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Abstract: One of the most important sources of weed infestation in agricultural crops is related to manure
applied as biological fertilizer, when livestock growers don’t process it and don't store it in order to be weeds -
free. In manure there are lot of weed seeds from animal fodder, livestock bedding and also from animal
excrements. On the pasture, when grazing fresh food, animals eat also the inflorescences with weed seeds. Ones
of these seeds could pass through the digestive tract of animals while keeping their ability to germinate. The aim
of this study was to record the weed species that can cross over the digestive tract without losing their
germination, to note which weed species are more adapted to do this, which animal species are able to perform
the endozoochory process and under what environmental conditions. Trials were conducted under laboratory
conditions. The content of excrements taken from four animals species (cattle, goats, sheep, horses), from four
distinct South — East areas in period 2019-2020, were mixed with sterilized soil and put to germinate under
controlled conditions of temperature and humidity. Following the assessments, weed seeds were found to be able
to cross over the digestive tract of animals maintaining their germination. The highest frequency was in cattle
and the lowest was in horses. There was at Pasarea where the largest number of weeds was found and animals
grazed on untillaged land (hences, fallow lands). The dominant weed species were Setaria sp., Chenopodium sp.,
Amaranthus retroflexus and Polygonum aviculare.

Keywords: endozoochory, weed seeds, manure, germination.
INTRODUCTION

Weeds cause huge damage to agriculture, but also to other sectors of the economy.
Damage caused by weeds to agricultural crops is reflected by diminution of the level of
production, decreasing the quality of crops and by increasing production costs (Anghel et al.,
1972; Sarpe et al., 1976; Sarpe & Strejan, 1981; Sarpe, 1987; Budoi & Penescu, 1996;
Mortimer, 1996; Post & Wijnants, 1996; Berca & Tanase, 2000; Chirila, 2001; Penescu &
Ciontu, 2001; Slonovschi et al., 2001; Berca, 2004, Gradila et al., 2018; Jitareanu et al.,
2020). The damage caused by weeds to agricultural crops is very diverse, large-scale and
irrecoverable. Alongside the development of agriculture, weeds have continuously diversified
and adapted to the conditions imposed by agricultural technology. Due to these permanent
adaptations, weeds have acquired over time some biological features that ensure their
maintenance, multiplication and spread on agricultural land (Penescu et al., 2017). One of
these permanent adaptations of weeds refers to the dispersal of seeds. Seed dispersal is an
important process in the life cycle of most plants, influencing community composition and
ecosystem stability (Nathan & Muller-Landav, 2000). While plants can have short-distance
dispersal mechanisms (autochory), they must rely on external vectors, such as water currents
(hydrochory), wind (anemochory), and particularly animals (zoochory) for long distance
dispersal (Ridley, 1930). Specifically, animals can disperse seeds either internally, when
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viable seeds are defecated after (endozoochory) or externally, when seeds get attached to the
animals fur or feathers (epizoochory) (Van der Pijl, 1982). The light seeds with wings or
plumes can more easily be transported by wind, and fleshy nutritious tissues attract animals
that will disperse their seeds after ingesting the fruits (Howe & Smallwood, 1982). One of the
main sources of weed infestation of agricultural land it is represented by manure because it
can contain a very large amount of seeds. Thus, according to some authors, 20 tons of
unfermented manure can contain up to 10 million weed seeds, of which about 350.000 are
able to germinate immediately (Davidescu, 1956; Dostatny & Maluszynska, 2008; Penescu &
Ciontu, 2001; Jitareanu et al., 2020). The germination capacity of weed seeds, passed through
the digestive tract of animals, is preserved to a greater or lesser extent, depending on the
species of animals. Thus, in pigs, 24% of the weed seeds passed through the digestive tract
retained their germination capacity, in cattle 23%, in horses 12.9% and in sheep 10.7%
(lonescu-Sisesti, 1955; Penescu & Ciontu, 2001). Even weed seeds passed through the
digestive tract of birds retain their germination, but to a lesser extent. Up to 600 weed seeds
have been found in the goose and intestines of poultry, from 10 different species (*2010).
Weed seeds, ingested by animals, which are fed on pasture or various more or less cultivated
land, they can pass through the digestive tract of animals and do not completely lose their
germination, thus realizing the endozoochory process. In this sense, the animals leave their
manure at the place where they feed, on pastures, agricultural lands or other lands,
representing an important source of weeding. In this paper we aimed to elucidate the
contribution of endozoochory in the spread of weed seeds on land grazed or crossed by
animals.

MATERIALS AND METHODS

The research and determinations have been carried at Research-Development Institute
for Plant Protection Bucharest, in Laboratory for Testing and Evaluating the Effectiveness of
Plant Protection Products in the period of 2019-2020.

As materials there were used dejection samples, of solid manure harvested from
herbivorous animals (cattle, horses, goats and sheep), from 4 different locations in the south-
east area of Romania, on the lands belonging to the localities: Dalga (Calarasi county) and
Pasarea, Moara Domneasca and Voluntari (Iifov county).

The samples were collected in October 2019, after the crops were harvested, but
before performing the basic soil works. The lands had enough weeds with inflorescences and
seeds that had reached full maturity and the animals were allowed to feed freely throughout
the day. Freshly deposited dung was immediately collected after defecation occurred, leaving
behind the lowermost part of the dung to avoid contamination of seed with the soil surface.
Collected dung of different animals was put together to obtain 300 g samples of each
herbivore species. Immediately after dung collection, samples were brought in laboratory,
spread out in trays and put to air dry until February 2020 when they were used in the
experiment. Simultaneously with the collection of manure from each location, soil samples
were taken and used as a substrate for seed germination. The soil samples were thermally
sterilized in an oven at 70°C for 12 hours in order to destroy the germination of weed seeds.
The experience included 16 samples (4 animal species x 4 locations) and a control check
without manure served as controls to test for contamination of outside seeds, each sample
being tested in 3 repetitions. In this study we used a method which is very comparable to
recommended seed bank estimation through germination (Thompson et al., 1997). Vegetation
pots measuring 60x17x10cm were filled with 200g of solid manure and 4 kg of sterile soil.
The sterile soil was placed in two layers, the first layer of 8 cm at the base, followed by the
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layer of solid manure from animals and over it another layer of 1 cm of sterile soil. The
manure samples were distributed in a thin layer to ensure that all seeds receiving enough light
to germinate within a short time period (Ter Heerdt et al., 1996). The vegetation pots were
kept under laboratory conditions at a temperature of 20°C and properly moistened with 100
ml of distilled water every 2 days starting with 27.02.2020 for two months (and emerging
seedlings were recorded). After germination of weed seeds, they were counted and
determined using weed identification guide atlas (Chirila et al., 2000; Ciocarlan, 2009),
classified by families and groups respectively monocotyledonous or dicotyledonous, annual
and perennial. After identification, the weeds were immediately uprooted to avoid
competition between seedlings and to prevent flowering.

RESULTS AND DISCUSSIONS

A large fraction of plants produce fruits that attract animals (64% gymnosperm and
27% of angiosperm). By consuming them, animals can spread the seeds to more or less
distant sites from the parent plant, thus contributing to plant regeneration and colonization of
new sites (Traveset & Willson, 1997; Ridley, 1930; Herrera & Pellmyr, 2002).

The dung of large herbivores can contain germinable seeds of many plant species
(Welch, 1985; Malo & Suarez, 1995; Fleming & Estrada, 1993, Pakeman et al., 2002) and the
retention of seeds inside the digestive tract is long enough, so that seeds can be deposited
several kilometers away from the parent plant (Pakeman, 2001; Vellend et al., 2003). Weed
seeds do not completely lose their germination when they pass through the digestive tract of
animals. In our study, the results obtained confirm that the dung of herbivores is an important
vector for the dispersal of plants both in terms of the quantity of seeds and the number of
species involved.

Thus, in the sample with solid cattle manure, most weeds emerged from the seeds that
passed through the digestive tract of animals ranging from 102 to 173, depending on the
location (Table 1). The average in the 4 locations was 132.2 weeds per 200g of manure. The
weed species emerged were: Setaria sp. [(P) Beauv], Echinochloua crus-galli [(L) Beauv]and
Digitaria sanguinalis [(L) Scop] belonging to the group of annual monocots and species
Sorghum halepense [(L) Pers] within the perennial monocots group. There were present the
dicotyledonous ones: Amaranthus retroflexus (L), Chenopodium sp. (L), Polygonum
aviculare (L), Galium aparine (L), Stellaria media (Vill), Sinapis arvensis (L) and Raphanus
raphanistrum (L). The following species had a higher share of over 10%: Setaria sp., 26.65%,
Chenopodium sp., 18.90%, A. retroflexus 17.96% and P. aviculare 13.61% (Table 1).

In horses, the average number of weeds was very small, 3.25 weeds to 200g of
manure, and in two locations, at Moara Domneasca and Voluntari, no weeds emerged. This
shows that the seeds that cross the horse's digestive tract lose their germination capacity to a
very large degree. The weed species that emerged from the horse manure were Poa annua
(L.), S. media, P. aviculare and A. retroflexus. The obtained results demonstrate that the
germination capacity of the weed seeds, passed through the digestive tract of the animals, is
preserved to a greater or lesser extent, depending on the species (Figure 1).

It is not known exactly the factors that determine the total amount of seeds dispersed
by ingestion and defecation by large herbivores. There are hypotheses that the density of
seeds in the manure of herbivores depends on the size of the seeds, their shape and hardness
as well as on the fertility and the degree of supply of the soil with seeds. Fruit consumers,
specifically, may show preferences for fruit traits such as size, shape, chemical composition
and others, and have specific morphologies and physiologies of the digestive tract that affect
the survival probability of the ingested seeds in different ways (Herrera & Pellmyr, 2002).
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Some research suggests that several characteristics of the seeds, including taste and
production, have co-evolved to achieve endozoochory.

Table 1. Number and species of weeds recorded in manure samples

Location Animal No. of No. of Weed species emerged in the order of dominance
SPecies V\;%eg 5 / ngg s Monocotyledonous Dicotyledonous
manure manure Weeds No. (%) Weeds No. (%)
Control sample - - - - - - - -

Setaria sp. 27 22.32 | Chenopodium sp. 22 18.18
D. sanguinalis 10 8.27 A. retroflexus 20 16.53
E. crus-galli 8 6.61 P. aviculare 14 11.57

Cattle 121 605000 | S halepense 5 413 G. aparine 7 5.79

S. media 4 3.30

S. arvensis 2 1.65

R. raphanistrum 2 1.65

Horses 8 40 000 P.annua | 5 [6250 S. media 2 [ 25.00

A P. aviculare 1 12.50

Dalga,

Calarasi Setaria sp. 16 27.59 P. aviculare 14 24.14
E. crus-galli 4 6.90 Chenopodium sp. 7 12.07

D. sanguinalis 3 5.17 A. retroflexus 5 8.62

Goats 58 290000 ™5 halepense 3 5.17 G. aparine 4 6.90

S. media 1 1.72

R. raphanistrum 1 1.72

Setaria sp. 7 20.59 | Chenopodium sp. 7 20.59

D. sanguinalis 3 8.82 A. retroflexus 6 17.65

Sheep 34 170000 | E. crus-galli 3 8.82 P. aviculare 5 14.71

S. halepense 1 2.94 G. aparine 1 2.94

S. media 1 2.94

Setaria sp. 49 28.32 | Chenopodium sp. 31 17.92

E. crus-galli 10 5.79 A. retroflexus 29 16.76

D. sanguinalis 8 4.62 P. aviculare 21 12.14

Cattle 173 865000 | s, halepense 5 2.90 G. aparine 8 4.62

S. media 4 2.31

S. arvensis 4 2.31

R. raphanistrum 4 2.31

Horses 5 25000 A. retroflexus 3 60.00

S. media 2 40.00

Pasarea, Setaria sp. 12 | 25.00 | Chenopodium sp. 8 16.67
I1fov E. crus-galli 3 6.25 A. retroflexus 8 |1667
Goats 48 240000 | D.sanguinalis 3 6.25 P. aviculare 7 14.58

S. halepense 2 4.17 G. aparine 3 6.25

S. media 1 2.08

S. arvensis 1 2.08

Setaria sp. 15 25.00 A. retroflexus 11 18.33

E. crus-galli 5 8.33 Chenopodium sp. 11 18.33

Sheep 60 300000 [ p.sanguinalis 4 6.67 P. aviculare 8 |1333

S. halepense 2 3.34 G. aparine 3 5.00

S. arvensis 1 1.67

Setaria sp. 26 25.50 A. retroflexus 21 20.58

E. crus-galli 6 5.89 P. aviculare 20 19.61

Cattle 102 510 000 D. sanguinalis 2 1.96 Chenopodil.Jm sp. 18 17.64

G. aparine 4 3.92

S. media 2 1.96

R. raphanistrum 2 1.96

S. arvensis 1 0.98
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Horses 0 0 - - - - - -
Moara Setaria sp. 9 20.45 | Chenopodium sp. 9 20.45
Donr%easca E. crus-galli 4 9.09 A. retroflexus 7 15.91
\%
Goats 44 220 000 D. sanguinalis 3 6.82 P. aviculare 5 11.36
G. aparine 3 6.82
S. media 2 4.55
S. arvensis 2 4.55
Setaria sp. 6 22.22 | Chenopodium sp. 5 18.52
E. crus-galli 2 7.41 A. retroflexus 5 18.52
Sheep 21 135000 "p.sanguinalis 2 7.41 P. aviculare 3 [ 1111
S. halepense 2 7.41 S. arvensis 1 3.70
G. aparine 1 3.70
Cattle 133 665 000 Setaria sp. 39 29.33 | Chenopodium sp. 29 21.80
E. crus-galli 9 6.77 A. retroflexus 25 18.80
. S. halepense 4 3.00 P. aviculare 17 12.79
Vo:lfmtarl, G. aparine 6 451
ov S. media 2 1.50
S. arvensis 2 1.50
Horses 0 0 - - - - - -
Goats 35 175 000 Setaria sp. 8 22.86 | Chenopodium sp. 6 17.14
D. sanguinalis 3 8.57 A. retroflexus 6 17.14
E. crus-galli 2 5.71 P. aviculare 5 14.30
S. halepense 2 5.71 G. aparine 2 5.71
S. media 1 2.86
Sheep 53 265 000 Setaria sp. 11 20.75 | Chenopodium sp. 9 16.99
E. crus-galli 5 9.43 P. aviculare 8 15.09
D. sanguinalis 5 9.43 A. retroflexus 5 9.43
S. halepense 3 5.69 G. aparine 5 9.43
S. arvensis 1 1.88
S. media 1 1.88
Setaria sp. 35.25 | 26.65 | Chenopodium sp. 25 18.90
E. crus-galli 8.25 6.24 A. retroflexus 23.75 | 17.96
D. sanguinalis 5 3.78 P. aviculare 18 13.61
S. halepense 3.5 2.65 G. aparine 6.25 4.73
Cattle 132.25 661 000 S. media 3 227
S. arvensis 2.25 1.70
M R. raphanistrum 2 1.51
ean P.annua | 125 [ 3846 S. media 1 [3077
Horses 3.25 16250 A. retroflexus 0.75 | 23.08
P. aviculare 0.25 7.69
Setaria sp. 11.25 | 24.32 P. aviculare 7.75 | 16.76
E. crus-galli 3.25 | 7.03 Chenopodium sp. 75 |16.22
D. sanguinalis 3 6.49 A. retroflexus 6.5 | 14.05
S. halepense 1.75 3.78 G. aparine 3 6.49
Goats 46.25 231250 S media 125 570
S. arvensis 0.75 1.62
R. raphanistrium 0.25 0.54
Setaria sp. 9.75 | 22.41 | Chenopodium sp. 8 18.40
E. crus-galli 3.75 | 8.62 A. retroflexus 6.75 | 1551
Sheep 43.50 217500 | D.sanguinalis 3.50 8.05 P. aviculare 6 13.80
S. halepense 2 4.60 G. aparine 25 5.75
S. arvensis 0.75 1.72
S. media 0.50 1.14

Thus small, round and hard seeds survive better in the digestive tract of animals
compared to large, elongated and soft seeds (Russi et al., 1992; Gardner et al., 1993). Horses
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and cattle are both capable, to disperse large numbers of germinating seeds, but depending on
the vegetation found in the location where the animals grazed and certain features specific to
each species and also differences between the studied animals (Mouissie et al., 2005). Subtle
variation in grazing behaviour and diet selection could explain some of the observed
differences in germinating seed content between cattle and horses manure. Cattle and horses
prefer grazing of graminoid rich habitats (Duncan, 1983; Menard et al. 2002). Within habitats
horses will select very short grass dominated patches (P. annua and S. media.) in the case of
our study. Whereas cattle prefer higher vegetation patches (Menard et al., 2002). Species of
D. sanguinalis, E. crus-gali and S. halepense produce much more seeds compared to P. annua
and S. media which could explain the smaller number of germinable seeds that pass through
the digestive tract of horses. Also the differences between herbivores in terms of seed
dispersal cannot be explained by differential seed survival (Simao et al., 1987) but rather by
more selective foraging behaviour and more restricted habitat use of sheep. The suitability of
manure as a colonisation site also differs between herbivores.

In goats and sheep, the average number of weeds was similar of 46.2 and respectively
43.5 at 200 g of manure and the dominant and close weed species were: Setaria sp.
Chenopodium sp., A. retroflexus and P. aviculare. In the control sample, no weeds emerged.

One of the main sources of weed infestation for agricultural land is unfermented
manure. The specialty literature reports cases when unfermented manure caused a mass
invasion of weeds, which completely overwhelmed the vegetable plants (Dostatny &
Maluszynska, 2008; Sances & Ingham, 1997; Barberi, 2002). Pleasant and Schlater in 1994
observed that 1 kg of cattle manure contained up to 42 viable Chenopodium album seeds and
Zimdahl in 1993 reported that, in the same weed species, about 20% of the seeds ingested by
cattle were able to withstand passage in the rumen and subsequent manure preparation and
storage. Proper fertilization of manure is of great importance because weed seeds lose their
viability depending on fermentation temperatures (Crafts & Robbins, 1973; Nishida et al.,
1998, Ozores-Hampton et al., 1999). At a temperature of 30-50°C during a 2 month
fermentation, in summer, most of the weed seeds die. At a temperature of 30 degrees only part
of the seeds die, and at a temperature of 10 degrees, all weed seeds remain alive, namely
retains its germination power. Inside the manure pile, at a depth of 50 cm, germination
disappears faster and to a greater extent, while on the surface of the pile in the drier layer, the
germination power is kept longer. Application of composted manure can substantially reduce
weed emergence, especially of small seeded species, because of physical and chemical (via
the production of leachates) effects (Ligneau & Watt, 1995). The longer the fermentation, the
higher the number of weed seeds that lose their germination. The hay we give to the animals
must come from clean hayfields, otherwise the animal manure, fallen in the cultivated field or
reached in the manure, is a source of weed emergence. Also, the bedding of animals, when it
reaches the manure, is a source of infestation, if the straw in the bedding comes from infected
fields. The weeds whose seeds appear most frequently in manure are: Chenopodium sp. and A.
retroflexus. When the manure platform is not maintained in accordance with the regulations in
force and especially when the manure pile is built on the ground, the weeds that grow near the
pile and even on the pile, bear fruit and add to the mass of the manure an additional amount of
often very large seeds. The same thing happens near the piles of manure taken to the field and
left at the edge of the field. Therefore, manure platforms and the area around manure
platforms and piles must be kept perfectly clean (Davidescu, 1956; Jitareanu, 2020; Penescu
& Ciontu, 2001; Budoi & Penescu, 1996; **2015). It is known that doses of solid manure
from animals can be applied in excess of 20 t/ha. In this study the number of weeds raised per
ton of solid manure from the 4 animal species was also calculated. It varies from 16.250 at
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horses to 217.500 at sheep, 231.250 at goats and reaches up to 661.000 at cattle (Table 1), the
source of weeding through endozoochory being huge.

In the literature there is data on the number of dispersed seeds of animals so: the cattle
disperse approximately 2.600.000 seeds per animal per year and sheep 40.000 seeds per
animal per year (Welch, 1985; Couvreur et. al., 2004). Therefore, manure should only be
administered in the field after its fermentation at high temperatures, on specially designed
platforms, because in this way, a large part of viable weed seeds lose their germination
capacity, thus helping to reduce the weeding of agricultural crops.

Of the total weed species identified as the most abundantly and frequently family were
the Poaceae and Amaranthaceae, the following in the lowest percentage were of the family
Polygonaceae, Caryophyllaceae, Rubiaceae and Brassicaceae. The Poaceae family had an
average for each animal species between 38.46% and 43.68% and the Amaranthaceae family
between 23.08% and 36.86% (Table 2).

Table 2. Percentage recorded according to family of weed species

Animal species Mean no. of weeds | Family of weed gpecies in order Percentage
/2009 manure of dominance (%)
Poaceae 39.32
Amaranthaceae 36.86
Cattle Polygonaceae 13.61
132.25 Rubiaceae 4,73
Brassicaceae 3.21
Caryophyllaceae 2.27
Poaceae 38.46
Horses 395 Caryophyllaceae 30.77
' Amaranthaceae 23.08
Polygonaceae 7.69
Poaceae 41.62
Amaranthaceae 30.27
Goats Polygonaceae 16.76
46.25 Rubiaceae 6.49
Caryophyllaceae 2.70
Brassicaceae 2.16
Poaceae 43.68
Amaranthaceae 33.91
Sheep Polygonaceae 13.80
43.50 Rubiaceae 5.75
Brassicaceae 1.72
Caryophyllaceae 1.14
Control sample - - -
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CONCLUSIONS

The number of weed seeds that have passed through the digestive tract of animals,
germinated and gave birth to a new generation of weeds, was the largest in solid cattle
manure, followed by goats and sheep. The lowest number of weeds was recorded in horse
manure.

According to the species of animals from which the manure was collected, a share of
more than 20% had 5 species of weeds: Setaria sp., Chenopodium sp., A. retroflexus, P.
annua and S. media.

The weed species that germinated from herbivores manure have usually small seeds
and the ability to form a large number of seeds.

A large amount of seeds are dispersed by animals by endozoochory in agricultural
ecosystems having a significant impact on crop weed infestation.

Manure must be applied in the field only after fermentation at high temperatures, on
specially designed platforms, in compliance with all rules required by law.

The results of this study stress the potential of endozoochory by large herbivores as an
important seed dispersal mechanism with a large number of seeds of a considerable number of
plant species dispersed during the fruiting season.
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