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Abstract

Churkova, K. & Churkova, B. (2026). Structural fiber components of cell walls after herbicide treatment of bird’s
foot trefoil stand. Bulg. J. Agric. Sci., 32(5), 1062–1067

In the period 2020 – 2023, in the experimental field of Research Institute of Mountain Stockbreeding and Agriculture –
Troyan, on light grey pseudopodzolic soil, a scientific experiment with bird’s-foot trefoil (Lotus corniculatus L.), variety
Targovishte 1, was conducted with the following treatments: 1. Control – untreated; 2. Kalam (20 g/da); 3. Kalam (40 g/da);
4. Focus ultra (100 ml/da); 5. Focus ultra – (200 ml/da) was conducted. The aim was to determine the structural fiber compo-
nents of the cell walls and to calculate the nutritive value of the forage as a function of herbicide treatment. It was found that
herbicides applied in the 2–4 leaf stage of bird’s foot trefoil did not significantly affect the fiber composition of cell walls and
the nutritional value of forage. Relatively favorable in terms of forage quality stood out those treated with Kalam herbicide at
20 g/da, due to the lowest values obtained for neutral detergent fiber (NDF), acid detergent fiber (ADF) and cellulose, and the
highest for hemicellulose, as well as the highest feed units for growth. Correlation analysis revealed the highest correlations
between dry matter yield and the relative proportion of leaves (r = 0.833); between the relative proportion of stems in the stand
and acid detergent lignin content (r = 0.829) and degree of lignification (r = 0.837); and between neutral detergent and acid
detergent fiber (r = 0.940), allowing regression equations to be derived for predicting forage quality.
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Introduction

The bird’s foot trefoil is a forage legume crop suitable for
livestock feed due to its high productivity and forage quality
(Naydenova et al., 2013). It is also applicable from an eco-
nomic point of view due to the supply of nitrogen to the soil
during the years of its cultivation. It shows good tolerance to
acidic, poorly drained, dry and low-fertility soils (Ayala and
Carámbula, 2009). Its main disadvantage is slow growth and
plant development in the year of sowing (Formoso, 2011).
During this period, the crop behaves as a weak competitor,
and is highly susceptible to weed interference, which limits
its development (Rodrigues-Costa et al., 2011).

The chemical method of weed control is the most effi-
cient and inexpensive way to overcome this disadvantage of

bird’s foot trefoil. This method of weed control allows effec-
tive control in crops of large areas, has high productivity and 
lack of labor (Oliveira and Inoue, 2011). Weed-free bird’s 
foot trefoil crops affect not only productivity, but also for-
age quality (Radovic et al., 2003). Herbicides determine the 
grassland density, botanical and morphological composition, 
which in turn determines forage quality (Chourkova, 2013).

The content of cell wall components (NDF, ADF, ADL) 
increases until the full bloom stage, after which it decreases 
(Naydenova et al., 2013). Mathematical models with linear 
regression predict in vitro dry matter digestibility of differ-
ent cell wall fibers with high accuracy (coefficient of deter-
mination R = 0.847–0.937). The percentage content of the 
fractions of structural fiber components influences the di-
gestibility of animal feed and participates as a factor in the 
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evaluation of its quality (Bozhanska et al., 2015). Forage 
quality is determined by the growth and development phase, 
soil-climatic conditions, leaf : stem ratio, harvest phase of 
forage, (Arzani et al., 2001), and largely depends on the ba-
sic chemical composition, energy value, digestibility, fiber, 
mineral and vitamin content (Newman et al., 2009).

The introduction into practice of the chemical method 
of weed control in bird’s foot trefoil is advisable, but not 
enough herbicides have been studied for their management, 
making it necessary to search for suitable ones.

This study aimed to determine the content of structural 
fiber cell wall components in bird’s foot trefoil forage mass 
after herbicide treatment.

Material and Methods

The research experiment was carried out in the period 
2020–2023, in the experimental field of RIMSA-Troyan, on 
light grey pseudopodzolic soil under non-irrigated conditions 
with bird’s foot trefoil (Lotus corniculatus L.), variety Targov-
ishte 1. The trial was laid out in the block method in 4 replica-
tions with a plot size of 5 m2 with the following treatments: 1. 
Control – untreated; 2. Kalam (dicamba 600 g/kg and tritosul-
furon 125 g/kg) – 20 g/da; 3. Kalam (dicamba 600 g/kg and 
tritosulfuron 125 g/kg) – 40 g/da; 4. Focus ultra – 100 ml/da 
(active substance cycloxydim 100 g/l); 5. Focus ultra – 200 
ml/da (active substance cycloxydim 100 g/l). The sowing was 
carried out in spring, at a seeding rate of 1.2 kg/da, at a row 
spacing of 12.5 cm, and the area was rainfed before and after. 
We applied the herbicides at 2–4 leaf stage of the bird’s foot 
trefoil with a backpack sprayer at a working solution rate of 
50 l/da. In the budding-early flowering phenophase, one tiller 
was harvested in the first year and two tillers in the remaining 

years of the experimental period. Average samples weighing 
500 g were taken from each variant of the research experi-
ment, and then dried to a constant dry weight.

The fiber composition of cell walls was determined in 
g.kg-1 dry matter and included: 

Neutral-detergent fiber (NDF); Acid-detergent fiber 
(ADF) and Acid-detergent lignin (ADL) were determined by 
the detergent analysis of Van Soest et al. (1991); Degree of lig-
nification (expressed as a percentage of ADL/NDF); Hemicel-
lulose (calculated by NDF – ADF); Cellulose = ADF – ADL.

Nutritional value of the forage was estimated using the 
Bulgarian system as Feed Units for Milk (FUM) and Feed 
Units for Growth (FUG), and calculated on the basis of equa-
tions according to the experimental values of crude protein 
(CP), crude fiber (CF), crude fat (FC) and nitrogen-free ex-
tractable substances (NFE), recalculated using digestibility 
coefficients proposed by Todorov et al. (2010) as follows: 
Gross energy (GE, MJ/kg DM) = 0.0242*CP + 0.0366*FC 
+ 0.0209*CF + 0.017*NFE  – 0.0007*Zx.; Exchangeable 
energy (EE, MJ/kg DM) = 0.0152*CmP + 0.0342*Cm + 
0.0128*CmVl + 0.0159*CmBev – 0.0007*Zx.

Feed Units for Milk (FUM) = EE*(0.075 + 0.039*q).
Feed Units for Growth ((FUG) in kg DM) = EE*(0.04 

+ 0.1*q).
Statistical treatment of data is represented by mean (X), 

standard deviation (SD), coefficient of variation (VC), mini-
mum (min) and maximum (max) values. The software prod-
ucts used were Analysis Toolpak for Microsoft Excel 2010 
and Statgraphics Plus v.2.1.

Results and Discussion

Herbicide treatments affected the structural fiber compo-
Table 1. Content of fiber components of dry matter cell walls of bird’s foot trefoil after herbicide treatment averaged 
over the period 2020–2023
Variants NDF

(g kg-1DM)
ADF

(g kg-1DM)
ADL

(g kg-1DM)
Hemicellulose

(g kg-1DM)
Cellulose

(g kg-1DM)
Degree of lignification

(Coefficient)
1. Control – untreated 408.0 328.1 98.4 79.9 229.7 24.2
2.Kalam 20 g/da 383.9 297.2 108.5 86.7 188.7 28.2
3. Kalam 40 g/da 396.3 313.7 97.0 82.7 216.6 24.6
4. Focus ultra 100 ml/da 404.3 319.4 101.4 84.8 218.0 25.1
5. Focus ultra 200 ml/da 403.1 330.3 122.3 72.8 208.0 30.6
Х 399.1 317.7 105.5 81.4 212.2 26.5
SD 0.95 1.33 1.04 0.54 1.52 2.78
VC 2.38 4.18 9.82 6.67 7.19 10.47
Min 383.9 297.2 97.0 72.8 188.7 24.2
Max 408.0 330.3 122.3 86.7 229.7 30.6

*NDF – Neutral-detergent fiber; ADF – Acid-detergent fiber; ADL – Acid-detergent lignin; Hemicellulose; Cellulose; Degree of lignification.
Last column “Degree of lignification” is coefficient, not g kg-1DM, but smaller number.
Source: Authors’ own elaboration
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nents of the cell walls in the forage mass of bird’s foot trefoil 
differently, as indicated by their different contents (Table 1).

The results of the study showed that their forage mass 
had the lowest content of neutral and acid detergent fibers 
after treatment with Kalam 20 g/da herbicide, which posi-
tively affected the dry matter digestibility. The mean values 
of these parameters were lower than those of the control by 
24.1 and 30.9 g kg-1 DM. Neutral and acid detergent fiber 
contents showed little variation among the different herbi-
cide treatments, which is evident from their coefficients of 
variation, VC= 2.38 (NDF) and 4.18% (ADF), respectively. 
The very low degree of variability proves that the two herbi-
cides and their doses do not affect the content of the two in-
dicators. The cell wall is composed mainly of hemicellulose, 
cellulose and lignin. The presence of the lower fiber con-
centration in the cell wall improves feed intake, and its utili-
zation improves energy availability (Nikolova et al., 2016). 
Hemicellulose values were lowest and ranged in a narrow 
range from 72.8 (Min) g kg-1 DM to 86.7 (Max) g kg-1 DM, 
with an average value 81.4 g kg-1 DM.

The lowest values of NDF, ADF and cellulose and the 
highest of hemicellulose were found after treatment with 
Kalam 20 g/da. Acid detergent lignin was affected to a higher 
extent compared to the neutral and acid detergent fiber frac-
tions, with differences in the control being of higher values. 
The bird’s foot trefoil as a legume has a higher content of 
lignin, which is necessary for plants but completely indigest-
ible and not digestible by animals. Therefore, it is a limit-
ing factor for the digestibility of forage plants. Higher lignin 
content implies lower digestibility of forage, which is con-
firmed by the research of Naydenova et al. (2015). An excep-
tion was observed after treatment with the herbicide Kalam 
at a dose of 40 g/da, which occupied lower values than the 
control, but the differences were unproven. Lignin serves to 
bind cellulose fibers and to strengthen plant cell walls. Acid 
detergent lignin ranged from 97.0 to 122.3 g kg-1 DM, de-
pending on which the mean degree of variability was deter-
mined according to the coefficient of variation VC = 9.82%. 
The forage mass with reduced lignin content was digested 
faster in the rumen of the animal and utilization increased 
(Srinivasa Reddy et al., 2005).

The degree of lignification increased after herbicide ap-
plication and from 24.2 in the control variant reached 30.6 
in the forage mass, treated with the herbicide Focus Ultra at 
a dose of 200 ml/da. This proves that the degree of lignifica-
tion was affected by the type and dose of herbicides used, 
with an increasing trend prevailing. The treatment with Fo-
cus Ultra at a dose of 200 ml/da has the most favorable and 
proven effect on this process. The lower doses of the two 
herbicides were more favorable to the lignification process, 

the differences being insignificant. At a later stage of plant 
development and as plants grow taller, lignification increases 
and leads to a strengthening of the plant stems (Niwińska et 
al., 2005). Treatment with this herbicide (Var. 5) adversely 
affected forage quality due to high values of acid detergent 
fiber (330.8 g kg-1 DM), acid detergent lignin (122.3 g kg-1 

DM) and degree of lignification (30.6).  

Forage quality is determined by the energetic nutritional 
value expressed in feed units for milk and growth (Petkova 
and Pavlov, 2008; Nikolova et al., 2016). The obtained re-
sults (Table 2) showed that the grass biomass from bird’s 
foot trefoil treated with herbicides has lower values of gross 
and exchange energy, which determines the low levels of 
feed units and thus lower potential milk and meat productiv-
ity. Only the grassland treated with Kalam at 20 g/da had a 
marginally higher, but unproven value relative to the control 
of exchange energy (0.62 MJ/kg DM). Herbicide treatment 
did not affect energy nutritional status in the variants com-
pared to the control. The obtained values of forage energy 
nutritive value after herbicide application were almost simi-
lar or with insignificant differences compared to the control 
on average over the study period, which were statistically 
unproven (Marinov-Serafimov et al., 2016). This gives a 
reason to state that the applied herbicides Kalam and Focus 
ultra in two doses each, on stand from bird’s foot trefoil, do 
not affect the nutritive value of the forage. The exception 
was the treatment with Kalam at a dose of 20 g/da, where 
the forage mass had a FUM value of 0.70, which was similar 
to those of the control, and the growth FUG were 0.64, and 
marginally exceeded that of the control, and those obtained 
from the forage mass of the other treatments. Application of 
the herbicide Focus Ultra at a dose of 200 ml/da reduced the 
amount of feed units for milk by 0.3% and feed units for 
growth by 0.4% relative to the control.

The treatment of the bird’s foot trefoil with herbicides 
influenced to the highest degree the variation of the mean 
yield values, the morphological composition of the stand, the 

Table 2. Nutritional energy value of forage mass after 
herbicide treatment on average for the period 2020–2023

Variants
GE

MJ/kg 
DM

EE
MJ/kg 
DM

FUM
kg  

DM

FUG
kg  

DM
1. Control – untreated (C) 17.54 7.60 0.70 0.63
2. Kalam 20 g/da 17.20 7.62 0.70 0.64
3. Kalam 40 g/da 17.32 7.57 0.70 0.63
4. Focus ultra 100 ml/da 17.33 7.50 0.69 0.63
5. Focus ultra 200 ml/da 17.54 7.32 0.67 0.60

Source: Authors’ own elaboration
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density and the content of the fibrous components of the cell 
walls. The dry matter yield of forage production recorded the 
highest positive correlation (Table 3) with the relative pro-
portion of leaves (r = 0.833) in the herbage, and in contrast 
a negative correlation with flowers (r = 0.811), percentage 
of stems (r = -0.371), and weed density (r = -0.681). Higher 
percent leaf participation in grassland determines higher for-
age quality and forage uptake, which has been proven by 
many authors (Cohen, 2001; Soster et al., 2004; Ducati et 
al., 2015). The theoretical regression line and the regression 
equation between dry matter yield and the relative propor-
tion of leaves in stand from bird’s foot trefoil treated with 
herbicide are depicted in Fig. 1, where y = 0.0117x + 36.298 
with a high coefficient of determination, R2 = 0.6935. The 
obtained yield showed a positive but relatively weak corre-

lation with cellulose content (r = 0.553), which proved the 
correlation between these two parameters.  

The effectiveness of the applied herbicide treatment is a 
numerical expression of the obtained high value of the cor-
relation coefficient between the relative proportion of stems 
in the stand with the acid detergent lignin content (r = 0.829), 
and the degree of lignification (r = 0.837). Fig. 2 shows the 
very high coefficient of determination (R2 = 0.9425), and the 
regression equation of the relationship between the propor-
tion of stems in the grassland and the mean values of acid 
detergent lignin (y = 1.5128x – 64.395).

The results of the analysis indicate a very high positive 
correlation (r = 0.940) between the neutral detergent fiber 
and acid detergent fiber parameters. The high correlation 
relationship allows the derivation of a regression equation 
(Fig. 3), which is, respectively, y = 1.3142x – 20.679, with 
an extremely high coefficient of determination R2 = 0.8834. 

Table 3. Correlation coefficients of yield, weed density, weed morphological composition and quality indicators after 
herbicide treatment of grassland from bird’s foot trefoil

Yield Leaves Stems Weeds NDF ADF ADL Hemicel-
lulose

Cellulose Degree 
of lignifi-

cation
Yield 1
Leaves 0.833 1
Stems -0.371 -0.589 1
Flowers -0.811 -0.895 0.167
Weeds -0.681 -0.862 0.657 1
NDF 0.494 0.478 -0.267 -0.811 1
ADF 0.307 0.428 -0.123 -0.757 0.940 1
ADL -0.421 -0.325 0.829 0.345 -0.099 0.187 1
Hemicellulose 0.110 -0.208 -0.173 0.430 -0.555 -0.805 -0.635 1
Cellulose 0.553 0.592 -0.669 -0.893 0.887 0.745 -0.516 -0.270 1
Degree of lignification -0.515 -0.407 0.837 0.499 -0.313 -0.023 0.976 -0.495 -0.683 1

Source: Authors’ own elaboration

Fig. 1. Theoretical regression line and regression 
equation between yield and relative proportion of leaves 

in the grassland after treatment of bird’s foot trefoil 
with herbicides

Source: Authors’ own elaboration

Fig. 2. Theoretical regression line and regression 
equation of the relationship between the relative 
proportion of stems in the grassland and the acid 

detergent lignin content after treatment of bird’s foot 
trefoil with herbicides

Source: Authors’ own elaboration
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The amount of cellulose and that of neutrally detergent fib-
ers also showed an extremely high degree of correlation, as 
evidenced by the high correlation coefficient, r = 0.887, re-
spectively. The high correlation between the acid detergent 
lignin content and the degree of lignification is also evident, 
represented by the very high correlation coefficient r = 0.976, 
which allows the derivation of a regression equation (Figure 
4), represented by y = 2.6152x – 1.0175, with a very high 
coefficient of determination R2 = 0.9251.

Conclusions

The herbicides Kalam (20 and 40 g/da) and Focus ultra 
(100 and 200 ml/da) applied at 2–4 leaf stage of bird’s foot 
trefoil had no significant effect on cell wall fiber composition 

and nutritive value of forage.
Crops of bird’s foot trefoil treated with Kalam herbi-

cide at 20 g/da recorded the lowest values of NDF, ADF 
and cellulose and the highest of hemicellulose, while the 
forage mass marginally exceeded the control in Feed Units 
for Growth.

High correlation coefficients were found between dry 
matter yield and the relative proportion of leaves (r = 0.833); 
between the relative proportion of stems in bird’s foot trefoil 
and acid detergent lignin content (r = 0.829) and degree of 
lignification (r = 0.837), and neutral detergent and acid deter-
gent fibers (r = 0.940), allowing the derivation of regression 
equations to predict forage quality.
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