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Abstract: Evaluation of the chlorophyll content and respiration of tobacco plants under waterlogging

Received: conditions is rarely reported. This research aims to evaluate the response of tobacco in recovery of
17/08/2024 chlorophyll and respiration during and after waterlogging. This research is important for plant breeders to
. increase tolerance to waterlogging in tobacco. We used a factorial randomized block design with 3
Revised: replications, 2 factors (waterlogging treatment and tobacco genotypes that were tolerant, moderate and
08/12/2024 sensitive to waterlogging). Observations were made at 45 days after planting. Chlorophyll and respiration
were studied at levels of 0%, 20%, 40%, and 60% of field capacity of waterlogging. Determination of

Accepted: chlorophyll content was carried out using acetone solvent. Observation of respiration was done using
10/12/2024 titration with 0.1 N KOH, using 1% PP indicator solution in 20 alcohol. The results showed that the amount

of chlorophyll of genotype Bojonegoro 1 did not change in 20% waterlogging compared to the control (0%).
Changes were observed in waterlogging of 40% and 60%. The amount of chlorophyll in the Benyak genotype
looked unstable starting from 20%, 40% and 60% of waterlogging. A similar condition was also experienced
by the GT genotype. The Bojonegoro 1 genotype had better respiratory stability, while the Benyak genotype
and the GT genotype showed a higher respiration rate than the control. These conditions showed that
waterlogging conditions influence the respiration levels of various genotypes. All tobacco genotypes showed
a decrease in chlorophyll along with the increased percentage of waterlogging. The results indicate that each

tobacco genotype has a special system for managing waterlogging stress.

Keywords: Moderate; Recovery; Sensitive; Tolerant.

Abbreviations: AOX_ Alternatif Oksidase; NO_Nitric Oxide; ROS_Reactive Oxygen Species.

Introduction

According to the Central Statistics Agency (BPS) report (2023),
Indonesia's tobacco production was 238.8 thousand tonnes, an
increase of 7% compared to 2022. The increase in production was
due to the area of tobacco planting land which increased by
77.9% compared to 2022. In terms of quantity, production is not
commensurate with the increase in planted area. One of the
causes is the imbalance between production and planting area,
which is influenced by weather anomalies and high rainfall
(Myles et al., 2018; Secretariat et al., 2021). More than 99.6% of
Indonesia's tobacco production comes from community
plantations. The diversity of genotypes planted by farmers are
thought to be one of the difficulties in identifying the causes of
the inability of tobacco plants to withstand waterlogging stress.
Al Habib et al. (2024), reported that there are three categories of
tobacco plants in facing waterlogging stress, such as Bojonegoro
1 genotype in the tolerant category, the Benyak genotype in the
moderate category and the GT genotype in the sensitive
category.

Tobacco is very sensitive to the lack of water, so long periods of
low-intensity rain can damage the quality of tobacco leaves and
even result in crop failure. Plant waterlogging stress can occur as
a result of excessive rain and waterlogging of the soil; thereby,
inhibiting plant growth. The Chlorophyll plays an important role
in light absorption, energy transfer, electron transfer and
respiration in plants (Kato et al., 2020; Leles and Levine, 2023).
Evaluation of chlorophyll recovery and respiration of tobacco
plants under waterlogging are rarely reported.

The need to research and identify waterlogging stress tolerant
genotypes is urgent (Perez-Jimenez et al., 2018). These efforts
must begin by knowing the level of tolerance based on the time
and level of waterlogging stress in tobacco plants to determine
tolerant, moderate and sensitive genotypes (Al Habib et al.,
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2024). The level of tolerance based on the time and level of
waterlogging stress in tobacco plants has been identified, but the
chlorophyll response and resistance to waterlogging are not well-
studied.

According to Mozo et al. (2021), after the end of the waterlogging
stress period, plants can modify some traits to compensate for
the loss of biomass during waterlogging stress. The lack of
oxygen forces plants to perform anaerobic respiration (Jia et al.,
2021). The response of tobacco plants can be different in response
to waterlogging stress conditions. The response of chlorophyll
and tobacco respiration in waterlogging conditions is very
necessary to identify chlorophyll and respiration in assembling
waterlogging tolerant tobacco in the future, especially in areas
with high rainfall. This research aims to evaluate the response of
tobacco in recovering chlorophyll and respiration under
waterlogging and recovery waterlogging.

Result and discussion

Based on the results of the Duncan test, it is known that there
are significant differences between waterlogging treatments in
several plant genotypes for chlorophyll levels. This shows that
waterlogging (Table 1) and after waterlogging (Table 2) of the 3
genotypes of tobacco plants greatly influence the chlorophyll
levels in tobacco plants.

The chlorophyll analysis of waterlogging stress tolerant
genotype (Figure 1) shows that Bojonegoro 1 genotype produced
higher chlorophyll levels at 20% waterlogging condition,
compared to other treatments either waterlogging and recovery
conditions. Meanwhile, the smallest chlorophyll content with the
waterlogging treatment was found in the 60% GT genotype
treatment (Figure 3). The 20% waterlogging treatment in the
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Table 1. Duncan test results of the interaction effect of treatment on waterlogging chlorophyll.

Waterlogging Genotype

Bojonegoro 1 Benyak GT
0% 73,150 cdA 71,324 abA 73,818 dA
20% 73,050 aA 75,390b aB 73,090 aA
40% 75,930 bB 70,444 aA 75,751 bB
60% 75,245 bB 74,248 abB 73,366 aA

Information: The numbers in the table show the average values of chlorophyll; Small letters next to the numbers indicate the results of the
Duncan test interaction, compared horizontally/right-left (a, b, ¢, d, & €); The capital letters next to the numbers indicate the results of the
Duncan test interaction, read vertically/up-down (A, B, & AB).

Table 2. Duncan test results of the interaction effect of treatment on chlorophyll recovery waterlogging.

Waterlogging Genotype

Bojonegoro 1 Benyak GT
0% 73,400 C 71,758 73,537 B
120% 73,298 C 74,662 73,390 B
140% 70,898 A 72,011 73,368 B
160% 72,293 B 73,505 69,174 A

Table 3. Duncan test results of the interaction effect of treatment on respiration during waterlogging.

Waterlogging Genotype

Bojonegoro 1 Benyak GT
0% 0.090 aA 0.095 abA 0.090 aA
120% 0.108 cC 0.112dB 0.100 bB
140% 0.105 bB 0.105 bAB 0.105 bB
160% 0.104 aB 0.108 aB 0.101 aB

Information: The numbers in the table show the average values of respiration; Small letters next to the numbers indicate the results of the
Duncan test interaction, compared horizontally/right-left (a, b, ¢, d, & €); The capital letters next to the numbers indicate the results of the
Duncan test interaction, read vertically/up-down (A, B, & AB).
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Figure 1. Chlorophyll content (mg/g) bojonegoro genotype 1 (waterlogging stress tolerant) during waterlogging
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Figure 2. Chlorophyll content (mg/g) of benyak genotypes (moderate waterlogging stress) during waterlogging and recovery waterlogging.
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Tabel 4. Duncan test results of interaction effect of treatment on respiration recovery waterlogging.

Waterlogging

Genotype

Bojonegoro 1 Benyak GT
0% 0.090 aC 0.095 abA 0.090 aB
120% 0.002 aA 0.105 cA 0.004 aA
140% 0.006 bcB 0.099 dA 0.005 abA
160% 0.006 aB 0.117 cB 0.005 aA
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Figure 3. Chlorophyll content (mg/g) of genotype GT (waterlogging sensitive) during waterlogging and recovery waterlogging.
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Figure 4. Respiration of genotype bojonegoro 1 (waterlogging tolerant) during waterlogging and recovery waterlogging.

Benyak genotype (Figure 2) showed higher chlorophyll levels
than the other genotypes, in conditions exposed to waterlogging
and after waterlogging. The Bojonegoro 1 genotype showed the
lowest chlorophyll levels at 40% waterlogging waterlogging
condition. The GT genotype had the lowest mean after
waterlogging stress compared to other genotypes.

The GT genotype produces the lowest chlorophyll level at 60%
treatment, compared to other genotypes including in control,
waterlogging and recovery conditions. Meanwhile, in
waterlogging conditions, the Benyak genotype showed the
highest chlorophyll levels. The Bojonegoro 1 genotype had the
highest chlorophyll levels during recovery waterlogging. Overall,
the average amount of chlorophyll for all plant genotypes with
various treatments under waterlogging stress and waterlogging
recovery conditions showed both increase and decrease.

The Bojonegoro 1 genotype is not much different from the other
genotypes, where the average results show an increase and
decrease in chlorophyll levels in various treatments. In
waterlogging conditions, the 20% treatment showed higher
results than the 40% treatment. Meanwhile, when this genotype
was freed from waterlogging, it showed the opposite result,
where the highest average chlorophyll content was found in the
40% treatment and the lowest in the 20% treatment.

Benyak genotype showed higher mean chlorophyll levels at 20%
treatment, compared to other treatments in both waterlogging
and recovery waterlogging conditions. Apart from that, the 20%
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treatment also experienced an increase in chlorophyll levels
which was the same as the 60% treatment which also
experienced an increase. Meanwhile, there was a decrease in
chlorophyll levels from waterlogging conditions to recovery
waterlogging conditions at 40% treatment.

Several factors or mechanisms work independently or together
to enable plants to cope with stress. The tolerance is manifested
as a complex trait. These adaptation mechanisms induce plant
anatomical, physiological, and biochemical adjustments, which
are thought to be integrated responses of various organs,
especially roots and leaves.

The amount of chlorophyll is one of the main components
influenced by waterlogging stress. So, this character helps
explain plant acclimatization to environmental conditions
(Mishra et al., 2022; Ferreira-Neto et al., 2021). In marginata
plants, flooding does not affect growth, chlorophyll content and
dry mass or root-shoot ratio (Bender et al., 2016). Alternative
chlorophyll oxidase (AOX) has a specific role under waterlogging
stress, where AOX can stimulate nitric oxide (NO) production.
This reaction drives chlorophyll and NO cycling to increase
energy efficiency under stressful waterlogging conditions
(Kumari et al., 2019).

Photosynthetic capacity, and the concentration of water-soluble
carbohydrates are reduced due to waterlogging (Liu et al., 2017).
The results of research (Luan et al., 2018) on barley plants showed
that flooding treatment caused a greater reduction in biomass
and photosynthetic performance in sensitive plants, compared to
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Figure 5. Respiration of Benyak genotype respiration (moderate waterlogging) during waterlogging and recovery waterlogging.
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Figure 6. Respiration of GT genotype (waterlogging sensitive) during waterlogging and recovery waterlogging.

tolerant plants. A decrease in chlorophyll content in leaves
increases reactive oxygen species (ROS) in roots and leaves
during times of waterlogging stress (Fukudome et al., 2019).
Chlorophyll content can be influenced by waterlogging stress
conditions (Park et al., 2020). The relative water and chlorophyll
content decreases during flooding (Perez-Jimenez and Perez-
Tornero, 2021). Increased waterlogging also degrades
chlorophyll, stomata closure, plant aging (Kuai et al., 2014) and
reduces crop yields by 31.68% (Zhen et al., 2024). The decrease in
crop yields is related to the decrease in the amount of chlorophyll
due to waterlongging.

Wen et al. 2019 reported that Triarrhena sacchariflora plants
showed significant physiological changes in chlorophyll amount
at flooded conditions, which automatically reduced
photosynthesis. The photosynthetic pigment content decreased
compared to the control after waterlogging, but the pigment
content was higher at the end of the recovery phase. A decrease
in the amount of chlorophyll was also reported by (Rao et al.,
2021). A decrease in the amount of chlorophyll occurred at the
beginning of waterlogging in Murbay plants. The
photosynthetic pigment content in the waterlogging treatment
showed an increasing pattern at the end of the recovery phase
compared to the photosynthetic pigment content after
waterlogging (Raras et al., 2021).

Waterlogging causes several responses in plants, including
wilting, leaf fall, development of aerenchyma in the root cortex,
formation of adventitious roots, decreased chlorophyll content,
inhibition of plant growth, changes in main physiological
processes, decreased soil oxygen, and decreased wet weight and
dry weight (Avivi et al., 2018; Toral-Juarez et al., 2021). Plants
respond to waterlogging through adjustments in growth,
accumulation and allocation of biomass, modification of
anatomy and morphology in roots, stems and leaves (Fukushima
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et al., 2020). Mozo et al. 2021 reported that chlorophyll increased
again after a period of flooding in Willaw plants. The research
results show a decrease in chlorophyll in line with an increase in
the percentage of waterlogging.

For respiration levels, there were significant differences between
waterlogging treatments (Table 3) and after waterlogging (Table
4) in the 3 genotypes based on Duncan test. This shows that
waterlogging greatly influences the level of respiration in
tobacco plants.

The lowest respiration with waterlogging was found in the 20%
treatment in the Bojonegoro 1 genotype. The highest respiration
was found in the Benyak genotype at 60% waterlogging. The 20%
and 40% treatments on the Benyak genotype showed higher
respiration levels compared to the other genotypes.

Overall, the waterlogging treatment of the Bojonegoro 1
genotype had better respiratory stability (Figure 4). However, the
Benyak genotype (Figure 5) and the GT genotype (Figure 6)
showed a higher respiration rate compared to the control. This
shows that plants in waterlogging conditions generally have an
influence on the level of respiration in plants in various
genotypes. However, the three studied genotypes showed
different responses during waterlogging.

The GT genotype showed an increase in respiration levels after
waterlogging in various treatments. Increased respiration
occurred at 20% waterlogging. Meanwhile, for waterlogging, 40%
and 60% showed lower respiration than the control. Bojonegoro
1 genotype showed increased respiration after being released
from waterlogging. The 20% waterlogging treatment had higher
respiration than 40% and 60% treatments. Meanwhile, Benyak
genotype indicate a decrease in respiration at 60% waterlogging.
The Bojonegoro 1 genotype during waterlogging had a stable
respiration rate compared to the control.



Figure 7. The waterlogging treatment condition. (a) Waterlogged conditions, (b).

Stabilizing respiration is one of the efforts of plants to survive
during hypoxic stress conditions. According to Yeung et al.
(2019), high respiration rates can be an important factor
determining waterlogging tolerance and subsequent recovery.
Plants are aerobic organisms that require oxygen for respiration.
The availability of oxygen is a prerequisite for life in some living
organisms. When oxygen supply is insufficient, most cellular
functions are impaired, which can lead to death (Loreti et al.,
2016). Plants use various adaptation strategies to keep oxygen
levels always available.

Waterlogging causes hypoxia. Hypoxia occurs when oxygen
levels limit aerobic respiration (usually between 1% and 5%)
(Sasidharan et al., 2017). Oxygen is very important for the
mitochondrial aerobic respiration process to supply the energy
needs of plant cells (Nakayama et al., 2017). Hypoxia is a side
effect of waterlogging, mainly due to limited gas diffusion
underwater. Flooded plants experience dramatic variations in the
availability of oxygen molecules (02), ranging from partial O2
deficiency to total Oz depletion (anoxia, 0% O2) (Jethva et al.,
2022). When oxygen is available externally, oxygen deficiency
often occurs in large, dense or metabolically active tissues such
as phloem, meristem, seeds and fruit (Nakayama et al., 2017).
The plants respond to waterlogging by making changes in energy
metabolism, photosynthesis, respiration and
biosynthesis/endogenous phytohormone signaling, because
aerobic respiration is inhibited under stress. A further reduction
in energy metabolism limits plant development. Consequently,
to adapt under these unfavorable conditions, anaerobic
respiration must be enhanced (Zhou et al., 2020).

Oxygen is important for cellular respiration in all eukaryotes,
including plants, which often face oxygen-deficient conditions
during their life cycles. The various responses result from the
development of various sensing mechanisms and responses to
oxygen availability (Loreti and Perata, 2020). Energy deficit at the
root level causes a lack of aquaporin phosphorylation, resulting
in greatly reduced root hydraulic conductivity (Tan et al., 2018).
Herzog et al. (2016) stated that adventitious roots grow when O,
at the root tip is still limited. However, because of the moderate
porosity in soil and loss of O, into the rhizosphere and
consumption during respiration, the growth is hampered or may
even stop.

Materials and methods

This research was carried out in the Greenhouse at PGRI
Argopuro University Jember from May to July 2024. The
temperature was controlled in the range of 21°C - 30°C, humidity
was in the range of 60% -65% and the photoperiod was in
accordance with a tropical or long period climate. The soil type
was inceptisol, which filled polybags measuring 50 x 50 cm, and
buckets.
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Experimental design

This research used a factorial randomized block design with 3
replications, 2 factors, namely waterlogging and 3 different
tobacco plant genotypes from the selection results (Al Habib,
et.al 2024), namely the Bojonegoro 1 genotype (tolerant
genotype), the Benyak genotype (moderate genotype), and GT
genotype (sensitive genotype). Chlorophyll and respiration
observations were investigated at levels of 0% (field capacity as
control), 20%, 40%, and 60% under waterlogging and recovery
waterlogging.

Waterlogging stress treatments

Seeds of 3 different tobacco genotypes were planted in pot trays.
40-day-old tobacco seedlings were transferred to polybags.
Waterlogging was carried out 45 days after planting. There are 4
types of waterlogging regimes/treatments, namely 0%, 20%, 40%
and 60% of field capacity. Field capacity is calculated by weighing
1 kg of soil and soaking it with 1 L of water for 24 hours until
saturated. The soil media was allowed to stand until no water
drips and weighed again. The difference in weight is 0.4 kg, and
0.4 kg/L is assumed to be 0% of field capacity. Land used for
planting media is measured at 20 kg per polybag. so that
waterlogging field capacity as control 0% = 0.4 kg/L * 20 kg soil
= 8 L water. 20% waterlogging is a 20% increase in field capacity
= 9.6 L of water. 40% waterlogging is a 40% increase in field
capacity = 11.2 L of water. 60% waterlogging is a 60% increase in
field capacity = 12.8 L of water.

Waterlogging is done by adding as much water as possible,
whereas 8, 9.6, 11.2 and 12.8 liters of water corresponds to
waterlogging of 0%, 20%, 40%, and 60%, respectively.
Observations were carried out in 2 stages: 1) Providing
waterlogging for 6 hours according to the specified percentage,
after 6 hours. The samples were taken for chlorophyll and
respiration analysis. 2) Removing water that causes waterlogging
(freeing plants from waterlogging). After 6 hours of waterlogging
recovery samples were taken for chlorophyll and respiration
analysis.

Data collection and analysis

The steps taken in determining chlorophyll concentration are: sample
extraction, measurement and calculation. The leaf sample taken was
the third leaf from the tip, weighed 0.1 g, crushed with a mortar and
pestle, added with 10 ml of 85% acetone then filtered with filter paper
while pouring into a test tube, so that a clear extract was obtained.
Measurements were carried out using a spectrophotometer (Spectronic
21 D, Milton Roy brand) at wavelengths of 645 nm and 663 nm. The
following formula is used to calculate chlorophyll:

Total chlorophyll= 0.0202 (OD 645) - 0.00802 (OD 663)
Respiration measurements were carried out by preparinga 20 g
sample in a 250 ml Erlenmeyer, adding 50 ml of 95% neutral
alcohol, then heating for 10 minutes in a water bath while
stirring. The solution was then titrated with 0.1 N KOH, using a



1% PP solution indicator in alcohol, until the pink colour was
visible. Respiration rate was calculated as following:
MI KOH x N KOH x 58.1

Sample weight (g)

Respiration =

Conclusion

The amount of chlorophyll of the Bojonegoro 1 genotype did not
change at 20% waterlogging but changes were seen at 40% and
60% waterlogging. The amount of chlorophyll of Benyak
genotype looked unstable starting from 20%, 40% and 60%
waterlogging. The same conditions, as the Benyak genotype,
were also experienced by the GT genotype. All tobacco genotypes
in observations with various waterlogging percentages showed a
decrease in chlorophyll in line with an increase in the
waterlogging percentage. The bojonegoro 1 genotype had better
respiratory stability, the Benyak genotype and the GT genotype
showed a higher respiration rate compared to the control. This
condition shows that plants that are in waterlogging conditions
generally have an influence on the level of respiration in plants
of various genotypes. These changes indicate that each tobacco
genotype has a specific system for managing waterlogging
stress.
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