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Abstract

The major proportion of chloride salts have been observed in the saline soils of Pakistan in the forms of chlorides of
Na', Ca®" and Mg®'. The saline soils of coastal areas have plenty of chloride salts, which create physiological drought,
osmotic imbalance and ion toxicity to various plant species. Nonetheless, the adverse effect of CI" may vary with types of
salt and species of plant. This pot experiment reports the effect of 120 mol m™ concentration of different salts of CI” on the
growth, ion contents and yield of little millet crop. The salinity treatments consist of Sy: Control (No salts), S;: NaCl, S;:
MgCl,, S5: CaCl,, S4: mixture of NaCl, MgCl, and CaCl,, (1:1:1) and Ss: salt efflorescence. The results indicate the adverse
impacts of all chloride salts on plant growth, yield and internal chemical compositions of plant biomolecules. In comparison
of control treatment (S,), the maximum decrease in plant height by 13.97%, number of tillers by 27.42%, root biomass by
45.92% and grain and straw yield by 31.78% and 14.83% respectively was observed in treatment S;. Moreover, the
concentration of toxic elements like sodium and chloride were observed significant at (p<0.05) in S; and Ss treatments.
Similarly, the concentration of effective ion nitrogen, phosphorus and potassium were suppressed and found lowest in S, S,,
S, by 74.21%, 40.21%, 35%% respectively. It is concluded that, the chlorides of sodium at the concentration of 120 mol m™
are highly toxic for growth and biochemical properties in comparison to other salts of the chlorides and salt efflorescence.
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Introduction

Salinity has long been considered as a great threat to
crop productivity, physico-chemical properties of arable
soil on large scale especially in arid and semi-arid regions
(Marschner, 1995; Lashari ef al., 2013), which is going to
be very severe for fertile soil; as the world’s climate is
getting warmer and drier day by day (Wang et al., 2003;
Lu. ef al., 2015). It is estimated that about 1128 Mha of
land on the globe is affected by salinity and sodicity
(Wicke et al., 2011). Salinity threats global food security
and up to 1.5 Mha is losing crop production every year
(Munns & Tester, 2008). Yet, this will definitely raise the
risk of world food production capacity under climate
change as the increasing salt stress would result in a
decline in crop productivity up to 50% of total arable
lands in mid of the 21* century (Mahajan & Tuteja, 2005;
Turan et al., 2009).

Soil salinity impacts on water and nutrient uptake by
plant due to the high osmotic potential by salt (Lashari et
al., 2015), damaging crop growth and development
(Munns & Tester, 2008; Yasir et al., 2021). Again, soil
salinity impacts on the quantity, restricting soil
biochemical functionality (Rietz & Haynes, 2003; Lu et
al., 2015). Reduction in soil microbial biomass and
community structure have also been reported in salt-
stressed soils due to salt-stress and associated degradation
of bio-physical properties (Lashari ez al., 2018). Among
the all phyto-toxic ions, excess concentration of chloride
ions (CI') has been claimed as one of the most dominant
and toxic anions present in the saline soils of Sindh (Sial,
1985; Rajpar & Sial, 1997). Chloride disturbs the
physiological mechanisms of plant especially reduce the
uptake of essential anions such as nitrates, phosphate and
sulphates which are required to plant for progressive

growth and development (Sairam et al., 2002; Yang et al.,
2018). Infact excessive chloride concentration in soil/root
medium induces adverse impacts on plant photosynthesis
processes, nutrient quality, chlorophyll content,
respiration, transpiration, pre-dawn leaf water potential,
stomatal density and conductance, leaf area index and
yield (Nan et al., 2016).

In case of salt study, chlorides of Na” may become
more toxic and injurious to plants compared to other salts
of chloride such as chlorides of calcium, magnesium,
barium and lithium. At equal concentrations the mixture
of chloride salts can be non-effective, nonreactive to
plants compared with pure concentration of sodium
chloride salt. However, some findings indicate that every
plant has its own tolerance levels to the variety of salts
and ecosystem of the environment (Kumar et al., 2005;
Rajpar et al., 2018).

Little millet throughout crop history known as an
ancient and important cereal crop botanically named
(Panicum miliare L.) belongs to the family Poaceae.
Minor millets were observed important food crops of the
past century and presently claimed as the future food
security, considering ill effects of global warming and
climate change. Millets crop has the potential to be
adopted in wide range of temperatures, humidity, soil
moisture regimes and input conditions. It can be a
potential option for providing food and feed to millions of
small holders of dry land and domestic animals.
Moreover, little millet as a C, plant has the ability of
carbon sequestration and improves agro-biodiversity
(Brahmachari et al., 2019). Grain product of little millet is
highly value added food and beverages in developing
countries. However, millets do not contain gluten and
therefore advisable for stomach (abdominal) patients
(Chandrasekara and Shahidi 2010). This crop can be
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grown around the year for fodder purpose and especially
in summer for grain purpose. Byproduct grain used is a
rich source of food containing mineral and dietary
elements, malting and beverages. However, some
considerable findings related salt-tolerance and pure line
selection of little millet under dry land farming system
has already been studied by (Pradhan et al., 2011). Little
millet is a highly important crop but which is less
cultivated in tropical and sub-tropical regions of the
world. However, having greater resistance to pests and
diseases, it can tolerate salinity, drought, water logging
and has high adoptability to the wide range of
environment and produce good yield even at low inputs.
Some relevant literature also indicates that it can survive
under drought and salinity stress (Zhu, 2001). In lower
regions of Pakistan especially in Sindh province little
millet crop grown randomly in different areas. But most
of growers are unaware to get potential yield through the
utilization of their degraded land resources. Keeping these
views, the study was designed to focus the salt variability,
crop response and bioaccumulation, which is not reported
before on priority bases.

Materials and Methods

To evaluate the effects of chloride salts on growth
and biochemical properties of Little millet, a pot
experiment was conducted at Greenhouse Centre for Bio-
saline Agriculture, Department of Soil Science, Sindh
Agriculture  University Tandojam  (25°25°35.68'N,
68°32°22.31'E). Experiment was organized with six
treatment (Sy=control, S;= NaCl, S,= MgCl,, S;= CaCl,,
S,= mixture of chloride salts Na, Mg and Ca and Ss= salt
extract at 120 mM). The salts of chloride (NaCl, MgCl,
and CaCl,) laboratory grade were purchased from Merck
Germany. Salt solutions were prepared using chlorides of
sodium, magnesium, calcium and mixture of three salts at
(120 mM). And also salt was extracted from the salt
efflorescence having 120 mM concentration. Physical
growth; yield, ion uptake in leaf cells and salt
accumulation in soil was recorded.

Soil used for pot experiment: Fresh fertile plough layer
of soil (0-20 cm) was collected from experimental site of
Sindh Agriculture University Tando Jam. Initially soil
was air-dried, pulverized and sieved from 5 mm sieve
and filled in plastic pots having height 30 cm and
diameter 18.5, filled with approximately 10 kg dry soil.
After filling these pots were organized in a randomized
complete block design in the experimental area of
Greenhouse.

Physico-chemical properties of soil: The soil used for
experiment purpose was clayey loam in texture (26.30%
sand, 35.09% silt and 38.61% clay), non-saline ECe <
2.12 dS m’, slightly alkaline pH 7.8, non-sodic ESP <
4.89, moderately calcareous CaCO; 93.2 g kg™, having
normal range of basic cations and anions (Calcium 6.50,
magnesium 3.80 and sodium 4.34 meq L™). Organic
matter 10.27 g kg, total nitrogen 0.51 g kg, available
phosphorus 0.039 g kg and with adequate concentration
of potassium 0.1783 g kg'. At the time of harvest, soil
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sample was collected from all experimental pots for the
analysis of soil chemical properties.

Raising of plants: Initially, all the filled pots with
fertile soil were irrigated to reach field capacity. After
that, surface of filled soil was opened up to 20 cm with
the help of hand tools and then pulverized thoroughly
and leveled equally in the filled pots. After that fifteen
pre-soaked seeds of little millet were sown in pots up
to a depth of 2 cm. After sowing, all pots were covered
with green fiber net to avoid the quick loss of soil
moisture from the soil due to increasing degree of day
temperature. Twenty days later, when all seedlings
were completely grown up, the rouging was done to
keep five plants in each pot for further observation and
application treatments.

Preparation of different CI° salts and salt
efflorescence solutions: For the application of chloride
water, salts of NaCl, MgCl, CaCl, and mixture of all
three salts solution were prepared by calculating
molecular weight of salt at 1M in distilled water. The
solution were further diluted and prepared 120 mM
before application. For salt efflorescence, salt crust of
saline soil was collected and extracted using distilled
water, obtained initial salt concentration throughout
extracting process were further diluted up to the
concentration of 120 mM under laboratory conditions
and were applied to crop. Applications of all chlorides
salts were applied twice in week as per field capacity
levels and followed by once with non-saline water to all
treatments for refreshing the soil properties.

Fertilizers applications: Recommended rate of nitrogen
180 kg ha and phosphorus 90 kg ha was applied to each
pot by using the fertilizer urea and di-ammonium
phosphate. The di-ammonium phosphate fertilizer was
grinned in a pestle mortar and dissolved in distilled water,
filtered from cotton cloth and equally distributed to all
pots at the time of sowing. One third of urea was applied
at the time of sowing and remaining quantity of urea
fertilizer was applied in three splits.

Plant sampling and analysis for ion content: Plants leaf
samples at the maturity stage were collected for the
analysis of ion content in leaf sap. A portion about 4.0 g
of fresh green leaves were chopped into small pieces,
placed in a plastic centrifuge tube and frozen at -16 °C for
the two of weeks (Cuin & Shabala, 2007). The frozen leaf
samples were further homogenized using glass rods and
then centrifuged at 10000 x g for 25 minutes to obtain the
clear supernatant leaf sap. For total nitrogen and
phosphorus determination, 6 mL of the supernatant leaf
sap was digested with concentrated H,SO, at 280°C on an
electric hot plate few drops of H,O, were added to
increase the rate of digestion. For determination of ion
contents of Na*, K™ and CI', the leaf sap was diluted 1:50
with deionized water and measured directly using
methods (Cuin & Shabala, 2007; Chen et al., 2007). At
the same time for all mentioned analysis, a blank sample
was processed with the same procedure.
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Data processing and analysis: All recorded data from pot
experiments including soil and plant were expressed as
mean = SD. Observed data were processed using Microsoft
Excel 2007 and statistical analysis was done with SPSS,
version 16.0, 2001 (SPSS Institute, Chicago, IL, USA).
Significance for differences between the treatment means
was examined by one-way analysis of variance (ANOVA),
with a probability defined at (»p<0.05).

Results

Soil properties: The soil treated with chloride of Na",
Mg®*, Ca®’, mixture of chloride salts and salts
efflorescence solutions were shown a typical condition
as represented by saline soils at the time of plant
harvesting v/s control (not added chloride salts), data
presented in (Table 1). In compression with control
treatment the plants of little millet under pot experiment
were treated with chloride salts of Na', Mg®", Ca®",
mixture of chloride salts of (Na, Mg, Ca) and salt
efflorescence appeared to be slightly increased soil
salinity. Comparatively the maximum soil salinity was
observed in treatment S; followed by S, and it was
higher by 65% and 50% respectively compared to other
chloride salts and salts efflorescence. 50% where the soil
was treated with 120 mM NaCl and salt mixture as
compared to other chloride salts solution and salt
efflorescence extract. Similarly, the soil pH was
increased in treatment S,, S; and S,;. The maximum soil
pH was increased 7.32%, 6.20% and 3.79% where the
120 mM CaCl,, MgCl, and mixture of chloride salt were
used for irrigation purpose. The significant accumulation
of Na" (94.03% and 92.02%), CI" (83.01% and 75.04%)
was observed in experimental soil after the harvest of
little millet in treatment S; and S, respectively, where
the experimental soil was treated with the salt of NaCl
and mixture of chloride salts in comparisons of other
salts treatment. Soil bicarbonates (HCOj3) were

1591

increased up to toxic limits in Ss, where the sources of
salts to plants were used salt efflorescence extract.

Crop growth and yield: The applications of chloride
salts solutions significantly and adversely affected plant
growth related components such as plant growth, root
biomass, number of tillers plant”, biomass production
grain and straw plant”. The maximum decrease over the
control treatment in plant height by 13.97%, tillers plant™
by 27.42, root biomass by 45.92%, straw and grain yield
by 31.78 and 14.83% was observed in treatment S;, where
the plants were treated with120 mM NacCl (Table 2).

Ion accumulation in leaf sap: Majority of chloride salts
caused ion toxicity and suppressed effective nutritional
transport in plant biomolecules. Data presented (Table 3)
indicates significant decrease in major nutrient content in
plant leaf cell sap. The maximum decrease in plant cell
sap nitrogen, potassium and K/Na ratio was observed in
treatment S; by 75.21, 35.00 and 85.37% respectively,
while the maximum cell sap phosphorus was decreased in
treatment S;. Moreover, the magnesium content was
significantly increased in all over treatment except control
treatment Sy, while high content of leaf cell sap calcium
by 40.94% and low content of leaf sap phosphorus by
40.21% was observed where 120 mM CacCl, solution was
source of irrigation for plants. Meanwhile, sodium Na*
and chloride CI' content in leaf sap was significantly
increased in all treatment v/s control (Fig. 1A). The
maximum leaf sap Na’ content was observed in treatment
S; and S5 by 78.80% and 75.21% respectively, where 120
mM NaCl and salt extract was applied to plant as a source
of irrigation. While the content of cell sap Cl° was
variable in all treatments shown (Fig. 1B). However, the
maximum concentration of leaf sap chloride by 75.02%
was observed in treatment S,, where the mixture of
chloride salts of (Na*, Ca*", Mg*") was applied to crop as
a source of irrigation.

Table 1. Effect of Chloride salts and salt extract on chemical properties of soil after harvesting of little millet (Panicum maliare L..)

Treatments ECe (dS m™) pH Ccr HCO;y Ca* Mg** Na*
SO 2.03+0.21d 7.60+0.12¢ 1293+1.08d 5.16+0.13¢c 5.80+0.87d 3.60 £ 0.08f 4.12+0.91d
S1 5.80+0.13a  7.80+0.20b 76.66+1.13a 6.18+0.08bc 13.90+0.73¢c 10.70 £0.14d  73.00£1.33a
S2 332+0.32¢ 820+0.22a 43.16+£0.79bc 6.33+£0.0dbc 1570 £0.65b  33.00 + 0.96a 13.33+0.13¢
S3 347+022c 8.10+0.46a 4515+0.67bc 7.00+0.32b 29.00+0.32ab 13.70+0.11cd 15.33 £0.40c
S4 4.06+0.51ab 7.90+0.23b 52.78+0.86b  7.12+0.65b 29.00+0.51ab 21.00+0.19b  52.78 £0.96b
S5 383+0.11bc 7.80+0.17b 49.83+1.04b 13.00+041a 31.00+0.71a 16.00 £ 0.05¢  49.83 £+ 0.41bc

Se=control (00 mM salt), S;= NaCl, S,= MgCl,, S;= CaCl,, S4= Mixture of chloride salts (Na*, Mg*" and Ca”") and Ss= Salt extract at 120mM
EC= Electrical conductivity, Chloride (CI"), Bi-carbonates (HCO5), Calcium (Ca*"), Magnesium (Mg*") and Sodium (Na*) meqL"'
Different letters next to the mean value indicate significant differences at p<0.05

Table 2. Effect of Chloride salts and salt extract on growth and yield of little millet (Panicum maliare L.)

Treatments Plant height Tillers plant™ Grain yield Straw yield Root biomass Root length
S0 7740 +3.28a 5.47+0.61a 3.80 +1.75a 10.70 £ 1.12a 2.94+0.32a 26.67 £ 2.04ns
S1 66.27 +1.92d 3.97 £ 0.48¢c 3.31+£0.36d 7.30 = 1.40cd 1.59 £0.43d 2298 +£1.98
S2 73.67 +1.48b 5.13+1.6la 3.72+1.01b 8.90+2.21b 1.84 £0.26¢ 24.33+1.89
S3 72.00 +£2.87b 4.00 + 0.53bc 3.67 £3.06¢ 8.50 £ 1.97bc 2.76 £0.11b 22.33 +3.55
S4 68.42 +1.97¢c 4.05 +0.47bc 3.41 £3.04cd 7.97 £0.35¢ 2.66 +0.21b 25.00 +1.00
S5 70.81 £2.31bc 4.41+0.38b 3.45+1.98cd 9.56 +0.89b 2.62+0.31bc 2547+ 1.87

So= Control (00 mM salt), S;= NaCl, S,= MgCl,, S;= CaCl,, S,= Mixture of chloride salts (Na*, Mg®* and Ca®") and Ss= Salt extract at 120mM

Plant height, Root length (cm), Number of tillers plant™, Grain yield, straw yield and root biomass plant™ (g)

Different letters next to the mean value indicate significant differences at p<0.05
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Table 3. Effect of Chloride of Na*, Mg2+, Caz+, mixture of salts and salt extract (efflorescence) on ion content in
cell sap of little millet (Panicum maliare L.).

Treatments N mM K'mM K/Na Ca”* mM Mg> mM P mM
SO 796.34 + 11.35a 314.50 £ 1.36a 29.09 +£0.43a 20.67 +£0.29¢ 222 +1.42e 78.57 +3.86a
S1 675.45+17.28e 216.55 +0.33d 4.24 +£0.29d 18.33 £0.33d 10.55+0.48d 53.71 £2.89¢
S2 721.34 +£9.56¢ 261.28 +0.69b 15.95+0.19bc 17.50 £ 0.00d 5833+0.81a  56.82+532¢c
S3 732.34 +£13.24b 243.68 £2.15¢ 18.28 £0.77b 35.00 +0.00a 21.11 £0.00c  46.98 +3.80d
S4 697.84 + 8.86d 230.28 £ 0.93cd 7.18+£0.32¢ 31.00+0.41ab  43.61 £0.36b 59.23 +4.11b
S5 711.76 + 17.46¢d 239.45+0.77¢ 5.49 £0.52d 29.16 £0.27b 60.83£0.72a  61.28+2.67b

So= Control (00 mM salt), S;= NaCl, S,= MgCl,, S;= CaCl,, S,= Mixture of chloride salts (Na*, Mg®* and Ca®") and Ss= Salt extract at 120mM
N= Nitrogen, P= Phosphorus, mM= Milimolar. Different letters next to the mean value indicate significant differences at p<0.05
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Fig. 1. A and B. Sodium (Na") and Chloride (CI") ion concentration in leaf sap of little millet (Panicum maliare L.).
Discussion Impacts of chloride salts plant growth: Chloride salts

Impacts of chloride salts on soil properties: Addition of
chloride salts into soil raise the electrical conductivity of
soils and may produce adverse effects on soil physico-
chemical properties as well as on soil biota (Munns et al.,
2006; Lashari et al., 2018). In case of salinity, surplus
chloride salts in soil adversely affect the growth and
development of the numerous crop species excluding
halophytes (Pascale et al., 2005; Wittyngham ez al., 2019).
However, the intensive effects of chloride salts addition to
plant species in very small quantity may be required for
physiological responses (Li et al, 2000). But this study
demonstrated significant interaction of various chloride salts
on growth and development of little millet. The majority of
growth and development processes were retarded due to the
addition of chloride salts at 120 mM. While our findings
showed that the plant suffered most particularly growth and
permanent negative effects on soil properties were due the
addition of NaCl and mixture of chloride salts at 120 mM in
the term to raise the soil electrical conductivity, fluctuate soil
pH and perfectly add high content of Na" and CI ion soil
proportion. The increasing proportion of salts such as having
higher quantity of chlorides of sodium may cause salinity
problem anywhere accumulated in soil layers. Such as the
addition or accumulations of these salts through other source
may cause negative impacts on soil properties (Lutts et al.,
2004). It has been reported major losses of arable lands due
to accumulation of salts, changing soil environment due to
climatic conditions (Khan & Gulzar, 2003).

induce biotic stress in living organism including plants
and also disperse the physical condition of soils by
producing highly negative effects on soil physical and
biological properties (Rietz & Haynes 2003). In this
study the addition of chloride salts of sodium (S;) and
chloride mixture (S,) reduced seedling growth, including
plant height, number of tillers, above ground biomass
and grain yield at the time of harvest (Table 2), similar
impact on maize growth and yield were also observed
and had been reported due to soil salinity at central great
plain of China (Lashari, 2014). Chloride salt
accumulation adversely impacts on soil nutritional
components due to the less soil biological function and
microbial activity. The present results clearly indicated
the negative effects of chloride salts on growth
inhibition, development process such as number of
tillers low uptake of essential growth forming nutrients
in plant leaf sap whereas the salt of sodium chlorides
was applied (120 mM) to the little millet in compression
of other chloride salts (Table 3). These findings were
correlated with the findings of (Muhammad & Hassan
2010; Adhikari et al., 2019; Yousif et al., 2021) who
concluded that the salt of sodium chloride was highly
toxic compared to other chloride salts. Our results
reveled a clear negative effect on crop growth, with low
biomass and yield in compression of control treatment.
Meanwhile, the variety of chloride salts showed variable
negative impacts on plant growth, biomass and yield in
similar sense.
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At the active stages of seed germination, the inhibitory
effects of toxic salts showed primary injury that lead to
other technical symptoms such as programmed cell death
might also occur under extreme salinity shock (Rajpar &
Sial 2002; Satish ef al., 2016). Excessive sodium ions at the
surrounding rhizosphere disturb plant potassium nutrition
and its availability (Tester & Davenport, 2003). Because of
the similar chemical nature of sodium and potassium ions,
sodium has a strong inhibitory effect on potassium uptake
by the root. Plants use both low and high affinity systems
for potassium uptake. Sodium ions have a more damaging
effect on the low-affinity system, which has low K/Na
selectivity in plant bio-molecule. Under sodium stress, it is
necessary for plants to operate the more selective high-
affinity potassium uptake system in order to maintain
adequate potassium nutrition source like as bio-fertilizer
and biochar to improve nutritional affinity in plant system
(Lashari et al., 2018). Potassium deficiency inevitably leads
to growth inhibition because potassium, as the most
abundant cellular cation, plays a critical role in maintaining
cell turgor, membrane potential and enzyme activities.

Once sodium gets into the cytoplasm, it inhibits the
activities of many enzymes. This inhibition is also
dependent on how much potassium is present. High Na/K
ratio is the most damaging plant metabolic processes
(Rajpar et al., 2018; Hu ef al., 2021). Even in the case of
halophytes they accumulate large quantities of sodium
inside the cell, their cytosolic enzymes are just as sensitive
to sodium as enzymes of glycophytes. This implies that
halophytes have to compartmentalize the sodium into the
vacuole, away from cytosolic enzymes. An important factor
in the battle between sodium and potassium ions is calcium
(Shabala, 2009). Increased calcium supply has a protective
effect on plants under sodium stress. Calcium sustains
potassium transport and K/Na selectivity in sodium-
challenged plants. This beneficial effect of calcium is
mediated through an intracellular signaling pathway that
regulates the expression and activity of potassium and
sodium transporters. Calcium may also directly suppress
sodium import mediated by nonselective cation channels.
Finding of this study indicated that less suppression of
calcium ion in plant leaf sap in treatment (S,;), where the
salt of calcium chloride was applied.

Chloride salts and ionic imbalance: Ionic imbalance is a
major threat to many crops under any types stress caused
under field conditions. While the salt stress is one of them
disturb balanced uptake of ion for the growth of plant. Ion
disturbances under salt-stress environment specially
reduce plant growth by affecting the availability,
transportation and compartmenting of nutrients in plant
(Baghalian et al., 2008). However, salt-stress can
differentially affect the mineral nutrition of plants during
different growth stages. Salt-stress may cause insufficient
supply of nutrient or imbalances, due to the competition
of Na" and CI” with nutrients such as K*, Ca**, and NO5”
(Bhaskaran & Panneerselvam, 2013; Hu et al., 2021),
mainly the reduced plant growth observed under salt
stressed environment due to specific ion toxicity i.e.
chlorides of sodium and ionic disorders directly act on
biophysical and metabolic functions of plant growth
(Tester & Davenport, 2003). However, present results
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indicated prominent negative changes in plant growth due
the application of chlorides salts. Even more ionic
disorder was observed due to the addition of sodium
chloride at 120 mM™". Overall, our results co-related with
the findings of (Li et al., 2002; Jaleel et al., 2007). In
comparison to control treatment (Sy), all specific ions (N,
P, K, Ca and Mg) were suppressed (Table 3) due to toxic
concentration of chloride observed in little millet leaf sap.

Conclusion

The present study showed that all chloride salts and
salt efflorescence are highly harmful for little millet plants
due to their toxic effects. Overall, studies showed that the
toxic limits vary from species to species and plant to
plant. Moreover, it was observed that chlorides of sodium
are highly toxic for the growth of little millet plants,
which caused reduction in grain yield and early crop
maturity in comparison to the control treatment. It was
further observed that, the addition of chloride salts of Na™
created specific ion imbalance, induced salt stress and
reduced quality and quantity of little millet, which
became toxic for plant health and responsible for
producing negative impact on soil quality. It is
recommended that, the little millet crop should be
cultivated under moderate levels of soil salinity to ensure
good crop growth and quality grains as well as to avoid
hazardous residual effects on plant parts being consumed
by humans and animals.

Acknowledgment

Authors are highly thankful to anonymous reviewers
for their valuable comments and suggestion for the
improvement of manuscript for publication.

References

Adhikari, N.D., I. Simko and B. Mou. 2019. Phenomic and
physiological analysis of salinity effects on lettuce.
Sensors, 19(21): 4814-4819.

Baghalian, K., A. Haghiry, M.R. Naghavi and A. Mohammadi.
2008. Effect of saline irrigation water on agronomical and
phytochemical characters of chamomile (Matricaria
recutita L.). Scientia Hort., 116(4): 437-441.

Bhaskaran, J. and R. Panneerselvam. 2013. Accelerated reactive
oxygen scavenging system and membrane integrity of two
Panicum species varying in salt tolerance. Cell Biochem. &
Biophys., 67(3): 885-892.

Brahmachari, K., S. Sarkar, D.K. Santra and S. Maitra. 2019.
Millet for food and nutritional security in drought prone
and red laterite region of Eastern India. Int. J. Plant Soil
Sci., 26(6): 1-7.

Chandrasekara, A. and F. Shahidi. 2010. Content of insoluble bound
phenolics in millets and their contribution to antioxidant
capacity. J. Agri. Food Chem., 58(11): 6706-6714.

Chen, Z., LI. Pottosin, T.A. Cuin, A.T. Fuglsang, M. Tester and
D. Jha. 2007. Root plasma membrane transporters
controlling K'/Na" homeostasis in salt-stressed barley.
Plant Physiol., 145: 1714-1725.

Cuin, T.A. and S. Shabala. 2007. Compatible solutes reduce
ROS-induced potassium efflux in Arabidopsis roots. Plant
Cell Environ., 30: 875-885.

Hu, J., X. Hu, H. Duan, H. Zhang and Q. Yu. 2021. Na and K
homeostasis is important for salinity and drought tolerance of
(Calligonum mongolicum L.). Pak. J. Bot., 53(6): 1927-1934.



1594

Jaleel, C.A., P. Manivannan, B. Sankar, A. Kishorekumar and R.
Panneerselvam. 2007. Calcium chloride effects on salinity-
induced oxidative stress, proline metabolism and indole
alkaloid accumulation in Catharanthus roseus. C.R. Biol.,
330: 674-683.

Khan, M.A. and S. Gulzar. 2003. Light, salinity, and temperature
effects on the seed germination of perennial grasses. Amer.
J. Bot., 90: 131-134.

Kumar, R., V. Goyal and M.S. Kuhad. 2005. Influence of
fertility-salinity interactions on growth, water status and
yield of Indian mustard (Brassica juncea). Ind. J. Plant
Physiol., 10: 139-144.

Lashari, M.S. 2014. Biochar-based soil amendment as an
ecotechnology for restoration of salt affected soil: A case
study in Shangqiu Henan, China. Thesis submitted to
Nanjing Agricultural University, Nanjing China, p. 1-137.

Lashari, M.S., B.N, Mangan, I. Rajper, J. Haishi, G. Pan, A.S.
Lashari and J. Nan. 2018. Improvement of soil fertility and
crop yield through biochar amendment from salt affected
soil of central china. J. Agri. Sci. Tech., 8: 209-219.

Lashari, M.S., Y. Liu, L. Li, W. Pan, J. Fu, G. Pan, J. Zheng, J.
Zheng, X. Zhang and X. Yu. 2013. Effects of amendment of
biochar-manure compost in conjunction with pyroligneous
solution on soil quality and wheat yield of a salt-stressed
cropland from Central China Great Plain. Field Crops Res.,
144: 113-118.

Lashari, M.S., Y. Ye, G. Pan, H. Ji, L. Li, WK. Grace, H. Lu and J.
Zheng. 2015. Biochar-manure compost in conjunction with
pyroligneous solution alleviated maize salt stress and improved
growth in a salt-affected soil from Central China: A two-year
field experiment. J. Sci. Food Agric., 95: 1321-1327.

Li, S.H.,, X. Xu and H.X. Hui. 2000. Salinity stress on the
physiological and agronomic traits of wheat. J. Triticeae
Crops, 20(4): 63-67 (in Chinese).

Li, S.H., X. Xu and H.X. Hui. 2002. Study on K+, Na+ selective
absorption of different organs of spring wheat under soil
saline sodic stress in different growth season. Acta Botanica
Boreali-occidentalia Sinica 22 (3): 587-594 (in Chinese).

Lu, H., M.S. Lashari, X. Liu, H. Ji, L. Li, J. Zheng, G.W. Kibue, S.
Joseph and G. Pan. 2015. Changes in soil microbial
community structure and enzyme activity with amendment of
biochar-manure compost and pyroligneous solution in a saline
soil from Central China. Europ. J. Soil Biol., 70: 67-76.

Lutts, S., M. Almansouri and J.M. Kinet. 2004. Salinity and
water stress have contrasting effects on the relationship
between growth and cell viability during and after stress
exposure in durum wheat callus. J. Plant Sci., 167(1): 9-18.

Mahajan, S. and N. Tuteja. 2005. Cold, salinity and drought stresses:
An overview. Arch. of Biochem. Biophys., 444: 139-158.

Marschner, H. 1995. Function of mineral nutrients. Micronutrients.
Mineral Nutr. Higher Plants, 269-300.

Muhammad, Z. and Hussain. 2010. Effect of NaCl salinity on
the germination and seedling growth of some medicinal
plants. Pak. J. Bot., 42: 889-897.

Munns, R. and M. Tester. 2008. Mechanisms of salinity
tolerance. Ann. Rev. Plant Biol., 59: 651-681.

Munns, R., R.A. James and A. Lauchli. 2006. Approaches to
increasing the salt tolerance of wheat and other cereals. J.
Exp. Bot., 5(57): 1025-1043.

Nan, J.K., X.M. Chen, X.Y. Wang, M.S. Lashari, Y.M. Wang,
Z.C. Guo and Z.J. Du. 2016. Effects of applying flue gas
desulfurization gypsum and humic acid on soil
physicochemical properties and rapeseed yield of a saline-
sodic cropland in the eastern coastal area of China. J. Soils
Sediments, 16: 38-50.

M.S. LASHARI AET AL,

Pascale, S.D., M. Albino and B. Giancarlo. 2005. Soil
salinization affects growth, yield and mineral composition
of cauliflower and broccoli. Eur: J. Agron., 23(3): 254-264.

Pradhan. A., A. Thakur, S. Patel and N. Mishra. 2011. Effect of
different nitrogen levels on Little Millet (Panicum sumatrense)
under rainfed conditions. Res. J. Agri. Sci., 2(1): 95-97.

Rajpar, I. and N.B. Sial. 1997. Relationship between salts of soil
profile and underground water. Pak. J. Agri. Engg. Vet. Sci.,
13:19-23.

Rajpar, I. and N.B. Sial. 2002. Effect of hydroponic salinity (120
mol m™ NaCl) on the ion uptake and growth of different
wheat vatieties. Pak. J. Appl. Sci., 2(5): 541-543.

Rajpar, 1., M.S. Lashari, S.K. Barhman, M. Ali, Z.H. Shah, B.N.
Mangan and A.H. Shah. 2018. Salinity and drought stress
tolerance of some plant species of Thar desert, Pakistan:
implications in bio-saline agriculture. Pak. J. Bot., 50(2):
465-469.

Rietz, D. and R. Haynes. 2003. Effects of irrigation-induced
salinity and sodicity on soil microbial activity. Soil Biol.
Bioch., 35: 845-854.

Sairam, R.K., V.K. Rao and G.C. Srivastava. 2002. Differential
response of wheat genotypes to long term salinity stress in
relation to oxidative stress, antioxidant activity and
osmolyte concentration. Plant Sci., 163: 1037-1046.

Satish, L., P. Rathinapriya, A.S. Rency, S.A. Ceasar, M.
Prathibha, S. Pandian, R. Rameshkumar and M. Ramesh.
2016. Effect of salinity stress on finger millet (Eleusine
coracana (L.) Gaertn): histochemical and morphological
analysis of coleoptile and coleorhizae. Flora-Morphology,
Distribution, Fun. Ecol. Plants, 222: 111-120.

Shabala, S. 2009. Salinity and programmed cell death:
unravelling mechanisms for ion specific signalling. J. Exp.
Bot., 60: 709-712.

Sial, N.B. 1985. The formation of salts in the Sind region. Engg.
& Tech. Res. J., 4: 24-28.

Tester, M. and R. Davenport. 2003. Na* tolerance and Na"
transport in higher plants. Ann. Bot., 91(5): 503-527.

Turan, M.A., A.H. Elkarim, N. Taban and S. Taban. 2009. Effect
of salt stress on growth, stomatal resistance, proline and
chlorophyll concentrations on maize plant. Afi: J. Agric.
Res., 4: 893-897.

Wang, W., B. Vinocur and A. Altman. 2003. Plant responses to
drought, salinity and extreme temperatures: Towards
genetic engineering for stress tolerance. Planta, 218: 1-14.

Wicke, B., E. Smeets, V. Dornburg, B. Vashev, T. Gaiser, W.
Turkenburg and A. Faaij. 2011. The global technical and
economic potential of bioenergy from salt-affected soils.
Energy Environ. Sci., 4(8): 2669-2681.

Wittyngham, S.S., J. Moderan and K.E. Boyer. 2019.
Temperature and salinity effects on submerged aquatic
vegetation traits and susceptibility to grazing. Aquat. Bot.,
158: 103-119.

Yang, A., S.S. Akhtar, S. Igbal, Z. Qi, G. Alandia M.S. Saddiq
and S.E. Jacobsen. 2018. Saponin seed priming improves
salt tolerance in quinoa. J. Agron. Crop Sci., 204(1): 31-39.

Yasir, T.A., A. Khan, M. Skalicky, A. Wasaya, M.I.A. Rehmani,
N. Sarwar, K. Mubeen, M. Aziz, M.M. Hassan, F.A.S.
Hassan, M.A. Igbal, M. Brestic, M.S. Islam, S. Danish and
E.L. Sabagh. 2021. A exogenous sodium nitroprusside
mitigates salt stress in lentil (Lens culinaris Medik.) by
affecting the growth, yield, and biochemical properties.
Molecules, 26(9): 2576-2582.

Yousif, M.J., F. Ali and F.R. Ali. 2021. Effect of sodium salt
stress on the growth of elymus repens. Pak. J. Bot., 53(6):
1935-1942.

Zhu, J.K. 2001. Plant salt tolerance. Trends Plants Sci., 6: 66-71.

(Received for publication 22 March 2021)



