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Abstract

Tobacco variety H382 was a cigar type tobacco that has a high economic value and potential as export
trade commodity in Indonesia. The development stage of tobacco was very sensitive to water stress,
like the water excess. Silicon was one of the most abundant elements in earth crust and has a role
in water stress reduction to the plant. The objective of this study was to determine the response of
tobacco crop variety H382 with the application of silicon fertilizer to adapt in waterlogging stress
condition. This study used a factorial randomized block design with first factor was silicon fertilizer
(0, 0.15, 0.30 and 0.45 ml) and second factor was excess water stress treatments (50% to 70%, 70% to
90%, 90% to 110% and 110% to 130% of field capacity). All treatments were replicated three times.
The results showed that the addition of 0.45 ml silicon fertilizer to waterlogged tobacco crop could
escalate the adaptive response of plant to cope with stress; seen from the increasing of the opened
stomata, aerenchyma formation and the chlorophyll content of tobacco crop under excess water stress
compared to control. Silicon supplementation improves the water availability in root surroundings and
repairs the root architecture; thus, lead to a better hydraulic conductivity of the root for water and
nutrient intake. Furthermore, authors found that the application of silicon fertilizer helped tobacco crop
variety H382 improve plant adaptability to deal with excess water stress.
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2019). Tobacco plant itself has been also used
in medicinal and agricultural item production
such as pesticides (Nurhidayati et al., 2017a).

INTRODUCTION
Indonesia is a big country with vast

agricultural field along its cities and regencies
and the plantation industry was one of a sub-sector
that leads the agricultural production. Tobacco
(Nicotiana tabacum L.) was one of commercial
crops associated with a large industry in
Indonesia. Tobacco industry contributed to
regional revenue as it has a high selling value
in the global market and one of the sectors
that absorb million workers (Wardhono et al.,
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Tobacco crop variety H382 was a type of
cigar tobacco which has a high potential as
an export commodity. Jember Regency was
known as tobacco city because of its region
is mainly tobacco cultivation (Muktianto and
Diartho, 2018).

The growth of tobacco crops are affected
by several factors; including soil condition,
microclimate, pest and disease management,
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and rainfall (Wardhono et al., 2021). According
to Setyoningrum et al. (2021) from 2007 to
2021, Jember Regency has a fluctuated rainfall
with average rainfall is around 1,906 mm
per year. Growing healthy crops under stressful
condition has always been a big challenge
for agricultural sector. Tobacco crop was
very sensitive to water stress. As it grew the plants
require specific amount of water for each
developmental stage (Peng et al., 2015). A high
rainfall could lead the plant to face a waterlogging
condition in the cultivation land and served
a water saturated condition in the root surrounding
environment. This condition would rise up several
mechanism of plant to adapt the undesirable
water stress (Biswas and Kalra, 2018).

Excess water from a high rainfall could lead
to a waterlogging condition in crop cultivation.
This would create a water saturated level in soil
and root environment. A water saturated condition
in the root of plant tends to promote a hypoxia
or anoxia condition, which are the condition
where there was limited or none oxygen (J. Pan
et al., 2021). The excess water condition would
eventually result in several adverse conditions
to plant growth and development. The most
affected was the decrease of oxygen level in
root surrounding. Thereby, the plant would be
loaded with reactive oxygen species (ROS)
during abiotic stress that also affect the plant
growth. The ROS is very impactful and damaging
to plant cells (Kumar et al., 2018). In addition,
there was a change in soil chemical element
like pH and redox potential change in the soil of
low oxygen availability (Nurhidayati et al.,
2017b). The excess water condition occurred in
the sowing period would result in a fatal damage.
The seedling would have a non-seed germination.
The seeds and seedlings radical and roots was
still vulnerable, and still had low adaptability
into the environment (Erhenhi et al., 2019).

Silicon (Si) is the second most abundant
element after oxygen in the earth’s crust
(Shi et al., 2016). Plant absorbed Si in
the form named PAF (plant-available form),
which is even when Si is abundant in soil
but the PAF of Si is a limiting factor. Si in
the form of silicic acid and mono-silicic
acid could cross the root plasma membrane
at physiological pH. The accumulation of Si
led to phenolic compound production that

provide tolerance against plant pathogens
(Zargar et al., 2019). The Si supplementation
enhanced water stress tolerance by improving
the root hydraulic conductance in tomato
(Shi et al.,, 2016) and sorghum under salinity
stress (Liu et al., 2015). Si was also reported to
increase plant growth and density of stomata,
which promote a better balance in water use
and improve photosynthesis process; thus,
would increase the corn grain production
(Marques et al., 2022). Another role of Si
was increasing antioxidant production against
the damaging effect of ROS due to abiotic stress.
The advantage of Si on plant under stress
condition has been observed in a range of crop
plant species. The response of Si application
under stress condition was varied according to
the genus of plants and the type of stress
(Cooke and Leishman, 2016). Soil drenching
with Si fertilizer allowed easy dilution of nutrient
into the soil and easier to absorb by the roots
(Schaller et al., 2020).

Si fertilizer has been experimented with
various type of plant like rice (Siregar et al.,
2020), corn (Marques et al., 2022), eggplant
(Hartman et al., 2020) and tomato (Shi et al.,
2016) in various place of study in Asia, Europe,
Australia, Africa and America (Cooke and
Leishman, 2016; Artyszak, 2018; Siregar et al.,
2020). Si fertilizer is widely known to help
plant to cope with stress, it has the potential to
contribute to agricultural sustainability through
crop quality improvement. But there was lack of
study about the effect of liquid Si application
in tobacco crops in Indonesia, especially in a cigar
type tobacco like variety H382. This study
aimed to determine the adaptive response of
Si fertilizer application to tobacco crops variety
H382 under several waterlogging conditions in
a range field capacity.

MATERIALS AND METHOD

Study location and growth condition

This study was conducted from November
2021 to January 2022 in the greenhouse of
the Research and Development Department,
Agronomy Center, Universal PT. Tempu Rejo
Indonesia. The latitude is 8°17°9.04” S and
longitude is 113°32°27.16” E in 24 m above
sea level. The study was carried out under
greenhouse conditions 6 m wide, 15 m long
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and 3.5 m height. Film was used for covering
200 p in thickness and it is characterized by
being resistant to UV rays.

Plants and soil

The plant used in this study was cigar type
tobacco variety H382 from private collection of
Universal PT. Tempu Rejo Indonesia. The seed
germination was conducted for 30 days in a pot
tray with a soil and compost media in 1:1
comparison. The compost consisted of 30%
vermiculite and 70% cocopeat. The optimum
watering condition of 73 ml water per pot tray was
given for the first 10 days to ensure the well-
germinated seed.

Soil type for planting was Inceptisols
contains SiO; 80.08 ppm, N 0.11%, K 1.05%
and P»,Os 29.6 ppm. Soil volume used was
15 kg per 30 x 30 cm sized polybag. The planting
media was prepared 7 days before the germination
period was over. The tobacco plants were
planted for 45 days after transfer (DAT) to harvest
period.

Experimental design

A factorial randomized block design was
used in this study. The first factor was the Si
fertilizer doses which consisted of 4 levels
0 ml (D0), 0.15 ml (D1), 0.30 ml (D2) and
0.45 ml (D3). The second factor was waterlogging
or excess water condition due to percentage
of field capacity which consisted of 4 levels
50% to 70% (W1), 70% to 90% (W2), 90% to
110% (W3) and 110% to 130% (W4) field
capacity. There were 16 combination treatments
and 3 replications, thus in total there were 48
trial units.

Si fertilizer was implicated twice in 14
and 28 DAT. The form of Si was liquid
SiO; and the application was conducted by
a drenching method direct to the soil (Kowalska
et al.,, 2021). Each treatment level of Si dose
(0, 0.15, 0.30 and 0.45 ml) was diluted in 50 ml

water before drenched. The Si content of
Si fertilizer was SiO; 26.29%.
Excess water treatment was conducted

in 29 DAT for 48 hours. The excess water
treatment was determined based on the percentage
of field capacity. The field capacity was
established by weighing the 15 kg soil in
polybag for growing media, named first weight.
The 15 kg of soil then immersed for 24 hours

until saturated in a big chamber contains
water. The growing media was allowed to stand
until there was no water drip and weighed
again as end weight (Nurhidayati et al., 2017a).
The weight difference was assumed as 100%
field capacity.

Data analysis

The plant height and number of leaves
was measured every 7 days. The measurement
of plant height was assigned from the basal part
of the stem to the top of the shoot. The number
of leaves was defined by counting the total leaves
in each plant in a polybag.

The stomata were specified by smeared
the polish to the underside leaf. After the polish
dried, the leaf was then affixed to the clear tape
and stacked to prep glass (Gago et al., 2019).
Result was observed under light microscope
Leica EZ4HD. Measurement was carried on
the fully developed leaf after a day of excess
water treatment was finished.

The histology of tobacco root was conducted
7 days after the excess water stress was over.
The root sample was 10% formalin buffer
solution fixed and dehydrated with alcohol
(graded percentage 70%, 80% and 90%). It was
then rinsed by xylol and colored with eosin,
followed by embedding with paraffin and
the embedded root section was thinly transverse
sliced using microtome (Feldman and Wolfe,
2014). The observation was run with light
microscope Leica EZ4HD.

The chlorophyll content was measured at
1 day after excess water stress was finished,
by SPAD meter (Konica Minola SPAD-502PIus)
which conducted in 5 spots in different leaves.
The value occurred in SPAD meter was identified
as SPAD Value (SV) and would be inputted in
regression formula: Chlorophyll (mg g*) = 1.034
+ 0.308 x SV + 0.11 x SVZ The analysis of
chlorophyll A and chlorophyll B content was
conducted by extracting 0.05 g fresh leaf and
added with ethanol 90% and the results were
analyzed in 665 nm and 649 nm wavelength
with a spectrophotometer from Amersham
Bioscience (Li et al., 2018).

Data were statistically analyzed using
ANOVA at o < 0.05 and differences in each
treatment were inspected with DMRT test at
o <0.05. Microsoft excel was used to all statistical
analysis and DMRT test.
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RESULTS AND DISCUSSION

Plants have several mechanisms to overcome
the stress condition whether biotic or abiotic
stress. This study was conducted with excess
water stress on tobacco crops variety H382.
Figure 1 showed the plant height of tobacco
variety H382 under several excess water and
optimum watering condition.

As presented in Figure 1, the tobacco variety
H382 plants were getting taller from 7 to 42 DAT
in all field capacity treatment. In optimum
watering condition with 50% to 70% field
capacity, the D3W1 treatment has the highest
plant height at the end of observation time
(42 DAT). Almost all of D3 treatment with
addition of 0.45 ml Si fertilizer, which was
the highest level of Si fertilizer in this study,
reached the highest plant height at the end of
observation time (D3W1, D3W2 and D3W4)
except for W3 condition with 90% to 110% field
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capacity (D3W3). The waterlogging treatment in
this study was conducted in 29 DAT for 48 hours.
Tobacco is one of the crops that sensitive to
waterlogging. It affects the yield only with 6 hours
waterlogged condition. Nurhidayati et al. (2017b)
claimed that waterlogging suppressed the tobacco
plant height up to 50% in waterlogging condition
at 150% field capacity. In this case, the tobacco
crops still had normal plant height even when the
stress occurred for excess water 110% to 130%
field capacity for 48 hours. The plant height of
waterlogging plants had no significant difference
compared to control for 48 hours waterlogging
condition. But according to the results,
the addition of Si fertilizer also has a big role in
promoting the adaptive response of tobacco crops
to overcome the waterlogging stress. The plants
with Si fertilization had a better plant height
performance compared to the treatments without
Si fertilizer. Similar trend occurred to the number
of leaves parameter that shown in Figure 2.
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Figure 1. Plant height of tobacco variety H382 at 7 to 42 DAT. (Note: D represented application
of Si fertilizer with DO: 0 ml, D1: 0.15 ml, D2: 0.30 ml and D3: 0.45 ml)
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Figure 2. Number of leaves of tobacco variety H382 at 7 to 42 DAT. (Note: D represented
application of Si fertilizer with DO: 0 ml, D1: 0.15 ml, D2: 0.30 ml and D3: 0.45 ml)

Similar to the plant height, the number of
leaves was also increased from 7 to 42 DAT in
the end of observation period. At 42 DAT,
the results of total leaves seemed to had
no significant difference among all treatments.
The treatment of W1 with 50% to 70% field
capacity, DOW1 (control or no addition of
Si under optimum watering condition), had
the lowest number of leaves with an average of
13 leaves per plant. Whereas D3W1 with addition
of 0.45 ml Si, had the highest number of leaves
with an average of 16 leaves per plant. In addition,
the number of leaves of W2 treatment with
70% to 90% field capacity, W3 treatment with
90% to 110% field capacity and W4 treatment
with 110% to 130% field capacity did not gave
a significant different with average 15 to 16 leaves
per plant. The waterlogging stress happened at
29 DAT for 48 hours did not affect the number
of tobacco leaves mostly. And supplementation
of Si fertilizer in waterlogging condition had
a slow impact to the number of leaves. It could be

happened because the waterlogging treatment
was not conducted in critical phase of tobacco
development stage. Study from Nurhidayati et al.
(2017c) reported that waterlogging for 10 days
or 240 hours with 150% field capacity decreased
plant height and other morphological responses
in tobacco.

Kurniawan et al. (2014) characterized the
developmental stage of tobacco plant in two
main groups. The first was the slow growing
stage at 4 to 20 DAT, where the plant did not
need abundant of nutrient. The next was the fast-
growing stage at 20 to 50 DAT where high
intake of water and nutrient was a necessity.
Water requirement for each growth phase of
tobacco crop is different. Peng et al. (2015)
classified tobacco crops into three different
phase which were elongation, vigorous growth
and mature phase. The elongation phase required
60% to 70%, the vigorous growth phase required
75% to 85% and the mature phase required 70%
to 80% of soil water content of field capacity.
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Stomatal conductance and net photosynthetic rate
of tobacco crops would improve as those water
requirements were fulfilled. The waterlogging
stress near to flowering stage could lead to
stagnation plant development and the worst
that plant lost its capability to recover from stress
that would lead to plant death. The first stage
of cultivation (germination) was also crucial
stage where water deficit or excess in tobacco
cultivation were not acceptable (Biglouei et al.,
2010; Zambrano Najera and Ortega, 2021).
The critical stage of development may be different
according to how the plants’ tolerance with stress
which depends on the genus and the ability
of individual plant (Wang et al., 2017).
The waterlogging stress conducted in this study
was in the early of fast-growing stage which
need high intake of water and nutrient. The
waterlogging condition caused water availability
decreased which led to the reduction of water and
nutrient intake. But the plant height and number
of leaves were not affected significantly because
the waterlogging stress was not conducted in
critical stage of plant height and number of leaves
development which is germination stage.
Waterlogging  condition  limited  water
transport by suppressing the root hydraulic
conductance as an important process represented
the water uptake. The aquaporin which handled
the amount and activity of water channels in
cellular membrane plays the important role in
regulating the root water uptake, mainly under
stress condition. The aquaporin’s activities are
controlled by Lsil gene that encodes a protein
in influx and efflux transport. The expression
of Si influx and efflux are elevated due to
Si supplementation under stress condition and
stress level elevates Si uptake (Mundada et al.,
2021). The addition of Si fertilizer improved
plant’s morphology by helping plant to absorb

a.

b,

water through the roots. Si also provides more
water availability around the root environment.
The mechanism of Si influenced plant height
and number of leaves are by providing more
water availability to be transported to the shoot
and upper organ of plant. The water stress in
plant whether waterlogging or drought would
have an impact in stomata condition. In this study,
the stomatal conductance was observed and
the results are presented in Figure 3.

The opening-closing process of stomata or
stomatal conductance was one of the general plant
mechanisms to cope with water stress. Stomatal
conductance was very affected by plant
metabolism process. An inhibition of metabolism
would inhibit the opening stomata. Figure 3a
showed stomata in tobacco leaf under normal
conditions. The normal condition represented
the optimum watering condition of tobacco,
which is around 50% to 70% of field capacity.
The excess of water tends to induce stress
condition and decrease the opening of stomata
(Figure 3b). A higher field capacity of 70%
could lead a waterlogging stress in tobacco
plants. But the addition of Si to tobacco
plants under waterlogging stress could increase
the stomata opening (Figure 3c). It indicates
that Si application promotes the stomata opening
in the leaf of the tobacco plant. This study is
in accordance with those observed in tomato, that
Si addition ameliorate the stomatal conductance
and significantly decrease the transpiration rate
by deposition of Si on the leaf surface of plant
(Shi et al., 2016). Addition of Si fertilizer
was very closely related to the aquaporin gene
activated by Si supplementation. The aquaporin
which has role of Si transport to the cell, also
has a contribution in enhancing antioxidant
activity to tackle oxidative damage caused by
waterlogging stress (Arif et al., 2021).
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Figure 3. Stomata in leaf part of tobacco variety H382 after being waterlogged for 48 hours.
a) control, b) waterlogging plant without Si fertilizer application, c) waterlogging plant
with Si fertilizer application
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a.

C.

Figure 4. Histology of root transverse section of tobacco variety H382 after being waterlogged for
48 hours. a) control, b) waterlogging root without Si fertilizer, ¢) waterlogging root with

Si fertilizer

Stomata consist of a pair of guard cells
and regulate the transpiration and assimilation
of COz. The transpiration in the leaf was affected
by water availability within. When waterlogging
stress occurs, the root were damaged, which
provoked the inhibition of water intake because
the root loses its hydraulic conductivity (Kumar
et al., 2018). Stomata closure was the response
to the decline of the transpiration rate. Stomata
closure reduces transpiration but inhibits
the photosynthetic process. The addition of Si
increased the water intake availability, possibility
of microbial activities and diffusion of nutrients
to the plants. Si fertilization is associated with
the upkeep of plant photosynthetic rate and
stomatal conductance in the plant. It is caused by
water potential affecting the turgidity of cells
that compose stomata. It can be associated
with the study of Marques et al. (2022) which
contributes the Si application to the precipitation
of Si in the cell walls, which reduces water loss.
An increase in water availability will increase
stomatal conductance and lead to enhance
the photosynthetic rate, thereby consequently
increasing growth and productivity. The
replenishment of gas exchange in leaves related to
higher nutrients absorbed by the roots indicated
greater stomatal cell densities. The histology
of root transverse section was also observed
to observe the response of root to overcome
waterlogging condition, it is shown in Figure 4.

Root was the first organs that face the stress
in soil environment. Figure 4 showed the
histology of tobacco root in both normal and
waterlogged condition. A well-structure of root
epidermis was shown in Figure 4a for the root
in optimum watering condition. Meanwhile
Figure 4b showed a critical damage in the tobacco
root under highest waterlogging condition.

This study was performed in 110% to 130% field
capacity. Figure 4c¢ was also taken from the root
of the waterlogged plant, but with Si fertilizer
supplementation. The addition of Si fertilizer
with drenching method helped the root of
tobacco plant to survive better under water stress.
Moreover, the entire roots from excess water
condition (Figure 4b and 4c¢) have formed
the unique space called aerenchyma. This finding
align with Nurhidayati et al. (2017c) study which
found the aerenchyma development in the root
part of tobacco under waterlogging stress.
Aerenchyma is an air cavity that formed in
the root cortex during the development of root
plant under waterlogging stress. It is formed
because there was a damage of cell and
degradation of cell wall in saturated root
environment condition (Nurhidayati et al.,
2017b). That phenomenon led to inhibition of
water and nutrient supply from the bottom to
the top of plant. Plant ran a survival mechanism
by forming and developing cave-like structures
that could improve transport processes.
The oxygen supply within the plant could be
restored and the oxygen supply was partially
transferred to the soil enabling the condition
of available oxygen in root surrounding. Saturated
water conditions in root surrounding promotes
cell death to sensitive plants regarding to the lack
of oxygen (T. Pan et al., 2021). Adventitious
root may be formed during the waterlogging
condition. The adventitious root was emerged
in the basal zone, which is the meeting point
of shoot and root. As the environment was
water saturated and the root was damaged,
the auxin transport was inhibited and there
was accumulation of auxin in the basal part of
plant. This auxin accumulation would provoke
the formation of adventitious root. In the water
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saturated condition, the adventitious root helped
plant to get better water intake and dissolved
nutrient in water; it also avoid the accumulation
of alcohol in the plant body (Nurhidayati et al.,
2017Db; Purnobasuki et al., 2018).

In this study, waterlogging stress caused
the damage on the root part of plants. It caused by
limited oxygen condition by water saturated
environment, which induce the increase of
ROS and lead to plant cell damage even plant
cell death. As the main gate of water and
nutrient uptake, root plays an important role to
bridge water and nutrient from soil to the leaves
as the main production place. The damaged
root inhibits the absorption process. Si
supplementation is not only protecting root by
maintaining the water hydraulic potential in
root surrounding, it also improves root function
by developing better aerenchyma structure and
neutralize ROS by involving production of
enzymatic and non-enzymatic antioxidants,
thus root still have the ability to supply the water
and nutrient to the upper part of plant.

The water saturated condition tends to change
the aerobic to anaerobic respiration because
of lack of air. The anaerobic respiration in
waterlogged soil leads to fermentation in root
surrounding. The ROS that mount up in this
condition was so harmful to plant cell. It could
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led to a damage in plasma membrane and
endomembrane system because it’s oxidizing
compound (Khan et al., 2019). Si fertilizer
was promoted the plant ability in increasing
the enzyme production to against stress.
The reduction of oxidative damage could escalate
the tolerance of plants to cope with stress. Ranjan
et al. (2021) reported that oxidative stress
protection of Si addition was also occurred in
some plant species like sorghum, tomato and
wheat. Supplementation of Si fertilizer was also
reported to improve soil aeration that led to
advance well-functioning root.

Si could be preserved in soils for a long time
as phytoliths. The nutrients absorbed by the plant
for surviving life will leave a residue long after
the plant has no longer existed and it is absorbed
back into the ground as nutrients for the next
plant cultivated. Si was permeated mostly into
the plant walls and specialized cells. According to
Schaller et al. (2020) a high concentration of
dissolved Si can lead to the formation of clay
minerals, which were known for their high water
holding capacity. Plants have been categorized
as low (< 0.5%), intermediate (0.5% to 1.5%) and
high (> 1.5%) Si accumulator based on leaf
Si content levels. The Si permeability to each
plant species was categorized based on their
genotype (Coskun et al., 2019).

Chlorophyll A content (mg g1)
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Figure 5. Chlorophyll A content in leaf of tobacco variety H382 after being waterlogged for 48
hours. Different letter means there is significantly different among the same W group
according to DMRT test 5% (Note: D is represented for application of Si fertilizer with
D0: 0 ml, D1: 0.15 ml, D2: 0.30 ml and D3: 0.45 ml, whereas W is represented for field
capacity with W1: 50% to 70%, W2: 70% to 90%, W3: 90% to 110% and W4: 110%

to 130%)
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Figure 6. Chlorophyll B content in leaf of tobacco variety H382 after being waterlogged for 48
hours. Different letter means there is significantly different among the same W group
according to DMRT test 5%. (Note: D is represented for application of Si fertilizer with
D0: 0 ml, D1: 0.15 ml, D2: 0.30 ml and D3: 0.45 ml, whereas W is represented for field
capacity with W1: 50% to 70%, W2: 70% to 90%, W3: 90% to 110% and W4: 110%

t0 130%)

The level of chlorophyll A content decreased
as waterlogging stress treatment increased
(Figure 5). The application of Si fertilizer gave
a significant effect on the chlorophyll A content
in the tobacco plant. In the optimum watering
condition, the highest dose of Si application
which was 0.45 ml (D3) had the highest level of
chlorophyll A content in the W1 condition
(50% to 70% field capacity). Meanwhile, as
waterlogging stress got more intense, the level of
chlorophyll A content was altered. In DOW3 with
waterlogging stress 90% to 110% of field capacity
and no addition of Si, the chlorophyll A content
was only 10.0 mg g*. The application of Si
fertilizer promotes the chlorophyll A content
in W3 treatments: DIW3 was 17.0 mg g,
D2W3 was 18.8 mg g™ and D3WS3, the highest
dose of Si, was 21.0 mg g*. The highest dose of
Si application in this study was 0.45 ml,
which could increase the chlorophyll A content
in all waterlogging stress treatments a little bit
higher compared to the control treatment in W1.
This is similar to Kovacs et al. (2022) that claimed
Si supplementation alleviated the environmental
stress by improving photosynthetic pigment
which lead to better photosynthesis process.

Similar to chlorophyll A content, the
chlorophyll B content was decreased with regard
to waterlogging stress in the tobacco plants

(Figure 6). In this study, the lowest chlorophyll B
content was in W3 treatment, which was 90% to
110% waterlogging stress without the addition
of Si fertilizer. As Si was added, the level of
chlorophyll B content in waterlogging stressed
plants increased. All of the D3 treatments
(Si fertilizer application of 0.45 ml) in
waterlogging stress (D3W2, D3W3 and D3W4)
have a higher level of chlorophyll B content
compared to optimum watering condition
(D3W1). But in the optimum watering condition
(W1), applications of Si tend to have a similar
chlorophyll B level compared to the plant
without the addition of Si fertilizer. This indicates
that Si application to tobacco plants could help
the plant to reach normal chlorophyll B content
when abiotic stress like waterlogging occurred.
Rangwala et al. (2019) found that Si application
also increase the total chlorophyll concentration
in drought and salinity stress. The improvement of
chlorophyll A and B level was also accompanied
by the improvement of carotenoid, another
pigment of plant (Semenova et al., 2021).

The changes in chlorophyll content were
the mechanisms to help to protect the plants
from environmental stresses. It was in line with
Barickman et al. (2019) which has reported
that there was a decline in chlorophyll B content
due to waterlogging compared to control plant.

Copyright © 2022 Universitas Sebelas Maret



Caraka Tani: Journal of Sustainable Agriculture, 37(2), 344-356, 2022 353

The altered chlorophyll B content was resulted
in yellowing in leaves plant. That chlorosis
event was increased along with the level of
waterlogging treatment. Another study showed
an association of reduction in photosynthetic
pigment concentration due to flooding stress
in the plant. Excess watering condition, that
held for a certain period of time, would change
the respiration pathway from aerobic to anaerobic
or fermentation. The fermentation pathway
was less efficient in converting energy from
ADP to ATP. This limitless metabolic available
energy led to inhibition of biological processes,
one of them was photosynthesis. Si improves
the adaptive response of plants by increasing
antioxidant production, binding to metal ions
and deposition of toxic element in plant (Khan
etal., 2019).

In this study, the waterlogging had caused
an increase of ROS which was very damaging
to the plant cell because of its powerful oxidizing
ability. 1t marked by a chlorosis in the leaves
of tobacco as ROS had a harmful effect to
thylakoid membrane and chlorophyll molecules.
Addition of Si fertilizer could suppress the
oxidative damage by improving the antioxidant
protection and decrease the ROS production. Si
supplementation also improve the accumulation
of N, P, K and Zn in leaves and ameliorate
the chlorophyll content in leaves (Igbal et al.,
2021). As Si fertilizer helped the tobacco plant
to improve the root growth and its architecture
under water stress, it also increased the
chlorophyll content in the leaves to run a better
photosynthesis and other metabolism process
related.

CONCLUSIONS

Si fertilization improves the adaptive response
of tobacco crops variety H382 under various
waterlogging conditions which ranged from
50% to 130% field capacity. The adaptive
responses are including a better stomatal
conductance and formation of root aerenchyma,
increase in chlorophyll content in the leaves and
maintaining the plant height and the number
of leaves. The optimal application of 0.45 ml
liquid Si fertilizer under waterlogging escalated
the adaptive response of plants to survive.
Therefore, it is imperative to identify the specific
pathway of Si in which it could increase
the quality of tobacco crops under water stress.

ACKNOWLEDGEMENT

Authors thank to Universal PT. Tempu Rejo
Indonesia for the funding research.

REFERENCES
Arif, Y., Singh, P., Bajguz, A., Alam, P., &
Hayat, S. (2021). Silicon mediated

abiotic stress tolerance in plants using
physio-biochemical, omic approach and
cross-talk  with  phytohormones.  Plant
Physiology and Biochemistry, 166, 278-289.
https://doi.org/10.1016/j.plaphy.2021.06.002

Artyszak, A. (2018). Effect of silicon fertilization
on crop Yyield quantity and quality—A
literature review in Europe. Plants, 7(3), 54.
https://doi.org/10.3390/plants7030054

Barickman, T. C., Simpson, C. R., & Sams,
C. E. (2019). Waterlogging causes early
modification in the the physiological
performance,  carotenoids,  chlorophylls,
proline, and soluble sugars of cucumber plants.
Plants, 8(6), 160. https://doi.org/10.3390/
plants8060160

Biglouei, M. H., Assimi, M. H., & Akbarzadeh,
A. (2010). Effect of water stress at different
growth stages on quantity and quality traits
of Virginia (flue-cured) tobacco type. Plant,
Soil and Environment, 56(2), 67-75.
https://doi.org/10.17221/163/2009-pse

Biswas, J. C., & Kalra, N. (2018). Effect of
waterlogging and submergence on crop
physiology and growth of different crops
and its remedies: Bangladesh perspectives.
Saudi  Journal of Engineering and
Technology, 3(6), 315-329. Retrieved from
https://www.researchgate.net/publication/326
332352 Effect_of Waterlogging_and_Subme
rgence_on_Crop_Physiology and_ Growth of
_Different_Crops_and_Its Remedies Bangla
desh_Perspectives

Cooke, J., & Leishman, M. R. (2016). Consistent
alleviation of abiotic stress with silicon
addition: A meta-analysis.  Functional
Ecology, 30(8), 1340-1357. https://doi.org/
10.1111/1365-2435.12713

Coskun, D., Deshmukh, R., Sonah, H., Shivaraj,
S. M., Frenette-Cotton, R., Tremblay, L.,
Isenring, P., & Bélanger, R. R. (2019). Si
permeability of a deficient Lsil aquaporin

Copyright © 2022 Universitas Sebelas Maret


https://doi.org/10.1016/j.plaphy.2021.06.002
https://doi.org/10.3390/plants7030054
https://doi.org/10.3390/plants8060160
https://doi.org/10.3390/plants8060160
https://doi.org/10.17221/163/2009-pse
https://www.researchgate.net/publication/326332352_Effect_of_Waterlogging_and_Submergence_on_Crop_Physiology_and_Growth_of_Different_Crops_and_Its_Remedies_Bangladesh_Perspectives
https://www.researchgate.net/publication/326332352_Effect_of_Waterlogging_and_Submergence_on_Crop_Physiology_and_Growth_of_Different_Crops_and_Its_Remedies_Bangladesh_Perspectives
https://www.researchgate.net/publication/326332352_Effect_of_Waterlogging_and_Submergence_on_Crop_Physiology_and_Growth_of_Different_Crops_and_Its_Remedies_Bangladesh_Perspectives
https://www.researchgate.net/publication/326332352_Effect_of_Waterlogging_and_Submergence_on_Crop_Physiology_and_Growth_of_Different_Crops_and_Its_Remedies_Bangladesh_Perspectives
https://www.researchgate.net/publication/326332352_Effect_of_Waterlogging_and_Submergence_on_Crop_Physiology_and_Growth_of_Different_Crops_and_Its_Remedies_Bangladesh_Perspectives
https://doi.org/10.1111/1365-2435.12713
https://doi.org/10.1111/1365-2435.12713

354 Caraka Tani: Journal of Sustainable Agriculture, 37(2), 344-356, 2022

in tobacco can be enhanced through
a conserved residue substitution. Plant Direct,
3(8), e00163. https://doi.org/10.1002/pld3.163

Erhenhi, A. H., Lemy, E. E., Vwioko, D. E., &
Imene, O. (2019). Growth of tomato (Solanum
Ilycopersicum L.) under waterlogging
condition. European Journal of Scientific
Research, 152(4), 509-515. Retrieved from
https://www.europeanjournalofscientificresea
rch.com/issues/PDF/EJSR_152_4 09.pdf

Feldman, A. T., & Wolfe, D. (2014).
Tissue processing and hematoxylin and
eosin  staining. In  Day, C. (eds)
Histopathology. Methods in  Molecular

Biology, 1180. New York: Humana Press.
https://doi.org/10.1007/978-1-4939-1050-2_3

Gago, P., Conejero, G., Martinez, M. C., This, P.,
& Verdeil, J. L. (2019). Comparative anatomy
and morphology of the leaves of grenache Noir
and Syrah grapevine cultivars. South African
Journal of Enology and Viticulture, 40(2), 1-
9. https://doi.org/10.21548/40-2-3031

Hartman, S., van Dongen, N., Renneberg, D. M.
H. J., Welschen-Evertman, R. A. M,
Kociemba, J., Sasidharan, R., & Voesenek, L.
A. C. J. (2020). Ethylene differentially
modulates hypoxia responses and tolerance
across solanum species. Plants, 9(8), 1022.
https://doi.org/10.3390/plants9081022

Igbal, Z., Sarkhosh, A., Balal, R. M., Gomez,
C., Zubair, M., llyas, N., Khan, N, &
Shahid, M. A. (2021). Silicon alleviate
hypoxia stress by improving enzymatic
and  non-enzymatic  antioxidants  and
regulating nutrient uptake in muscadine
grape (Muscadinia rotundifolia Michx.).
Frontiers in Plant Science, 11, 618873.
https://doi.org/10.3389/fpls.2020.618873

Khan, A., Khan, A. L., Muneer, S., Kim, Y. H.,
Al-Rawahi, A., & Al-Harrasi, A. (2019).

Silicon and salinity: Crosstalk in crop-
mediated stress tolerance  mechanisms.
Frontiers in Plant Science, 10, 1429.

https://doi.org/10.3389/fpls.2019.01429

Kovacs, S., Kutasy, E., & Csajbok, J. (2022).
The multiple role of silicon nutrition
in alleviating environmental stresses in
sustainable crop production. Plants, 11(9),
1223. https://doi.org/10.3390/plants11091223

Kowalska, J., Tyburski, J., Jakubowska,
M., & Krzyminska, J. (2021). Correction
to: Effect of different forms of silicon
on growth of spring wheat cultivated in
organic farming system. Silicon, 13, 219.
https://doi.org/10.1007/s12633-020-00445-x

Kumar, K. M., Sujatha, K. B., Rajashree, V., &
Kalarani, M. K. (2018). Study on gas exchange
and antioxidant system of solanaceous species
under water logged conditions. Journal
of Agriculture and Ecology, 6, 54-63.
https://doi.org/10.53911/jae.2018.6207

Kurniawan, B. A., Fajriani, S., & Arifian. (2014).
Pengaruh jumlah pemberian air terhadap
respon pertumbuhan dan hasil tanaman
tembakau (Nicotiana tabaccum L.). Jurnal
Produksi Tanaman, 2(1), 59-64. Retrieved
from http://protan.studentjournal.ub.ac.id/
index.php/protan/article/view/79

Li, Y., He, N., Hou, J., Xu, L., Liu, C., Zhang,
J., Wang, Q., Zhang, X., & Wu, X
(2018). Factors influencing leaf chlorophyll
content in natural forests at the biome scale.
Frontiers in Ecology and Evolution, 6, 64.
https://doi.org/10.3389/fev0.2018.00064

Liu, P, Yin, L., Wang, S., Zhang, M.,
Deng, X., Zhang, S., & Tanaka, K. (2015).
Enhanced root hydraulic conductance
by aquaporin regulation accounts for
silicon alleviated salt-induced osmotic
stress in Sorghum bicolor L. Environmental
and Experimental Botany, 111, 42-51.
https://doi.org/10.1016/j.envexpbot.2014.10.0
06

Marques, D. J., Bianchini, H. C., Maciel,
G. M., de Mendonga, T. F. N., & e Silva,
M. F. (2022). Morphophysiological changes
resulting from the application of silicon in
corn plants under water stress. Journal of
Plant Growth Regulation, 41(2), 569-584.
https://doi.org/10.1007/s00344-021-10322-5

Muktianto, R. T., & Diartho, H. C. (2018).
Komoditas tembakau Besuki Na-Oogst dalam
perspektif pembangunan berkelanjutan di
Kabupaten Jember. Caraka Tani: Journal of
Sustainable Agriculture, 33(2), 115-125.
https://doi.org/10.20961/carakatani.v33i2.205
98

Mundada, P. S., Ahire, M. L., Umdale, S. D.,

Copyright © 2022 Universitas Sebelas Maret


https://doi.org/10.1002/pld3.163
https://www.europeanjournalofscientificresearch.com/issues/PDF/EJSR_152_4_09.pdf
https://www.europeanjournalofscientificresearch.com/issues/PDF/EJSR_152_4_09.pdf
https://doi.org/10.1007/978-1-4939-1050-2_3
https://doi.org/10.21548/40-2-3031
https://doi.org/10.3390/plants9081022
https://doi.org/10.3389/fpls.2020.618873
https://doi.org/10.3389/fpls.2019.01429
https://doi.org/10.3390/plants11091223
https://doi.org/10.1007/s12633-020-00445-x
https://doi.org/10.53911/jae.2018.6207
http://protan.studentjournal.ub.ac.id/index.php/protan/article/view/79
http://protan.studentjournal.ub.ac.id/index.php/protan/article/view/79
https://doi.org/10.3389/fevo.2018.00064
https://doi.org/10.1016/j.envexpbot.2014.10.006
https://doi.org/10.1016/j.envexpbot.2014.10.006
https://doi.org/10.1007/s00344-021-10322-5
https://doi.org/10.20961/carakatani.v33i2.20598
https://doi.org/10.20961/carakatani.v33i2.20598

Caraka Tani: Journal of Sustainable Agriculture, 37(2), 344-356, 2022 355

Barmukh, R. B., Nikam, T. D., Pable, A. A,,
Deshmukh, R. K., & Barvkar, V. T. (2021).
Characterization of influx and efflux silicon
transporters and understanding their role in
the osmotic stress tolerance in finger millet
(Eleusine coracana (L.) Gaertn.). Plant
Physiology and Biochemistry, 162, 677—689.
https://doi.org/10.1016/j.plaphy.2021.03.033

Nurhidayati, T., Chanifah, H., Purnobasuki, H.,
Hariyanto, S., & Jadid, N. (2017a). Growth
responses of tobacco (Nicotiana tabacum L.)
varieties to water logging stress. Bioscience
Research, 14(3), 574-581. Retrieved from
https://www.isisn.org/BR-14-2017/574-581-
14(3)2017BR-1488.pdf

Nurhidayati, T., Novitasari, Purnobasuki, H.,
Hariyanto, S., & Jadid, N. (2017b). Profile of
protein levels some tobacco varieties
(Nicotiana tabacum L.) on waterlogging
stress. Proceedings of the International
Conference on Green Technology, 8(1), 180—
186. Retrieved from http://conferences.uin-
malang.ac.id/index.php/ICGT/article/view/
578

Nurhidayati, T., Wardhani, S. P., Purnobasuki,
H., Hariyanto, S., Jadid, N., & Nurcahyani,
D. D. (2017c). Response morphology
and anatomy of tobacco (Nicotiana
tabacum L.) plant on waterlogging. AIP
Conference Proceedings, 1908, 040009.
https://doi.org/10.1063/1.5012723

Pan, J., Sharif, R., Xu, X., & Chen, X. (2021).
Mechanisms of waterlogging tolerance in
plants: Research progress and prospects.
Frontiers in Plant Science, 11, 627331.
https://doi.org/10.3389/fpls.2020.627331

Pan, T., Zhang, J., He, L., Hafeez, A., Ning, C.,
& Cai, K. (2021). Silicon enhances plant
resistance of rice against submergence stress.
Plants, 10(4), 767. https://doi.org/10.3390/
plants10040767

Peng, S. Z., Gao, X. L., Yang, S. H,, Yang, J., &
Zhang, H. X. (2015). Water requirement
pattern for tobacco and its response to
water deficit in Guizhou Province. Water
Science and Engineering, 8(2), 96-101.
https://doi.org/10.1016/j.wse.2015.04.001

Purnobasuki, H., Nurhidayati, T., Hariyanto, S., &
Jadid, N. (2018). Data of root anatomical

responses to periodic waterlogging stress
of tobacco (Nicotiana tabacum) varieties.
Data in Brief, 20, 2012-2016.
https://doi.org/10.1016/j.dib.2018.09.046

Rangwala, T., Bafna, A., Vyas, N., & Gupta, R.
(2019). Beneficial role of soluble silica in
enhancing chlorophyll content in onion leaves.
Current Agriculture Research Journal, 7(3),
358-367. https://doi.org/10.12944/carj.7.3.12

Ranjan, A., Sinha, R., Bala, M., Pareek,
A., Singla-Pareek, S. L., & Singh,
A. K. (2021). Silicon-mediated abiotic and
biotic stress mitigation in plants: Underlying
mechanisms and potential  for  stress
resilient agriculture. Plant Physiology and
Biochemistry, 163, 15-25. https://doi.org/
10.1016/J.PLAPHY.2021.03.044

Schaller, J., Cramer, A., Carminati, A., &
Zarebanadkouki, M. (2020). Biogenic
amorphous silica as main driver for plant
available water in soils. Scientific Reports,
10, 2424. https://doi.org/10.1038/s41598-020-
59437-x

Semenova, N. A., Smirnov, A. A., Grishin,
A. A., Pishchalnikov, R. Y., Chesalin,
D. D., Gudkov, S. V., Chilingaryan, N.
O., Skorokhodova, A. N., Dorokhov, A.
S., & lzmailov, A. Y. (2021). The effect
of plant growth compensation by adding
silicon-containing  fertilizer under light
stress conditions. Plants, 10(7), 1287.
https://doi.org/10.3390/plants10071287

Setyoningrum, F. I., Supriyadi, & Harlianingtyas,
I. (2021). Pengaruh curah hujan dan hari
hujan terhadap produksi tembakau Na-Oogst
di Kabupaten Jember. Agropross: National
Conference Proceedings of Agriculture, 5,
25-33.  https://doi.org/10.25047/agropross.
2021.203

Shi, Y., Zhang, Y., Han, W., Feng, R., Hu, Y.,
Guo, J., & Gong, H. (2016). Silicon enhances
water stress tolerance by improving
root hydraulic conductance in Solanum
lycopersicum L. Frontiers in Plant Science, 7,
196. https://doi.org/10.3389/fpls.2016.00196

Siregar, A. F., Sipahutar, I. A., Husnain, &
Masunaga, T. (2020). Beneficial effect of
silicon application and intermittent irrigation
on improving rice productivity in Indonesia.

Copyright © 2022 Universitas Sebelas Maret


https://doi.org/10.1016/j.plaphy.2021.03.033
https://www.isisn.org/BR-14-2017/574-581-14(3)2017BR-1488.pdf
https://www.isisn.org/BR-14-2017/574-581-14(3)2017BR-1488.pdf
http://conferences.uin-malang.ac.id/index.php/ICGT/article/view/578
http://conferences.uin-malang.ac.id/index.php/ICGT/article/view/578
http://conferences.uin-malang.ac.id/index.php/ICGT/article/view/578
https://doi.org/10.1063/1.5012723
https://doi.org/10.3389/fpls.2020.627331
https://doi.org/10.3390/plants10040767
https://doi.org/10.3390/plants10040767
https://doi.org/10.1016/j.wse.2015.04.001
https://doi.org/10.1016/j.dib.2018.09.046
https://doi.org/10.12944/carj.7.3.12
https://doi.org/10.1016/J.PLAPHY.2021.03.044
https://doi.org/10.1016/J.PLAPHY.2021.03.044
https://doi.org/10.1038/s41598-020-59437-x
https://doi.org/10.1038/s41598-020-59437-x
https://doi.org/10.3390/plants10071287
https://doi.org/10.25047/agropross.2021.203
https://doi.org/10.25047/agropross.2021.203
https://doi.org/10.3389/fpls.2016.00196

356 Caraka Tani: Journal of Sustainable Agriculture, 37(2), 344-356, 2022

Jurnal  Agronomi Indonesia (Indonesian
Journal of Agronomy), 48(1), 15-21.
https://doi.org/10.24831/jai.v48i1.29378

Wang, X., Deng, Z., Zhang, W., Meng, Z.,
Chang, X., & Lv, M. (2017). Effect of
waterlogging duration at different growth
stages on the growth, yield and quality of
cotton. PLoS ONE, 12(1), e0169029.
https://doi.org/10.1371/journal.pone.0169029

Wardhono, A., Arifandi, J. A., & Indrawati, Y.
(2019). The quality development of Besuki
Na-Oogst tobacco in Jember Regency. Jejak,
12(1), 190-203. https://doi.org/10.15294/
jejak.v12i1.15494

Wardhono, A., Arifandi, J. A., Indrawati, Y.,
Nasir, M. A., & Qori’ah, C. G. (2021).

Improving  tobacco  Besuki  Na-Oogst
competitiveness: Does tobacco still at
a crossroads? Journal of Management and
Business Environment (JMBE), 2(2), 141-161.
https://doi.org/10.24167/jmbe.v2i2.2909

Zambrano Najera, J. del C., & Ortega, O. (2021).
Effect of climate change on burley tobacco
crop calendars. Revista Facultad Nacional de
Agronomia Medellin, 74(1), 9441-9451.
https://doi.org/10.15446/rfnam.v74n1.88867

Zargar, S. M., Mahajan, R., Bhat, J. A., Nazir,
M., & Deshmukh, R. (2019). Role of silicon
in plant stress tolerance: Opportunities
to achieve a sustainable cropping system. 3
Biotech, 9, 73. https://doi.org/10.1007/s13205-
019-1613-z

Copyright © 2022 Universitas Sebelas Maret


https://doi.org/10.24831/jai.v48i1.29378
https://doi.org/10.1371/journal.pone.0169029
https://doi.org/10.15294/jejak.v12i1.15494
https://doi.org/10.15294/jejak.v12i1.15494
https://doi.org/10.24167/jmbe.v2i2.2909
https://doi.org/10.15446/rfnam.v74n1.88867
https://doi.org/10.1007/s13205-019-1613-z
https://doi.org/10.1007/s13205-019-1613-z

	Soil Drenching with Silicon Improves the Adaptive Response of Tobacco Cultivation under Excess Water Condition
	Abstract
	Keywords: abiotic stress; chlorophyll content; H382; stomatal density; waterlogging
	Cite this as: Sinatrya, A. N., Soeparjono, S., & Setiawati, T. C. (2022). Soil Drenching with Silicon Improves the Adaptive Response of Tobacco Cultivation under Excess Water Condition. Caraka Tani: Journal of Sustainable Agriculture, 37(2), 344-356. ...
	INTRODUCTION
	MATERIALS AND METHOD
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES

