LUPIN

PUBLISHERS

Current Investigations in Agriculture
and Current Research
DOI: 10.32474/CIACR.2020.09.000305

ISSN: 2637-4676

®

Research Article

Role of reactive oxygen species (ROS) scavengers on plant
growth and shelf life of Tomato

Md Atiqur Rahman, AZM Shafiullah Prodhan* and Sheikh Shah Asadullah Salehin

Department of Horticulture, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur, Bangladesh

*Corresponding author: AZM Shafiullah Prodhan,Department of Horticulture, Bangabandhu Sheikh Mujibur Rahman Agricultural

University, Bangladesh

Received: & September 25, 2020

Published: & October 09, 2020

Abstract

Introduction

Tomato (Lycopersicon esculentum) is used as edible vegetables
belong to the family solanaceae in the world. Nutritive value of
the fruit is an important aspect of quality in tomato. Tomato is
usually treated as common food due to its minerals, vitamins, few
antioxidants, essential amino acids, sugars as well as dietary fibers
that are important ingredients for culinary and chutney, pickles,
soup, juice, and puree [1]. It contains few major chemical elements
such as 2.50-4.50% sugar, 15-20 mg/100g vitamin C, 0.25-0.50
g/100g calcium (Ca), 0.10-0.50g/100g magnesium (Mg), 0.20-0.80
g/100g phosphorous, and lycopene 20-50 g/100g [2]. Tomato is
cultivated across Bangladesh as its adaptation to any type of soil
and environment [3, 4]. Tomato is an extremely perishable fruit and
rapidly deteriorates after ripening [5]. Post-harvest degradation
that accounts for tremendous financial losses of more than 25
percent of fresh tomato per year is a major challenge for tomato
cultivation [6-8].

Tomato is widely cultivated and important nutritious vegetable in the world. It deteriorates rapidly after harvesting. High reactive
oxygen species (ROS) level has negative effect on growth and development through oxidative stress by affecting physiological and
molecular processes. Oxidative stress can be recovered by the scavenging system which consists of enzymatic as well as non-
enzymatic antioxidants. So, ROS balance and antioxidant are necessary for better growth and prolong shelf life. As an antioxidant
ascorbic acid was applied several times which played key role for plant growth and stress management. This study evaluated the role
of ascorbic acid on physical and physiological changes of tomato. A marked variation was observed on some parameters regarding
leaf length, panicle length, flower cluster and fruits per plant, chlorophyll content, MDA content, fruit yield per plant etc. Application
of ascorbic acid increased leaf length, chlorophyll content, dry matter and decreased MDA content. Flower cluster per plant as well
as panicle length was maximum at 45 DAT. Number of fruits and fruit yield/plant was fluctuated slightly with the application of
ascorbic acid. Thus antioxidant has played a pivotal role on growth and development of plant.

Keywords: Horticulture; radio molecule; plant stress; stress combination; plant growth regulator

It is commercially cultivated in Bangladesh as well as in many
countries around the world for its taste and nutritional status
[9-11]. In Bangladesh, it is cultivated as winter vegetable with
annual production of about 389000 metric tons [12]. The popular
cultivation areas of tomato in Bangladesh include Chittagong,
Comilla et al. [13-15]. However, tomatoes are grown extensively
all over the country. In Bangladesh, tomato is mainly grown in the
winter season [16]. November to February is the congenial period

for tomato cultivation in Bangladesh [17, 18].

Plants use 02 to generate the required energy for their own
production processes. Land state 02 is reduced to water (H20) and
ROS during normal cellular metabolism that include 027, H202, OH-
and 02 [19, 20]. Reactive oxygen species (ROS), like 02, H202, 02-
and HO, are highly reactive molecules, causing protein, DNA, and
lipid oxidative damage [21-23]. In addition to being toxic molecules,
however, ROS also plays a role of signaling molecules which regulate
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many important biological processes [24-26]. Since ROS plays a
dual role in plants, both as key regulators for growth, development
and defense pathways and as toxic aerobic metabolism by-products
[27-29].

The accretion of ROS is allied with growth and over maturation
of the fruit [29]. The high ROS levels are harmful for cells of plant
and equilibrium between ROS growth and scavenging [30-31].
The fruit undergoes photosynthesis and respiration during the
early expansion stages, as well as other physiological processes to
satisfy its size expansion requirements [32-34]. ROS is produced
and accumulated during these processes [35]. The application of
antioxidant compounds after harvest will effectively prolong the
shelf-life of tomatoes [36]. Extending the shelf-life by minimizing
ROS in other crops has also proved successful. Tomato fruit
ripening and over-ripening is difficult. It requires numerous
changes in chemical and morphological words. The functions
of antioxidants and scavenging process studied widely across
all these modifications [37, 38]. The fruit antioxidant system’s
scavenging capacity decreases during ripening and over-ripening
[39]. The main factor controlling tomato fruit ripening and over-
ripening is the balance between antioxidant activity and ROS
generation [40]. Different strategies were used to prolong the shelf
life. The simplest and commonly practiced is to collect tomato in
green stage as well as store it at minimum temperature [41]. The
fruits are subsequently subjected to ethylene to cause ripening
[42]. Therefore, this study aims to determine the suitable stage of
antioxidant application to lower the ROS level in plants as well as in
fruits. Hence, this experiment intended to assess the effectiveness
of various treatments on plant growth of tomato and increase the
shelf life of tomato.

Materials and Methods

This study was done in the horticulture experimental field and
Horticulture lab, BSMRAU campus, Gazipur, Bangladesh during
November 2018 to April 2019. Randomized Complete Block Design
(RCBD) was monitored for this experiment with 3 replications.
30 days old seedlings of tomato were collected and transplanted
in main field on 20 November 2018 following 60cm x 50cm plot
spacing in 2.4m x 2.5m zize plot. There were four rows in each plot
having four plants/row and 16 plants were accumulated in each
plot. The tomato seeds (BARI tomato 14) were obtained from the
department of Horticulture, BSMRAU, Gazipur for experimental

purpose.

Treatments for the growth parameter of the tomato are
as follows:

T1 = Control (Water)
T2 =0.5 mM AsA
T3 =2 mM AsA

T4 =4 mM AsA

Preparation and application of ascorbic acid

Ascorbic acid was applied at 3, 4, 5and 6 weeks after
transplanting. In control plot only distilled water was used. To
prepare 0.5 mM, 2 mM, 4 mM of AsA solution, laboratory grade
chemical reagent was used. The stock solution was then preserved
in glass jars at 40 C in a refrigerator for preparing solutions with

desired concentrations.
V1S1 =V2S2
V1 =Volume of the stock solution needed
V2= Volume of the desired solution to be prepared
S1 = Strength of the stock solution
S2= Strength of the desired solution to be prepared

Then ascorbic acid concentration was applied four times at
4 days interval. The first AsA application was done at the panicle

initiation stage.

Data Collection

Data were collected from 5 plants that were selected randomly
of each replication of whole treatments that separately on the
following parameters in each unit plot. Seedlings leaf length was
measured from every replication with measuring scale and the
average was considered as leaf length. Panicle length of seedlings
from each replication was measured with measuring scale and
the average was considered as leaf length. Flower cluster of plants
from each replication was recorded and average was calculated
and considered as fruit yield/plant. Total fruit yield of plants from
each replication was recorded and average was calculated and
considered as fruit yield /plant.

Dry matter (%) was estimated by using the following formula:

% Dry matter= (Dry weight)/(Fresh weight)x 100

MDA content Measurement

Fresh leaf samples (0.2) pounded in 5 ml of 0.1 percent
trichloroacetic acid (TCA) as well as centrifuged at 14,000 rpm for
15 min. 1 ml of the supernatant was blended in 20 per cent TCA with
2.5 ml 0.5 per cent TBA that incubated for 30 min in hot water (95
° C) after centrifugation. Another centrifugation was done for 30
min at 10,000 rpm immediately after cooling from previous stage.
Content of total chlorophyll was obtained from 200 mg leaf tissues
by following proper procedures. The UV visible spectrophotometer
at 663 and 645 nm was used to record the absorbance.

Data Analysis

The observation (data) for various growth and yield contributing
factors analyzed statistically to explore the mentionable variation
obtained from the treatments of the experiment. Statistic 10

program used to examine the collected data.
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Results and Discussion

The results of different parameters that obtained from the
present experiment have been presented and explained in this
chapter. Data on different parameters were analyzed statistically
and the results have been presented in different tables and figures.
The result of each parameter has been explained and possible
interpretations have been made in this section.

Leaf Length (cm)

There was little difference found in the leaves length of
tomato during 1 month and 2 months after transplantation due

Table 1: Effect of antioxidant on leaf length of tomato

to application of different treatments (Table 1). The longest leaf
length (13.667 cm) was recorded in T4 and the lowest leaf length
(13.33 cm) was observed in T2 at 30 days after transplanting (DAT).
In case of 60 days after transplanting, the highest leaf length (37.90
cm) was observed in T2 and the lowest leaf length (35.44 cm) was
found in T1 treatment. At 45 days after transplanting, different
treatments showed statistically significant variation in the leaves
length. The longest leaf length (33.11 cm) was recorded from T4
treatment while small leaf length (28.44 cm) was found in T1
treatment. This might be due to application of antioxidant reducing
ROS content of leaves which helps to extend leaves length [43].

Leaf length (cm) at different days after transplanting
Treatments

30 DAT 45 DAT 60 DAT
T, 13.56 a 2844 c 3544 a
T, 13.33a 30.22 bc 37.89a
T, 1344 a 31.89 ab 35.78a
T, 13.67 a 33.11a 35.89a

LSD0.05 1.01 1.86 7.47

Note: 5% level of probability. T,= control, T,=0.5 mM, T,=2 mM and T,=4 mM.

Panicle Length (cm)

There was no significant variation in case of length of panicle
(cm) during 1 month and 1.5 month after transplantation due to
the application of antioxidant (Figure 1). The maximum length of
panicle (4.33 cm) was recorded in T1 and the minimum length of
panicle (4.00 cm) was recorded in T4 at 30 days after transplanting.
At 45 DAT, the ranges varied from 11.00 cm to 11.44 cm where T4

gave the highest value (11.00 cm) and the lowest value (11.44 cm)
was found in T1. Statistically significant variation was observed for
panicle length at 60 days after transplanting. Among the different
treatments the maximum value (13.667 cm) was found in T3 and
T4 treatment which was significantly different from T1 (11.66 cm).
This might be due to the balance of network of ROS and antioxidant
was higher at 60 days after transplanting.
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Figure 1: Effect of diverse doses of antioxidant on panicle length of tomato
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Chlorophyll Content

T4 scored the maximum chlorophyll content percentage
(57.46%), whereas the minimum chlorophyll content (50.07%)
was obtained from T1 at 30 days after transplanting (Figure 2).
There was no remarkable variation in chlorophyll content of leaves
at 45 days after transplanting (Figure 3). The maximum chlorophyll
content percentage (56.96%) recorded from T2 treated plants,

while the minimum chlorophyll content (55.27%) was found
from T1 treated plants at 45 days after transplanting. Chlorophyll
content of tomato varied significantly with the use of diverse
doses of treatments at 60 days after transplanting (Figure 3). The
maximum chlorophyll content percentage (64.07%) obtained from
T4 which is statistically similar with T2 and T3, while the minimum
(57.60%) recorded from T1.
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Figure 2: Chlorophyll content of tomato leaves

Control 0.5 mM

Figure 3: Tomato leaf after application of different doses antioxidant

Flower Cluster per Plant

Significant variation was found in the flower cluster per plant
at 30 days and 60 days after transplanting (Table 2). The number
of flower cluster per plant varied from 5.44 to 7.33 at 30 days after
transplanting. The maximum flower cluster (7.33) per plant was

2 mM 4 mM

produced in T2 and minimum flower cluster (5.44) per plant was
observed in T4. At 45 days after transplanting, the maximum flower
cluster (10.88) in every plant was recorded in T4 and the minimum
flower cluster (8.22) in every plant was observed in T1. At 60

days after transplanting, flower cluster per plant varied slightly
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with each treatment and it varied from 13.66 to 15.66. It might be
antioxidant is more effective at 45 DAT resulting in higher flower
cluster per plant.

Table 2: Effect of antioxidant on flower cluster

Flower cluster per plant at different days after
Treatments transplantation

30 DAT 45 DAT 60 DAT
T, 6.22 ab 8.22b 15.00a
T, 7.33a 10.67 a 1533 a
T, 711a 10.11a 14.89a
T, 5.44b 10.88a 13.66a

LSDO0.05 1.55 1.62 3.68

Note: 5% level of probability. T = control, T,=0.5 mM, T,=2 mM
and T,=4 mM.
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Number of Fruits per Plant

Data on 30 days, 45 days and 60 days after transplanting were
recorded (Figure 3). At 30 days, the fruits/plant number ranged
from 333 to 2.22. The value 2.22 was produced in T3 treatment
and the minimum number of fruits/plant (.333) was recorded in
T1 treatment. At 45 days after transplanting, all of the treatments
were statistically similar where the maximum fruits/plant number
(29.55) were in T2 and the minimum fruits/plant (27.11) were in
T3. At 60 days after transplanting, the number of fruits was varied
among treatments. Fruits/plant ranged from 43.55 to 56.00. 56
fruits/plant were produced in T2 treatment and the low number of
fruits/plant (43.55) was obtained in T4 treatment.
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mT3=2mM Asc

T4=4 mm Asc
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Figure 3: Outcome of different doses of antioxidant
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Figure 4: Outcome of different doses of antioxidant

Significant variation of MDA was observed among the
treatments (Figure 4). Oxidative damage to leaf lipids, resulting
from stress expressed as MDA. The maximum MDA (0.871 nmol
g1) was obtained in T3 treatment which was statistically significant
with all other treatments. The lowest MDA (0.4537 nmol g1) was
observed in T4 treatment. It might be T4 are more effective to lower
the MDA content due to growing environment [44].

Fruit Yield per Plant

A large disparity in fruit yield among the four treatments
was found (Table 3). Fruit weight of different treatments ranged
from 2.372 kg to 2.851 kg. The maximum fruit weight (2.851 kg)
obtained in T2 and the lowest fruit weight (2.372 kg) was obtained
from the T4.
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Table3:Outcomeofdiversedosesofantioxidantonfruityield / plant

Treatment Fruit yield (kg)
T, 2.737a
T, 2.851a
T, 2.640 ab
T, 2.372b
LSD0.05 0.31

Note: 5% level of probability. T,= control, T,=0.5 mM, T,=2 mM
and T,=4 mM.

Dry Matter

The result revealed that there was a significant variation among
the treatments (Figure 5). The highest dry matter (7.22%) in tomato
was recorded from T4 treatment whereas the minimum dry matter
(5.85%) was observed in T1 treatment where no antioxidant was

applied.
B
a
7 - ab ab
b
6 4
&
=5 |
o
2
w9
E
ok
A
2 4
14
0 . T T
T1 12 LE] T4

Treatment

Figure 5: Effect of different doses of antioxidant on MDA
content of tomato leaves
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Figure 6: Consequence of diverse doses of antioxidant on
chlorophyll content of tomato leaves

Though chlorophyll content of leaves did not show significant
variations among the treatments, the range of chlorophyll content
of tomato varied (Figure 6). At 45 days after transplanting, the
highest value (.0540nm) was recorded in T2 and lowest value (.035
nm) was found in T1 treatment. At 60 days after transplanting,
the maximum value (.04 nm) was found in T2 and minimum value
(026 nm) was found in T3 treatment.

Physiological changes involving in shelf-life of
tomato

Malondialdehyde (MDA) content

A statistically significant variation was observed in MDA of
tomato fruit at storage for different treatments (Table 4). At 0
minutes, the highest MDA (1.52 nmol g1) was obtained in T2
treatments and the lowest MDA (0.73 nmol g1) was found in T4
treatments. At 15 minutes, the highest MDA (1.6989 nmol g1)
was obtained in T1 whereas the lowest MDA (1.06 nmol g1) was
obtained in T4. At 30 minutes, the highest MDA (1.98 nmol g1) was
found in T2 whereas the lowest MDA (1.34 nmol g1) value recorded
in T1 which is closest to T2, T3. Lower MDA content indicates
lesser amount of stress condition which helps to delay ripening.
Furthermore, the fruits which contain high MDA enhance ripening

due to stress condition.
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Figure 7: Consequence of diverse doses of antioxidant on
chlorophyll content of tomato leaves

Chlorophyll Content

Significant variation was recorded in chlorophyll content
of stored tomato fruit with diverse doses of treatment (Table 4).
At 0 minutes, the highest value of chlorophyll (2.71 pg/g) was
recorded in T3 and the lowest value (0.011 pg/g) was recorded in
T4 treatment. At 15 minutes, the highest chlorophyll (4.78 pg/g)
was recorded in T3 whereas the lowest value (1.28 pg/g) was found
in T1. At 30 minutes, the maximum value of chlorophyll (5.26 pg/g)
was found in T2 treatment and minimum chlorophyll (1.49 pg/g)
was recorded in T1. Tomato fruits with high chlorophyll content
indicate its longer shelf life whereas low chlorophyll content shows
shorter shelf life.
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Table 4: Chlorophyll content (ug/g) of stored tomato fruit
influenced by different doses of antioxidant

Chlorophyll content (ng/g) at different
Treatments duration
0 min 15 min
T, .021 bc 1.28b
T, 1.56 ab 1.96b
T, 2.71a 4.78a
T, 011c 1.82b
LSD0.05 2.23 0.884

Note: 5% level of probability. T,= control, T,=4 mM, T,=8 mM
and T,=12 mM

(Table 4) Chlorophyll content (ug/g) of stored tomato fruit
influenced by different doses of Conclusion

Application of antioxidant played an important role on growth
and physiologically changes involving shelf life of tomato. Different
concentrations of antioxidant significantly influenced most of the
recorded characters. The maximum leaf length was recorded 13.67
cm at 30 days after transplanting and 33.11 cm at 45 DAT in T4
treatment where 4 mM ascorbic acid was applied. The lowest leaf
length was recorded 28.44 cm at 45 DAT and 35.44 cm at 60 DAT
from T1 treatment where no antioxidant was applied. In case of
panicle length, the maximum panicle length also observed from
T4 treatment at 45 DAT and 60 DAT was 11.00 cm and 13.667 cm
respectively whereas lowest panicle length was observed in T1
where no antioxidant was applied. Chlorophyll content measured
by SPAD value showed the highest value (57.46% and 64.067%) in
T4 treatment at 30 DAT and 60 DAT respectively, while the lowest
value found in T1 at different DAT. Lowest MDA (0.4537 nmol g1)
in leaves was measured in T4 treatment which was statistically
significant from other treatment. Statistically significant variation
was observed in MDA and chlorophyll content of stored tomato
fruit for different treatments. Comparatively lowest MDA and
maximum chlorophyll content was recorded in T3 and T4 treatment
at different duration which meant high shelf life. Comparatively T3
and T4 treatment on physiological changes of tomato protracted
the tomato shelf life whereas MDA content was minimum and

chlorophyll content was maximum.

Based on the above conclusion following

recommendations can be made:
a) For some growth parameter of tomato T4 treatment was

best. So it can be used for growth parameter.

b) T3 treatment can be applied on physiological changes of
tomato.

c)  Further investigation should be carried out to clarify the
plant growth and shelf life of tomato.
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