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Abstract: The present study aimed to investigate the effects of chitosan application on the yield and quality of rockets. “Bengi” rocket
variety was used as a plant material and chitosan was applied to leaves at four different doses (0 (control)-75-150-300 ppm). The results
revealed that the yield values varied between 1691-1914 g m™, plant height between 24.33-27.92 c¢m, and leaf width between 4.56-5.71
cm among the applications. The total dry matter, chlorophyll, total phenolics, vitamin C, and antiradical activity values were determined
to range between 7.71% and 8.68%, 34.15 and 36.68 SPAD, 104.67 and 180.84 mg 100 g™, 126.63 and 143.51 mg 100 g*', and 63.77% and
71.87%, respectively. The highest total phenolic and antiradical activity values were obtained at the 300 ppm application and the highest
vitamin C values were obtained from the control group. a” and h’ values varied between -17.87 to -18.71 and 124.09 to 125.78. Chitosan
applications decreased nitrate accumulation compared to the control group. It was determined that the 75 ppm chitosan dose used in
the study was better in terms of yield, plant height, leaf width, total dry matter, chlorophyll, a’, #’, and nitrate accumulation parameters

and was the recommended dose for rocket cultivation.
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1. Introduction

Vegetables have important roles in the food and nutrition
safety. Especially green leafy vegetables provide vital
nutrients for human health and well-being. They are
recognized as an exceptional source of vitamins, minerals,
amino acids, phenolic compounds, folic acid, and essential
fatty acids (Akan et al.,, 2022; Sardar et al,, 2022). They
have a high content of mineral nutrients such as iron and
calcium. There are also significant socio-economic benefits.
For example, green leafy vegetables are grown in order to
support the household income of female farmers and to
make use of the cold and unused periods in greenhouses
(Natesh et al., 2017; Nadeem et al.,, 2018; Addique et al.,
2022; Kul, 2022).

In recent years, with the understanding of the
importance of rockets in the role of human health, there
has been an increase in their production and consumption
(Pasini et al., 2011; Bell et al., 2015).

Rocket (Eruca sativa), is a member of the Brassicaceae
family and is widely grown in the Middle East, South Asia,
Europe, and Mediterranean countries and consumed as a
side dish and salad (Dolezalova et al., 2013; Cavaiuolo and
Ferrante, 2014; Bansal et al., 2015).

Rocket, which has a wide distribution around the world,
is a winter crop grown for pure or mixed with grains, oil
seeds, and legumes. It can be grown as an alternative crop
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with its adaptability to adverse environmental conditions
and drought-resistant structure in lands where planting is
delayed or other crops are not possible. (Garg and Sharma,
2014)

The rocket has a rich chemical composition and broad
biological activity, a high nutritional value as a source
of protein, carbohydrates, L-ascorbic acid, and mineral
nutrients (Nurzynska-Wierdak, 2015). It is an excellent
source of vitamins A, C, K, riboflavin, niacin, thiamine,
vitamin B-6, and pantothenic acid (Garg and Sharma,
2014).

Nowadays, in parallel with the rapid increase in the
world population, there is intensive use of chemicals
per unit area in order to close food deficits. This causes
the deterioration of soil health and negative effects on
sustainability in agriculture. In the last two decades,
natural resources have been tried to be used to ensure
sustainability in agricultural areas and to increase
production and efliciency (Altindag et al., 2006; Celik et
al., 2007; Erturk et al., 2012; Kesimci, 2013).

Changes in living conditions and the increase in the
number of conscious consumers show that the available
food resources need to be used more efficiently. For this, it
is necessary to increase the quality as well as increase the
yield in agriculture. Today, with the increase of conscious
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consumers, the food preferences of consumers have begun
to change. Namely, consumers are turning to foods that
have protective, therapeutic, and disease-reducing effects.
For these reasons, efficiency-oriented production leaves
its place to a production approach that includes both
efficiency and quality, and it makes applications that
increase quality as well as efficiency mandatory (Bayram
and Elmaci, 2013).

One of the important factors in increasing the yield
and quality of plants is growth regulators. Recently,
there has been a focus on alternative substances that can
be alternatives to plant growth regulators to increase
production. For instance, biodegradable, natural, effective,
and low-cost alternative substances known as plant growth
regulators have become popular in the ornamental,
horticultural, and agro-plant industries. Chitosan is one of
the plant growth enhancer that is now being used as an
alternative to plant growth regulators (Acemi, 2018).

Chitosan is a biopolymer, which is obtained by
deacetylation of chitin, a polysaccharide naturally found
in the exoskeletons of shellfish such as shrimp and crabs,
in the wings of butterflies, and in the cell walls of fungi
(Lizardi-Mendoza et al., 2016; Dotto and Pinto, 2017).

Chitosan, a natural cationic polysaccharide, is of
great interest as a nontoxic renewable, biodegradable

Table 1. Some meteorological data for 2019.

biocompatible biopolymer used in many industries such
as biomedicine, food, agriculture, pharmaceuticals, and
cosmetics (Kaur and Dhillion, 2013). It causes various
biochemical reactions in plants, such as stress resistance
and increased productivity. It was found to depend on
the chemical composition of chitosan and the timing
and rate of application (Malerba and Cerena, 2016).
Additionally, it has been determined that it has positive
effects on the agronomic properties of vegetables. The use
of chitosan is recommended to increase properties such
as photosynthetic activity, vegetative growth, antioxidant
activity, fruit quality, and yield (Sharif et al., 2018).

The aim of this study is to determine the effects of
chitosan, which is not widely used in vegetable cultivation,
and its different doses on yield and quality in rocket
production.

2. Materials and methods

The research was carried out in the open field ecological
conditions of Sav district (Isparta, Tiirkiye) (37°45'58"N,
30°38'35"E, 1005 m).

During the trial period, the temperature and relative
humidity ranged from 4.6 to 15.7°C and 59.1% to 77.5%,
respectively. Table 1 shows the climate variables for
October, November, and December months during the
trial period.

Monthly Average Temperature (°C)
Year/Month October November December
2019 15.7 9.8 4.6
Monthly Total Precipitation (mm)
Year/Month October November December
2019 9.9 28.6 45.3
Monthly Average Relative Humidity (%)
Year/Month October November December
2019 59.1 71.6 77.5
Monthly Average 10 cm Soil Temperature (°C)
Year/Month October November December
2019 16.3 9.8 4.9
Monthly Average 20 cm Soil Temperature (°C)
Year/Month October November December
2019 18.4 12.1 7.2
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The soil properties of the trial area were analyzed by
ISLAB Soil and Plant Analysis Laboratory. The chemical
properties of the soil are summarized in Table 2.

In the experiment, 200 kg ha”’ of diammonium
phosphate fertilizer was applied before planting the seeds.
During the vegetation period, ammonium sulfate was
applied 2 times (20" and 50" day after seed planting) in a
total of 270 kg per hectare.

“Bengi” rocket variety which has lobed and toothed
margins leaves was used as plant material in the study.
Low molecular weight chitosan (%75-%85 deacetylated
and 15 viscosity 20-300 cP, Sigma-Aldrich) was used
for applications because it has many biological and
physiological functions when wused in agricultural
production due to its strong solubility, low viscosity, and
easy absorption by plants (Boamah et al, 2023). The
solutions were dissolved in 0.15% acetic acid (Van et al.,
2013). Before the application, 0.5% Tween 20 (Merck) was
added to the solutions as a spreader-adhesive.

In the study, a total of 4 treatments with three different
concentrations such as 75, 150, and 300 ppm of chitosan
and control (untreated chitosan) were used. For this
purpose, 12 parcels of 1 m? in size were created in the open
field. The study was planned according to the randomized
plot design with three replications. On October 10, 2019,
planting was carried out on the plots using the pan method,
with 2 g m~ rocket seeds placed in each plot.

Table 2. Soil properties of the trial area.

Treatments were replicated three times in the form
of foliar spraying during the developmental period. The
first application was carried out after the emergence of the
true leaves, and the other applications were carried out at
10-day intervals. Yield and quality analyses of the rockets
harvested on 09 December 2019 were carried out at Isparta
University of Applied Sciences, Faculty of Agriculture,
Department of Horticulture.

Yield, plant height, leaf width

The rocket harvested from each replication was weighed
separately on a scale with a precision of 0.01 g and the
yield was determined as g m. The length values (cm)
from the above-ground starting point to the leaf tip were
determined by measuring the leaf width (cm) from the
widest part of the leaf with the help of a ruler, from 10
randomly selected rocket leaves from each replication.
Dry matter

After determining the wet weights of the samples taken
after harvest, they were dried in an oven at 65 °C until
reached to a constant weight, and dry weights were
determined by weighing them on a precision scale. From
the wet and dry weights determined, the dry matter

(%) was determined using the Kul (2014) equation.
Soluble solids content (SSC)

The amount of SSC of rocket leaves was determined as %
(brix*) using a digital refractometer.

Soil Properties Analysis result Evaluation
EC (ds/m) 0.14 Salt free
pH 8.05 Slightly alkaline
Lime (%) 1.74 Low
Organic matter (%) 3.36 Medium
Nitrogen (ppm) 1309 Medium
Phosphorus (ppm) 16.50 Medium
Potassium (ppm) 373.32 High
Calcium (ppm) 4914 High
Magnesium (ppm) 1328 High

Iron (ppm) 5.06 High
Copper (ppm) 2.04 Medium
Manganese (ppm) 10.5 Medium
Zinc (ppm) 0.84 Medium
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Chlorophyll content

The chlorophyll content of the leaves was measured from
three different locations of 10 randomly selected rocket
leaves from each replication using a Minolta SPAD-502
chlorophyllmeter and the measured values were expressed
as SPAD values.

Leaf color

The color of the leaf samples was measured using a
Minolta CR-400 model color meter from three different
locations of 10 randomly selected rocket leaves from each
replication, and the results were determined in terms of
CIE L', a’, b". Chroma (C’) and hue angle (k") values were
calculated according to McGuire (1992).

Total phenolic content

For the extraction process, 20 mL of 95% ethyl alcohol was
added to 5 g of the sample and crushed in a homogenizer
for 2 min. After boiling the samples for 10 min, they were
centrifuged at 8000 rpm and filtered through filter paper.
Then, 20 mL of 80% ethanol was added and boiled for 10
min. After boiling, the samples were made up to 100 mL
with 80% ethanol. After these procedures, total phenolic
content analysis was carried out using the Folin-Ciocalteu
reagent (Coseteng and Lee, 1987).

Vitamin C content

200-300 g samples were taken and homogenized
thoroughly with the help of a blender with the same
amount of 2% oxalic acid. A certain amount of this mixture
was weighed and made up to 100 mL with oxalic acid
and filtered. By taking 10 mL of the filtrate, titration was
carried out with 2.6 dichlorophenolindophenol solution.
The volume was recorded and the results were determined
using the formula described by Cemeroglu (2013).
Nitrate accumulation

Nitrate accumulation was determined by the salicylic acid
method (Cataldo et al., 1975) in the fresh samples. For this,
1 g of the sample was taken and 10 mL of distilled water
was added to it and homogenized. Afterward, the samples
were kept in an incubator at 45 °C for 1 h and centrifuged
at 5000 rpm for 15 min. After centrifugation, 0.8 mL of 5%

salicylic acid dissolved in sulfuric acid was added to the
0.2 mL sample, and it was kept at room temperature for 20
min after mixing. Then, 19 mL of 2 N NaOH solution was
added and the samples were kept at room temperature. The
absorbance values of the samples and standards were read
in the spectrophotometer (BOECO S-200) at a wavelength
of 410 nm.

Antiradical activity

Theantiradical activitywas determined by the 2,2-diphenyl-
1-picryl-hydrazine (DPPH) method (Dorman et al., 2003).
After pureeing, the samples were filtered and centrifuged
using a Niive-NF 1200 centrifuge. Then, 450 pL of Tris-HCI
buffer (50 mM, pH 7.4) was added to the samples taken
in the amount of 50 pL. Finally, 1.00 mL of DPPH (0.10
mM, in methanol) solution was added to the mixture and
left in the dark for 30 min. The absorbance values of the
final mixtures were read in a spectrophotometer at 517 nm
wavelength. The results were obtained using the formula;
- % Inhibition (DPPH) = [(AbsControl-AbsSample)/
AbsControl] x 100.

Statistical analysis

In evaluating the data, Minitab (17) Inc. analysis of
variance (ANOVA) was performed using the package
program. Differences between the significant means were
determined using Tukey’s multiple range test at p < 0.05.

3. Results and discussion

The effects of chitosan applied at different doses (75, 150,
and 300 ppm) on the yield, plant height, leaf width, dry
matter, chlorophyll, and SSC in the rocket are given in
Table 3. While the treatments had significant effects on
yield, plant height, leaf width, dry matter, and chlorophyll
in the rocket, it was found that the effect on SSC was not
significant.

As aresult of the study, it was determined that the yield
values of rockets varied between 1559.3 and 1913.9 g m~>
according to the applications. Among the applications,
the lowest value (1559.3 g m~*) was found in the 300 ppm
chitosan application, while the highest yield value (1913.9
g m~) was obtained from the 75 ppm chitosan application.

Table 3. The effects of chitosan applications on the yield, plant height, and leaf width in rocket.

Chitosan doses (;{i::_‘z) Plant height (cm) | Leaf width (cm) Dry(f;:;ltter Chlor(zfs)}lily;lll)c)ontent S:(l):lll:li:(()})/i()ls
Control 1690.6 b’ 2433 b 4.56 b 7.71b 34.15¢ 4.43"

75 ppm 19139a 2792 a 571a 8.68a 36.68 a 4.88

150 ppm 1734.0 ab 26.95a 530a 8.45a 36.24a 4.33

300 ppm 1559.3 b 27.03a 5.65a 8.34a 34.95b 4.17

*: Means followed by different letters differ significantly at p < 0.05 (LSD test). n.s.: non significant
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It has been reported that chitosan acts as a stimulator
of plant defense responses, such as a stress factor in plants
(Bautista-Banos et al., 2003). Chitosan binds to the cell
membrane in plants, initiates a secondary messenger
signal to the cell, and increases hydrogen peroxide
(H,0,) production in the chloroplast via octadecanoid
and nitric oxide (NO) (Pichyangkura and Chadchawan,
2015). Transient increases in the cytokinin levels in
plant tissues are also observed with the increase of H,0O,
(Ha et al, 2012). Mondal et al. (2012) reported that
chitosan increases the basic enzyme activities in nitrogen
metabolism and improves plant growth and development
by improving nitrogen transport in leaves. Vasconsuelo et
al. (2004) reported that chitosan applications increased the
lignification of cell walls and lignin biosynthesis in plants,
thus triggering shoot formation in plants. Compared to
the control group, chitosan applications increased the
yield values between 2.6% (150 ppm application) and
13.2% (75 ppm application). Actually, studies conducted
by different researchers indicate that chitosan applications
significantly increase yield values in rice (Boonlertnirun
et al., 2008), strawberry (Abdel-Mawgoud et al., 2010),
and pepper (Chookhongkha et al., 2012). In addition, it
has been reported that chitosan applications caused an
increase of yield approximately 20% in tomatoes (Walker
et al., 2004), 27.9%-48.7% in okra (Mondal et al., 2012),
and 157.14% in tomatoes (Rahman, 2015).

Plant height values varied between 24.33 and 27.92
cm according to the applications. While the highest
plant height value was obtained from the 75 ppm dose of
chitosan application, it was followed by the doses of 300
ppm (27.03 cm) and 150 ppm (26.95 cm) respectively.

In the study, when chitosan applications are compared
with the control group, it is seen that they have positive
effects on the plant height parameter at the rates of 10.8%
(150 ppm), 11.1% (300 ppm), and 14.8% (75 ppm).
Similar results have been found in wheat (Lian-Ju et al.,
2014), tomato (Rahman, 2015), turmeric (Anusuya and
Sathiyabama, 2016), and strawberry (Rahman et al., 2018).

Leaf width values varied between 4.56 and 5.71 cm
according to the applications. While the highest leaf
width value was detected in the 75 ppm dose of chitosan
application, it was followed by 300 ppm and 150 ppm
chitosan applications. The lowest leaf width value was
obtained from the control group. In our study;, it is seen
that chitosan applications have positive effects on the
leaf width when compared to the control group. With
similar findings, Mondal et al. (2013) reported that as a
result of chitosan applications at different doses (0, 50,
75, 100, and 125 ppm) in maize, leaf width increased with
increasing chitosan concentration up to 125 ppm, but the
increase was not significant after 75 ppm. They also stated
that the lowest leaf width was recorded in control plants.
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Ohta et al. (1999) and Rahman et al. (2018) who applied
different doses of chitosan from our study on lisianthus
flower and strawberry, respectively, reported that chitosan
applications had positive effects on leaf width compared to
untreated plants. All these reports support our study.

As a result of the study, when Table 3 was examined
based on the applications, it was determined that the dry
matter values of the rocket varied between 7.71% and
8.68%. While the lowest value was found in the control
(7.71%) among the applications, the highest dry matter
value was obtained from the 75 ppm chitosan application.

It was determined that all applications increased the
dry matter content between 8.2% and 12.6% as compared
to the control group. In the study, it was observed that
chitosan applications positively affected the chlorophyll
content. As we know, the increase in chlorophyll induces
photosynthesis and the growth of plants. In addition,
chitosan promotes growth by increasing cellular activity
in plants (Notario-Pérez et al., 2022). Data on yield, plant
height, and leaf width indicate that plant growth is taking
place and this may lead to an increase in dry matter
content. Also, some researchers working on chitosan
reported that chitosan increases the dry matter content
of rice (Boonlertnirun et al., 2008; Ahmed et al., 2012)
and okra (Mondal et al., 2012). Also, Bistgani et al. (2017)
reported that chitosan increased the dry matter content
by 15%-20% compared to the control by reducing the
negative effect of stress in the thyme grown under drought
stress.

Chlorophyll is the main pigment in green plants and
performs basic functions in the life cycle of plants (Alaca et
al., 2021). Chlorophyll SPAD values varied between 34.15
and 36.68 according to the applications. While the highest
chlorophyll SPAD value was detected in the 75 ppm dose
of chitosan, it was followed by 150 ppm and 300 ppm
chitosan applications, respectively. The lowest chlorophyll
SPAD value was obtained in the control group.

In our study, it was concluded that the chitosan
applications had a positive effect on the amount of
chlorophyll in the rocket when compared to the control
group. Similarly, Xu and Mau (2018) in lettuce, Dzung
et al. (2011) in coffee, Mondal et al. (2012) in okra, and
Malekpoor et al. (2016) in basil reported that chitosan
applications increased the chlorophyll content.

According to the applications, SSC values varied
between 4.17% and 4.88%. The effects of chitosan
applications on the SSC in rockets were not found
significant. In support of our findings, it was reported
that chitosan applications increased the amount of SSC,
but this increase had no significant effect on the tomatoes
(El-Tantawy, 2009), strawberries (Abdel-Mawgoud et al.,
2010) and squash (Ibraheim and Mohsen, 2015). Sultana
etal. (2017) found that chitosan applications increased the
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content of SSC in eggplant and decreased the content of
SSC in tomatoes.

The effects of chitosan applications (75, 150, and 300
ppm) on the leaf color values of rocket are given in Table
4. Tt is seen that the a” and A’ values of the leaf color are
significant, while the effects on the L, b", and C values are
not significant.

According to the study, the L" values ranged from 43.38
to 43.97 depending on the applications.

The lowest a” value was found in the control (-17.87)
among the applications, while the darkest green color was
obtained from the 75 ppm chitosan application (-18.71).
Supporting our findings, Chibu and Shibayama (2001)
found that tomato and lettuce leaves turned darker
green as a result of chitosan applications. Also, it has
been determined that chitosan was effective in reducing
color changes during storage in the studies on asparagus
(Qiu et al., 2013) and orange (Ngoc et al., 2022) species.
Fasciglione et al. (2020) reported that the chitosan coating
had a positive effect on a”and C" values during the storage
process of lettuce.

When Table 4 is examined, it has been determined
that the b" values vary between 25.97 and 26.40 and the
C values vary between 31.89 and 32.01 according to the
applications.

In this study, the 4’ value was determined as 124.09 in
the control group. When we look at the 75 ppm chitosan
application, it was determined that the h’ value increased
to 125.78. This positive effect of chitosan application on h°
value was also detected in pepper leaves (Chookhongkha
etal., 2012).

The effect of chitosan applied at different doses on the
total phenolic, antiradical activity, vitamin C, and nitrate
accumulation in the rocket was found to be significant
(Figure).

According to the applications, the values for the total
phenolic ranged from 104.67 to 180.84 mg 100 g
While the lowest value was found in the control group
(104.67 mg 100 g™'), the highest total phenolic content
was obtained from the 300 ppm chitosan application
(180.84 mg 100 g).

Table 4. Effects of chitosan applications on the color values of rocket.

Malerba and Cerena (2016) reported that elicitors
increase the production of secondary metabolites by
stimulating defense or stress-induced responses in plants.
It has been reported that chitosan is used as an abiotic
elicitor (stimulant) in the production of secondary
metabolites in the plant cell and tissue cultures. Thus, it
increases the amount of phenolic compounds and proteins
by increasing the defense responses against biotic and
abiotic stresses in plants and activating some genes in the
signaling pathways (Kurtulus and Vardar, 2020). These
reports explain the increases in the total phenolic content
0f 7.5% (75 ppm application), 9.0% (150 ppm application),
and 72.8% (300 ppm application) as compared to the
control group in our study. As a matter of fact, in the studies
conducted by different researchers, it was determined that
chitosan applications increased the phenolic content of
sweet basil (Kim et al., 2005), sunflower (Cho et al., 2008),
eggplant (Mandal, 2010) and Hypericum perforatum
(Brasili et al., 2014). In addition to this, it was reported
that chitosan applications increased the phenolic content
of tea (Srisornkompon et al., 2014) up to 9% compared to
the control group.

It was determined that the antiradical activity values of
rockets varied between 63.77% and 71.87%. In the study,
it was determined that chitosan applications increased
the antiradical activity by 12.7% (300 ppm application)
compared to the control group. Similar results have been
determined in lettuce sprouts (Viacava and Roura, 2015),
in spinach (Singh, 2016), in sage (Vosoughi et al., 2018),
in strawberries (Rahman et al., 2018), and in tomatoes
(Hernandez-Hernandez et al., 2018). Also, Negrao et al.
(2021) reported that antioxidant activity increased with
the increase of phenolic compounds.

According to the applications, the vitamin C values
varied between 126.63 and 143.51 mg 100 g'. The highest
vitamin C content was found in the control group (143.51
mg 100 g'), while the lowest vitamin C content was
obtained from the 300 ppm application (126.63 mg 100
g

According to our investigation, applying chitosan to
rocket plants reduced their vitamin C levels as compared

Chitosan Doses L a b (o n

Control 43.84 "~ -17.87a 26.40 "= 31.89 124.09b"
75 ppm 43.38 -18.71b 25.97 32.01 125.78 a
150 ppm 43.71 -18.25a 26.25 31.97 124.80 b
300 ppm 43.97 -17.99a 26.34 31.90 124.33b

*: Means followed by different letters differ significantly at p < 0.05 (LSD test). n.s.: non significant
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Total phenolic (mg 100 g!)

200 a
150 b
c b
100
50
0
Control 75 ppm 150 ppm 300 ppm
Vitamin C (mg 100 g'!)
150
a
145 a
140
135
130 b b
125
120

115

Control 75 ppm 150 ppm 300 ppm

Inhibition % (DPPH)

a
a
a
| I I
Control 75 ppm

150 ppm 300 ppm

Nitrate (NO;-N) (mg kg™)

2500 a
2450

2400
2350
2300
2250
2200
2150
2100

b b
| I I
Control 75 ppm

150 ppm 300 ppm

Figure. The effects of chitosan applications on the total phenolic, antiradical activity, vitamin C,
and nitrate accumulation values in rocket [The bars represent mean values of three replicates with

standard error at p < 0.05 level].

to the control plants. Similar findings were determined in
the tomato and eggplant (Sultana et al., 2017). Moreover,
Zoldners et al. (2005) reported that the presence of
chitosan significantly accelerates the oxidation of ascorbic
acid and this effect varies depending on the chitosan/
ascorbic acid ratio.

According to the applications, the nitrate values varied
between 2238.0 and 2463.6 mg kg'. While the highest
nitrate content was found in the control group, the lowest
nitrate value was found in the 75 ppm chitosan application.

The presence of high doses of nitrates and nitrites
in foods adversely affects human health. Nitrates in
foods can be reduced to nitrites. It is known that nitrite
causes methemoglobinemia and produces carcinogenic
nitrosamines together with secondary and tertiary amines
(Bryan and Van Grinsven, 2013). Toxic effective limits of
nitrate vary according to source and country. Santamaria
(2006) reports that these limits vary between 2500 and
4000 mg kg™ for the rocket.

In our study, when chitosan applications were compared
with the control group, it was determined that the nitrate
content decreased by 4.4% (150 ppm chitosan application),
5.1% (300 ppm chitosan application) and 9.2% (75 ppm
chitosan application) rates. Similar to these results, Chung
et al. (2001) found that chitosan applications in lettuce
increased the nitrate reductase activity and decreased the

300

nitrate content by 14 through 18% compared to the control
group. Also, Mondal et al. (2011, 2012, 2016) reported
that chitosan applications in spinach, okra, and tomatoes
similarly increased the nitrate reductase activity.

4. Conclusion

The results from this study showed that foliar application
of chitosan at the early growth stage promotes plant growth
and development which resulted in increased yield in
rocket. Moreover, it could be concluded that chitosan had
a significant effect not only on growth and yield but also on
biochemical properties such as total phenolic, antiradical
activity, and nitrate accumulation which are important for
human health. Therefore, when the results were evaluated
together, it was determined that 75 ppm dose among the
chitosan concentrations was suitable for rocket cultivation
and that chitosan can be used as an ecofriendly compound
to increase the yield and quality of the crops.
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