
Available online at www.notulaebotanicae.ro

Not. Bot. Hort. Agrobot. Cluj 38 (3) 2010, 45-50

Print ISSN 0255-965X; Electronic 1842-4309

Notulae Botanicae Horti Agrobotanici
Cluj-Napoca

Evolution of the Botanical Composition and Forage Yield of several 
Perennial Fodder Legume and Grass Mixtures in the Year of Establishment

Nicusor-Flavius SIMA, Gheorghe MIHAI, Rodica Maria SIMA
University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, 3-5 Manastur Str., 400372, 

Romania; flaviusima@yahoo.com, mihaiusamv@yahoo.com, rodiganea@yahoo.com 

Abstract

The research results regarding the selection of some mixtures of perennial fodder grasses and legumes suitable for the establishment 
of temporary pastures in Cojocna, Transylvania region, Romania, are presented in this paper. The evolution of both the botanical 
composition and dry matter (DM) yield on 2 cuttings, after the sowing of mixtures were measured in order to establish the best mixtures. 
Increases of the legume ratios in the botanical composition of swards on both first and second cutting were recorded in the mixtures 
where their ratios at sowing were less than 40%. Grasses, in comparison with legumes, recorded lower ratios in the structure of swards 
than those used at sowing, both on the first and the second cutting. Weeds had ratios of 31-75% in the botanical composition of all 
variants on the first cutting, while on the second cutting their ratios decreased to less than 25% in the majority of variants, except in the 
pure alfalfa (Medicago sativa L.) crop. The higher fodder yield was obtained on each cutting for the mixture of 6 species, including 3 
legumes and 3 grasses.
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Introduction

The supply of fresh matter (FM) forage as periodically 
as possible represents one of the main objectives of cattle 
breeders in order to obtain constant milk productions. 
The health of animals, the quantity and quality of milk 
production, as well as the better emphasis on production 
potential of breeds highly depend on the quality of forage. 
It is known that mixtures of perennial grasses and legumes 
produce nutritionally balanced forage (Razec, 1994), while 
providing a part of the protein, carbohydrate and mineral 
requirements. This forage can be consumed in abundance 
without the risk of flatulence. The choice of mixtures of 
perennial grasses and legumes, unlike pure crops of peren-
nial grasses and legumes for the establishment of tempo-
rary pastures, provides the pre-requisites of sustainable 
forage production (Fornara and Tilman, 2008; Helgadót-
tir et al., 2008). Arguments in favour of such a choice are 
the high and constant yields (Briske, 2007; Connolly et 
al., 2009; Frankow-Lindberg et al., 2009), the agrotechni-
cal advantages (Mommer et al., 2010; Van Eekeren et al., 
2010), the positive impact on agroecosystems (Carlsson 
and Huss-Danell, 2003; De Vliegher and Carlier 2009; 
Peeters, 2009) and the economic efficiency (Dragomir 
et al., 2002; Dragomir et al., 2009; Peyraud et al., 2009). 
All these advantages of mixtures are determined by some 
biological characteristics, such as rhythm of development 
and ability of competition (Grieu et al., 2001; Lazzarotto 
et al., 2009; Vintu et al., 2010), morphological character-

istics (Kulakovskaya et al., 2002; Wachendorf et al., 2001) 
and physiological traits (Hopkins, 2003; Jumpponen et al., 
2005) of plant species therein. The necessity to promote 
new information for farmers regarding both the mixtures 
of perennial grasses and legumes and the traits of species 
and cultivars which compose them results from the lack of 
information of the majority of farmers concerning the new 
fodder plant cultivars on the Romanian market, as well 
as the impact of climatic changes on forage production 
(Weindorf et al., 2009). In the Cluj county the necessity 
of pasture management that is supported by new results of 
research, is important, as out of the total agricultural area 
of 427,273 ha, pastures and meadows represent 56% while 
arable land represents 43% (www.dadrcj.ro). Another ar-
gument regarding the importance of providing informa-
tion about pasture management and forage production 
also results from the data provided by the Sanitary Veteri-
nary and Food Safety Department Cluj (www.ansvsa.ro). 
These data show that in the year 2009, in Cluj county, the 
professional exploitations specialized in cattle breeding 
were about 38, while the non-professional exploitations 
specialized in bull breeding were about 20779. 

Materials and methods 

The experiment was set up at the beginning of March 
2010 in the perimeter of the Didactical Station Cojocna 
of the University of Agricultural Sciences and Veterinary 
Medicine from Cluj-Napoca, on a luvic phaeozem soil. 



Sima, N. F. et al. / Not. Bot. Hort. Agrobot. Cluj 38 (3) 2010, 45-50

46

Two cuttings were organized. Each cutting was initi-
ated in the heading-beginning of flowering of legumes. 
The yield and botanical composition of each variant was 
determined gravimetrically. The green mass from each 
experimental plot was harvested and weighed and after-
wards, samples of 200 g of fresh matter were collected in 
order to determine the dry matter yield, as well as samples 
of 500 g fresh matter in order to establish the botanical 
composition of the sward for each variant. Determination 
of dry matter was performed by drying of samples in an 
oven at 60°C for 48 hours. The botanical composition was 
determined through separation of each sample into three 
groups of plants (grasses, legumes and others), each group 
being then weighed. 

The obtained results concerning the dry matter yield 
were statistically analyzed by the ANOVA and Duncan 
test, taking into consideration the M1 variant (pure al-
falfa crop) as control. To assess the relationship between 
the three economic groups of plants (grasses, legumes and 
weeds) and dry matter yields obtained in the 9 variants, 
for both first and second cutting, the coefficients of cor-
relation were calculated.

Results and discussion

The ratios of grasses in the seed mixtures at planting 
varied between 40% and 85%, while the ratios of legumes 
varied between 15% and 60% (Tab. 3). The analysis of the 
botanical composition on the first cutting in the first year 
of vegetation indicated low ratios of grasses (between 5% 
and 15%) in the swards of all mixtures, while the ratios 
of legumes were higher than those of grasses, varying be-
tween 20% and 64% (Tab. 3).

The mentioned values in Tab. 3 indicate a slow instal-
lation rhythm of grasses in comparison with legumes. The 
low ratio of grasses in the sward favoured the installation 
of weeds. Weeds contributed in high ratios (between 31% 
and 75%) in the swards of all mixtures. The mixtures M6, 
M3 and M5, each one composed of 5 species recorded the 
highest weed development (75%, 55% and 50%) on the 
first cutting. The high development rates of weeds are re-
lated to the moderate development rhythm and the very 
poor ability of legumes to compete in the first year of veg-
etation, namely O. viciifolia and L. corniculatus in mixtures 
M3 and M6, and T. pratense in mixture M5. The poor 
competition ability of T. pratense in mixed swards was also 
noticed by Frankow-Lindberg et al. (2009). 

The smallest ratio of weeds (31%) was recorded in mix-
ture M7 composed of 6 species, among which 3 legumes 
(T. pratense, L. corniculatus, T. alexandrinum), with a con-
tribution of 64%, and 3 grasses (D. glomerata, F. pratensis, 
L. hybridum), with a contribution of 5%. An important 
role in the competition of cultivated plants with weeds 
was noticed with T. alexandrinum and T. pratense species. 
Both species have a short life span and a rapid rhythm of 
development (Dragomir, 2005; Varga et al., 1998). These 

The results of soil analysis (Tab. 1) revealed a pH-value 
of 6.96, which indicates a neutral reaction (6.81-7.20, by 
Rusu et al., 2005). The total nitrogen content of the soil 
(0.33%) indicated a good supply in all experimental plots 
(0.221-0.35, by Rusu et al., 2005). The results of soil analy-
sis also indicated a very good P (139 ppm)  supply (values 
over 72, by Rusu et al., 2005) while for K (171 ppm) there 
was also a good supply (132.1-200, by Rusu et al., 2005) in 
all experimental plots.  

Geographically, the experimental field is located in the 
Transylvanian Plain and from a stationary point of view it 
has a northern orientation, at an altitude of 353.9 m.a.s.l., 
with 46°26´22.6˝N and 23°32´19.7˝E coordinates. The 
experimental field belongs to zone 5 out of the 10 in the 
Cluj county area considering the climatic conditions and 
soil types, according to the Agricultural Department for 
Rural Development Cluj (www.dadrcj.ro). The experiment 
was set according to the randomized blocks method with 
9 variants (M1-M9), represented by a pure alfalfa crop and 
8 complex mixtures, in three replications. The experimen-
tal plot area was 27 m2. The crops/mixtures included in 
the experimental variants are presented in Tab. 2.

Tab. 1. The average values of some agrochemical soil parameters 
in the experimental plots (0-10 cm depth)

Depth (cm) pH (H2O) Total N % P ppm K ppm
0-10 6.96 0.33 139 171

Tab. 2. Experimental variants

Variant Species
M1-control Medicago sativa L.

M2
Medicago sativa L., Trifolium alexandrinum 

L., Dactylis glomerata L., 
Lolium x hybridum Hausskn.

M3
Lotus corniculatus L., Onobrychis viciifolia 

Scop., Dactylis glomerata L., Festuca 
pratensis Huds., Bromus inermis Leyss.

M4
Medicago sativa L., Dactylis glomerata 

L., Festuca arundinacea Schreb., 
Lolium perenne L.

M5
Trifolium pratense L., Dactylis glomerata 

L., Festulolium Asch. & Graebn., 
Phleum pratense L., Lolium perenne L.

M6
Lotus corniculatus L., Phleum pratense L., 

Dactylis glomerata L., Festuca arundinacea 
Schreb., Festuca pratensis Huds.

M7
Trifolium pratense L., Lotus corniculatus L., Trifolium 

alexandrinum L., Dactylis glomerata L., Festuca 
pratensis Huds., Lolium x hybridum Hausskn.

M8
Trifolium pratense L., Trifolium repens L., Dactylis 

glomerata L., Festuca pratensis Huds., Phleum pratense 
L., Lolium x hybridum Hausskn., Lolium perenne L.

M9
Medicago sativa L., Trifolium repens L., 

Bromus inermis Leyss., Festuca arundinacea 
Schreb., Lolium x hybridum Hausskn
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characteristics determine, especially with T. alexandrinum, 
a massive development immediately after plant emergence, 
with an advantage in the competition for light with the 
other species. This advantage is related to its architecture, 
which is similar with that of alfalfa (Schitea and Varga, 
2007). A good example for the above mentioned phe-
nomenon also occurred in the M2 mixture (M. sativa, T. 
alexandrinum, D. glomerata, L. hybridum), which includ-
ed both T. alexandrinum and alfalfa. Schitea and Varga 
(2007) have also remarked the competitiveness of T. al-
exandrinum in the mixtures with alfalfa, L. hybridum and 
D. glomerata. 

Considering the obtained yields on the first cutting 
(Tab. 4), mixture M7 recorded the highest yield increase 
(2.38 t·ha-1 DM) in comparison with the control. In the 
case of this mixture, the considerable contribution of le-
gumes in the sward was reflected in the high forage pro-
duction (7.70 t·ha-1 DM).

Yield increases in comparison with the control were 
also obtained for mixtures M2 and M8 (0.04 t·ha-1 DM and 
0.19 t·ha-1 DM), but without any statistical significance. 

The smallest yield was recorded for mixture M6 with the 
highest ratio of weeds (75%). The yield obtained with this 
mixture was lower than that obtained with the pure alfalfa 
crop and the difference (1.30 t·ha-1 DM) was significant. 
The yields obtained in case of the other mixtures (M3, M4, 
M5, M9) were also lower than that obtained for pure al-
falfa crop but the differences were not significant. 

In order to evaluate if there are differences between 
mixtures with close levels of obtained yields, the data were 
statistically approached by using the Duncan test (Tab. 5). 
The results indicate that there are no significant differenc-
es between the pure crop of alfalfa and 6 of the mixtures, 
even if certain of these data show higher (M2 and M8) 
or lower (M3, M4, M5, M9) yields (Tab. 5). Insignificant 
yield differences were also found among mixtures with 
over 50% weeds in the swards (M6, M3 and M5).

The estimation of the legumes contribution in the 
dry matter yield in legume-grass mixtures has a great im-
portance for the management of legume-based pastures 
(Himstedt et al., 2010). The positive distinct significant 
correlation coefficient (r = 0.752**) between the ratio of 
legumes in the sward and dry matter yield on the first cut-
ting (Tab. 6) indicates a strong dependence between these 
two characters, as the higher the ratio of legumes in the 
sward, the higher the obtained yield. The ratio of legumes 

Tab. 3. Botanical composition on the first cutting (% from FM weight of sample)

Mixture
Grasses

(% from the 
planting rate)

Grasses 
(% from the FM 

weight of sample)

Legumes
(% from the 

planting rate)

Legumes
(% from the FM 

weight of sample)

Weeds
(% from the FM 

weight of sample)
M1 - 3 100 60 37
M2 40 9 60 55 36
M3 53 12 47 33 55
M4 70 5 30 58 37
M5 85 10 15 40 50
M6 85 5 15 20 75
M7 70 5 30 64 31
M8 78 9 22 56 35
M9 76 15 24 43 42

Tab. 4. The influence of mixtures of perennial fodder species on 
the DM yield (t·ha-1) on the first cutting

Mixture DM yield 
(t·ha-1) (%) Difference

(t·ha-1)
Significance 
of difference

M1 5.32 100.0 0.00 control
M2 5.36 100.8 0.04 -
M3 4.80 90.3 -0.52 -
M4 5.18 97.4 -0.14 -
M5 4.78 89.9 -0.54 -
M6 4.01 75.5 -1.30 0
M7 7.70 144.8 2.38 ***
M8 5.51 103.6 0.19 -
M9 5.13 96.6 -0.18 -

LSD 5% 0.99
LSD 1% 1.37

LSD 0.1% 1.88
Note: *, 0 Symbols for significant differences (positive, respectively negative) at 
P<0.05, 0.01 and 0.001 according to ANOVA

Tab. 5. The significance of differences between DM yields 
(t·ha-1) as influenced by mixtures on the first cutting

Variant/mixture DM yield (t·ha-1) TSD p=0.05
M6 4.01 a
M5 4.78 ab 0.99
M3 4.80 ab 1.04
M9 5.13 b 1.07
M4 5.18 b 1.09
M1 5.32 b 1.11
M2 5.36 b 1.12
M8 5.51 b 1.13
M7 7.70 c 1.13

Note: values followed by the same letters not significantly differ at 
P≤0.05, according to Duncan test
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influenced negatively but insignificantly the ratio of grass-
es (r = -0.326). The ratio of grasses in the sward negatively 
correlates with dry matter yield but without a significant 
influence. The negative significant correlation coefficient 
between the ratio of weeds in the sward and dry matter 
yield on the first cutting indicates the negative impact of 
weeds on the forage yields of all tested variants. The nega-
tive and very significant correlation (r = -0.963***) between 
the ratio of weeds and the ratio of legumes shows the im-
portance of legumes in the interspecific competition. 

On the second cutting, grasses presented higher ratios 
in the structure of swards (11-50%) in comparison with 
those recorded on the first cutting (5-15%) but even so, 
their ratios remained lower than those established at sow-
ing (Tab. 7). 

The ratios of legumes in the swards of most variants 
on the second cutting were higher than the ratios initially 
established in the composition of mixtures (Tab. 7). An 
exception was recorded for mixture M3. The legumes L. 
corniculatus and O. viciifolia present a moderate develop-
ment rhythm and a very low capacity of competition in 
the first year of vegetation.  In addition, the grasses in 
this mixture show a moderate development rhythm (D. 
glomerata and F. pratensis) or slow development rhythm 
(B. inermis), poor (B. inermis), medium (F. pratensis) and 
high (D. glomerata) ability of competition. On the second 
cutting, legumes recorded decreases of their ratios only 
in mixtures 1, 3 and 4 unlike their ratio on the first cut-
ting. In mixtures 1 and 4 the decreases of legume ratios 

in the botanical composition of swards were about 18%, 
respectively 25%. High ratios of legumes, over 70%, were 
observed in the swards of mixtures M7 (88%), M2 (76%) 
and M8 (75%). 

The ratios of weeds decreased in the botanical compo-
sition of swards of all complex mixtures on the second cut-
ting, results that are in agreement with those reported by 
other researchers (De Vliegher and Carlier, 2008). Out of 
all studied mixtures, the lowest ratio of weeds (1%) was re-
corded in M2 and M7, composed of 4 respectively 6 plant 
species. It should be noted that the two mixtures present 
4 common species (M. sativa, T. alexandrinum, L. hy-
bridum and D. glomerata). Among these species M. sativa, 
T. alexandrinum and L. hybridum present a rapid rhythm 
of development and D. glomerata has a high ability of 
competition in the first year of vegetation. An increase of 
the weed ratio was recorded only for the pure alfalfa crop 
where it reached 58%. 

On the second cutting, dry matter yields obtained 
for all mixtures were higher than that obtained for alfalfa 
but, at the same time, the yields were lower than those re-
corded in the first cycle of cutting for 5 mixtures (Tab. 8). 
Exceptions were noted for variants 2 and 8, whose yields 
remained relatively constant (about 5 t·ha-1 DM). Another 
exception was recorded for variant 5 with a small yield in-
crease (0.39 t·ha-1 DM). The highest dry matter yield was 
recorded for mixture 7, as in the first cutting. The yield 
increase in comparison with the control was about 3.62 
t·ha-1 DM. Yield increases around this were obtained with 
mixture 5 (3.33 t·ha-1 DM), mixture 2 (3.53 t·ha-1 DM) 
and mixture 8 (3.53 t·ha-1 DM). All the yield increases 
were statistically significant.

The data were statistically processed by using the Dun-
can test (Tab. 9). It can be concluded that among mixtures 
7, 2, 8 and 5 the differences were not significant. 

The positive highly significant correlation coefficient 
between the ratio of legumes and dry matter yield on the 
second cutting (r = 0.865***), as on the first cutting, indi-
cates the importance of legumes for the forage production 
of all variants (Tab. 10). In the interspecific competition 

Tab. 6. Correlation coefficients r between dry matter yield and 
botanical composition of sward on the first cutting

Correlated parameters Legumes Grasses Weeds
Dry matter yield 0.752** -0.224 -0.731*

Legumes -0.326 -0.963***

Grasses 0.062
r 5% = 0.602; r 1% = 0.735; r 0.1% = 0.847

Note: * means correlation significant at P≤0.05, ** means correlation 
significant at P≤0.01, *** means correlation significant at P≤0.001

Tab. 7. Botanical composition on the second cutting (% from FM weight of sample)

Mixture
Grasses

(% from the 
planting rate)

Grasses 
(% from the FM 

weight of sample)

Legumes
(% from the 

planting rate)

Legumes
(% from the FM 

weight of sample)

Weeds
(% from the FM 

weight of sample)
M1 - 0 100 42 58
M2 40 23 60 76 1
M3 53 47 47 30 23
M4 70 48 30 33 19
M5 85 35 15 54 11
M6 85 47 15 29 24
M7 70 11 30 88 1
M8 78 18 22 75 7
M9 76 50 24 43 7
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tween the presence of weeds in the botanical composition 
of swards of all variants and dry matter yields indicates 
that the relationship between the high ratio of weeds and 
the low level of yield is stronger on the second cutting than 
on the first.

Conclusions

The low development rhythm of the majority of grasses 
in the first year of vegetation and on the first cutting deter-
mined the existence of numerous ecological niches which 
permitted the installation of weeds. The ratios of grasses 
in the swards, both on the first and second cutting were 
lower than the ratios established at sowing. Regarding le-
gumes, both on the first and second cutting, increases of 
their ratios in the botanical composition of swards were 
recorded in the mixtures where their ratios at sowing were 
less than 40%. On the first cutting, weeds exhibited ratios 
of 31-75% in the botanical composition of variants, while 
on the second cutting their ratios decreased below 25% in 
all mixtures, except in the pure alfalfa crop. The highest 
forage yield was obtained on each cutting in case of the 
mixture composed of 6 species, among which 3 legumes 
(T. pratense, L. corniculatus, T. alexandrinum) and 3 grass-
es (D. glomerata, F. pratensis, L. hybridum). Mixtures M2 
and M8 composed of 4 respectively 7 species should also 
be mentioned because they did not get significant differ-
ences in yield between the two cuttings, moreover they had 
a relatively constant level of yield, around 5 t·ha-1 DM.
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