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Abstract | The present study was conducted to evaluate the allelopathic effects of selected tree species on seed 
germination and morphological traits of Oryza sativa. Allelopathy is an important ecological mechanism 
influencing crop performance, particularly in rice-based agroecosystems where interactions with surrounding 
vegetation may affect growth and yield. In this study, aqueous extracts prepared from the stems, roots, and 
leaves of Ficus carica, Ailanthus altissima, and Eucalyptus lanceolatus were applied at three concentrations 
(5 g, 10 g, and 15 g) and a control treatment to assess their inhibitory potential. The results showed that 
allelopathic effects increased with concentration, with the highest inhibition observed at 15 g treatments. 
Radicle and plumule growth were significantly reduced across all treatments, indicating strong suppression 
during early seedling development. Leaf extracts exhibited comparatively weaker effects on leaf length and 
leaf width, whereas stem and root extracts, particularly from Ailanthus altissima and Eucalyptus lanceolatus, 
significantly reduced these traits. Furthermore, extracts from Ficus carica and Eucalyptus lanceolatus markedly 
reduced grain number, spikelet number, and 100-grain weight, indicating a substantial negative impact on 
yield-related parameters. Differences among plant parts suggest variation in the concentration and activity of 
allelochemicals, such as phenolics and other secondary metabolites. Correlation analysis revealed that radicle 
length was positively and significantly correlated with plumule length, plant height, leaf length, leaf number, 
leaf width, grain number, spikelet number, and 100-grain weight. Plumule length also showed significant 
positive correlations with plant height, leaf width, grain number, spikelet number, and grain weight, while 
its relationship with leaf length and leaf number was non-significant. Principal Component Analysis 
(PCA) further supported these findings by clearly separating high-concentration treatments from control 
conditions, with growth and yield traits contributing most strongly to the observed variation. Overall, the 
findings demonstrate that allelopathic tree species significantly suppress rice growth and productivity in a 
concentration-dependent manner. These results highlight the importance of managing tree–crop interactions 
and provide valuable insights for improving sustainable rice cultivation practices.
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Introduction

The genus Oryza L. belongs to the tribe Oryzeae, 
family Poaceae, and subfamily Oryzoideae. It 

comprises two cultivated species, Oryza sativa L. and 
Oryza glaberrima, along with approximately 20 wild 
species distributed across tropical and subtropical 
regions (Rice, 1984; Yang, 2006; Khatri et al., 2020). 
Among these, Oryza sativa (Asian rice) is the most 
economically important species and serves as a staple 
food for more than half of the global population 
(Arnon, 1949; Swain and Hillis, 1959; Mann, 1987; 
Erida et al., 2023). It is an annual grass that can grow 
up to 1 m in height and is well adapted to a wide range 
of environmental conditions, including flooded and 
waterlogged habitats (Ismail and Kumar, 1996; Kohli 
et al., 1997; Subhan et al., 2025). The plant consists 
of an erect stem with nodes bearing leaves, and 
grains are produced on panicles that arch downward 
(Vitousek and Walker, 1989). The grain, particularly 
the endosperm, represents the most economically 
valuable component for human consumption 
(Mizutani, 1999; Yang, 2006; Ullah et al., 2025a). Rice 
is one of the most important cereal crops worldwide 
and is a primary food source for a significant portion 
of the human population (Hiscox and Israelstam, 
1979; Malik and Husain, 2007). It can be cultivated 
across diverse agroecological conditions, ranging from 
upland systems to lowland flooded environments, and 
from humid to relatively dry climates. Globally, rice, 
maize, and wheat together contribute approximately 
49% of total caloric intake, with rice alone accounting 
for about 23% (Kohli and Rani, 1994; Batish et al., 
2002a). Despite its importance, rice production 
faces several constraints, particularly in developing 
countries such as Pakistan, where environmental and 
agronomic challenges significantly limit crop yield and 
productivity (Stachon and Zimdahl, 1980; Ullah et al., 
2025b). One of the major challenges affecting crop 
production is environmental pollution resulting from 
the excessive and improper use of synthetic fertilizers 
and pesticides (Batish et al., 2002b). Chemical weed 
control has become increasingly common in modern 
agriculture; however, overuse of these inputs leads to soil 
degradation, water contamination, and adverse effects 
on human and animal health (Quayyum et al., 2000). 
The accumulation of nitrates and other agrochemicals 
contributes to eutrophication and environmental 
imbalance (Xuan et al., 2004). These concerns have 
prompted increasing interest in sustainable and 
eco-friendly alternatives for crop management.

Allelopathy has emerged as an important ecological 
mechanism that can influence plant growth and crop 
productivity. The term allelopathy is derived from the 
Greek words “allelo” (mutual) and “pathy” (suffering), 
and it was first introduced by Hans Molisch to describe 
biochemical interactions among plants (Xuan et al., 
2005; Ullah et al., 2025c). It refers to the direct or indirect 
effects of one plant on another through the release 
of chemical compounds into the environment (Khan 
et al., 2018a; Poudel et al., 2019). These compounds, 
known as allelochemicals, are secondary metabolites 
produced by plants, algae, bacteria, and fungi, which 
can affect seed germination, growth, and survival of 
neighboring plants ( Javaid et al., 2006). Depending 
on their nature and concentration, allelochemicals 
may exert either inhibitory or stimulatory effects 
on target organisms, influencing physiological and 
developmental processes (Niu et al., 2007; Khan et 
al., 2018b). In agricultural systems, allelopathy plays 
a crucial role in plant–plant interactions, particularly 
in crop–weed and crop–tree relationships (Poudel et 
al., 2019). Many plant species, including both native 
and invasive weeds, release allelochemicals that can 
significantly affect seed germination and crop growth 
(Khatri et al., 2020). Weeds are a major constraint 
in agricultural production, especially in Asia, where 
they compete with crops for nutrients, water, and 
light (Xuan et al., 2004). In addition, allelochemicals 
released by these plants can further suppress crop 
development by inhibiting germination and early 
seedling growth (Wang et al., 2011). Therefore, 
understanding allelopathic interactions is essential for 
developing sustainable weed management strategies 
and improving crop productivity (Poudel et al., 2019; 
Khan et al., 2018a). Therefore, the present study aims 
to investigate the allelopathic effects of selected tree 
species on the germination and morphological traits of 
Oryza sativa under controlled conditions. Specifically, 
this study (i) evaluates the inhibitory effects of aqueous 
extracts derived from different plant parts (root, stem, 
and leaves) at varying concentrations (5 g, 10 g, and 
15 g) on seed germination and early seedling growth, 
(ii) assesses the impact of allelopathic treatments 
on key morphological and yield-related traits, 
including plant height, leaf characteristics, grain 
number, spikelet number, and 100-grain weight, (iii) 
examines the relationships among growth and yield 
traits using correlation analysis, and (iv) identifies 
the major sources of variation among treatments 
through Principal Component Analysis (PCA). By 
integrating morphological and statistical analyses, 
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this study provides insights into the role of allelopathy 
in influencing rice growth and offers a scientific basis 
for sustainable crop management and agroecosystem 
improvement.

Materials and Methods

Experimental site
The study was conducted in the Department of Botany 
(Allelopathy, Conservation, and Plant Systematics), 
Hazara University, Mansehra, Pakistan. Both 
laboratory and field experiments were carried out 
from May 2021 to September 2021 under controlled 
and natural environmental conditions (Khan et al., 
2018c).

Collection of plant material
Fresh leaves, stems, and roots of selected allelopathic 
tree species (Ficus carica, Ailanthus altissima, and 
Eucalyptus lanceolatus) were collected from District 
Shangla, Khyber Pakhtunkhwa, Pakistan. Only 
healthy and disease-free plant parts were selected. 
The collected materials were washed with distilled 
water to remove dust and debris and then shade-dried 
at room temperature. The dried plant materials were 
ground into fine powder using a mechanical grinder 
and stored separately for further analysis (Khan et al., 
2024).

Preparation of aqueous extracts
Aqueous extracts were prepared by soaking powdered 
plant materials (leaves, stems, and roots separately) at 
concentrations of 5%, 10%, and 15% (w/v) in distilled 
water for 24 hours at room temperature (Khan et al., 
2025). The extracts were filtered using Whatman No. 
1 filter paper, and the final volume was adjusted to 100 
mL. These concentrations were selected to evaluate 
dose-dependent allelopathic effects (low, medium, 
and high concentrations). Distilled water was used as 
a control treatment, and fresh extracts were prepared 
before each experiment (Asif et al., 2025).

Germination experiment
The germination experiment was conducted under 
laboratory conditions using a Completely Randomized 
Design (CRD). Ten healthy seeds of Oryza sativa 
were placed in Petri dishes lined with two layers of 
Whatman filter paper (Sajid et al., 2023). Each Petri 
dish received 10 mL of the respective extract (5%, 
10%, and 15%) to maintain moisture, while distilled 

water was used as a control (Khan et al., 2016). All 
Petri dishes were incubated in darkness at 25 °C for 
10 days. Moisture levels were maintained by adding 
extract solution as required. After the incubation 
period, the following parameters were recorded 
(Shakir et al., 2023a):
•	 Radicle length (cm) 
•	 Plumule length (cm)

Field experiment
The field experiment was conducted using a 
Randomized Complete Block Design (RCBD) at 
Hazara University, Mansehra. The field was divided 
into plots with adequate spacing to avoid treatment 
interference (Shakir et al., 2023b). Rice seeds were 
sown uniformly across all plots. For each treatment, 
150 g of powdered plant material (roots, stems, 
and leaves of Ficus carica, Ailanthus altissima, and 
Eucalyptus lanceolatus) was applied separately to 
designated rows, while untreated rows served as 
a control (Saifullah et al., 2025). Three plants from 
each plot were randomly selected at different growth 
stages. The following morphological and yield-related 
traits were recorded:

•	 Plant height (cm) 
•	 Leaf length (cm) 
•	 Leaf width (cm) 
•	 Number of leaves per plant 
•	 Number of grains per plant 
•	 Spikelet number per plant 
•	 100-grain weight (g)

Statistical analysis
All data were analyzed using SPSS software (IBM 
SPSS Statistics, version XX). Analysis of variance 
(ANOVA) was performed to determine significant 
differences among treatments. Mean comparisons 
were conducted using the Least Significant Difference 
(LSD) test at a 5% probability level (p ≤ 0.05). Pearson 
correlation analysis was performed to evaluate the 
relationships among growth and yield-related traits. In 
addition, Principal Component Analysis (PCA) was 
conducted using R software (version 3.4.0) to identify 
major sources of variation and to assess the overall 
impact of allelopathic treatments on rice growth. 
The PCA results were visualized using appropriate 
graphical packages to illustrate trait contributions 
and treatment separation.
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Figure 1: Effects of Ficus carica on Oryza sativa plumule length

Plate 1: Allelopathic effect of 5% 10% 15% aqueous extract of Ficus carica stem on radicle and plumule length of Oryza 
sativa

Table 1: Analysis of variance for effects of allelopathic 
plants (leaves, stem, root) at different levels of concentra-
tion (5g, 10g, 15g) on radical and plumule length

Effects Radical Plumule
Species DF F P F P
Ficus carica 9 20.9024 <.0001 22.3926 <.0001
Ailanthus 
altissima

9 22.2857 <.0001 15.7656 <.0001

Eucalyptus 
lanceolatus

9 13.0701 <.0001 12.6882 <.0001

Note: DF stands for degrees of freedom, P stands for probability val-
ues, and F stands for the ratio of two variances.

Results

The results demonstrated that aqueous extracts 
of selected allelopathic tree species significantly 
influenced germination, growth, and yield-related 

traits of Oryza sativa, with effects varying depending 
on plant part and extract concentration ( Jhariya et al., 
2022).

Laboratory experiment: allelopathic effects on radicle and 
plumule length of Oryza sativa
effect of Ficus carica on radicle and plumule length
Ficus carica showed significant effects (p ≤ 0.05) on 
radicle and plumule growth of Oryza sativa (Table 
1). The maximum radicle and plumule lengths were 
recorded in the control treatment, followed by the leaf 
extract at a 5 g concentration. A gradual reduction in 
both parameters was observed with increasing extract 
concentration. The minimum plumule length (0.83 ± 
0.16 cm) was recorded under stem and root extracts at 
15 g concentration (Plate 1), while the lowest radicle 
length (1.5 ± 0.5 cm) was also observed under root 
and stem extracts at the same concentration (Plate 2). 
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Figure 2: Effects of Ficus carica on Oryza sativa radical length

Plate 2: Allelopathic effect of 5% 10% 15% aqueous extract of Ficus carica root on radicle and plumule length of Oryza 
sativa

Plate 3: Allelopathic effect of 5% 10% 15% aqueous extract of Ficus carica leaves on radicle and plumule length of 
Oryza sativa

Among the different plant parts, stem and root extracts 
exhibited stronger inhibitory effects compared to leaf 
extracts. Overall, Ficus carica extracts demonstrated a 
concentration-dependent inhibitory effect, with the 
highest suppression observed at 15 g concentration 
across all plant parts (Plate 3; Figure 1 and Figure 2).

Effect of Ailanthus altissima on radicle and plumule 
length
Ailanthus altissima exhibited significant effects 

(p ≤ 0.05) on radicle and plumule growth of 
Oryza sativa (Table 1). The maximum plumule 
and radicle lengths (7 ± 0.57 cm and 9 ± 0.57 cm, 
respectively) were recorded in the control treatment 
(distilled water), followed by the leaf extract at a 5 
g concentration (Plate 4). A progressive reduction 
in growth parameters was observed with increasing 
extract concentration. The minimum plumule length 
(1.5 ± 0.28 cm) was recorded under root extract at 
15 g concentration, followed by stem extract at the 
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Figure 3: Effects of Ailanthus altissima on Oryza sativa plumule length

Plate 4: Allelopathic effect of 5% 10% 15% aqueous extract of Ailanthus altissima root on radicle and plumule length 
of Oryza sativa

Plate 5: Allelopathic effect of 5% 10% 15% aqueous extract of Ailanthus altissima leaves on radicle and plumule length 
of Oryza sativa

Plate 6: Allelopathic effect of 5% 10% 15% aqueous extract of Ailanthus altissima stem on radicle and plumule length 
of Oryza sativa
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same concentration (Plate 5). Similarly, the lowest 
radicle length (2.5 ± 0.28 cm) was observed under 
root extract at 15 g concentration, followed by 
stem extract (Plate 6). Among the different plant 
parts, root extracts showed the strongest inhibitory 
effects, followed by stem extracts, while leaf extracts 
exhibited comparatively lower inhibition. Overall, 
Ailanthus altissima extracts demonstrated a clear 
concentration-dependent inhibitory effect, with the 
highest suppression of radicle and plumule growth 
observed at 15 g concentration (Figure 3 and Figure 4).

Effect of Eucalyptus lanceolatus on radicle and plumule 
length
Eucalyptus lanceolatus showed significant effects (p ≤ 

0.05) on radicle and plumule growth of Oryza sativa 
(Table 1). The maximum plumule and radicle lengths 
(3.16 ± 0.16 cm and 5.66 ± 0.33 cm, respectively) 
were recorded in the control treatment, followed by 
leaf extract at 5 g concentration (Plate 7). A strong 
inhibitory effect was observed with increasing extract 
concentration. No seed germination was recorded 
under the stem extract at 15 g concentration (Plate 
8), indicating complete inhibition. Similarly, no 
plumule emergence was observed at a stem extract 
concentration of 10 g, while radicle growth was 
minimal (0.33 ± 0.33 cm). The minimum plumule 
length (0.66 ± 0.33 cm) was recorded under root 
extract at both 10 g and 15 g concentrations 
(Plate 9). Among the different plant parts, stem

Figure 4: Effects of Ailanthus altissima on Oryza sativa radical length

Figure 5: Effects of Eucalyptus lanceolatus on Oryza sativa plumule length
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Figure 6: Effects of Eucalyptus lanceolatus on Oryza sativa radical length

Plate 7: Allelopathic effect of 5% 10% 15% aqueous extract of Eucalyptus lanceolatus leaves on radicle and plumule 
length of Oryza sativa

Plate 8: Allelopathic effect of 5% 10% 15% aqueous extract of Eucalyptus lanceolatus root on radicle and plumule 
length of Oryza sativa

Plate 9: Allelopathic effect of 5% 10% 15% aqueous extract of Eucalyptus lanceolatus stem on radicle and plumule 
length of Oryza sativa

extracts exhibited the strongest inhibitory effects, followed by root extracts, while leaf extracts showed 
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comparatively weaker inhibition. Overall, Eucalyptus 
lanceolatus extracts demonstrated a pronounced 
concentration-dependent inhibitory effect, with 10 g 
and 15 g concentrations causing severe suppression of 
germination and seedling growth compared to the 5 
g concentration (Figure 5 and Figure 6).

Effect of allelopathic plants on morphological parameters 
of Oryza sativa
Analysis of variance for the effect of allelopathic plants on 
morphological traits of Oryza sativa
One-way analysis of variance (ANOVA) revealed 
that plant height, leaf length, and leaf width of Oryza 
sativa were significantly (p ≤ 0.05) affected by the 
application of leaf, stem, and root powders of Ficus 
carica, Ailanthus altissima, Eucalyptus lanceolatus, 
Melia azedarach, and Morus alba (Table 2). These 
results indicate that allelopathic treatments had 
a pronounced influence on key vegetative growth 
parameters. In contrast, the number of leaves did 
not show a significant response (p > 0.05) to the 
allelopathic treatments, suggesting that this trait is 
less sensitive to allelochemical effects compared to 
other morphological characteristics.

Plant height and number of leaves
The plant height of Oryza sativa was significantly (p ≤ 
0.05) reduced by the application of allelopathic plant 
part powders compared to the control treatment.

Effect of Ailanthus altissima on plant height
The plant height of Oryza sativa was significantly 

affected (p ≤ 0.05) by different parts of Ailanthus 
altissima (Figure 7). The highest plant height 
(approximately 90 cm) was recorded in the control 
treatment, which was significantly greater than all 
allelopathic treatments.

Among the treated groups, leaf, root, and stem 
powders resulted in a marked reduction in plant 
height, with values ranging between approximately 
55 and 58 cm. However, no significant differences 
were observed among these plant parts, as indicated 
by the same significance group (b). Overall, all parts of 
Ailanthus altissima exhibited a strong inhibitory effect 
on plant height compared to the control, indicating 
its pronounced allelopathic potential under field 
conditions Table 1.

Effect of Eucalyptus lanceolatus on plant height
The plant height of Oryza sativa was significantly 
affected (p ≤ 0.05) by different parts of Eucalyptus 
lanceolatus (Figure 8). The highest plant height 
(approximately 90 cm) was recorded in the control 
treatment, which was significantly greater than all 
allelopathic treatments. Among the treated groups, 
leaf, root, and stem powders resulted in a marked 
reduction in plant height, with values ranging between 
approximately 52 and 56 cm. However, no significant 
differences were observed among these plant parts, 
as indicated by the same significance group (b). 
Overall, all parts of Eucalyptus lanceolatus exhibited 
a strong inhibitory effect on plant height compared

Figure 7: Effect of different plant parts (leaves, roots, and stems) of Ailanthus altissima on the plant height (cm) of 
Oryza sativa. Bars represent mean values ± standard error. Different letters above bars indicate significant differences 
at p ≤ 0.05 based on the LSD test. The control represents plants grown without allelopathic treatment.
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Figure 8: Effect of different plant parts (leaves, roots, and stems) of Eucalyptus lanceolatus on the plant height (cm) of 
Oryza sativa. Bars represent mean values ± standard error. Different letters above bars indicate significant differences 
at p ≤ 0.05 based on the LSD test. The control represents plants grown without allelopathic treatment.

Table 2: Analysis of variance for the effects of allelopathic plants (leaves, stem, root), on Oryza sativa morphology
Effects Plant height Leaves No. Leaf Length Leaf width

DF F P F P F P F P
Ficus carica 3 80.8033 <.0001 1.1111 0.359 37.9007 <.0001 41.6389 <.0001
Ailanthus altissima 3 151.9351 <.0001 0.3478 0.7909 73.6646 <.0001 32.8588 <.0001
Eucalyptus lanceolatus 3 219.4824 <.0001 1.3061 0.2894 214.6037 <.0001 70.902 <.0001
Melia azedarach 3 237.7944 <.0001 0.386 0.7638 121.2504 <.0001 43.2653 <.0001
Morus alba 3 108.112 <.0001 0.1 0.9594 26.1287 <.0001 51.2401 <.0001

Note: DF stands for degrees of freedom, P stands for probability values, and F stands for the ratio of two variances.

to the control, indicating its pronounced allelopathic 
potential under field conditions Table 1.

Effect of Ficus carica on plant height
Plant height of Oryza sativa was significantly affected 
(p ≤ 0.05) by different parts of Ficus carica (Figure 9). 
The highest plant height (approximately 88–90 cm) 
was recorded in the control treatment, which was 
significantly greater than all allelopathic treatments. 
Among the treated groups, leaf powder resulted in the 
greatest reduction in plant height (~55 cm), followed 
by root and stem powders (~62–64 cm). Significant 
differences were observed among plant parts, with 
leaf treatment showing the strongest inhibitory effect 
(group c), while root and stem treatments exhibited 
moderate inhibition (group b). Overall, Ficus carica 
showed a strong allelopathic effect on plant height, 
with leaf extracts exerting the strongest inhibitory 
influence compared to other plant parts Table 1.

Figure 9: Effect of different plant parts (leaves, roots, and 
stems) of Ficus carica on the plant height (cm) of Oryza 
sativa. Bars represent mean values ± standard error. Dif-
ferent letters above bars indicate significant differences 
at p ≤ 0.05 based on the LSD test. The control represents 
plants grown without allelopathic treatment.
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Effect of melia azedarach on plant height
The plant height of Oryza sativa was significantly 
affected (p ≤ 0.05) by different parts of Melia azedarach 
(Figure 10). The highest plant height (approximately 
90 cm) was recorded in the control treatment, 
which was significantly greater than all allelopathic 
treatments. Among the treated groups, root powder 
resulted in the greatest reduction in plant height (~50 
cm), followed by stem (~60 cm) and leaf (~65 cm) 
treatments. Significant differences were observed 
among plant parts, as indicated by distinct significance 
groups (b, c, and d), with root treatment showing the 
strongest inhibitory effect. Overall, Melia azedarach 
exhibited a strong allelopathic effect on plant height, 
with root extracts exerting the strongest inhibitory 
influence compared to leaf and stem treatments.

Figure 10: Effect of different plant parts (leaves, roots, 
and stems) of Melia azedarach on the plant height (cm) 
of Oryza sativa. Bars represent mean values ± standard 
error. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on the LSD test. The control 
represents plants grown without allelopathic treatment.

Effect of allelopathic plants on the number of leaves
The number of leaves of Oryza sativa was not 
significantly affected (p > 0.05) by the application 
of different allelopathic plant parts compared to 
the control treatment (Figure 10). Although slight 
variations were observed among treatments, these 
differences were not statistically significant.

Effect of Ailanthus altissima on the number of leaves
The number of leaves of Oryza sativa was not 
significantly affected (p > 0.05) by different parts of 
Ailanthus altissima (Figure 11). The control and all 
treatments (leaves, roots, and stems) showed nearly 

similar values, ranging from 3 to 3.5 leaves per plant. 
No significant differences were observed among 
treatments, as indicated by the same statistical group 
(a). These results suggest that the number of leaves 
is relatively insensitive to the allelopathic effects of 
Ailanthus altissima Table 2.

Figure 11: Effect of different plant parts (leaves, roots, 
and stems) of Ailanthus altissima on the number of leaves 
of Oryza sativa. Bars represent mean values ± standard 
error. Same letters above bars indicate non-significant 
differences at p > 0.05 based on the LSD test.

Effect of Eucalyptus lanceolatus on the number of leaves
The number of leaves of Oryza sativa was not 
significantly affected (p > 0.05) by different parts of 
Eucalyptus lanceolatus (Figure 12). The control and all 
treatments (leaves, roots, and stems) exhibited nearly 
similar values, with only minor variations among 
treatments. No significant differences were observed 
among the plant parts, as all treatments belonged to 
the same statistical group (a). These results indicate 
that the number of leaves is not sensitive to the 
allelopathic effects of Eucalyptus lanceolatus Table 2. 

Effect of Ficus carica on the number of leaves
The number of leaves of Oryza sativa was not 
significantly affected (p > 0.05) by different parts of 
Ficus carica (Figure 13). The control and all treatments 
(leaves, roots, and stems) showed nearly similar 
values, with only slight variations among treatments. 
No significant differences were observed among the 
plant parts, as all treatments belonged to the same 
statistical group (a). These results indicate that the 
number of leaves is not influenced by the allelopathic 
effects of Ficus carica Table 2. 
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Figure 12: Effect of different plant parts (leaves, roots, 
and stems) of Eucalyptus lanceolatus on the number of 
leaves of Oryza sativa. Bars represent mean values ± 
standard error. Same letters above bars indicate non-sig-
nificant differences at p > 0.05 based on the LSD test.

Figure 13: Effect of different plant parts (leaves, roots, 
and stems) of Ficus carica on the number of leaves of 
Oryza sativa. Bars represent mean values ± standard 
error. Same letters above bars indicate non-significant 
differences at p > 0.05 based on the LSD test.

Effect of Melia azedarach on the number of leaves
The number of leaves of Oryza sativa was not 
significantly affected (p > 0.05) by different parts 
of Melia azedarach (Figure 14). The control and all 
treatments (leaves, roots, and stem) exhibited nearly 
similar values, with only slight variations among 
treatments. No significant differences were observed 
among the plant parts, as all treatments belonged to 
the same statistical group (a). These results indicate 
that the number of leaves is not influenced by the 
allelopathic effects of Melia azedarach Table 2. 

Effect of allelopathic plants on leaf length 
Leaf length of Oryza sativa was significantly affected 
(p ≤ 0.05) by different allelopathic plant species 
and their respective parts compared to the control 
treatment. 

Figure 14: Effect of different plant parts (leaves, roots, 
and stems) of Melia azedarach on the number of leaves 
of Oryza sativa. Bars represent mean values ± standard 
error. Same letters above bars indicate non-significant 
differences at p > 0.05 based on the LSD test.

Figure 15: Effect of different plant parts (leaves, roots, 
and stem) of Ailanthus altissima on leaf length (cm) of 
Oryza sativa. Bars represent mean values ± standard er-
ror. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on LSD test.

Effect of Ailanthus altissima on leaf length
Leaf length of Oryza sativa was significantly affected 
(p ≤ 0.05) by different parts of Ailanthus altissima 
(Figure 15). The maximum leaf length (approximately 
45 cm) was recorded in the control treatment, 
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which was significantly higher than all allelopathic 
treatments. Among the treated groups, leaf extract 
showed moderate reduction (~35 cm), followed by 
root extract (~33 cm), while stem extract exhibited the 
greatest reduction (~31 cm). Significant differences 
were observed among treatments, as indicated by 
different statistical groups (a, b, bc, and c), with the 
stem treatment showing the strongest inhibitory 
effect. Overall, Ailanthus altissima demonstrated a 
pronounced allelopathic effect on leaf length, with 
increasing inhibition observed from leaf to stem 
treatments.

Effect of Eucalyptus lanceolatus on leaf length 
Leaf length of Oryza sativa was significantly affected 
(p ≤ 0.05) by different parts of Eucalyptus lanceolatus 
(Figure 16). The highest leaf width was recorded in 
the control treatment, which was significantly greater 
than all allelopathic treatments. Among the treated 
groups, leaf, root, and stem extracts resulted in reduced 
leaf width, with no significant differences observed 
among these plant parts, as all treatments belonged to 
the same statistical group. This indicates that all parts 
of Eucalyptus lanceolatus exerted a similar inhibitory 
effect on leaf width. Overall, Eucalyptus lanceolatus 
showed a strong allelopathic effect by significantly 
reducing leaf width compared to the control.

Figure 16: Effect of different plant parts (leaves, roots, 
and stems) of Eucalyptus lanceolatus on leaf width (cm) 
of Oryza sativa. Bars represent mean values ± standard 
error. Different letters above bars indicate significant 
differences at p ≤ 0.05 based on the LSD test.

Effect of ficus carica on leaf length
Leaf length of Oryza sativa was significantly affected 
(p ≤ 0.05) by different parts of Ficus carica (Figure 

17). The maximum leaf length (approximately 48–50 
cm) was recorded in the control treatment, which was 
significantly higher than all allelopathic treatments. 
Among the treated groups, root extract showed 
moderate reduction (~44–45 cm), while leaf and stem 
extracts exhibited the greatest reduction (~35–38 
cm). Significant differences were observed among 
treatments, as indicated by distinct statistical groups 
(a, b, and c), with leaf and stem treatments showing 
the strongest inhibitory effects. Overall, Ficus carica 
demonstrated a strong allelopathic effect on leaf 
length, with leaf and stem extracts exerting greater 
inhibition compared to root extracts.

Figure 17: Effect of different plant parts (leaves, roots, 
and stems) of Ficus carica on leaf length (cm) of Oryza 
sativa. Bars represent mean values ± standard error. Dif-
ferent letters above bars indicate significant differences at 
p ≤ 0.05 based on the LSD test.

Effect of Melia azedarach on leaf length
Leaf length of Oryza sativa was significantly affected 
(p ≤ 0.05) by different parts of Melia azedarach 
(Figure 18). The maximum leaf length (approximately 
48–50 cm) was recorded in the control treatment, 
which was significantly higher than all allelopathic 
treatments. Among the treated groups, leaf and stem 
extracts showed moderate reduction (~38–40 cm), 
while root extract exhibited the greatest reduction 
(~25 cm). Significant differences were observed 
among treatments, as indicated by distinct statistical 
groups (a, b, and c), with root treatment showing the 
strongest inhibitory effect. Overall, Melia azedarach 
demonstrated a strong allelopathic effect on leaf 
length, with root extracts exerting greater inhibition 
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compared to leaf and stem treatments.

Figure 18: Effect of different plant parts (leaves, roots, 
and stems) of Melia azedarach on leaf length (cm) of Ory-
za sativa. Bars represent mean values ± standard error. 
Different letters above bars indicate significant differences 
at p ≤ 0.05 based on the LSD test.

Effect of allelopathic plants on the number of grains
The number of grains of Oryza sativa was significantly 
affected (p ≤ 0.05) by different allelopathic plant 
species and their respective parts compared to the 
control treatment. 

Figure 19: Effect of different plant parts (leaves, roots, 
and stems) of Ailanthus altissima on the number of grains 
of Oryza sativa. Bars represent mean values ± standard 
error. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on the LSD test.

Effect of Ailanthus altissima on the number of grains
The number of grains of Oryza sativa was significantly 
affected (p ≤ 0.05) by different parts of Ailanthus 

altissima (Figure 19). The highest number of grains 
(approximately 78) was recorded in the control 
treatment, which was significantly greater than all 
allelopathic treatments. Among the treated groups, 
leaf, root, and stem extracts resulted in a marked 
reduction in grain number, with values ranging 
between approximately 52–56 grains per plant. 
However, no significant differences were observed 
among these plant parts, as all treatments belonged 
to the same statistical group (b). Overall, Ailanthus 
altissima exhibited a strong inhibitory effect on grain 
production, indicating its negative impact on the yield 
of Oryza sativa.

Effect of Eucalyptus lanceolatus on the number of grains
The number of grains of Oryza sativa was significantly 
affected (p ≤ 0.05) by different parts of Eucalyptus 
lanceolatus (Figure 20). The highest number of grains 
(approximately 78) was recorded in the control 
treatment, which was significantly greater than all 
allelopathic treatments. Among the treated groups, 
root extract showed the greatest reduction (~40 
grains), followed by leaf and stem extracts (~47–
49 grains). Significant differences were observed 
among treatments, as indicated by distinct statistical 
groups (a, b, and c), with root treatment showing 
the strongest inhibitory effect. Overall, Eucalyptus 
lanceolatus demonstrated a pronounced allelopathic 
effect on grain production, with root extracts exerting 
the highest negative impact on yield.

Figure 20: Effect of different plant parts (leaves, roots, 
and stems) of Eucalyptus lanceolatus on the number of 
grains of Oryza sativa. Bars represent mean values ± 
standard error. Different letters above bars indicate sig-
nificant differences at p ≤ 0.05 based on the LSD test.



June 2026 | Volume 32 | Issue 2 | Page 112

Pakistan Journal of Weed Science Research
Effect of Ficus carica on the number of grains
The number of grains of Oryza sativa was 
significantly affected (p ≤ 0.05) by different parts 
of Ficus carica (Figure 21). The highest number 
of grains (approximately 78) was recorded in the 
control treatment, which was significantly greater 
than all allelopathic treatments. Among the treated 
groups, leaf extract showed the greatest reduction 
(~40 grains), followed by stem (~52 grains) and root 
(~55 grains) treatments. Significant differences were 
observed among treatments, as indicated by distinct 
statistical groups (a, b, and c), with leaf treatment 
showing the strongest inhibitory effect. Overall, 
Ficus carica demonstrated a strong allelopathic effect 
on grain production, with leaf extracts exerting the 
highest negative impact on yield.

Figure 21: Effect of different plant parts (leaves, roots, 
and stems) of Ficus carica on the number of grains of 
Oryza sativa. Bars represent mean values ± standard 
error. Different letters above bars indicate significant 
differences at p ≤ 0.05 based on the LSD test.

Effect of Melia azedarach on the number of grains
The number of grains of Oryza sativa was 
significantly affected (p ≤ 0.05) by different parts of 
Melia azedarach (Figure 22). The highest number of 
grains (approximately 78) was recorded in the control 
treatment, which was significantly greater than all 
allelopathic treatments. Among the treated groups, 
root extract showed the greatest reduction (~50 grains), 

followed by leaf extract (~55 grains), while stem 
extract exhibited comparatively higher grain number 
(~62 grains) among the treated groups. Significant 
differences were observed among treatments, as 
indicated by statistical groups (a, b, bc, and c), with 
root treatment showing the strongest inhibitory 
effect. Overall, Melia azedarach demonstrated a 
strong allelopathic effect on grain production, with 
root extracts exerting the highest negative impact on 
yield, while stem treatments showed relatively lower 
inhibition.

Figure 22: Effect of different plant parts (leaves, roots, 
and stems) of Melia azedarach on the number of grains 
of Oryza sativa. Bars represent mean values ± standard 
error. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on the LSD test.

Effect of allelopathic plants on the number of spikelets
Analysis of variance (ANOVA) revealed that 
different allelopathic plant species and their 
respective parts had significant effects (p ≤ 0.05) on 
the number of spikelets of Oryza sativa (Table 3). 
These results indicate that allelopathic treatments 
influenced reproductive development and yield-
related traits. Overall, the number of spikelets was 
reduced under allelopathic treatments compared 
to the control, demonstrating the inhibitory 
effects of allelochemicals on spikelet formation.

Table 3: Analysis of variance for effects of allelopathic plants (leaves, stem, root) on yield-related parameters of Oryza 
sativa

Effects Grain No. Spikelet No. Weight of 100g
Species DF F P F P F P
Ficus carica 3 113.266 <.0001 83.2049 <.0001 31.8958 <.0001
Ailanthus altissmia 3 84.1626 <.0001 56.6116 <.0001 42.2424 <.0001
Eucalyptus lanceolatus 3 157.5609 <.0001 102.397 <.0001 40.428 <.0001
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Effect of Ailanthus altissima on the number of spikelets
The number of spikelets of Oryza sativa was 
significantly affected (p ≤ 0.05) by different parts of 
Ailanthus altissima (Figure 23). The highest number 
of spikelets (approximately 21) was recorded in the 
control treatment, which was significantly greater 
than all allelopathic treatments. Among the treated 
groups, leaf, root, and stem extracts resulted in a 
reduction in spikelet number, with values ranging 
between approximately 11 and 12 spikelets per plant. 
However, no significant differences were observed 
among these plant parts, as all treatments belonged 
to the same statistical group (b). Overall, Ailanthus 
altissima exhibited a strong inhibitory effect on 
spikelet formation, indicating its negative impact on 
reproductive development and yield of Oryza sativa 
(Table 3).

Figure 23: Effect of different plant parts (leaves, roots, 
and stems) of Ailanthus altissima on the number of spike-
lets of Oryza sativa. Bars represent mean values ± stand-
ard error. Different letters above bars indicate significant 
differences at p ≤ 0.05 based on the LSD test.

Effect of Eucalyptus lanceolatus on the number of spikelets
The number of spikelets of Oryza sativa was 
significantly affected (p ≤ 0.05) by different parts 
of Eucalyptus lanceolatus (Figure 24). The highest 
number of spikelets (approximately 21) was recorded 
in the control treatment, which was significantly 
greater than all allelopathic treatments. Among the 
treated groups, leaf, root, and stem extracts resulted 
in a reduction in spikelet number, with values ranging 
between approximately 11 and 12 spikelets per plant. 
However, no significant differences were observed 
among these plant parts, as all treatments belonged 
to the same statistical group (b). Overall, Eucalyptus 

lanceolatus exhibited a strong inhibitory effect on 
spikelet formation, indicating its negative impact on 
reproductive development and yield of Oryza sativa.

Figure 24: Effect of different plant parts (leaves, roots, 
and stems) of Eucalyptus lanceolatus on the number of 
spikelets of Oryza sativa. Bars represent mean values ± 
standard error. Different letters above bars indicate sig-
nificant differences at p ≤ 0.05 based on the LSD test.

Figure 25: Effect of different plant parts (leaves, roots, 
and stems) of Ficus carica on the number of spikelets of 
Oryza sativa. Bars represent mean values ± standard er-
ror. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on the LSD test.

Effect of Ficus carica on the number of spikelets
The number of spikelets of Oryza sativa was 
significantly affected (p ≤ 0.05) by different parts 
of Ficus carica (Figure 25). The highest number of 
spikelets (approximately 21) was recorded in the 
control treatment, which was significantly greater 
than all allelopathic treatments. Among the treated 
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groups, leaf, root, and stem extracts resulted in a 
reduction in spikelet number, with values ranging 
between approximately 11 and 13 spikelets per 
plant. However, no significant differences were 
observed among these plant parts, as all treatments 
belonged to the same statistical group (b). Overall, 
Ficus carica exhibited a strong inhibitory effect on 
spikelet formation, indicating its negative impact on 
reproductive development and yield of Oryza sativa.

Figure 26: Effect of different plant parts (leaves, roots, 
and stems) of Melia azedarach on the number of spikelets 
of Oryza sativa. Bars represent mean values ± standard 
error. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on the LSD test.

Effect of Melia azedarach on the number of spikelets
The number of spikelets of Oryza sativa was 
significantly affected (p ≤ 0.05) by different parts 
of Melia azedarach (Figure 26). The highest number 
of spikelets (approximately 21) was recorded in the 
control treatment, which was significantly greater 
than all allelopathic treatments. Among the treated 
groups, leaf, root, and stem extracts resulted in a 
reduction in spikelet number, with values ranging 
between approximately 11 and 12 spikelets per plant. 
However, no significant differences were observed 
among these plant parts, as all treatments belonged 
to the same statistical group (b). Overall, Melia 

azedarach exhibited a strong inhibitory effect on 
spikelet formation, indicating its negative impact on 
reproductive development and yield of Oryza sativa.

Effect of allelopathic plants on 100-grain weight
The 100-grain weight of Oryza sativa was significantly 
affected (p ≤ 0.05) by the selected allelopathic plant 
species and their respective parts (Table 4). The highest 
100-grain weight (6.11 ± 0.26 g) was recorded in the 
control treatment.

Effect of Ailanthus altissima on 100-grain weight
The 100-grain weight of Oryza sativa was significantly 
affected (p ≤ 0.05) by different parts of Ailanthus 
altissima (Figure 27). The highest grain weight 
(approximately 6.1 g) was recorded in the control 
treatment, which was significantly greater than all 
allelopathic treatments. Among the treated groups, 
leaf, root, and stem extracts resulted in a marked 
reduction in grain weight, with values ranging 
between approximately 3.0 and 3.3 g. However, no 
significant differences were observed among these 
plant parts, as all treatments belonged to the same 
statistical group (b). Overall, Ailanthus altissima 
exhibited a strong inhibitory effect on grain weight, 
indicating its negative impact on grain development 
and overall yield of Oryza sativa.

Effect of Eucalyptus lanceolatus on 100-grain weight
The 100-grain weight of Oryza sativa was 
significantly affected (p ≤ 0.05) by different parts 
of Eucalyptus lanceolatus (Figure 28). The highest 
grain weight (approximately 6.1 g) was recorded 
in the control treatment, which was significantly 
greater than all allelopathic treatments. Among the 
treated groups, leaf, root, and stem extracts resulted 
in a reduction in grain weight, with values ranging 
betweenapproximately 2.5 and 3.3 g. However, no 
significant differences were observed among these plant 
parts, as all treatments belonged to the same statistical 
group (b). Overall, Eucalyptus lanceolatus exhibited a 
strong inhibitory effect on grain weight, indicating 

Table 4: Analysis of variance for effects of allelopathic plants (leaves, stem, root) on yield-related parameters of Oryza 
sativa
Effects Grain No. Spikelet No. Weight of 100g
Species DF F P F P F P
Ficus carica 3 113.266 <.0001 83.2049 <.0001 31.8958 <.0001
Ailanthus altissmia 3 84.1626 <.0001 56.6116 <.0001 42.2424 <.0001
Eucalyptus lanceolatus 3 157.5609 <.0001 102.397 <.0001 40.428 <.0001
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its negative impact on grain development and overall 
yield of Oryza sativa.

Figure 27: Effect of different plant parts (leaves, roots, 
and stems) of Ailanthus altissima on 100-grain weight 
(g) of Oryza sativa. Bars represent mean values ± stand-
ard error. Different letters above bars indicate significant 
differences at p ≤ 0.05 based on the LSD test.

Figure 28: Effect of different plant parts (leaves, roots, 
and stems) of Eucalyptus lanceolatus on 100-grain weight 
(g) of Oryza sativa. Bars represent mean values ± stand-
ard error. Different letters above bars indicate significant 
differences at p ≤ 0.05 based on the LSD test.

Effect of Ficus carica on 100-grain weight
The 100-grain weight of Oryza sativa was significantly 
affected (p ≤ 0.05) by different parts of Ficus carica 
(Figure 29). The highest grain weight (approximately 
6.1 g) was recorded in the control treatment, 
which was significantly greater than all allelopathic 
treatments. Among the treated groups, leaf, root, and 
stem extracts resulted in reduced grain weight, with 
values ranging between approximately 3.3 and 3.9 
g. However, no significant differences were observed 

among these plant parts, as all treatments belonged 
to the same statistical group (b). Overall, Ficus carica 
exhibited a strong inhibitory effect on grain weight, 
indicating its negative impact on grain development 
and overall yield of Oryza sativa.

Figure 29: Effect of different plant parts (leaves, roots, 
and stems) of Ficus carica on 100-grain weight (g) of 
Oryza sativa. Bars represent mean values ± standard er-
ror. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on the LSD test.

Figure 30: Effect of different plant parts (leaves, roots, 
and stems) of Melia azedarach on 100-grain weight (g) 
of Oryza sativa. Bars represent mean values ± standard 
error. Different letters above bars indicate significant dif-
ferences at p ≤ 0.05 based on the LSD test.

Effect of Melia azedarach on 100-grain weight
The 100-grain weight of Oryza sativa was significantly 
affected (p ≤ 0.05) by different parts of Melia azedarach 
(Figure 30). The highest grain weight (approximately 
6.1 g) was recorded in the control treatment, which was 
significantly greater than all allelopathic treatments. 
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Figure 31: Correlation matrix showing relationships among germination (radicle, plumule), growth (plant height, 
leaf length, leaf width, number of leaves), and yield traits (grain number, spikelet number, and 100-grain weight) 
of Oryza sativa. Values represent Pearson correlation coefficients, with significance levels indicated as *p ≤ 0.05, **p ≤ 
0.01, ***p ≤ 0.001.

Among the treated groups, leaf, root, and stem extracts 
resulted in reduced grain weight, with values ranging 
between approximately 3.2 and 4.0 g. However, 
no significant differences were observed among 
these plant parts, as all treatments belonged to the 
same statistical group (b). Overall, Melia azedarach 
exhibited a strong inhibitory effect on grain weight, 
indicating its negative impact on grain development 
and overall yield of Oryza sativa.

Correlation between laboratory and greenhouse traits
Correlation analysis revealed strong and significant 
relationships among germination, growth, and yield 
traits of Oryza sativa under allelopathic treatments 
(Figure 31). Radicle length showed very strong 
positive correlations with plumule length (r = 0.98***), 
plant height (r = 0.94***), leaf width (r = 0.92***), grain 
number (r = 0.81***), spikelet number (r = 0.87***), 
and grain weight (r = 0.86***), indicating that early 
root development plays a crucial role in determining 
subsequent plant growth and yield. Similarly, 
plumule length was strongly correlated with plant 
height (r = 0.95***), leaf width (r = 0.93***), grain 
number (r = 0.82***), spikelet number (r = 0.88***), 
and grain weight (r = 0.88***), demonstrating that 
early shoot development is also a strong predictor of 

later performance. Plant height exhibited significant 
positive correlations with leaf length (r = 0.75***), leaf 
width (r = 0.83***), grain number (r = 0.84***), spikelet 
number (r = 0.89***), and grain weight (r = 0.86***), 
highlighting its importance as an integrative growth 
parameter. Leaf length and leaf width were also 
positively correlated with yield traits, including grain 
number, spikelet number, and grain weight, suggesting 
that improved vegetative growth contributes to 
enhanced reproductive output. In contrast, the number 
of leaves showed weak or negative correlations with 
most traits, indicating its limited contribution to 
overall plant performance under allelopathic stress. 
Overall, these results demonstrate a strong linkage 
between laboratory and greenhouse experiments, 
confirming that early germination traits (radicle and 
plumule growth) are reliable indicators of subsequent 
growth and yield performance of Oryza sativa under 
allelopathic conditions.

Principal component analysis (PCA)
Principal Component Analysis (PCA) revealed clear 
patterns of variation among germination, growth, 
and yield traits of Oryza sativa under allelopathic 
treatments (Figure 32). The first two principal 
components explained a substantial proportion of 



June 2026 | Volume 32 | Issue 2 | Page 117

Pakistan Journal of Weed Science Research

Figure 32: Principal Component Analysis (PCA) biplot showing relationships among germination (radicle, plumule), 
growth (plant height, leaf length, leaf width, number of leaves), and yield traits (grain number, spikelet number, and 
100-grain weight) of Oryza sativa. PC1 and PC2 explain 75.9% and 11.8% of the total variance, respectively. Ar-
rows indicate trait loadings and their contributions to overall variation.

total variation, with PC1 accounting for 75.9% and 
PC2 for 11.8%, cumulatively explaining 87.7% of 
the total variance. PC1 was strongly associated with 
most growth and yield-related traits, including plant 
height, radicle length, plumule length, grain number, 
spikelet number, grain weight, and leaf width, all of 
which were positively loaded along this axis. This 
indicates that these traits are closely interrelated and 
collectively represent overall plant performance and 
productivity.

In contrast, PC2 was primarily influenced by the 
number of leaves, which showed a distinct loading 
pattern compared to other traits, suggesting its 
limited contribution to overall variation and weaker 
association with yield parameters. The PCA biplot 
further demonstrated that yield traits (grain number, 
spikelet number, and grain weight) clustered closely 
with early germination traits (radicle and plumule) and 
plant height, confirming strong positive relationships 
among these variables. Conversely, leaf number was 
positioned separately, indicating weak or negligible 
correlation with other traits. Overall, the PCA results 
highlight that early germination traits and plant 
height are the most influential factors governing 
growth and yield of Oryza sativa under allelopathic 
stress, reinforcing the findings of the correlation 

analysis.

Discussion 

The root, stem, and leaves of Ficus carica, Ailanthus 
altissima, and Eucalyptus lanceolatus at different 
concentrations (5 g, 10 g, and 15 g) showed significant 
allelopathic effects on radicle and plumule growth 
of Oryza sativa. Among the tested species, Melia 
azedarach exhibited the strongest allelopathic effect, 
whereas comparatively lower inhibitory effects were 
observed in Ficus carica and Ailanthus altissima (Wan 
et al., 2010). The inhibitory effects increased with 
increasing concentration of plant extracts, indicating 
a clear dose-dependent response (Wan et al., 2010). 
The strong inhibitory effect of Melia azedarach may 
be attributed to the presence of potent allelochemicals 
such as limonoids, phenolics, and terpenoids, which 
are known to suppress seed germination and seedling 
growth by interfering with physiological and 
biochemical processes, including enzyme activity, 
nutrient uptake, and cell division ( Jhariya et al., 
2022). In contrast, the comparatively lower effects 
observed in Ficus carica and Ailanthus altissima may 
reflect lower concentrations or different compositions 
of allelochemicals in their tissues (Saifullah et 
al., 2025). The present results are in line with the 
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findings of (Saifullah et al., 2025), who reported 
that Silene villosa exhibited significant allelopathic 
effects against wheat, with increased concentrations 
reducing germination percentage, radicle and plumule 
length, and biomass accumulation. Similarly, (Shakir 
et al., 2023b) demonstrated that aqueous extracts 
of different parts of Cardaria draba significantly 
inhibited seed germination and seedling growth of 
wheat compared to the control (Asif et al., 2025). 
These studies support the present findings that 
allelopathic effects are concentration-dependent and 
vary among plant species and plant parts (Saifullah et 
al., 2025). The variation in allelopathic effects among 
different plant parts (root, stem, and leaves) observed 
in this study may be due to differences in the type and 
concentration of allelochemicals present in each tissue 
(Khan et al., 2025). Leaves generally contain higher 
concentrations of water-soluble phenolic compounds, 
while roots may release allelochemicals directly into 
the soil environment, influencing neighboring plants. 
This differential distribution of bioactive compounds 
explains the variation in inhibitory effects among 
plant parts, with some parts showing stronger 
suppression than others (Khan et al., 2024). The 
present study revealed that plant height, number of 
leaves, leaf length and width, grain number, spikelet 
number, and 100-grain weight were reduced when 
Oryza sativa was exposed to powders of allelopathic 
plant parts (Ullah et al., 2025c). Among the tested 
species, leaf powder of Ficus carica, Ailanthus altissima, 
and Eucalyptus lanceolatus generally exhibited strong 
inhibitory effects on plant height, although the effect 
of Eucalyptus lanceolatus leaves on plant height was 
comparatively less pronounced and, in some cases, 
non-significant (Subhan et al., 2025). The stem 
powder of Ficus carica and Ailanthus altissima also 
reduced plant height, whereas Eucalyptus lanceolatus 
stem powder showed a reduction that was not 
always statistically significant (Erida et al., 2023). In 
contrast, the root powder of Melia azedarach caused 
a significant decrease in plant height, indicating its 
strong allelopathic potential, while roots of other 
species showed relatively weaker effects (Khatri et al., 
2020).

These variations in allelopathic responses among plant 
parts and species may be attributed to differences in 
the concentration and composition of allelochemicals, 
such as phenolics, flavonoids, and terpenoids, which 
are known to inhibit plant growth by interfering with 
physiological processes such as cell division, nutrient 

uptake, and hormonal regulation (Khan et al., 2024). 
The present findings are supported by (Poudel et al., 
2019), who reported that aqueous extracts of Cassia 
tora (seed, root, and leaves) significantly inhibited 
growth parameters of Brassica campestris, with leaf 
extracts showing stronger inhibitory effects compared 
to other plant parts. Similarly, leaf powder of 
Eucalyptus lanceolatus exhibited a strong allelopathic 
effect on leaf length and leaf width of Oryza sativa, 
whereas Ficus carica and Ailanthus altissima leaves 
showed comparatively weaker effects (Wang et al., 
2011). The stem powder of Ailanthus altissima and 
Eucalyptus lanceolatus significantly reduced leaf 
length and width, while Ficus carica stem powder 
showed relatively less inhibition. Root powder of 
Eucalyptus lanceolatus also decreased leaf length and 
width, whereas roots of Ficus carica and Ailanthus 
altissima had comparatively minor effects (Niu et 
al., 2007). These differences further support the idea 
that allelochemical concentration and mobility vary 
among plant tissues ( Javaid et al., 2006). These results 
are in agreement with previous studies. According 
to Xuan et al. (2005), extracts of Ficus carica leaves 
and bark significantly inhibited germination and 
growth of Triticum aestivum, Zea mays, Lactuca 
sativa, and Trifolium repens. Similarly, Aleem et al. 
(2014) reported comparable inhibitory effects on 
germination and growth of cowpea, confirming 
that allelopathic effects are widespread across plant 
species and can significantly affect crop performance 
(Khan et al., 2024). Overall, the findings demonstrate 
that allelopathic plant parts, particularly leaves and 
roots, can significantly suppress vegetative growth 
and yield-related traits of Oryza sativa, with effects 
varying among species and plant parts (Xuan et al., 
2004). The leaves of Ficus carica strongly reduced the 
number of grains compared to other allelopathic tree 
species, indicating its higher inhibitory potential on 
yield formation. In contrast, the stems of Ficus carica 
and Ailanthus altissima showed comparatively weaker 
effects on grain number (Quayyum et al., 2000). The 
roots of Eucalyptus lanceolatus significantly reduced 
grain number, highlighting the strong allelopathic 
influence of below-ground plant parts (Batish et al., 
2002b; Ullah et al., 2025c).

Similarly, leaf powders of Ficus carica, Ailanthus 
altissima, and Eucalyptus lanceolatus significantly 
affected the number of spikelets, while stem powders 
of these species also reduced spikelet formation (Batish 
et al., 2002a). Notably, the root powder of Eucalyptus 
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lanceolatus exhibited the strongest inhibitory effect 
on spikelet number (Batish et al., 2002a; Ullah et al., 
2025b). These results indicate that allelopathic effects 
extend beyond early growth stages and significantly 
influence reproductive traits, ultimately affecting 
crop yield (Ullah et al., 2025a). These findings are 
consistent with (Kohli et al., 1997), who reported that 
the accumulation and release of phytotoxins from 
Parthenium hysterophorus significantly reduced crop 
productivity. All parts of Parthenium hysterophorus 
were found to be toxic to crop plants, supporting 
the present observation that allelopathic effects are 
widespread across plant tissues and can severely 
impact yield components (Khatri et al., 2020; Shakir 
et al., 2023a). In terms of grain weight, leaf powders of 
Ailanthus altissima, Eucalyptus lanceolatus, and Morus 
alba significantly reduced 100-grain weight, whereas 
Melia azedarach and Ficus carica leaves showed 
comparatively lower effects (Subhan et al., 2025). 
This variation further suggests that the type and 
concentration of allelochemicals differ among plant 
species and plant parts, influencing their inhibitory 
strength (Erida et al., 2023; Shakir et al., 2023b).

Correlation analysis revealed strong positive 
relationships among germination, growth, and yield 
traits. Radicle length was strongly correlated with 
plumule length, plant height, leaf length, number 
of leaves, and leaf width, indicating that early root 
development plays a crucial role in determining 
subsequent plant growth (Batish et al., 2002a). 
Radicle length also showed strong correlations with 
grain number, spikelet number, and 100-grain weight, 
highlighting its importance as a predictor of final 
yield (Khan et al., 2018a; Khan et al., 2025). Similarly, 
plumule length was strongly correlated with plant 
height and leaf width, while showing non-significant 
relationships with leaf length and number of leaves 
(Sajid et al., 2023). Plumule length also exhibited 
positive correlations with grain number, spikelet 
number, and grain weight, suggesting that early shoot 
development contributes to improved reproductive 
performance (Subhan et al., 2025). Plant height was 
significantly correlated with grain number, spikelet 
number, leaf length, and leaf width, further confirming 
its role as an integrative indicator of plant performance 
under allelopathic stress (Niu et al., 2007; Ullah et al., 
2025b). Additionally, grain number was positively 
correlated with leaf width, spikelet number, and 
100-grain weight, demonstrating the interconnected 
nature of yield components. The observed reduction 

in morphological traits, radicle length, and plumule 
length indicates that allelopathic plants release 
harmful allelochemicals that inhibit growth and 
development of Oryza sativa ( Javaid et al., 2006; Erida 
et al., 2023). These allelochemicals likely interfere with 
physiological processes such as cell division, nutrient 
uptake, and hormonal balance, ultimately leading to 
reduced plant performance and yield (Xuan et al., 
2005). These findings are supported by Xuan et al. 
(2004), who reported significant positive correlations 
between seed germination, radicle length, and plumule 
length, reinforcing the importance of early growth 
traits in determining overall plant performance. These 
findings have practical implications for agricultural 
management, as the presence of allelopathic tree 
species near rice fields should be carefully controlled 
(Quayyum et al., 2000; Khatri et al., 2020). Removal 
or proper management of leaf litter and plant residues 
of highly allelopathic species such as Melia azedarach 
and Eucalyptus lanceolatus may help to reduce their 
negative effects on crop growth and improve rice 
productivity (Wang et al., 2011; Poudel et al., 2019)

Conclusions

The present study demonstrated that allelopathic tree 
species significantly influence the germination, growth, 
and yield-related traits of Oryza sativa. The application 
of leaf, stem, and root powders of Ficus carica, Ailanthus 
altissima, Eucalyptus lanceolatus, and Melia azedarach 
resulted in a reduction of radicle and plumule growth, 
plant height, leaf length and width, grain number, 
spikelet number, and 100-grain weight. Among the 
tested species, Melia azedarach exhibited the strongest 
allelopathic effects, while Ficus carica and Ailanthus 
altissima showed comparatively moderate effects. The 
inhibitory effects were concentration-dependent and 
varied among plant parts, indicating differences in the 
type and concentration of allelochemicals present in 
each species. Correlation and PCA analyses further 
confirmed that early germination traits are strongly 
associated with subsequent plant growth and yield 
performance, highlighting the importance of early-
stage development in determining crop productivity 
under allelopathic stress. These findings emphasize the 
ecological and agricultural significance of allelopathy 
in rice-based systems. From a practical perspective, 
the presence of allelopathic tree species near rice fields 
should be carefully managed. The removal or controlled 
management of plant residues, particularly from 
highly allelopathic species such as Melia azedarach 
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and Eucalyptus lanceolatus, may help to minimize 
their negative effects and improve crop yield. Overall, 
this study provides valuable insights into plant–
plant interactions and highlights the importance of 
considering allelopathic effects in sustainable crop 
management. Future research should focus on the 
identification of specific allelochemicals and their 
mechanisms of action under different environmental 
conditions to further enhance understanding and 
practical application.

Recommendations

Farmers should avoid planting highly allelopathic 
tree species such as Melia azedarach and Eucalyptus 
lanceolatus near rice fields, as they can significantly 
reduce crop growth and yield.

Leaf litter, root residues, and other plant materials 
of allelopathic species should be regularly removed 
or properly managed to minimize their inhibitory 
effects on Oryza sativa.

Since allelopathic effects are concentration-
dependent, careful management of plant biomass and 
residues is necessary to prevent the accumulation of 
harmful allelochemicals in agricultural soils.

Future research should focus on the identification 
and characterization of specific allelochemicals 
responsible for inhibitory effects, which may help in 
developing eco-friendly weed management strategies.

Additional long-term field experiments under 
different environmental conditions and soil types 
are recommended to better understand the practical 
implications of allelopathy in rice-based cropping 
systems.

Novelty Statement

This study provides a comprehensive evaluation of the 
allelopathic effects of multiple tree species (Ficus carica, 
Ailanthus altissima, Eucalyptus lanceolatus, and Melia 
azedarach) on both early germination traits and later 
growth and yield parameters of Oryza sativa. Unlike 
previous studies that focus primarily on germination 
or single-species effects, this research integrates 
laboratory and field experiments to establish a clear 
linkage between early seedling responses and final 
crop productivity. Furthermore, the combined use of 

correlation analysis and Principal Component Analysis 
(PCA) offers new insights into the relationships 
among germination, growth, and yield traits under 
allelopathic stress. The identification of species-
specific and plant part–specific inhibitory effects, 
particularly the strong impact of Melia azedarach, 
provides novel contributions to understanding plant–
plant interactions and offers practical implications for 
sustainable rice cultivation.

Practical Applications 

The results indicate that highly allelopathic species 
such as Melia azedarach and Eucalyptus lanceolatus 
can negatively affect rice growth and yield. Therefore, 
their presence near rice fields should be managed, 
and plant residues should be removed or controlled 
to reduce allelochemical accumulation. These findings 
may also support the development of eco-friendly 
weed management strategies.

Limitations 

This study did not identify specific allelochemicals 
responsible for the observed effects, and experiments 
were conducted under controlled conditions. Further 
studies under natural field conditions are needed to 
better understand allelopathic interactions and their 
practical implications.
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