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ABSTRACT

Sweet basil is one of the most popular culinary, medicinal, and fragrance herbs in 
Mediterranean, Asian, and Western countries. This study aims to increase the growth 
performance of sweet basil via different concentrations of chitosan, which is applied at three 
growth stages. The study was arranged in a factorial randomized complete block design 
with four replications. The plants were divided into three growth stages, which were the 
vegetative stage (S1), the reproductive stage (S2), and both the vegetative and reproductive 
stages (S1 + S2). Those plants were then treated with four different concentrations of 
chitosan (0, 2, 4, and 6 ml/L) either on S1, S2, or S1 + S2. The results indicated that plants 
treated with chitosan at S1 showed greater performance. Chitosan concentration of 4 ml/L 
produced greater plant height (55.09 ± 1.75 cm/plant), stem diameter (11.08 ± 0.89 mm/
plant), and a number of leaves (296.57 ± 11.61 leaves/plant). It is also interesting to observe 
that the lowest chitosan concentration was non-significantly different, with 4 ml/L at S1 in 
some parameters. Plants in those treatments showed the highest average length of internode, 
number of branches, total root length, average root diameter, total root volume, and total 

root surface area. Besides, correlation 
analysis proved that all the parameters 
significantly correlated positively. As the 
concentration of 4 ml/L showed a superior 
effect, especially on the number of yields, 
thus it is recommended for growers to apply 
chitosan at 4 ml/L during S1. 

Keywords: Chitosan, drenching, physiology, 
reproductive stage, vegetative stage
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INTRODUCTION 

The Lamiaceae family is one of the most 
important and largest pharmaceutical and 
aromatic plants, where sweet basil (Ocimum 
basilicum L.) is the main valuable member 
(Mosadegh et al., 2021). Sweet basil is 
an annual, warm-season, and sun-loving 
herb (Zulfiqar et al., 2021). Sweet basil 
poses a valuable source of nutraceuticals 
such as proteins, carbohydrates, minerals, 
and vitamin C (Corrado et al., 2020). Due 
to widespread culinary, medicinal, and 
aromatic consumption, sweet basil is a 
popular herb in Mediterranean, Asian, and 
Western countries (Bufalo et al., 2015; 
Delbeke et al., 2015; Harnafi et al., 2013; 
Incrocci et al., 2019). Sweet basil is a 
naturally eatable antioxidant (Patriani et 
al., 2021). The antioxidant compounds 
present in sweet basil provide treatment for 
human cell cancers (Hanachi et al., 2021). 
Traditionally, it is used to treat inflammation 
and helminthic (Osei-Akoto et al., 2020).

Regarding dietary, sweet basil is used as a 
fresh vegetable alone or with many foods and 
salads (Mirzajani et al., 2015). Commonly, 
sweet basil is produced for the fresh market 
(Corrado et al., 2020; Delbeke et al., 2015; 
Fattahi et al., 2019; Klintham et al., 2018). 
Since as a medicinal herb, the whole plant is 
used in traditional pharmacies (Ghasemzadeh 
et al., 2016). The total fresh biomass is 
considered as yield (Scagel et al., 2019). 
Hence, the yield is assumed to be associated 
with plant growth and development. In 
recent years the demand for sweet basil has 
increased (Acharya et al., 2020; Ciriello et 
al., 2021; Pandey et al., 2019).

Sweet basil is the most consumed herb 
and is a highly demanded fresh market, but 
still, the production is insufficient to meet 
the demand. In sweet basil, the yield is 
associated with growth parameters. Thus, 
the growth and yield of sweet basil could be 
affected by environmental factors (Elhindi et 
al., 2017). One of those factors is a chitin-
based biopolymer plant growth promoter 
named chitosan (Govindaraju & Arulselvi, 
2018). Since chitosan is obtained from 
waste materials of seafood industries, the 
use of chitosan could be actively attributed 
to reducing pollution (El-Amerany et 
al., 2020). Chitosan is biodegradable, 
biocompatible, and ecologically friendly 
with low economical cost (Jiao et al., 
2018). Chitosan has been tested in crops 
other than sweet basil and showed greater 
growth performance (Monfared et al., 
2020; Turk, 2019). For instance, Mondal 
et al. (2016) suggested that Solanum 
lycopersicum be treated with 75 mg/L to 
obtain maximum plant growth and yield 
components. In addition, a concentration 
of 5 mg/L chitosan gave a higher number of 
branches, length of branches, and a number 
of leaves compared to other common growth 
regulators such as cytokinins, kinetin, and 
auxins in Ipomoea purpurea L. (Acemi 
et al., 2018). Similarly, Acemi (2020) 
suggested that chitosan could be a good 
alternative to other growth regulators, such 
as 6-benzylaminopurine and jasmonic acid, 
in improving plant growth and development. 
Also, Chamnanmanoontham et al. (2015) 
reported that 40 mg/L chitosan resulted 
in greater growth performance in terms of 
shoot and root in Oryza sativa L. plants. 
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Since herbal yield is associated with growth 
parameters as well as the number of leaves 
per plant, chitosan was reported to increase 
herbal yield in several plants such as Thymus 
vulgaris L., Mentha × Piperita L., Nigella 
sativa L., and Lavandula officinalis Chaix. 
(Fahmy & Nosir, 2021; Goudarzian et al., 
2020; Ibrahim, 2020; Waly et al., 2020).

Although chitosan is considered a 
growth-promoting substance, its effectiveness 
depends on the crop species, concentration, 
and plant’s growth stage to be treated (Heidari 
et al., 2020). Hence, it would be a great 
contribution for the producers to determine 
the effective concentration of chitosan and 
the suitable time of application for sweet 
basil. Therefore, in the current study, four 
concentrations of chitosan were tested at 
three different growth stages on sweet basil. 

MATERIALS AND METHODS

Experiment

To evaluate four different levels of chitosan, 
including 0, 2, 4, and 6 ml/L at three different 
stages of growth, including the growing 
stage (S1: 45 days after sowing [DAS]), 
reproductive stage (S2: 65 DAS), and 
both (S1 + S2) on sweet basil cv. 213, the 
experiment was arranged in a randomized 
complete block design (RCBD) with four 
replications. The blocking was oriented 
against sunlight movement. Five plants were 
included in each replication, and the total 
number of observed plants was 240 (12 × 
4 × 5). Furthermore, all 240 observations 
contributed to the data belonging to plant 
height, stem diameter, length of internode, 
number of branches, number of leaves, total 

root length, average root diameter, total root 
volume, total root surface area, and total 
fresh biomass.  

Field Conditions and Activities 

The experiment was performed in Field 
15 of the research farm in the Faculty of 
Agriculture, Universiti Putra Malaysia. Seeds 
were purchased from Green World Genetics 
Sdn. Bhd., Malaysia. Seeds germinated in 
peat moss, and seedlings were produced 
under 50% shade and transplanted at 25 days 
old prior to 4 leaf stages. Plants grew in 14” 
polybags with a commercial soil mixture 
(Bio-soil, Melayu ImpraTM, Malaysia). Plants 
were oriented at 3,500 cm2 planting density 
in open field conditions and treated with 
concentrations of 0, 2, 4, and 6 ml/L chitosan 
(KitosanPlus+, Malaysia) at the growing 
stage (S1, 45 DAS), reproductive stage (S2, 
65 DAS), and both stages (S1 + S2). Finally, 
plants were harvested at 85 DAS.  

Data Collection and Analysis

The physiological parameters such as plant 
height, stem diameter, and leaf number 
were collected prior to harvesting at 84-85 
DAS in the field. Briefly, plant height was 
measured from the base form of the stem to 
the shoot tip using a ruler (100 cm stainless 
steel), and the average was taken (Hassnain 
et al., 2020). Stem diameter was measured 
by using an electronic digital calliper 
(Insize, Resolution: 0.01mm/0.0005”, 
Accuracy: ± 0.2mm/0.1”, Germany), and 
the average was taken. The internode length 
was measured using a ruler (30 cm), and the 
average was taken. Branches from the base 



650 Pertanika J. Trop. Agric. Sci. 46 (2): 647 - 670 (2023)

Ahmad Zubair Qazizadah, Jaafar Juju Nakasha, Uma Rani Sinniah and Puteri Edaroyati Megat Wahab

of the stem to the end were counted, and the 
average was taken for data on the number 
of branches. Leaves of the whole plant were 
counted, and the average was recorded as 
data on the number of leaves per plant. After 
this, plants were harvested and delivered 
to the laboratory for further investigation. 
Both shoot and root were weighed using 
a digital balance (Model B303-S, Mettler 
Toledo, Switzerland) and recorded as data 
of total fresh biomass. The root systems 
were detached from the stems and subjected 
to a root scanner (WinRHIZO Pro 2019a, 
Canada) for picture analysis. Data of root 
parameters such as total root length, average 
root diameter, total root volume, and total 
root surface area were taken from the output. 

The data were analyzed using Statistical 
Analysis Software version 9.4 (SAS 9.4). 
Analysis of variance was performed using 
least significant differences (LSD) at 95% 
significant difference, and means were 

separated. Besides, Pearson correlation 
analysis was performed to evaluate the 
relationships between 10 parameters—the 
results of correlation analysis are presented 
in Table 1.

RESULTS

Plant Height

The results showed that plant height was 
significantly affected by the interaction of 
chitosan concentrations and plant maturity 
stages at (p ≤ 0.05). Concentrations of 2 and 
4 ml/L of chitosan applied at the vegetative 
stage had significantly increased plant 
height from 45.35 ± 2.59 to 55.08 ± 1.75 cm 
and decreased to 42.20 ± 2.23 cm at 6 ml/L 
(Figure 1). The non-treated chitosan plants 
produced shorter plant heights, where all the 
plants were less than 40 cm tall. However, 
applying chitosan at all concentrations in 
the reproductive stage was not significantly 

Figure 1. Effect of application of different chitosan concentrations in plant height of sweet basil. Means 
with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the standard error
Note. S1 = 45 days after sowing; S2 = 65 days after sowing
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Figure 2. Representative sweet basil plants treated 
with different concentrations of chitosan. Where 
C0, C1, C2, and C3 are 0, 2, 4, and 6 ml/L chitosan, 
respectively
Note. S1 = 45 days after sowing; S2 = 65 days after 
sowing
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different compared to the control. When 
chitosan was applied two times (vegetative 
and reproductive stage), only plants treated 
with 6 ml/L showed significantly taller 
compared to the control, which was 43.36 
± 1.12 cm. The differences in plant height 
can be seen in Figure 2. 

Stem Diameter

The result showed that stem diameter 
was significantly affected by different 
concentrations of chitosan and the plant’s 
maturity stage at p ≤ 0.5. Plants treated 
with chitosan showed bigger diameters 
compared to non-treated plants (Figure 3). 
Single application of chitosan at vegetative 
stage increased the stem diameter from 
10.04 ± 0.71 (2 ml/L of chitosan) to 11.08 
± 0.89 mm (4 ml/L of chitosan). A further 
increase to 6 ml/L of chitosan applied at the 
vegetative stage reduced the stem diameter 
to 9.02 ± 0.26 mm, which is still bigger than 
the control (8.06 ± 0.80 mm). Those plants 
were not significantly different from others 
that received 6 ml/L at both the reproductive 
and vegetative stages. 

Applying chitosan at the reproductive 
stage showed all plants having less than 9 
mm of stem diameter, including the control. 
However, those applied two times (at 
vegetative and reproductive stages) showed 
a stem diameter of more than 9 mm, with 4 
ml/L recorded at 10.04 ± 0.70 mm of stem 
diameter, which was significantly bigger 
compared to other treatments at this time 
of application.

Length of Internode

The results showed that the internode length 
was significantly affected by the interaction 
of different concentrations of chitosan and 
plant maturity stages at p ≤ 0.05. Applying 
chitosan at 4 ml/L at the vegetative stage 
significantly increased the internode length 
from 39.30 ± 4.30 (control) to 50.43 ± 
4.30 mm per internode. It was the highest 
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value recorded in this study’s internode 
length. Twice application of chitosan does 
not effectively enhance the length of the 
internode (Figure 4).

Number of Branches 

A number of branches were significantly 
affected by the interaction of chitosan 
concentrations and plant maturity stages at 

p ≤ 0.05. Based on the results, plants treated 
with concentrations of 2, 4, and 6 ml/L 
chitosan in the vegetative stage produced 
16.04 ± 0.77, 16.70 ± 0.21, and 15.16 ± 0.33 
branches per plant, which are significantly 
higher compared to none treated plants (13.83 
± 0.96 branches). Concentrations of 2 and 4 
ml/L chitosan applied on the reproductive 
stage showed similar results to the control, 
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Figure 3. Effect of application of different chitosan concentrations in stem diameter of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the 
standard error. S1 = 45 days after sowing; S2 = 65 days after sowing

Figure 4. Effect of application of different chitosan concentrations in the length of internode of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the standard 
error. S1 = 45 days after sowing; S2 = 65 days after sowing
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while 6 ml/L chitosan resulted from a 
significantly higher number of branches 
(15.24 ± 0.95 branches per plant) compared 
to the control. Twice the application of 
chitosan, which was at vegetative and 
reproductive stages at 2 ml/L, showed similar 
results to control plants, where plants treated 
with concentrations of 4 and 6 ml/L chitosan 
showed a significantly higher number of 
branches by 15.36 ± 0.49 and 15.57 ± 0.83 
branches per plant, respectively (Figure 5).

Number of Leaves 

Results showed that number of leaves was 
significantly affected by the interaction of 
chitosan concentrations and plant maturity 
stages at p ≤ 0.05. Treated plants with 
chitosan concentrations significantly 
increased the number of leaves compared 
to the control (Figure 6). From the result, 
the application of chitosan at the vegetative 
stage positively influenced the number of 
leaves per plant, followed by the frequent 

Figure 5. Effect of application of different chitosan concentrations in the number of branches of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the standard 
error. S1 = 45 days after sowing; S2 = 65 days after sowing

Figure 6. Effect of application of different chitosan concentrations in the number of leaves of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the 
standard error. S1 = 45 days after sowing; S2 = 65 days after sowing
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application at vegetative and reproductive 
stages compared to at reproductive stage. 
Increasing the chitosan concentration from 
2 to 4 ml/L increased the number of leaves 
from 270.90 ± 3.01 to 296.57 ± 11.61 per 
plant. Further increased to 6 ml/L showed a 
reduction in the number of leaves where the 
plants only produced 260.71 ± 8.85 leaves 
per plant. However, those in control showed 
fewer leaves produced, only 235.91 ± 10.17 
per plant.

Applying chitosan at the reproductive 
stage showed no significant difference 
among different  concentra t ions  of 
chitosan. However, those plants were 
still producing a higher number of leaves 
compared to the control. The same pattern 
was also found when chitosan was applied 
at both vegetative and reproductive stages, 
where all chitosan-treated plants showed 
non-significant differences in the number 
of leaves but were still higher than the 
control.

Total Root Length

The underground part of sweet basil plants 
was also investigated. Results indicated that 
the interaction of different concentrations 
of chitosan with plant maturity stages 
significantly affected total root length at p 
≤ 0.05. Plants treated with chitosan with a 
single application at the vegetative stage 
and twice application at the vegetative and 
reproductive stages showed significantly 
higher root lengths compared to non-treated 
plants (Figure 7). Total root length was 
increased with the increase in chitosan 
concentration until it reached 4 ml/L (454.90 
± 16.35 cm) and reduced at 6 ml/L (405.26 ± 
33.87 cm) for plants treated at the vegetative 
stage. However, control plants have only 
339.02 ± 27.02 cm of total root length. It 
showed that chitosan effectively enhanced 
root growth and development in sweet 
basil. However, a different pattern was 
found when chitosan was applied at the 
reproductive stage of plant growth. All 

Figure 7. Effect of application of different chitosan concentrations in total root length of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the standard 
error. S1 = 45 days after sowing; S2 = 65 days after sowing
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plants treated with a single application of 
chitosan at the reproductive stage showed 
no effectiveness in enhancing root growth 
in sweet basil, whereas all plants under 
this treatment showed a total root length of 
less than 400 cm. Thus, it is confirmed that 
chitosan can only help root development 
when applied at the vegetative stage and 
not at the reproductive stage. Furthermore, 
when chitosan was applied twice during the 
vegetative and reproductive stages, the total 
root length for all plants was more than 400 
cm. Despite different concentrations being 
applied in this treatment, the root length was 
not significantly different from each other. 
The differences in root appearance as well as 
root length can be seen in (Figure 8).

Root Average Diameter

Root average diameter was investigated to 
qualify the root system of sweet basil plants. 
Results indicated that the interaction of 
chitosan concentrations and plant maturity 
stages at p ≤ 0.05 significantly affected 
average root diameter. Chitosan-treated 
plants showed significantly higher average 
root diameters than non-treated plants, 
except those treated once at the reproductive 
stage. 

Figure 8. Roots of representative sweet basil plants 
treated with different concentrations of chitosan at 
different plant maturity stages in 15 cm × 20 cm 
containers. Where C0, C1, C2, and C3 are 0, 2, 4, and 
6 ml/L chitosan, respectively
Note. S1 = 45 days after sowing; S2 = 65 days after 
sowing
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Application of chitosan when plants are 
at the vegetative stage and concentrations 
of 2, 4, and 6 ml/L increased the average 
root diameter by 1.16 ± 0.01, 1.20 ± 0.01, 
and 1.15 ± 0.08 mm significantly, compared 
to control (1.05 ± 0.05 mm). Surprisingly, 
all plants treated with chitosan at the 
reproductive stage showed a similar average 
of root diameter to control. This study’s 

finding proves that the time of application 
of chitosan is important to sweet basil, 
as it only influences root development, 
particularly the enlargement of the root 
when applied at the vegetative stage. The 
result from plants treated at vegetative 
and reproductive stages (two times) again 
proved this: the average root diameter 
increased by 1.16 ± 0.03, 1.13 ± 0.01, and 
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1.15 ± 0.02 mm, respectively, increase in 
concentrations compared to control (Figure 
9). It is then assumed that the increase in 
diameter for those plants was caused by 
the application at the vegetative stage and 
not at the reproductive stage. Thus, a single 
application at the vegetative stage only is 
needed to enlarge the diameter of the sweet 
basil root.

Total Root Volume

In sweet basil plants, root volume was 
significantly and positively affected 
when plants were treated with different 
concentrations of chitosan at different 
plant maturity stages (p ≤ 0.05). Treated 
plants showed greater root volume 
compared to non-treated plants, except 
those treated with 2 and 4 ml/L chitosan in 
the reproductive stage (Figure 10). Based 
on single-factor analysis, the difference 
between concentrations of chitosan was 

insignificant, where application at the 
vegetative stage showed a greater value of 
root volume compared to the application at 
the reproductive stage and both vegetative 
and reproductive stages. The interaction of 
both factors showed that the highest root 
volume (4.76 ± 0.34 and 5.09 ± 0.38 cm3 per 
plant) were observed at concentrations of 2 
ml/L and 4 ml/L, respectively, where higher 
concentration (6 ml/L) resulted in 4.02 ± 
0.27 cm3 per plant, which is still higher 
compared to control (3.13 ± 0.20 cm3 per 
plant). Applying 6 ml/L chitosan during the 
reproductive stage significantly increased 
root volume from 3.16 ± 0.25 to 4.57 ± 
0.54 cm3, where there was no significant 
difference between 2 and 4 ml/L with 
control. When plants were treated two times 
on vegetative and reproductive stages with 
concentrations of 2, 4, and 6 ml/L chitosan, 
the root volume significantly increased by 
4.17 ± 0.58, 4.66 ± 0.26, and 4.00 ± 0.14 

Figure 9. Effect of application of different chitosan concentrations in average root diameter of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the standard 
error. S1 = 45 days after sowing; S2 = 65 days after sowing
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cm3, respectively compared to control. This 
result shows that the highest root volume is 
62.62% greater than the control.

Total Root Surface Area

Analysis of variances for root surface 
area showed a significant difference in the 

interaction of chitosan concentrations and 
plant maturity stages at p ≤ 0.05. Plants 
treated with chitosan showed significantly 
higher root surface area compared to non-
treated plants, except for those treated with 
2 ml/L at the reproductive stage (Figure 11). 
A concentration of 2 ml/L applied at the 

Figure 10. Effect of application of different chitosan concentrations in total root volume of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the standard 
error. S1 = 45 days after sowing; S2 = 65 days after sowing
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reproductive stage resulted in 130.97 ± 8.33 
cm2 of total root surface area, which was 
non-significant with control (121.32 ± 4.39 
cm2). At the same time, 4 and 6 ml/L chitosan 
concentrations showed significantly higher 
root surface area by 136.34 ± 13.54 and 
136.19 ± 9.56 cm2, respectively. Applying 
chitosan at both vegetative and reproductive 
stages seems ineffective, as all concentrations 
showed non-significantly differences with 
chitosan applied at the reproductive stage. 
The peak value of root surface area was found 
in those treated at the vegetative stage, where 
a concentration of 4 ml/L was 34.79% higher 
compared to the control. It showed that a 
specific chitosan concentration enhances the 
root surface area when applied at the correct 
plant’s age.

Total Fresh Biomass

The data on total fresh biomass showed a 
significant difference at p ≤ 0.05 between 
a combination of chitosan concentrations 
and plant maturity stages. All concentrations 

of chitosan applied at the vegetative stage 
showed greater value compared to the 
control (Figure 12). The highest total fresh 
biomass (109.49 ± 2.01 g per plant) was 
obtained when plants were treated with 4 
ml/L at the vegetative stage, followed by the 
second highest (103.42 ± 2.59 g per plant) at 
2 ml/L. A higher concentration of chitosan 
applied at the vegetative and reproductive 
stages or both vegetative and reproductive 
stages showed total fresh biomass ranging 
from 93.65 ± 5.31 to 94.85 ± 2.93 g per 
plant, still higher compared to the control. 
Those plants treated with low concentrations 
(2 or 4 ml/L) at the reproductive stage or 
both vegetative and reproductive stages 
showed total fresh biomass ranging from 
89.43 ± 1.9 to 94.85 ± 2.9 g per plant, which 
are similar to the control.

Correlation Between Growth and Yield 
Components

The Pearson correlation analysis showed 
a significant positive correlation between 

Figure 12. Effect of application of different chitosan concentrations in total fresh biomass of sweet basil
Note. Means with the same letters are not significantly different at p ≤ 0.05, and the error bar shows the standard 
error. S1 = 45 days after sowing; S2 = 65 days after sowing
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all growth parameters and biomass yield 
(Table 1). Based on the results, plant height 
has a strong positive and intermediate 
correlation with stem diameter and length 
of internode at r = 0.79 and r = 0.71, 
respectively. Similar to this, a positive 
intermediate correlation was found between 
plant height and the number of branches 
(r = 0.47). Thus, a positive intermediate 
correlation was found between the number 
of leaves with plant height and the number 
of branches at r = 0.54 and r = 0.58, 
respectively. In addition, total root length 
showed a positive intermediate correlation 
with plant height, stem diameter, length of 
internode, number of branches, and number 
of leaves at r = 0.63, 0.60, 0.58, 0.42, and 
0.59, respectively. The total fresh biomass 
positively correlated with aerial parts such 
as plant height, stem diameter, length of 
internode, and the number of branches and 
leaves at r = 0.61, 0.77, 0.54, 0.62, and 

0.68, respectively. Similarly, a significant 
and positive correlation was found between 
total fresh weight and the root parameters 
such as total root length, average root 
diameter, total root volume, and total root 
surface area at r = 0.66, 0.72, 0.70, and 
0.57, respectively.  

DISCUSSION

The results show that specific chitosan 
concentration acts differently according to 
the plant’s growth stage in enhancing plant 
height. Besides, without a doubt, applying 
chitosan led to enhancing plant height. It 
agrees with Mukta et al. (2017), who found 
that a concentration of 250 mg/L chitosan 
was applied on Fragaria × ananassa Duch, 
produced the tallest plant height (19 cm) 
compared to the control, which was only 
17.30 cm. Similarly, Rahman et al. (2018) 
reported that foliar application of chitosan 
at a concentration of 500 mg/L on Fragaria 

Table 1
Correlation matrix between yield components of sweet basil

Variable 1 2 3 4 5 6 7 8 9 10
PH 1
SD 0.79*** 1
LOI 0.71** 0.72** 1
NOB 0.47** 0.55** 0.71** 1
NOL 0.54** 0.65** 0.67** 0.58** 1
TRL 0.63** 0.60** 0.58** 0.42* 0.59** 1
RAD 0.71** 0.70** 0.59** 0.48* 0.69** 0.60** 1
TRV 0.73** 0.74** 0.72** 0.61** 0.59** 0.76** 0.68** 1

TRSA 0.61** 0.61** 0.71** 0.55** 0.59** 0.85*** 0.47* 0.80*** 1
TFB 0.61** 0.77*** 0.54** 0.62** 0.68** 0.66** 0.72** 0.70** 0.57** 1

Note. PH = Plant height; SD = Stem diameter; LOI = Length of internode; NOB = Number of branches; NOL 
= Number of leaves; TRL = Total root length; RAD = Root average diameter; TRV = Total root volume; 
TRSA = Total root surface area; TFB = Total fresh biomass
** and *** = Significant intermediate correlation and significant strong correlation, respectively
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× ananassa Duch. plants resulted in higher 
plant height (25.10 cm) compared to the 
control (19.50 cm). The mechanism behind 
chitosan’s effectiveness in increasing plant 
height is regulated by gibberellic acid inside 
the plant tissue (Lopez-Moya et al., 2019). 
Gibberellic acid can be found in all plants 
and is responsible for incrementing the 
number and length of cells in the plant’s 
tissues (Guttridge & Thompson, 1959).

Similarly, the increment of stem diameter 
under the application of chitosan agrees 
with the previous reports of Choudhary et 
al. (2017), Dwyer et al. (1995), and Ullah 
et al. (2020), who confirmed the ability of 
chitosan to increase stem diameter. A bigger 
stem diameter can lead to a strong and stable 
stem, which can help the plants support a 
greater number of leaves and protect the 
plants from strong wind situations. Besides, 
stems with large diameters transport 
materials essential for plant growth and 
development as well as plant leaf biomass 
and contribute to biomass yield (Sun et al., 
2019). Therefore, a bigger stem diameter in 
sweet basil is assumed to contribute to yield, 
which is leaf biomass. 

S i n c e  c h i t o s a n  r e g u l a t e s  t h e 
accumulation of gibberellic acid inside 
the plants (Lopez-Moya et al., 2019), 
gibberellic acid was proven responsible for 
incrementing internode length (Mahmoody 
& Noori, 2014). This result agrees with 
Avestan et al. (2017), who reported the 
increment of internode length in chitosan-
treated apple cuttings. This increment first 
appears in the length of internodes and then 
contributes to the increment of plant height 

(Atait & Qureshi, 2020; Brian, 1958; Wang 
et al., 2017).

Plants treated with 4 ml/L chitosan 
in the vegetative stage showed the best 
performance in relation to the number of 
branches. The increment of lateral branches 
under the application of chitosan agreed 
with Salehi et al. (2017), who reported 
the enhancement of a number of branches 
under the application of chitosan in Satureja 
hortensis plants. Similarly, Mondal et 
al. (2016) also stated that chitosan at a 
concentration of 100 mg/L can increase 
the number of branches in Solanum 
lycopersicum L. plants by 38.81%. In the 
case of sweet basil, a higher number of 
branches will bring benefits whereby it gives 
more surface for the leaves to develop and 
thus increasing its yield.

Also, chitosan enhanced the number 
of leaves in sweet basil plants. Similar 
to the results of the current study, early 
reports confirmed the increment of the 
number of leaves under the application 
of chitosan in Curcuma longa L., Oryza 
sativa, Amaranthus hybridus, Hordeum 
vulgare, and Stevia rebaudiana (Anusuya 
& Sathiyabama, 2016; Berliana et al., 2020; 
Divya et al., 2019; Hafez et al., 2020). For 
instance, chitosan at the rate of 75 ml/L 
applied as seed soaking increased the 
number of leaves from 14 to 16 per plant 
in Capsicum frutescens Linn. (Sari et al., 
2020). Chitosan was claimed to be related 
to stimulating plant nutrition, where it 
has been reported that chitosan provides 
essential nutrients for plants (Sharif et 
al., 2018) to enhance plant growth and 
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development and produce leaves. Besides, 
soil application of chitosan was said 
to increase the absorption of essential 
nutrients for plants by increasing the 
number of beneficial soil microorganisms 
(Boonlertnirun et al., 2008). Water is 
assumed to transfer nutrients from the soil 
to different organs. Interestingly, chitosan 
increases water absorption in plants by 
increasing the growth and development 
of the root system (Hidangmayum et 
al., 2019). Thus, applying chitosan at 
the vegetative stage resulted in more 
leaves than in the reproductive stage. It 
is supported by Oosterhuis (1990), which 
stated that the early growing stage (after the 
seedling stage) is the time for Gossypium 
hirsutum plant to develop a leaf canopy. It 
is also assumed that plants are more active 
at an early growth stage and could easily 
respond to chitosan concentrations. At the 
late growing stage, plants may not absorb 
enough chitosan or cannot fully respond. 
However, more investigation is needed to 
clarify the mechanism of the physiological 
response of sweet basil plants to chitosan 
at different growth stages. 

Since nitrogen is a mobile element in 
the soil and can be easily leached deeper, 
plants should provide long roots to search 
for this essential element. Therefore, reports 
say plants often produce long roots when 
facing nitrogen deficit only (Gruber et 
al., 2013). The results do not agree with 
this since the literature says that chitosan 
provides essential nutrition for plants as 
well as nitrogen elements (Xu & Mou, 
2018). Thus, the results showed increased 

total root length because of chitosan 
treatment. It is supported by Sathiyabama 
and Parthasarathy (2016), who reported an 
increment of total root length to 31.25% 
in Cicer arietinum seedlings under the 
application of 0.10% chitosan. It is near 
the best treatment, resulting in a 34.18 
% higher total root length in sweet basil. 
Similarly, Khan et al. (2011) observed 
an increment of total root length by 35% 
in Arabidopsis thaliana plants under the 
application of chitosan at a concentration 
of 10 µM. Furthermore, Iglesias et al. 
(2019) mentioned that applying chitosan 
could increase auxin accumulation in the 
plant’s root system. At the same time, auxin 
is well-known as a root growth hormone 
(Tanimoto, 2005; Went, 1935). Therefore, 
the enhancement of root length in this 
study could be related to the potential of 
chitosan in stimulating the biosynthesis of 
auxin, which functioned in the root system. 
Longer root growth and development 
can help plants to reach more minerals to 
support their growth, besides increasing the 
anchoring of the plants to the soil, which in 
return is more stable. 

From the results, sweet basil’s growing 
stage was able to influence the effects of 
chitosan on the root system as well as total 
root length. The early growth stage was 
more efficient than the late growing stage 
for sweet basil plants to respond to treatment 
applications. Although, there was no 
significant difference between the vegetative 
and at both vegetative and reproductive 
stages of growing to apply chitosan on sweet 
basil plants based on single factor analysis. 
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The application of chitosan at reproductive 
phase has no effect on the root development, 
particularly on the root length. Furthermore, 
the effectiveness of chitosan at frequent 
application could be mostly related to the 
effectiveness at the vegetative stage. It is 
well supported by Ljung et al. (2001), which 
declared that auxin as root growth hormone 
could be synthesized at a maximum rate 
when the plant is at the early growth stage. 
To interoperate this, at the early growing 
stage of sweet basil plants, chitosan can 
improve the accumulation of auxin, where 
this hormone optimizes its function and 
increases root growth as well as prolonging 
of roots.

Root diameter is another important 
parameter of the root system (Bouma et al., 
2000). Plants with thicker root diameters 
could survive longer and easily (Baddeley & 
Watson, 2005). It could be helpful for plants in 
finding water and nutrient elements from the 
soil. In addition, roots with higher diameters 
can absorb and transport a large amount of 
water and nutrient solution over the plants 
(Hutchings & John, 2003). Therefore, the 
thick root diameter in the root system could 
contribute to the overall growth of the plant 
canopy. Root diameter was improved due to 
applying chitosan at the vegetative stage. The 
result from this study agrees with Khan et al. 
(2011), who reported an increment of root 
diameter under the application of chitosan 
at a concentration of 100 µM chitosan in A. 
thaliana plants. The increment in average 
root diameter could be related to the potential 
of chitosan in manipulating auxin in the root 
system (Iglesias et al., 2019).

According to Davis and Jacobs (2005), 
root volume is an important parameter in 
the quality assessment of the root system. 
The higher root volume is said to provide 
larger contact with soil and a chance for 
more nutrient uptake by the plant (Haase & 
Rose, 1994). The root length, root diameter, 
and density of the roots contribute data for 
the root volume. Based on the results of 
this study, it was proven that the drench 
application of chitosan at a suitable stage 
could increase root volume in sweet basil 
plants. The increment of root volume is 
directly linked to the enhancement of 
nutrient uptake by the plants (Marschener, 
1998). At the same time, Farouk et al. (2011) 
reported a positive correlation between root 
volume and nutrient uptake in Raphanus 
sativus L. var. sativus plants. Hence, an 
increment in root volume may contribute to 
growth and development.

Chitosan could also increase root 
surface area, which agreed with Guo et 
al. (2020), who reported the increment 
of root surface area in Eleutherococcus 
senticosus. According to Tagliavini et al. 
(1993), the increment of root surface area 
was influenced by the increment of root 
length and average diameter. Moreover, the 
effectiveness of water and nutrient uptake 
from the soil was attributed to the large root 
surface area (Marschener, 1998; Yang et 
al., 2009). For instance, Genc et al. (2007) 
reported that the increment of root surface 
area had positively influenced zinc uptake 
by Hordeum vulgare plants. In trees such 
as Larix gmelinii, the increment of leaf 
biomass was related to the increment in root 
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surface area (Meng et al., 2018). Therefore, 
as the application of chitosan increased the 
root surface area in this study, it has been 
proven beneficial to sweet basil.

The optimum total fresh biomass yield 
per plant (109.49 ± 2.01 g) obtained in 
this study is 23.93% higher than control 
plants, equal to 21.14 g per plant. Normally, 
the conventional cultivation density of 
sweet basil is 140,000 plants/ha (Guerrero-
Lagunes et al., 2020). Considering this, 
treating sweet basil plants with 4 ml/L 
chitosan will increase the biomass yield 
by 2959.60 kg/ha. It could be a great 
contribution to the producers. In sweet 
basil plants, it is assumed that the yield is 
associated with growth and development, 
and several parameters may contribute to the 
increment of total fresh biomass. However, 
the increment in yield of sweet basil, as 
well as total fresh biomass due to chitosan, 
which was applied at the vegetative stage, 
agrees with the previous report by Mondal 
et al. (2011), who confirmed the increment 
of fresh biomass in Basella alba L. plants 
under 75 mg/L at the early stage of growth. 
It is 21.56% higher when compared with 
the control.

From the results of correlation analysis, 
plant height has a strong positive correlation 
and a positive intermediate correlation 
with stem diameter and length of the 
internode. It is assumed that a big stem 
could provide sufficient water and organic 
materials transportation to allow the 
plant to grow higher (Sun et al., 2019). 
Furthermore, the stem cell enlargement led 
to an increase in the internode length, which 

directly influences plant height. A positive 
intermediate correlation exists between 
plant height and the number of branches. 
In sweet basil, branches are produced from 
the nodes, which proves that in addition 
to the length of the internode, the number 
of nodes also contributes to the height of 
sweet basil plants. A positive intermediate 
correlation of the number of leaves with 
plant height and the number of branches 
revealed that the increment of plant height 
and the number of branches provided a 
larger surface for the development of leaves 
through the canopy of sweet basil plants. 
In addition, there is notably a relationship 
between sweet basil plants’ underground 
and aerial parts. In plants, to be facilitated 
growth and development, it is assumed 
that the root system provides mechanical 
support, water, and essential nutrients for the 
shoot to produce organic materials through 
photosynthesis and distribute overall the 
plant. Thus, the previous report confirmed 
a positive correlation between shoots and 
roots in A. thaliana plants (Bouteillé et 
al., 2012). Considering this, all the aerial 
and underground parameters strongly 
contributed to yield performance. The 
current study’s finding proves it, whereas 
the total fresh biomass had a significantly 
positive correlation with both aerial and 
underground parts in sweet basil plants.  

CONCLUSION

A field experiment was carried out to 
evaluate the performance of sweet basil 
under the application of chitosan at different 
plant maturity stages. Results showed 
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that application of chitosan improved 
growth parameters, contributing to yield 
performance. Based on the findings, sweet 
basil plants should be treated with chitosan 
at one time at the vegetative stage compared 
to the reproductive stage or both. Therefore, 
it is recommended for sweet basil plants be 
treated with 4 ml/L chitosan at the vegetative 
stage. The use of commercial growing media 
could be a limitation of this study, and minor 
differences may occur if growers use field 
soil. Future study is needed to investigate 
phytochemicals as well as their postharvest 
quality. 
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