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ABSTRACT

Red clover ranks second only to alfalfa in terms of prevalence and significance in the production of bulky livestock 
fodder. Although alfalfa is considered more productive and of higher quality, large areas of land in Bosnia and Herzegovina 
are unsuitable for alfalfa cultivation (heavy, acidic soils). As a result, clover generally occupies larger areas than alfalfa. 
This crop thrives well in cool, moist, moderately heavy to heavy soils with slightly acidic to neutral reactions. Given that 
the quality of biomass and productivity of red clover largely depend on soil fertility, variety, environmental conditions 
and growth stage at harvest, this study aimed to determine the effect of fertilization (N0, N20, N40 and N60) of red clover 
cultivars (Global and Una), in the agro-ecological conditions of Butmir, on the yield of dry matter, crude protein and the 
abundance and activity of nodule bacteria. The research results indicated that both the cultivar and the application of 
nitrogen fertilizer had a significant impact on the productivity and quality properties of red clover (dry matter yield, crude 
protein yield). The highest annual dry matter yield was achieved with the N60 variant for the Global cultivar (8.48 t/ha) 
and the N40 variant for the Una cultivar (8.50 t/ha). Similarly, the highest protein yield was recorded with the N60 variant 
for the Global cultivar (1,262.1 kg/ha) and with the N40 variant for the Una cultivar (1,073.9 kg/ha).

Keywords: red clover, cultivar, fertilization, dry matter, crude protein, nodulation

Received: January 9, 2025; accepted: May 10, 2025

INTRODUCTION

Red clover is considered one of the most important 
perennial forage legumes in Bosnia and Herzegovina 
due to its excellent adaptation to a wide range of soil 
conditions, high yield potential, and good nutritional 
value. Considering global climate change and the 
development of organic agriculture, red clover is gaining 
importance as a valuable genetic resource in livestock 
feed production. Producing high-quality bulky fodder, 
which implies a high protein content, is one of the key 
objectives of livestock farming. Red clover is a forage 
crop, rich in protein, and has greater fiber digestibility 
compared to alfalfa (Leto et al., 2013). The quality of 
red clover fodder is influenced by numerous factors, 
including the plant growth stage, harvest timing, cultivar, 

soil fertility, and storage conditions. The growth stage of 
plants significantly affects the chemical composition and 
quality of red clover fodder (Makarenko and Pribytkov, 
1989; Marković et al., 2008; Belonger and Tremblay, 
2010). Different cultivars of red clover exhibit varying 
characteristics such as winter hardiness, regrowth rate, 
seed yield, and protein content, which impact the overall 
yield and forage quality. Under favorable conditions, red 
clover as a forage crop can achieve high dry matter yields. 
Under optimal conditions and with proper agricultural 
practices, red clover can achieve yields of 15 to 18 t/
ha of dry matter. Numerous authors (Đukić et al., 2009; 
Bošnjak, 2013; Bezdrob et al., 2024, and others) have 
reported similar findings in their research. Red clover 
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is also significant in ecological production because it 
enriches the soil with nitrogen through symbiotic fixation 
by nodule bacteria, reducing the need for extensive use 
of mineral nitrogen (Frame, 2005). Microorganisms, as 
integral components of biogeocenosis, are important 
indicators of soil biological value and provide valuable 
insights into the success of plant cultivation on arable 
land. Govedarica et al. (1993) point out that the type of 
soil and its properties, among other factors, influence 
the abundance and activity of microorganisms in the soil. 
The presence of Rhizobium strains in acidic soils is low, 
which leads to a lack of nodulation and a reduction in 
dry matter yield (Jarak et al., 1999). Jarak et al. (2003) 
(2004) demonstrated that the application of inoculation 
with strains tolerant to low pH values resulted in an 
increase in red clover biomass yield by 10% to 15%. The 
population structure of symbiotic microorganisms varies 
depending on numerous factors, including soil type, 
cultivar, individual plants within the variety, and weather 
conditions. This research aimed to examine the influence 
of fertilization on the productivity (dry weight yield and 
crude protein yield) of red clover varieties, as well as on 
the number of symbiotic nodule bacteria.

MATERIALS AND METHODS

The research was conducted at the Butmir 
experimental field not far from Sarajevo. The trial was 
established in late April 2023 using a randomized block 
design with four replications. The size of the basic plot 
was 5 m². Sowing was done at the end of April, manually 
in rows with a row spacing of 12.5 cm. The seeding rate 
for red clover was 15 kg/ha. During pre-sowing soil 
preparation, the mineral fertilizer (KAN 27%) was applied. 
The experiment examined two red clover cultivars, Global 
and Una, and three fertilization treatments: control (N0), 
fertilization with 20 kg N/ha (N20), 40 kg N/ha (N40), and 
60 kg N/ha (N60), along with the abundance and activity of 
nodule bacteria. The total abundance of nodule bacteria 
was determined by the number of nodules formed on 
the main and lateral roots at the full bloom stage of the 
plants. Determination of the number of nodules in red 
clover cultivars was carried out at a depth of up to 12 

cm. In the year of sowing, both swaths were analyzed. 
The total dry matter yield was determined based on the 
green mass yield measured at cutting, and the dry matter 
content (determined by drying samples to 14% moisture). 
The total nitrogen content in the plant biomass was 
determined using the Kjeldahl method. The crude protein 
content was calculated based on the total nitrogen 
content. The yield of crude protein was determined based 
on the dry mass yield and the content of crude protein. 
Weed control during the growing season was done 
manually. Cutting was performed at the flowering stage 
of red clover. The soil of the Butmir experimental field 
has an acidic reaction with a pH of 4.6 (in KCl) and pH 
6.3 (in H2O). The humus content was 2.9%, classifying the 
soil as moderately humus-rich. The phosphorus content 
was 8.5 mg/100 g of soil, placing it in the low-content 
class. According to the potassium content, the soil has 
a medium supply of this element (14 mg/100 g of soil). 
The weather conditions during the year of the study were 
quite favorable, characterized by high air temperatures 
and a uniform distribution of precipitation throughout 
the growing season. The total amount of precipitation 
in 2023 was 1408.7 l/m², which is 597.5 l/m² above the 
long-term average. The mean annual air temperature 
was 1.47 °C higher than the long-term average (9.63 
°C). Statistical methods. All experimental measurements 
were statistically analysed by the ANOVA (analysis of 
variance) method at a level of significance set at 0.05. 
The statistical analyses were made using the SPSS 22.0 
software program (IBM, Armonk, New York, USA).

RESULTS AND DISCUSSION

Dry matter yield

The dry matter yield of red clover cultivar Global in 
the first cutting (Table 1) ranged from 5.34 t/ha in the 
(N20) variant to 7.04 t/ha in the (N60) variant. The variant 
fertilized with 60 kg N/ha also achieved a statistically 
significantly higher dry matter yield compared to the 
other examined variants. The control variant achieved 
a significantly higher dry matter yield compared to the 
variants fertilized with 20 and 40 kg N/ha. The response 
of the variety Global to lower doses of nitrogen (20 and 
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40 kg N/ha), which resulted in lower yields even than the 
control, can be attributed to the inhibition of nodulation 
- a phenomenon known in legumes when small amounts 
of mineral nitrogen are introduced at an early stage of 
development. The average dry matter yield of the first 
cutting of red clover cultivar Global was 5.98 t/ha, which 
is 4.81 t/ha higher than the second cutting. The dry 
matter yield of the second cutting ranged from 1.04 t/ha 
in the (N20) variant to 1.44 t/ha in the (N60) variant. 

There were no statistically significant differences in 
dry matter yield between the variants of Global cultivar 
in the second cutting. Overall, the highest dry matter 
yield in the year of the study was achieved by the variant 
fertilized with 60 kg N/ha (8.48 t/ha), which also showed a 
statistically significantly higher dry matter yield compared 
to the other tested variants. The significantly lower dry 
matter yields were achieved by the N40 variant (6.5 t/ha) 
and the N20 variant (6.38 t/ha) which is in accordance 
with the research results (Valjevac et al., 2025). The dry 
matter yield of red clover (cultivar Una) in the first cutting 
ranged from 5.56 t/ha in the (N20) variant to 6.62 t/ha 
in the (N40) variant. The dry matter yield in the (N60, N40, 
and N0) variants was significantly higher compared to the 
variant fertilized with 20 kg N/ha. In the second cutting, 
the dry matter yield ranged from 1.8 t/ha in the (N60) 
variant to 2.32 t/ha in the control variant (N0). Overall, the 
highest total dry matter yield was achieved by the variant 
fertilized with 40 kg N/ha (8.5 t/ha), which also had a 
statistically significantly higher dry matter yield compared 
to the N60 and N20 variants. The highest average annual 

dry matter yield in the year of sowing was achieved by the 
Una cultivar (8.16 t/ha), while the Global variety yielded 
7.15 t/ha, which closely matches the results obtained in 
previous research (Bezdrob and Alibegović-Grbić, 2010; 
Leto et al., 2013). The highest annual dry matter yield 
was achieved by the N60 variant of the Global cultivar 
(8.48 t/ha), and the N40 variant of the Una cultivar (8.5 t/
ha). The lowest annual dry matter yield was achieved by 
the N20 variant for both red clover varieties, with values 
ranging from 6.38 t/ha (Global cultivar) to 7.66 t/ha (Una 
cultivar). The cultivar had a significant impact on dry 
matter yield. The dry matter yield of the Una cultivar was 
statistically significantly higher compared to the Global 
variety (except in the N60 variant).

Crude protein yield

The application of higher doses of nitrogen affected 
the total yield of crude proteins, especially in the Global 
cultivar under the N60 variant, and the Una variety under 
the N40 variant, which was the result of an increased 
yield of dry matter. Similar findings were reported by 
Alibegović-Grbić et al. (2010). Additionally, a significantly 
higher crude protein yield was achieved in the control 
variant without applied nitrogen, as a result of better 
nodulation. Higher doses of nitrogen fertilizers can reduce 
the activity of Rhizobium bacteria, leading to a decrease 
in the number of nodules. The crude protein yield in the 
year of study (Table 2) for the Global cultivar ranged from 
724 kg/ha in the (N40) variant to 1,016.5 kg/ha in the (N60) 
variant.

Table 1. Dry matter yiled (t/ha) of red colover (cultivars Global and Una)

Variant
Variety „Global“

Total yield
Variety „Una“

Total yield
I cutting II cutting I cutting II cutting

N0 6.12b 1.17ns 7.29b 6.0a 2.32a 8.32ab

N20 5.34c 1.04ns 6.38c 5.56b 2.1ab 7.66bc

N40 5.44c 1.06ns 6.5c 6.62a 1.88b 8.5a

N60 7.04a 1.44ns 8.48a 6.38a 1.8b 8.18b

Average 5.98 1.17 7.15b 6.14 2.02 8.16a

abc Values marked with different letters differ significantly (P < 0.05); ns no significant difference
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The crude protein yield in the (N60) variant was 
significantly higher compared to the other tested variants. 
The average crude protein yield in the second cutting 
was 206.2 kg/ha, which was 647.7 kg/ha lower than the 
average yield of the first cutting (853.9 kg/ha). 

The highest crude protein yield in the second cutting 
was achieved in the N60 variant (245.6 kg/ha), which 
was statistically significantly higher compared to other 
variants. The significantly lower protein yield in the second 
cutting was observed in the N40 variant (178.1 kg/ha). The 
overall average annual protein yield was 1,060.1 kg/ha. 
The highest total annual protein yield was achieved by 
the N60 variant (1,262.1 kg/ha). The N60 variant produced 
a statistically significantly higher protein yield compared 
to the other tested variants. The crude protein yield in 
the first cutting of red clover (Una cultivar) ranged from 
573.1 kg/ha in the (N20) variant to 761.3 kg/ha in the (N40) 
variant. In the second cutting, the lowest crude protein 
yield was recorded in the N60 variant (259.2 kg/ha), while 
the highest was achieved in the control variant N0 at 393 
kg/ha. The overall average annual protein yield for the 
Una variety was 990.7 kg/ha. The highest total annual 
protein yield was observed in the N40 variant (1,073.9 kg/
ha). The N40 variant and the control variant (N0) produced 
statistically significantly higher protein yields compared to 
the N20 and N60 variants. The comparative yield of crude 
protein is characterized by the fact that the Global cultivar 
achieved higher yields compared to the Una cultivar. The 
maximum crude protein yield for red clover was recorded 

in the N60 variant (1,262.1 kg/ha) for the Global cultivar, 
and in the N40 variant (1,073.9 kg/ha) for the Una cultivar. 
The lowest annual crude protein yield for the Global 
cultivar was observed in the variant fertilized with 40 
kg N/ha (902.1 kg/ha), while for the Una variety, it was 
recorded in the variant fertilized with 20 kg N/ha (914.3 
kg/ha). The variety had a significant impact on protein 
yield. The crude protein yield of the red clover cultivar 
Global was statistically significantly higher compared to 
the protein yield of the Una cultivar (except for the N40 
variant). Research by (Valjevac et al., 2025). indicates that 
the red clover variety has a significant impact on the total 
crude protein yield.

Number of nodules on red clover roots

The number and mass of nodules serve as indicators 
of nitrogen fixation efficiency (Gwata et al., 2004). The 
obtained research results for the number of nodules per 
plant varied significantly in different variants of nitrogen 
fertilization (Table 3). The highest number of nodules was 
recorded in the control variant N0 for both red clover 
cultivars (Global: 28.6; Una: 27.8). The lowest average 
number of nodules, across two cuts, was observed in the 
N60 variant (Global: 23.5; Una: 22.4), which was statistically 
significantly lower compared to the control variant and 
the variants with lower nitrogen doses (N40 and N20). The 
nitrogen fertilizer affected the reduction in the number 
and activity of symbiotic nitrogen-fixing bacteria, which 
is consistent with the findings of Stevanović et al. (2016).

Table 2. Crude protein yield (kg/ha) of red clover (cultivars Global and Una)

Variant
Variety „Global“

Total yield
Variety „Una“

Total yield
I cutting II cutting I cutting II cutting

N0 914.3b 202.5b 1.116,8b 652,8b 393,0a 1.045,8a

N20 760.9c 198.9bc 959,8c 573,1c 341,2b 914,3b

N40 724,0c 178.1c 902,1c 761,3a 312,6b 1.073,9a

N60 1.016,5a 245.6a 1.262,1a 669,9b 259,2c 929,1b

Average 853.9 206.2 1.060,1a 664.2 326.5 990,7b

abc Values marked with different letters differ significantly (P < 0.05); ns no significant difference
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Similar conclusions were made by Sørensen and 
Jensen (1991), according to which excessive availability 
of mineral nitrogen inhibits root development due to a 
reduced need of the plant for symbiotic nitrogen fixation. 
Zahran (1999) also points out that the efficiency of the 
symbiosis between plants and Rhizobium spp. is optimal 
at lower concentrations of mineral nitrogen in the soil, 
which further explains the lower root mass in treatments 
with higher N doses (N60). The average root length of the 
Una cultivar was 16.7 cm, which is 2.4 cm longer than the 
Global cultivar (14.3 cm).

The longest root length (18 cm) for Una was achieved 
in the N60 variant, while the Global cultivar had the 
longest root length (16 cm) in the N40 variant. The root 
mass of the Global cultivar was greatest in the N40 variant 
(2.3 g), which was significantly higher than the root mass 
in the variants fertilized with 20 and 60 kg N/ha. The root 
mass of Una cultivar was greatest in the N60 fertilization 
variant (0.8 g). Moderate nitrogen application (40 kg 
N/ha) favored root development of the Global cultivar, 
while the Una cultivar showed a more limited response 
in terms of increasing root mass to increased nitrogen 
intake. These differences may be due to genetically 
determined efficiency of nutrient uptake and root system 
development, but also to different tolerance to high 
concentrations of available nitrogen in the soil.

Table 3. Impact of Nitrogen fertilizers on root length, root mass, and number of nodules per plant

Variant
Cultivar „Global“ Cultivar „Una“

Total number
of nodules

Root length
(cm)

Root mass
(g)

Total number
of nodules

Root length
(cm)

Root mass
(g)

N0 28.6a 14.5b 1.0a 27.8a 16.0b 0.7ns

N20 26.8b 12.4c 0.9b 26.0b 17.3a 0.6ns

N40 25.4c 16.0a 2.3a 24.4c 15.4b 0.6ns

N60 23.5d 14.3b 0.7b 22.4d 18.0a 0.8ns

Average 26.1 14.3 1.2 25.1 16.7 0.7

abcd Values marked with different letters differ significantly (P < 0.05); ns no significant difference

CONCLUSION

The results of this research showed that the application 
of higher doses of nitrogen had a positive effect on the 
total dry matter yield and crude protein yield. The variety 
had a significant effect on the dry matter and protein 
yields. The dry matter yield of the Una cultivar was 
significantly higher compared to the dry matter yield of 
the Global cultivar (except in the N60 variant). The impact 
of nitrogen fertilizer on the nodulation of red clover 
depended on the application rate. The total number of 
nodules decreased with increasing fertilizer dosage for 
both varieties. Excessive application of nitrogen fertilizers 
can reduce the activity of Rhizobium bacteria, which 
results in a decrease in the number of nodules. Moderate 
application of nitrogen fertilizers can improve the overall 
yield and quality of red clover without negatively affecting 
nodulation. Therefore, it is important to conduct research 
that will help determine the optimal conditions for 
growing red clover in different agroecological conditions.
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