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This study investigates the allelopathic effects of aqueous extracts from Sorghum 
bicolor on the germination and growth of Raphanus sativus seedlings. Leaf and stem 
extracts were applied at control (0%), low (3%), medium (5%), and high (6%) 
concentrations, and their impacts were evaluated through parameters such as 
germination percentage, shoot and root length, fresh and dry weight, and number of 
leaves. Both extracts significantly inhibited germination and growth, with higher 
concentrations (5% and 6%) causing pronounced reductions in germination rates 
(down to 50%), root and shoot length, and biomass accumulation. Stem extracts 
exhibited a more consistent inhibitory effect, particularly on root and shoot dry 
weight, while leaf extracts showed variable effects, including slight stimulation of 
shoot fresh weight at lower concentrations. Additionally, higher extract 
concentrations increased chlorophyll, carotenoid, flavonoid, phenolic, and sugar 
content, as well as indole acetic acid (IAA) levels, suggesting stress-induced 
compensatory responses in Raphanus sativus. These findings confirm the 
allelopathic potential of Sorghum bicolor, particularly its phenolic compounds, and 
highlight the need for cautious application in agricultural weed management to 
minimize adverse effects on crop growth and yield. 
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INTRODUCTION 
Allelopathy refers to the phenomenon where plants 
release secondary metabolites into the environment, 
which can significantly influence the growth, survival, and 
reproduction of neighboring plant species (1). These 
bioactive compounds can be exuded through various plant 
tissues, such as roots, stems, and leaves, and may act either 
as stimulants or inhibitors depending on their chemical 
nature and concentration (2). The allelopathic effects play 
a crucial role in shaping plant communities and 
determining species interactions, particularly in 
environments with intense competition for resources (3). 
Given the increasing global interest in sustainable 
agricultural practices, allelopathy has garnered 
considerable attention for its potential in natural weed 
management and promoting soil health (4). 
The ecological and agricultural significance of allelopathy 

lies in its capacity to influence plant competition, nutrient 
cycling, and the suppression of invasive species. For 
example, some crops, such as Sorghum bicolor, produce 
potent allelochemicals that can inhibit the growth of 
competing weeds, offering a natural alternative to 
chemical herbicides (5). The allelochemicals produced by 
Sorghum bicolor, such as sorgoleone, have shown to 
effectively suppress weed germination and growth, 
highlighting its potential role in integrated weed 
management strategies (6). Research has demonstrated 
that Sorghum bicolor can be employed as a tool to reduce 
weed pressure and minimize the reliance on chemical 
herbicides, which is critical for fostering sustainable 
farming systems (7). 
The potential of allelopathy extends beyond its use in 
weed suppression; it also influences soil microbial 
communities. The exudates from allelopathic plants can 
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alter microbial populations in the rhizosphere, which in 
turn can affect soil fertility and plant health (8). In some 
cases, these interactions may benefit plants by promoting 
beneficial microorganisms while inhibiting harmful 
pathogens (9). Understanding how allelopathy affects both 
plant communities and soil ecosystems is vital for 
developing agricultural systems that maintain high 
productivity without compromising environmental 
integrity (10). 
Recent studies have focused on identifying the specific 
allelochemicals involved in these interactions, including 
phenolic acids, flavonoids, and terpenoids, and 
understanding their mechanisms of action at the 
molecular level (11). These studies suggest that 
allelopathic compounds can affect a wide range of 
physiological processes in plants, including 
photosynthesis, respiration, and cellular integrity, making 
them highly effective in suppressing weed growth (12). 
Additionally, the concentration and composition of these 
compounds vary depending on environmental factors, 
such as soil pH, temperature, and moisture levels, which 
can significantly impact the overall efficacy of allelopathic 
interactions (13). 
Research on Sorghum bicolor in allelopathic systems has 
demonstrated that the effectiveness of allelopathy 
depends on various factors, including the plant's growth 
stage, the concentration of allelochemicals, and the specific 
environmental conditions under which the plants are 
cultivated (14). For example, allelopathic effects may be 
more pronounced under drought conditions or in soils 
with low nutrient availability, where plants are under 
greater competitive stress (15). Furthermore, the 
allelopathic potential of Sorghum bicolor may vary 
depending on the weed species targeted, with some weeds 
being more susceptible to certain allelochemicals than 
others (16). 
In agroecological systems, allelopathy offers the potential 
for reducing herbicide use, enhancing biodiversity, and 
improving soil health. Integrating allelopathic plants such 
as Sorghum bicolor into crop rotations, intercropping, or 
cover cropping systems can reduce weed seed banks in the 
soil, prevent the build-up of herbicide-resistant weed 
populations, and promote sustainable agricultural 
practices (17). However, there is still much to learn about 
how allelopathic plants can be effectively incorporated 
into these systems under varying environmental 
conditions (18). Further research is needed to optimize 
the use of allelopathic plants and understand the broader 
ecological implications of these natural interactions. 
In conclusion, the allelopathic potential of Sorghum bicolor 
and similar plants represents a promising strategy for 
sustainable weed management in agricultural systems. By 
leveraging the natural chemical interactions between 
plants, it is possible to reduce the environmental impact of 
conventional herbicide-based weed control methods while 
enhancing overall ecosystem health (19). Future research 
should continue to explore the specific mechanisms of 
allelopathy, the environmental factors that influence its 
effectiveness, and the role of allelopathy in promoting 
biodiversity and soil health (20). This research will 
contribute to the development of integrated pest 
management strategies that use allelopathic plants as a 

sustainable and eco-friendly tool in modern agriculture. 
 

MATERIALS AND METHODS 
Plant Material 
Sorghum bicolor was selected as the donor plant. 
Vegetative biomass was collected from the Pohan colony 
in Baghdada, Mardan, and subjected to purification to 
remove contaminants. The collected material was diced 
into fragments and allowed to desiccate at room 
temperature for approximately two weeks. Once dried, the 
samples were pulverized into a fine powder. Raphanus 
sativus seeds were obtained from the local market in 
Mardan for the bioassays. 
Preparation of Extract 
Three different concentrations (3%, 5%, and 6%) of 
Sorghum bicolor powder extract were prepared by 
dissolving the powdered material in distilled water. 
Specifically, 3 grams of the powder were mixed with 100 
milliliters of distilled water to form a 3% suspension, 5 
grams were dissolved in 100 milliliters for the 5% extract, 
and similarly, the 6% extract was prepared by dissolving 6 
grams of powder in 100 milliliters of water. Each mixture 
was filtered through two layers of Whatman filter paper to 
remove any undissolved particles. The extracts were used 
immediately after preparation to avoid any contamination 
or degradation (21). 
Bioassay for Proliferation 
Ten seeds of Raphanus sativus were placed in each petri 
dish, and 3 milliliters of the extract from each 
concentration was applied, with distilled water serving as 
the control. A completely randomized design (CRD) with 
three replications for each treatment was employed. 
Germination was monitored, and the number of 
germinated seeds was recorded after 10, 15, and 20 days. 
Root and shoot lengths were measured using a millimeter 
ruler, and after 45 days, the seedlings were dried in the 
shade to measure their dry weight (22). 
Field Experiment 
The field experiment followed a randomized complete 
block design (RCBD), with Sorghum bicolor as the donor 
plant. After purification, the plant was diced and dried at 
room temperature, and Raphanus sativus L. seeds were 
procured. Radish seeds were immersed in distilled water 
for 24 hours, followed by sterilization in 1% ethanol for 3 
minutes and rinsing with distilled water. Ten seeds were 
sown per pot in a soil and manure mixture in a 3:1 ratio, 
with three replicates per treatment. The pots were 
watered daily, and after two weeks, the seedlings were 
treated with varying concentrations (3%, 5%, and 6%) of 
Sorghum bicolor extract. 
Germination Rate (G %) 
The germination percentage (G %) was calculated by 
counting the number of seeds that produced normal 
seedlings, defined as those having both cotyledons and a 
fully developed primary root. Germination was recorded 
after 4, 8, and 12 days of exposure to the extract 
treatments (23). 
Growth parameter measurement  
After germination, several growth parameters were 
assessed to evaluate the effects of treatments. Plant height 
was measured from the soil surface to the apex of the 
longest shoot using a millimeter ruler, and the average 
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height for each treatment was calculated. Similarly, shoot 
length (SL) was determined by measuring from the base of 
the seedling to the apex of the longest shoot, with data 
recorded for ten seedlings per treatment. Root length was 
measured from the root apex to the point where the shoot 
emerged, with the mean root length calculated for each 
treatment group. The total length of each seedling was 
obtained by summing the shoot and root lengths. 
Additionally, the fresh weight of roots and shoots was 
measured after carefully extracting the seedlings from the 
soil, rinsing to remove soil residues, blotting them dry, and 
using an analytical balance to determine the weight of each 
component. The average fresh weight for each treatment 
group was then computed (24, 25) 
Photosynthetic Pigments Quantification 
The content of total photosynthetic pigments, including 
carotenoids, chlorophyll a, and chlorophyll b, was 
determined by the method described by Ali et al. (2022). 
Fresh leaves (0.3 g) were ground in 90% acetone, and the 
resulting mixture was centrifuged at 10,000 rpm. The 
absorbance of the resulting extracts was measured at 
specific wavelengths, and pigment concentrations were 
calculated using standard formulas (26). 
Indole Acetic Acid (IAA) Quantification 
IAA content in the leaf tissue was quantified following the 
procedure outlined by Ali et al. (2022). Leaf samples (0.3 
g) were ground in 4 mL of distilled alcohol, centrifuged, 
and the supernatant was reacted with Salkowski reagent. 
The yellow coloration, indicative of IAA presence, was 
measured spectrophotometrically at 540 nm, and a 
standard curve was constructed using IAA concentrations 
(27). 
Flavonoid Quantification 
The total flavonoid content in leaf tissue was determined 
using the method of Khatiwora et al. (2012). Fresh leaf 
samples (0.5 g) were ground and centrifuged, and the 
supernatant was reacted with aluminum chloride and 
acetic acid. The absorbance at 415 nm was measured to 
quantify flavonoid levels using a standard quercetin curve 
(28). 
Phenolic Content Quantification 
Phenolic content was determined in treated seedling 
leaves using the method of Khatiwora et al. (2012). Leaf 
tissue (0.5 g) was homogenized in distilled water, and the 
mixture was centrifuged. The supernatant was reacted 
with Folin-Ciocalteu reagent and sodium carbonate. The 
resulting blue color was measured at 650 nm, and phenolic 
content was calculated using a gallic acid standard curve 
(29). 
Total Sugar Quantification 
The soluble sugar content was determined by the method 
of Dubois et al. (1956). Leaf tissue (0.3 g) was ground in 
distilled water, and the supernatant was reacted with 
phenol and sulfuric acid. The absorbance at 490 nm was 
measured, and a glucose standard curve was used to 
calculate sugar content (30). 
Statistical Analysis 
Data on germination percentage, plant height, shoot 
length, root length, fresh and dry weights, and leaf count 
were recorded. Seedlings were dried at 80°C for 24 hours 
for dry weight measurement. The data were analyzed 
using Statistic 8.1 software, and the Least Significant 

Difference (LSD) test was used to determine significant  
differences between treatment means. 
    

RESULTS 
Bioassay of Allelopathic effects of Sorghum bicolor 
aqueous extracts on Raphanus sativus seedlings  
Effect on Germination percentage  
The germination rates of Raphanus sativus (radish) were 
significantly affected by the aqueous extracts from 
Sorghum bicolor leaves and stems at various 
concentrations (0%, 3%, 5%, and 6%). At the 0% 
concentration, both leaf and stem extracts exhibited 
relatively high germination rates, with the leaf extract 
reaching approximately 80% and the stem extract slightly 
lower. However, as the concentration of both extracts 
increased, the germination rate notably declined. At the 
highest concentration of 6%, germination rates were 
reduced to around 50% or lower, highlighting the 
allelopathic potential of Sorghum bicolor extracts. These 
results suggest that higher concentrations of Sorghum 
extracts inhibit seed germination, with the leaf extract 
having a more pronounced impact than the stem extract. 
(Figure 1). 

 
Figure 1: Impact of aqueous extracts from the leaves and 
stems of Sorghum bicolor on the germination of Raphanus 
sativus (radish) 
Effect on Growth Analysis: Root Length, Shoot Length, 
and Number of Leaves 
The growth of Raphanus sativus seedlings, measured in 
terms of root length, shoot length, and the number of 
leaves, was significantly impacted by the aqueous extracts 
of Sorghum bicolor at varying concentrations. Both leaf 
and stem extracts caused a progressive reduction in root 
length as concentration increased. In the control (0%), 
root length was the longest for both extracts. However, at 
higher concentrations (3%, 5%, and 6%), the root length 
of Raphanus sativus decreased, with the leaf extract 
inducing a more substantial reduction compared to the 
stem extract. The root length reduction suggests that 
Sorghum bicolor extracts hinder root development, with 
greater inhibition observed as the concentration increases 
(Figure 2). 
Shoot length followed a similar trend, where the control 
treatment resulted in the longest shoot length. As the 
concentration of Sorghum extracts increased, both leaf and 
stem extracts caused a decrease in shoot length. The leaf 
extract caused a more pronounced decline in shoot length, 
whereas the stem extract led to a more gradual reduction. 
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The inhibitory effect on shoot growth suggests that both 
leaf and stem extracts negatively affect seedling 
development, with higher concentrations having a 
stronger allelopathic impact (Figure 2). 
As the concentration of Sorghum bicolor extracts increased 
the number of leaves per plant decreased. At 0% 
concentration, radish plants produced the most leaves 
(approximately 4 per plant). As the concentration rose, 
particularly at 5% and 6%, the number of leaves dropped 
significantly. Both leaf and stem extracts exhibited similar 
trends, but the stem extract appeared to have a more 
aggressive inhibitory effect on leaf production at higher 
concentrations, indicating that the allelopathic 
compounds in Sorghum bicolor hinder leaf formation, 
particularly at elevated concentrations (Figure 2). 
 

  

 

 
Figure 2: Impact of aqueous extracts from the leaves and 
stems of Sorghum bicolour on shoot length, Root length 
and Number of leaves of Raphanus sativus (radish) 
Effect on Biomass Analysis: (Fresh Weight and Dry 
Weight) 

The fresh and dry weights of both shoots and roots were 
significantly influenced by the aqueous extracts of 
Sorghum bicolor, reflecting the plants' overall biomass 
accumulation. The fresh weight of both shoots and roots 
showed a clear response to increasing concentrations of 
Sorghum extracts. At 0% concentration, fresh weight was 
relatively stable, with no significant difference observed 
between the leaf and stem extracts. However, at higher 
concentrations (3%, 5%, and 6%), the fresh weight of both 
shoots and roots began to decrease (Figure 3). In 
particular, the leaf extract caused a slight increase in shoot 
fresh weight at 3% and 5%, but at 6%, it exhibited a small 
reduction. On the other hand, the stem extract consistently 
reduced the fresh weight at all concentrations, with a 
significant drop observed at 5% and 6%, suggesting a 
stronger inhibitory effect at higher concentrations. 
(Figures 3). 
Dry weight, which indicates the accumulation of biomass, 
also showed a reduction with increased concentrations of 
Sorghum bicolor extracts. The leaf extract had a more 
variable impact, showing an increase at 3% and remaining 
relatively stable at 5% and 6%. In contrast, the stem 
extract had a more consistent inhibitory effect on dry 
weight, with a sharp reduction in shoot and root dry 
weights at 5% and 6%. The results suggest that leaf extract 
might have a small stimulatory effect at lower 
concentrations, higher concentrations of both extracts 
ultimately lead to a decline in biomass accumulation, with 
the stem extract showing a more pronounced and 
consistent inhibitory impact across all concentrations 
(Figures3). 
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Figure 3: Impact of aqueous extracts from the leaves and 
stems of Sorghum bicolour on shoot fresh weight, Root 
fresh weight, shoot dry weight and roots dry weight of 

Raphanus sativus (radish) 
 
Analysis of indole acetic acid (IAA) 
The graph depicting showed the allelopathic effects of 
Sorghum bicolor aqueous extracts on the IAA (Indole-3-
acetic acid) content of Raphanus sativus seedlings, with 
treatments at various concentrations (0%, 3%, 5%, and 
6%) for both stem and leaf extracts, reveals several 
significant trends in auxin modulation. As seen in Figure 4, 
the highest IAA content was observed in the 6% leaf 
extract treatment, followed by a slight decrease at 5%. The 
IAA content significantly drops as the concentration 
decreases (3% and 0%), with the control (0% extract) 
showing the lowest IAA levels. This pattern suggests that 
the leaf extract at higher concentrations stimulates IAA 
production, but this stimulatory effect is less pronounced 
at lower concentrations and very less amount of IAA were 
found at 6% concentration appears to be enhance IAA 
synthesis. On the other side, the stem extract exhibited a 
peak IAA content at 6%, followed by 5%. Unlike the leaf 
extract, the stem extract shows a more consistent increase 
in IAA content at higher concentrations (5% and 6%), with 
the lowest levels observed in the control treatment (0%). 
The 6% stem extract seems to consistently promote IAA 
synthesis, suggesting that the stem extract might be more 
effective in sustaining IAA levels over a range of 
concentrations (Figure 4). This suggests that the 
compounds in the stem extract exert a more reliable effect 
on auxin or IAA levels, whereas the leaf extract's impact is 
concentration-dependent and fluctuates more drastically. 
 

Figure 4: Impact of aqueous extracts from the leaves and 
stems of Sorghum bicolour on IAA content of Raphanus 
sativus(radish) 
 
Flavonoid and Phenol Content Analysis Flavonoid 
Content 
As depicted in Figure 5, both leaf and stem extracts show a 
clear increase in flavonoid content with rising the extract 
concentrations. At the lowest concentration (0%), the leaf 
extract demonstrates minimal flavonoid content, while 
higher concentrations (5% and 6%) show significant 
increases, with the 6% leaf extract resulting in the highest 
flavonoid levels. Similarly, the stem extract shows a similar 
trend, with the highest flavonoid content at 6%, followed 
by 5%, and the control treatment (0%) exhibiting the 

lowest levels. Interestingly, the stem extract maintains a 
more consistent increase across concentrations compared 
to the leaf extract, which shows a more notable variation 
(Figure 5). This suggests that the stem extract has a more 
reliable impact on flavonoid accumulation, while the leaf 
extract exhibits a more variable response at different 
concentrations. 
Phenol Content 
The phenol content follows a similar pattern to that of 
flavonoid content, with higher concentrations of both leaf 
and stem extracts resulting in increased phenol levels. At 
0% (control), the phenol content is minimal, but it 
significantly rises with the addition of 3%, 5%, and 6% 
concentrations (Figure 5). The 6% leaf extract results in 
the highest phenol content, followed closely by the 5% 
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concentration, with a consistent decrease observed as the 
concentration decreases. The stem extract also follows this 
trend, with 6% exhibiting the highest phenol content, 
followed by 5%, and the control showing the lowest levels 
(Figure 5). Overall, the stem extract demonstrates a more 

consistent effect on phenol content than the leaf extract, 
which experiences a more significant drop in phenol 
content at lower concentrations. 
 

 

 
Figure 5: Impact of aqueous extracts from the leaves and 
stems of Sorghum on flavonoids and phenol content of 
Raphanus sativus (radish 
Sugar contents analysis  
The study examines how Sorghum bicolor aqueous 
extracts influence the sugar content in Raphanus sativus 
seedlings. Two types of extracts were tested—stem and 
leaf extracts—at varying concentrations of 0%, 3%, 5%, 
and 6%. At the 0% concentration, the leaf extract reduced 

sugar content, but as the concentration increased, the 
sugar content also increased, peaking at 6% and 5%. The 
stem extract, on the other hand, consistently showed the 
highest sugar content at 6%, followed by 5%. The control 
group, with no extract, had the least sugar content (Figure 
6). In general, the stem extract had a more consistent 
positive effect on sugar content across all concentrations, 
whereas the leaf extract caused a noticeable drop at lower 
concentrations 

 
Figure 6: Impact of aqueous extracts from the leaves and 
stems of Sorghum bicolour on sugar content of Raphanus 
sativus (radish) 

 
Chlorophyll Content Analysis in Raphanus sativus 
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extracts on chlorophyll content were assessed in Raphanus 
sativus seedlings, focusing on chlorophyll a, b, and total 
chlorophyll at concentrations of 0%, 3%, 5%, and 6%. The 
data, reveal distinct patterns of influence for both leaf and 
stem extracts on the chlorophyll content. 
Chlorophyll a Content 
As shown in the analysis, the 6% leaf extract resulted in 
the highest chlorophyll a content, followed by 5%, with a 
noticeable reduction in the control group (0%). The stem 
extract followed a similar pattern, exhibiting the highest 
chlorophyll a content at 6%, followed by 5%, and the 
lowest in the control (Figure 7). Notably, the stem extract 
had a more consistent effect on chlorophyll a content 
across the different concentrations, while the leaf extract 
showed more fluctuation, particularly at lower 
concentrations (3% and 5%) (Figure 7). 
Chlorophyll b Content: The effect of Sorghum bicolor 
extracts on chlorophyll b content followed a similar trend 
to that of chlorophyll a. The leaf extract at 6% 
demonstrated a marked increase in chlorophyll b levels, 
followed by 5%, while the control exhibited the lowest 
content. Similarly, the stem extract showed a significant 
increase in chlorophyll b at higher concentrations (6% and 
5%) compared to the control and vice versa (Figure 7).  
Total Chlorophyll Content: The trend observed in total 
chlorophyll content closely resembled that of chlorophyll 
a and b, with the stem extract providing a more consistent 

increase in chlorophyll content, while the leaf extract 
demonstrated more pronounced reductions at lower 
concentrations. The 6% concentration of both leaf and 
stem extracts resulted in the highest total chlorophyll 
content, with values declining in the 5% treatment and 
showing the lowest content in the control group (Figure 7).  

  

 

 
Figure 7: Impact of aqueous extracts from the leaves and 
stems of Sorghum bicolour on chlorophyll a, chlorophyll b 
and total chlorophyll content of Raphanus sativus (radish) 

Carotenoid contents analysis  
Carotenoids are important plant pigments that play a 
crucial role in photosynthesis and contribute to the colour 
of various fruits and vegetables. They also act as 
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antioxidants, which   help protect plants from oxidative 
stress. In this experiment, we investigated the allelopathic 
effects of Sorghum bicolor aqueous extracts on the 
carotenoid content of Raphanus sativus seedlings. We 
tested stem and leaf extracts at different concentrations 
(0%, 3%, 5%, and 6%) to examine their effect on 
carotenoid levels. For the leaf extract, the highest 
carotenoid content was observed at the 6% concentration, 
followed by the 5% concentration. As the concentration 
decreased, the carotenoid content also decreased, with the 
lowest levels found in the control plants (those with no 
extract) (Figure 8). 

Similarly, the stem extract also showed a peak in 
carotenoid content at the 6% concentration, followed by 
the 5% and control plants.  Overall, both the leaf and stem 
extracts showed a positive effect on carotenoid content at 
higher concentrations, but the stem extract had a more 
consistent and favorable impact across the various 
treatments. In contrast, the leaf extract led to a more 
significant reduction in carotenoid content at lower 
concentrations (Figure 8). 
 

 
Figure 8 Impact of aqueous extracts from the leaves and 
stems of Sorghum bicolour on carotenoids content of 
Raphanus sativus (radish) 
 

DISCUSSION 
This study aimed to evaluate the allelopathic effects of 
Sorghum bicolor aqueous extracts on the growth and 
physiological responses of Raphanus sativus seedlings. A 
range of parameters were assessed, including germination 
percentage, shoot and root biomass, shoot and root length, 
chlorophyll a, b, and total chlorophyll content, carotenoid 
content, flavonoid levels, phenolic content, sugar content, 
and indole acetic acid (IAA) concentration. The results 
provided insight into how different concentrations of 
Sorghum extracts affect plant development, and these 
effects were observed to be dose-dependent, reflecting the 
complex nature of allelopathic interactions. 
The germination rate of Raphanus sativus was inhibited by 
the increasing concentration of Sorghum bicolor extracts, 
with the highest inhibition observed at the 6% 
concentration of both leaf and stem extracts. This is 
consistent with findings from previous studies, which 
reported reduced germination rates in various plants 
when exposed to higher concentrations of allelopathic 
plant extracts (31). The reduced germination observed in 
our study may be attributed to the allelopathic chemicals, 
particularly phenolic compounds and other secondary 
metabolites, which can interfere with seed metabolism, 
hinder enzyme activity, and block cellular division (32). 
The shoot and root biomass, as well as the length of both 
shoots and roots, were negatively impacted by higher 
concentrations of Sorghum bicolor extracts. The stem 
extract showed a more pronounced effect on biomass 
reduction compared to the leaf extract. This is in line with 
previous studies, such as those by Singh et al. (33), who 

found that Sorghum extracts, particularly from the stem, 
significantly reduced root and shoot growth in recipient 
plants. The reduction in root length could be attributed to 
phenolic compounds that disrupt root meristem activity, 
impairing elongation and cell division (34). Additionally, 
the inhibition of shoot growth at higher extract 
concentrations aligns with the results of Batish et al. (35), 
who showed that allelopathic compounds from Sorghum 
reduced shoot elongation by interfering with cell division 
and elongation processes. 
A significant increase in chlorophyll a, b, and total 
chlorophyll content was observed at higher 
concentrations of Sorghum bicolor extracts, especially at 
the 6% concentration. This suggests that Raphanus sativus 
seedlings responded to allelopathic stress by producing 
more chlorophyll, likely as a compensatory mechanism to 
enhance photosynthetic efficiency under stress (36). 
Similar findings were reported by Chon et al. (2020), who 
noted that plants exposed to allelopathic stress tend to 
increase their chlorophyll content in an attempt to 
mitigate the adverse effects of allelochemicals and 
maintain their photosynthetic capacity. The increase in 
chlorophyll content could be seen as a stress adaptation 
mechanism, helping the plant to continue photosynthesis 
despite growth inhibition. 
The carotenoid content in Raphanus sativus seedlings 
increased significantly with the rising concentrations of 
Sorghum extracts, particularly at the 6% concentration. 
Carotenoids are essential for photosynthesis and provide 
protection against oxidative stress by neutralizing reactive 
oxygen species (ROS) (37). This increase in carotenoid 
levels is likely a defense response to the oxidative damage 
induced by allelopathic compounds from Sorghum. The 
results are in line with those of Zhang et al. (38), who 
showed that exposure to allelopathic stress can enhance 
carotenoid production, which in turn helps plants to better 
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cope with oxidative stress and protect their cellular 
structures. 
The flavonoid and phenolic content of Raphanus sativus 
seedlings also increased with rising concentrations of 
Sorghum extracts. These compounds are known for their 
role in plant defense and stress response (39). The 
phenolic compounds in Sorghum extracts are likely 
responsible for much of the observed inhibition of growth, 
as they can disrupt various physiological processes, 
including nutrient absorption and cell division (40). The 
elevated levels of flavonoids and phenolics may be a plant 
response to combat the oxidative stress caused by the 
allelopathic compounds, as these metabolites help 
neutralize ROS and protect the plant from damage (41). 
The sugar content in the seedlings increased with higher 
concentrations of Sorghum bicolor extracts, with the 
highest levels observed at the 6% concentration. Sugars 
play an important role in plant stress responses, acting as 
osmoprotectants and stabilizing cellular structures under 
adverse conditions (42). The accumulation of sugars in 
response to allelopathic stress may help the seedlings 
maintain osmotic balance and protect cellular functions 
from the damaging effects of oxidative stress. This finding 
aligns with studies by Ahmad et al. (43), who suggested 
that allelochemicals from Sorghum can influence 
carbohydrate metabolism, leading to increased sugar 
accumulation as a stress response. 
The IAA levels in Raphanus sativus seedlings were elevated 
in response to the increasing concentrations of Sorghum 
bicolor extracts. IAA is a crucial plant hormone involved in 
cell division, elongation, and differentiation (44). The 
increase in IAA levels could be indicative of a hormonal 
response to the allelopathic stress, potentially influencing 
the seedlings' ability to adapt to the unfavorable 
conditions induced by Sorghum extracts. This finding is in 
agreement with research by Ahmad et al. (43), who 
showed that certain allelochemicals could regulate plant 
growth by modulating phytohormones like IAA. 
This study concludes that Sorghum bicolor aqueous 
extracts exhibit a strong allelopathic effect on Raphanus 
sativus seedlings, with varying impacts on different growth 
parameters depending on the concentration of the extract. 
Both leaf and stem extracts inhibited seedling growth, but 
the stem extract had a more consistent inhibitory effect, 
especially at higher concentrations. In addition to reducing 
biomass, shoot and root length, and germination 
percentage, the extracts increased carotenoid, chlorophyll, 
flavonoid, and phenolic content, suggesting that the 
seedlings responded to the stress by producing more 
protective compounds. Furthermore, the increase in sugar 
content and IAA levels indicates that Sorghum extracts 
might trigger specific stress-adaptive mechanisms in the 
plants. 
Given the potential of Sorghum bicolor as a natural growth 
regulator and its use in agroecosystems for weed 
management, it is recommended that its application be 
carefully controlled to avoid detrimental effects on crop 
species. Future research should focus on isolating and 
identifying the specific allelopathic compounds 
responsible for these effects, as well as determining the 
optimal concentrations for practical agricultural use. 
Additionally, the long-term effects of Sorghum bicolor 

extracts on soil health and biodiversity should be further 
explored to assess their ecological impact. 
By understanding the concentration-dependent effects of 
Sorghum bicolor extracts, agricultural systems can better 
utilize this plant for sustainable practices such as weed 
control, cover cropping, and crop rotation, while 
minimizing potential negative impacts on non-target 
species. 
 

CONCLUSION 
The findings of this study demonstrate that Sorghum 
bicolor aqueous extracts exhibit a strong allelopathic effect 
on the growth and physiological parameters of Raphanus 
sativus seedlings. The allelopathic activity was 
concentration-dependent, with higher extract 
concentrations resulting in significant inhibition of 
seedling germination, biomass accumulation, and growth 
(shoot and root length). However, in response to this 
stress, the seedlings showed increased production of 
protective compounds such as chlorophyll, carotenoids, 
flavonoids, and phenolics. These findings suggest that the 
plant may be employing compensatory mechanisms to 
mitigate the adverse effects of allelopathic compounds. 
Additionally, elevated levels of sugars and indole acetic 
acid (IAA) further indicate the activation of adaptive stress 
responses in Raphanus sativus. The present work also 
highlights the potential use of Sorghum bicolor as a natural 
bio-herbicide or growth regulator, though it also 
underscores the importance of careful control in its 
application to avoid undesirable effects on crops. The 
results contribute to the understanding of allelopathy in 
agricultural systems, particularly in relation to weed 
management and crop protection strategies. 
Recommendation 
Based on the findings of this study, it is recommended that 
the use of Sorghum bicolor aqueous extracts in agricultural 
systems should be carefully regulated, especially at higher 
concentrations, to avoid detrimental effects on crop 
growth. While these extracts show potential as natural 
growth inhibitors for weeds, their impact on non-target 
plants, such as Raphanus sativus, should be considered to 
prevent unintended growth suppression. Future research 
should focus on isolating the specific allelopathic 
compounds responsible for the observed effects, as this 
could help optimize their use in agriculture. Additionally, 
exploring the potential for using lower concentrations of 
Sorghum bicolor extracts may provide a balance between 
effective weed management and minimal harm to 
beneficial crops. Lastly, long-term studies evaluating the 
impact of these extracts on soil health, biodiversity, and 
ecological balance are essential to ensure sustainable 
agricultural practices. 
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