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Abstract

The use of chemical fertilizers was one of the most common technological links for increasing feed production. The
motivation for this measure was the need to increase the food requirement for the constantly growing population of
humanity correlated with the consumption of animal products. One of the challenges of the last decade is to use
chemical fertilizers in the smallest possible quantity, preserving the properties of the soil in order to obtain qualitative
productions. One of the current trends of modern agriculture is to use mixtures (grasses and legumes) that are agro-
economically efficient. In this sense, the purpose of this work is to test mixtures of annual grasses and legumes for
fodder in order to evaluate their qualitative potential (CP%). Thus, mixtures of annual clover (T) and two oat varieties
(01, 02) were used. The proportions in which they were sown were: clover (T)/(O1, O2) 50%/50%, 33%/66%,
66%/33%. The mixtures were sown under the same conditions. From the statistically analyzed data, we can conclude
that the best results in terms of CP% were T/O2 33%/66%, and fiber T/66%/33%.
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INTRODUCTION pure culture. Their benefits come mainly from
their complex efficiency in the management of
In the last decade, one of the topics debated in  carbon and nitrogen (Kramberger et al., 2013).
the field of agriculture in Europe is the decline  Thus, the study of intercalated crops for feed
of feed quality and the use of legume mixtures  and coverage crops has become a theme of
with cereals with a potential to improve the interest for agronomists, biologists, and ecolo-
agronomic performance of crop systems and to gists (Broker et al., 2014; Durau et al., 2024).
provide protein-rich foods and feed contribu-  Annual fodder species can provide high yields
ting to reducing European dependence on and quality feed or conservation as hay or silo
imported proteins (Watson et al., 2017; Krga et for subsequent feeding.
al., 2022). Reducing the use of nitrogen (N)  They can be cultivated as a single crop or mixed
fertilizers and their negative impact on agricul- with other annual or perennial plants (Havilah,
tural economic activities on the environment  2011).
shows that nitrogen fixing legumes cultivated Most research results suggest that very good

in rotation or in intercalated cultures are con-  performance in terms of feed quality are obtained
sidered a sustainable alternative to introduce  when some annual legumes, such as Trifolium
nitrogen into agroecosystems (Fustec et al., incarnatum L., are cultivated in mixtures (legu-

2010). Increasing the intensity of using land  mes - cereals) unless they are cultivated alone.
among small farmers is a global tendency that ~ Legumes are the second most important family
threatens the productive basis of farms in many of agricultural crop species after grasses
developing countries. worldwide and are used for both cereals and
From the perspective of environmental protec- feed, but are underrepresented in European
tion, the mixtures of legume and non-legume  crop systems, which are dominated by cereals
crops can offer more advantages than those in  and oil seeds.

336



Crimson/Italian clover grows well in mixtures
with small cereals, herbs, and other species of
clover.

An oat culture is a common companion, either
as a coverage culture, or as a partner with high
biomass and nutrients (SARE, 2012).

As Knight (1985) detailed, crimson/Italian
clover can be cultivated with rye, annually ray
grass, and various cereals.

MATERIALS AND METHODS

In Romania, there are few studies on the
culture of crimson clover both in pure crop and
in mixture for feed, maybe because of the
difficulty of harvesting, keeping, and storing.

In this sense, the purpose of this paper is to
highlight the qualitative potential from a fodder
point of view of some crimson clover - oats
mixtures.

The experimental field was located in the
pedoclimatic conditions of the didactic station
of the U.S.V.T. (Western Romania) in 2023
(Figure 1)

Figure 1. View from experimental field
(original foto: Carmen Claudia Durau)

Thus, the multiannual average of precipitations
was, generally, between 500-650 mm, but the
year 2022 was below the multiannual average
(446 mm) and the year 2023 was above the
multiannual average (698 mm).

The southwest of Romania, due to its geogra-
phical position in the temperate area, is expo-
sed to a range of phenomena of meteorological
and climate risk with the potential to take place
throughout the year (Mircov et al., 2024).
Analysed data show that the soil is a cambic
chernozem, medium clay clay/medium argyle
clay with a weak alkaline pH. The
concentration of humus is characteristic of this

type of soil mentioned (Durau et al., 2024). The
evaluation of agricultural land is one of the
most important stages resulting in the increase
of agricultural production and establishing a
sustainable agricultural system. (Mihut et al.,
2024). The research was carried out on
mixtures of crimson/(Trifolium incarnatum L).
Kardinal (TiK) variety and two varieties of oats
— (Avena sativa L.) Ovidiu variety (0.Ov) and
Lovrin 1 variety (O.L1).

For sowing, the following mixtures were used:
TIK+0.0v 1: 1 (50%: 50%), 1: 2 (33%: 66%),
2: 1 (66%: 33%), Tik+O.L1 1: 1 (50%), 1: 2
(33%: 66%), 2: 1 (66%: 33%). Three variants
were applied in three repetitions for each of the
mixtures (Figure 2)

337

Figure 2. The experimental field
(original foto: Carmen Claudia Durau)

Each variant was 7 m?. The mixtures were
sown in the second decade of March 2023,
when it was possible to enter the field.

The applied culture technology was under non-
irrigation conditions and no fertilizers were
applied.

According to the BBCH decimal unit for
grasses and legumes (Meier, 2001), the
harvesting was performed at the grass ear
formation and at legume budding.

For the laboratory analyses, samples were
collected from each variant on 1 m? and the
results represent an average of the three
variants. The determination of the amount of
crud protein (CP%) was done by evaluating the
nitrogen content using the Kjedahl method.
Statistical calculations were performed using
SPSS Version 20, IBM and Microsoft Excel
(2016, Microsoft Corporation, Redmond, WA,
USA). Elements of descriptive statistics were
determined mean, standard deviation, minimum
and maximum values and 95% confidence



interval for the mean) and to determine
significant differences, the Kruskal Wallis test
and the Mann Whitney test were applied.

RESULTS AND DISCUSSIONS

Analysing the crud protein (CP%) depending
on the combination of TiK - Trifolium

incarnatum Kardinal and the two oat varieties
in question (O.Ov and O.L1), statistically
significant differences were determined in the
case of the 1/2 percent (Tabel 1, Figure 3).

A similar result was obtained in an experiment
carried out in the same period and in the same
proportion 1: 2 (33%: 66%), but with peas and
oats Lovrin 1 (Durau et al., 2024).

Table 1. Numerical characteristics associated with the mixtures according to the varieties analysed (O.Ov and O.L1)
and the proportions in which the mixtures are found.

Mann-
0,
95% Confidence Interval Minimum | Maximum Whitney
. Std. for Mean
Mixture Mean . U(p)
Deviation
Lower Upper
Ratio Bound Bound
Protein Tik+OOv 12.11 0.37 11.20 13.02 11.82 12.52
(CP%) . 3(0.513)
11 TiK+OL1 12.28 0.09 12.05 12.50 12.18 12.36
Protein Tik+OOv 11.49 0.53 10.17 12.81 11.10 12.10
(CP%) . 0(0.04<0.05)
12 TiK+OL1 13.20 0.53 11.88 14.52 12.63 13.68
Protein Tik+OOv 12.68 0.36 11.78 13.58 12.26 12.90
(CP%) ; 1(0.200)
21 TiK+OL1 12.14 0.48 10.95 13.33 11.67 12.63
Fiber(F%) Tik+O0O 19.64 2.15 14.30 24.98 17.87 22.03 300513
1/1 TiK+OL1 19.73 1.03 17.18 22.28 19.04 20.91
Fiber(F%) Tik+O0O 20.32 1.02 17.79 22.84 19.61 21.48 10.127)
12 TiK+OL1 22.24 1.97 17.33 27.14 20.16 24.09
Fiber(F%) | Tik+OO 20.25 3.05 12.66 27.83 18.12 23.75 10.127)
2/1 TiK+OL1 24.02 1.66 19.89 28.15 22.20 2545 '
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Figure 3. Mean and 95% CI for Protein (CP%)

In the case of fibre (F%), no statistically
significant  differences were determined
between the Tik+OO and Tik+OL1 mixtures,
regardless of the percentage considered (Table
1, Figure 4). Crimson clover feed is very
nutritious, with over 25% gross protein that can
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Mixture

Figure 4. Mean and 95% CI for Fiber (F%)

be 80% digestible. They are harvested in early
spring and can contain 12-14% raw protein and
60-65% digestible nutrients of dry substance
even in full flowering (Young-Mathews, 2013;
Ball et al., 2000).
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Table 2. Numerical characteristics associated with the TiK+0O.0Ov mixture
in protein (CP%) depending on the proportion

Mean Std. Deviation 95% Confidence Interval for Mean Minimum Maximum
Lower Bound Upper Bound
1/1 12.11% 0.36 11.19 13.01 11.82 12.52
12 11.49% 0.53 10.17 12.81 11.10 12.10
2/1 12.68° 0.36 11.77 13.58 12.26 12.90

Means followed by the same letter do not differ statistically (Mann-Whitney U test), *p<0.05.

Table 3. Numerical characteristics associated with the TiK+0O.Ov mixture in fiber (F%) depending on the proportion

Mean Std. Deviation Lf\i;/‘; ggﬂf:;ience Interv;lpf;);rl\/éieﬁln q Minimum Maximum
1/1 19.63* 2.14 14.29 24.97 17.87 22.03
12 20.31* 1.01 17.79 22.83 19.61 21.48
2/1 20.25° 3.05 12.66 27.83 18.12 23.75

Means followed by the same letter do not differ statistically (Mann-Whitney U test), *p<0.05.

The analysis of the differences between the
proportions in the case of crud protein (CP%)
shows that there are significant differences
between the proportions of 1/2 and 2/1 for the
TiK+0.0v mixture. (Table 2, Figure 5).
Kramberger et al. (2013) concluded that, to
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Figure 5. Mean and 95% CI for protein (CP%)
TiK+0.0Ov mixture depending on the proportion

For the fibre (F%) the analysis between the
proportions 1/1, 1/2, 2/1 shows that there are no
statistically significant differences in the case
of the mixture TiK+0O.Ov (Table 3, Figure 6).
Analysing the percentages of crud protein

obtain benefits, it is extremely important that
the legumes in the mixtures of coverage or for
feed be complementary to facilitate good
growth under the specific conditions of the
field.
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Figure 6. Mean and 95% CI for fiber (F%)
TiK+0.0Ov mixture depending on the proportion

(CP%) in the TiK+O.L1 mixture in relation to
the proportions 1/1, 1/2, 2/1, statistically
significant  differences were determined
between the proportion 1/1 and 1/2 (Table 4,
Figure 7).

Table 4. Numerical characteristics associated with the TiIK+OL1 mixture
in crud protein (CP%) depending on the proportion

Mean Std. Deviation 95% Confidence Interval or Mean Minimum Maximum
Lower Bound Upper Bound
1/1 12.2767* 0.09074 12.0513 12.5021 12.18 12.36
1/2 13.2033 0.53163 11.8827 14.5240 12.63 13.68
2/1 12.1400% 0.48031 10.9468 13.3332 11.67 12.63

Means followed by the same letter do not differ statistically(Mann-Whitney U test), *p<0.05.
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For percentages of fiber (F %) the statistically
significant differences for the TiK+OL1
mixture in relation to the percentages 1/1, 1/2,

2/1 were between the proportions 1/1 and 2/1
(Table 5, Figure 8)

Table 5. Numerical characteristics associated with the TiK+O.L1 mixture in fibre (F%) depending on the proportion

L 95% Confidence Interval for Mean . )
Mean Std. Deviation Minimum Maximum
Lower Bound Upper Bound
1/1 19.73* 1.02 17.17 22.28 19.04 2091
1/2 22.23%® 1.97 17.33 27.14 20.16 24.09
2/1 24.02° 1.66 19.89 28.15 22.20 25.45
Means followed by the same letter do not differ statistically (Mann-Whitney U test), *p<0.05.
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Figure 7. Mean and 95% CI or crud protein (CP%)
TiK+0.L1 mixture depending on the proportion

As the feed matures, the fibre level increases
and the protein level decreases, resulting in a
general decrease in the nutritional value of the
feed (Bracey et al., 2022). Akin et al. (1982)
concluded, as a result of research carried out on
crimson clover, that its digestibility decreases
by 5% when it is harvested upon budding and
20% when it is harvested upon flowering
compared to the young pre-budding stage.

CONCLUSIONS

The study of the ratios and species that fall into
the composition of these fodder mixtures is
very important because some species can
complete each other to a certain level of
participation, after which they become
dominant and, implicitly, affect raw protein and
fibre protein content. The interaction between
the species and the moment of harvesting the
mixture is very important for a maximum
amount of raw protein (CP%) and fibre (F%).
Data collected from the experimental field and
processed with the help of Kruskal-Wallis and
Mann Whitney tests have indicated some
significant  differences  between  certain
parameters. Regarding raw protein (CP%),
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Figure 8. Mean and 95% CI for fiber (F%)
TiK+0.L1 mixture depending on the proportion

significant differences (*p <0.05) were between
the two TiK+0.Ov and TiK+0O.OL1 mixtures,
but in the same proportions 1: 2 (33%: 66%)
where oats O.OL1 also used the resources
better. The largest amount of fibre (F%) was
obtained with TiK+O.OL1 (F%-24) mixture
but no significant differences were found
compared to the TiK+O.Ov mixture, for the
same ratio. Significant differences in the case
of raw protein (CP%) were found for the same
mixture but in different proportions 1: 2 (33%:
66%) and 2: 1 (66%: 33%) for TiK+O.OL1 1: 1
(50%) and 1: 2 (33%: 66%) TIK+O.Ov,
respectively. This case study is for a short
period of time and there were obviously other
factors that contributed to the outcomes. The
research will continue for a longer period to
highlight the benefits and qualitative potential
of the mixture of oats with crimson clover
under the conditions of Timis County (western
Romania).
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