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Abstract 

A field biotest study was carried out to assess the effect of buckwheat soil exudates on the germination 
and seedling growth of white mustard. After harvesting of buckwheat, the seeds of white mustard were 
sown into plots without buckwheat (control) and with soil exudates of buckwheat varieties (Zoe and 
Harpe) in sole, intercrop with sorghum, mulched with straw and in mixtures with Phacelia + Sinapis to 
constitute nine treatments laid out in a randomized complete block design with three replicates. Data 
were collected on germination %, plant height (cm), number of leaves/plant, total leaf area (cm2)/plant, 
stem girth (cm), root length (cm) and chlorophyll. Fresh plant weight (kg/ha), dry matter weight (kg/ha), 
fresh root weight (kg/ha), dry root weight (kg/ha), relative root length (%), germination inhibition rate 
(%) and root inhibition rate (%) were determined. Data obtained were analyzed using analysis of 
variance and means were separated using Duncan’s Multiple Range Test at 5% level of probability. The 
results obtained revealed that the treatment without buckwheat exudates had a significant higher 
germination (100%), plant height (12.69cm) and root length (5.09 cm) than other treatments. The most 
pronounced inhibitory effects were observed in the Zoe + straw treatment, which resulted in 60% 
germination and Zoe + Phacelia + Sinapis mixture with the least plant height (6.40cm) and root length 
(2.13cm) compared to the control. The highest germination (40%) and root (57.99%) inhibition rates 
were observed in Zoe + straw and Zoe + Phacelia + Sinapis, suggesting a significant negative impact 
of buckwheat exudates on white mustard germination and root development. Hence, the study suggests 
that buckwheat be employed as a natural bioherbicide in crop rotations and intercropping systems to 
reduce weed competition and promote high yields. 
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1. INTRODUCTION 

In recent years, weed control is a crucial challenge in modern agriculture as uncontrolled weeds can 
significantly reduce crop yield via competition for soil moisture, nutrients and light (Xuan & Tsuzuki 
2004, Rys et al. 2022). Manual and mechanical weed control were reported to be laborious and cost 
expensive (Verma et al. 2017). Due to these disadvantages, farmers have relied excessively on the use 
of herbicides which have raised concerns due to soil degradation, herbicide resistance crops and 
pollution of the environment (Rys et al. 2022). In light of the above, there is a rise in demand for weed 
management alternatives that are not only cost effective but sustainable and ecologically friendly.  

Crops interact with their environment in various ways, one of which through exudation; a chemical 
compound secreted into the soil that influences soil microbial activities, nutrient availability, soil 
aggregation and plant growth (Szwed et al. 2014). This phenomenon, referred to as allelopathy (Uddin 
et al. 2014). The compounds released as exudates in to the soil can inhibit or stimulate the germination 
and early seedling growth of neighboring and succeeding plants species, depending on their nature and 
concentration (Mioduszewska et al. 2013). The use of allelopathic crops in sustainable agriculture is 
gaining increasing attention as a natural means of weed control and increase yield. 

Common buckwheat (Fagopyrum esculentum Moench) is a crop in the knotweed family Polygonaceae 
cultivated for its achenes and as a cover crop or intercrop. Buckwheat has been widely recognized for 
its weed suppressive ability (Falquet et al. 2015). It is a fast-growing plant that is often incorporated into 
agricultural systems for weed reduction, soil improvement, and erosion control (Kato-Noguchi et al. 
2007). The influence of common buckwheat on other plants has been known for hundreds of years 
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(Kalinova et al. 2005, Kalinova et al. 2007, Jop et al. 2021).  Buckwheat tissues contain numerous 
compounds with potential allelopathic properties (Golisz et al. 2007, Babineau et al. 2017). It is 
generally believed that buckwheat residues and root exudates release various phenolic acids, flavonoids 
and alkaloids that are responsible for inhibitory effects on seed germination and seedling growth of 
susceptible plants (Kalinova & Vrchotova, 2009, Alli, 2013, Falquet et al. 2015). In addition, it has been 
reported that the suppression of some weeds is caused by the light competition of rapidly growing 
buckwheat plants (Björkman & Shail 2013).  

Szwed et al. (2019) reported that whole buckwheat plant as well as the root residues affected 
germination, growth, and biomass of several weed species. The stronger allelopathic effect of the 
buckwheat had roots alone without the aerial parts. They reported that barnyard grass (Echinochloa 
crus-galli), and cleavers (Galium aparine) were particularly sensitive to buckwheat root residues in the 
soil. 

Tominaga & Uezu (1995) stated that the inhibition of plant growth by extracts from the soil in which 
buckwheat grew inhibited root elongation of barnyard grass (E. crus-galli) and Purslane (Portulaca 
oleracea L.). Kumar et al. (2008), Gfeller et al. (2018) reported that buckwheat residues in soil 
suppressed Powell amaranth (Amaranthus powellii S. Wats.), pigweed amaranth (Amaranthus 
retroflexus L.), shepherd’s-purse (Capsella bursa-pastoris L.), and corn chamomile (Anthemis arvensis 
L.).  

White mustard (Sinapis alba L) is an important member of the Brassicaceae family (Tawaha and Turk, 
2003). According to Bicksler & Masiunas, (2009), Björkman and Shail (2013), Björkman et al. (2015), 
Wiczkowski et al. (2016) white mustard is one species that may be affected by buckwheat root exudates. 
The crop is commonly used in crop rotations, green manure applications (Tawaha & Turk 2003, Bicksler 
& Masiunas 2009, Szwed et al. 2019, Mendes Da Silva & Andrade–Vieira 2025). Its early growth stages 
may be influenced by chemical interactions with neighboring plants such as buckwheat (Szwed et al. 
2019). Due to its sensitivity to substances present in the environment, it is one of the recommended 
species for bioassays evaluating the effects of substances on seedling emergence and seedling growth 
or vegetative vigour (Mendes Da Silva & Andrade–Vieira 2025). According to Bączek & Halarewicz 
(2022), common buckwheat strongly inhibits white mustard growth in fields.  

A recent study has shown that the presence of another plant species in a location affects the production 
of root exudates of a given species. When buckwheat recognized the presence of weeds, it 
changed/increased its production of root exudates in order to impair weed growth. Pigweed seed 
germination was increased in the presence of buckwheat when they were grown together (Gfeller et al. 
2018). Therefore, this study investigated the effect of common buckwheat (F. esculentum) grown in 
post-harvest residues (straw) of wheat, intercropped with grain sorghum (Sorghum bicolor (L.) Moench) 
in a mixture with Lacy phacelia (Phacelia tanacetifolia) and white mustard on the germination and 
seedling growth of white mustard. 

 

2. MATERIALS AND METHODS 

2.1 Field experiment with common buckwheat 

The field experiment with common buckwheat was carried out from at the Teaching and Research Farm, 
Faculty of Agriculture and Technology, University of South Bohemia, České Budejovice 
(48°58′43.15″N and 14°26′54.3″E, 380 m elevation, sandy-loam soil, pH 5.6, average annual 
temperature 9.7°C, average annual total precipitation 808 mm) during the 2024 cropping season (24th 
June to 23rd July, 2024).  

The treatment involved plots without plants (control), two varieties of common buckwheat (Zoe and 
Harpe), both varieties intercropped with grain sorghum (variety Ruzrok), mulched with common wheat 
straw and in mixture with Lacy phacelia and white mustard to give a total 9 treatments. The experiment 
was laid out in a randomized complete block design with the 9 treatments replicated three times to give 
a total of 27 plots. The stands were harvested from plots at the late flowering stage of buckwheat. 
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2.2 Test with white mustard 

The study was carried out in plots when the common buckwheat was growing before A seed of white 
mustard was sown in minimally prepared beds with a spacing of 10 × 20 cm, both inter- and intra-row, 
30 days after harvest. A total of 50 plants/plot were involved. The individual testing plot size of 1 × 1m 
was measured with 1m between plots and replicates. Plantng took place on 2nd August, 2024 when rains 
were fully established.  At 21 days after planting (at stage of fifth true leaves) data were given followng 
data collected. 

2.2.1 Germination count (%) 

The germination of the  white mustard seeds was evaluated using the formula below: 

	𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛	𝑐𝑜𝑢𝑛𝑡	(%) = 𝑵𝒖𝒎𝒃𝒆𝒓	𝒐𝒇	𝒈𝒆𝒓𝒎𝒊𝒏𝒂𝒕𝒆𝒅	𝒔𝒆𝒆𝒅𝒔
𝑵𝒖𝒎𝒃𝒆𝒓	𝒐𝒇	𝒔𝒆𝒆𝒅𝒔	𝒔𝒐𝒘𝒏

x𝟏𝟎𝟎
𝟏

 

2.2.2 Physiological parameters 

In each plot, a total of ten plants from two middle rows per plot were tagged for data collection. The 
parameters measured were: 

Plant height (cm)  

Plant height was measured with a measuring tape from the soil surface to the apex of the crop where the 
youngest leaf branches. 

Number of leaves/plant 

The number of leaves/plant was visually counted. 

Total leaf area/plant (cm2) 

The total leaf area/plant was measured from leaves at the middle canopy (fifth fully expanded leaf) using 
Petiole Pro plant leaf area meter app (Breskinaa & Chuyana 2021) and the value was multiplied by total 
number of leaves/plant (Nwajei et al. 2019). 

Stem girth (cm) 

Stem girth per plot was determined using a digital vernier caliper (at 2 cm) above the ground level. 

Root length (cm) 

After harvesting the plants at 2cm above ground, the root was carefully unearthed and a measuring tape 
was used to take the length of root from the root tip to the base of the shoot (root- shoot junction). 

Chlorophyll determination 

The dark green colour index (DGCI) was measured non-destructively, with a hand-held chlorophyll 
meter (Petiole Pro app) in twenty repetitions per plot from a representative leaf from the middle canopy 
of the white mustard  plant (fifth fully expanded leaf) as Described by Breskinaa & Chuyana (2021). 

2.3 Yield  

The following yield parameters were measured as follow:  

Fresh biomass yield 

The fresh biomass yield of the ten plants per plot was determined by harvesting the whole plant at 2 cm 
above the ground level and weighed. The forage yield was calculated using the formula described by 
Omoregie and Nwajei (2015), as stated below: 

Fresh	biomass	yield	(kg/ha	) =
𝐹𝑟𝑒𝑠ℎ	weight	(g)

Harvested	plot	area	(m²)
×	
10000	(m4)

1000
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Dry matter yield 

The dry matter weight of the harvested ten plants per plot was determined by oven-drying the plants at 
700C to a constant weight according to Saifullah et al. (2011) and the values were calculated to kg/ha 
using the same formula as that used for forage yield. 

Fresh root yield 

The fresh weight of roots from ten plants per plot was taken using a weighing balance and the weight 
was further extrapolated to kg/ha according to formula described by Nwajei and Omoregie (2017). 

Dry root yield 

The dry root yield of the harvested ten plants per plot was determined by oven-drying the fresh roots at 
700C to a constant weight according to the method of Saifullah et al. (2011) and the values calculated 
to kg/ha. 

2.4 Inhibition rate  

The inhibitory effect was expressed as relative root length (RRL), germination and root growth 
inhibition rates as described by (Oueslati et al. 2023). These are expressed mathematically as:  

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒	𝑟𝑜𝑜𝑡	𝑙𝑒𝑛𝑔𝑡ℎ	(%) = 5667	89:;7<	=:	7>9?7@9:7	
5667	89:;7<	=:=:	A6:7>68

 × BCC
B

  

𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛	𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	(%) = D9>@=:?7=6:	=:	A6:7>68	E	D9>@=:?7=6:	=:	7>9?7@9:7	
D9>@=:?7=6:	=:	A6:7>68

 × BCC
B

  

𝑅𝑜𝑜𝑡	𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	(%) = F9?:	>667	89:;7<	=:	7>9?7@9:7	(A@)
F9?:	>667	89:;7<	=:	A6:7>68	(A@)

 × BCC
B

  

2.5 Data analysis 

All data obtained were analysed using the analysis of variance (ANOVA) using GenStat (2009) 12th 
edition computer software program. Duncan’s Multiple Range Test (DMRT) at 5% level of probability 
was employed for the post-hoc test when the F – ratio proves significant. 

 

3. RESULTS 

3.1 Germination (%) 

The results obtained showed that buckwheat root exudates had significantly suppressed the germination 
of white mustard (Figure 1). Although the control had 100% germination, however, all treatments with 
buckwheat soil exudates reduced germination. The least was observed in Zoe + straw (60%), 
representing 40% reduction compared to the control. Other treatments reduced the germination of white 
mustard from 30.67% (Sole Harpe) to 36.67% (Sole Zoe and Harpe + Sorghum). 
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Fig. 1. Effect of buckwheat on germination % of white mustard. Error bars denote the standard 
deviation. Bars with same letter(s) are not significantly different using DMRT at 5% level of 

probability. 

 

3.2 Physiological parameters  

Plant height (cm) 

Buckwheat had significant negative effect on the plant height of white mustard (Figure 2). The mean 
height varied from 6.40-12.69cm. The control had the highest plant height (12.69 cm) while Zoe + 
Phacelia + Sinapis (6.40 cm) gave the least which indicates the highest reduction of 49.6% shorter than 
control. Zoe + Sorghum also resulted in a 38.7% white mustard height reduction compared other 
treatments. 

Number of leaves/plant 

Data on number of leaves/plant of white mustard showed significant decline from control to the 
treatment which indicate a stress-induced growth suppression (Figure 2). The control had higher number 
of leaves/plant (8.97) than the buckwheat treatment. Zoe + Phacelia + Sinapis (4.87), had a higher 
reduction (45.7%) of the number of leaves/plant than other treatments with values which varied from 
32% to 42%.  

Total leaf area/plant (cm2) 

Buckwheat had significant strong inhibitory effects on the total leaf area/plant of white mustard (Figure 
3). The control gave a higher total leaf area/plant (78.36 cm2) while Zoe + Phacelia + Sinapis (9.62 cm2) 
gave the least. This showed a higher reduction of 87.7% in the total leaf area compared to the control.  
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Fig. 2. Effect of buckwheat on the (A) plant height (cm) and (B) number of leaves/plant of white 

mustard. Error bars denote the standard deviation. Bars with same letter(s) in A and B are not 
significantly different using DMRT at 5% level of probability. 
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Fig. 3. Effect of buckwheat on (A) total leaf area/plant (cm2) and (B) chlorophyll of white mustard. 
Error bars denote the standard deviation. Bars with same letter(s) in are not significantly different 

using DMRT at 5% level of probability; ns: not significant. 
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Chlorophyll (Greenness) 

The effect of buckwheat on the chlorophyll of white mustard was not significantly different among 
treatments (Figure 3). The value ranged from 0.48 - 0.56. The control and Zoe intercropped with 
sorghum jointly had the highest greenness values of 0.56 while Zoe + straw and Harpe + Phacelia + 
Sinapis mixture had the least (0.48). The non-significant effect observed indicate that chlorophyll 
remained stable despite other growth reduction. 

Stem girth (cm) 

The stem girth of white mustard varied from 0.12-0.33cm (Figure 4). The highest stem girth (0.33cm) 
was obtained from white mustard without buckwheat exudates while Zoe + sorghum and both varieties 
mulched with straw had the least (0.12cm). In all, the Zoe + Sorghum treatment significantly reduced 
the girth of white mustard with 64% than the control. 

Root length (cm) 

The results in Figure 4 showed that buckwheat root exudates had a significantly suppressed the root 
length of white mustard. The mean root length varied from 2.13-5.09cm. The control had the highest 
root length (5.09cm) while Zoe + Phacelia + Sinapis gave the least (2.13cm). The buckwheat root 
exudates had a strong root length inhibition which ranged from 37 % to 58% over the control.  

3.3 Yield  

Fresh biomass yield 

The fresh plant weight of white mustard as influenced by buckwheat soil exudates are shown in Figure 
5. Forage weight was highest in the control (273.5 kg/ha) and least (56kg/ha) in Zoe + Phacelia + Sinapis 
mixture. The highest reduction (80%) of fresh weight over the control was obtained in Zoe + Phacelia 
+ Sinapis.  

Dry matter yield 

Dry matter weight of white mustard followed similar trend with fresh weight with the highest dry matter 
weight obtained in the control and least in Zoe + Phacelia + Sinapis mixture (Figure 5). The dry matter 
yield was reduced among treatments and highest (39.4%) reduction obtained at Zoe + Phacelia + 
Sinapis.  
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Fig. 4. Effect of buckwheat on the (A) stem girth (cm) and (B) root length (cm) of white mustard. 

Error bars denote the standard deviation. Bars with the same letters in A and B are not significantly 
different using DMRT at 5% level of probability. 
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Fig. 5. Effect of buckwheat on the fresh and dry weight of plants (kg/ha) of white mustard. Error bars 

denote the standard deviation. a. Bars in green colour with same letter(s) are not significantly different. 
b. Bars in red colour with the same letter are not significantly different using DMRT at 5% level of 

probability. 

 

Fresh root yield  

The results in Figure 6 showed that the buckwheat soil exudates significantly reduced the fresh weight 
of roots of white mustard across treatments compared to the control. The fresh root weight ranged from 
8.23-23.44 kg/ha. Control had the highest fresh root weight (23.44 kg/ha) while Harpe + sorghum had 
the least (8.23 kg/ha). The least values obtained in Harpe + sorghum treatment showed 65% reduction 
compared to the control. 

Dry root yield  

The highest and least dry yield of root obtained from the buckwheat treatments followed similar trends 
with fresh root weight (Figure 6). The buckwheat treatment showed a great significant suppression on 
the dry root weight of white mustard which varied from 42.7 % in Harpe + sorghum to 60.9% in Zoe + 
sorghum. 
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Fig. 6. Effect of buckwheat on the fresh and dry weight of roots (kg/ha) of white mustard. Error bars 

denote the standard deviation. a. Bars in blue colour with the same letters are not significantly 
different. b. Bars in red colour with the same letter(s) are not significantly different using DMRT at 

5% level of probability. 

 

3.4 Inhibition rates  

Relative root length (%) 

The effect of buckwheat on the relative root length was significant among treatments (Figure 7). 
Generally, the treatments significantly reduced the root length of white mustard compared to the control. 
However, Zoe + Phacelia + Sinapis mixture had the least relative root length of 42.01% which showed 
58% reduction. In all, relative root length from other treatments showed 37% and 47% reduction, 
compared to the control. 
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Fig. 7. Effect of buckwheat on the relative root length (%) of white mustard. Error bars denote the 

standard deviation. Bars with the same letter are not significantly different using DMRT at 5% level of 
probability. 

 

Germination inhibition rate (%) 

The germination inhibition rate of white mustard is shown in Figure 8. The value varied from 23.33 – 
40.00%. Zoe mulched with straw had highest value of 40% germination inhibition rate while Zoe + 
Sorghum had the least (23.33%). Although the Zoe mulched with straw inhibited white mustard 
germination by 40%, the value was not significantly different from other treatments. 

Root inhibition rate (%) 

Buckwheat significantly affected the root inhibition rate of white mustard (Figure 8). The value ranged 
from 33-58%. The highest and least root inhibition rates were obtained from Zoe + Phacelia + Sinapis 
and sole Zoe treatments with the values 58% and 33%, respectively. A higher root inhibition was 
observed in sole Zoe (33%) than other treatments. 
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Fig. 8. Effect of buckwheat on the germination and root inhibition (%) of white mustard. Error bars 
denote the standard deviation. a. Red bars with the different letter(s) are significantly different using 
DMRT at 5% level of probability; b. Blue bars without letters are not significantly different.  

 

4. DISCUSSION 

Effect of buckwheat on the germination of white mustard 

Germination is the development of seeds into seedling when conditions are favorable. As observed from 
the present study, buckwheat soil exudates resulted in reduced germination rates compared to the control 
(Figures 1). Buckwheat had great inhibitory effects on the germination of white mustard. The findings 
suggest that chemical compounds released by the buckwheat during growing seasons interfere with seed 
metabolic processes, likely by disrupting water uptake or enzyme activity (Rys et al. 2022). This finding 
aligns with the previous studies by Bicksler & Masiunas (2009), Gfeller et al. (2018) who reported that 
buckwheat release allelochemicals that suppress seed germination.  

Effect of buckwheat on the plant height of white mustard 

Plant height is an important characteristic in the assessment of growth and development of crops. The 
height of white mustard was significantly reduced by the buckwheat and most pronounced in Zoe + 
Phacelia + Sinapis treatment (50%) compared to the control (Figure 2). This may be due to the fact that 
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buckwheat allelochemicals can limit cell elongation and division in young seedling leading the reduced 
growth. This reduction in plant height is consistent with previous findings by Kato-Noguchi et al. (2007), 
Rys et al. (2022) where buckwheat residues negatively impacted the growth of various plant species.  

Effect of buckwheat on the number of leaves/plant of white mustard 

The significant reduction was determined in the number of leaves/plant of white mustard (Figure 2). 
May be due to buckwheat exudates which may have interfered with the photosynthetic activity and cell 
division processes needed for the formation of leaves. Kato-Noguchi et al. (2007), Rys et al. (2022) 
stated that allelochemicals produced by buckwheat may inhibit meristematic activity which reduces the 
initiation and development of young leaves. Iqbal et al. (2002), Kato-Noguchi et al. (2007), Kato-
Noguchi (2022) reported that allelopathic compounds such as phenolic acids and flavonoids have been 
shown to inhibit meristematic activity, which reduces the initiation and development of new leaves. This 
finding is in line with the results of the present study. 

Effect of buckwheat on the total leaf area of white mustard 

Leaf area performs a physiological duty such as photosynthesis efficiency, dry matter accumulation, 
transpiration, nutrient absorption and competition (Rys et al., 2022). Allelochemicals released by plants 
can suppress leaf area by inhibiting growth. Reduction in total leaf area can impact on the ability of 
plants to produce assimilates and lower dry matter accumulation and reduced yield. The significant 
reduction observed in the total leaf area per plant of white mustard is an indication that the buckwheat 
exudates may have inhibited cell division and leaf tissue expansion leading to lower leaf growth 
compared to the control (Figure 3). This corresponds with the earlier report by Wiczkowski et al. (2016), 
Szwed et al. (2019) that plant exudates significantly reduced the leaf area of weed species, there by 
altering the endogenous hormone level resulting in restricted leaf expansion and canopy formation. 

Effect of buckwheat on the chlorophyll content of white mustard 

The intensity of green color in leaves, often measured as Dark Green Color Index (DGCI) or chlorophyll 
content, is an indicator of plant health, nitrogen status, and overall photosynthetic efficiency. Buckwheat 
significantly affected the growth of white mustard, but their impact on chlorophyll content was 
insignificant (Figure 3). This may be that the allelochemicals may have targeted the root and shoot 
elongation rather than chlorophyll biosynthesis. The relatively stable chlorophyll levels observed in 
white mustard suggest that the crop could slightly compensate for growth suppression by maintaining 
steady photosynthesis in their existing leaves. This finding agreed with Bączek and Halarewicz (2022), 
Vieites-Álvarez et al. (2024) who found that long term exposure of white mustard to allelochemical 
affected chlorophyll synthesis, leading to reduced photosynthetic efficiency and overall plant growth. 

Effect of buckwheat on the stem girth of white mustard 

Stem girth refers to the thickness of plant stem which play an important role in water transport and 
resistance or susceptibility to lodging conditions. The significant reduction in stem girth (up to 63.6%) 
indicates that buckwheat may have allelochemicals capable of suppressing secondary growth, nutrient 
transport, and hormonal balance in white mustard (Figure 4). There was 50-64% girth size reduction 
from the treatments which shows that buckwheat soil exudates had weakened the stem development. 
The findings suggest that buckwheat residues can suppress vascular tissue development and structural 
integrity, making plants more susceptible to environmental stress. Similarly, Ahmad Nazarudin et al. 
(2007) found a significant reduction (48.6%) in xylem thickness of Syzygium myrtifolium after 
application of pesticide paclobutrazol and this substance can also inhibit stem girth by affecting vascular 
tissue development. 

Zoe in mixture with Phacelia and Sinapis treatment impacted higher inhibitory effects than the Harpe 
variety at other treatments. Kalinova (2008) reported significant varietal differences in the allelopathic 
potential of common buckwheat, suggesting that certain buckwheat varieties may have stronger 
inhibitory effects on the growth of other plants.  
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Effect of buckwheat on the root length of white mustard 

Root length refers to the total extension of a plant’s root system, which assist the plant in the absorption 
of water, nutrient and anchorage. Longer roots provide a greater soil exploration capacity, leading to 
improved nutrient and water uptake, especially in competitive or stressful environments. Buckwheat 
negatively affected the root length of white mustard (Figure 4). This may be due to the fact that the 
buckwheat can reduced root meristem activity other plants resulting in the inhibition of water and 
nutrient absorption, thereby restricting root development. Similar findings have been reported by Falquet 
et al. (2015), Gfeller et al. (2018) who observed that allelopathic compounds from buckwheat reduced 
root length in plant species, limiting their establishment and growth. 

Effect of buckwheat on the forage and dry matter yield of white mustard 

The strong inhibition and suppression of the biomass yield of white mustard (Figure 5) under buckwheat 
soil exudates could be linked to the reduced growth characteristics. The highest values of 80% decrease 
in fresh biomass yield and a 39.4% decrease in dry biomass yield were observed in the treatment Zoe + 
Phacelia + Sinapis. The low biomass yield of white mustard observed was due the inhibited growth 
characteristics by buckwheat exudates. Iqbal et al. (2003) found that buckwheat variety Hashikami-wase 
suppressed the growth of plants, potentially affecting fresh and dry matter yields in weed species. 
Kumar-Tiwari and Dongre (2022) found shoot biomass of mustard to be significantly reduced by the 
applied extracts of weed species. This agreed with results of the present study. 

Effect of buckwheat on the fresh and dry root of white mustard  

The significant decline in both fresh and dry root weights of white mustard suggests that allelochemicals 
present in buckwheat soil exudates may have affect root development in of the crop (Figure 6). The 
buckwheat may have interfered with the hormonal regulation, leading to suppressed root expansion, 
nutrient uptake efficiency and biomass accumulation. Similar finding was reported by Kumar-Tiwari 
and Dongre (2022), and they attributed the suppression to allelochemicals in weed extracts. 

Effect of buckwheat on the relative root length of white mustard 

Relative root length is a measure of root growth in treated plants compared to the control, expressed as 
a percentage. It indicates the extent to which root elongation is inhibited or promoted under specific 
environmental conditions, such as exposure to allelopathic compounds. The significant reduction in 
RRL, particularly, in Zoe + Phacelia + Sinapis mixture may be due to the allelopathic compounds in 
the buckwheat (Figure 7). Tsuzuki & Dong (2003), Szwed et al. (2019) in a similar study found that 
buckwheat reduced the root growth of crops due to the released allelochemicals. 

Effect of buckwheat on the germination and root Inhibition rates of white mustard  

Inhibition refers to the percentage or extent to which a particular process or growth is suppressed or 
hindered by an external factor(Bączek & Halarewicz 2022). In plants, the inhibition rate often refers to 
the reduction in growth such as germination or root length caused by substances like allelopathic 
compounds or other environmental factors. Generally, germination inhibition rate takes in to account 
the germination of seeds when exposed to substances that prevent seeds from sprouting. Root inhibition 
on the other hand indicate reduction in root growth due to the presence of inhibitory substances like soil 
exudates from other plants. The mixture of Zoe + Phacelia + Sinapis had stronger root inhibition (58%) 
due to the presence of buckwheat exudates (Figure 8). The presence of buckwheat in mixture with weeds 
and mulched with straws gave a stronger root inhibition than the intercrop with sorghum which produce 
a moderate effect. The highest germination inhibition rate (40%) observed in Zoe + straw may be due 
to the plant exudates in the soil. Similar findings were reported by Kato-Noguchi et al. (2007), Kato-
Noguchi (2022) that germination and root growth of weeds were suppressed due to sensitivity of the 
buckwheat exudates.  
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5. CONCLUSION 

The buckwheat soil exudates had significant effects on the germination and seedling growth of white 
mustard. There was significant reduction in germination, plant height, leaf development, root length, 
and biomass accumulation which indicates the inhibitory potential of buckwheat. The strongest 
inhibitory effects were observed in the treatment after growing of mixture common buckwheat + Lacy 
phacelia + white mustard as well as in the treatment common buckwheat + wheat straw, compared to 
other treatments. Unfortunately, we did not observe any statistically significant effect of co-cultivation 
of buckwheat with sorghum or with wheat straw on the accumulation of inhibitory substances in the soil 
and subsequently on the growth of the test plant white mustard. We determined only statistically 
significant effect of co-cultivation of buckwheat with Phacelia + Sinapis on height, root length, and 
root dry matter of white mustard. Further studies on the allelopathic effect of buckwheat should be 
conducted with a major focus to identify the specific compounds responsible for these effects and 
exploring the appropriate strategies when considering weed management in agricultural system. 
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