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analysis under different salt concentration
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Abstract

Proso millet (Panicum miliaceum L.) is one of the commercially most important millet crop. Different
concentrations (50mM, 100mM, 150mM and 200mM) of NaCl salt stress were imposed to proso millet
plants in order to study the tolerance of proso millet towards salinity stress. To understand the response
of proso millet plants towards the salinity stress, studies were conducted on the synthesis of proline,
malondialdehyde (MDA) and total soluble sugars. Salt stress-imposed plants expressed increased level of
these metabolites. In addition to this, decrease in chlorophyll content, relative water content (RWC) and
chlorophyll stability index was observed under salt stress conditions. In case of water saturation deficit
(WSD), it showed indirect relationship with RWC. Based on these results, the potential salinity-related
candidate genes or quantitative traits may be isolated and characterized from proso millet.
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1. Introduction

Growth of the plants has been greatly affected by abiotic stresses such as high salinity, drought
and low temperature or chilling stress. The productivity of the crop plants might be decreased
in a large quantity as severe salt stress will lead to suppression of plant growth and
development. Soil salinization is one of the most significant threat to sustainable agricultural
production and ecological balance world-wide (Litalien & Zeeb, 2020) [*°, Soil salinity is one
of the worst factors which prevent the yield of crops, by significantly effecting the plant
growth and development. One of the most important factors that is contributing to the crop
loss across the globe is salt stress. Approximately 6.5% of the world’s arable and marginal
soils are either saline or sodic was estimated based on the soil surveys conducted by the Food
and Agriculture Organization of the United Nations (FAO) between 1970 and 1980 (FAO,
2016) 1,

Proso millet (Panicum miliaceum L.) which has been also known as broom corn millet, white
millet, common millet or hog millet is one of the most important minor millet crop. It is an
allotetraploid plant (2n=4x=36), self-pollinated (sometimes, cross-pollination may surpass
10%), belonging to the Panicoideae subfamily, with an estimated genome size of 1020.5 Mbp
(Kubesovi et al., 2010) [24],

Large number of physiological and biochemical strategies are developed by plants to cope up
with the stresses (Pastori & Foyer, 2002) 8. During the imposition of salinity stress
morphological, physiological, and biological responses of the plants are altered (Amirjani,
2010) Bl The present study was undertaken to understand the impact of salinity stress on Proso
millet in terms of physiological and biochemical components.

2. Material and Methods

2.1 Plant material

Proso millet seeds [Panicum miliaceum L. variety ATL-1] were collected from Department of
millets, Tamil Nadu Agricultural University, Coimbatore (11.0231° N, 76.9286° E). Seeds
were sown in paper cups containing compost: coir pith in 1:1 ratio and maintained in
greenhouse condition. As proso millet seeds will be in dormant stage, these seeds are treated
with 10% sodium hypochlorite (NaOCI) for 10 minutes to improve germination before sowing.
After 2 weeks, proso millet plants were transferred to the pots containing Yoshida media (pH-
6.8). Salt stress study was conducted in 6 weeks old proso millet plants at O hour, 3 hours, 6
hours, 9 hours and 12 hours after imposition of stress under different salt concentrations i.e.,
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50mM NacCl, 100mM NacCl, 150mM NaCl and 200mM NaCl.
One pot was maintained as control. Three replicated samples
were collected in both control and salt stressed plants for each
treatment. With these samples physiological and biochemical
parameters such as relative water content (RWC), water
saturation deficit (WSD), chlorophyll stability index (CSI),
chlorophyll content, proline content, malondialdehyde (MDA)
content were determined.

2.2 Physio-biochemical analysis of salt stress tolerance
2.2.1 Chlorophyll content

Chlorophyll content in salt stressed plant samples were
estimated by DMSO method using the procedure given by
Hiscox and lIsraelston (1979) Y4 About 100 mg of leaf
sample was cut into small pieces and transferred to test tubes
containing 10 ml of DMSO solvent. The test tubes were
incubated at 60 °C in a water bath for one hour. The tissues
were fully decolorised in this time interval. Following this,
the tubes were cooled at room temperature for 30 minutes.
Later it was filtered and the absorption of the filtrate was
measured at 665 and 648 nm against a blank (DMSO solvent)
using SHIMADZU UV Spectrophotometer-1800.

Chlorophyll a, b and total chlorophyll concentration was
determined by the following formulae (Barnes et al., 1992)
and expressed as mg/g fresh weight.

Chlorophyll a (mg/g F.W) = (14.85 Asgss - 5.14 Agas).
Chlorophyll b (mg/g F.W) = (25.48A¢4s - 7.36 Asss).

Total Chlorophyll (mg/g F.W) = (7.49 Asgs + 20.34 Asas).

Where, the absorbance at 665 nm is expressed as Asgsand the
absorbance at 648 nm is expressed as Agas.

2.2.1 Relative water content (RWC)

Leaf samples were collected from both control and salt
stressed plants at different time intervals for RWC analysis.
Fresh weight (FW) of leaf samples was recorded and then
these samples were immersed in double distilled water for 8 h
at room temperature. Later these leaf samples were taken out
and wiped with tissue paper to remove extra water and the
turgid weight (TW) of these leaf samples were measured.
Finally, the dry weight (DW) of leaves was measured after
24h of incubation in a hot air oven at 80 °C. The formula to
calculate the relative water content:

RWC(%) = [(FW-DW)/(TW-DW)] x 100

The water saturation deficit (WSD) was calculated using the
formula,

WSD = 100-RWC (%)

2.2.3 Chlorophyll stability index (CSI): Chlorophyll
stability index was measured based on the protocol described
by Kaloyereas (1958) [*? and expressed in percentage (%).

Total Chlorophyll Content (Stressed) <
Total Chlorophyll Content (Control)

100

Chlorophyll stability index =

2.2.4 Proline: Proline content of the leaf samples was
estimated according to the method developed by Bates et al.,
(1973) Bl Proline concentration was determined from the
standard graph and expressed as pmol proline g*.

_ pg proline/ml x ml toluene x 5

Proline =

-1
moles
115.5/mole x g sample H g
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2.2.5 Malondialdehyde content

The level of lipid peroxidation was quantified by
measurement of malondialdehyde (MDA) in both control and
stressed leaves as described by Heath and Packer, (1968) 1
as determined by the reaction of thiobarbituric acid.

2.2.6 Total Soluble Sugars

The estimation of total soluble sugars (TSS) was carried out
based on the method described by Yemm and Willis, (1954)
(18] Based on a standard curve generated from a graded
concentration of glucose, the total soluble sugars were
determined and expressed as mg g-1 of FW.

2.3 Statistical analysis: Using complete randomized design,
the statistical analysis of physiological and biochemical
analysis was performed. The results were interpreted as mean
+ S.E. Duncan’s multiple range test (DMRT) was performed
with the help of WASP computer software 1.0.

3. Results and Discussion

3.1 Physiological analysis of salt stress tolerance

In the present study conducted, salinity stress of different
concentrations has been induced to 6 weeks old plants to
create a water deficit stress, in order to know how the plants
will react under stress. As the salinity stress level increased,
the reduction in the chlorophyll content has been observed.
The reduction in chlorophyll concentration was possibly
accompanied by the oxidative stress that damages the
thylakoids' membrane and leads to degradation of chlorophyll
(Pinto et al., 2016) 7], In the present study, chlorophyll a,
chlorophyll b and total chlorophyll content recorded 1.25,1.22
and 1.26 fold reduction in 50mM NacCl, 1.33, 1.44 and 1.36
fold reduction in 100mM NaCl, 1.39,1.66 and 1.45 fold
reduction in 150mM NaCl and 1.43, 2.09 and 1.55 fold
reduction in 200mM NacCl respectively.

Relative water content has been significantly reduced in
plants which are affected with salt stress. Higher RWC was
observed in all plants under control conditions. But the
increased water saturation deficit has led to greater degree of
plant salt stress. In the study we have conducted, it shows
that, under control condition RWC ranges from 85% to 90%
whereas in salt stressed condition at different concentrations it
ranged from 78% to 84% for 50mM NaCl, 76% to 81% for
100mM NacCl, 76% to 82% for 150mM NaCl and 70% to
85% for 200mM NaCl (Fig 1.). The water saturation deficit
(WSD) was lower in control plants and higher in salt stressed
plants (Fig 2.). In rice plants, salinity stress was reduced by
relative water content. When plants are exposed to salinity,
they initially confront an osmotic challenge, which lowers
root water uptake. Low relative water content in the cells has
been entailed when there is low/no water uptake by roots due
to transpiration pull induced by ABA mediated stomata
closure (Blatt & Armstrong 1993) I,

Chlorophyll stability index (CSI) is one of the important
indication of plants’ tolerance capacity against salinity stress.
If the CSI value is high, it indicates that plants’ chlorophyll
content has not been much affected by salt stress. As NaCl
level increased, the CSI percentage showed a decreasing trend
in Lasiurus scindicus Henrard (Gadi and Goswami, 2016) &,
Decrease in CSl percentage in Pisum sativum was also
recorded and suggested that it is an effective technique or
marker for identifying stress-tolerant genotypes under ideal
environments (Ahmad et al., 2008) [,
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Table 1: Effect of salt stress on the chlorophyll content in 6-week-old proso millet leaves

Treatment| Chlorophyll a (mg g of fresh tissue) | Chlorophyll b (mg g of fresh tissue) | Total Chlorophyll (mg g of fresh tissue)
50 100 | 150 | 200 50 100 | 150 | 200 50 100 150 200
mM | mM | mM | mM Control mM | mM | mM | mM Control mM mM mM mM
0" hour 2.36+ | 237+ | 2.33+ | 2.37+| 2.35¢+ | 0.71+ | 0.66+ |0.64+| 0.62+ [ 0.59+ | 3.07+ | 3.03+ | 2.99+ | 3.01+ | 2.98+
0.024 | 0.0282 | 0.031#|0.025%|0.026%| 0.028 | 0.020% |0.0172| 0.023% |0.023%| 0.02 0.041@ | 0.055% | 0.052% | 0.0782
34 hour 2.34+ | 223+ | 2.14+ | 2.09+ | 2.05+ | 0.68+ | 0.61+ [0.56+ | 0.54+ [ 0.49+ | 3.05+ | 2.85+ | 2.69+ | 2.64+ | 2.54+
0.035 | 0.029° | 0.02° |0.023|0.026°| 0.034 |0.017%°|0.023°|0.023%|0.024°| 0.072 | 0.029° | 0.058° | 0.057° | 0.043°
6 hour 2.35+ | 1.95+ | 1.93+ | 1.85+|1.78+ | 0.63+ | 0.58+ |[0.52+ | 0.49+ [ 0.48+| 3.01+ | 2.54+ | 2.45+ | 2.36+ | 2.26%
0.014 | 0.02¢ |0.017°|0.017¢|0.020¢| 0.029 |0.020°|0.023"|0.023%|0.026°| 0.029 0.04° | 0.041¢| 0.052¢ | 0.078
9t hour 233+ | 1.89+ | 1.82+ | 1.75+ | 1.69+ | 0.67+ | 0.57+ | 0.45+| 0.42+ |0.41+| 3.02+ | 2.48+ | 2.28+ | 2.17+ | 2.1+
0.008 |0.018%|0.014910.023¢|0.026¢| 0.029 |0.024|0.020°|0.032°¢|0.020°| 0.026 | 0.036% | 0.041¢ | 0.037¢ | 0.011°
227+ | 1.87+ | 1.76+ | 1.68+ | 1.63+ | 0.63+ | 0.53%+ | 0.45+| 0.39+ [ 0.31+| 2.91+ 24+ | 222+ | 2.08+ | 1.95+

Control

th
127 hour 0.014 |0.017¢]0.023910.023%]0.028¢| 0.023 | 0.020° |0.014¢| 0.0329 |0.035°| 0.017 | 0.036¢ | 0.027¢ | 0.026¢ | 0.058°
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Fig 1: Effect of salt stress on relative water content in proso millet leaves of 6week old plants.
Data are presented as mean + standard error (n=5)
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Fig 2: Effect of salt stress on water saturation deficit in proso millet leaves of 6 week old plants.
Data are presented as + standard error (n=5)
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Fig 3: Effect of salt stress on chlorophyll stability index in proso millet leaves of 6 week old plants. Data are presented as mean +
standard error (n=5)

3.2 Biochemical analysis of salt stress tolerance

In salinity stress, proline accumulation is a primary defence in
order to maintain osmotic pressure in a cell. Compared to
control plants, the proline content was high in salt stressed
plants. It is one of the most crucial biochemical index for the
response of plants to salinity stress. It supports the growth of
plants and also survival under stress conditions. Osmotic
adjustment at the cellular level may be facilitated with proline
accumulation. Proline acts as the molecular chaperone, ROS
scavenger, osmoprotectant, an oxidative defence molecule,
metal chelator and a signalling molecule during stress (Hayat
etal., 2012) I,

The peroxidation of the membrane's fatty acids by peroxy
radicals, which produced the malondialdehyde (MDA), the

end product of the lipid peroxidation (Kotchoni et al., 2006)
[13]

In the present study, salt stressed plants showed increased
proline and MDA content level 2.245 and 1.429 times in
50mM NacCl, 2.573 and 1.44 times in 1200mM NacCl, 2.81 and
1.52 times in 150mM NaCl and 3.66 and 1.6 times in 200mM
NaCl respectively (Figs. 4 & 5).

A typical osmoprotectant, soluble sugar can sustain turgor
pressure and stabilize cellular membranes. In salt stressed
leaves, total soluble sugar (TSS) content was 1.48 times high
in 50mM NaCl, 2.066 times high in 100mM NaCl, 2.199
times high in 150mM NaCl and 2.76 times high in 200mM
NaCl compared to the control plants.
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Fig 4: Effect of salt stress on proline content in proso millet leaves of 6 week old plants. Data are presented as mean =+ standard
error (n=5)
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Fig 5: Effect of salt stress on malondialdehyde content in proso millet leaves of 6 week old plants. Data are presented as mean + standard error
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Fig 6: Effect of salt stress on total soluble sugar content in proso millet leaves of 6 week old plants. Data are presented as mean + standard error

4. Conclusion

Plants are impacted by salinity stress at every stage of their
life cycles, from germination to maturity. Numerous
physiological, biochemical, and molecular adaptations have
been made by plants to help them cope with, avoid, or tolerate
salinity stress. In our work, numerous physio-biochemical
analyses showed the significance of the biochemical
components in the proso millet's salinity stress tolerance
mechanism. By identifying and characterizing prospective
candidate genes implicated in salinity stress tolerance, this
analysis can be further strengthened. These genes can then be
expressed to create crops that can withstand stress.

5. Acknowledgements

I, Bipin K B gratefully acknowledge the Indian Council of
Agriculture Research (ICAR), Government of India for
granting Junior Research Fellowship. | am extremely thankful
to the Department of Biochemistry for providing the lab
facilities. The facilities extended by the Director, Centre for
Plant Molecular Biology and Biotechnology is acknowledged.

(n=5)

= o

6.

~868 "™

. References

Ahmad P, Sarwat M, Sharma S. Reactive oxygen species,
antioxidants and signaling in plants. Journal of Plant
Biology. 2008;51(3):167-173.

Alfocea FP, Estan MT, Caro M, Bolarin MC. Response of
tomato cultivars to salinity. Plant and  soil.
1993;150(2):203-211.

Amirjani MR. Effect of salinity stress on growth, mineral
composition, proline content, antioxidant enzymes of
soybean. American Journal of Plant Physiology.
2010;5(6):350-360.

Barnes JD, Balaguer L, Manrique E, Elvira S, Davison
AW. A reappraisal of the use of DMSO for the extraction
and determination of chlorophylls a and b in lichens and
higher plants. Environmental and Experimental botany.
1992;32(2):85-100.

Bates LS, Waldren RP, Teare ID. Rapid determination of
free proline for water-stress studies. Plant and soil.
1973;39(1):205-207.

Blatt MR, Armstrong F. K* channels of stomatal guard


https://www.thepharmajournal.com/

The Pharma Innovation Journal

cells: abscisic-acid-evoked control of the outward rectifier
mediated by cytoplasmic pH. Planta. 1993;191(3):330-
341,

7. FAO. Saline Soils and Their Management. Food and
Agriculture Organization of the United Nations, 2016.

8. Gadi BR, Goswami B. Effect of salt stress on early
seedling growth and chlorophyll stability index of
Lasiurus sindicus Henr: Endemic to Indian Thar desert.
Biochem. Cell Arch. 2016;16:103-106.

9. Hayat S, Hayat Q, Alyemeni MN, Wani AS, Pichtel J,
Ahmad A. Role of proline under changing environments: a
review. Plant signaling & behavior. 2012;7(11):1456-
1466.

10.Heath RL, Packer L. Photo peroxidation in isolated
chloroplasts: 1. Kinetics and stoichiometry of fatty acid
peroxidation. Archives of biochemistry and biophysics.
1968;125(1):189-198.

11.Hiscox JD, Israelstam GF. A method for the extraction of
chlorophyll from leaf tissue without maceration. Canadian
journal of botany. 1979;57(12):1332-1334.

12.Kaloyereas SA. A New Method of Determining Drought
Resistance. Plant Physiology. 1958;33(3):232.

13.Kotchoni SO, Kuhns C, Ditzer A, Kirch HH, Bartels D.
Over expression of different aldehyde dehydrogenase
genes in Arabidopsis thaliana confers tolerance to abiotic
stress and protects plants against lipid peroxidation and
oxidative  stress. Plant, cell & environment.
2006;29(6):1033-1048.

14.Kubesova MAGDALENA, Moravcova L, Suda J, Jarosik
V, Pysek P. Naturalized plants have smaller genomes than
their non-invading relatives: a flow cytometric analysis of
the Czech alien flora. Preslia. 2010;82(1):81-96.

15.Litalien A, Zeeb B. Curing the earth: A review of
anthropogenic soil salinization and plant-based strategies
for sustainable mitigation. Science of the Total
Environment. 2020;698:134-235.

16.Pastori GM, Foyer CH. Common components, networks,
and pathways of cross-tolerance to stress. The central role
of “redox” and abscisic acid-mediated controls. Plant
physiology. 2002;129(2):460-468.

17.Pinto SDS, Souza AED, Oliva MA, Pereira EG. Oxidative
damage and photosynthetic impairment in tropical rice
cultivars upon exposure to excess iron. Scientia Agricola.
2016;73:217-226.

18.Yemm EW, Willis A. The estimation of carbohydrates in
plant extracts by anthrone. Biochemical journal.
1954;57(3):508.

~869 "™

https://www.thepharmajournal.com



https://www.thepharmajournal.com/

