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Highlights

*  Biarum bovei crude powder, particularly from tubers, significantly inhibited most morphological and biochemical parameters of Lupinus albus L., including
chlorophyll content, mineral uptake (P, Fe, Na), and seedling development.
* Despite the overall inhibition, treated plants showed increased levels of potassium (K), copper (Cu), total nitrogen, crude protein, and proline—

suggesting an induced physiological stress response.

* The sweet variety was more sensitive to allelopathic stress, while the bitter variety exhibited higher levels of phenols and alkaloids, possibly indicating

greater resistance mechanisms.
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ABSTRACT

Introduction. Biarum bovei Blume is a medicinal plant native to eastern Libya. Although its
phytochemical profile has been partially documented, its allelopathic behavior toward cultivated
species remains unexplored. Objectives. This study aimed to evaluate the allelopathic effects
of incorporating crude leaf and tuber powder of B. bovei into soil on the growth and yield of
two Lupinus albus 1. varieties (sweet and bitter). Materials and Methods. The pot experiments
were conducted during the 2023 growing season at Omar Al-Mukhtar University. Crude powder
of B. bovei leaves and tubers was incorporated into pots at 0, 5, and 10 g/kg soil. Ten seeds of
each lupine variety were sown per pot in a completely randomized design with three replicates.
Morphological and biochemical parameters were measured after four months. Results. The
crude powder significantly inhibited several morphological and biochemical traits (P < 0.05),
including seedling emergence rate (from 100% to 25%), shoot length, root length, fresh weight
per plant (from 6.4 g to 1.8 g), and photosynthetic pigments, notably chlorophyll a (from 1.66
to 0.48 mg/g). Phosphotus, iron, sodium, phenols, and alkaloids also decreased. In contrast,
potassium, coppet, total nitrogen, crude protein, and proline increased under treatment. The
strongest inhibition was recorded with tuber powder at 10 g/kg, and the sweet vatiety was more
sensitive. Conclusions. These findings suggest that B. bovei residues can negatively impact L.
albus growth and productivity, particularly when derived from tubers. Further field studies are
needed to assess potential implications for crop management.

RESUMEN

Introduccion. Biarum bovei Blume es una planta medicinal nativa del este de Libia. Aunque su
composicion fitoquimica ha sido parcialmente estudiada, sus posibles interacciones alelopaticas
con especies cultivadas no han sido exploradas. Objetivos. Evaluar los efectos alelopaticos de
la incorporacion de polvo crudo de hojas y tubérculos de B. bovei al suelo sobre el crecimiento y
el rendimiento de dos variedades de Lupinus albus 1.. (dulce y amarga). Materiales y métodos.
Los experimentos en maceta se llevaron a cabo durante la temporada de cultivo de 2023 en la
Universidad Omar Al-Mukhtar. Se incorpord polvo crudo de hojas y tubérculos de B. bovei al
suclo en concentraciones de 0, 5y 10 g/kg. Se sembraron dicz semillas de cada variedad de
altramuz por maceta, bajo un disefio completamente aleatorizado con tres repeticiones. Después
de cuatro meses, se evaluaron parametros morfologicos y bioquimicos. Resultados. El polvo
crudo inhibié significativamente diversos parametros morfolégicos y bioquimicos (P < 0.05),
como la tasa de emergencia (de 100% a 25%), la longitud de raices y brotes, el peso fresco por
planta (de 6.4 g a 1.8 g) y los pigmentos fotosintéticos, especialmente la clorofila a (de 1.66 a
0.48 mg/g). También se redujeron el fésforo, hierro, sodio, fenoles y alcaloides. En cambio,
el potasio, cobre, nitrégeno total, proteina cruda y prolina aumentaron con el tratamiento. La
inhibicién mas fuerte se observé con polvo de tubéreulo a 10 g/kg, siendo la variedad dulce
la mas sensible. Conclusiones. Los residuos de B. bovei, especialmente de tubérculos, podrian
afectar negativamente el crecimiento y la productividad de L. a/bus, 1o que sugiere la necesidad
de estudios adicionales en campo.
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INTRODUCTION

White lupine (Lupinus albus 1..) is among the Lupinus species suitable for human consumption and
is widely cultivated "?. It has diverse agticultural and pharmaceutical applications—as a botanical
pesticide, for nitrogen fixation, as green manure, livestock feed, and in treatments for hypertension,

(3-4)

inflammation, helminthic infections, and as a diuretic **. Its seeds are rich in carbohydrates, proteins,

dietary fiber, oils, and B-group vitamins such as thiamin and riboflavin .

However, its nitrogen-fixing capacity can inadvertently promote weed growth, which negatively
impacts crop productivity and results in yield losses 7. Weeds interfere with crop development either
directly—by competing for light, water, and nutrients—or indirectly, through allelopathy, by releasing
bioactive compounds known as allelochemicals “”. These substances affect plant physiology via
multiple mechanisms, including the inhibition of enzyme activity and metabolic processes, respiration,

mineral uptake, protein and nucleic acid synthesis, and by altering oxidative and antioxidant systems .

Biarum bovei Blume, an endemic species native to the Al-Jabal Al-Akhdar region, belongs to the Araceae
family, which comprises perennial, tuberous herbaceous plants V. Previous studies have documented
allelopathic interactions between members of the Araceae family and Lupinus albus. For example,
research conducted in Libya found that Arwm cyreniacum extracts significantly reduced germination
petcentage and radicle and plumule lengths in Lupinus albus 1.. compated to other legume species 7.
Similarly, a study in Bulgaria reported that aqueous extracts of Sorghum halepense inhibited germination

and early root and shoot development in Lupinus lutens .

This study aims to evaluate the allelopathic effects of incorporating crude leaf and tuber powder of
Biarum bovei Blume into potting soil at concentrations of 0, 5, and 10 g/kg, on the growth and yield
of two Lupinus albus L. varieties (sweet and bitter) under the environmental conditions of the Al-Jabal
Al-Akhdar region.

MATERIALS AND METHODS

Experimental Setup

The pot experiments were conducted during the 2023 growing season under greenhouse conditions
(24 + 2 °C, 14 h photoperiod, and 60 £ 10% relative humidity) at Omar Al-Mukhtar University, Libya.
Seeds of Lupinus albus L. (sweet and bitter varieties) were obtained from local agricultural markets, and
their identities were confirmed at the Department of Crops, Omar Al-Mukhtar University. Samples
of Biarum bovei leaves and tubers were collected from the city of Aslanta and taxonomically classified
according to Salih and Abdulrraziq '. After cleaning and drying, the plant materials were ground into

a fine powder and incorporated into the potting soil immediately before sowing.

2 Innovaciencia


http://dx.doi.org/10.15649/2346075X.4589
http://dx.doi.org/10.15649/2346075X.5101

d.)" http//dx.doi.org/10.15649/2346075X.5101 Innovaciencia 2025; 13(1); 5101

Experimental Design

Ten seeds of each L. albus L. variety were sown in plastic pots (19 cm height X 19.5 cm diameter) filled with
approximately 6 kg of well-mixed sandy loam soil (w/w). A total of 30 pots were arranged in a completely
randomized design: 5 treatments X 2 varieties X 3 replicates. Two weeks after sowing, seedlings were thinned

to five plants per pot, which were maintained until the fruiting stage (approximately four months).
Morphological Parameters

The seedling emergence rate (%) was calculated using the formula: (number of emerged seedlings / total
number of seeds) X 100. After gently washing the roots, samples from each treatment and variety were
collected to assess seedling length (cm), root and shoot length (cm), and seedling fresh weight per plant,
following the method described by El-Kenany et al. . Additionally, the number of leaves per plant, number
of branches per plant, number of pods per plant, pod length (cm), and number of seeds per pod were

recorded.
Biochemical Parametetrs

Photosynthetic pigments (chlorophyll a, chlorophyll b, and carotenoids) in fresh lupine leaves were quantified

spectrophotometrically, following the method described by Metzner et al.

. Mineral contents—including
phosphorus (P), iron (Fe), sodium (Na), potassium (K), and copper (Cu)—were determined via wet digestion,
followed by atomic absorption spectrophotometry and flame photometry. All values were expressed on a

19, Total nitrogen content (%) in powdered lupine seeds was estimated via digestion with

dry weight basis
concentrated sulfuric acid, and absorbance was measured at 420 nm using a spectrophotometer according
to Nessler’s method 7. Crude protein content (%) was calculated by multiplying total nitrogen (N %) by
the conventional factor of 6.25 "9, Proline was extracted from seeds using acid ninhydrin and quantified
according to Bates et al. . Total phenol content (%) was determined from seed extracts using the Folin—
Ciocalteu method, with absorbance measured at 765 nm™”. Total alkaloid content (%) was determined using

21)

the alkaline precipitation gravimetric method desctibed by Harborne ©", and calculated based on sample

weight, with absorbance measured at 565 nm.
Statistical Analysis

Data were analyzed using two-way analysis of variance (ANOVA) in IBM SPSS Statistics v24. Tukey’s HSD
test was applied at a significance level of P < 0.05. Values presented in tables are expressed as mean =+

standard error.
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RESULTS

Vegetative Growth Parameters

The application of Biarum bovei crude powder (from leaves and tubers) at concentrations of 5 and 10 g/kg
of soil significantly reduced several vegetative parameters in both Lupinus albus 1.. varieties (sweet and bitter),
when compared to the untreated control (Tables 1 and 2). These parameters included seedling emergence
rate, seedling length, root and shoot length, seedling fresh weight, number of leaves and branches per plant,

number of pods per plant, pod length, and number of seeds per pod.

Table 1. Effect of crude powder of Biarum bovei on vegetative growth of two Lupinus albus L.

varieties after 4 months of cultivation

Seedling Fresh Seedling Shoot Length Seedling Emergence

Conc. (g/kg)  Variety  Crude Powder > ol 5 Length () Koot Length (cm) pi Rote (%)

0 Sweet Control 6.4+ 0.42 67.7 £ 0.72 29.6 £ 0.6% 38.04 + 0.48 100.0 £ 0.02
5 Sweet Tubers 4.7 £0.4° 47.7 £0.7¢ 20.2 + 0.2d 27.5 + 0.54 63.0 £ 3.04
5 Sweet Leaves 4.6 0.6 51.6 £ 0.24 21.6 £ 0.6¢ 30.0 £ 0.7¢ 76.0 £ 1.0¢
10 Sweet Tubers 1.8 £ 0.34 29.3 + 0.3 13.0 £ 0.5F 16.3 £ 0.3¢ 25.0 £ 0.5"
10 Sweet Leaves 3.1%0.1¢ 38.5 £ 0.5¢ 18.1 £ 0.1¢ 20.3 + 0.3f 40.0 £ 0.5°

Bitter Control 7.2 1050 68.2 £ 0.22 29.5 + 0.52 38.6 £ 0.6 100.0 £ 0.0¢

Bitter Tubers 4.8 £ 0.5° 53.7 £ 0.3¢ 22.6 £ 0.6° 31.0 £ 1.0¢ 78.0 £ 1.5¢
5 Bitter Leaves 52+ 0.2b 59.6 + 0.3b 25.4 + 0.4 34.2 +0.8° 90.0 £ 2.0°
10 Bitter Tubers 2.4 + (.24 33.8 £ 0.8 14.2 £ 0.2f 19.6 £ 0.6 30.0 & 2.0¢
10 Bitter Leaves 33+ 0.3 452 £ 0.2f 20.1 + 0.44 25.0 £ 1.0¢ 56.0  1.0¢

P-values 0.338 0.018 0.203 0.401 0.000

Values followed by different letters are significantly different at P < 0.05 according to Tukey’s HSD test. Comparisons were made for each trait according to concentration,
plant part, and variety.

Seedling Emergence Rate

The incorporation of B. bovei leaf and tuber powder into the soil markedly reduced the seedling emergence
rate in both varieties. In the sweet variety, leaf powder decreased emergence from 100% (control) to 76.0%
and 40.0% at 5 and 10 g/kg soil, respectively. Tuber powder resulted in even lower values: 63.0% and 25.0%
for the same concentrations. Similarly, in the bitter variety, emergence rates declined from 100% to 90.0%
and 56.0% for leaves, and to 78.0% and 30.0% for tubers, respectively.

Effects on Seedling Growth

Crude powder of B. bovei significantly inhibited shoot and root development. In both varieties, shoot length
decreased from 38.04 cm and 38.6 cm (control) to values between 16.3 cm and 34.2 cm. Root length declined
from 29.6 cm and 29.5 cm (control) to a range of 13.0 cm to 25.4 cm in treated plants. Similarly, seedling
length was reduced from 67.7 cm and 68.2 cm (control) to 29.3-59.6 cm across treatments. Seedling fresh
weight decreased from 6.4 g and 7.2 g (control) to values between 1.8 g and 5.2 g. The most substantial
inhibition in seedling growth was recorded at 10 g/kg of tuber powder.
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Yield-Related Traits

Application of B. bovei powder also negatively affected yield-related traits in both lupine varieties (Table 2).
Decreases were observed in the number of leaves, number of branches, pods per plant, pod length, and
seeds pet pod. These reductions were more pronounced at the 10 g/kg concentration, particularly with tuber
powder. For example, in the sweet variety, the number of leaves per plant dropped to 9.0, branches to 2.0,
pod number to 1.0, pod length to 1.3 cm, and seeds per pod to 2.0. In the bitter variety, corresponding values

were 11.0 leaves, 3.3 branches, 1.0 pod, 3.0 cm pod length, and 2.0 seeds per pod.

Table 2. Effect of crude powder of Biarum bovei on yield-related traits of two Lupinus albus L.
varieties after 4 months of cultivation

lel(cg')(g/ Variety Crude Powder Seeds/Pod POd(i'::)lgth Pods/Plant Branches/Plant Leaves/Plant
0 Sweet Control 4.0+ 0.0 5.0 £ 1.0° 4.0 £ 0.0 6.0 £ 1.0° 18.0 £ 1.0°
5 Sweet Tubers 331 0.3" 4.0 £0.02 3.0 £ 0.0t 4.0 £ 0.0% 13.0 £ 1.0¢
5 Sweet Leaves 4.0 £ 0.0 4.0 £ 0.0 3.0 = 0.0 4.0 £ 1.02b¢ 16.0 £ 1.0
10 Sweet Tubers 2.0 £0.0¢ 2.0 £0.04 1.0 £ 0.0¢ 2.0+ 0.0° 9.0 £0.0¢
10 Sweet Leaves 2.0 = 0.04 3.0 £ 1.0% 1.0 £ 0.0¢ 2.0 £ 0.0b¢ 12.6 £ 0.2¢
0 Bitter Control 4.0 £ 0.0 5.0 £0.0° 4.0 £ 0.0 6.0 £ 0.0° 18.0 £ 1.0
Bitter Tubers 4.0+ 0.0 4.0 £0.02 4.0 £ 1.0® 4.0 + 1.0% 15.6 £ 0.1°
5 Bitter Leaves 4.0+ 1.02 4.6 £ 0.5%® 3.0 £ 1.0%® 5.0 £ 1.0%® 16.3 + 0.3
10 Bitter Tubers 2.0 £ 0.04 3.0 £0.0° 1.0 £ 0.0 3.3 +0.5%® 11.0 £ 1.0«
10 Bitter Leaves 3.0 £ 0.0 3.3 £0.5% 2.0+ 0.0° 4.0 £ 0.02b¢ 13.0 £ 0.1¢
P-values 0.000 0.362 0.250 0.162 0.195

Values followed by different letters are significantly different at P < 0.05 according to Tukey’s HSD test. Comparisons were made

for each trait according to concentration, plant part, and variety.

Photosynthetic Pigments

The effects of Biarum bovei crude powder (leaves and tubers), applied to the soil at concentrations of 0, 5,
and 10 g/kg, on the content of photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids, and
total pigments) in leaves of sweet and bitter Lupinus albus 1. varieties are presented in Table 3. A significant

reduction in pigment content was observed in both varieties compared to the control.

The most pronounced decreases were recorded with tuber powder at 10 g/kg. In the sweet vatiety, chlorophyll
a decreased to 0.48 mg/g, chlorophyll b to 0.17 mg/g, carotenoids to 0.10 mg/g, and total pigments to 0.75
mg/g. In the bitter variety, corresponding values were 0.77 mg/g, 0.19 mg/g, 0.13 mg/g, and 1.09 mg/g,
respectively. These findings support a dose-dependent inhibitory effect of B. bove; on the photosynthetic

apparatus of lupine plants.
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Mineral Content

Table 4 summarizes the effects of B. bovei crude powder (tubers and leaves), applied at 0, 5, and 10 g/kg soil,
on the mineral composition of sweet and bitter Lupinus albus 1.. seedlings. The measured minerals included

phosphorus (P), iron (Fe), sodium (Na), potassium (K), and copper (Cu).

Table 3. Effect of crude powder of Biarum bovei on photosynthetic pigment content (mg/g fresh

leaves) in two Lupinus albus L. varieties after 4 months of cultivation.

B T o L I SR Y gﬁ:ﬁﬁ?ﬁ;
kg) Powder b
ments
Sweet Control 1.66 = 0.032 0.38 £ 0.012 0.30 = 0.01® 2.34 £ 0.012
Sweet Tubers 1.14 £ 0.01¢ 0.23 + 0.02¢ 0.16 = 0.01¢ 1.52 + 0.03¢
Sweet Leaves 1.29 £ 0.01¢ 0.31 £0.01° 0.23 & 0.05¢ 1.83 £ 0.01¢
10 Sweet Tubers 0.48 £ 0.02¢ 0.17 £ 0.02f 0.10 £ 0.01f 0.75 = 0.01"
10 Sweet Leaves 0.91 £ 0.01¢ 0.21 = 0.074def 0.15 = 0.05¢ 1.27 £ 0.02f
Bitter Control 1.66 £ 0.032 0.38 = 0.02 0.34 = 0.02 2.38 = 0.032
Bitter Tubers 1.25 = 0.04¢ 0.28 £ 0.02b¢ 0.22 &+ 0.02«d 1.75 £ 0.024
Bitter Leaves 1.41 £ 0.01° 0.26 £ 0.03bed 0.25 £ 0.03¢ 1.92 + 0.03°
10 Bitter Tubers 0.77 £ 0.07* 0.19 £ 0.01¢f 0.13 £ 0.01¢f 1.09 £ 0.05¢
10 Bitter Leaves 1.13 £ 0.024 0.22 £ 0.03%f 0.21 £ 0.014 1.56 £ 0.02¢
P-values 0.240 0.003 0.013 0.008

Values followed by different letters are significantly different at P < 0.05 according to Tukey’s HSD test.
Comparisons were made for each trait according to concentration, plant part, and variety.

The results indicated that phosphorus, iron, and sodium levels progressively decreased with increasing powder
concentrations, particularly at 10 g/kg. In contrast, potassium and copper levels significantly increased in
treated plants compared to the control. These results suggest that B. bovei may interfere selectively with

mineral uptake mechanisms, possibly as a response to allelopathic stress.
Biochemical Constituents

Table 5 presents the effects of Biarum bovei crude powder (tubers and leaves), applied at 0, 5, and 10 g/kg,
on biochemical traits in the seeds of sweet and bitter Lupinus albus 1.. varieties. The parameters evaluated

included total nitrogen (%), crude protein (%), proline content (mg/100 g), total phenols (%), and total
alkaloids (%0).
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Table 4. Effect of crude powder of Biarum bovei on mineral content (mg/g) in seedlings of two
Lupinus albus L. varieties after 4 months of cultivation

CO‘;{‘;)(g/ Variety Ifirv‘v‘g; Phosphorus (P) Iron (Fe) Sodium (Na)  Potassium (K) Copper (Cu)
0 Sweet Control 2.82 = 0.022 1.74 £ 0.032 0.32 + 0.022b 168 £ 2.0¢f 34+ 0.5
5 Sweet Tubers 1.48 £ 0.01¢ 150 £ 0.05° 02540020 172 £2.6%  35+0.1°
5 Sweet Leaves 2.64 % 0.03b 1.58 £0.03%  0.28 + 0.012be 161 £ 1.7 32402
10 Sweet Tubers 0.71 £ 0.02¢ 0.94 + 0.014 0.18 £ 0.01¢ 210 £ 0.5 3.8 £0.3
10 Sweet Leaves 2.02 +0.01¢ 123 £0.02  0.20 + 0.01d 177 + 2.0 3.8+0.1°
0 Bitter Control 2.79 + 0.05? 129 £0.05  0.35+ 0.04 170 + 4.5% 3.0+0.1
5 Bitter Tubers 1.40 = 0.04¢ 0.80 £ 0.03¢ 0.29 + 0.022b 193 £ 1.7° 35+ 0.3
5 Bitter Leaves 2.61 +0.01° 0.82+0.02°  030£0.05° 175 +£28<%  33+02
10 Bitter Tubers 0.83 £ 0.03f 031 £0.01e 021 +0.01<d 216+ 5.7 3.8+0.3
10 Bitter Leaves 2.12 £ 0.02¢ 0.67 £ 0.01f 0.26 + 0.01bed 179 £ 1.0¢ 3.6 £0.12

P-values 0.338 0.062 0.492 0.368 0.794

Values followed by different letters are significantly different at P < 0.05 according to Tukey’s HSD test. Comparisons were made
for each trait according to concentration, plant part, and variety.

A clear pattern emerged: increasing concentrations of B. bovei powder led to a significant rise in total nitrogen,

crude protein, and proline contents in both varieties. Conversely, total phenols and alkaloids decreased

proportionally with increasing concentration of the powder. Despite the reduction, bitter lupine consistently

exhibited higher phenol and alkaloid contents than sweet lupine across all treatments.

These findings suggest a dual allelopathic mechanism: stimulation of nitrogenous primary metabolism, and

supptession of phenolic and alkaloid secondary metabolites, particulatly evident with 10 g/kg of tuber

powder.

Table 5. Effect of crude powder of Biarum bovei on biochemical constituents in seeds of two

Lupinus albus L. varieties after 4 months of cultivation

Conc. Varlety Crude Total Nitro- Total Protein Proline Total Phenols Total Alkaloids

(8/kg) Powder  gen (%) %) (mg/100 ) %) %)
0 Sweet Control 4.66 £ 0.01¢ 28.50 + 0.1¢ 0.86 = 0.02 21.00 + 1.0¢ 0.29 + 0.01¢
5 Sweet Tubers 520+ 0.2¢ 31.33 + 1.7« 1.23 £ 0.01¢ 19.11 £ 0.0 0.27 + 0.02¢
5 Sweet Leaves 4.65 £ 0.01¢ 28.07 + 1.0¢ 0.92 £ 0.03f 20.95 £ 0.02¢ 0.29 £ 0.0
10 Sweet Tubers 6.50 £ 0.0 35.81 + 1.0 1.81 £ 0.012 13.76 + 0.01" 0.14 £ 0.04f
10 Sweet Leaves 5.71 £ 0.01¢ 32.68 £ 0.01¢ 1.56 £ 0.01° 15.13 £ 0.02¢ 0.18 £ 0.01F
0 Bitter Control 4.24 £ 0.02 27.50 + 1.0¢ 0.83 + 0.05¢ 33.15+0.92 1.37 £ 0.03
5 Bitter Tubers 5.10 £ 0.0f 30.87 + 0.02¢ 1.30 £ 0.0¢ 28.23 + 0.03¢ 1.31 £ 0.02%
5 Bitter Leaves 4.52 £ 0.0 28.25 +0.2¢ 0.87 = 0.01' 30.56 + 0.02° 1.34 + 0.012°
10 Bitter Tubers 5.78 £ 0.0 38.12 + 0.0 1.87 £ 0.0 19.45 + 0.05" 1.21 £ 0.0¢
10 Bitter Leaves 5.26 £ 0.02¢ 34.78 £ 0.01° 1.49 £ 0.0° 24.62 + 0.04 1.28 £ 0.0¢

P values 0.000 0.642 0.096 0.000 0.656

Values followed by different letters are significantly different at P =< 0.05 according to Tukey’s HSD test. Comparisons were made
for each trait according to concentration, plant part, and variety.
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DISCUSSION

Weeds pose a major threat to agricultural productivity by inhibiting or slowing crop development, leading
to yield reduction through the allelopathic secretion of chemical compounds from donor weeds to receptor
crops “?. To the best of our knowledge, no previous studies have specifically examined the allelopathic
potential of Biarum bovei. Therefore, the present study was designed to evaluate the allelopathic effects of
incorporating crude powder from B. bovei leaves and tubers into the soil at concentrations of 0, 5, and 10 g/

kg on the growth and yield of two Lupinus albus 1.. varieties.

Our results showed that the crude powder negatively affected most morphological and biochemical
parameters of Lupinus albus 1., although levels of certain minerals such as potassium (K) and copper (Cu)
increased. These findings align with those of El-Kenany et al. ¥, who reported similar inhibitory effects on
Lupinus growth when Nigella sativa L. seed powder was added to the soil. Likewise, the results are consistent
with the findings of Georgieva “” and Salih et al. "%, who observed allelopathic effects of Sorghum halepense

and Arum cyreniacum extracts on Lupinus albus L., respectively.

The observed inhibition may be linked to oxidative stress induced by allelochemicals, as previously reported
in studies involving reactive oxygen species (ROS) and the activation of antioxidant defense systems, which

(12,24)

can disrupt plant metabolism "**". In the present study, allelochemicals from B. bovei powder reduced the

contents of chlorophyll (a, b), carotenoids, total pigments, minerals (P, Fe, Na), total phenols, and alkaloids

in lupine. Similar reductions have been reported in allelopathic studies on vatious plant species 7.

Allelopathic activity is known to interfere with the absorption and transport of essential mineral nutrients,
disrupt chloroplast membrane function, and inhibit chlorophyll synthase activity by increasing the activity of
chlorophyll-degrading enzymes, ultimately leading to chlorophyll degradation “°. Interestingly, an increase
in K and Cu content was also observed in lupine seedlings, consistent with the findings of Salih et al. @,
who reported higher K and Cu accumulation in [7ia faba treated with increasing concentrations of _Arum

¢yreniacum crude powder.

Additionally, the results showed a significant increase in total nitrogen, total protein, and proline levels in
lupine seeds exposed to B. bovei powder. These outcomes are supported by several studies that link protein
accumulation to ROS overproduction, which induces oxidative damage to proteins, DNA, and RNA "1,
The elevated proline content observed in lupine seeds agrees with findings in lettuce and wheat treated with
allelopathic extracts ©*7. Proline is widely recognized as a matker of plant tolerance under allelopathic
stress®Y. It contributes to ionic homeostasis, membrane stabilization, and maintenance of antioxidant

enzyme activity by scavenging or suppressing ROS 7.

Furthermore, the allelopathic effects were clearly dose-dependent and more pronounced with the application
of tuber powder compared to leaf powder, particularly at the highest concentration (10 g/kg), indicating a

stronger phytotoxicity associated with underground plant parts.
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Overall, the results indicated that the sweet variety of L. a/bus was more sensitive to the applied crude powder,
while the most pronounced inhibitory effects were observed with tuber powder. This may be attributed
to higher concentrations of anthocyanins, glycosides, flavonoids, alkaloids, saponins, tannins, triterpenes,
linoleic acid, elaidic acid, palmitic acid, and cinnamic acids, commonly found in Biarum species from the

0999 Under the tested conditions, the bitter variety showed higher levels of phenols and

Araceae family
alkaloids than the sweet variety. This observation is consistent with the results of Messiha et al. @, who

reported similar compound profiles in lupine seeds.

CONCLUSIONS

Based on the results obtained in this study, it can be concluded that the application of Biarum bovei crude
powder exerts significant allelopathic effects on the majority of the morphological and biochemical traits
of Lupinus albus 1. Among the treatments tested, tuber-derived powder demonstrated the most pronounced
inhibitory activity, particularly at higher concentrations. Additionally, the sweet variety exhibited greater

sensitivity to allelopathic stress than the bitter variety.

These findings suggest that the presence of B. bovei residues in agricultural soils may negatively influence the
growth and productivity of Lupinus albus L., especially under field conditions where residue accumulation is
likely. Therefore, further field-based studies are warranted to confirm these effects under natural growing

environments and to better understand the allelochemical mechanisms involved.
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