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AbstractAbstractAbstractAbstract    
    
Organic compounds originating from plant metabolism and reaching the environment may inhibit or 

stimulate germination and early developmental processes of other plants grown in the vicinity. The aim of this 
study was to investigate the allelopathic interactions of brown mustard with four other aromatic plants 
(summer savoury, coriander, caraway and common sage). While health-promoting metabolites of brown 
mustard are thoroughly investigated and the plant receives an increasing interest from cultivators of aromatic 
and medicinal plants, its allelopathic interactions with other aromatic plants are poorly documented. The 
experiments were performed in closed germination vessels, under controlled conditions. The influence of the 
presence or absence of light, as well as of a sufficient or reduced water supply on the co-germination of brown 
mustard seeds with each of the other four aromatic plants was also evaluated. The presence of brown mustard 
reduced the germination velocity of caraway, coriander, sage and savoury. It inhibited stem elongation, but 
stimulated root growth of savoury. Shoot growth of coriander seedlings was enhanced by the vicinity of brown 
mustard plantlets. Caraway slowed down the germination of brown mustard seeds, but it stimulated root and 
stem elongation of the seedlings. The presence of savoury enhanced the fresh biomass production of brown 
mustard. Common sage inhibited root growth, but stimulated stem elongation of brown mustard plantlets. 
Most of the allelopathic effects were more pronounced under water shortage than under sufficient water 
supply. Positive interspecific influences on biomass production were, in most cases, more pronounced in the 
presence of light. The findings may contribute to optimization of brown mustard cultivation in small parcels, 
in the vicinity of other aromatic plants, some allelopathic interactions being able to stimulate growth and 
developmental processes in an environmental-friendly and cost-effective manner. 

    
Keywords:Keywords:Keywords:Keywords: aromatic plants; brown mustard; chemical interaction; germination dynamics 

 
 
IntroductionIntroductionIntroductionIntroduction    
 
Plant growth and crop yield can be influenced through natural processes, such as the chemical 

interactions between plants which share the same local habitat. Allelopathic interactions are interspecific 
relations within a plant community, based on specific secondary metabolites which exert negative or positive 
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influence on other plants that come in contact with the active compounds through the root system or via the 
aboveground organs (Cheng and Cheng, 2015). In most of the cases, plant-derived chemicals that influence 
physiological processes of other neighbouring plants are phenolic compounds, hydroxamic acids, short-chain 
fatty acids or essential oil-constituting mono- and sesquiterpenes. They mainly influence germination of seeds 
and early development of seedlings, in accordance with the fact that these early ontogenetic phases are the most 
sensitive to external stressors (Li et al., 2010; DeAlbuquerque et al., 2011). Because allelopathic compound have 

the main role in the chemically mediated competition of plants for resources, in most cases they inhibit 
biological processes in other plants. This is why at present there is a special interest in their use as natural 
herbicides in the weed control. Nevertheless, giving the complexity of chemical interactions between plants, 
allelopathic compounds may also exert positive effects on certain developmental and metabolic processes of 
other plants, upon their perception as chemical stimuli or modulators. Scientific information about stimulating 
influences of plant allochemicals is insufficient, but more and more research is focusing on the elucidation of 
action mechanism of these metabolites, to be finally able to apply these natural substances in plant cultivation 
as environmental-friendly active compounds (Rehman et al., 2019). 

Aromatic plants are known to produce a high variety of secondary metabolites, largely used in health-
promoting food spices, in the complementary medicine and in the cosmetic industry (Rubio et al., 2013; Dini, 

2018). Because there is a growing interest in their use in human nutrition, several aromatic plants are now 
cultivated under controlled conditions, usually on smaller areas than the conventional crop plants, but in many 
cases the same producer cultivates several aromatic plant species at the same time and on the same location 
(Rehman et al., 2019). Because cultivation of aromatic plants has several advantages in comparison with their 

exploitation from their natural habitats, an even growing number of agencies bring these species into 
cultivation systems. Thus, a more constant yield can be achieved, and the quality of the product can be 
controlled. Over-exploitation of wild plant populations may be avoided, and non-native species can be 
acclimatized. But the costs with plant protection are higher, this is why the better knowledge of chemical 
interactions between different plant species may be useful in optimizing plant growth and reducing the use of 
synthetic herbicides (Schippmann et al., 2006). 

Among the aromatic plants, brown mustard (Brassica juncea L., also known from the literature as 

oriental mustard, Indian mustard, potherb mustard, wild mustard, vegetable mustard or Chinese leaf mustard) 
is receiving at present more and more attention. It originates from Central Asia, it is an allotetraploid species 
which resulted from the natural hybridization of B. rapa and B. nigra, preserving the genomes of both parent 

species.  It is a valuable source of health-promoting phytochemicals, mainly glucosinolates, isothiocyanates and 
polyphenols (Sharma et al., 2017; Majdoub et al., 2020). It is also used in the complementary medicine, due to 

its many beneficial influences on human health (Kumar et al., 2011). Pharmacological studies demonstrated 

that it has antimutagenic and anticancer effects (e. g. through induction of apoptosis in human colon cancer 
cells), as well as anti-hyperglycemic, anti-inflammatory, anti-obesity and antioxidant effects. It is also used in 
the treatment of cataracts, its sinapic acid derivatives exert an antibacterial activity, and its erucic acid has a 
beneficial influence on cardiac functions (Kumar et al., 2011; Sun et al., 2018). Furthermore, brown mustard 

can be used for the phytoremediation of soils contaminated with heavy metals and certain pesticides (Alam et 

al., 2020). It is a good selenium hyperaccumulator (Jaiswal et al., 2012), and the oil extracted from the seeds 

can be used for biodiesel production (Kumar et al., 2011). Several attempts were made to prime or to harden 

seeds and seedlings of aromatic plants, to reach a better tolerance to various abiotic stress factors, and in many 
cases increased stress tolerance could be corelated with an enhanced production of bioactive secondary 
metabolites (Golubkina et al., 2018; Tsukagoshi and Yamori, 2020; Shah et al., 2022). Drought stress and light 

stress were among the most important adverse conditions that could modulate the biosynthesis of these 
bioactive compounds (Sharma et al., 2019; Farooq et al., 2020). 

While its application in soil remediation is well documented, and its health-promoting metabolites are 
thoroughly investigated, the allelopathic interactions of brown mustard with other aromatic plants are poorly 
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documented. This is why the objective of this study was to investigate the allelopathic interactions between 
brown mustard and four others, commonly cultivated aromatic plant species, during the earliest and most 
critical developmental stages, i. e. germination and vegetative growth of seedlings. Another question was if the 
presence or absence of light, the sufficient or insufficient amount of water, and the combination of different 
light regimes and water supplies could influence the allelopathic interactions during germination of brown 
mustard seeds in the vicinity of caraway, coriander, common sage or summer savoury seeds. The results may 
offer a better insight into the inhibitory or stimulatory allelopathic interactions between aromatic plants, and 
may be used for optimizing the co-cultivation of the investigated species with a high health-promoting value. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
The experiments were performed under controlled laboratory conditions, in a closed system, to 

minimize the escape of potential volatile organic compounds with a possible allelopathic effect. Relevant 
parameters of the germination process were selected in order to evaluate allelopathic interactions, parameters 
which reflect the extent, the speed and the time spread of germination, as well as the growth potential and 
vigour of young seedlings (Bewley et al., 2013). 

 
Biological material 

Five aromatic plant species were used in the experiments: brown mustard (Brassica juncea L.), caraway 

(Carum carvi L., also known as meridian fennel or Persian cumin), coriander (Coriandrum sativum L., being 

referred to also as cilantro or Chinese parsley), common sage (Salvia officinalis L., also known as medicinal sage) 

and summer savoury (Satureja hortensis L.).  Brown mustard belongs to the Brassicaceae family, caraway and 

coriander are included in the Apiaceae family, while sage and savoury make part of the Lamiaceae family. All of 
these three families include several species which are considered aromatic or medicinal plants. Seeds of the five 
species were purchased from the seed bank of Caussade Semences (France). 

 
Experimental design 

Before the initiation of germination, seeds were sterilized in 3% sodium hypochlorite for 5 min, then 
thoroughly washed three times with sterile water. Germination was performed in large Petri dishes (with the 
diameter of 150 mm), on two layers of filter paper. 40 seeds were put in every dish, in parallel rows, at a similar 
distance from each other. In the control setups there were 40 seeds of the same species from the ones mentioned 
in the previous subheading. In the experimental variants where the possible allelopathic interactions were 
aimed to be observed, 20 brown mustard seeds were alternately placed with 20 seeds of one of the other species 
taken into study. Every seed had in its closest vicinity seeds of the other species. Normal water supply was 
represented by 8 mL of distilled water, evenly distributed along the surface of the filter paper. Insufficient water 
supply was represented by 4 mL distilled water on the same surface, for the same number of 40 seeds. This 
amount of water was established in previous experiments, as to enable germination and seedling establishment, 
but to reduce growth of plantlets. Half of the germination vessels received from above a photon flux density of 
330 µmol photons m-2 s-1 of white light for 16 h per day, while the other half was deprived of light, being covered 
with aluminium foil.  In total, there were 36 experimental variants, each of them being set in five independent 
repetitions: 1) brown mustard seeds, germinating in light and with sufficient water; 2) caraway seeds, 
germinating in light and with sufficient water; 3) coriander seeds, germinating in light and with sufficient 
water; 4) common sage seeds, germinating in light and with sufficient water; 5) summer savory seeds, 
germinating in light and with sufficient water; 6) brown mustard seeds, germinating in darkness and with 
sufficient water; 7) caraway seeds, germinating in darkness and with sufficient water; 8) coriander seeds, 
germinating in darkness and with sufficient water; 9) common sage seeds, germinating in darkness and with 
sufficient water; 10) summer savoury seeds, germinating in darkness and with sufficient water; 11) brown 
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mustard seeds, germinating in light and with insufficient water; 12) caraway seeds, germinating in light and 
with insufficient water; 13) coriander seeds, germinating in light and with insufficient water; 14) common sage 
seeds, germinating in light and with insufficient water; 15) summer savoury seeds, germinating in light and 
with insufficient water; 16) brown mustard seeds, germinating in darkness and with insufficient water; 17) 
caraway seeds, germinating in darkness and with insufficient water; 18) coriander seeds, germinating in 
darkness and with insufficient water; 19) common sage seeds, germinating in darkness and with insufficient 
water; 20) summer savory seeds, germinating in darkness and with insufficient water; 21) brown mustard seeds 
alternating with caraway seeds, in light and with sufficient water; 22) brown mustard seeds alternating with 
coriander seeds, in light and with sufficient water; 23) brown mustard seeds alternating with common sage 
seeds, in light and with sufficient water; 24) brown mustard seeds alternating with summer savoury seeds, in 
light and with sufficient water; 25) brown mustard seeds alternating with caraway seeds, in darkness and with 
sufficient water; 26) brown mustard seeds alternating with coriander seeds, in darkness and with sufficient 
water; 27) brown mustard seeds alternating with common sage seeds, in darkness and with sufficient water; 28) 
brown mustard seeds alternating with summer savoury seeds, in darkness and with sufficient water; 29) brown 
mustard seeds alternating with caraway seeds, in light and with insufficient water; 30) brown mustard seeds 
alternating with coriander seeds, in light and with insufficient water; 31) brown mustard seeds alternating with 
common sage seeds, in light and with insufficient water; 32) brown mustard seeds alternating with summer 
savory seeds, in light and with insufficient water; 33) brown mustard seeds alternating with caraway seeds, in 
darkness and with insufficient water; 34) brown mustard seeds alternating with coriander seeds, in darkness 
and with insufficient water; 35) brown mustard seeds alternating with common sage seeds, in darkness and 
with insufficient water; 36) brown mustard seeds alternating with summer savoury seeds, in darkness and with 
insufficient water. 

Germination took place in environmental test chambers, where the temperature was kept constantly at 
22 °C, the daily photoperiod was set to 16 h light and 8 h darkness. The relative humidity in the growth 
chambers was irrelevant for the experiments, because the germination vessels were closed Petri dishes, which 
allow a very restricted evaporation (Farooq et al., 2020). The experiments lasted 10 days from the time the seeds 

were placed in the germination vessels.  
 
Protocol for collecting data  

Examination of seed germination was performed on a daily basis, before noon. From the several 
germination parameters used to characterize percentage, velocity, mean time or spread of germination events, 
the following seven were selected to be evaluated (Hampton and TeKrony, 1995; Kader, 2005; Aravind et al., 

2023): 
The final germination percentage of seed populations (FGP): 

FGP = (Ng – Nt) / 100, (1) 
where Ng is the number of germinated seeds, and Nt represents the total number of seeds in the lot. 
The mean germination time (MGT): 

MGT = Σf . x / Σf, (2) 
where f represents the number of seeds that germinated on day x. 
The coefficient of velocity of germination (CVG): 

CVG = N1 + N2 + … + Nx / 100 (N1T1 + … + NxTx), (3) 
where N is the number of seeds germinated each day, while T is the number of days from seeding that 

corresponds to N. 
The germination speed (GS): 

GS = G1/1 + G2/2 + … + Gx/x, (4) 
where G1 represents the number of seeds that germinated on the first day, G2 is the number of seeds 

germinated on day 2, Gx being the number of seeds that germinated on day x. 
The germination index of the seed lot (GI): 
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GI = (10 X n1) + (9 X n2) + … + (1 X n10), (5) 
where n1, n2, …, n10 represent the number of germinated seeds on the first, second and subsequent days 

until the last day of germination (in this case the tenth day), while the numbers 10, 9, …, 1 are weights given to 
the number of germinated seeds on the first, the second and the following days, respectively. 

The germination uncertainty (U): 

� = −���
�

�	

× �
����, 

(6) 

where fi is the relative frequency of germination:  

�� = ��
∑ ������

,           (7) 

Ni being the number of germinated seeds in the time interval “i”, and “k” representing the number of 
time intervals. 

The germination synchrony (S): 

� = ∑ ���, 2��	

� ∑��, 2 , (8) 

where Ni is the number of seeds germinated in the time interval “i”, CNi,2 represents the partial 
combination of the Ni order of two seeds that germinated:  
   CNi, 2 = Ni X (Ni – 1)/2,        (9) 

while CΣNi, 2 stands for the partial combination of two germinated seeds in the order of the sum of 
germinated seeds. 

At the end of the ten days period, root length (from the collet to the apex of calyptra), shoot height 
(from the collet to the top of the apical bud) and fresh weight of plantlets were determined (Hampton and 
TeKrony, 1995). 

 
Statistical analysis  

The sample size was 40 seeds per germination vessel. Controls were represented by 40 seeds of the same 
species in a germination vessel. There were five repetitions for every experimental variant. For statistical analysis 
of the experimental data the R software environment was used (version 4.1.0), and calculation of germination 
parameters was performed with the germinationmetrics package (Aravind et al., 2023). The Shapiro-Wilk test 

was used for analysis of normality of the distribution of data sets, and Bartlett’s test was applied for evaluating 
the homogeneity of variances. Data sets with normal distribution were evaluated with one-way ANOVA and 
the Tukey HDS post-hoc test, while for data that were not normally distributed the Kruskal-Wallis test and 
the Mann-Whitney pairwise test was used to identify significant differences between the means. The thresholds 
for statistical significance were marked as follows: * for P < 0.05, ** for P < 0.01 and *** for P < 0.001. The 
standard deviations from means (±SD) were calculated to describe the distribution of the determined values. 
Data sets were arranged with the help of the dplyr package, and the ggplot2 data visualization package was used 
in the elaboration of figures (Wickham, 2016). 

 
 
ResultsResultsResultsResults    
 
Influence of brown mustard and summer savoury on each other’s germination and seedling growth 

Germinating brown mustard seeds did not show any significant influence on final germination 
percentage, mean germination time, germination uncertainty and synchrony of summer savoury, but caused a 
delayed germination of savoury seeds and a decreased germination index under the conditions of darkness and 
sufficient water supply (Table 1). The lack of light reduced the germination percentage and the mean 
germination time of savoury seeds, with or without the presence of brown mustard (i. e. in the control groups 
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as well as in the mustard-associated groups). Brown mustard germination was significantly influenced by 
summer sage only under water insufficiency: the mean germination time and the germination uncertainty were 
increased, while the coefficient of velocity of germination and the germination synchrony were decreased. 

 
Table 1.Table 1.Table 1.Table 1. Influence of brown mustard and summer savory on each other’s germination parameters 

SpeciesSpeciesSpeciesSpecies    ConditionsConditionsConditionsConditions    
FGP FGP FGP FGP     

%%%%    
MGTMGTMGTMGT    
(days)(days)(days)(days)    

CVGCVGCVGCVG    GSGSGSGS    GIGIGIGI    UUUU    SSSS    

savory-c 
savory-a 

L + WS 
91 
93 

3.6 
3.6 

28.00 
28.00 

3.03 
3.03 

5.20 
5.20 

1.75 
1.75 

0.27 
0.29 

savory-c 
savory-a 

L + WI 
92 
91 

3.6 
3.6 

27.77 
27.77 

2.57 
2.57 

5.50 
5.50 

1.37 
1.39 

0.41 
0.41 

savory-c 
savory-a 

D + WS 
86 
84 

2.8 
2.8 

36.36 
36.36 

3.58 
    2.13******** 

6.30 
    5.10******** 

1.54 
1.54 

0.35 
0.35 

savory-c 
savory-a 

D + WI 
81 
82 

2.4 
2.4 

40.90 
40.90 

4.10 
4.10 

6.40 
6.40 

0.54 
0.54 

0.75 
0.75 

mustard-c 
mustard-a 

L + WS 
100 
100 

1.2 
1.2 

90.00 
90.90 

9.33 
9.58 

8.80 
8.90 

0.47 
0.47 

0.80 
0.80 

mustard-c 
mustard-a 

L + WI 
100 
100 

1.4 
  1.8**** 

64.28 
  55.55**** 

7.25 
  6.66**** 

8.20 
8.10 

1.22 
1.48**** 

0.74 
0.51**** 

mustard-c 
mustard-a 

D + WS 
100 
100 

1.0 
1.0 

100 
90.90 

10.00 
9.50 

9.00 
8.90 

0.42 
0.41 

1.00 
0.80**** 

mustard-c 
mustard-a 

D + WI 
100 
100 

1.0 
  1.4**** 

100 
  83.33**** 

10.00 
    8.66**** 

9.00 
8.60 

0.40 
0.87**** 

1.00 
0.80**** 

Legend: c – control, a – in association with the other species 
L – light, D – darkness, WS -water sufficiency, WI – water insufficiency 
FGP – final germination percentage, MGT – mean germination time, CVG – coefficient of velocity of germination, 
GS – germination speed, GI – germination index, U – germination uncertainty, S – germination synchrony.  
* denotes significant difference from its control at p < 0.05, and ** represents significant difference from its control at 
p < 0.01 (Tukey’s HDS test or Mann Whitney test). 

 
After germination, the presence of brown mustard resulted in an enhanced root elongation of savoury 

seedlings (Figure 1), while stem elongation of savoury was inhibited by mustard when the water supply was 
insufficient (Figure 2). On the other hand, summer savoury plantlets exerted a positive influence on fresh 
biomass accumulation of mustard seedlings in light (Figure 3). 

 

 
Figure 1.Figure 1.Figure 1.Figure 1. Influence of brown mustard and summer savoury seedlings on each other’s root growth under 
different conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 
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Figure Figure Figure Figure 2222.... Influence of brown mustard and summer savory seedlings on each other’s shoot growth under 
different conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 

 

 
Figure Figure Figure Figure 3333.... Influence of brown mustard and summer savory seedlings on each other’s fresh weight under 
different conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 

 
Influence of brown mustard and caraway on each other’s germination and seedling growth 

The presence of brown mustard stimulated germination of caraway seeds under conditions of darkness 
and water deficiency, mainly by increasing germination speed and germination index (Table 2). On the 
contrary, germination of brown mustard seeds was disturbed by the vicinity of caraway: the mean germination 
time of mustard was increased (in a higher extent under water deficiency), the coefficient of velocity of 
germination was reduced (in accordance with a lower germination speed), the germination index was 
significantly reduced in darkness, the germination uncertainty became higher, and the germination synchrony 
registered significantly lower values. Caraway seeds showed a much lower final germination percentage than 
brown mustard seeds, but under conditions of co-germination none of these two species significantly modified 
the other’s germination percentage. 
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Table 2.Table 2.Table 2.Table 2. Influence of brown mustard and caraway on each other’s germination parameters 

SpeciesSpeciesSpeciesSpecies    ConditionsConditionsConditionsConditions    
FGP FGP FGP FGP     

%%%%    
MGTMGTMGTMGT    
(days)(days)(days)(days)    

CVGCVGCVGCVG    GSGSGSGS    GIGIGIGI    UUUU    SSSS    

caraway-c 
caraway-a 

L + WS 
42 
44 

6.0 
6.0 

16.66 
16.66 

0.31 
0.31 

0.40 
0.40 

1.00 
1.00 

0.15 
0.15 

caraway-c 
caraway-a 

L + WI 
36 
35 

3.6 
3.6 

25.00 
25.00 

0.33 
0.33 

0.60 
0.60 

0.30 
0.30 

0.15 
0.15 

caraway-c 
caraway-a 

D + WS 
34 
32 

4.0 
4.0 

18.75 
18.75 

0.25 
0.25 

0.50 
0.50 

0.20 
0.20 

0.15 
0.15 

caraway-c 
caraway-a 

D + WI 
30 
31 

5.0 
5.0 

20.00 
20.00 

0.20 
    0.38******** 

0.40 
  0.64**** 

0.20 
0.20 

0.10 
0.10 

mustard-c 
mustard-a 

L + WS 
100 
100 

1.2 
  1.6**** 

90.00 
60.00******** 

8,75 
    6.66******** 

9.50 
8.90 

0.50 
1.44******** 

0.77 
0.33******** 

mustard-c 
mustard-a 

L + WI 
92 
92 

1.4 
  2.4**** 

69.23 
41.66******** 

7.33 
    5.04******** 

8.80 
8.30 

1.22 
1.85**** 

0.74 
0.32******** 

mustard-c 
mustard-a 

D + WS 
100 
96 

1.0 
  1.6**** 

100 
61.53******** 

9.00 
  7.16**** 

9.60 
  8.20**** 

0.55 
1.30******** 

1.00 
0.49******** 

mustard-c 
mustard-a 

D + WI 
95 
98 

1.2 
    2.6******** 

90.00 
38.46******** 

9.00 
    4.25******** 

9.20 
  8.30**** 

0.46 
1.91******** 

0.80 
0.39******** 

Legend: c – control, a – in association with the other species 
L – light, D – darkness, WS -water sufficiency, WI – water insufficiency 
FGP – final germination percentage, MGT – mean germination time, CVG – coefficient of velocity of germination, 
GS – germination speed, GI – germination index, U – germination uncertainty, S – germination synchrony.  
* denotes significant difference from its control at p < 0.05, and ** represents significant difference from its control at 
p < 0.01 (Tukey’s HDS test or Mann Whitney test). 

 
While the presence of brown mustard seedlings did not significantly influence root elongation of 

caraway seedlings, root growth of brown mustard was inhibited by caraway when these two plants were co-
germinated in the presence of light and with a sufficient water supply (Figure 4). Main roots of mustard 
plantlets were generally longer in the presence of light than in darkness. Stem elongation of caraway was also 
not influence by brown mustard seedlings in a statistically significant degree, while stem growth of brown 
mustard was inhibited in light and insufficient water supply, and mainly in darkness and sufficient water supply 
(Figure 5). The stem of the brown mustard seedlings was longer in darkness than in light, which is a normal 
response of plantlets to the lack of light. The fresh weight of seedlings (ten days after the seeds were set to 
germinate) was not significantly modified by the presence of the other species (data not shown). 

 

 
Figure Figure Figure Figure 4444.... Influence of brown mustard and caraway seedlings on each other’s root growth under different 
conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 

represents significant difference from its control at p < 0.01 (Mann Whitney test) 
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Figure Figure Figure Figure 5555.... Influence of brown mustard and caraway seedlings on each other’s shoot growth under different 
conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 

 
Influence of brown mustard and coriander on each other’s germination and seedling growth 

The presence of brown mustard exerted a statistically significant influence on germination of coriander 
seeds only when absence of light was combined with water shortage. Under these circumstances, brown 
mustard caused an increased mean germination time, a lower germination speed and a decreased germination 
index for coriander seeds (Table 3). Coriander modified several germination parameters of brown mustard 
under water shortage, irrespective of the presence or absence of light: it reduced the final germination 
percentage, germination speed, germination index, as well as germination uncertainty of brown mustard seeds, 
while the germination synchrony was increased. 

 
Table 3.Table 3.Table 3.Table 3. Influence of brown mustard and coriander on each other’s germination parameters 

SpeciesSpeciesSpeciesSpecies    ConditionsConditionsConditionsConditions    
FGP FGP FGP FGP     

%%%%    
MGTMGTMGTMGT    
(days)(days)(days)(days)    

CVGCVGCVGCVG    GSGSGSGS    GIGIGIGI    UUUU    SSSS    

coriander-c 
coriander-a 

L + WS 
93 
93 

6.8 
6.8 

9.17 
9.17 

0.73 
0.73 

2.30 
2.30 

2.12 
2.12 

0.14 
0.14 

coriander-c 
coriander-a 

L + WI 
100 
100 

5.4 
5.4 

18.51 
18.51 

1.93 
1.93 

7.80 
7.80 

2.12 
2.12 

0.17 
0.17 

coriander-c 
coriander-a 

D + WS 
91 
93 

6.6 
6.6 

9.43 
9.43 

0.43 
0.43 

1.50 
1.50 

1.15 
1.15 

0.12 
0.12 

coriander-c 
coriander-a 

D + WI 
100 
100 

5.4 
  7.2**** 

18.59 
  13.81**** 

1.95 
    0.97******** 

3.10 
  2.30**** 

1.68 
1.68 

0.28 
0.28 

mustard-c 
mustard-a 

L + WS 
100 
97 

1.2 
1.2 

50.00 
50.00 

3.83 
3.50 

8.50 
8.40 

1.06 
0.59**** 

0.76 
0.87**** 

mustard-c 
mustard-a 

L + WI 
98 
77**** 

1.8 
1.8 

44.44 
50.00 

4.50 
  3.33**** 

10.80 
    8.40**** 

0.88 
0.61**** 

0.74 
0.88**** 

mustard-c 
mustard-a 

D + WS 
100 
95 

2.0 
1.8 

50.00 
56.25 

5.00 
4.80 

9.20 
8.60 

0.82 
0.86 

0.71 
0.67 

mustard-c 
mustard-a 

D + WI 
96 

  71**** 
1.8 
2.0 

55.55 
50.00 

4.83 
  4.00**** 

10.80 
    8.50**** 

0.86 
0.59**** 

0.68 
0.84**** 

Legend: c – control, a – in association with the other species 
L – light, D – darkness, WS -water sufficiency, WI – water insufficiency 
FGP – final germination percentage, MGT – mean germination time, CVG – coefficient of velocity of germination, 
GS – germination speed, GI – germination index, U – germination uncertainty, S – germination synchrony.  
* denotes significant difference from its control at p < 0.05, and ** represents significant difference from its control at 
p < 0.01 (Tukey’s HDS test or Mann Whitney test). 
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After germination, brown mustard did not exert any significant influence on root growth of coriander, 
while the vicinity of coriander inhibited root elongation of brown mustard seedlings in the well-watered 
variants, both in light and in darkness (Figure 6). Brown mustard stimulated stem elongation of coriander 
seedlings under conditions of darkness and water insufficiency, while coriander inhibited shoot growth of 
brown mustard under water deficiency, both in light and darkness (Figure 7). While the presence of brown 
mustard did not have any significant influence on fresh biomass of coriander seedlings, coriander exerted a 
stimulating effect on fresh weight gain of brown mustard under two growth conditions: in light and water 
shortage, and in darkness and sufficient water supply, respectively (Figure 8). It can also be observed that the 
biomass of mustard seedlings was the lowest under darkness and water shortage, both in the control groups and 
in the lots which germinated in the presence of coriander. On the other hand, fresh biomass of coriander was 
not significantly affected by the applied water shortage. 

 

 
Figure Figure Figure Figure 6666.... Influence of brown mustard and coriander seedlings on each other’s root growth under different 
conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 

represents significant difference from its control at p < 0.01 (Mann Whitney test) 

 

 
Figure Figure Figure Figure 7777.... Influence of brown mustard and coriander seedlings on each other’s shoot growth under different 
conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 
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Figure Figure Figure Figure 8888.... Influence of brown mustard and caraway seedlings on each other’s fresh weight under different 
conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 

 
Influence of brown mustard and common sage on each other’s germination and seedling growth 

In the case of common sage, the presence of brown mustard significantly reduced the germination 
percentage and the mean germination time. The speed of germination was also decreased, while under 
conditions of light and water shortage the germination uncertainty and germination synchrony of sage seeds 
were both increased by the vicinity of brown mustard (Table 4). Common sage exerted a significant influence 
on brown mustard only when co-germination took place in darkness and water insufficiency. In this case speed, 
uncertainty and synchrony of germination of brown mustard seeds were reduced by germinating sage seeds. It 
was also found that sage seeds had a lower germination percentage even in the control lots, especially when the 
process was under the influence of water shortage or lack of light. The combination of darkness and water 
insufficiency also resulted in a moderate decrement of germination percentage of brown mustard seeds, 
irrespective of the presence of sage seeds. 

 
Table 4.Table 4.Table 4.Table 4. Influence of brown mustard and common sage on each other’s germination parameters 

SpeciesSpeciesSpeciesSpecies    ConditionsConditionsConditionsConditions    
FGP FGP FGP FGP     

%%%%    
MGTMGTMGTMGT    
(days)(days)(days)(days)    

CVGCVGCVGCVG    GSGSGSGS    GIGIGIGI    UUUU    SSSS    

sage-c 
sage-a 

L + WS 
63 
64 

6.2 
6.6 

15.78 
14.28 

0.83 
0.75 

2.70 
2.60 

1.20 
1.48 

0.18 
0.15 

sage-c 
sage-a 

L + WI 
55 
51 

6.0 
6.8 

16.66 
14.81 

2.25 
  1.27**** 

3.10 
3.10 

1.00 
1.55**** 

0.09 
0.17**** 

sage-c 
sage-a 

D + WS 
46 
45 

7.4 
7.8 

12.50 
12.00 

0.40 
  0.21**** 

1.20 
1.20 

0.45 
0.45 

0.20 
0.20 

sage-c 
sage-a 

D + WI 
34 

  22**** 
7.6 

  6.4**** 
11.43 

    5.85**** 
1.50 

  0.94**** 
1.80 
1.66 

1.00 
0.86 

0.10 
0.10 

mustard-c 
mustard-a 

L + WS 
100 
100 

1.2 
1.2 

92.85 
92.85 

7.22 
7.22 

9,60 
9.60 

0.92 
0.92 

0.80 
0.80 

mustard-c 
mustard-a 

L + WI 
100 
100 

2.2 
2.2 

75.71 
75.71 

9.71 
9.71 

9.20 
9.20 

0.74 
0.74 

0.75 
0.75 

mustard-c 
mustard-a 

D + WS 
100 
100 

1.2 
1.2 

83.33 
83.33 

8.41 
8.41 

10.80 
10.80 

0.57 
0.57 

0.80 
0.86 

mustard-c 
mustard-a 

D + WI 
96 
93 

1.8 
1.8 

87. 36 
87.36 

9.70 
  8.14**** 

8.90 
9.20 

0.97 
0.81**** 

0.68 
0.44**** 

Legend: c – control, a – in association with the other species 
L – light, D – darkness, WS -water sufficiency, WI – water insufficiency 
FGP – final germination percentage, MGT – mean germination time, CVG – coefficient of velocity of germination, 
GS – germination speed, GI – germination index, U – germination uncertainty, S – germination synchrony.  
* denotes significant difference from its control at p < 0.05, and ** represents significant difference from its control at 
p < 0.01 (Tukey’s HDS test or Mann Whitney test). 
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Root growth of sage seedlings was stimulated by brown mustard when germination took place in 
darkness and water shortage. In the presence of sage, mustard seedlings developed a shorter tap root than their 
control groups both in darkness and under water deficiency (Figure 9). As in the case of roots, stem elongation 
of common sage was also stimulated by brown mustard, but only in conditions of darkness and water shortage. 
Mustard shoot growth was moderately, but in a statistically significant degree enhanced by the presence of 
brown mustard seedlings when light was present. In darkness, brown mustard stem elongation was more 
pronounced than in light but could not be enhanced by sage seedlings (Figure 10). Fresh weight of brown 
mustard and common sage seedlings could not be modified significantly by the presence of individuals of the 
other species. 

 

 
Figure Figure Figure Figure 9999.... Influence of brown mustard and common sage seedlings on each other’s root growth under 
different conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 

 

 
Figure Figure Figure Figure 10101010.... Influence of brown mustard and common sage seedlings on each other’s shoot growth under 
different conditions (light and darkness, sufficient or insufficient water) 
Vertical lines represent ±SD from means (n = 5), * denotes significant difference from its control at p < 0.05, and ** 
represents significant difference from its control at p < 0.01 (Mann Whitney test) 
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DiscussionDiscussionDiscussionDiscussion    
 
Several interactions could be revealed between germinating brown mustard seeds and the four other 

aromatic plants taken into study: caraway, coriander, common sage and summer savoury, interactions that were 
monitored during germination and early seedling growth. Some interspecific effects were specifically 
manifested under certain conditions: in light or in darkness, under sufficient or insufficient water supply. In 
most cases the presence of one species inhibited growth and adversely affected certain germination parameters 
of the other species, but in some cases stimulatory effects were also observed, which have not been reported 
previously in the literature. This is why it would be necessary to study not only the pharmacological effects of 
these aromatic plants, but also their allelopathic capacity, which might be applied in environmental-friendly 
horticultural methods and plant protection (DeAlbuquerque et al., 2011).  

Brown mustard influenced only two of the investigated germination parameters for summer savoury 
and for caraway, and only in the absence of light. But the influence was different on these parameters for the 
two aromatic plant species: while germination speed and germination index were lowered by brown mustard 
in the case of summer savoury, the same parameters were increased for caraway. The decrement of germination 
speed is an inhibitory effect, because a higher vigour of the embryo is reflected by a higher speed of germination 
(Hampton and TeKrony, 1995). Germination index emphasizes on both the percentage of germination and 
its velocity, so its higher value denotes a higher degree and a higher rate of seed germination (Kader, 2005). 
Because brown mustard increased the germination index of caraway in darkness and under water shortage, it 
can be assumed that the allelopathic influence could compensate for the adverse environmental conditions 
during germination of caraway seeds, as it was also observed in the case of some other plant species (Bewley et 

al., 2013; Xie et al., 2019).  

Brown mustard and summer savoury influenced each other’s development even after germination: 
mustard stimulated root growth and inhibited stem elongation of savoury seedlings under water shortage, while 
in the presence of savoury, mustard seedlings had a higher fresh biomass. While no reference could be found 
about the allelopathic relations of brown mustard with the other four aromatic plants used in the experiments, 
some of the allelopathic relations of these other species are known from previous studies. For example, summer 
savoury inhibited the germination of the weed species Setaria glauca and Echinochloa crus-galli (Dikic, 2005). 

The essential oil extracted from savoury leaves also had an inhibitory influence on the germination of several 
other plant species (Taban et al., 2013). These results agree with the findings of the present study, where savory 

exerted a negative influence on brown mustard, by decreasing the coefficient of velocity of germination, by 
increasing the germination uncertainty, and by causing an elevated uncertainty of germination. The coefficient 
of velocity of germination is an indicator of the rapidity of germination, and its value is higher when the number 
of germinated seeds is increased and the time required for germination is shorter (Kader, 2005). A better seed 
population usually has a lower value of the germination uncertainty and a higher synchrony of germination. All 
of these reflect that summer savoury had an inhibitory effect on germination of brown mustard, but this 
influence was observed only under water shortage. In other experiments, drought stress was shown to enhance 
the biosynthesis of secondary metabolites which confer a higher success in the competition for resources (Li et 

al., 2010; Tsukagoshi and Yamori, 2020).  

Caraway exerted a much more extended negative influence on germination of brown mustard, because 
its presence resulted in higher mean germination time, higher germination uncertainty and lower synchrony of 
germination, irrespective of the presence or absence of light and of a sufficient quantity of water. In the case of 
mean germination time, a lower value is better because it signifies that the seed population has germinated 
faster. The results are in agreement with other studies which revealed a strong inhibitory effect of caraway 
extracts on germination and growth of several other plant species (Dikic, 2005; Azirak and Karaman, 2008). 
On the other hand, the positive effects of caraway on the root growth in the presence of light and on the stem 
elongation of brown mustard seedlings in darkness and water deficiency were not reported previously. These 
influences may be explained by the fact that the given conditions (light for the root, darkness and water shortage 
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for the shoot) are unfavourable for a normal development of the young vegetative organs, and the interaction 
with caraway plantlets or with their released metabolites compensated for the inadequate environmental 
conditions. Similar compensatory reactions were also reported for other plant species exposed to abiotic 
stressors during their early development (Farooq et al., 2020). 

When one compares the effects of brown mustard on germination of caraway and coriander seeds, it can 
be noticed that in both cases the presence of brown mustard had an influence only under conditions of darkness 
combined with water shortage. This influence was exerted mainly on germination speed and germination index. 
But, while these parameters were increased in the case of caraway (stimulatory effect), a significant reduction 
of germination speed and of germination index could be registered for coriander. Germination index is 
considered a good marker of this very sensitive developmental process, because it characterizes the relationship 
between the percentage and the speed of germination, its lower value denoting a generally weakened 
germination capacity of the seed population (Kader, 2005; Nonogaki et al., 2010). Also, in darkness and water 

insufficiency, brown mustard seedlings exerted a positive influence on stem elongation of coriander plantlets. 
This is somehow contradictory with the results which reported an inhibitory influence of some Brassica species 
on other plants grown in their close vicinity (Rehman et al., 2019), but could be explained, as in the case of 

caraway, by the fact that bioactive compounds released by mustard seedlings could reduce the negative influence 
of darkness and water shortage (Tian and Deng, 2020; Tsukagoshi and Yamori, 2020). The fact that coriander 
decreased the final germination percentage of brown mustard under water shortage is in agreement with other 
studies which reported an inhibitory influence of coriander or of its extracts on germination of several other 
plant species, especially weeds (Dikic, 2005; Azirak and Karaman, 2008). But, while other studies also 
documented the negative allelopathic influence of coriander on growth parameters of different plants, in the 
present study it was found that for brown mustard seedlings stem elongation under water shortage and root 
growth under sufficient water supply were stimulated by the presence of coriander plantlets. This could be 
related to a lower concentration of the bioactive compounds released by coriander under the given conditions, 
because it was demonstrated that their inhibitory effect on other plants is highly dependent on their 
concentration (Li et al., 2010; Rubio et al., 2013). 

The founding that under water insufficiency brown mustard and common sage seeds exerted a reciprocal 
inhibitory effect during germination is also in agreement with previous results which demonstrated a negative 
allelopathic influence of sage on other plant species, as well as of different Brassica species on the germination 
process of several seeds (Azirak and Karaman, 2008; Rehman et al., 2019). No reference could be found in 

relation with the finding that the presence of sage seedlings stimulated stem growth of brown mustard in the 
presence of light. One study reported inhibitory effects of sage on seeds and seedlings of hoary cress (Ravlic et 

al., 2013), in agreement with the present results concerning inhibition of root growth of brown mustard in the 

presence of sage, under conditions of darkness and water shortage. The main allelopathic metabolites of sage 
species were identified as monoterpenes (e. g. camphor) from the composition of essential oils which are 
released in the atmosphere (Cheng and Cheng, 2015). 

To be able to explain the physiological background of the stimulatory or inhibitory interactions between 
different aromatic plants grown close to each other, a better knowledge of their bioactive metabolites and of 
their action mechanism in other plants would be required. Thus, a more efficient and sustainable co-cultivation 
of aromatic and medicinal plants could be achieved, even on smaller areas or in continuous greenhouse growth 
systems. 
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ConclusionsConclusionsConclusionsConclusions    
 
Brown mustard reduced germination speed of summer savoury in darkness, stimulated root growth and 

inhibited stem elongation of savoury under water shortage. Germination of caraway was facilitated by brown 
mustard in darkness and under water deficiency. Brown mustard influenced coriander mainly in darkness and 
under water deficiency, by increasing main germination time, reducing the coefficient of velocity of 
germination and stimulating stem growth. In the case of common sage, brown mustard decreased germination 
speed in light and water shortage, caused a lower final germination percentage in darkness and water deficiency, 
but it stimulated root and stem elongation in darkness and water shortage. On the other hand, germination 
and growth of brown mustard was modulated by the presence of the other four aromatic plants taken into 
study. Summer savoury enhanced fresh weight accumulation of brown mustard seedlings, stimulated root 
growth in the presence of light and stem elongation in darkness and water shortage. An increment of the mean 
germination time and a lower coefficient of velocity of germination, as well as a decreased germination 
synchrony of brown mustard seeds were observed in the presence of caraway. Coriander inhibited germination 
of brown mustard seeds in light and water shortage, but it stimulated stem growth under water deficiency and 
root growth under sufficient water supply. Fresh biomass of brown mustard seedlings was lowered by coriander. 
Common sage did not exert any significant influence on germination parameters of brown mustard, but it 
stimulated stem elongation in light and inhibited root growth in darkness and water shortage. It may be stated 
that the presence or absence of light, as well as the degree of water supply may influence the result of allelopathic 
interactions during germination and seedling growth. 

Because allelopathic interrelations of brown mustard are largely unknown, but it is more and more 
frequently cultivated, together with other aromatic plants, the present research provides new information 
about both inhibitory and stimulatory influences of four other aromatic plant species on germination 
characteristics and plantlet growth parameters of brown mustard, as well as on the effects of its germination on 
the seeds and seedlings of these other aromatic plants, when grown close to each other. These finding may 
contribute to an optimized cultivation of brown mustard as a source of health-promoting compounds in the 
human diet and in pharmacology, using an environmental-friendly and cost-effective approach. 
 
 

Authors’ ContributionsAuthors’ ContributionsAuthors’ ContributionsAuthors’ Contributions 
 
Conceptualization LF; Data analysis PK; Data curation LF; Investigation PK and LF; Measurements 

PK and LF; Methodology LF and PK; Resources LF; Supervision LF; Writing - original draft PK; Writing - 
review and editing LF. All authors read and approved the final manuscript. 
 
 

Ethical approvalEthical approvalEthical approvalEthical approval (for researches involving animals or humans) 
 
Not applicable. 
 
 
AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 
This research received no specific grant from any funding agency in the public, commercial, or not-for-

profit sectors. 
 
 
     



Fodorpataki L and Kulcsar P (2023). Not Bot Horti Agrobo 51(4):13382 

 

16 

 

 

 

 

 

 

Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    
    

Alam P, Kaur Kohli S, Al Balawi T, Altalayan FH, Alam P, Ashraf M, Ahmad P (2020). Foliar application of 24-

epibrassinolide improves growth, ascorbate-glutathione cycle, and glyoxalase system in brown mustard (Brassica 

juncea L.) under cadmium toxicity. Plants 9(11):1487. https://doi.org/10.3390/ plants9111487  

Aravind J, Vimala Devi S, Radhamani J, Jakob SR, Kalyani S (2023). Germinationmetrics: seed germination indices and 

curve fitting. R package version 0.1.7.9000. Retrieved 2023 June 12 from: https://github.com/aravind-

j/germinationmetricshttps://cran.r-project.org/package= germinationmetrics. 

Azirak S, Karaman S (2008). Allelopathic effect of some essential oils and components on germination of weed species. 
Acta Agriculturae Scandinavica Section B: Soil and Plant Science 58(1):88-92. 

https://doi.org/10.1080/09064710701228353  

Bewley JD, Bradford KJ, Hilhorst HWM, Nonogaki H (2013). Seeds: physiology of development, germination and 

dormancy (3rd ed). Springer, New York. https://doi.org/10.1007/978-1-4614-4693-4  

Cheng F, Cheng Z (2015). Research progress on the use of plant allelopathy in agriculture and the physiological and 

ecological mechanisms of allelopathy. Frontiers in Plant Science 6:1-16. https://doi.org/10.3389/fpls.2015.01020  

DeAlbuquerque MB, Dos Santos RC, Lima LM, Melo Filho PDA, Nogueira RJMC, DaCamara CAG, Ramos ADR 
(2011). Allelopathy, an alternative tool to improve cropping systems: a review. Agronomy for Sustainable 

Development 31(2):379-395. https://doi.org/10.1051/agro/2010031  

Dikic M (2005). Allelopathic effect of cogermination of aromatic and medicinal plants and weed seeds. Herbologia 6(1): 

15-24. https://doi.org/10.5644/Herb.2005.6.15  

Dini I (2018). Spices and herbs as therapeutic foods. In: Holban AM, Grumezescu AM (Eds). Food quality: balancing 

health and disease. Academic Press, London pp 433-469. https://doi.org/10.1016/b978-0-12-811442-1.00014-6  

Farooq M, Wahid A, Basra SMA, Rehman A, Siddique KHM (2020). Improving crop resistance to abiotic stresses 
through seed invigoration. In: Pessarakli M (Ed). Handbook of plant & crop stress (4th ed), CRC Press, Boca Raton 
pp 775-790. 

Golubkina N, Kekina H, Caruso G (2018). Yield, quality and antioxidant properties of Indian mustard (Brassica juncea 

L.) in response to foliar biofortification with selenium and iodine. Journal of Plants 7(4):80. 

https://doi.org/10.3390/plants7040080  

Hampton JG, TeKrony DM (1995). Handbook of vigour test methods (3rd ed). The International Seed Testing 
Association (ISTA), Zurich. 

Jaiswal SK, Prakash R, Acharya R, Reddy AVR, Prakasha NT (2012). Selenium content in seed, oil and oil cake of Se 

hyperaccumulator Brassica juncea (Indian mustard) cultivated in a seleniferous region of India. Food Chemistry 

134(1):401-404. https://doi.org/10.1016/j.foodchem.2012.02.140  

Kader MA (2005). A comparison of seed germination calculation formulae and the associated interpretation of resulting 
data. Journal & Proceedings of the Royal Society of New South Wales 138:65-75. 

https://doi.org/10.5962/p361564   

Kumar V, ThakurAK, Barothia ND, Chatterjee SS (2011). Therapeutic potentials of Brassica juncea: an overview. Tang 

Humanitas Medicine 1(1): 2.1-2.16. https://doi.org/105667/tang.2011.0005  

Li ZH, Wang Q, Ruan X, Pan CD, Jiang DA (2010). Phenolics and plant allelopathy. Molecules 15(12):8933-8952. 

https://doi.org/10.3390/molecules15128933  

Majdoub YO, Alibrando F, Cacciola F, Arena K, Pagnotta E, Matteo R, … Mondello L (2020). Chemical characterization 

of three accessions of Brassica juncea L. extracts from different plant tissues. Molecules 25:5421. 

https://doi.org/10.3390/molecules25225421  

Nonogaki H, Bassel GW, Bewley JD (2010). Germination – still a mystery. Plant Science 179(6):574-581. 

https://doi.org/10.1016/j.plantsci.2010.02.010  



Fodorpataki L and Kulcsar P (2023). Not Bot Horti Agrobo 51(4):13382 

 

17 

 

 

 

 

 

 

Ravlic M, Balicevic R, Nikolic M, Sarajlic A (2016). Assessment of allelopathic potential of fennel, rue and sage on weed 

species hoary cress (Lepidium draba). Notulae Botanicae Horti Agrobotanici Cluj-Napoca 44(1):48-52. 

https://doi.org/10.15835/nbha44110097  

Rehman S, Shahzad B, Bajwa AA, Hussain S, Rehman A, Cheema SA, …, Li P (2019). Utilizing the allelopathic potential 
of Brassica species for sustainable crop production: a review. Journal of Plant Growth Regulation 38(1):343-356. 

https://doi.org/10.1007/s00344-018-9798-7  

Rubio L, Motilva MJ, Romero MP (2013). Recent advances in biologically active compounds in herbs and spices: a review 
of the most effective antioxidant and anti-inflammatory active principles. Critical Reviews in Food Science and 

Nutrition 53(9):943-953. https://doi.org/10.1080/10408398.2011. 574802  

Schippmann U, Leaman D, Cunningham AB (2006). A comparison of cultivation and wild collection of medicinal and 
aromatic plants under sustainability aspects. In: Bogers RJ, Craker LE, Lange D (Eds). Medicinal and aromatic 
plants: agricultural, commercial, ecological, legal, pharmacological and social aspects (vol. 17). Springer, Berlin pp 

79-95. https://doi.org/10.1007/1-4020-5449-16  

Shah SH, Parrey ZA, Islam S, Tyagi A, Ahmad A, Mohammad F (2022). Exogenously applied sulphur improves growth, 

photosynthetic efficiency, enzymatic activities, mineral nutrient content, yield and quality of Brassica juncea L. 

Sustainability 14:14441. https://doi.org/10.3390/su142114441  

Sharma A, Kumar V, Kanwar MK, Thukral AK, Bhardwajm R (2017). Phytochemical profiling of the leaves of Brassica 

juncea L. using GC-MS. Journal of International Food Research 24(2):547-551. 

Sharma R, Bhardwaj R, Thukral AK, Al-Huqail AA, Siddiqui MH, Ahmad P (2019). Oxidative stress mitigation and 

initiation of antioxidant and osmoprotectant responses mediated by ascorbic acid in Brassica juncea L. subjected 

to copper (II) stress. Ecotoxicology and Environmental Safety 182:109436. 

https://doi.org/10.1016/j.ecoenv.2019.109436  

Sun B, Tian YX, Jiang M (2018). Variation in the main health-promoting compounds and antioxidant activity of whole 

and individual edible parts of baby mustard (Brassica juncea var. gemmifera). Royal Society of Chemistry 

8(59):33845-33854. https://doi.org/10.1039/C8RA05504A  

Taban A, Saharkhiz MJ, Hadian J (2013) Allelopathic potential of essential oils from four Satureja spp. Biological 

Agriculture and Horticulture 29(4):244-257. https://doi.org/10.1080/01448765.2013. 830275  

Tian Y, Deng F (2020). Phytochemistry and biological activity of mustard (Brassica juncea): a review. CYTA Journal of 

Food 18(1):704-718. https://doi.org/10.1080/19476337.2020.1833988  

Tsukagoshi S, Yamori W (2020). Beneficial effects of various environmental stresses on vegetables and medicinal plants 
for the production of high value-added plants. In: Pessarakli M (Ed). Handbook of plant & crop stress. (4th ed), 

CRC Press, Boca Raton pp 909-917. https://lccn.loc.gov/2019009679  

Wickham H (2016). Ggplot2: elegant graphics for data analysis. Springer, New York. 
Xie QL, Yan F, Hu Z, Wei S, Lai J, Chen G (2019). Accumulation of anthocyanin and its associated gene expression in 

purple tumorous stem mustard (Brassica juncea var. tumida Tsen et Lee) sprouts when exposed to light, dark, 

sugar, and methyl jasmonate. Journal of Agricultural and Food Chemistry 67(3):856-866. 

https://doi.org/10.1021/acs.jafc.8b04706  

 

 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Notulae Notulae Notulae Botanicae Horti Agrobotanici ClujBotanicae Horti Agrobotanici ClujBotanicae Horti Agrobotanici ClujBotanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  



Fodorpataki L and Kulcsar P (2023). Not Bot Horti Agrobo 51(4):13382 

 

18 

 

 

 

 

 

 

 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 
affiliations. 

 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 
 


