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Abstract. Fodder beet (Beta vulgaris L. var. crassa) is a crop of great agricultural importance 

due to its ability to produce a significant amount of biomass with high nutritional value, widely used in 

animal feeding. The green leaves, often underestimated compared to the roots, represent a valuable 

source of crude protein, minerals, and bioactive pigments, contributing to the balance of forage rations. 

The aim of this study was to evaluate the morpho-productive performance and nutritional value of green 

leaves in four experimental fodder beet lines compared to the control cultivar C6/24, in order to identify 

genotypes with superior yield potential and forage quality. The experiment was conducted in 2024 at the 

Agricultural Research and Development Station (ARDS) Lovrin. The analyzed parameters included green 

leaf weight, number of leaves, dry matter content (%), and crude protein (%). The results showed values 

ranging from 12.98–16.17% for dry matter and 3.24–3.91% for crude protein, with superior performance 

recorded in lines V104/4/24 and V105/1/24. Green leaf weight varied between 0.73 and 1.33 kg, and the 

average number of leaves ranged from 36 to 84, confirming significant biological variability among 

genotypes. Correlation analysis revealed a strong association between the number and weight of green 

leaves (r = 0.82) and a positive correlation between dry matter and crude protein (r = 0.70). Principal 

Component Analysis (PCA) explained 88.3% of the total variability, highlighting the clear separation of 

lines V104/4/24 and V105/1/24 from the control. These findings confirm the potential of these genotypes 

for improving the productivity and nutritional value of fodder beet. 

 

Keywords: fodder beet, green leaves, nutritional value, morpho-productive traits, multivariate analysis 

 

 INTRODUCTION 

Beta vulgaris var. crassa is a type of dicotyledonous plant that belongs to the 

Amaranthaceae family (OYEN, 2004) (former Chenopodiaceae). The plant is classified as a 

biennial, completing its life cycle in two years (AL JBAWI, 2020). During the first year, it 

develops a fleshy tuberous root and leaves, which are harvested for fodder (CONSTANTINESCU, 

CONSTANTINESCU, 2013). In the second year, after overwintering, it produces a floral stem and 

generates seeds. The root is substantial and can come in various colors, including yellow, 

orange, red, or white (COJOCARIU, 2005; AL JBAWI, 2014). Unlike the sugar beet, the root of 

the fodder beet primarily grows above the soil surface, allowing for easier harvesting due to its 

shallow submergence (HENRY, 2010). 

This winter fodder is a highly valued source of nutrition in animal feed, particularly 

for ruminants such as dairy cows (DULPHY, DEMARQUILLY, 2000) fattening bulls, as well as for 

pigs and sheep. With a high energy value ranging from 0.12 to 0.15 Nutritive Units per 

kilogram, it owes its beneficial qualities to a significant content of easily digestible 

carbohydrates, particularly sucrose (WAGHORN ET AL, 2019), found in the roots (ROBERTS, 

SABRI,1988). Incorporating this fodder into the diets of dairy cows (WOODS ET AL, 2023). 
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Beta vulgaris can enhance milk production (WAGHORN ET AL, 2018), demonstrating 

its galactogenic effect. Additionally, it is easily digestible and supports the overall health of the 

animal's digestive system (DULPHY, DEMARQUILLY, 2000). It is administered to animals in raw 

and chopped form, being an important component of the winter ration, partially replacing 

concentrated fodder. Usually, it is administered in controlled amounts (eg 15 - 30\ kg/day to a 

dairy cow), because in excess it can cause gastrointestinal issues. A surplus of dietary protein 

can be managed with the use of fodder beet (INRA, 2007). As dairy cows were given fodder 

beet, their urine's urea:creatinine ratio and milk urea concentration decreased (ERIKSSON ET AL, 

2009) fodder beets are also more readily accepted. 

In this context, detailed knowledge of the chemical composition (GRACE ET AL, 2010, 

GIBBS, 2014) and nutritional value of fodder beet leaves becomes essential for establishing 

balanced rations and optimizing mineral supplementation in animal feed. The leaves can be an 

important source of crude protein, fibre and macroelements, helping to improve the feed value 

of the crop (BORDEAN ET AL, 2013; AGAPIE ET AL, 2020; WOODS ET AL, 2023). Thus, the 

morphoproductive and nutritional evaluation of green leaves in different fodder beet lines 

obtained through selection provides essential information for improving feed quality and for 

efficient management of plant resources for animal husbandry (SINGH, GARG, 2013; DALLEY 

ET AL, 2020). 

This species is a valuable resource in animal feed, but its inclusion in dairy cows' 

rations requires careful management to avoid negative effects on rumen health, in particular the 

occurrence of rumen acidosis (PACHECO ET AL, 2020). At the same time, it is essential to 

ensure a balanced nutrient intake that supports microbial protein synthesis and the productive 

performance of animals. In this regard, knowledge of the nutritional value and 

morphoproductive characteristics of fodder beet leaves contributes to the formulation of 

optimal rations and to the efficient exploitation of the forage potential of the selected species. 

The results of studies conducted by Zöngür A (2024) shows Beta vulgaris var. crassa 

cytotoxic potential (KUMAR ET AL, 2024) on prostate and cervical cancer cells, while also 

showing significant antimicrobial and antifungal activities, especially at high concentrations. 

These pharmacological properties are attributed to the composition rich in essential oils, fatty 

acids and bioactive compounds. In the context of the present work, which aims at the 

morphoproductive and nutritional evaluation of green leaves in fodder beet lines obtained by 

selection, these findings support the importance of studying the biochemical composition 

(OLUMESE, OBOH, 2016) of leaves, considering their potential not only forage, but also 

phytotherapeutic, by capitalizing on natural active compounds (EL-BELTAGI ET AL, 2018). 

The aim of the work was to evaluate the morphoproductive performance and 

nutritional value of the leaves in four fodder beet lines compared to the control C6/24, aiming 

to identify the genotypes with superior production potential and feed quality, which can be 

used in breeding and selection programs of valuable biological material. 

 

 MATERIALS AND METHODS 

 The experimental field was located within the Agricultural Research and 

Development Station Lovrin, situated in the eastern part of Lovrin locality (Figure 1), in an 

area that, from a physical-geographical point of view, is characterized by a low plain with 

altitudes not exceeding 100 m, uniform relief, and gentle slopes, typical of the Banat Plain 

region. 
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Figure 1. Field experiment location (processing after GEOSPATIAL, 2022) 

  

 In 2024, an experimental experiment was organized at SCDA Lovrin, with the 

objective of evaluating four fodder beet genotypes in the process of breeding (V102/1/24, 

V103/3/24, V104/4/24 and V105/1/24), compared to the control variety C6/24. 

Sowing was carried out at a distance of 50 cm between rows and 20 cm between 

plants per row, ensuring a harvestable area of at least 10 m² per plot, in three repetitions. 

At the harvest, 10 biometric determinations were made for each variant, targeting the 

weight of the green leaves and the number of leaves per plant.  

The determination of crude protein content was carried out in the laboratory of the 

Agricultural Research and Development Station Lovrin (ARDS Lovrin), using the Kjeldahl 

method, in accordance with standard feed analysis procedures. The sample was subjected to 

acid digestion to convert organic nitrogen into ammonium ions, followed by distillation and 

titration steps. The crude protein content was calculated by multiplying the total nitrogen 

content by the factor 6.25.  

For data processing and statistical analysis, the software packages PAST, version 4.17 

(HAMMER, 2001; HAMMER, 2024), IBM SPSS Statistics 26 (IBM SPSS, 2025), and Microsoft 

Excel (Data Analysis module) were used. 

 

 RESULTS AND DISCUSSION 

The objective of the analysis was to evaluate the morphoproductive and nutritional 

performance of experimental fodder beet lines, compared to a commercial control. In the 

context of increasing selection for productivity and nutritional value, it is essential to identify 

genotypes that combine vigorous vegetative development with balanced chemical composition. 

The data obtained provide useful information for the improvement of varieties intended for 

direct feed and for optimizing the forage value of green leaves at harvest. 

The mean values of the dry matter content (Figure 2) ranged from 12.98% at the 

control C6/24 to 16.17% at line V105/1/24. A general trend of increasing dry matter content is 

observed at the selected lines, especially at V104/4/24 (14,69%) and V105/1/24, which 

indicates a higher dry matter accumulation capacity in the plant organs. These results may 

suggest a higher potential for achieving more concentrated energy production. 
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Figure 2. Comparative analysis of morphoproductive and nutritional traits in four fodder beet lines 

compared to control (C6/24) 

  

The mean crude protein content (Figure 2) ranged from 3.24% at control C6/24 to 

3.91% at line V105/1/24. The higher values of crude protein, observed at lines V104/4/24 

(3.67%) and V105/1/24, suggest an improvement in the nutritional value of the biomass 

resulting from the selection. These lines can be considered potential gene donors for the 

improvement of the protein content in the biological material of feed beets. 

The average green leaf weight (figure 2) per plant ranged from 0.73 kg (V105/1/24) to 

1.33 kg (V104/4/24). Line V104/4/24 stood out for the highest average value, which indicates 

good vegetative development and high production potential of green mass. Control C6/24 had 

an intermediate value (0.93 kg), while lines V103/3/24 and V105/1/24 showed lower leaf 

development. 

The average number of green leaves (Figure 2) ranged from 36 for the control C6/24 

to 84 for the V104/4/24 line. The lines V104/4/24 and V102/1/24 (71 leaves) stood out for a 

high vegetative capacity, a character that can contribute to a more intense photosynthesis and a 

higher total production. The values obtained reflect biological differences between genotypes 

in terms of growth potential and leaf formation. 

Overall, lines V104/4/24 and V105/1/24 have the best biological performance, both in 

terms of dry matter and crude protein content and morphoproductive traits (number and weight 

of green leaves). 

These results highlight valuable potential for the selection and breeding of fodder and 

nutritional beet varieties. 

Figure 3 highlights the relationships between the main morphoproductive and 

nutritional parameters analyzed in the feed beet lines. 

The analysis of correlations shows the existence of positive links between certain 

characteristics, reflecting the biological coherence of the data and the potential for association 

between traits. 
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Figure 3. Pearson correlation matrix highlighting the relationships between dry matter content, crude 

protein, weight and number of green leaves in the analyzed feed beet lines. High positive values (in 

shades of red) indicate a direct correlation between variables, while negative values (in shades of blue) 

reflect inverse relationships 
 

Figure 3 shows that the strongest relationship was observed between the number of 

green leaves and the weight of green leaves (r = 0.82), indicating that plants with a more 

developed leaf apparatus naturally have a higher total leaf mass. This association confirms that 

intense vegetative development contributes directly to increasing biomass production. 

A moderate positive correlation was found between dry matter content and crude 

protein (r = 0.70), suggesting that lines with a higher dry matter density also tend to 

accumulate a higher amount of protein. This relationship is of interest in improving nutritional 

quality, as it indicates the possibility of simultaneously selecting lines with higher productivity 

and nutritional value. 

In contrast, the relationships between morphological and chemical parameters (e.g., 

between leaf weight and crude protein, r = - 0.18) were very weak, which shows that these 

traits vary independently. This independence is advantageous in breeding programs, as it 

allows the improvement of nutrient content without compromising vegetative development. 

Overall, the figure highlights two major axes of variation: a morphological one, 

associated with leaf development (number and weight of leaves) and a nutritional one, 

associated with dry matter and crude protein. 

These relationships will be analyzed in detail through the principal component 

analysis (PCA), in order to visualize the grouping of the lines and the contribution of each 

parameter to the total variability. FP1 (Major Component 1) explains 47.4% of the total data 

change and FP2 (Major Component 2) explains 40.9% (Figure 4). 
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Figura 4. Principal Component Analysis (PCA) - Biplot showing the relationships among fodder beet 

lines and main traits: DM - Dry Matter, CP - Crude Protein, GLW - Green Leaf Weight, NGL - Number 

of Green Leaves 

 

Figure 4 shows the distribution of feed beet lines in the plan defined by the first two 

main components, which together explain 88.3% of the total variability. Two major directions 

of variation can be distinguished: one associated with morphoproductive traits (number and 

weight of green leaves) and another related to nutritional parameters (dry matter and crude 

protein). 

The lines V104/4/24 and V105/1/24 separate from the rest of the genotypes, 

suggesting a clear phenotypic differentiation. 

Line V104/4/24 is associated with high values for morphological traits (number of 

green leaves and leaf weight), indicating a higher productive potential, while V105/1/24 is 

correlated with quality parameters (dry matter and protein content), highlighting a higher 

nutritional value. 

Control C6/24 and lines V102/1/24 and V103/3/24 are grouped close to origin, 

reflecting low variability and close phenotypic behaviour for the parameters analysed. 

The correlation of morphological and nutritional results highlights the fact that lines 

with a more intense vegetative development (V104/4/24 and V102/1/24) tend to accumulate a 

higher amount of biomass, but not necessarily a higher protein content. On the other hand, lines 

V105/1/24 and V104/4/24 show a favourable balance between productivity and nutrient 

quality, which recommends them for further testing in the field or under conditions of 

moderate water stress, to assess the stability of these traits. 

Overall, the data obtained show that the selected lines show a valuable genetic 

variability for the traits analyzed. The lines V104/4/24 and V105/1/24 are distinguished by the 

favorable combination of productive potential and nutritional value, constituting a promising 

genetic material for feed beet breeding programs. Multivariate statistical analyses confirm the 

consistency of these results and the potential for using PCA and Pearson correlations as useful 

tools in the selection of performing lines. 

The correlations and differences observed among the lines are consistent with trends 

reported in the scientific literature and confirm current selection directions focused on 

achieving a balance between productivity and nutritional value, while also providing a solid 
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basis for further research aimed at assessing the stability of these traits under various agro-

ecological conditions (MOISUC ET AL. 1994; COJOCARIU, MOISUC, 2005; TURK, 2010; MOISUC 

ET AL, 2010: ISTRATE-SCHILLER ET AL, 2024). 

  

CONCLUSIONS 

 The study highlighted notable differences between the feed beet lines analyzed, both 

in terms of morphoproduction and nutrition. The dry matter content ranged from 12,98% to 

16,17% at the V105/1/24 line, and the crude protein between 3,24% and 3,91%, the highest 

values being recorded at the V104/4/24 and V105/1/24 lines. 

From a morphological point of view, the V104/4/24 line stood out for an average 

weight of green leaves of 1.33 kg and an average number of 84 leaves, which indicates a 

superior vegetative development. Pearson's correlation analysis confirmed a strong association 

(r = 0.82) between the number and weight of green leaves, as well as a moderate positive 

correlation (r = 0.70) between dry matter and crude protein. 

Principal Component Analysis (PCA) explained 88.3% of the total variability, clearly 

delineating lines V104/4/24 and V105/1/24 from the control. These two lines combine high 

productive potential with superior nutritional value, and are recommended for further testing 

and inclusion in feed beet breeding programs.  

. 

 BIBLIOGRAPHY 
AGAPIE, A.L., HORABLAGA, M.N.,  GORINOIU, G., SALA, F., 2020 - Fractal analysis for soybean leaves 

characterization, AIP Conference Proceedings, 2293/1: 350003 

AL-JBAWI, E.M., BAGDADI, M., NEMR, Y., 2014 - The effect of plant spacing on some quality traits of 

fodder beet (Beta Vulgaris var. crassa) varieties. International Journal of 

Environment. 3(3): 286-293 

AL JBAWI, E., 2020 - All About Fodder Beet (Beta Vulgaris Subsp. Crassa L.) As A Source Of Forage In 

The World And Syria. 1. 24-44. 

BORDEAN, D-M., BOROZAN, A.B,  COJOCARIU, L.,  MOIGRADEAN, D.,  COJOCARIU, A., NICA, D., 

PIRVULESCU, L.,  ALDA, S.,  HORABLAGA, M., 2013 - Seasonal variation in nutrient 

content of some leafy vegetables from Banat County, Romania, Review on 

Agriculture and Rural Development, Vol 2, Issue 1, pg. 170-174,  Szeged, Hungary 

COJOCARIU, L., 2005 - Producerea furajelor, Editura Solness, Timişoara 

COJOCARIU, L., MOISUC, A., 2005 - Research concerning the main productivity elements and root yield in 

forage beet in Western Romania, Rural Development, Proceedings, 2(2), 29-31 

CONSTANTINESCU, M., CONSTANTINESCU E., 2013 - Cultura Sfeclei, Editura M.A.S.T. 

DALLEY, D, WAUGH, D, GRIFFIN, A, HIGHAM, C, DE RUITER, J, MALCOLM,  B., 2020 - Productivity  And  

Environmental  Implications  Of  Fodder  Beet  And  Maize  Silage  As  Supplements 

To Pasture For Late Lactation Dairy Cows. New  Zealand  Journal  Of  Agricultural  

Research63: 145-164. 

DULPHY, J. P., DEMARQUILLY, C., 2000 -  Fodder Beets In Animal Husbandry. Fourrages, 163: 307-314 

EL-BELTAGI, H., HEBA M., MEGAHED, B., GAMAL, M., SAFWAT, G., 2018 - Evaluation of some chemical 

constituents, antioxidant, antibacterial and anticancer activities of Beta Vulgaris L. 

Root. Fresenius Environmental Bulletin. 27. 6369-6378. 

ERIKSSON, T., CISZUK, P., BURSTEDT, E., 2009 - Proportions Of Potatoes And Fodder Beets Selected By 

Dairy Cows And The Effects Of Feed Choice On Nitrogen Metabolism. Livest. Sci., 

126 (1/3): 168-175 

GEOSPATIAL, 2022 - https://geo-spatial.org/vechi/download/romania-seturi-vectoriale#, (accessed on 

10.10.2025) 

GIBBS, J., 2014 - Fodder beet in the New Zealand dairy industry. Proceedings of South Island Dairy Event 

http://doi.org/10.59463/RJAS.2025.3.26


Research Journal of Agricultural Science, 57 (3), 2025; ISSN: 2668-926X 

http://doi.org/10.59463/RJAS.2025.3.26 

236 
 

GRACE, N., KNOWLES, S., SYKES, A., 2010 - Managing Mineral Deficiencies In Grazing Livestock.  

Hamilton,  N.Z.:  New Zealand Society Of Animal Production, 204 P 

HAMMER, O., HARPER, D., RYAN, P., 2001 - PAST: Paleontological Statistics Software Package for 

Education and Data Analysis. Palaeontologia Electronica. 4. 1-9. 

HAMMER, O, 2024 - PAST PAleontological Statistics, Version 4.17, Reference manual, Natural, History 

Museum, University of Oslo, 

https://www.nhm.uio.no/english/research/resources/past/downloads/past4manual.pdf 

HENRY, K., 2010 -  Fodder Beet. In: Bradshaw, J. E. Handbook Of Plant Breeding, Vol 7 

IBM SPSS STATISTICS 26, Brief Guide,  

https://www.ibm.com/docs/en/SSLVMB_26.0.0/pdf/en/IBM_SPSS_Statistics_Brief_

Guide.pdf 

INRA, 2007 - Alimentation Des Bovins, Ovins Et Caprins. Besoins Des Animaux - Valeurs Des 

Aliments. Tables Inra 2007. Quae Éditions 

ISTRATE-SCHILLER, C.M., HORABLAGA, N.M., COJOCARIU, L., 2024 - Evaluation Of The Agronomic 

Potential Of Fodder Beet Genotypes According To Morphological Traits, Research 

Journal Of Agricultural Science 

KUMAR, R., SINGH, V., DEVI, L., KUMAR, S., LAGARKHA, R., PANDEY, M., 2024 - Evaluation Of 

Antioxidant And Breast Cancer Cytotoxicity Of Beta Vulgaris And Daucus Carota 

Methanol Extracts. Journal Of Complementary And Alternative Medical Research.; 

25(11):83-94. 

MOISUC, A.., BREAZU, L.,, SAMFIRA, I., 1994 - Lucrări practice „Cultura pajiştilor şi a plantelor furajere”, 

Editura Euroart, Timişoara 

MOISUC, A.., COJOCARIU, L.,, SAMFIRA, I.,, HORABLAGA, M.N.,, MARIAN, F. LALESCU, V.D., 2010 - The 

appraisal of Megafol and Cropmax biostimulant influence on production capacity at 

fodder beet in Timisoara conditions, Romanian Journal of Grasslands and Forage 

Crops, vol. 1, 45-55 

OLUMESE, F.E., OBOH, H.A., 2016 - Antioxidant and Antioxidant capacity of raw and processed Nigerian 

Beetroot (Beta vulgaris). Nigerian Journal of Basic and Applied Sciences, 24(1), 35–

40. 

OYEN, L.P.A., 2004 - Beta Vulgaris L. In: Plant Resources  Of  Tropical  Africa  2.  Vegetables.  

Grubben,  G.B.H.,  Denton,  O.A.  (Eds.),  Wa-Geningen: Prota Foundations, 110-113 

PACHECO, D., MUETZEL, S., LEWIS, S., DALLEY, D., BRYANT, M., WAGHORN, G.C., 2020 - Rumen Digesta 

And Products Of Fermentation In Cows Fed Varying Proportions Of Fodder Beet 

(Beta Vulgaris) With Fresh Pasture Or Silage Or Straw. Animal Production 

Science 60, 524–534. 

ROBERTS, D.J., SABRI, M.S., 1988 - The Feeding Of Dairy Cows With Fodder Beet And Concentrate 

Containing Two Levels Of Protein, Proceedings Of The British Society Of Animal 

Production 

SINGH, D., GARG, A.K. 2013 - Evaluation of beet varieties for forage yield and quality parameters. Range 

manag. Agrofor., 34, 182–185 

TURK, M., 2010 - Effects of fertilization on root yield and quality of fodder beet (Beta vulgaris var. 

Crassa Mansf.). Bulgarian Journal of Agricultural Science 16 (2): 212-219 

WAGHORN, G., COLLIER, K, BRYANT, M., DALLEY, D., 2018 -  Feeding  Fodder  Beet  (Beta  Vulgaris  L.)  

With  Either  Barley  Straw  Or  Pasture  Silage  To  Non-Lactating  Dairy  Cows. 

New Zealand Veterinary Journal66: 178-185. 

WAGHORN, G., LAW, N., BRYANT, M., PACHECO, D., DALLEY, D., 2019 - Digestion And Nitrogen 

Excretion By Holstein–Friesian Cows In Late Lactation Offered Ryegrass-Based 

Pasture   Supplemented   With   Fodder   Beet.   Animal Production   Science59:   

1261-1270 

WOODS, R., DALLEY, D., EDWARDS, J., JUDSON, G., 2023 - Fodder Beet: Know What You Are Feeding For 

A Nutritionally Balanced Diet For Dairy Cattle. Journal Of New Zealand 

Grasslands, 85, 167–176. 

http://doi.org/10.59463/RJAS.2025.3.26


Research Journal of Agricultural Science, 57 (3), 2025; ISSN: 2668-926X 

http://doi.org/10.59463/RJAS.2025.3.26 

237 
 

ZÖNGÜR, A., 2024 - Antimicrobial, Antioxidant And Cytotoxic Effects Of Essential Oil, Fatty Acids And 

Bioactive Compounds Of Beta Vulgaris Var. Crassa (Fodder Beet). Indian J 

Microbiol.;64(2):719-731. 

http://doi.org/10.59463/RJAS.2025.3.26

