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Abstract

The experiment focused on feed evaluation was conducted with goats to determine the feeding value of
two aggressive weeds, the giant goldenrod (Solidago gigantea) and the bushgrass ( Calamagrostis epigejos).
Studied plants at the pre bloom stage were evaluated for feeding value by 7-month-old castrated goats (n=5 per
group, BW=25.0 kg). All animals received no supplemental feed. The two plants differed in content of dry
matter (DM) (266 vs. 394 g/kg) as well as in crude protein (119 vs. 86g), crude fibre (222 vs. 317 g) and N-free
extract (523 vs. 447 g) per kg DM. In this study, total daily DM intake from giant goldenrod and bushgrass was
similar (666 vs. 689 g/goat). Apparent digestibility of these plants was similar for organic matter (58-59%), but
differed for crude protein (71 vs 53%) and N-free extract (72-62%). The values of total digestible nutrients
(55.9-53.4%), net energy for maintenance (NEm: 4.90-4.54 MJ) and net energy for lactation (NEL: 5.16-4.91
M]J) per kg DM were similar. The study concluded that So/idago giganteaand Calamagrostis epigejosaggressive
plants could be interesting feed for goats due to their feeding values. In addition, both of these aggressive weeds

are relatively easily available.
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Introduction

Invasive alien species (IAS) have a great negative effect not only on the natural ecosystems but also for
economics or human health (EEA, 2013; Schindler e a/, 2015). European Union (EU) is recognised the IAS
importance, and it reflected in EU regulation 1143/2014 on IAS (EU, 2014). It is estimated that 300-350
thousand hectares of fallow lands have been created over the past 50 years in Hungary. There are many
undesirable, invasive, expansive weeds that can spread on the abandoned spaces or fallow lands (e.g. Somodi ez
al, 2008). These aggressive plants often growth monodominantly and quickly, thus reducing the species
richness of the fields (Fiala er a/, 2003; Holub er a/, 2012). In dry grasslands Festuca species predominated,
creating species-rich vegetation that could be greatly degraded by invasive species degradation (Térék er al,
2018). One of the most interesting invasive plant is the giant goldenrod (Solidago gigantea), whilst relative
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expansive plant is also the bushgrass ( Calamagrostis epigejos). In agriculture, giant goldenrod and bushgrass are
mainly grow on abandoned arable fields and pastures and they easily become dominant, suppressed other
valuable plant species and spread aggressively. Both these problematic species are mainly found in central
Europe (Rebele and Lehmann 2001; Fiala ez a/, 2003). The agrotechnical methods for suppressing both plants
are available when the main methods are the mowing and grazing, but these plants need long-term period to
disappear (H4zi er al, 2011; Henning et al, 2017). Unfortunately, still little is known whether invasive or
expansive plants are suitable for ruminants’ feeding (Hang er a/, 2011). Despite the few reports studying the
reducing invasive plants occurrence, to the best of our knowledge this is the first study to evaluate the giant
goldenrod and bushgrass plants as feed. Recently, there were many publications about the ecology of Solidago
gigantea and Calamagrostis epigejos (Rebele and Lehman, 2001; Botta-Dukdt and Dancza, 2008). However,
feeding value and digestibility of these plants have not yet been determined.

Therefore, the main aim of the present study was to evaluate the feeding value (nutritional composition,
daily intake and digestibility) of giant goldenrod (Solidago gigantea) and bushgrass ( Calamagrostis cpigejos)
and our hypothesis was that both these aggressive plants can become interesting feeds for goats in terms of their
nutritional value and availability.

Materials and Methods

Study site

A feeding trial was conducted with Hungarian Native goats at a goat farm in Kaposdada (Hungary) in
fall of 2019. The giant goldenrod (Solidago gigantea) and the bushgrass ( Calamagrostis epigejos) were original
and were used in this trial being in the pre bloom stage and grown at the same site. Originally in this site the
dominant vegetation types were Salvinio nomorosac and Festucetum rupicolae, but in some places invasive
species became dominant.

Experimental design

Ten 7-months-old Hungarian native castrated male goats (body weight: 25 kg) were randomly allocated
to two treatment groups according to two plants. The feeding period included 7 days for adaptation to forages,
followed by 7 days of digestibility trial while the giant goldenrod and the bushgrass cut plants were fed. Goats
were then kept in individual metabolism boxes, which were 1 m” per animal. The whole plants were mown by
hand ca. 5 cm above ground level each day at 5 pm. The daily feed allotment in both periods was given in two
identical feeds at 6 pm. and next day at 8 am. Drinking water and salt blocks were available ad libitum. Feeding
residues were collected; weighted and daily intakes were recorded per animal. Faeces were individual collected
by goats at 24-hr intervals over the last 5 days, each day at 6 pm., from 5-days amount composite samples (50
g) were prepared and stored frozen (-20 °C) until analysed. Fresh forage and faecal samples were analysed for
dry matter, crude protein (N x 6.25), crude fibre, ether extracts and ash according to Weende analysis
(Hungarian Feed Codex, 2004). Total digestible nutrients (TDN), digestible energy (DE), metabolizable
energy (ME) and net energy for maintenance (NEm) were calculated by regression formulas descripted by

Schmidt er a/ (2000).

Statistical analysis

Statistical analysis was processed by the SPSS 25.0 software package (IBM Corporation, Armonk, NY,
USA). Statistical analysis was carried out in order to determine the effect of plants (fixed effect) on daily intake,
digestibility and energy content as dependent variables. Means were compared by F-test (equality of variances)
and Student’s t-test (significance of difference) in case of normal distribution (Shapiro-Wilk’s test). Since data
were not normally distributed, variables were subjected to Mann-Whitney U test. Data were expressed as mean
+ SD. Significance was taken at an alpha level of 0.05.
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Results
The nutritional composition of both investigated invasive plants was quite different (Table 1).

Table 1. Nutrient composition of the two plants fed to goats

Item Solidago gigantea Calamagrostis epigejos
Dry matter (DM) (g/kg fresh forage) 266.5 393.8
Crude protein (g/kg DM) 119.3 85.8
Ether extract (g/kg DM) 46.8 31.8
Crude fibre (g/kg DM) 2224 3172
Ash (g/kg DM) 88.7 118.1
Nitrogen-free extracts (g/kg DM) 522.8 447.1

Dry matter, crude protein and crude fibre contents of giant goldenrod were 266.5 g/kg plant, 119.3 g/kg
dry matter (DM) and 222.4 g/kg DM. In contrast, in bushgrass the contents of dry matter and crude fibre were
higher (393.8 g/kg plant and 317.2 g/kg DM) and the content of crude protein was lower (85.8 g/kg DM)
compared to giant goldenrod.

In the feeding trial, the offered amount per day of bushgrass and giant goldenrod whole plants per one
goat were the same (3 - 3 kg); but their total consumptions were different, 2.75 kg for giant goldenrod, versus

1.75 kg for bushgrass (Table 2).

Table 2. Daily intake of the two plants fed to goats

Item Solidago gigantea Calamagrostis epigejos
Offered amount (kg) 3.0 3.0
Daily intake (kg) 2.540.13 1.75+0.10
Daily DM intake (kg) 0.666+0.03 0.689+0.04
DM intake / BW (%) 2.66+0.14 2.76£0.16

In contrast, DM intakes only slightly differed (by 23 g) per day, as well as in percent bodyweight (by 0.10
%), respectively. In this study, goats utilised of these plants’ biomass without preference for leaves over stems.
The rationale lies in the fact that these invasive weeds were pre bloom stage; in this stage, whilst the leaves and
stems were even fairly digestible.

The apparent digestibility of the giant goldenrod’s crude protein content was more favourable (71%)

compared to bushgrass (Table 3).

Table 3. Apparent digestibility values of the two plants fed to goats

Item Solidago gigantea Calamagrostis epigejos
Crude protein (%) 71+4.50 53+4.24*
Crude fat (%) 44+3.00 24+5.94°
Crude fibre (%) 23+3.95° 61+3.31°
Nitrogen-free extracts (%) 72+3.52° 62+3.18*
Organic materials (%) 58+3.69 59+2.95

The apparent digestibility values of bushgrass crude protein was average (53%). In contrast, crude fibre
digestibility was found good (61%) in bushgrass, while giant goldenrod’s crude fibre digestibility value was
significantly lower 23%.

The Total digestible nutrients (TDN) and nett energy (NEm and NEI) contents of the bushgrass and
the giant goldenrod plants were slightly different (Table 4).
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Table 4. Energy content of the two plants fed to goats

Item Solidago gigantea Calamagrostis epigejos
TDN (% DM) 55.9+3.89 53.442.53
DE (M] / kg DM) 10.31+0.72 9.85+0.47
ME (MJ / kg DM) 845+0.59 8.08+0.38
NE., (MJ / kg DM) 490+0.56 454+037
NE:(M] / kg DM) 5.16+0.39 491%0.26

Giant goldenrod’s TDN value was 55.9% in DM kg, NEm and NEl values were 4.90 and 5.16 M] / DM
kg. Bushgrass’s TDN value was 53.4% in DM kg, NEm and NEl values were 4.54 and 491 MJ / DM.

Discussion

The giant goldenrod plant had relatively low dry matter (DM) content. However, this fact is consistent
with most green roughage. Moreover, the dry matter and crude fibre content of the giant goldenrod is similar,
but crude protein was greatly lower than values reported for foliage of most forage from pasture. There are
basics in diets of ruminant species, which supports our thesis that the goats that utilizes high dry matter content
is the most suitable for grazing the Calamagrostis epigejos. Other dicotyledonous species, and the group of
grasses and legumes, not reached the values of Solidago gigantea or Calamagrostis epigejosin terms of nitrogen-
free extracts and ether extract. The high ether extract content provides a good basis for supplementary feeding
with high protein feeds to the test species and can facilitate good utilization of this protein content.

The need for supplementary feeding is also supported by the fact that the crude protein content of both
investigated plant species is only about two thirds of the total crude protein content of grasses and legumes in
grasslands. The crude fibre content of the Solidago giganteais close to that of the grass, since in the phenophase
examined the giant goldenrod’s stem is still soft, not woody and its leaf mass is also large and easy to consume.

Both plant species proved fairly digestible in goats. Values of investigated parameters are within the
ranges for ruminants reported by Schmidt er a/ (2000). The apparent digestibility coefficients for crude
protein, crude fibre, crude fat and N-free extracts were in bushgrass significantly (P<0.05) lower compared with
giant goldenrod, while organic material values were similar, respectively.

The apparent digestibility of the giant goldenrod’s crude protein content was more favourable (71%),
but crude fibre digestibility was lower (23%) compared to bushgrass (53% and 61%).

Low digestibility value of crude fibre in giant goldenrod may be due to the high content of saponin.
Earlier reported that the triterpenoid saponins content and of giant goldenrod are significant, approximately is
8-9 % (Botta-Dukdt and Dancza, 2008; Mietlinska er a/, 2019). The triterpenoid saponins are selectively
influenced the rumen bacteria and fermentation (Patra and Saxena, 2009), which might decrease the bacterial
crude fibre digestion in rumen. Moreover, saponins have inhibit effect on rumen protozoa, which alter rumen
protein metabolism, increase the efficiency of microbial protein synthesis and protein flow to duodenum (Patra
and Saxena, 2009; Wang er al, 2012). In this way, saponins may have favourable effect on crude protein
digestion.

The apparent digestibility of the giant goldenrod’s crude protein is only slightly lower than that of the
grass, alfalfa or other legumes (at flowering about 60%), and is similarly favourable for the apparent digestibility
of N-free extracts, digestibility value also for alfalfa before budding (76%)( Schmidt ez a/, 2000). The apparent
digestibility of bushgrass crude fibre is moderate, similar with grasses and legumes species values (Schmidt ez
al,, 2000).

The TDN and nett energy contents of the Solidago giganteaand the Calamagrostis epigejos plants were
relatively similar, however NEm and NEI values slightly differed between both plants by 8% and 5%. The
energy values (NEm and NEI) are comparable to other forage plants. The data clearly show that the giant
goldenrod and bushgrass have significantly better energy content (NEm) than any group of pasture plants, and
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the values of beginning of flowering alfalfa (4.71MJ / kg DM) (Schmidt e a/, 2000). In calculating the net
energy for lactation, the giant goldenrod value was comparatively similar to grassland values (5.28M] / kg of
feed) and exceeds the value of alfalfa before flowering (5.02M] / kg DM) (Schmidt er a/, 2000), while the
bushgrass was almost 10% below.

The Solidago giganteaand the Calamagrostis epigejos, can be used primarily to satisfy the net energy for
maintenance and lactation based on the nutritional studies. In addition, any of the investigated species may be
recommended for goat herds.

Conclusions

The results of our study show that goats consume Solidago gigantea and Calamagrostis epigejos at pre
blooming stage without any problems. Our study also suggest that both these species can play a significant role
in feeding goats due to their feeding value. Another advantage of both of these aggressive weeds is their relatively
casy availability. In addition, feeding of both plants by goats can help to reduce invasive plants occurrence.
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