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ABSTRACT 
 
Nitrogen fertilisers and herbicides are commonly used in agriculture to increase crop yields. However, 
their excessive use can lead to soil pollution and other adverse effects. Thus, an experiment was 
conducted to evaluate the physical growth and oxidative stress of Brassica rapa var. chinensis (Bok 
choy) when exposed to different rates of nitrogen fertiliser and herbicide (glyphosate). The peat moss 
was treated with urea fertiliser at 0.0 kg N ha-1 (C0), 70.0 kg N ha-1 (CT1), 80.0 kg N ha-1 (CT2), 90.0 
kg N ha-1 (CT3), and 115.0 kg N ha-1 (CT4) as control treatments. Additionally, glyphosate at 0.5 kg ai 
ha-1 was applied to corresponding treatments with urea at 0.0 kg N ha-1 (CT0), 70.0 kg N ha-1 (T1), 
80.0 kg N ha-1 (T2), 90.0 kg N ha-1 (T3), and 115.0 kg N ha-1 (T4). The height of B. rapa significantly 
reduces to 85%, 86%, and 86% with the application of glyphosate at N-treated peat moss at 80, 90, 
and 115 kg N ha-1, respectively. Interestingly, the root length of B. rapa was significantly reduced at all 
treatments, with nitrogen alone and in combination with glyphosate. Nevertheless, shoot fresh weight 
(SFW) appeared to be less susceptible, with significant growth stimulation (p<0.05) observed in all 
single urea applications, resulting in weight doubled at CT1 (228%) and CT3 (227%), and tripled in 
CT4 (335%), except at 80.0 kg N ha-1 (CT2), where the shoot fresh weight was only 66% of the control. 
The leaf diameter of B. rapa was greatly promoted at all single urea applications but reduced to 62% 
with the application of glyphosate at T2. However, no significant effects on chlorophyll contents were 
detected across treatment combinations but increased to 119% compared to the control in the nitrogen-
only treatment at both 70 (CT1) and 90 (CT3) kg N ha-1. Glyphosate alone caused the highest injury 
level to the leaf membrane (667.8%), with the root (32.4%) recording the lowest injury level compared 
to the control. The root membrane leakage showed a higher injury level of 279.7% and 309.5% at T1 
and T2, respectively. Therefore, this study suggests that B. rapa gave various responses to urea and 
glyphosate toxicity when applied to urea fertiliser alone or in combination with urea fertiliser and 
glyphosate. B. rapa was found to be more sensitive to glyphosate efficacy when urea was supplied at 
80 kg N ha-1 than other fertiliser concentrations. 
 

© 2025 UMK Publisher. All rights reserved. 
 

 
1. INTRODUCTION 

Chemical fertilisers are commonly applied in the 
cultivation system of vegetables. However, the excessive use 
of chemical fertilisers in vegetable farms causes growth 
inhibition and accelerated leaf senescence (Pan et al., 2022). 
Although nitrogen fertiliser played a vital role as it stimulated 
robust vegetative growth, encouraging the flourishing 
development of lush green foliage and healthy stems, the 
excessive use of fertilisers may harm their growth (Putney and 
Maguire, 2020; Pardo-Aguilar et al., 2021; Wang et. al., 2023). 
This is because excessive nitrogen application leads to 
nutrient imbalance, which later inhibits the uptake of other 
essential nutrients such as P, K, and Mg, resulting in 
deficiency and poor plant health (Wang et al., 2023; Guo et 
al., 2019).  A recent study reported that excess N application 

damaged the metabolism of the seedlings by decreasing the 
soil physicochemical properties, including soil pH, soil 
exchangeable base cations, soil total exchangeable bases, 
soil cation exchange capacity, and soil base saturation, which 
are critical for nutrient availability and uptake (Wang et al., 
2023). Additionally, when soil pH decreases (soil 
acidification), the root system may be damaged by the 
solubilisation of toxic elements such as aluminium (Ofoe et al., 
2023). Nitrogen fertilisers significantly enhanced the process 
of photosynthesis, ensuring efficient conversion of sunlight 
into energy and promoting the production of carbohydrates 
essential for plant vitality (Verma et al., 2023). Moreover, the 
application of nitrogen fertiliser led to bountiful yields, fostering 
the proliferation of vibrant flowers and fruits, both in terms of 
quantity and quality. In order to eliminate competition for the 
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nutrients, herbicides are widely used to manage weed 
populations in vegetable gardens. However, in addition to their 
effects on weeds, these herbicides could also have had 
unintended consequences on non-target crops such as the 
vegetable crops that grew nearby (Tudi et al., 2021). The 
application rates for herbicides on vegetable farms are varied, 
depending on the target crop.  

In vegetable farms, nitrogen fertilisers and herbicides 
are frequently used to promote and suppress the growth of 
weeds, respectively. Nitrogen fertilisers give plants the 
nutrients they need to develop and yield, while glyphosate 
functions by blocking a particular enzyme, EPSPS that is vital 
for plant growth and development. The excessive and 
careless use of glyphosate raises concerns about residues in 
food, wildlife, and potential health effects (Ruuskanen et al., 
2023; Rivas-Garcia et al., 2022). To preserve the long-term 
production and well-being of vegetable farms, it is crucial to 
utilise this chemical prudently and sustainably. In agriculture, 
glyphosate was frequently used for controlling the weed in 
three main situations, such as during land preparation, 
between the crop rows and surrounding field edge bunds 
during crop growth, and directly over the top of the crop plants 
(usually GM crops tolerant to glyphosate) (Brookes, 2020). 
Australia, Indonesia, the Philippines, Thailand, and Vietnam 
do not have many vegetable farms that use glyphosate. 
However, in China, nine out of fifty vegetable crops use 
glyphosate as their primary herbicide for weed control, while 
five out of eleven crops in India require glyphosate (Brookes, 
2020).  

Brassica rapa var. chinensis (Bok choy), also known 
as white Chinese cabbage, is a widely grown and popular 
vegetable crop and is typically eaten as cooked vegetables 
like soups and stews. The cultivated area and production of 
Brassica crops have significantly increased, from 1.6 million 
hectares in 1990 to 2.4 million hectares in 2020 and from 39.3 
million tonnes to 70.9 million tonnes, respectively (Coves et 
al., 2023). To meet the high demand, a high amount of 
chemical fertiliser is used to increase the yield of vegetables. 
B. rapa encompasses various subspecies  that are grown all 
over the world for a variety of purposes, from oil-rich seeds 
(like canola) to culinary uses (like turnips and bok choy) and 
the production of biodiesel. Its adaptability, genetic diversity, 
and important role as a model organism in agriculture, culinary 
arts, and scientific research are all highlighted by this plant. In 
Malaysia,  B. rapa is particularly significant due to its rich 
nutritional value, cultural importance, economic contributions, 
role in food security, and dietary diversity. Thus, this 
underscores the need to investigate the potential impact of 
herbicides and fertilisers to guarantee safe production and 
consumption of B. rapa. Based on a recent study, the 

recommended rate of urea application at vegetable gardens is 
between 70 to 115 kg N ha-1 (Katuwal et al., 2023). 

The importance of examining the phytotoxic effects 
of glyphosate-based herbicides and nitrogen fertilisers on B. 
rapa is highlighted by the paucity of studies and information 
available about the effects of these substances on vegetables. 
While most ecotoxicological research has focused on the 
effects of different nitrogen levels on growth and yield, it has 
also examined the effects on non-target crops and traits like 
drought tolerance and resistance to common soil-borne 
diseases in the examined area. This consideration is 
necessary to ensure the sustainability of the dynamic 
agricultural problems faced by B. rapa (Katuwal et al., 2023). 

Chemical residues present in the soil as a result of 
pesticides, herbicides, or excessive fertiliser use can have a 
detrimental impact on crop productivity by disrupting soil 
health and plant growth (Tallapragada and Lather, 2022). The 
use of chemical herbicides and nitrogen fertilisers can lead to 
a loss of soil fertility, pollution of air and water, soil compaction, 
and the emission of greenhouse gases (Baweja et al., 2020). 
The concurrent use of these chemicals can make the soil more 
acidic, negatively impacting surrounding vegetation. The 
study hypothesised that the growth of B. rapa decreases with 
treatment application as the level of injuries increases. The 
objectives of the study were to evaluate the growth of B. rapa 
when treated with various application rates of nitrogen fertiliser 
(urea) and glyphosate and to investigate the oxidative stress 
or cellular injuries of B. rapa after applying different nitrogen 
fertiliser (urea) rates and glyphosate. 

2. MATERIALS AND METHODS 
2.1. Study area 

The experiment was conducted in a nursery at 
Universiti Malaysia Kelantan (UMK), Jeli Campus, Kelantan, 
Malaysia (5.74582° N, 101.86584° E). It was designed to 
stimulate real-world conditions of herbicide spraying on farms, 
focussing on the effects of excessive nitrogen fertiliser and 
glyphosate application on Brassica rapa var. chinensis. The 
relative humidity was 70–80%, and the temperature ranged 
between 25–34 °C. 

2.2. Experimental materials and design 
The study was designed to evaluate the effect of urea 

fertiliser and glyphosate on the growth response of B. rapa.  A 
total of ten treatments were established, including one 
negative control (C0), five positive controls (CT0, CT1, CT2, 
CT3, CT4), and four combined treatments (T1, T2, T3, and T4) 
(Table 1). The negative control (C0) received neither urea nor 
glyphosate, serving as the baseline. The positive controls 
included a glyphosate-only treatment (CT0) with glyphosate 



J. Trop. Resour. Sustain. Sci. 13 (2025): 62-70 
  

 

64  

 

applied at 0.5 kg ai ha-1 and urea-only treatments (CT1, CT2, 
CT3, and CT4) with urea applied at concentrations of 70.0, 
80.0, 90.0, and 115.0 kg N ha-1, respectively. The combined 
treatments (T1, T2, T3, and T4) involved the application of 
both urea and glyphosate, with the same urea rates as the 
positive controls and glyphosate at 0.5 kg ai ha⁻¹. For 
glyphosate treatment at CT0, T1, T2, T3, and T4, the 
glyphosate was applied a week after seedlings were 
transplanted into polybags.  

Prior to the study, the seeds of B. rapa were initially 
sown in the seedling trays and allowed to grow for a week 
before being transplanted into polybags.  A day before 
transplanting activity, each polybag, with a diameter of 7 cm x 
7 cm, was filled with 700 g of peat moss, pre-treated with four 
urea rates (70.0, 80.0, 90.0, and 115.0 kg N ha-1). One-week-
old seedlings were then transferred into these polybags, which 
corresponded to the treatment group containing pre-treated 
nitrogen peat moss (CT1, CT2, CT3, CT4, T1, T2, T3, T4). At 
week two, glyphosate was applied at 0.5 kg ai ha-1 
(RoundupBio®, glyphosate as an isopropylamine salt) for 
CT0, T1, T2, T3, and T4 treatments using a 10L knapsack 
sprayer (equipped with a medium-hole nozzle producing 
coarse droplets) in open-space conditions. To prevent cross-
contamination, treatments CT0, T1, T2, T3, and T4 were 
placed at a distance from the non-glyphosate treatments after 
being sprayed with glyphosate. The study was designed with 
ten treatments, each replicated three times, resulting in a total 
of thirty experimental units. The growth performance and 
biochemical parameters of cell injury in B. rapa were 
determined upon harvesting, at day 3, after herbicide 
application. The polybags were watered twice a day to prevent 
water stress. 
Table 1: The concentration of nitrogen and herbicides for the toxicity test on 
B. rapa 

Treatment Application rate 
C0 (negative control) Urea (0.0 kg N ha-1) + glyphosate (0.0 kg 

ai ha-1)  
CT0 (positive control; glyphosate) Glyphosate (0.5 kg ai ha-1) 
CT1 (positive control; urea) Urea (70.0 kg N ha-1)  
CT2 (positive control; urea) Urea (80.0 kg N ha-1)  
CT3 (positive control; urea) Urea (90.0 kg N ha-1)  
CT4 (positive control; urea) Urea (115.0 kg N ha-1)  
T1  Urea (70.0 kg N ha-1) + Glyphosate (0.5 

kg ai ha-1) 
T2 Urea (80.0 kg N ha-1) + Glyphosate (0.5kg 

ai ha-1)  
T3 Urea (90.0 kg N ha-1) + Glyphosate (0.5 

kg ai ha-1)  
T4 Urea (115.0 kg N ha-1) + Glyphosate (0.5 

kg ai ha-1) 

Recommended rate of urea application at the vegetable 
garden: 70 -115 kg N ha-1 source: Katuwal et al., (2023); 
recommended rate of glyphosate: 0.5 kg ai ha-1 source: Alister 
and Kogan, (2004) 

2.3.  Plant growth characteristics  
At day 3 post-herbicide application, the leaf 

chlorophyll content was measured using a SPAD meter. Later, 
the plants were  harvested, and the growth performance of B. 
rapa was evaluated in terms of plant height (cm), root length 
(cm), leaf diameter (cm), and shoot fresh weight (g).  Later, 
the data was presented as a percentage relative to the control. 
The plant height was measured from the above ground, while 
the root length was measured as the length of taproot. Leaf 
diameter was measured using a calliper. The shoot was 
weighed using a weighing scale for the shoot fresh weight 
parameter. Meanwhile, to determine the percentage of 
membrane leakage, the leaves and root tissues of B. rapa 
were separated and used in electrolyte leakage 
measurement. The first fully developed leaves were used for 
the electrolyte leakage experiment. 

2.4. Membrane leakage 
Membrane integrity was determined by measuring 

the amount of electrolyte leakage (Harun et al., 2014). The leaf 
or root was immersed in the test tube containing 10 mL of 
deionised water and left to stand at room temperature in the 
dark. After 24 hours, an EC meter was used to measure the 
electrical conductivity (EC1). Then, the tissue with bathing 
solution was heated in a water bath at 95 °C for 20 minutes 
and allowed to cool before the second electrical conductivity 
(EC2) was measured. The percentage of membrane leakage 
was determined as a percentage of EC1/EC2*100%. 

2.5. Data analysis 
All the treatments were carried out with three 

replicates, which are arranged in a completely randomised 
design (CRD). The results obtained were statistically 
elaborated further by using SPSS Statistics V27. The 
percentage data of plant growth parameters and cell injury 
were subjected to one-way analysis of variance (ANOVA), and 
the differences between means for a significance level of 
<0.05 were calculated. The post-hoc analysis of the Tukey test 
was used to compare the means of different treatment groups 
at a 5% significance level. The test results were presented in 
the form of a relative mean comparison to the control, with 
letters indicating significant differences. The post-hoc analysis 
is important to identify specific treatment differences after an 
ANOVA indicates a significant effect. This will allow for a more 
detailed understanding of how the treatments differ from each 
other. 
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3. RESULTS AND DISCUSSION 
3.1. Effect of nitrogen fertiliser (urea) and glyphosate 
on the growth of B.  rapa 
Plant height 

The application of urea fertiliser and glyphosate has 
a significant impact on the height of B. rapa (Figure 1). It was 
observed that urea treatment promotes the growth of B. rapa, 
with a significant increase in height recorded at concentrations 
70 and 90 kg N ha-1. Nevertheless, glyphosate spray inhibited 
the growth of B. rapa in the positive control treatment (CT0), 
with significant decreases of 76% from the control’s height 
(C0). A similar inhibited growth trend was observed as 
glyphosate was applied to the N-treated soil at T2, T3, and T4. 
Although the application of urea was found to increase the 
height of B. rapa (CT1–CT4), glyphosate sprayed was found 
to effectively inhibit the growth (T1–T4). The highest inhibition 
was recorded at T2, where 80 kg N ha-1 of urea was applied 
before the herbicide was sprayed. Noteworthy, urea 
application at a lower concentration of CT1 (70 kg N ha-1) 
significantly promotes the growth of B. rapa while minimising 
the impact of glyphosate at T1.  

A previous study suggested that the growth and 
development of B. rapa are greatly influenced by the available 
nutrients to be uptaken by the root or the leaf (Merta and 
Raksun, 2021). Fertilisers are also suggested to increase crop 
performance in terms of plant height, number of leaves, and 
leaf length, with the highest growth observed at day 30 after 
planting (Merta and Raksun, 2021). This is because fertiliser 
increases the nutrients needed by plants such as N, P, and K, 
while improving the physical, chemical, and biological 
properties of the soil. 

 
Figure 1: The effect of urea fertiliser and glyphosate on the plant height of 
B. rapa. The error bars represent the standard deviation (SD) of the mean. 
The treatment effects were evaluated relative to the control, with the control 
(C0) serving as the baseline for comparison. 

A single application of herbicide was found to cause 
a great reduction in the height of B. rapa. However, it was 
found that urea application can act as an herbicide adjuvant to 

increase herbicide efficiency in controlling weeds (Samai and 
Muhidin, 2021). The study reported that  a mixture of 
glyphosate and urea not only controls weeds in the cultivation 
area but also benefits crop production (Samai and Muhidin, 
2021). This antagonistic effect of urea and glyphosate may 
benefit the cover crop in the plantation areas since the efficacy 
of glyphosate on this beneficial crop might be minimized. 
Additionally, the study also concluded that the mixture of urea 
and glyphosate may reduce the cost of controlling the weed 
population (Samai and Muhidin, 2021). Additionally, higher 
fertiliser levels (urea at 300 and 240 kg N ha-1) were reported 
to affect B. rapa in terms of dry plant biomass (g), dry root 
biomass (g), plant height (cm), number of leaves per plant, 
maximum root length (cm), and leaf area index (LAI, 
calculated based on the number of plants in a square meter), 
which later contributes to the crop yield (Hamad et al., 2021). 
 
Root length 

The treatment significantly reduced the root length of 
B. rapa with a single glyphosate application (CT0), which was 
recorded as having  the highest inhibition with a value of 
27.6% from the control treatment (Figure 2). The antagonistic 
effect of glyphosate was not significant at N-treated 
treatments T1–T4, although the inhibition growth was less 
than CT0. This suggests that the efficiency of glyphosate in 
inhibiting root length was not affected by soil nutrients. The 
current study also suggested the root length of B. rapa is 
sensitive to available nitrogen, and the amount of nitrogen 
tested is in excess and able to inhibit the root growth. 
Additionally, further application of glyphosate was suggested 
to provide a synergistic effect on  inhibition of root length. Kano 
et al. (2021) suggested suitable fertiliser application in terms 
of amount and frequency of application is needed to ensure 
successful practices in the organic hydroponics of B. rapa 
(Kano et al., 2021). Besides being an important structure and 
role for plants, roots help absorb the available nutrients from 
the soil and provide a place for beneficial microorganisms to 
form root biofilm. Root surface biofilm is important for 
promoting nutrient supply, enhancing plant growth, 
strengthening physical and chemical barriers against 
pathogens, and inducing plant resistance against 
environmental stress by promoting a synergistic relationship 
between roots and beneficial microbes (Fujiwara et al., 2016; 
Haque et al., 2020; Kano et al., 2021; Li et al., 2024; Patten 
and Glick, 2002). 

This study’s findings are consistent with earlier 
research in maize and cotton, which found that high N 
supplies, 400 kg N ha-1 and 480 kg N ha-1, respectively, 
inhibited root elongation (Chen et al., 2020; Zheng-rui et al., 
2008). Higher N supplies could potentially increase the 
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production of reactive oxygen species, thus causing oxidative 
damage to the cell structures, including the root cells 
(Choudhary et al., 2020). A recent study summarises that high 
ammonium levels inhibit the roots from growing via increasing 
auxin inactivation, which lowers the ability of auxin to support 
root development (Di et al., 2021). Additionally, N fertilisers 
are shown to significantly enhance root elongation in cotton 
cultivars, with the highest elongation at a moderate amount of 
N supplied (240 kg N ha-1), but start to deteriorate as the 
increased amount of N is supplied (480 kg N ha-1)(Chen et al., 
2020). Another study in maize suggested root elongation is a 
way of plant adaptation in response to nitrogen deficiency 
(Sun et al., 2020). In nitrogen deficiency, auxin is transported 
from the shoot to the root, causing accumulation of the auxin 
in the root tips, which stimulates the production of nitric oxide 
and promotes the synthesis of strigolactones (Sun et al., 2022; 
Sun et al., 2020).  Strigolactones responsible for cell division, 
in a synergistic role with auxin, regulate root elongation. 
Additionally, a study on wheat reported that the herbicide 
(chlorsulfuron) produces shorter roots and tends to decrease 
the ability of wheat to absorb micronutrients (Cu, Mn, and Zn) 
(Rengel and Wheal, 1997). 

 

 
Figure 2: The effect of urea fertiliser and glyphosate on the percentage root 
length of B. rapa compared to the control (C0). The error bars represent the 
standard deviation (SD) of the mean. The treatment effects were evaluated 
relative to the control, with the control (C0) serving as the baseline for 
comparison. 

Shoot fresh weight 
The amount of nitrogen fertiliser significantly 

stimulates the growth of B. rapa by increasing the shoot fresh 
weight at CT1, CT3, and CT4 (Figure 3). This is in line with the 
role of nitrogen in promoting the growth of crops by stimulating 
the rate of photosynthesis, thus promoting the synthesis of 
amino acids and proteins, chlorophyll production, enzyme 
activity, osmotic regulation, and stress tolerance in plants (Mu 
and Chen, 2021). Furthermore, a study on B. rapa showed a 

significant increase in the fresh weight of B. rapa with different 
forms of nitrogen fertiliser (chemical and biochar-coated) 
applied (Bi et al., 2024). However, at CT2 (80 kg N ha-1), the 
effect of fertiliser was not significant. This drew many 
possibilities, such as other possible environmental factors 
such as light intensity, soil pH, temperature in the root 
environment, seed quality, and the nitrogen 
concentration itself (Fallovo et al., 2009; Guo et al., 2007). 

 

 
Figure 3: The effect of urea fertiliser and glyphosate on the shoot fresh 
weight of B. rapa. The error bars represent the standard deviation (SD) of 
the mean. The treatment effects were evaluated relative to the control, with 
the control (C0) serving as the baseline for comparison. 

 
It is observed that the application of glyphosate alone 

(CT0) exhibits more toxicity than treatments combined with 
urea fertiliser in the range of 70 kg N ha-1  to 115 kg N ha-1  
(T1, T2, T3, T4). The addition of urea fertiliser in treatments 
T1, T2, T3, and T4 appears to mitigate the negative effect of 
glyphosate on shoot fresh weight, resulting in higher biomass 
compared to the treatment with glyphosate alone. The 
antagonistic effect of herbicide treatment and nitrogen 
stimulation on the shoot fresh weight suggested that the 
efficacy of glyphosate decreased with the application of urea. 
In rapeseed (Brassica napus L.) seedlings, the metabolic 
effects observed after exposure to glyphosate showed a 
complex pattern (Petersen et al., 2007). Although no visual 
effect was observed, such as in the shoot dry weight, the 
shikimate biomarkers were found to be sensitive to the 
glyphosate exposure, with a linear response to the increased 
dose applied. The decreases in shoot fresh weight in the 
combined treatment of N and glyphosate when compared to 
single nitrogen application showed the inhibition of shikimate 
pathways, which disrupt the synthesis of aromatic amino 
acids. Furthermore, it is reported that approximately 60% of a 
plant’s dry weight consists of chemicals generated by the 
shikimate pathway (Jensen, 1986; Kashyap et al., 2023). In 
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addition, wide glyphosate application can harm the plants 
since it is easily translocated from shoots to roots and 
released into the rhizosphere (Fernandes et al., 2020; Jang et 
al., 2020).  

Leaf diameter 
Glyphosate application at 0.5 kg ai ha-1 without urea 

application (CT0) significantly reduces the leaf diameter 
(Figure 4). This is in line with a previous result on the inhibition 
of the leaf area parameter of soybean by herbicide at a dosage 
of 1800 g ha-1, which decreased from an average of 20 cm2 to 
5 cm2 (Johnson et al., 2002). Meanwhile, fertiliser application 
stimulates the growth of the leaf by significantly increasing the 
leaf diameter, despite the dose applied (CT1 to CT4). In 
concordance with a previous study on spinach (Spinacia 
oleracea L.), nitrogen fertiliser was revealed to increase the 
leaf area of the crop to 119.1% after 224 kg N ha-1 was applied 
(Abdelraouf, 2016). The antagonistic effect of the treatments 
can be seen in T1 to T4, as the glyphosate significantly 
decreases the leaf diameter of nitrogen-treated B. rapa to be 
on par with control (C0). The efficacy of glyphosate at T2 was 
highest, as the leaf diameter was observed to be similar to the 
leaf of B. rapa treated with no urea (CT0). The result on leaf 
diameter suggested that with adequate nutrient availability, 
the detrimental effect of glyphosate can be reduced. 
 

 
Figure 4: The effect of urea fertiliser and glyphosate on the leaf 
diameter of B. rapa. The error bars represent the standard deviation 
(SD) of the mean. The treatment effects were evaluated relative to 
the control, with the control (C0) serving as the baseline for 
comparison 

 
Although limited studies have reported the effect of 

fertilisers on leaf diameter, other plant morphologies can be 
related to this, such as leaf size and leaf area. For example, 
in Hongyang Kiwifruit (Actinidia chinesis), the average area of 
leaves per plant (cm2) was not significantly affected a year 
after the fertilisers were applied to the plant. Nevertheless, the 

total area of leaves per plant (m2) was significantly higher in 
the treatment in the presence of N, P, and K (Zhang et al., 
2020). According to the studies, the size and number of leaves 
were reduced as nutrients were deficient, especially for 
herbaceous and perennial plants (Kropat et al., 2011; Zhang 
et al., 2020). It has been observed that the application of 
fertiliser increased the amount of resources needed for the 
growth and development of leaves, such as area, thickness, 
and chlorophyll content (Kropat et al., 2011). Zhang et al. 
(2020) explained the different roles of N and P elements in the 
NPK fertiliser for the increase in total leaf area. N was 
responsible for increasing the total leaf area by promoting the 
growth of individual leaves, while P increased by stimulating 
the growth of more leaves. N fertilisers are also responsible 
for increasing the leaf area by stimulating the cell sizes, cell 
numbers, and cell expansion rate (Chandler and Dale, 1995). 
However, N concentrations (low and high) were shown to have 
no significant effect on the total leaf area of Kiwifruit, but 
relatively high nutrient supply had little effect on leaf expansion 
(Zhang et al., 2020). Furthermore, environmental factors were 
limiting factors that affected the leaf expansion of Kiwifruit 
when an adequate supply of nutrients was given. In addition, 
the increase in nutrients contained in the soil was shown to 
increase the number of leaves in B. rapa compared to B. rapa 
without nutrients supplied through organic fertiliser (Merta and 
Raksun, 2021).  

 
Chlorophyll content 

The greatest inhibitory effect of glyphosate on 
chlorophyll content was observed at CT0 (72%). This is 
following the role of glyphosate in inhibiting specific enzyme 
EPSPS (5-enolpyruvylshikimate-3-phosphate synthase), 
leading to the disruption of aromatic amino acid synthesis, 
crucial for proteins, hormones, lignin, and photosynthesis-
related compounds  in plants (Kashyap et al., 2023). Although 
the synthesis of chlorophyll is not directly related to the 
shikimate pathway, chlorophyll production may be affected by 
the disruption of plant metabolism. The treatment combination 
of urea and glyphosate was shown to have no significant effect 
on the chlorophyll content of B. rapa (Figure 5). However, an 
increase in the chlorophyll content was observed at a single 
application of urea, and glyphosate was applied at higher urea 
concentrations (T3 and T4). This implied that glyphosate and 
urea had an  antagonistic effect on the synthesis of 
chlorophyll. Research shows that an adequate supply of 
nitrogen fertilisers increases leaf nitrogen nutrition and 
chlorophyll content by enhancing chlorophyll synthesis, which 
leads to an increase in the yield and quality of B. rapa (Bi et 
al., 2024; Yeboah et al., 2017). Furthermore, a study reported 
that N fertiliser at 5 g m–2 had a favourable impact on the 
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chlorophyll index of emerald grass (Dinalli et al., 2022).  
Glyphosate is more efficient in disrupting chlorophyll 

synthesis in the nutrition deficiency state, as observed in CT0, 
T1, and T2 (Figure 5). A study proposed that the efficacy of 
glyphosate decreased as the supply of nitrogen fertiliser 
increased. In a previous study, it was concluded that high 
usage of herbicides inhibited the photosynthetic rate and 
nitrogen assimilation in rapeseed seedlings (Cui et al., 2020).  
However, compared to the other Brassicaceae family, B. rapa 
had the highest tolerance to glyphosate exposure (Kashyap et 
al., 2023). Another broad-spectrum herbicide, WeedLock, was 
shown to have a significant inhibition effect on the chlorophyll 
pigment content (chlorophyll a, chlorophyll b, and carotenoid), 
thus disrupting the rate of photosynthesis in several tested 
crops: Ageratum conyzoides L., Eleusine indica (L.) Gaertn, 
Zea mays L., and Amaranthus gangeticus L. (Hasan et al., 
2022). Furthermore,  a recent study reported a negative 
correlation between the total chloroplast amount and the days 
after glyphosate application on durum wheat (Triticum durum 
L.) (Benkadja et al., 2023).  Besides that, the possibility of 
decreases in chlorophyll content is related to the degradation 
of chlorophyll as a result of an increase in ROS content 
(Gomes et al., 2017). A similar study on wheat and soybean 
reported that the inhibition effect on chlorophyll content was 
observed in glyphosate-treated compared with the non-
glyphosate control (Benkadja et al., 2023; Zobiole et al., 
2011). Moreover, glyphosate remnants in the soil were found 
to have significant damage to growth characteristics, 
nodulation, and chlorophyll content in maize (Zea mays L.) 
and bean (Phaseolus vulgaris L.) (Kamdem et al., 2016). 

 

 
Figure 5: The effects of urea fertiliser and glyphosate on the chlorophyll 
content of B. rapa. The error bars represent the standard deviation 
(SD) of the mean. The treatment effects were evaluated relative to 

the control, with the control (C0) serving as the baseline for 
comparison 

3.2 Antimicrobial susceptibility testing  

Leaf and root membrane leakage  
Leaf membrane leakage (LML) in B. rapa increased 

significantly in all treatments, with the highest leakage 
observed at the positive control (CT0), almost seven times 
higher than the negative control (C0), followed by glyphosate 
sprayed at the highest urea supply (T4) (Figure 6). In contrast, 
a significant decrease in LML was observed at the highest 
urea concentration with no glyphosate applied (CT4). This 
portrays the antagonistic effect of fertiliser and glyphosate on 
the permeability of the leaf membrane. The result proposed 
that the efficacy of glyphosate on B. rapa was dependent on 
its nutritional availability.  The increase of urea from 70 to 80 
and 115 kg N ha-1 was observed to increase the efficacy of 
glyphosate. In contrast, at T3 (90 kg N ha-1),  the efficacy and 
toxicity effects of glyphosate on the leaf of B. rapa were at their 
lowest. The antagonistic effect of N and glyphosate might 
explain the trend observed at CT4 and T4 and other treatment 
combinations with and without glyphosate. It also suggested 
that the N supplied promotes the cell membrane to be more 
tolerant to glyphosate susceptibility. The study suggested that 
at 90 kg N ha-1, the leaf membrane was less susceptible to 
glyphosate application. 

In the root, the percentage of membrane leakage 
was highest at the two lowest urea doses applied (T1 and T2), 
followed by T4 and T3 (Figure 6). The study deduces that the 
synergistic effect of urea and glyphosate application on the 
root leakage is higher when the nutrient available is at  a lower 
dose, between 70 and 80 kg ai ha-1, and at a higher urea rate 
of 115 kg ai ha-1 (T4). However, the concentration of urea 
showed no significant effect on the root membrane leakage 
from CT1 to CT4, with a percentage range of 75% to 115% 
from the control.  In line with the recent study, the 
recommended rate of urea application in vegetable gardens is 
in the range of 70–115 kg N ha-1 (Katuwal et al., 2023). 

The permeability and integrity of plant membranes 
are associated with environmental stress and can be used as 
indicators for damage caused by the stress, such as by 
measuring the electrolyte leakage (Masoumi et al., 2010; Silva 
et al., 2016). Oxidative stress caused by environmental stress 
will increase the production of ROS, leading to oxidation of 
membrane lipids and thus leading to ion leakage due to 
increasing membrane permeability (Sakya et al., 2018). A 
previous study reported the sensitivity of fodder radish plants 
(Raphanus sativus L.) to glyphosate at every dose applied by 
increasing cell membrane damage, thus reducing chloroplast 
pigment content and leading to a decrease in photosynthetic 
efficiency (Silva et al., 2014).  
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Figure 6: The percentage of membrane leakage that occurred in the 
leaves and roots of B. rapa when urea fertiliser and glyphosate were 
applied. The error bars represent the standard deviation (SD) of the 
mean. The treatment effects were evaluated relative to the control, 
with the control (C0) serving as the baseline for comparison 
 

4. CONCLUSION 
Oxidative damage induced by N fertilisers and 

glyphosate herbicides affects the physical parameters of B. 
rapa. Hence, these parameters can be used as a criterion to 
select an effective dosage of nitrogen fertiliser and glyphosate 
to reduce oxidative stress while contributing to high yield. The 
increase in N supplied does promote variations in plant 
response. However, once glyphosate was applied, the plant 
responses became consistent, especially in root length, shoot 
fresh weight, and chlorophyll content. The study suggests the 
interaction between nitrogen levels and glyphosate application 
might not be significant, or the efficacy of glyphosate is not 
strongly influenced by nitrogen levels. The glyphosate’s 
specific action on the shikimic acid pathway may be the 
dominant factor, overriding any variations in nitrogen levels. 
The study also concludes that both nitrogen concentration and 
glyphosate application can cause oxidative stress in B. rapa, 
either in leaf, root, or other plant physiology.  
 

ACKNOWLEDGEMENTS 
This work was financially supported by the 

Fundamental Research Grant Scheme (FRGS), 
FRGS/1/2022/WAB04/UMK/02/4. 

 

REFERENCES 
Abdelraouf, E. A. A., (2016). The effects of nitrogen fertilization on yield and quality 

of spinach grown in high tunnels. Alexandria Science Exchange Journal, 37 
(July-September), 488-496.  

Alister, C., & Kogan, M. (2004). Effect of glyphosate applied over emerged asparagus 
spears. Crop Protection, 23(2), 169-172. 

Baweja, P., Kumar, S., Kumar, G. (2020). Fertilizers and pesticides: Their impact on 
soil health and environment. Soil health, 265-285. 

Benkadja, S., Oulmi, A., Frih, B., Bendada, H., Guendouz, A., Benmahammed, A., 
(2023). Evaluation of chlorophyll content and membrane stability under 
oxidative stress induced by glyphosate herbicide as indicators of drought 
tolerance in some advanced durum wheat (Triticum durum L.) lines: in vitro 
study. Revista De La Facultad De Agronomia De La Universidad Del Zulia, 
40(1).  

Bi, H., Xu, J., Li, K., Li, K., Cao, H., Zhao, C., (2024). Effects of Biochar-Coated 
Nitrogen Fertilizer on the Yield and Quality of Bok Choy and on Soil Nutrients. 
Sustainability, 16(4), 1659.  

Brookes, G., (2020). Glyphosate use in Asia and implications of possible restrictions 
on its use. AgBioForum, 22(1), 37-48. 

Chandler, J., Dale, J., (1995). Nitrogen deficiency and fertilization effects on needle 
growth and photosynthesis in Sitka spruce (Picea sitchensis). Tree Physiology, 
15(12), 813-817.  

Chen, J., Liu, L., Wang, Z., Zhang, Y., Sun, H., Song, S., Bai, Z., Lu, Z., Li, C., (2020). 
Nitrogen fertilization increases root growth and coordinates the root–shoot 
relationship in cotton. Frontiers in Plant Science, 11, 880.  

Choudhary, A., Kumar, A., Kaur, N., (2020). ROS and oxidative burst: Roots in plant 
development. Plant Diversity, 42(1), 33-43. 

Coves, S., Soengas, P., Velasco, P., Fernández, J. C., Cartea, M. E., (2023). New 
vegetable varieties of Brassica rapa and Brassica napus with modified 
glucosinolate content obtained by mass selection approach. Frontiers in 
Nutrition, 10.  

Cui, C., Xie, X., Wang, L.-Y., Wang, R.-L., Lei, W., Lv, J., Chen, L., Gao, H.-H., Ye, 
S., Huang, L., (2020). Photosynthetic index and nitrogen assimilation in 
rapeseed seedlings transplanted in soil with ammonium glufosinate. Ciência 
Rural, 50.  

Di, D.-W., Li, G., Sun, L., Wu, J., Wang, M., Kronzucker, H. J., Fang, S., Chu, J., Shi, 
W., (2021). High ammonium inhibits root growth in Arabidopsis thaliana by 
promoting auxin conjugation rather than inhibiting auxin biosynthesis. Journal 
of Plant Physiology, 261, 153415. 

Dinalli, R. P., Buzetti, S., Gazola, R. D. N., De Castilho, R. M. M., Jalal, A., Galindo, 
F. S., Teixeira Filho, M. C. M., (2022). Nitrogen fertilization and glyphosate as 
a growth regulator: Effects on the nutritional efficiency and nutrient balance in 
Emerald Grass. Agronomy, 12(10), 2473.  

Fallovo, C., Colla, G., Schreiner, M., Krumbein, A., Schwarz, D., (2009). Effect of 
nitrogen form and radiation on growth and mineral concentration of two 
Brassica species. Scientia Horticulturae, 123(2), 170-177.  

Fernandes, B., Soares, C., Braga, C., Rebotim, A., Ferreira, R., Ferreira, J., Fidalgo, 
F., Pereira, R., Cachada, A., (2020). Ecotoxicological assessment of a 
glyphosate-based herbicide in cover plants: Medicago sativa L. as a model 
species. Applied sciences, 10(15), 5098.  

Fujiwara, K., Iida, Y., Someya, N., Takano, M., Ohnishi, J., Terami, F., Shinohara, M., 
(2016). Emergence of antagonism against the pathogenic fungus Fusarium 
oxysporum by interplay among non-antagonistic bacteria in a hydroponics 
using multiple parallel mineralization. Journal of Phytopathology, 164(11-12), 
853-862.  

Gomes, M. P., Le Manac’h, S. G., Hénault-Ethier, L., Labrecque, M., Lucotte, M., 
Juneau, P., (2017). Glyphosate-dependent inhibition of photosynthesis in 
willow. Frontiers in Plant Science, 8, 207.  

Guo, S., Zhou, Y., Shen, Q., Zhang, F., (2007). Effect of ammonium and nitrate 
nutrition on some physiological processes in higher plants-growth, 

ab

d

abc

bc

abc

a

ab

ab

ab

cd

ef

e

e ef e
ef

g

g

e

fg

0

100

200

300

400

500

600

700

800

900

C0 CT0 CT1 CT2 CT3 CT4 T1 T2 T3 T4

Pe
rc

en
ta

ge
 o

f m
em

br
an

e 
le

ak
ag

e,
 %

 o
f c

on
tro

l

Treatment

Leaf membrane leakage Root membrane leakage



J. Trop. Resour. Sustain. Sci. 13 (2025): 62-70 
  

 

70  

 

photosynthesis, photorespiration, and water relations. Plant Biology, 9(01), 21-
29.  

Guo, J., Jia, Y., Chen, H., Zhang, L., Yang, J., Zhang, J., Hu, X., Ye, X., Li, Y., Zhou, 
Y., (2019). Growth, photosynthesis, and nutrient uptake in wheat are affected 
by differences in nitrogen levels and forms and potassium supply. Scientific 
Reports, 9(1), 1248.  

Hamad, A. A. A., Xu, J., Wei, Q., Hamoud, Y. A., Shaghaleh, H., Wang, K., Hameed, 
F., Xu, L., (2021). Effect of different irrigation and nitrogen management options 
on growth, yield and water use efficiency of Chinese cabbage in greenhouse 
cultivation. Pakistan Journal of Agricultural Sciences, 58(1).  

Haque, M. M., Mosharaf, M. K., Khatun, M., Haque, M. A., Biswas, M. S., Islam, M. 
S., Islam, M. M., Shozib, H. B., Miah, M. M. U., Molla, A. H., Siddiquee, M. A., 
(2020). Biofilm producing rhizobacteria with multiple plant growth-promoting 
traits promote growth of tomato under water-deficit stress. Frontiers in 
Microbiology, 11. 

Harun, M. A. Y. A., Robinson, R. W., Johnson, J., Uddin, M. N., (2014). Allelopathic 
potential of Chrysanthemoides monilifera subsp. monilifera (boneseed): A 
novel weapon in the invasion processes. South African Journal of Botany, 93, 
157-166.  

Hasan, M., Mokhtar, A. S., Mahmud, K., Berahim, Z., Rosli, A. M., Hamdan, H., 
Motmainna, M., Ahmad-Hamdani, M. S., (2022). Physiological and biochemical 
responses of selected weed and crop species to the plant-based bioherbicide 
WeedLock. Scientific Reports, 12(1), 19602.  

Jang, S. J., Mallory-Smith, C., Kuk, Y. I., (2020). Inhibition of wheat growth planted 
after glyphosate application to weeds. Weed Science, 68(4), 373-381.  

Jensen, R. A., (1986). The shikimate/arogenate pathway: Link between carbohydrate 
metabolism and secondary metabolism. Physiologia Plantarum, 66(1).  

Johnson, B. F., Bailey, W. A., Wilson, H. P., Holshouser, D. L., Herbert, D. A., Hines, 
T. E., (2002). Herbicide effects on visible injury, leaf area, and yield of 
glyphosate-resistant soybean (Glycine max). Weed Technology, 16(3), 554-
566.  

Kamdem, M., Njintang, N., Filser, J., (2016). Effects of soil treated glyphosate on 
growth parameters and chlorophyll content of maize Zea mays L. and bean 
Phaseolus vulgaris L. plants. Brazilian Journal of Biological Sciences, 3, 351-
365. 

Kano, K., Kitazawa, H., Suzuki, K., Widiastuti, A., Odani, H., Zhou, S., Chinta, Y. D., 
Eguchi, Y., Shinohara, M., Sato, T., (2021). Effects of organic fertilizer on bok 
choy growth and quality in hydroponic cultures. Agronomy, 11(3), 491.  

Kashyap, A., Kumari, S., Garg, P., Kushwaha, R., Tripathi, S., Sharma, J., Gupta, N. 
C., Kumar, R. R., Vishwakarma, H., Bhattacharya, R., (2023). Morpho-
biochemical responses of Brassica Coenospecies to glyphosate exposure at 
pre- and post-emergence stages. Agronomy, 13(7), 1831.  

Katuwal, D. R., Bhandari, N., Pokhrel, A., (2023). Response of different levels of 
nitrogen on growth and yield of cauliflower (Brassica oleracea var. botrytis) 
varieties. Asian Journal of Agricultural and Horticultural Research, 10(3), 105-
114. 

Kropat, J., Hong-Hermesdorf, A., Casero, D., Ent, P., Castruita, M., Pellegrini, M., 
Merchant, S. S., Malasarn, D., (2011). A revised mineral nutrient supplement 
increases biomass and growth rate in Chlamydomonas reinhardtii. The Plant 
Journal, 66(5), 770-780.  

Li, Y., Narayanan, M., Shi, X., Chen, X., Li, Z., Ma, Y., (2024). Biofilms formation in 
plant growth-promoting bacteria for alleviating agro-environmental stress. 
Science of the Total Environment, 907, 167774. 

Masoumi, A., Kafi, M., Khazaei, H., Davari, K., (2010). Effect of drought stress on 
water status, elecrolyte leakage and enzymatic antioxidants of kochia (Kochia 
scoparia) under saline condition. Pakistan Journal of Botany, 42(5), 3517-3524.  

Merta, I. W., Raksun, A., (2021). Growth response of Bok choy (Brassica rapa L.) due 
to the different dose and times of giving bokashi. Pijar MIPA, 16(4), 542-546.  

Mu, X., Chen, Y., (2021). The physiological response of photosynthesis to nitrogen 
deficiency. Plant Physiology and Biochemistry, 158, 76-82.  

Ofoe, R., Thomas, R. H., Asiedu, S. K., Wang-Pruski, G., Fofana, B., Abbey, L., 
(2023). Aluminum in plant: Benefits, toxicity and tolerance mechanisms. 
Frontiers in Plant Science, 13, 1085998. 

Pan, F., Pan, S., Tang, J., Yuan, J., Zhang, H., Chen, B., (2022). Fertilization 
Practices: Optimization in Greenhouse Vegetable Cultivation with Different 
Planting Years. Sustainability, 14(13), 7543. 

Pardo-Aguilar, N., Lagunes-Espinoza, L. C., Salgado-García, S., Hernández-
Nataren, E., Bolaños-Aguilar, E. D., (2021). Chipilín (C. longirostrata Hook. and 
Arn.) Capacity for regrowth and leaf area production in response to Nitrogen 

and Phosphorus fertilizer application. Legume Research-An International 
Journal, 44(4), 446-451. 

Patten, C. L., Glick, B. R., (2002). Role of Pseudomonas putida indoleacetic acid in 
development of the host plant root system. Applied and environmental 
microbiology, 68(8), 3795-3801.  

Petersen, I. L., Hansen, H. C. B., Ravn, H. W., Sørensen, J. C., Sørensen, H., (2007). 
Metabolic effects in rapeseed (Brassica napus L.) seedlings after root exposure 
to glyphosate. Pesticide Biochemistry and Physiology, 89(3), 220-229.  

Putney, J., Maguire, D., (2020). Shifts in Foliage Biomass and Its Vertical Distribution 
in Response to Operational Nitrogen Fertilization of Douglas-Fir in Western 
Oregon. Forests.  

Rengel, Z., Wheal, M. S., (1997). Herbicide chlorsulfuron decreases growth of fine 
roots and micronutrient uptake in wheat genotypes. Journal of Experimental 
Botany, 48(4), 927-934.  

Rivas-Garcia, T., Espinosa-Calderón, A., Hernández-Vázquez, B., Schwentesius-
Rindermann, R., (2022). Overview of environmental and health effects related 
to glyphosate usage. Sustainability, 14(11), 6868. 

Ruuskanen, S., Fuchs, B., Nissinen, R., Puigbo, P., Rainio, M., Saikkonen, K., 
Helander, M., (2023). Ecosystem consequences of herbicides: the role of 
microbiome. Trends Ecol Evol, 38(1), 35-43.  

Sakya, A., Sulistyaningsih, E., Indradewa, D., Purwanto, B., (2018). Physiological 
characters and tomato yield under drought stress. IOP Conference Series: 
Earth and Environmental Science, 200(1), 012043. 

Samai, S., Muhidin., (2021). Urea effectivity as herbicide adjuvant to control weed in 
minimum tillage system. IOP Conference Series: Earth and Environmental 
Science, 807(4), 042065.  

Silva, F. B., Costa, A. C., Alves, R. R. P., Megguer, C. A., (2014). Chlorophyll 
fluorescence as an indicator of cellular damage by glyphosate herbicide in 
Raphanus sativus L. plants. American Journal of Plant Sciences, 2014.  

Silva, K., Urban, L., Balbinot, A., Gnocato, F., Kruse, N., Marchesan, E., Machado, 
S., (2016). Electrolyte leakage and the protective effect of nitric oxide on leaves 
of flooded rice exposed to herbicides. Planta Daninha, 34, 777-786.  

Sun, H., Li, W., Burritt, D. J., Tian, H., Zhang, H., Liang, X., Miao, Y., Mostofa, M. G., 
Tran, L.-S. P., (2022). Strigolactones interact with other phytohormones to 
modulate plant root growth and development. The Crop Journal, 10(6), 1517-
1527.  

Sun, X., Chen, F., Yuan, L., Mi, G., (2020). The physiological mechanism underlying 
root elongation in response to nitrogen deficiency in crop plants. Planta, 251, 
1-14. 

Tallapragada, S., Lather, R., (2022). Effect of Pesticides on Crop, Soil Microbial Flora 
and Determination of Pesticide Residue in Agricultural Produce: A Review. 
International Journal of Environment and Climate Change, 12(12), 38-56. 

Tudi, M., Daniel Ruan, H., Wang, L., Lyu, J., Sadler, R., Connell, D., Chu, C., Phung, 
D. T., (2021). Agriculture development, pesticide application and its impact on 
the environment. International Journal of Environmental Research and Public 
Health, 18(3), 1112. 

Verma, A., Kanna, T., Indira, G., (2023). Functions and Deficiency Symptoms of 
Primary Nutrients. Dr. Nareshkumar B. Desai, 3.  

Wang, R., Wang, Y., Zhang, Z., Pan, H., Lan, L., Huang, R., Deng, X., Peng, Y., 
(2023). Effects of Exponential N Application on Soil Exchangeable Base 
Cations and the Growth and Nutrient Contents of Clonal Chinese Fir 
Seedlings. Plants, 12.  

Yeboah, S., Zhang, R., Cai, L., Li, L., Xie, J., Luo, Z., Wu, J., Antille, D., (2017). Soil 
water content and photosynthetic capacity of spring wheat as affected by soil 
application of nitrogen-enriched biochar in a semiarid environment. 
Photosynthetica, 55, 532-542.  

Zhang, M., Sun, D., Niu, Z., Yan, J., Zhou, X., Kang, X., (2020). Effects of combined 
organic/inorganic fertilizer application on growth, photosynthetic 
characteristics, yield and fruit quality of Actinidia chinesis cv ‘Hongyang’. Global 
Ecology and Conservation, 22, e00997.  

Zheng-rui, W., Yu-kui, R., Jian-bo, S., Fu-suo, Z., (2008). Effects of N fertilizer on root 
growth in Zea mays L. seedlings. Spanish Journal of Agricultural Research, 
6(4), 677-682.  

Zobiole, L. H., Kremer, R. J., Oliveira Jr, R. S., Constantin, J., (2011). Glyphosate 
affects chlorophyll, nodulation and nutrient accumulation of “second 
generation” glyphosate-resistant soybean (Glycine max L.). Pesticide 
Biochemistry and Physiology, 99(1), 53-60. 

 


	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study area
	2.2. Experimental materials and design
	2.3.  Plant growth characteristics
	2.4. Membrane leakage
	2.5. Data analysis

	3. RESULTS AND DISCUSSION
	3.1. Effect of nitrogen fertiliser (urea) and glyphosate on the growth of B.  rapa

	4. CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

