and Verdu, 2002), but classified as having 
a hard seed coat (Weaver & Riley, 1982). Cuscuta campestris seeds also 
have a hard seed coat (Baskin & Baskin, 2014) and a small size (Traveset 
and Verdu, 2002). The hard seed coat of these species may thus ex-
plain their higher recovery than the other weeds in sheep (Figure 1). In 
goats, C. campestris, C. arvensis and S. halepense were similar in recov-
ery time, while the peak time for R. crispus seeds occurred with more 
delay (Figure 3). This could be because of the low specific gravity in R. 
crispus -
ative correlation between retention time and specific gravity of seeds. 
They further reported that less dense seeds had the slowest passage 
and longest retention time through the digestive tract of cattle.

As shown, R. crispus seeds had a low seed recovery (Figures 2 
and 3). The R. crispus seeds are not classified as hard seeds (Baskin 
& Baskin, 2014) and they are relatively large, so a large number of 
R. crispus seeds may be damaged or lost during passage through the 
digestive tract.

Seed dormancy of C. arvensis and C. campestris is classified as 
physical dormancy, while R. crispus and S. halepense are classified 
to have physiological dormancy (Baskin & Baskin, 2014). We found 
Sorghum halepense seeds to be more germinable, but only in goat 
faeces. Chemical treatment with H2SO4 proved to be an effective 
method to break seed dormancy in S. halepense (Podrug et al., 2014), 
thus, germination of S. halepense seeds is expected to increase after 
passage through the animal gut.

Impermeable seed coats in C. campestris have two palisade layers 
and only the inner one is impermeable (Lyshede, 1992). This imper-
meable seed coat in C. campestris prevents germination. It has been 
shown that break of dormancy of C. campestris seeds can be reached 
after 20 min soaking in H2SO4 (Lados, 1998). Partial scarification in 
passing through the digestive tract could further breakdown seed 
dormancy of C. arvensis and C. campestris. To remove the innate 
dormancy of seeds of R. crispus, an initial period of low-temperature 

Relationship between overall per cent seed recovery 
from animal dung and seed weight (log-value) (pooled data of sheep 
and goats). R-square, RMSE value, p-value and line equation are 
shown

R
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stratification is needed (Pye & Andersson, 2009). Therefore, break-
ing the dormancy of R. crispus seeds is not expected to occur through 
the animal guts (Figure 3).

|

A higher per cent of seeds is missed through sheep than the goat gut. 
In goat, a larger number of seeds are recoverable from animal faeces; 
however, the number of dead seeds is also high. To compare weed 
species, the C. campestris seeds showed the highest seed recovery 
while no H. spontaneum seed was observed in animal dung. The re-
covered C. campestris seeds were mostly viable. In general, seeds 
viability decreased over TAF.

In sheep, seed recovery decreased in both years to less than 5% 
after 72 hr, and especially for R. crispus and S. halepense, very few 
seeds were recovered after this time point. Viability of C. campestris 
seeds remained above 80% until 120 hr. The viability of the other 
weeds was also above 40% over 120 hr, except for S. halepense that 

seeds remained in sheep dung. Thus, we recommend that sheep 

via their faeces.
For goats, at least 50% of C. arvensis and R. crispus seeds 

were recovered during 120 hr in 2015. In 2013, C. arvensis seeds 
showed about 50% recovery. In addition, at least 50% of seeds 
remained viable after 120 hr. If R. crispus and C. arvensis seeds 
could be excluded from the diet of goats, then maintaining them 

via goat dung. However, we found R. crispus and C. arvensis seeds 
to be present and viable in goat dung even 120 hr after feeding. 
The total number of viable seeds in animal faeces after 120 hr 
(at which point more than 10% of seeds remained viable, often 
a much higher percentage) can be enormous if large numbers of 
seeds are fed to goat or sheep, especially for some weed species 
such as C. campestris that were still largely viable. Therefore, using 
rotted manure is highly recommended to avoid transportation of 
viable seeds in dung via manure fertilisers.
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