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Turnera subulata is known to provide refugee for insect natural enemies in agricultural ecosystem. 
However, there is limited study conducted related to effect of this plant species on the rice growth when 
cultivated in rice ecosystem. Thus, this study was carried out to investigate allelopathic effect of leaf litter 
and leaf volatilization of this plant on selected rice varieties which are the hybrid rice, MR309, MR220 
CL, MR303 and MR307 under laboratory condition. This allelopathic investigation was carried out using 
sandwich method and dish pack method in three replicates. Three different amounts of leaf litter which 
were 5 mg, 10 mg and 50 mg, were tested in sandwich method, whilst four different distances (41, 58, 
82 and 92 mm) from the samples to the receiver species were tested in dish pack method. Leaf litter of 
T. subulata significantly inhibited radicle growth of rice varieties. The degree of inhibition was dependent 
on the amount of leaf litter. The radicle length was more sensitive to high amount of leaf litter compared 
to shoot length, with hybrid rice being most sensitive and severely affected by leaf litter of T. subulata. 
Leaf volatilization reduced the radicle length of hybrid rice at 41 mm distance. Overall, T. subulata have 
different allelopathic effects against rice varieties tested; with hybrid rice being most affected. The result 
obtained can be the guideline information for further research on the allelochemicals associated with the 
leaves of T. subulata.  
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INTRODUCTION 
Turnera subulata Sm. (Passifloraceae) is the 

flowering plant which is native to Southern America 
and had been introduced to several regions 
including Southeast Asia. T. subulata is recognized 
as traditional medicine for different diseases 
treatments such as diabetes, hypertension, chronic 
pain, and inflammation. It is proven that T. subulata 
leaf extract was able to minimize the inflammatory 
response by reducing the oxidative stress in cells 
(Souza et al. 2016). Chai and Wong (2012) 
reported that the T. subulata aqueous leaf extract  
contained high amount of antioxidant properties.  

Rice (Oryza sativa L.) is one of the most 
important cereal food crops in the world and is 
primarily consumed in the form of whole grains 
(Singh et al., 2003). It is the primary food grain for 
more than a third of the world’s population (Rathna 
et al., 2019). T. subulata had been introduced in 
rice field for controlling insect rice pest 
(Badrulhadza et al. 2018). By putting flowering non-
crop plants close to the crops, the parasitoids will 
be given an alternate host as well as a source of 
food (pollen and nectars) (Wratten et al., 2003). It 
was reported that both sexes in predatory insects 
which is Sycanus dichotomus highly preferred the 

http://www.isisn.org/
mailto:nornasuhayusoff@unisza.edu.my


Nornasuha et al.,          Differential allelopathic effect of Turnera subulata on rice 

 

    Bioscience Research, 2022 volume 19(SI-1): 82-90                                                             83 

 

odours from T. subulata (Jamian et al. 2020). 
Previous study found that the rhizophere soil that 
cultivated with T. subulata exhibited inhibitory 
activity on the radicle length of MR303 by 28.60% 
compared to control (Wan Abdul Halim et al. 2021).  

Allelopathy is gaining interest in sustainable 
agriculture as alternative strategy for weed control 
by reducing the reliance on herbicide (Nirmal et al. 
2010; Nornasuha and Ismail, 2017). Allelopathy is 
defined as the inhibitory and/or stimulatory effect of 
one plant to another plant due to the release of the 
chemical compounds into the environment (Rice, 
1984). Allelopathy plays the important role in 
structuring plant communities, maintaining 
biodiversity, and determining agricultural and forest 
productivity. Its application helps find 
environmentally friendly alternatives of weed 
control in agriculture, and solutions to replant 
problems and soil sickness in horticulture (Zeng, 
2014).  

There was limited studies had been conducted 
related to T. subulata allelopathy. However, 
previous study by Silvestre et al. (2013) reported 
that the hexane and ethyl acetate extracts of T. 
diffusa significantly inhibited the formation of 
radicle and hypocotyl of Cucumis sativus. 
Meanwhile, flavonols, dihydroflavonols, 
flavonones, flavones, anthocyanins, isoflavonoids, 
phenolic acids, and hydroxybenzaldehyde had 
been detected in chloroform, ethyl acetate and 
ethanol crude extracts of T. subulata when tested 
using LC/MS-MS (Saravanan et al. 2018). 
Fernandes et al. (2014) in their study, revealed that 
trans-caryophyllene, citronellol, sphatulenol, α-
cadinol, n-tricosano, geraniol, trans-
geranilacetone, n-pentacosano, globulol, 
caryophyllene oxide had been identified from aerial 
part of T. subulata essential oil. Due to these active 
constituents and activities, this suggested that T. 
subulata may have potential allelopathic effect.  

Based on these advantages, it is vital to 
evaluate allelopathic activities of T. subulata either 
it provides detrimental or beneficial effect to the rice 
cultivation. Knowledge from this study can be 
managed to the benefit of rice farming by 
introducing them to rice weed management. 
Therefore, this research is conducted to evaluate 
the allelopathic expression of T. subulata towards 
selected rice varieties.  
 
 
 
 
 
 

MATERIALS AND METHODS 
 
Plant Materials 

 
T. subulata leaves which are the donor plant 

species were collected from KETARA region, in the 
state of Terengganu, Malaysia. Collected fresh 
leaves were washed with running water to remove 
dust, dirt and other undesired materials prior to 
drying at 60 ºC for 24 hours (Fujii et al. 2004) and 
after that kept at room temperature (28 °C ± 2) for 
further use. Seeds of MR309, MR220 CL, MR303, 
MR307 and hybrid rice were used as the receiver 
plant species. All these rice varieties were obtained 
from Kawasan Pembangunan Pertanian 
Bersepadu Terengganu Utara (IADA KETARA), 
Jerteh, Terengganu, Malaysia. Both experiments 
were conducted in the laboratory.  
 
Pre-germination of Recipient Plants 
 

The bioassay species seeds used in this study 
were immersed in distilled water for 24 hours. The 
floated seeds were considered as non-germinate 
and discarded. Then, the seeds were withdrawn 
from water and pre germinated under moistened 
filter paper for 48 hours before being used in both 
methods. The seeds which have radicle length 
more than 2 mm were chosen in the experiment 
(Wan Abdul Halim et al., 2021) 
 
Sandwich Method 

 
Sandwich method is used in this study to 

evaluate the allelopathic activity from leaves litter 
leachate (Fujii et al. 2004). Three different amount 
of T. subulata dried leaves which are 5 mg, 10 mg 
and 50 mg (Nurul Ainina et al. 2018) was placed 
into a six well multi-dish plate. Agar powder 
(Nacalai Tesque, Kyoto, Japan) was prepared as 
0.75 % (w/v) and autoclaved. The first layer of the 
agar was pipetted with a volume of 5 mL into each 
well and the agar was left solidified. The second 
layer was added with the same amount of agar and 
was left for 30 minutes to become solidified at room 
temperature. The five pre-germinated seeds were 
sown in each well on the surface of the second 
layer. The six well multi-dishes were sealed by 
cellophane tape and incubated in photoperiod of 24 
hours dark at 28 °C ± 2, relative humidity 60% for 
five days. The control of this method was no 
sample in between the agar layers. This 
experiment was carried out in three replicates. The 
length of radicle and hypocotyl of selected rice 
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varieties was measured on the last day of 
experiment.  

 
Dish pack method 
 

The dish pack method was used to evaluate 
the allelopathic activity from leaf volatilization of 
donor plant species. Approximately 200 mg of T. 
subulata dried leaves was placed into one of the 
well of six well multi-dishes. Then, the rest of the 
wells were placed with filter paper prior being 
moistened with 0.7 mL of distilled water. The 
distance from the source well (where dried samples 
were placed) to the other wells were set at 41, 58, 
82 and 92 mm (Fujii et al. 2005). Then, five pre 
germinated seeds of selected rice varieties were 
placed on the filter paper at each well. The multi-
dish was sealed by cellophane tape and incubated 
in 24 hours dark at 28 °C ± 2, relative humidity 60% 
for five days (Nurul Ainina et al. 2018). The multi-
dish well with no dried leaves served as control. 
This experiment was done in three replicates. The 
length of radicle and hypocotyl of selected rice 
varieties was measured on the last day of 
experiment (Fujii et al. 2005).  
 
Statistical Analysis 

 
All the experiments were carried out in three 

replicates and were conducted by using 
Completely Randomized Design (CRD). The 
experimental data were subjected to the one-way 
variance analysis (ANOVA). The means were 
compared by using the Duncan Multiple range test 
at the 5 % level of significance. The software SPSS 
version 17.0 and Microsoft Excel were used for the 
statistical analysis. 
 
RESULTS  
 
Allelopathic activity of leaf litter leachate from 
Turnera subulata on selected rice varieties  
 

Figure 1 and Figure 2 show that the elongation 
of radicle and hypocotyl are significantly affected 
(p<0.05) as the amount of leaf litter leachates from 
T. subulata increased. There was no significant 
effect of T. subulata leaves litter leachate (p>0.05) 
on the radicle growth of MR220 CL2. The donor 
plants inhibited the radicle length more compared 
to the hypocotyl length of lettuce.  

Table 1 reveals that the effect of T. subulata 

leaf on hypocotyl growth depended on the rice 
varieties. There was only hypocotyl growth of 
hybrid rice was inhibited by 3.77% compared to 
control at 5 mg dish-1 of T. subulata leaves. The 
hypocotyl growth of other rice varieties was 
stimulated at similar amount with the highest 
stimulation was recorded by MR309 which was 
24.47% compared to control. Meanwhile, the 
hypocotyl growth of MR307 was inhibited by 
21.10% and 16.31% of control when treated with 
10 mg and 50 mg of T. subulata leaves. Similar 
percentage of inhibition (14.32% of control) was 
recorded for the hypocotyl growth of MR309 at 50 
mg dish-1 of T. subulata. The highest stimulatory 
effect which is more than 50% compared to control 
was observed on the hypocotyl growth of hybrid 
rice at 10 mg dish-1 of T. subulata leaves (Table 1).  

Figure 2 shows that the inhibition on the radicle 
length was depended on the different amount of 
leaves applied. Table 2 shows that at 50 mg dish-1, 
T. subulata leaves inhibited by more than 40.00%, 
the radicle length of hybrid rice, MR309, MR303 
and MR307 by 87.43%, 64.99%, 70.66% and 
48.64% of control respectively. However, at 5 mg 
dish-1, T. subulata leaves stimulated the radicle 
growth of MR307 by 21.01% compared to control. 
There was less than 30.00% inhibition at radicle 
length of all rice varieties except MR220 CL at 10 
mg dish-1 of T. subulata leaves.  
 
Allelopathic activity of leaf volatilization from 
Turnera subulata on selected rice varieties  
 

Figure 3 depicts that the hypocotyl elongation 
of all rice varieties in this experiment were not 
significantly affect (p>0.05) at all tested distances. 
There were no significance differences of hypocotyl 
length when compared to control at all distances in 
this dish-pack method.  

Similar result was obtained from Figure 4, as 
the radicle growth of MR309, MR303 and MR307 
were not significantly affected except for MR220 
CL. Table 3 and Table 4 depict that the radicle 
growth of hybrid rice demonstrated inhibition by 
29.66% compared to control at the shortest 
distance from source well (41 mm). Meanwhile, 
there were no significant difference demonstrated 
by this variety compared to control with other 
distances. At the longest distance from source well 
(92 mm), T. subulata leaves exhibited the highest 
inhibition value on the radicle length of MR220 CL 
(28.00%).  
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Figure 1. Allelopathic effects of different amount of Turnera subulata leaf applied on the hypocotyl 
growth of selected rice varieties using the sandwich method (mean ± standard error). abcDifferent 

letters within the rice varieties indicate significant different (p<0.05).  
 

 
Figure 2. Allelopathic effects of different amount of Turnera subulata leaf applied on the radicle 

growth of selected rice varieties using the sandwich method (mean ± standard error). abcDifferent 
letters within the rice varieties indicate significant different (p<0.05).      
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Figure 3. Allelopathic effects of different amount of Turnera subulata leaf applied on the hypocotyl 
growth of selected rice varieties using the dish-pack method (mean ± standard error). abcDifferent 

letters within the rice varieties indicate significant different (p<0.05). ns: not significance. 
 

 
Figure 4. Allelopathic effects of different amount of Turnera subulata leaf applied on the radicle 

growth of selected rice varieties using the dish-pack method (mean ± standard error). abcDifferent 
letters within the rice varieties indicate significant different (p<0.05). ns: not significance. 
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Table 1: Allelopathic effect on hypocotyl inhibition of different concentration of leaf litters 
leachate on selected rice varieties by sandwich method. 
 

Variety 
name 

The amount of dried samples,  
Turnera subulata 

% Mean 
inhibition 

Rank 

Control 5 mg 10 mg 50 mg 

MR307 0.00ab -13.65a 21.10c 16.31bc 5.94 1 
MR309 0.00bc -24.47a -10.94ab 14.32c -5.27 2 
MR220 CL 0.00c -1.58c -18.36a -16.27ab -9.05 3 
MR303 0.00c -20.53ab -33.33a -7.20bc -15.27 4 

Hybrid 0.00b 3.77b -71.10a -20.27b -21.90 5 

Note: Means within the rows followed by the same alphabet were not significantly different (p>0.05) according to DMRT. 
Value given in the table were inhibition percentage over control. Plants were ranked in order of their inhibitory activity. 

 
Table 2: Allelopathic effect on radicle inhibition of different concentration of leaf litters leachate on 
selected rice varieties by sandwich method. 
 

Variety 
name 

The amount of dried samples,  

Turnera subulata 

% Mean 
inhibition 

Rank 

Control 5 mg 10 mg 50 mg 

Hybrid 0.00a 11.47a 40.90a 74.97b 31.84 1 
MR309 0.00a 23.28a 43.24a 56.92b 30.86 2 

MR303 0.00a 35.39b 18.50b 67.54c 30.36 3 
MR307 0.00a 26.14a 25.22a -7.86a 10.88 4 
MR220 CL 0.00b -37.33a -37.33c 21.50d -13.29 5 
Note: Means within the rows followed by the same alphabet were not significantly different (p>0.05) according to DMRT. Value 
given in the table were inhibition percentage over control. Plants were ranked in order of their inhibitory activity. 

 
Table 3: Allelopathic effect on hypocotyl inhibition of different distance of leaf volatilization on 
selected rice varieties by dish pack method. 
 

Variety 
name 

The distance from donor plant,  

Turnera subulata 

% Mean 
inhibition 

Rank 

 Control 41 mm 58 mm 82 mm 92 mm  

MR220 CL 0.00a 4.31a 11.49a -1.68a 12.81a 5.39 1 
MR303 0.00a 1.60a -6.76a 5.06a 4.04a 0.79 2 
MR309 0.00a -0.68a -1.38a -0.68a -0.83a -0.72 3 
Hybrid 0.00a -8.33a -2.18a 9.86a -3.38a -0.80 4 
MR307 0.00a -7.15a -3.93a -5.89a -7.15a -4.83 5 
Note: Means within the rows followed by the same alphabet were not significantly different (p>0.05) according to DMRT. Value 
given in the table were inhibition percentage over control. Plants were ranked in order of their inhibitory activity. 

 
Table 4: Allelopathic effect on radicle inhibition of different distance of leaf volatilization on selected 
rice varieties by dish pack method. 
 

Variety 
name 

The distance from donor plant,  
Turnera subulata 

% Mean 
inhibition 

Rank 

Control 41 mm 58 mm 82 mm 92 mm 

Hybrid 0.00a 29.66b 23.85ab 17.45ab 17.45ab 17.68 1 
MR309 0.00ab 16.59ab -2.07a 16.14ab 19.94b 10.12 2 
MR220 CL 0.00a -2.95a -12.40a -7.37a 28.27b 1.19 3 
MR303 0.00ab 19.24b -12.26a -5.53ab -4.04ab -0.52 4 
MR307 0.00a 6.23a -13.11a 0.95a 0.69a -1.05 5 

Note: Means within the rows followed by the same alphabet were not significantly different (p>0.05) according to DMRT. Value 
given in the table were inhibition percentage over control. Plants were ranked in order of their inhibitory activity. 
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DISCUSSION 
In this study, the leaves from yellow petal of T. 

subulata are used and this yellow flower is also 
known as synonym to T. trioniflora Sims (MyBIS, 
2022). In this experiment, different allelopathic 
effect was exhibited by T. subulata leaves litter 
leachate and leaf volatilization on the hypocotyl 
and radicle length of rice varieties.  

The allelopathic activity was more pronounced 
on the radicle length of rice varieties compared to 
the hypocotyl length. These results were due to the 
hypocotyl growth which rely on the nutrient content 
in the seed and the direct contact of radicle to the 
agar (Mekky et al. 2019). Previous study by 
Nornasuha et al. (2019), weed donor species 
inhibited the radicle length of tested bioassay 
species higher compared to hypocotyl when using 
sandwich method.  

Sandwich method demonstrated that the 
inhibitory effect on radicle length of rice varieties 
increased as the amount of leaf litter applied 
increased. This result is consistent with Syed et al. 
(2014b), as at high amount of leaf applied; the 
toxicity level is higher compared to low amount of 
leaf applied. This result is consistent with previous 
studies of Jinhu et al. (2012), the leaf leachates of 
Eupatorium adenophorum exerted inhibitory as 
well as promoting allelopathic effects on 
germination and dry matter accumulation of 
Amaranthus retrouexus and Chenopodium 
glaucum seedlings were depending upon 
concentration.  

In addition, there was stimulatory effect on 
radicle and hypocotyl length of rice varieties when 
applied at low amount of T. subulata leaves (5 mg 
and 10 mg). As studied by Hossain and Alam 
(2010), at higher concentrations of allelochemicals 
their action was inhibitory while, on other hand, 
lower concentrations were associated with 
stimulation of germination and growth of plants 
coming in contact with them. Similar trends were 
reported by Syed et al. (2014a). This is contributed 
by the presence of allelochemicals in different 
amounts of leaves applied (Chon et al. 2005; Syed 
et al. 2014a). Thus, different allelopathic behavior 
had been observed at different amount of leaves 
applied.  

Many terpenes and flavonoids have been 
reported in T. subulata leaves (Fernandes et al. 
2014; Saravanan et al. 2018). These chemical 
compounds are often water-soluble or volatile 
substances which can be released into the 
environment (Ashrafi et al. 2008). The current 
results suggested that leaf litter leachate and leaf 
volatilization of T. subulata have different 

allelopathic effect on the rice varieties. 
Furthermore, leaf volatilization of T. subulata did 
not give significant allelopathic effect on the 
hypocotyl and radicle growth at most of rice 
varieties.  

The results of the present study clearly 
demonstrate the genotypic variation in growth 
response of different rice varieties of rice to 
allelopathic stress caused by T. subulata leaves. 
Between the five rice varieties, MR303, MR309 and 
MR307 were comparatively more tolerant to 
allelopathic stress of T. subulata leaf volatilization 
compared to hybrid rice and MR220 CL. Similarly, 
the adverse effect due to T. subulata leaves litter 
leachate were less pronounced on the hypocotyl 
length of MR309, MR303 and MR307. Genotypic 
variation in tolerance to allelopathy was also 
reported by Javaid et al. (2007) which involved the 
rice cultivars against allelopathic stress of Cyperus 
rotundus. Macias et al. (1992) also reported that 
the response of unequal susceptibility in various 
rice varieties to the sunflower extracts could be due 
to inherent differences in physiological and 
morphological characteristics of various genotypes 
involved.  
 
CONCLUSION 

This present study concludes that there were 
different allelopathic effects of leaf litter leachate 
and leaf volatilization of T. subulata on the 
hypocotyl and radicle length of selected rice 
varieties. The radicle length of hybrid rice, MR309, 
MR303 and MR307 were found that susceptible to 
the leaf litter leachate of T. subulata. However, the 
radicle length of MR220 CL was found tolerant to 
leaf litter leachate of T. subulata. In contrast, the 
hypocotyl and radicle length of MR309, MR303 and 
MR307 were found that tolerant to leaf volatilization 
of T. subulata. The radicle length of hybrid rice and 
MR220 CL were susceptible to the leaf 
volatilization of T. subulata. These results suggest 
the presence of genotypic variation in the rice 
varieties toward the allelopathic stress of T. 
subulata that contributed by different amount and 
types of allelochemicals released through leaf litter 
and leaf volatilization. Besides, this study indicates 
that the cultivation of T. subulata in the rice 
ecosystem did not give inhibitory effect on the rice 
growth. The results presented can be used as the 
benchmark to further investigate the allelopathic 
effect of T. subulata under rice soil conditions.  
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