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Abstract

Ivanova, I., Marinova.D., Kertikova, D. & Ilieva, A. (2023). Study on the chemical composition of alfalfa varieties 
attacked by Uromyces striatus Schroter. Bulg. J. Agric. Sci., 29 (2), 351–358

During the period 2011-2018 a study on the changes in the biochemical composition of Bulgarian alfalfa varieties (Obnova 
10, Pleven 6, Prista 2, Prista 3, Prista 4, Mnogolistna 1 and Victoria), infested by rust caused by the basidiomycete fungus 
Uromyces striatus (Schroter). 

The study was conducted in the biochemistry laboratories of the Institute of Agriculture and Seed Science “Obraztsov 
Chiflik”, Rousse and Institute of Forage Crops, Pleven. 

It was found that: The obtained experimental results for the content of macroelements prove the negative influence of Uro-
myces striatus (Schroter) on the changes of some biochemical indicators in the leaves of the Bulgarian alfalfa varieties includ-
ed in the experiment. Correlations were found between dependencies between the attack index of Uromyces striatus (Schroter) 
and the protein content (r = 0.55), sugars (r = 0.36), total phenols (r = – 0.76), saponins (r = – 0.38) and which prove that the 
disease affects the indicators that determine the quality of fodder. All Bulgarian alfalfa varieties included in the experiment can 
be conditionally defined as susceptible to rust (Uromyces striatus Schroter).

Keywords: Medicago sativa (alfalfa); resistance; rust; Uromyces striatus Schroter.

Introduction

Alfalfa (Medicago sativa L.) is one of the most import-
ant fodder legumes (Kertikova, 2008; Marinov-Serafimov 
et al., 2013; Hakl et al., 2014; 2016; Kulkarni et al., 2018; 
Vasileva & Kostov, 2018). Compared to other members of 
the legume family, it produces more protein per unit area 
with high nutritional value and is an excellent fodder for 
ruminants, it is included in the rations of poultry, rabbits 
and others (Kertikova, 2008; Baumont et al., 2014; Vasileva 
et al., 2017).

Fodder is a valuable source of minerals (Keskin et al., 
2009; Vasileva & Pachev, 2015) and vitamins (Sottie, 2014), 
and the nitrogen content in plants varies depending on the 

varieties and the technology of cultivation and harvesting 
(Nikolova et al., 2018; Pypers et al., 2005; Luscher et al., 
2014; Kusvuran et al., 2014; Kirilov et al., 2016).

The characteristics of the fodder depend on the structure 
of the plants, the chemical composition, the digestibility, the 
energy and the protein. The chemical composition of plants 
reflects the complex process of nutrition and growing con-
ditions, characterizes the degree of nutritional security of 
plants, soil fertility and physiological availability of nutri-
ents under specific growing conditions (Yancheva, 2002; 
Stamatov et al., 2015).

Fodder quality and crop longevity may be impaired by 
disease development (Gallenberg, 2002). One of them is the 
rust caused by the basidiomycete fungus Uromyces striatus 



352 Iliana Ivanova, Diana Marinova, Daniela Kertikova and Anna Ilieva

Sch. (Carlota Vaz Patto and Rubiales, 2014). Globally, the 
disease is widespread wherever alfalfa is grown.

According to many authors, it reduces yields and de-
grades fodder quality (Guan, 2000; Naseria & Marefatb, 
2008; Samac et al., 2015; Qin et al., 2016). It attacks the 
leaves most often, but is sometimes found on stems and 
flower stalks. Rust-infested plants lag behind in growth (Ke-
men, 2004). Early leaf fall is observed, which leads to de-
foliation of plants, which affects the quantity and quality of 
fodder (Djukic, 2002). Li et al., 2018 reported poisoning of 
animals fed fodder from plants heavily infested with rust. 
There are changes in the content of nitrogen, phosphorus and 
potassium, proteins, phenols, water-soluble sugars, saponins 
and in vitro digestibility of the dry matter.

Nitrogen is contained in the composition of proteins (15-
19% nitrogen), as well as in physiologically active substanc-
es that are involved in energy metabolism.

Phosphorus is involved in the construction of nucleopro-
teins. Improves inflorescence betting. Increases sugar con-
tent. Its deficiency causes reddening of the leaf stalks and 
accumulation of anthocyanins. Phosphorus decreases by 
0.90% compared to healthy leaves.

Potassium affects the process of assimilation, the move-
ment of carbohydrates in plants and the accumulation of sug-
ars, increases resistance to pathogens and low temperatures. 
With potassium deficiency, slow growth is observed.

Saponins are terpene glycosides and cause swelling in 
animals, are often bitter in taste, reduce the taste of fodder 
and are toxic in certain concentrations (Abe et al., 1988). 
The content of saponins in plants is dynamic. The leaves 
of alfalfa are low in spring and autumn, and high in sum-
mer (Mugford et al. 2012; Osbourn et al. 2012; Abe еt al., 
1988; Foerster et al., 2006; Wina, 2005). Saponin synthe-
sis in plants is induced in response to biotic stressors and 
pathogens, as a protective response of the plant (Kregiel, 
2017).

Phenols are secondary metabolites. The ability to syn-
thesize in the course of evolution allows plants to cope with 
the ever-changing challenges of the environment. They play 
a key role as protective compounds in stress factors such 
as low temperatures, pathogenic infections, nutrient defi-
ciencies, play an important role in plant development, es-
pecially in lignin biosynthesis. (Bhattacharya et al., 2010). 
By synthesizing, releasing and accumulating phenols, plants 
respond to the attack of pathogens (Mert-Türk, 2002; Koorn-
neef & Pieterse, 2008; Lu, 2009; Cushnie & Lamb, 2005; 
Taguri et al., 2006).

The aim of this study is to determine the effect of rust 
(Uromyces striatus Schroter) on changes in some biochemi-
cal parameters in Bulgarian alfalfa varieties.

Material and Methods

Accessions for analysis were collected from each al-
falfa undergrowth. Phytopathological assessments were 
made during mass multiplication of the pathogen during 
the growth stage flowering of alfalfa plants by conventional 
methods. The reading is visual on a five-point scale, accord-
ing to which with 0-healthy plants-without leaf spores, 1-re-
sistant-single spores, 2-weakly sensitive-from 2-5 spores, 
3-sensitive-spores occupy ½ from the surface of the leaf 
blade , 4- highly sensitive-spores occupy over ½ of the leaf 
blade.

Analyzes of plant accessions were performed by deter-
mining the chemical composition of the leaves, as they are 
the main organs of metabolism and changes in the supply 
of plants with nutrients affect their composition (Stamatov 
et al., 2015). Biochemical analysis of healthy and rust-in-
fested plants was performed in the laboratories of Institute 
of Forage Crops, Pleven and Institute of Agriculture and 
Seed Science “Obraztsov Chiflik”, Rousse. To determine the 
chemical composition of the aboveground mass, the plant 
samples taken were fixed for 15 minutes at 100oC and dried 
to constant weight in a thermostat at 600C. Standard meth-
ods were used (AOAC, 2001). Phosphorus is determined – 
colorimetrically, by hydroquinone method; Potassium – on 
a flame photometer. The protein content was determined by 
Barnstein (Sandev, 1979), of total phenols by Swain & Hillis 
(1959), of water-soluble sugars by the method of Yermakov 
et al. (1987), of hemolytic saponins according to Jurzysta 
(1979) and in vitro digestibility of dry matter according to 
Aufrere & Graviou (1996). The attack index is calculated 
by Mc Kinney’s equations. Depending on the% attack in-
dex, the studied varieties were grouped as follows: from 0 
to 15 – highly resistant, over 15 to 35 – resistant, over 35 to 
50 – moderately resistant, over 50 to 60 – sensitive and over 
60 – highly sensitive. The yield of dry matter was reported 
and statistical data processing was performed by the method 
of analysis of variance.

The influence of rust on the productivity of the studied 
varieties was established by taking into account yield of dry 
matter per decare (kg/da). Statistical data processing was 
done through Anova for a one-factor experiment.

Results and Discussion

Analyzes of plant accessions are based on the determi-
nation of the chemical composition of the leaves, as they 
are the main organs of metabolism. The results show that 
the content of the macronutrients nitrogen, phosphorus and 
potassium changes under the influence of the pathogen. In 
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those attacked by the pathogen, the content of macronutri-
ents decreases, disproportionately to the degree of attack. 
The analysis of nitrogen content is determined by the fact 
that the macronutrient has the strongest influence on the on-
togenetic development of alfalfa, and its deficiency causes 
disturbances in the dynamics of photosynthesis in plants. 
Nitrogen is contained in the composition of proteins (15 – 
19% nitrogen), as well as in some physiologically active 
substances that are involved in energy metabolism. From 
the obtained results it is observed that the nitrogen decreas-
es by 0.60%.

Phosphorus is involved in the construction of nucleopro-
teins. Improves inflorescence betting. Increases sugar con-
tent. Its deficiency causes reddening of the leaf stalks and 
accumulation of anthocyanins. Phosphorus decreases by 
0.90% compared to healthy leaves.

Potassium affects the process of assimilation, the move-
ment of carbohydrates in plants and the accumulation of sug-
ars, increases resistance to pathogens and low temperatures. 
With potassium deficiency, slow growth is observed. Potas-
sium decreased by 0.20% compared to healthy leaves (Table 
1 and Table 2). 

The data in Table 3 show that in rust-affected plants the 
protein content and in vitro digestibility of the dry matter are 
significantly reduced.

In healthy plants the protein content varies from 19.00% 
in cultivar Prista 4, Multileaf 1 and Obnova 10, to 22.00% 
in cultivar Victoria, and in sick plants from 15.96% in cul-
tivar Multileaf 1 to 16.95% in cultivar Victoria. The protein 
content between samples from healthy and diseased plants 
decreased from 0.05 to 0.25%.

The in vitro digestibility of the dry matter decreases in 
diseased leaves from 6.0 to 10.0%.

The content of secondary metabolites (total phenols and 
saponins) and water-soluble sugars, which play a significant 
role in the protection of plants against pathogens, varies de-
pending on the variety and is related to the resistance or sus-
ceptibility of a variety to this disease.

Under the influence of rust, the content of phenolic com-
pounds in plants increases. The average data for the period 
show that the content of phenolic compounds is higher in 
diseased leaves than in healthy leaves.

 This study found that it reduced the content of saponins 
in diseased plants. No link between phenol and saponin con-
tent was found in healthy plants. In diseased plants the cor-
relation is negative. The content of saponins in alfalfa plants 
under normal conditions varies from 0.14 to 1.71%. With the 
progress of vegetation, aging of grass fodder and the devel-
opment of the pathogen, digestibility decreases by 8.42%. 
The content of water-soluble sugars on average for the years 

of the experiment increased in the samples from the diseased 
plants by 0.15% compared to the healthy ones.

Correlation relationships have been established between 
the attack index and the content of: proteins (r = 0.55), sug-
ars (r = 0.36), total phenols (r = – 0.76) and saponins (r = 

Table 1. Changes in the content of nitrogen, phosphorus, 
potassium depending on the attack by rust (Ur. striatus), 
average fot the period 2011-2018

Variants Nitrogen 
content, %

Phosphorus 
content, %

Potassium 
content, %

First undergrowth
Sturdy leaves 3.50 0.280 1.09
Sick leaves – – –
r 0 0 0
Sturdy leaves 3.50 0.290 1.10
 Sick leaves – – –
r 0 0 0
Second undergrowth
 Sturdy leaves 3.30 0.240 1.09
Sick leaves 3.25 0.210 0.90
r 0.05 0.030 0.19
Sturdy leaves 3.08 0.206 0.95
Sick leaves 2.90 0.200 0.90
r 0.18 0.006 0.05
Third undergrowth
Sturdy leaves 3.50 0.230 0.90
Sick leaves 3.25 0.215 1.09
r 0.25 0.015 0.19
Sturdy leaves 3.10 0.206 0.95
Sick leaves 2.90 0.200 0.90
r 0.20 0.006 0.05

Table 2. Nitrogen, phosphorus, potassium content of 
healthy and diseased leaves in percent of dry matter,  
average for the period 2011-2018

Variants Nitrogen 
content,%

Phosphorus 
content,%

Potassium 
content,%

First undergrowth
Sturdy leaves 4.80 0.30 1.40
Sick leaves+ – – –
Second undergrowth
Sturdy leaves 5.18 0.37 1.83
Sick leaves+ – – –
Third undergrowth
Sturdy leaves 4.80 0.32 1.45
Sick leaves 3.50 0.20 1.30
Fourth undergrowth
Sturdy leaves 4.50 0.25 1.30
Sick leaves 3.20 0.18 1.10
Sick leaves+ there is no rust development in this undergrowth
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Table 3. Biochemical composition of alfalfa varieties attacked by Ur. Striatus, average for the period 2011-2018
№ Varieties/

Year 
Protein

from absolutely dry 
substance,%

Water soluble, 
%gars,%

Total phenols
Relative units

Saponins
from absolutely dry 

substance, %

Digestibility in 
vitro on dry matter  
of absolutely dry 

substance, %

Sick Sturdy Sick Sturdy Sick Sturdy Sick Sturdy Sick Sturdy
2011

1 Obnova 10 16.02 19.90 1.65 1.70 0.195 0.180 1.49 1.50 65.80 72.30
2 Pleven 6 16.25+ 21.00+ 1.70+ 1.60 0.198+ 0.180 1.30 1.49 64.46 72.90+
3 Prista 2 16.72+ 21.00+ 1.70+ 1.60 0.188 0.170 0.99 1.30 64.68 72.45+
4 Viktoriya 16.95+ 21.00+ 2.15+ 1.90+ 0.184 0.170 0.67 0.99 64.36 73.92+
5 Prista 3 16.35+ 21.00+ 1.65 1.50 0.212+ 0.190 1.11 1.15 64.22 72.35+
6 Prista 4 16.57+ 19.00 0.80 0.75 0.185 0.170 1.15 1.11 62.32 70.42
7 Mnogolist. 1 15.96 19.00 1.40 1.30 0.206+ 0.190 1.38 1.15 61.11 71.07

Average 16.40 20.27 1.57 1.47 0.190 0.170 1.15 1.24 63.85 72.20
2012

1 Obnova 10 16.02 19.90 1.65 1.60 0.185 0.180 1.49 1.50 65.80 72.50
2 Pleven 6 16.75+ 21.00+ 1.70+ 1.65+ 0.198+ 0.160 1.30 1.49 64.46 72.10
3 Prista 2 16.72+ 21.00+ 1.72+ 1.65+ 0.178 0.170 0.90 1.30 64.68 72.45
4  Viktoriya 17.95+ 21.00+ 2.15+ 1.90+ 0.187+ 0.177 0.60 0.99 64.36 73.92+
5 Prista 3 17.35+ 21.00+ 1.60 1.50+ 0.210+ 0.190+ 1.11 1.15 64.22 72.35
6 Prista 4 16.59+ 19.00 0.70 0.60 0.189+ 0.178 1.15 1.19 62.32 70.52
7 Mnogolist. 1 15.98 19.00 1.20 1.00 0.200+ 0.190+ 1.38 1.56+ 61.11 71.07

Average 16.76 20.27 1.53 1.41 0.190 0.170 1.13 1.31 63.85 72.13
2013

1 Obnova 10 16.62 20.90 1.70 1.60 0.180 0.180 1.46 1.50 65.80 72.00
2 Pleven 6 16.25 21.00+ 1.70 1.65+ 0.190+ 0.160 1.30 1.49 64.46 72.10+
3 Prista 2 16.70+ 21.00+ 1.70 1.65+ 0.170 0.160 0.99 1.30 64.68 72.49+
4 Viktoriya 16.95+ 22.00+ 2.10+ 1.90+ 0.187+ 0.177 0.67 0.99 64.36 73.92+
5 Prista 3 16.85+ 21.00+ 1.60 1.50 0.200+ 0.190+ 1.10 1.15 64.22 72.38+
6 Prista 4 16.57 19.00 0.90 0.60 0.180 0.173 1.10 1.19 62.32 70.52
7 Mnogolist. 1 16.50 19.00 1.20 1.00 0.200+ 0.188+ 1.30 1.56+ 61.11 72.00

Average 16.63 20.55 1.55 1.41 0.186 0.175 1.13 1.31 63.85 72.20
2014

1 Obnova 10 16.02 20.90 1.65 1.60 0.185 0.180 1.42 1.50 65.80 72.00
2 Pleven 6 16.25+ 21.00+ 1.70+ 1.60 0.198+ 0.180 1.30 1.49 64.46 72.10+
3 Prista 2 16.72+ 21.00+ 1.72+ 1.65+ 0.178 0.160 0.90 1.30 64.68 72.49+
4 Viktoriya 16.90+ 22.00+ 2.15+ 1.90+ 0.187+ 0.177 0.67 0.99 64.36 73.92+
5 Prista 3 16.35+ 21.00+ 1.60 1.30 0.210+ 0.190+ 1.11 1.15 64.22 72.38+
6 Prista 4 16.90+ 19.00 0.70 0.60 0.186 0.173 1.15 1.19 62.32 70.52
7 Mnogolist. 1 16.76+ 19.00 1.20 1.00 0.200+ 0.180 1.38 1.56 61.11 72.00

Average 16.55 20.55 1.53 1.37 0.192 0.177 1.13 1.31 63.85 72.20
2015

1 Obnova 10 15.59 19.00 1.70 1.69 0.190 0.170 1.15 1.19 62.30 70.50
2 Pleven 6 16.15+ 21.00+ 1.70 1.60 0.190 0.180 1.30+ 1.50+ 61.10 71.00+
3 Prista 2 16.60+ 21.00+ 1.70 1.65 0.180 0.170 1.46+ 1.50+ 64.40+ 72.40+
4 Viktoriya 16.70+ 22.00+ 2.00+ 1.80+ 0.187 0.167 0.90 1.00 64.36+ 72.00+
5 Prista 3 16.25+ 21.00+ 1.60 1.50 0.200+ 0.190+ 1.10 1.15 64.00+ 70.00
6 Prista 4 16.85+ 19.00 0.90 0.60 0.190 0.170 1.10 1.19 62.32 70.50
7 Mnogolist. 1 16.76+ 19.00 1.20 1.00 0.200+ 0.180 1.38+ 1.50+ 61.00 72.00+

Average 16.41 20.28 1.54 1.39 0.133 0.175 1.19 1.29 62.78 71.20
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2016
1 Obnova 10 16.00 21.00+ 1.70 1.65 0.185 0.180 1.40 1.50 65.00 72.00
2 Pleven 6 16.25+ 21.00+ 1.70 1.60 0.190+ 0.170 1.30 1.40 64.00 71.00
3 Prista 2 16.70+ 21.00+ 1.60 1.50 0.170+ 0.160 1.00 1.20 64.60 72.00
4 Viktoriya 16.85+ 22.00+ 1.20 0.90 0.180 0.170 0.70 0.90 64.40 73,00+
5 Prista 3 16.30+ 21.00+ 1.60 1.50 0.200+ 0.190+ 1.15 1.30 64.20 72.30+
6 Prista 4 16.85+ 19.00 0.90 0.60 0.187+ 0.177 1.00 1.20 62.30 70.50
7 Mnogolist.1 16.70+ 19.00 1.20 0.90 0.200+ 0.190+ 1.30 1.50 61.20 72.00

Average 16.52 20.57 1.41 1.23 0.187 0.176 1.12 1.29 63.67 71.82
2017

1 Obnova 10 16.00 19.00 1.70 1.60 0.180 0.180 1.40 1.50 64.00 71.00
2 Pleven 6 16.20+ 21.00+ 1.70 1.60 0.190+ 0.180 1.30 1.40 63.00 71.00
3 Prista 2 16.70+ 21.00+ 1.70 1.60 0.180 0.170 0.90 1.10 64.00 72.00+
4 Viktoriya 16.65+ 22.00+ 2.15+ 1.90+ 0.180 0.170 0.65 0.98 64.30+ 73.00+
5 Prista 3 16.35+ 21.00+ 1.60 1.30 0.200+ 0.180 1.11 1.00 62.30 70.50+
6 Prista 4 16.75+ 19.50+ 0.70 0.60 0.180 0.169 1.15 1.30 61.00 70.00
7 Mnogolist. 1 16.76+ 19.00 1.53 1.37 0.180 0.170 1.13 1.30 63.40 72.00+

Average 16.48 20.35 1.58 1.42 0.184 0.174 1.08 1.22 63.14 71.35
2018

1 Obnova 10 16.62 20.90 1.70 1.50 0.190 0.180 1.14 1.18 62.00 70.00
2 Pleven 6 16.10 21.00+ 1.70 1.60+ 0.193+ 0.180 1.30+ 1.50+ 64.00+ 71.00+
3 Prista 2 16.55+ 21.00+ 2.10+ 1.90+ 0.180 0.170 1.15 1.19 62.30+ 70.00
4 Viktoriya 16.80+ 21.00+ 1.50 1.20 0.190 0.160 1.30+ 1.50+ 61.00 60.00
5 Prista 3 16.00 21.00+ 0.80 0.60 0.192+ 0.170 0.90 1.00 61.11 71.00+
6 Prista 4 16.80+ 21.00+ 0.70 0.60 0.180 0.160 1.10 1.15 64.60+ 72.00+
7 Mnogolist. 1 16.50 19.00 1.53 1.37 0.200+ 0.185 1.31+ 1.50+ 63.80+ 72.00+

Average 16.48 20.70 1.43 1.25 0.189 0.172 1.171 1.28 62.68 69.42
Average 2011-2018 14.46 20.44 1.51 1.36 0.181 0.173 1.137 1.28 63.45 63.97
Min. 15.59 19.00 0.70 0.60 0.170 0.160 0.60 0.98 61.00 60.00
Max. 17.95 22.00 2.15 1.90 0.212 0.190 1.49 1.56 65.80 73.92

Anova test: Protein. HSD[.05] = 24.15  HSD[.01] = 29.64, P = 0,003474; Water soluble sugars  HSD[.05] = 27.05   HSD[.01] = 25.64 , P = 0,022257; Total 
phenols HSD[.05] = 24.05  HSD[.01] = 22.64; Saponins HSD[.05]=27.05   HSD[.01]=23.64, P = 0,022257

Table 3. Continued

Table 4. One-way ANOVA
Source of variation Sums of squares Df MS F F crit. Effect of variation  %

Index attack- Protein content
Between groups 2696.05 1 2696.05 148.811 4.7472 92.5
Within groups 2913.46 12 18.117 7.5

Index attack – Sugar content
Between groups 6345.27 1 6345.27 349.899 4.7472 96.7
Within groups 217.6144 12 18.1345 3.3

Index attack – total phenol content
Between groups 6764.21 1 6764.21 374.729 4.7472 96.9
Within groups 216.61 12 18.051 3.1

Index attack- content of saponins
Between groups 6473.22 1 6473.22 357.891 4.7472 96.7
Within groups 217.04 12 18.087 3.3

Index attack – in vitro dry matter digestibility
Between groups 1357.33 1 1357.33 70.292 4.7472 85.4
Within groups 231.72 12 19.309 14.6
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– 0.38) and the ANOVA analysis performed (Table 4) show 
that the pathogen Uromyces striatus (Schroter) has an effect 
on the studied indicators determining the quality of fodder.

The influence of rust on the productivity of the studied 
alfalfa varieties was established, taking into account the 
amount of dry matter per decare (kg/da). The results present-
ed in Table 5 show significant differences in dry matter yield 
over the years of study. On average for the period 2011-2018 
the largest amount of formed dry biomass was reported for 
the variety Prista 3, and the lowest for the variety Victoria.

The analysis of Tables 5 and 6 shows that for the study 
period the varieties Prista 3 and Victoria included in the ex-
periment formed the highest yield, regardless of the dynam-
ics of meteorological factors, which determines tolerance to 
the disease in terms of varietal susceptibility.

It was found that for the three-year study period with the 
highest attack of the pathogen Uromyces striatus (Schroter) 
was reported in the variety Prista 2, while in the variety Pris-
ta 3 was relatively lowest.

Despite the established differences in the alfalfa acces-
sions included in the experiment, a slight correlation was 
found with respect to the formed yield and the pathogen at-
tack (in percentage) for the study period (r = -0.23).

The results obtained when reading the attack index show 
both varietal and age response of alfalfa. The average attack 
index for the period of the study varies from 39.44 for Prista 
3 variety to 53.61% for Prista 2. The reported average annual 
results for the period 2011-2018. with regard to the attack by 
the pathogen characterize the varieties as highly sensitive to 
the Ur. striatus (Table 6).

Conclusions

The obtained experimental results for the content of mac-
roelements prove the negative influence of Uromyces stria-
tus (Schroter) on the changes of some biochemical indicators 
in the leaves of the Bulgarian alfalfa varieties included in the 
experiment. Correlations were found between dependencies 
between the attack index of Uromyces striatus (Schroter) 
and the protein content (r = 0.55), sugars (r = 0.36), total 
phenols (r = – 0.76), saponins (r = – 0.38) and which prove 
that the disease affects the indicators that determine the qual-
ity of fodder. All Bulgarian alfalfa varieties included in the 
experiment can be conditionally defined as susceptible to 
rust (Uromyces striatus Schroter).
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