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Abstract: Present work was conducted to evaluate the effect of NaCl stress on morpho-agronomic and biochemical
responses of some desert grass species of Cholistan i.e. Cenchrus ciliaris, Cynodon dactylon, Cymbopogon
jwarancusa, Lasiurus scindicus and Panicum antidotale. Populations of all these five grasses were taken from the RD-
65 which was selected site of Cholistan desert of Pakistan. The stumps of mature plants of each species of grass were
grown in the pots for the period of three months. Research work was completely in randomized design (CRD); two
factors (salt levels and species) with 5 replicas of each treatment. Treatments were named as; TO (0 mM), T1 (100
mM), T2 (200 mM) and T3 (300 mM) of NaCl levels applied were three after the intervals of seven days. Morpho-
agronomic characters were noted after the completion of experiment. It was proposed that all the selected species are
the halophytic grasses which were also native to the harsh climates and have some of the potential against NaCl stress.
Generally, NaCl negatively affected the agro-morphic characters of Cenchrus ciliaris, Cynodon dactylon, Lasiurus
scindicus and Panicum antidotale from moderate levels of salinity to higher levels of salinity 300 mM except the
Cymbopogon jwarancusa where most of the characteristics showed positive effects from the salt levels of 0 mM to
300 mM. Some water-soluble phytochemicals like sugars, saponins and protein were mostly detected in aqueous while
alcohol soluble was in ethanolic extracts. Flavonoids were not detected at all in the grasses by the selected
methodology. Rest of the phytochemicals were increased up to the moderate levels of salinity 100 mM to 200 mM
then decreased up to 300 mM of NaCl but in some grasses reveres of this has been analyzed. Some phyto-chemicals
increased with the increase in the salinity.

Index-terms: Aqueous extract; Ethanolic extracts; Cholistan Desert; Cenchrus; Cynodon; Cymbopogon; Morpho-
agronomic responses; NaCl stress; Lasiurus; Panicum; Phytochemicals.

. INTRODUCTION

Plants face different environmental stresses in their habitat which are classified into biotic and a biotic stress
(Umar et al., 2021). When some of these stresses go beyond the optimum tolerance of plants, these stresses influence
the biochemical, developmental, structural and physiological processes of plants (Dos et. al., 2022). Among all these
stresses salinity is the most detrimental and common stress which confines plant growth and productivity (Shahid et
al., 2020).

Current global climatic changes are leading to the non-availability of water resources for lands of many
countries which is causing salinity (Srivastav et al., 2021). Pakistan is in arid region of world where high temperature
is gradually changing its climatic patterns. Salinity is the major issue of Pakistan as 3.44 million ha of land of Pakistan
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is saline. High salinity influences the growth and production by affecting physiological processes of plants (Ismail et
al., 2019).

Cholistan desert is one of the hot and arid desserts of Pakistan with saline patches in it. It is in the South-West
of Punjab which is a province of Pakistan. It is extended on an area of 26,000 square Kilometer. The length of
Cholistan desert is about 480 km and breadth are ranging from 32 to 192 km (Akbar et al., 1996, Haider et al., 2021).
Based on topography, soil type, texture and vegetation structure Cholistan region is divided into two natural regions.
Geologically these are northern region (Lesser Cholistan) and southern region (Greater Cholistan). The area of Greater
Cholistan and Lesser Cholistan are 18,130 km and 7,770 km respectively (Wariss et al., 2021).

Vegetation of saline patches of Cholistan consist of halophytic communities which includes the tree Tamarix
dioica, shrubs Haloxylon stocksii, H. salicornicum, Salsola baryosma, and Suaeda fruticosa and grasses Aeluropus
lagopoides, Cynodon dactylon, Cymbopogon jwarancusa, Lasiurus scindicus, Ochthochloa compressa, Sporobolus
ioclados and Panicum antidotale (Naz et al., 2009).

There is gradually decline in yield at low salt concentration but in hot and arid Cholistan highly saline patches
have naturally adapted species of plants (Ashraf, 2003, Fatima et al., 2021) which are salt tolerant. Presence of some
species in those saline areas where no others species can grow shows the adaptive strategies of existing species. It
provides excellent material for the investigation of adaptive mechanisms in relation to high salinities and growth and
survival of plants (Ashraf, 2003, Buzzini et al., 2018).

Cenchrus ciliaris (L.) is a perennial and C4 forage grass. Under water scare or drought conditions it can be
grown on marginal soils. This is a competitive grass grows well under the conditions of elevated temperature, low
moisture, solar radiation salt, drought, flooding, heat, oxidative and heavy metal stress (Agrawal, 2007, Hussain et al.,
2020).

Cymbopogon jwarancusa (Schult.) is an aromatic grass. Due to its medicinal value it is associated with herbs.
This plant is being greatly used in against various dieses like abdominal tumors, vomiting, blood impurities,
Unconsciousness and skin problems (Mahmud et al., 2002; Reddy et al., 2023).

Cynodon dactylon (L.) Pers. also known as lawn grass, is a potential fodder plant and makes excellent hay in
Australia and Pakistan. This grass is extremely adapted to the variety of habitat types. C. dactylon is found growing on
saline or sandy soils including agricultural fields, in orchids, along irrigation canals, waste places, road side and metal
contaminated areas (Wu et al., 2006: Kindomihou, 2020).

Panicum antidotale (Retz.) (Blue Panic grass) is distributed all over the region of Indo-Pakistan. It is a
perennial and tall grass which can attain a height of 2 or more than two meters. As compare to other forage crops, this
grass is more nutritional and productively suitable. Blue grass can survive with multiple stresses. fire, Drought and
salinity. Its shows wide range of adaptations in to alkaline, highly saline Its suitability to highly saline, drought-hit
and water logged (Ashraf, 2004; Ahmad et al., 2021; Irshad and Hameed, 2023).

Lasiurus scindicus (Henrard.) is one of the highly nutritious and a drought tolerant grass. It has been
successfully used in the most important reseeding programs in the deserts which are facing harsh conditions in the
regions of India and Pakistan. This plant can grow in the in the soils which are salt affected. Salinity tolerance is slow
whiles seeds germination. At the salt levels of >200 mM of NaCl seeds germination ore totally inhibited (El-Keblawy,
2006, Mustafa et al., 2019).

Some of these plants produce secondary metabolites which are most abundant in the medicinal plants. These
metabolites are alkaloids, flavonoids and steroids are the well-known sources of drugs. Modern scientific test of
medicinal plants has been increased. Salt stress is affecting the biosynthesis of secondary metabolites in plants. There
is significant fluctuation in the quantity and the quality of secondary metabolites due high salinity. There may be
change in total plant content instead of some chemical fractions of plant (Muthulakshmi et al., 2013).

In different species different phytochemical are present in different quantity i.e. in aqueous extract of
Cymbopogon coloratus and Cynodon dactylon alkaloid contents are present (Jarald et al., 2008). Flavonoids are
present in the Cynodon dactylon, Sacchrum spontaneum, Imperata cylindrical, Pennucetum purpureum and
Cymbopogon Citrates (Khalid and Siddiqui, 2011 and Padma et al., 2013). Phenols are present in Heteropogon
contortus, Chloris barbata, Cymbopogon citrates and Imperata cylindrical (Asaolu et al., 2009 and Padma et al.,
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2013). Terpenoids are present in the high quantity in the Aristida setacea, Cymbopogon coloratus, Cynodon dactylon,
Heteropogon contortus, Perotis indica and Sporobolus coromandelianus (Babu and Savithramma, 2013).

Salt stress strongly affects the biochemical synthesis of secondary metabolites. Salinity changes the quality
and quantity of these metabolites under different NaCl level. In the Solanum nigrum with the increase in the salt stress
proline content increases due to the changes in the profile of proline metabolism (Muthulakshmi et al., 2013). Phenol
content also increases with the increase in the salt levels. Alkaloid content increase with the increase in the salt stress
but the accumulation was reduced at the higher levels of salt stress. High salinity also increases the catalase activity
and it was less at lower salt levels (Mittova et al., 2002; Jaleel et al., 2007; Dugasa et al., 2019).

Grasses that yield fodder and food are well known for their importance also yield many therapeutic products
but poaceae family is least studied for this value. Under stress these grasses produce phytochemicals which are
naturally occurring and biologically active chemical compounds and have protective or disease preventive properties.

This work was done to evaluate the responses of the NaCl stress on the morpho-agronomic characteristics,
gualitative determination of secondary metabolites, biochemical changes, analysis of comparative responses and
salinity tolerance of selected grasses; Cenchrus cillirus, Cynodon dactylon, Cymbopogon jwarancusa, Lasiurus
scindicus and Panicum antidotale.

Il. MATERIAL AND METHODS

2.1 Site of sample collection

Plants were sampled from saline patches RD-65 of Cholistan desert. Cholistan desert is situated in the South—
West of province of Punjab Pakistan. This area is habitually dominated by the grasses and shrubs. Cenchrus ciliaris,
Cenchrus biflorus, Cynodon dactylon, Cymbopogon jwarancusa, Lasiurus scindicus, Octhocloa compressa, and
Panicum antidotale are native to this region. These plants are generally characterized by the arid and the semi-arid
habits.
2.2 Selected plant species

Five grasses were selected; Cenchrus ciliaris, Cyanadon dactylon, Cymbopogon jwarancusa, Lasiurus scindicus
and Panicum antidotale.

2.3 Establishment of plant material under control conditions

Selected grass species were identified by the local scientist and confirmed from the herbarium sheets which are
present at the Department of Botany of The Islamia University of Bahawalpur. Then the stumps of mature plants of
each species of grass were grown in the pots for the period of three months. Pots were placed at Modern Nursery
Model Town A, Bahawalpur, Pakistan, under the sunlight and shade with daily basis irrigation.

2.4 Levels of salt stress and experimental design

One of the major components of solutes of saline soil is a Sodium Chloride (NaCl). For this reason, Sodium
Chloride was chosen for experiment to evaluate the effect of Sodium Chloride on the morpho-agronomic and
biochemical responses of selected grass species of Cholistan desert. There were five grass species and four salt levels
for each grass. Each treatment has 5 replicas. Treatment was given in solution form and labeled with its name; TO
(control), T1 (100 mM), T2 (200 mM) and T3 (300 mM) concentration. Three treatments of mentioned concentration
were given after every seven days after one month of establishment.

Experiment for this research work was completely in randomized design (CRD). In this design there were two
factors (salt levels and species) with 5 replicas of each treatment. Morpho-agronomic characters were noted after the
completion of experiment. When this research work was completed plants were collected carefully from the pots.
Samples collected washed with tap water carefully to study various biochemical responses of all five-grass species
(Figure 1).
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Lasiurus scindicus Panicum antidotale

Figure 1. Experiment plan and labeling of Cenchrus ciliaris, Cynodon
dactylon, Cymbopogon jwarancusa, Lasiurus scindicus and
Panicum antidotale at various levels of NaCl stress.

2.5 Morpho-agronomic Characteristics

Morpho-agronomic characteristics such as; shoot length (cm), root length (cm), number of leaves per plant,
leaf area (cm?), number of tillers, inter nodal distance, per plant fresh weight (g) and per plant dry weight (g) were
recorded.
2.6 Plant material collection and identification

Fresh shoots of grasses were collected during the month of November, 2022. Shoots were washed thoroughly
2-3 times by using tap water. Plant material then dried in air under shade. Plant material was further used for
phytochemical analysis after complete shade drying (Babu and Savithramma, 2013).
2.7 Plant extract preparations

To test all these biochemical’s produced by plants; two extracts were prepared in laboratory.
2.7.1 Aqueous extract

Dried plant material was grinded into powder and stored at room temperature. 3 g of grinded shoot material
was mixed in 25 ml of sterile water, boiled at 50-60C° for 30 minutes on water bath. After boiling it was filtered
through Whatman No. 1 filter paper. In the last centrifugation of filtrate was done at 2500 rpm for 15 minutes and in
the sterile bottles filtrate was stored at 5C° for biochemical test (Harborne, 1973).
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2.7.2 Ethanolic extract

Dried plant material was grinded into the crude powder form. Plant material (2g) was shaken with 15 ml
ethanol for several hours on a shaker. Later extract was filtered by using funnel and Whatsman No. 1 filter paper.
Extract was evaporated to yield a stock solution of 15 ml for further phytochemical analysis (Khalid and Siddiqui,
2011).
2.8 Qualitative screening of phytochemical

Both plant extracts were evaluated for screening of phytochemicals such as, proteins (Tamilselvi et al., 2012),
lignin (Sheela, 2013) and alkaloids, carbohydrates, flavonoids, glycosides, phenols, saponins, steroids, tannins and
terpenoids (Suriyavathana et al., 2016) following the reported methods.
2.9 Statistical analysis

The data of morphology was subjected to the statistical analysis by using Microsoft Excel and Minitab
statistical software for the analysis of the variance (ANOVA) and LSD for the comparisons of mean values.

I1l. RESULTS

3.1 Agro-Morphological Characteristics
3.1.1 Plant height

Plant height of all the populations generally reduced with the increase in the salt level of growth medium.
Plant height of Cyanadon dactylon was most adversely affected with increase in salt stress (Fig. 1). In Cymbopogon
jwarancusa plant height was promoted by higher levels of salt (300 mM NaCl). In Lasiurus scindicus and Panicum
antidotale medium level of stress increased plant height but highest level of salt (300 mM NaCl) caused a slight
decrease in this parameter (Figure 2).

3.1.2 Root length

Root length of selected five grasses showed quite similar response as it was observed in terms of plant height.
Like C. ciliaris, C. dactylon and P. antidotale showed decrease in root length as the salt level increased. This
character increased with the increase in salt level for C. jwarancusa and slightly affected only at higher salt level. In L.
scindicus and root length was only increased in the medium salt level of the growth medium (Figure 2).
3.1.3  Number of tillers

The response of almost all selected grasses of selected grasses were highest in term of numbers of tillers at
control level of salt (0 mM) and gradually decreased with the increase in salt level except in C. dactylon where
number of tillers per plant were maximum only medium salt level (200 mM) (Figure 2).
3.1.4 Inter nodal length

Inter nodal length of five grasses showed variable responses. C. ciliaris, C. dactylon showed constantly
decreased in inter nodal length with increasing salt levels, whereas in case of C. jwarencusa this characteristic was
increased till 300 mM NaCl. However, L. scindicus and P. antidotale show increase in this parameter at medium level
of salt (100 mM) (Figure 2).

3.1.5 Number of leaves

The very important response of plant is number of leaves per plant. Higher salt level (300 mM) reduced the
number of leaves per plant of all grasses except C. jwarencusa where slight increase in this parameter was observed
(Fig. 2). This character exhibited a slight increase in C. ciliaris, C. dactylon, L. scindicus and P. antidotale at 100 mM
NaCl only (Figure 3).
3.1.6 Total leaf area per plant

By increasing the levels of salt in C. dactylon, L. scindicus and C. jwarencusa growth medium, total leaf area
per plant was adversely affected. However, the C. dactylon and P. antidotale were less affected and showed slight
increase in leaf area per plant only at 100 mM of NaCl as compared to the other grass species (Figure 3).
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3.1.7 Fresh weight per plant

Fresh weight per plant was adversely affected characters at the higher salt level (300 mM). C. ciliaris showed
slight decrease in the fresh weight as the salt level increased. Substantial increase in plant fresh weight was observed
in C. dactylon and P. antidotale at 100 mM and in C. jwarancusa and L. scindicus up to 200 mM NaCl but thereafter
it decreased gradually with further increase in the external salt level (Figure 3).
3.1.8 Dry weight per plant

The pattern of the reduction and increase in dry weight per plant of all the grasses were very much like that
recorded for fresh weight per plant (Fig. 2). The C. ciliaris, C. dactylon, L. scindicus and P. antidotale were the most
affected due to higher external salt stress (300 mM). Plant dry weight of C. jwarancusa showed increased plant dry
weight with the increase in the salt levels of external growth medium (Figure 3).
3.2 The phytochemical screening and qualitative analysis

For thousands of years, nature has been the source of medicinal compounds. An impressive number of modern
drugs have been isolated from the natural sources. This is because plants have ability to produce large variety of the
secondary metabolites. In present qualitative analysis of five desert grasses shows presence of alkaloids,
carbohydrates, glycosides, lignin, phenols proteins, saponins, steroids, tannins and terpenoids under different levels of
NaCl stress by selected methodology.
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Figure 2. Plant length, root length, number of tillers and intermodal length of selected grasses under different

levels of NaCl stress (TO=0 mM; T1=100 mM; T2= 200 m; T3= 300 mM).
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Fig. 3. Number of leaves, leaf area, fresh weight and dry weight per plant of selected grasses under different
levels of NaCl stress (TO=0 mM; T1= 100 mM; T2= 200 m; T3= 300 mM).

3.2.1 Qualitative analysis of Cenchrus ciliaris

Preliminary phytochemical screening of Cenchrus ciliaris aqueous shoot extract revealed the presence of
alkaloids in control conditions only. Lignin, phenols and steroids were not detected in all levels of salinity. Presence of
carbohydrates and proteins were not observed in control conditions but increase was analyzed with the increase in the
salinity. Glycosides were detected only in the higher levels of salinity treatment of grasses. Saponins were increased
only at moderate level of salinity and decreased as the salinity level increased. Tannin and terpenoids were analyzed
with increased as there are increase in the level of salt.

Carbohydrates, saponins and terpenoids are not detected in ethanolic extract in all levels of NaCl treatments.
Alkaloid content was not observed in control conditions and increased with the increase in the salt levels. Glycosides
were only detected at control levels of salinity. Lignin content was increased with the increase in the salinity levels.
Phenols and protein content were decreased with the increase in the salinity. Steroids were only analyzed in moderate
to higher levels of salinity. Tannins was increased till moderate level of salinity and then decreased slightly only at
higher salt levels (Table 1).

Table 1. Qualitative analysis of Cenchrus ciliaris in aqueous and ethanolic extract under various levels of NaCl
stress.

Extract media Agueous extract Ethanolic extract
Levels TO TL | T2 | T3 TO T1 | T2 T3
Alkaloids + - - - - + ++ | 4+t
Carbohydrates - + ++ | +++ - - - -
Glycosides - - - + + - - _

http://xisdxjxsu.asia VOLUME 20 ISSUE 04 APRIL 2024 367-384



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Lignin - - - - + ++ | 4+ | e
Phenols - - - - S+ | 44+ + _
Proteins - + i I B e e +
Saponins + 4+ | 4+ |+t - - - _
Steroids - - - - - - + +
Tannins + ++ | | + ++ | |
Terpenoids + ++ | | A - - - -

TO=0mM:; T1= 100 mM; T2=200 m; T3= 300 mM

3.2.2 Qualitative analysis of Cynodon dactylon

Analysis of agueous extracts of Cynodon dactylon indicated that alkaloids and glycosides content increased as
there is increase in salinity. Carbohydrates, lignin, proteins, saponins, tannins and terpenoids contents were in higher
concentrations in control and decreased with the increase in Salinity. Phenolic compounds were detected only in the
moderate levels of salinity stress and not detected in lower and higher salt levels. Steroids were only detected in the
medium levels of salt concentrations.

Ethanolic extract analysis indicted that carbohydrates, phenols, steroids and terpenoids were not detected at all
in all levels of NaCl salt stress. Protein was also not screened in lower levels of salinity and increased with the
increase in the salinity. Alkaloids was increased with the increased with the increase in salinity but not detected in
higher salt levels. Tannins were increased with the increase in the salinity. Saponins decreased gradually with the
increase in the salinity. Glycosides was only detected in the control and not detected at all in all levels of salt
concentrations. Lignin contents were higher in the medium levels of salt and were lowest in the lower and higher
levels of salt levels (Table 2).

Table 2. Qualitative analysis of Cynodon dactylon in aqueous and ethanolic extract under various levels of
NaCl stress.

Extract media Aqueous extract Ethanolic extract
Levels TO | T1| T2 | T3 | TO | TL | T2 | T3
Alkaloids + e ++ | +++ | -
Carbohydrates | ++++ | +++ | ++ + - - - —
Glycosides + | A | + - - _
Lignin +HH+ | |+ + ++ | |+ +
Phenols - - + - - - - _
Proteins ++++ | 4+ |+ ++ - - ++ +
Saponins ++++ |+ |+ + 44 | 44+ | 4+ +
Steroids - ++ + - - - — _
Tannins ++++ | +++ | ++ + + | A | A
Terpenoids ++++ | +++ |+ + - - - -

TO=0mM; T1= 100 mM; T2= 200 m; T3= 300 mM

3.2.2  Qualitative analysis of Cymbopogon jwarancusa

Qualitative screening of Cymbopogon jwarancusa in aqueous extract showed that alkaloids was only in the
higher levels of salinity. Carbohydrate, glycosides, saponins and steroids content was in higher amount in the
moderate levels of salinity and lower in both higher and lower levels of salinity. Proteins, phenols and tannins
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decreased with the increase in the salinity. Screening of terpenoids content showed increase with the increase in the
salinity while lignin content was present only the lower levels of salinity and absent in the moderate to higher levels of
salinity.

In the ethanolic extracts of Cymbopogon jwarancusa carbohydrates, glycosides, lignin, terpenoids and phenols
were detected more in the moderate levels of salinity and analyzed minimum in the lower and the higher levels of
salinity. Alkaloids, protein and tannins content increased with the increase in the salinity levels. Saponins were
detected only in small amount only. Steroids were only detected in medium levels of salt stress of this grass (Table 3).

Table 3. Qualitative analysis of Cymbopogon jwarancusa in aqueous and ethanolic extract under various
levels of NaCl stress.

Extract media Aqgueous extract Ethanolic extract
Levels TO TL | T2 | T3 | TO | T1 T2 T3
Alkaloids - - + ++ + ++ | | A+
Carbohydrates | ++ | ++++ | +++ + + | Attt | ++
Glycosides +H+ |+ |+ + +++ | |+ +
Lignin + ++ - - NRFERS [NUFEAS [ FUFRRFR
Phenols o T S + + +++ |+ |+
Proteins o+ | |+ + + ++ F++ |
Saponins + ++++ | |+ + + + +
Steroids - ++ | +++ + - - + -
Tannins +H++ | |+ + + ++ |+ | A+
Terpenoids + e I e I S o S ++

T0=0 mM; T1= 100 mM; T2= 200 m; T3= 300 mM

3.2.4 Qualitative analysis of Lasiurus scindicus

In the aqueous extracts of Lasiurus scindicus phytochemicals like alkaloids, glycosides, lignin, phenols,
proteins and steroids were not screened at all levels of salinity. Carbohydrate and tannins contents decreased with the
increase in the salinity. Saponins contents increased as there is increase in the level’s salinity. Terpenoids were
detected in higher amount in the medium levels of salinity and decreased with the lower and highest levels of salinity.

Ethanolic extract showed that glycosides, steroids and tannins steroids not detected at all in any levels of
salinity. Alkaloid content increases with the increase in the salinity. Carbohydrates contents increased as there is
increase in the salt stress levels. Lignin, phenols, proteins and proteins were detected in higher amount in the medium
levels of salinity and decreased with the lower and highest levels of salinity (Table 4).

Table 4. Qualitative analysis of Lasiurus scindicus in aqueous and ethanolic extract under various levels of
NaCl stress.

Extract media Aqueous extract Ethanolic extract
Levels TO TL | T2 | T3 TO T1 T2 T3
Alkaloids - - - - + R e
Carbohydrates | ++++ | ++ + - ++++ |+t ++ +
Glycosides - - - - - - — _
Lignin - - - - | | +
Phenols - - - - 4+ + | |+
Proteins - - - - | | |+
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Saponins + ++ | | + + + +
Steroids - - - - _ _ _ _
Tannins o+ | | + _ _ _ ~
Terpenoids ++ | | + ++ o+ | A+t +

TO0=0 mM; T1=100 mM; T2= 200 mM; T3=300 mM
3.2.5 Qualitative analysis of Panicum antidotale

In the aqueous extract of Panicum antidotale carbohydrates and proteins content of was not detected in
control and increased with the increase in the salinity. Alkaloids detected only in lower levels of salinity and not
detected in the moderate levels of salinity. Lignin, phenols and steroids were not detected at all in levels of salt stress.
Tannins increased with increase in the salinity. Saponins and terpenoids seem to be increase with the increase in the
salinity. Glycosides were detected in small amount only in the higher levels of salinity and not detected in lower and
moderate levels of salinity.

Carbohydrates, glycosides, lignin, phenols, saponins and steroids were not detected in the ethanolic extracts of
Panicum antidotale. Proteins and alkaloids were detected in higher amount in the medium levels of salinity and
decreased in the lower and highest levels of salinity. Terpenoids increased with the increase in the salinity (Table 5).

Table 5. Qualitative analysis of Panicum antidotale in aqueous and ethanolic extract under various levels of
NaCl stress.

Extract media Aqueous extract Ethanolic extract
Levels TO| T1 | T2 | T3 |TO| T1 | T2 | T3
Alkaloids + - - - S [RUUFIVEFR [UFIR S
Carbohydrates | — + ++ | +++ | — - - -
Glycosides - - - + - - - _
Lignin - - - — — _ _ _
Phenols - - - - - - - _
Proteins - + ++ |+ | | A | |+
Saponins + | | | — - - —
Steroids - - - - - - - —
Tannins + 4 | 4+ | |+ _ _ —
Terpenoids + ++ | | A |+ R S R

T0=0 mM; T1= 100 mM; T2= 200 mM; T3= 300 mM

IVV. DISCUSSION

4.1 Morpho-agronomic characteristics

It is well known fact that mostly plants growing under saline condition remain stunted due to reduction in cell
elongation and cell division, which are under the control of different auxins, whose synthesis is retarded by the salinity
(Balal et al., 2011). One of the most important parameters in the plant growth is plant height which is an important
factor that contributes more in the biomass of plant. In the current study high salinity levels significantly, reduced
plant height in C. ciliaris and C. dactylon. Previous studies carried out with Zea mays L. (Hamada, 1995), Distichlis
spicata (Pessarakli et al., 2001) as well as in Oryza sativa L.seedlings vr. Damodar also showed that shoot growth was
inhibited by NaCl. Hence salinity has a great impact on plant height because of growth of leaf and its development,
due to effects on photosynthesis (Nadeem et al., 2012). The reduction in plant length is caused by the toxic effects by
the higher levels of salt NaCl and unbalanced uptake of nutrient by the plants. Higher salinity levels may also reduce
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the shoot elongation due to the slow uptake of water for overall of the osmotic adjustments in the body of plants (Datta
et al., 2009). From all the data discussed it conforms that C. ciliaris and C. dactylon are salt sensitive plants. L.
scindicus and P. antidotale were stimulated the plant height at 100 to 200 mM NacCl as results were shown in Manila
grass and Bermuda grass (Marcum and Murdoch, 1994) where shoot length increased till moderate level of salinity.
Increase in plant height of C. jwarancusa appears to be adaptation to salinity. Similar results have been reported in
Augustine grass and seashore Paspalum where shoot growth rates due to maintained shoot tissue succulence, Ca?* K*,
Ca?"and Mg?* concentrations and salt secretive character (Marcum and Murdoch, 1994).

Results for the root length were also negative because by increase in the salinity over all reduced the root
length in all grass species. Root length of C. ciliaris, C. dactylon and Panicum antidotale was decreased with the
increase in the NaCl gradually from 0 mM to the 300 mM of salt levels. In all varieties of wheat cultivar except HD-
6859 (Pessarakli et al., 2001, Datta et al., 2009) increase in the salt levels from 0 to 25mM of NaCl showed no effect
on the root length of plant. By further increase in salt levels from 50mM to beyond significantly reduced the length of
root. The reduction in root length may be caused by the toxic effects by the higher levels of salt NaCl and unbalanced
uptake of nutrient by the plants. Higher salinity levels may also reduce the root elongation due to the slow uptake of
water for overall of the osmotic adjustments in the body of plants (Datta et al., 2009). C. jwarancusa and L. scindicus
showed more length for root till 200 mM and 100 mM of salt levels respectively. In other studies root growth was also
less affected by the salinity levels as in Glycine max L. Merrill (Essa, 2002). Inorganic ions accumulation for the
osmotic adjustments is energy-effective way for the increased root length in the plants to combine productivity with
the salt tolerance (Essa, 2002). Roots seemed to be more resistant which shows that C. jwarancusa is more salt
tolerant than other selected grasses.

Number of tillers decrease slightly with the increase in the NaCl level in C. ciliaris, C. jwarancusa. L.
scindicus and P. antidotale. Studies related to this shows that number of tillers of Oryza sativa L. genotype IR
29, IR 59418, IR 72593, IR 73055 and NERICA 4 at 12 dS m~twere highly affected by increase in salinity
(Girma et al., 2017). Results also showed that Na+ ion content in the leaves increases with the increase in salinity
levels while trend was reverse observed in the case of K+ and Ca++ uptake. Toxic effect was created due to excess
amount of Na on plant metabolic processes (Karim et al., 1992 and Mondal et al., 2103). Number of tillers
increase from control to 200 mM of MacCl level in C. dactylon then decrease at 300 mM of salinity levels. The
results agreed with many researchers as in rice variety BR11 where an only higher salinity level reduces the number of
tillers (Gain et al., 2004). In other results, it was reported that salinity have fewer negative effects on salinity (Mondal
et al. 2013) due to low amount of Na+ with high amount of K+ and Ca++ (Mondal et al., 2013).

With the increase in salinity inter nodal length decreased in C. ciliaris and C. dactylon. Similar results were
reported in rice where decrease in internode length was observed with increasing salinity stress (Alizadeh et al., 2011).
Such decrease was due to typical effects of accumulation of the toxic ions in the cells, which adversely affected the
cell division and expansion (Munns, 1993; Alizadeh et al., 2011). Inter nodal length of P. antidotale and L. scindicus
increased up to 100 mM of salinity then decreased with the increase in salinity where as in C. jwarancusa this
parameter increased with the increase in salinity. Similar trend was observed in in this parameter in the standard and
the tolerant genotypes of sugar cane as compared to the sensitive one (Akhtar et al., 2003).

Number of leaves of C. ciliaris, C. dactylon and P. antidotale was increased up to 100 mM of NaCl stress and
then decreased with the increase in the salinity. These results corroborate with those reported by (Aggrwal et al.
2013) in fenugreek. High NaCl levels decrease the number of leaves throughout their experiment while working on
Vicia faba L. (Qados, 2011). L. scindicus showed continues decrease in the number of leaves at all salinity levels.
Similar results was the outcome of (Munns, 2002) while studying the leaves of Phaseolus acutifolius L., Vigna
unguiculata L., and Phaseolus filiformis L. Decrease in the number of numbers occur due to accumulation
of the sodium chloride in cell walls and the cytoplasm of older leaves and their vacuole sap. Meanwhile the
sap of vacuole cannot accumulate further salt and it decreases the salt concentration inside the cells. It eventually leads
to rapid death and decline in the numbers of leaves and vice versa (Munns and Tester, 2008). Number of leaves of
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C. jwarancusa increased with the increase in the salinity. Studies on common purslane Acl13 as well as in Ac5 and
Ac9 accessions revealed the largest number of leaves as there is increase in salinity (Alam et al., 2016).

Agro-morphological results showed that the leaf area of C. ciliaris increased upto 100mM of NaCl then
decreased with the increased in the salinity. Similar trend is seen in some ecotypes of cheat grass (Rasmuson and Jay,
2002). Leaf area of C. dactylon and C. jwarancusa L. scindicus P. antidotale and greatly decreased with the increase
in the salinity. Same results are observed in Vigna aconitifolia L. (Jamil et al., 2007) and are also supported by Zhao et
al. (2007). Both developmental and physiological mechanisms are behind the reduction in the leaf area to salt
treatments. Inhibition of leaf expansion was observed in the NaCl treated plant was partially related to the low
photosynthetic rates. On the other hand, lower water potentials of the plants in high-salt treatment have affected the
cellular expansion through effects on the cell turgor (Netondo et al., 2004, Qados, 2011).

Negative and toxic effect of NaCl was prominent in all grass species of this research except C. jwarancusa
where fresh and dry weight of grass increased with the increase in salinity. C. dactylon, and P. antidotale show
increase in biomass upto 100 mM of NaCl while in L. scindicus biomass increased upto 200 mM of NaCl then
decreased with the increased in the salinity up to 300 mM level of NaCl. Increase in bio mass was reported in
Pennisetum alopecuroides at 100 mM salinity (Mane et al., 2011). Other study shows that in the Portulaca
oleracea L. accessions (Acl at 8dSm™!salinity, Ac9 at 16, 24, and 32 dSm !salinity, and Acl3 at 8 and
16 dS m ™! salinity levels) there is increase in fresh weight and dry weight with the increasing of salinity levels (Alam
et al., 2015). Such stimulation in fresh and dry biomass production might be due to accumulation of inorganic ions
and the organic solutes for the osmotic adaptation (Xu et al., 2008). Elevated salinity caused very high reduction in
fresh and dry weight of C. ciliaris consecutively with the increasing of salinity augmentation. Other study on purslane
showed similar trend (Alam et al., 2015). These decreases in the plant fresh and dry weights may be due to the
shrinkage of the contents of cells, reduced ion in growth, less development, reduction in number of leaves, less leaf
area and low differentiation level of tissues. It could be due to the disturbed mechanisms, avoidance in the different
species of plants under higher levels of salt stress (Munns and Tester, 2008, Nadeem et al., 2012).

4.2 Bio-chemical parameters

In the selected grass C. ciliaris phenols, steroids and lignin were not detected in aqueous while carbohydrates,
saponins, glycosides and terpenoids not detected in the ethanolic extracts in all levels of salinity. Carbohydrates,
proteins, tannins and terpenoids increases with increases in salinity from 0 mM to 300 mM in aqueous extracts. In
ethanolic extracts alkaloids, and lignin increases while phenolic and protein contents decrease with increases in the
salinity. In the grass C. dactylon carbohydrates, phenols, steroids and terpenoids were not detected in ethanolic
solution. Carbohydrates. proteins, tannins, liginins and terpenoids decreases while alkaloids and glycosides increase
with the increase in the salinity in aqueous solution. Saponin decreased while Alkaloids, tannins increased with the
increase in the salinity in the ethanolic extracts. Biochemical responses of the grass C. jwarancusa showed
carbohydrates, proteins, tannins, phenols, saponins, glycosides, steroids and lignin decreased at salt higher salt level
while the with the increases in the terpenoids increased at medium salt levels in aqueous solution. Carbohydrates,
glycosides, terpenoids, and lignin decreased at higher while the proteins, alkaloids, tannins and phenols increases at
100 mM of salt levels in ethanolic extracts. In the qualitative analysis of L. scindicus proteins, alkaloids, phenols,
glycosides, steroids and lignin were not detected in agueous and tannins, glycosides and steroids were not detected in
ethanolic extracts in all salinity levels. In the aqueous extract’s carbohydrates, tannins, terpenoids decreased while
only saponins increased with the increase in salinity. In the ethanolic extracts carbohydrates decreases, while alkaloids
increased in all salinity levels but proteins, phenols, terpenoids and lignin content increased up to the 200 mM of
salinity then sudden decline seen in 300 mM of salt levels. In the p. antidotale phenols, glycosides, steroids and lignin
not detected in aqueous while carbohydrates, tannins, phenols, saponins, glycosides, steroids and lignin not detected in
the ethanolic extracts. In the aqueous extract’s carbohydrates, proteins, tannins and terpenoids increase while saponins
decreased with the increased salt levels. In the ethanolic extracts terpenoids increased with the increase in the salt
levels up to 300 mM while proteins and alkaloids showed increase only at medium salt levels.

http://xisdxjxsu.asia VOLUME 20 ISSUE 04 APRIL 2024 367-384



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Sugar content of salt tolerant cultivar can assist in osmotic adjustment in plants (Ghoulam et al., 2002). These
results also suggested that increase in carbohydrates increases the plant tolerance to the salinity stress. Results were
further supported by the in conformity in satureja hortensis (Najafi et al.,2010; Muthulakshmi et al., 2013).

Several researchers showed that protein contents of the leaves decreased in response to salinity (Agastian et
al., 2000; Muthukumarasamy et al., 2000; Parida et al., 2002). Soluble proteins may increase at low up to the
moderate stress NaCl (Agastian et al., 2000). By increasing salt levels, the proteins may be serving as reservoirs of
energy or adjuster of the osmotic potentials in the plants which are subjected to salinity (Pessarakli and Tucker, 1985;
Torabi et al., 2014). There is also seen increase in protein content with the increase in salt levels because of de novo
synthesis of proteins in response to the salt stress (Parvaiz and Satyawati, 2008). It is reported that that the number of
proteins which are induced by the salinity are mostly cytoplasmic which may cause alterations in the cytoplasm
viscosity in the cells of that plants (Pessarakli and Tucker, 1985; Hasegawa et al., 2000; Torabi et al., 2014).

Results for alkaloids was also shown by other researchers that the salt stress enhanced the accumulation of
alkaloids. on the other hand, positive correlations have been observed up to the 80 mM of salt levels while further
increase in NaCl levels from the 80mM to the 100mM has shown negative effects in the production of alkaloids.
However higher NaCl levels 100mM may cause decrease in accumulation of alkaloids. Our results were further
supported by the earlier reports of (Jaleel et al., 2007) with more alkaloid was analyzed with increased salt levels
(Muthulakshmi et al., 2013).

Current study results are supported by the earlier study which showed that Phenol increases as there is
increase in salt levels from 0 mM to 300 mM of NaCl. Phenols are produced in leaves and then transported to the
other tissues of plants (Muthulakshmi et al., 2013). Studies showed that the saponin increased gradually by the
increase in NaCl levels. Maximum saponins were greater by the 25% in highest NaCl levels (150mM) as compare to
the control (0 mM) (Elhaak et al., 2014). With the increase in the salinity steroids increased but at higher levels
steroidal production becomes less. Our results confirmed by the earlier reports (Sutkovi¢ et al, 2011).

V. CONCLUSION

The current work was conducted to evaluate the effect of NaCl stress on morpho-agronomic and biochemical
responses of some Cholistan desert grass species i.e. Cenchrus ciliaris, Cynodon dactylon, Cymbopogon jwarancusa,
Lasiurus scindicus and Panicum antidotale. NaCl negatively affected the morpho-agronomic characters of all selected
grasses from moderate levels of salinity to higher levels of salinity (300 mM) except the Cymbopogon jwarancusa.
Some phytochemicals like sugars, saponins and protein were mostly detected in agueous while alcohol soluble was in
ethanolic extracts. Other phytochemicals were increased up to the moderate levels of salinity 200 mM to 200 mM then
decreased at 300 mM of NaCl while few phyto-chemicals increased with the increase in the salinity. Our results
supported by different studies showed that these grasses have some mechanism of adaptations which help them to
grow and showed increased growth up to 100 mM to 200 mM of NaCL levels.
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