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ABSTRACT

he present experiment was conducted during October to February of year 2019-20, to investigate the effect of salinity

on morpho-physiological traits and identify the genotype have higher salt tolerance among ten genotypes belongs to
three grain Amaranth species. Plant growth traits viz., plant height, shoot and root dry weight decreases with increase in
the salinity stress level (EC of 5 and 10 dS m™) in all the genotypes, however significant (p<0.01) genotypic difference were
present among genotypes and GA-5 maintained the maximum growth under salinity. Percent decrease in SDW and RDW
was lowest (10.61-23.86 and 10.37 and 26.59) in 4. hypochondriachus while in 4. cruentus (15.10-29.55 and 12.78-33.09) and
A. caudatus (15.15-28.84 and 16.62-34.90). Salinity significantly (p<0.01) decreases the membrane stability, relative water
content and leaf potassium content while, leave sodium content increases. As compared to other genotype GA-5 have maximum
membrane stability (53.30), relative water content (85.40%), K* accumulation and minimum Na* accumulation in leaves.
Morpho-physiological traits of grain Amaranthus species are significantly positively correlated with dry shoot biomass (0.649),
MSI (0.770), RWC (0.768), chlorophyll (0.908), carotenoid (0.883) and leaf potassium (0.883). It might be concluded that
among studied genotypes GA-5 maintained the growth and have higher physiological efficiency results into maximum salt
tolerance index also morpho-physiological traits like dry weight, RWC, MSI, Chlorophyll, Carotenoid and leaf potassium
content might be utilised for selection of salt tolerant Amaranth genotypes.
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1. INTRODUCTION

maranthus species are consumed both as leafy
vegetables and grain, among them the species viz.,
Amaranthus cruentus, Amaranthus caudatus, and Amaranthus
hypochondriacus produces grain. Amaranths seed are rich
in higher level of protein 13-19% range containing good
amount of essential amino acids (Venskutonis and Kraujalis,
2013), seeds also contain higher quality oil rich in unsaturated
fatty acid (Nasirpour-Tabrizi et al., 2020). Amaranthus are
C4 crops having mechanism to survive under low water
and nutrient. They also have better adaptability for growth
under abiotic stress conditions, and particularly under saline
conditions (Shimose et al., 1991 Huerta-Ocampo et al.,
2014, Pulvento et al., 2015). Because of its higher nutritive
value and better adaptability to stress it became an alternative
for sustainable food production under era of climate change.
Salinity is the major problem all over the world which leads
to the yield loss in crop plants (Rasel et al., 2020). Most
crops are glycophytes and therefore have limited production
under saline condition. Soil salinity leads to early osmotic
stress effect, which will disturb the water balance of soil
and plants, during later stage plants accumulate to toxic
ions (Munns et al., 2006, Munns and Tester, 2008). Salt
stress in soil decrease the plant population through reducing
germination, toxic ion damages the membrane integrity of
plant cell also cause oxidative stress, decreases the chlorophyll
content, photosynthesis, causes imbalance in nutrient and
water content, and reduce the potential capacity of yield
(Parihar et al. 2015, Basu et al. 2017). During evolution
plants adapt to salinity stress by different mechanism
such as osmotic adjustment, antioxidants response, (Tang
et al. 2015, Munns et al. 2020) compartmentalize ions,
exclude Na*/or tolerate high tissue Na* as in halophytes
(Zhu, 2003, Flowers et al. 2010, Shabala et al. 2013),
unravelling the salt tolerance mechnism in crop species
is a tool toward development of salt tolerant genotypes
(Isayenkov, 2019). Identification tolerant genotype under
salinity is economically effective strategy among several
strategy for cultivation under saline soil and irrigation water.
Being a C4 species Amaranthaceae family require require
sodium to complete its life cycle but continues exposure to
Na* along with CI ion decrease the growth (Murata et al.
1992, Kashem et al. 2000). Amaranths species have been
considered as salt-tolerant, however genetically diiference
in tolerance against salinity have been recorded (Kiani et
al. 2019). Omamt et al. (2006) investigated the response of
tour amaranths species and cultivar (4. #ricolor, A. cruentus,
A. hypochondriacus, and Accession ‘83) to saline water they
recorded a decrease in the growth of Amaranth species
under salinity, they also recorded that 4. Hypochondriacus
is most saline tolerant. Plant biomass also decreases under
salinity in 4. cruentus (Lavini et al., 2016, Gandonou et al.,
2018) and in 4. caudatus (Estrada et al., 2021). However,
»
. © 2023 PP House

comparative study regarding the genotypic differences in
salinity tolerance of grain amaranths species are not explored
much. The present investigation was done with following
aims (a) Effect of saline irrigation of (0 to 10 dS m™) on
morphological and physiological traits of grain amaranths
(b) Identify the most salt tolerant grain amaranth species
and genotypes (c) Correlation of growth and physiological

traits with salinity tolerance in grain amaranths.
2. MATERIALS AND METHODS
2.1. Detail of pot experiment

The pot experiment was conducted during October to
February of the year 2019-20, at S. D. Agricultural
University, Sardarkrushinagar, the region falls under North
Gujarat Agro-climatic Zone (AES-IV), Gujarat, India
characterized by semi-arid climate with extreme cold winter
and hot and dry windy summer. Which, is situated at 24°
19" 22" north latitude and 72° 19" 0" east longitude with
altitude of 175 m above mean sea level. In the experiment
ten genotypes of A. hypochondriacusviz. GA'1, GA 2, GA 3,
GA 4, GA5,SUVARNA, 4. cruentusviz. EC 198122, EC
198127 and A. caudatus viz. NIC 22553, IC 294449 were
obtained from Centre for Crop Improvement S.D.A.U.,
Sardarkrushinagar.

Ten genotypes were sown as per factorial completely
randomized design (FCRD) with three replications. Pot
was filled with soil and vermicompost mix in the ratio
of 1:1. Three seed of each genotypes were sown in pot
(26.00x30.50 cm?) spacing was 10 cm between plants and
after 60 days of sowing single plant was maintained up to
the harvest. The following treatment was given viz. T :
distilled water Control, T,: 5dS m™and T,: 10dS m™in 3
replications for each genotype as per the Table 1. The pots
were irrigated with salt solution of different concentration
at regular interval after germination.

2.2. Growth traits
2.2.1. Plant height (cm)

The height of the selected plants was measured at 60 days
after sowing when maximum height was achieved, from
the base of the plant to the shoot tip of the main stem and

Table 1: Chemical added I of distilled water to create
required electrical conductivity

Chemical name Amount of chemical dissolved 1

(g1
5dSm?* 10 dS m!
NaCl 0.761 1.156
Na,SO, 0.462 0.702
CaCl2:2H,0 1.490 3.400
MgSO +7H,0 1.252 2.2889

Source: Arora et al. (2018)
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expressed in cm.
2.2.2. Dry shoot biomass (g plant™)

Single plants from each replication were harvested at 60 days
after sowing and shoot were excised from base of shoot and
oven dried at 65°C till the plant attain the constant weight.

2.2.3. Dry root biomass (g plant™)

Single plants from each replication were harvested at 60
DAS and roots were excised from base of shoot and oven
dried at 65°C till it attains the constant weight.

2.3. Physiological traits
2.3.1. Membrane stability index (MSI)

The leaves were excised during 8:00 to 10:00 a.m. placed
in polythene bag and brought to the lab. The leave section
of 100 mg was placed in test tubes containing 10 ml of
chilled distilled water. The test tube was kept for 30 m
in preset water bath have temperature of 40°C and then
initial electrical conductivity EC1 (dS m™) was recorded.
After initial recording of EC the same leave samples were
autoclaved at 100°C for 15 m to record EC2 (dS m™) and
MSI were calculated denoted in % (Sairam et al., 2002).

MSI=[1-(EC1/EC2)]x100 ............ (1)
2.3.2. Relative water content (RWC percentage)

The top fully expanded leaves were excised during 9:00 to
10:00 a.m. placed in ice bucket and brought to the lab. After
surface cleaning 300 mg of leaf were submerged in distilled
water for 7 h, at room temperature, under low light to attain
full turgidity. After measuring the turgid weight, leaves were
oven-dried at 65°C, till it attains the constant dry weight
(Barrs and Weatherly, 1962). RWC was calculated by using
the below formulae.

RWC-=[(Fresh weight-Dry weight)/(Turgid weight-Dry
WEIZNE)[X100 et (2)

2.3.3. Total chlorophyll content (mg g FW) and carotenoid
contents (mg g' FW)

Total chlorophyll and carotenoid content were determined
at 60 DAS. Extraction of pigments was done in dimethyl
sulfoxide (DMSO) according to the method described by
Hiscox and Israelstam (1979). 25 mg of fresh leaf samples
were kept in test tubes containing 5 ml DMSO. Test tubes
were kept in hot air oven at 70°C for 2 h or more depend on
the pale colour appearance of leaf. After that volume make
with DMSO was made up to 10 ml. The absorbance was
observed at 470, 645 and 663 nm using DMSO as blank.
The total chlorophyll and carotenoid content was calculated
as formula given by Arnon (1949) and Lichtenthaler (1987),
respectively.

2.3.4. Potassium and sodium content in leave (mg g dry
weight)

K*and Na* content in leave were determined at 60 days
after sowing. Harvested leave samples were oven dried till

»
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itloses all the moisture. Digestion of sample for estimation
of potassium and sodium was done according to (Zarcinas et
al., 1987). The 100 mg leave of sample were kept overnight
in concentrated HNO,, during next samples were heated
for 30 m on the heater till it became colourless. The volume
make of 100 ml with double distilled water was done after
cooling the digested sample. A blank was prepared by
taking same amount of HNO, and following above same
procedure. Potassium and sodium contents were determined

by flame photometer (Model no. CL-378).
2.3.5. Stress tolerance index (STI)

It was calculated ratio of biomass plant™” under saline
condition with respect to biomass under control condition.

2.4. Statistical analysis

The two way analysis of variance and correlation analysis was
performed using OPSTAT software (Sheoran et al., 1998).

3. RESULTS AND DISCUSSION

3.1. Growth traits of grain amaranths genotypes under salinity

Salinity negatively impact the plant growth by water
imbalance and ionic toxicity. Osmotic stress leads to the
reduced water uptake, decrease in turgor and reduced
growth thus, higher biomass production under salinity
indicates salinity tolerance (Munns and Tester, 2008). In
the present investigation the effects of salt stress imposed by
utilizing irrigation water of electrical conductivity (EC) of 5
dS m™and 10 dS m™, on growth of 10 amaranth genotypes
belongs to 3 grain amaranths species were studied. Results
showed that the plant growth (total height, shoot and root
dry weight) was significantly (p<0.05) reduced with the
increasing EC of 5 and 10 dS m™in all 10 genotypes. Results
of plant height in Figure 1 indicates that at moderate level
of salinity T, (5 dS m™) the highest value was recorded in
genotype SUVARNA and the lowest value was recorded
in genotype EC-198127 while, at 10 dS m™ the maximum
height was maintained by GA-5 which is at par with
SUVARNA belong A. hypochondriachus species.
:
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Figure 1: Height of the grain amaranth genotypes at different
level of salinity
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Investigation related to dry shoot and root biomass of
grain amaranth genotypes was also performed (Table 2 and
3). The difference with respect to genotypes, treatments
and interaction of GxT differed significantly (p<0.05).
GA-5 genotypes maintained its maximum dry root and
shoot biomass at all the salinity level. On an average the
percentage decrease of shoot dry weight at T, and T, with
respect to control, of species 4. hypochondriachus (10.64 and
23.86) is lower than A. cruentus (15.10 and 29.55) and 4.
caudatus (15.15 and 28.84) genotypes. Similary, the root
biomass 4. hypochondriachus also decreases less with respect
to control (Table 3). Similarly, reduction in plant growth
under salinity also recorded in several studies (Omamt et
al. 2006, Fageria et al., 2012, Rahneshan et al., 2018; Sahin
et al., 2018). Decrease in biomass under salinity is due
to osmotic stress and ion toxicity (Munns and Tester,
2008, Petretto et al., 2019), osmotic stress under salinity
reduce the biomass due to decline in stomatal conductance
and photosynthesis (Odjegba and Chukwunwike, 2012,
Menezes et al., 2017, Sarker and Oba, 2020). Plant also
expend most energy in maintenance of disturbed cell
homeostasis under salinity which leads to decreased biomass
(Atkin and Macherel, 2009, Sarker and Oba, 2020).Overall

on the basis of genotype mean salt stress cause the inhibition

of growth of grain amaranths species however, decreasing
percent was pronounced in A. cruentus and A. caudatus
than A. hypochondriachus genotypes. Also genotype GA-5
maintained the maximum plant height, root and shoots
dry weight at all the salinity level. Therefore on the basis
of minimum biomass reduction of 4. hypochondriachus
and maintenance of higher biomass at all salinity level in
genotype of GA-5 belong to 4. hypochondriachus we might

consider that it have better salt tolerance capacity.

3.2. Influence of salt stress on photosynthetic pigments in grain
amaranths

Chlorophylls and carotenoids are important photosynthetic
pigments involve in light harvesting for photosynthesis
process. Carotenoids have also act as accessory pigment
and provide photoprotection to photosystem. Higher
sodium content in plant tissues is the effective factor cause
the reduction of chlorophyll and carotenoid contents and
photosynthesis under salinity (Sairam et al., 2002, Ghogdi
etal.,2012). In the literature we found that chlorophyll and
carotenoid content increase as well decreases under saline
condition. Chlorophyll level was reported to be decreased
in several crops (Celik and Atak, 2012, Meriem et al.,
2014, Sharif et al., 2017) as well as increase in some crops

Table 2: Dry shoot biomass of grain Amaranth genotypes under different level of salinity stress at 60 days after sowing

Genotypes Dry shoot biomass (g plant™) Mean
Treatments
T, T, T,

GA-1 25.47 22.63 18.97 22.36
GA-2 23.07 20.03 17.67 20.26
GA-3 23.43 20.70 17.53 20.56
GA-4 25.37 22.83 19.57 22.59
GA-5 30.47 27.60 23.33 27.13
SUVARNA 28.27 25.73 21.77 25.26
Amaranth hypochondriacus 26.01 23.25(10.61) 19.81 (23.86)

EC-198122 2213 18.63 15.67 18.81
EC-198127 17.33 14.87 12.13 14.78
Amaranth cruentus 19.73 16.75 (15.10) 13.90 (29.55)

NIC-22553 18.13 15.33 13.27 15.58
1C-294449 19.77 16.83 13.70 16.77
Amaranth caudatus 18.95 16.08 (15.15) 13.49 (28.84)

Mean 23.34 20.52 17.36

ANOVA Genotype (G) Treatment (T) GxT

SEmz 0.14 0.08 0.25

CD ($<0.05) 0.41 0.22 0.71

*value in bracket indicate percent decrease

»
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Table 3: Dry root biomass of grain Amaranth genotypes under different level of salinity stress at 60 days after sowing

Genotypes Dry root biomass (g plant™) Mean
Treatments
T, T, T,

GA-1 34.10 29.80 24.60 29.50
GA-2 32.60 28.43 22.67 27.90
GA-3 32.90 28.27 22.47 27.88
GA-4 34.10 30.17 24.93 29.73
GA-5 39.87 36.50 30.90 35.76
SUVARNA 37.00 35.57 29.00 33.86
Amaranth hypochondriacus 35.10 31.46 (10.37) 25.76 (26.59)

EC-198122 31.43 27.70 21.47 26.87
EC-198127 28.80 24.83 18.83 24.16
Amaranth cruentus 30.12 26.27 (12.78) 20.15 (33.09)

NIC-22553 29.87 25.10 19.17 24.71
1C-294449 31.33 25.93 20.67 25.98
Amaranth caudatus 30.60 25.52 (16.62) 19.92 (34.90)

Mean 33.20 29.23 23.47

ANOVA Genotype (G) Treatment (T) GxT

SEmz+ 0.14 0.08 0.24

CD (p<0.05) 0.39 0.22 0.68

*value in bracket indicate percent decrease
like amaranth (Amaranthus tricolor), sugar beet, and cabbage .

(Wang and Nii, 2000, Jamil et al. 2007) under salinity %%33 e T )
stress. Simi‘larly, mixed response regarding the increase ii 28 ‘ ‘ ‘ ‘ ‘ ‘ ‘ il "
in carotenoid content (Celik and Atak, 2012) decreased £Z1s
content (Hajar et al. 1996) in black cumin under salinity. %Eﬁoé ‘ ‘ ‘ ‘
However, in the present study we found that increase in | £ o = e o 3 v s]8 slo % g
salinity level decreases the chlorophyll and carotenoid 5 3 5 § & % £ & % 2
concentration. The decrease in total chlorophyll under 2 g 8 £ ¢

increased salinity level might be due to the increase of salt
concentration in the treatments. Na* and Cl toxicity damage
the membrane of chloroplast (Munns and Tester, 2008).
The highest chlorophyll content was recorded in genotype
SUVARNA and the lowest was recorded in genotype
EC-198127 at 5 and 10 dS m™ (Figure 2). Regarding total
carotenoid content in moderate level of salinity T, (5 dS/m)
the maximum value was recorded in genotype EC-198122
which is at par with GA-4, SUVARNA and the minimum
value was recorded in genotype IC-294449. The maximum
carotenoid content was recorded in SUVARNA at 10 dS/m
(T,) salinity level (Figure 3). We have recorded that on an
average A. hypochondriachus species have higher chlorophyll
content while total carotenoid content was maximum in A.
cruentus. The chlorophyll content (0.908) and carotenoid

0
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Amaranth Amaranth caudatus
cruentus
Genotypes/Species

Amaranth hypochondriacus

®10dS/m ®5dS/m = Control

Figure 2: Total chlorophyll content in leaves of the grain
amaranth genotypes at different level of salinity

content (0.812) is significantly positively correlated (Table
6) with salt tolerance index based on biomass. Thus,
photosynthetic pigment might be a important traits for
selection of salinity tolerant grain amaranth.

3.3. Membrane stability of grain amaranths under salinity

In the present investigation membrane stability index
differed significantly with respect to genotypes, treatments
and interaction of GxT (Table 4). MSI decreases with

increase in the salinity level, however genotypic differences

272



Ramani et al., 2023

H

FeeeeePeS
N SR A R N RN

Total carotenoid content
(mgg-1 fresh weight)

GA-]
GA-2
H
GA-3
H
GA-4 I
GA-5
H
SUVARNA
198122
H
198127 ——
1C-22553 — )
1C-294449 n—— .

E
EC-
N

Amaranth
caudatus

Amaranth
cruentus

Amaranth hypochondriacus

®10dS/m ®m5dS/m = Control

Figure 3: Total carotenoid content in leaves of the grain
amaranth genotypes at different level of salinity

are significant (p<0.01). The genotype GA-5 maintained
significantly higher stability of membrane at 5 dSm™ while
at 10 dS m™ GA-3 have maximum stability however, GA-5
differed not significantly with GA-3. When we observed
percent decrease in membrane stability of the species we
found that 4. hypochondriachus (3.87 and 10.86) have lower
decreses than A. cruentus (6.93 and 16.04) and A. caudatus
(7.54 and 17.30) genotypes. Osmotic stress under salinity

have been an important reason for membrane damage in
crop plants (Tabaei et al., 2000). Ion toxicity particularly
Na* also become prominent reason for the membrane
damage (Tester and Davenport, 2003) during later stage of
salinity stress. In the present investigation we also recorded
that membrane stability is positively correlated (0.770) with
salt tolerance index based on the biomass.

3.4. Salinity stress effect on leave relative water content

RWC is an important traits indicates the water status of
plant tissue under salinity (Sarker and Oba, 2020; Sharif
et al., 2017). In the present investigation data pertaining
to relative water content of grain amaranth genotypes was
recorded under various treatments and data was presented
in Table 5. The difference with respect to genotypes,
treatments and interaction of GxT was differed significantly
(p<0.01). At 5 dS m™ the maximum value was recorded in
genotype GA-5 minimum value was recorded in genotype
EC-198127. Similarly, GA-5 at 10 dS m™ maintained the
higher water status than other genotypes. In general, with
increase in salinity level the RWC of all the genotypes was

decreased. Osmotic stress cause by salinity may be the reason

Table 4: Leaf Membrane Stability index of grain Amaranth genotypes under different level of salinity stress at 60 days after

sowing
Genotypes Membrane stability index Mean
Treatments

T, T, T,
GA-1 54.00 52.75 48.82 51.86
GA-2 52.42 49.27 47.77 49.82
GA-3 54.88 52.67 49.36 52.31
GA-4 54.23 52.56 48.73 51.84
GA-5 56.87 53.97 49.05 53.30
SUVARNA 54.67 53.18 47.83 51.89
Amaranth hypochondriacus 54.51 52.40 (3.87) 48.59 (10.86)
EC-198122 52.98 48.97 45.75 49.23
EC-198127 48.96 45.91 39.84 44.90
Amaranth cruentus 50.97 47.44 (6.93) 42.80 (16.04)
NIC-22553 50.06 46.18 41.40 45.88
1C-294449 51.50 47.72 42.59 47.27
Amaranth caudatus 50.78 46.95 (7.54) 42.00 (17.30)
Mean 53.06 50.32 46.12
ANOVA Genotype (G) Treatment (T) GxT
SEmz+ 0.12 0.07 0.21
CD (p<0.05) 0.34 0.19 0.59

*value in bracket indicate percent decrease

0
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Table 5: Relative water content in leaves of grain Amaranth genotypes under different level of salinity stress at 60 days after

sowing
Genotypes Relative water content (%) Mean
Treatments

T, T, T,
GA-1 86.35 84.11 77.68 82.71
GA-2 85.20 83.84 76.86 81.97
GA-3 86.57 84.33 79.16 83.35
GA-4 85.94 83.46 77.94 82.45
GA-5 89.10 85.73 81.38 85.40
SUVARNA 85.66 82.61 79.89 82.72
Amaranth hypochondriacus 86.47 84.01 (2.84) 78.82 (8.85)
EC-198122 83.83 81.33 77.59 80.92
EC-198127 79.16 76.40 73.26 76.27
Amaranth cruentus 81.50 78.87 (3.23) 75.43 (7.45)
NIC-22553 79.73 77.25 74.72 77.23
1C-294449 80.86 77.78 75.75 78.13
Amaranth caudatus 80.30 77.52 (3.46) 75.24 (6.30)
Mean 84.24 81.68 77.42
ANOVA Genotype (G) Treatment (T) GxT
SEmz+ 0.01 0.00 0.01
CD (p<0.05) 0.02 0.01 0.03

*value in bracket indicate percent decrease

for reduced relative water content in leaves of amaranth.
Osmotic stress under salinity leads to a series of events such
as stomatal closure, lower transpiration pull, lower water
uptake which ultimately reduce the RWC of cell (Blatt and
Armstrong, 1993). The maintenance of higher relative water
content of GA-5 leads to higher salinity tolerance indicated
by positive correlation of (0.768).

3.5. Salinity stress effect on leave potassium and sodium content

Salinity stress increases the content of Na* ions in the
cell, to make electrostatic balance K* ion efflux occurs and
concentration of K* ions in the cell decreases, furthermore
decrease in K* uptake under salinity also reported due to
competition for same transporter (Sarker and Oba, 2020).
The genotypes have potential to lower leave Na* content and
higher K* content are considered to be tolerant to salinity
(Yassin et al. 2019, Hussain and Munns, 2005). Similarly,
a significantly higher (p<0.01) leaf potassium content was
recorded A. hypochondriachus genotypes GA 1, GA 2, GA
3, GA 4, GA 5 and SUVARNA than genotypes of 4.
cruentus and A. caudatus. In present study the decrease in
leaf K* uptake and increase in Na* uptake was observed at

5 and 10 dS m™ of salinity with respect to control (Table

»

6), however, significant genotypic differences were recorded
in grain amaranths regarding lower leaf Na* and higher
leaf K* under salinity. The genotype GA-5 maintained
the maximum leaf potassium (32.44 and 21.61 mg g™ dry
weight) and minimum leaf sodium (3.25 and 4.18 mgg dry
weight) at 5 and 10 dS m™ with respect to other genotypes.
Thus, we can conclude that GA-5 are relatively tolerant to
salinity than other studied genotypes. Higher accumulation
of inorganic ions to osmotically adjust under saline condition
is a energy efficient strategy must prevails in salt tolerant
genotypes (Munns et al., 2020), similarly we can observe
that GA-5 have capacity to accumulate higher inorganic
solute like potassium under salinity thus it is more tolerant
to salinity.

3.6. Salt tolerance index (STI) and its correlation with
phenotypic traits

Sustain biomass production under salinity is an important
traits for selection (Ashraf and McNeilly, 1987, Shannon,
1984) of tolerant line. In present study salt tolerance index
based on biomass was maximum in genotype GA-4, GA-5

and SUVARNA was 0.84 followed by GA-1, GA-2 and

®. © 2023 PP House 274
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Table 6: K+ and Na+ content in leaves of grain amaranth genotypes under different level of salinity stress at 60 days after sowing

Genotypes K+ content in leaves (mg g™ dry weight) Na+ content in leaves (mg g™ dry weight)
Treatments Treatments
T, T, T, Mean T, T, T, Mean

GA-1 45.13 31.87 21.47 32.82 2.62 3.50 4.34 3.49
GA-2 42.10 29.78 19.77 30.55 3.12 3.91 4.68 3.90
GA-3 43.79 30.58 20.01 31.46 2.69 3.62 4.48 3.60
GA-4 40.15 26.84 16.47 27.82 3.10 3.90 4.90 3.97
GA-5 46.56 32.44 21.61 33.54 2.49 3.25 4.18 3.31
SUVARNA 39.99 24.84 15.82  26.89 3.34 4.20 5.19 4.25
EC-198122 38.69 24.05 13.15 25.30 3.36 4.32 5.22 4.30
EC-198127 30.66 20.45 10.31  20.47 3.67 4.56 5.60 4.61
NIC-22553 38.21 22.50 12.73 24.48 3.38 4.33 5.30 4.34
1C-294449 38.64 22.93 13.23 24.93 3.35 4.38 5.26 4.33
Mean 40.39 26.63 16.46 3.11 4.00 4.92
ANOVA Genotype (G) Treatment (T) GxT Genotype (G) Treatment (T) GxT
SEmz 1.42 0.78 2.46 0.19 0.11 0.34
CD (p=0.01) 4.03 2.21 6.99 0.55 0.30 0.95

GA-3 the value is 0.82, all the genotypes having higher salt 0.86 -

tolerance index was belongs to A. hypochondriachus species, 084

the genotypes EC-198122, EC-198127, NIC-22553 and o ]

1C-294449 belong to A. cruentus and A. caudatus have lower £ 0.8 -

salt tolerance index (Figure 4). In the present investigation S 0.76 -

the plant height (0.730), shoot weight (0.649), root weight & 0.74 1

(0.796), RWC (0.768), MSI (0.770) total chlorophyll 072 - N R R S

content (0.908), total carotenoid content (0.812) and leaf &g & & FF 4§§ ,Q‘b\ ,@*’\ P ﬁ”‘b‘

postassium contents (0.883) are significantly positively & & S8

associated with salt tolerance index (Table 7). Therefore, Genotypes

salt tolerant genotypes of grain amaranths might be selected
on the basis of above parameters.

Figure 4: Salt tolerance index of the grain amaranth genotypes
at different level of salinity

Table 7: Correlation of growth traits and physiological indices with salt tolerance index in grain amaranths.

DSB DRB MSI RWC Chl Car K Na STI
PH 0.936" 0.893" 0.899" 0.884" 0.808" 0.622" 0.803" -0.795" 0.730"
DSB 0.9457 0.899" 0.879" 0.7237 0.635" 0.719" -0.740" 0.649"
DRB 0.857" 0.870" 0.823" 0.752" 0.774" -0.776" 0.796"
MSI 0.909" 0.798" 0.711" 0.861" -0.8727 0.770"
RWC 0.838" 0.687" 0.887" -0.874" 0.768"
Chl 0.708" 0.829° -0.775" 0.908"
Car 0.671" -0.6257 0.812"
K -0.984" 0.883"
Na -0.841"

*PH: plant height, DSB: dry shoot biomass, DRB: dry root biomass, MSI: membrane stability index, RWC: relative water

content, Chl: chlorophyll content, Car: carotenoid content, K: potassium content, Na: Sodium content, STT: salt tolerance index

w
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4. CONCLUSION

enotype GA-5 had minimum membrane damage,

higher chlorophyll content, higher relative water
content and higher potassium Accumulation leads to
maximum plant biomass under salinity stress. Morpho-
physiological indices and salt tolerance index indicated
that A. hypochondriachus species have higher salt tolerance
index than 4. cruentus and A. caudatus. Physiological traits
like chlorophyll content, membrane stability, relative water
content and leave potassium content was significantly
positively correlated with STI might be utilised for selection
of salt tolerant grain amaranth genotypes.

5. ACKNOWLEDGEMENT

he authors are sincerely thankful to Sardarkrushinagar
Dantiwada Agricultural University for providing
financial support.

5. REFERENCES

Arnon, D.1.,1949. Copper enzymes in isolated chloroplast,
polyphenoloxidase in Beta wulgaris. Journal of Plant
Physiology 24(1), 115.

Arora, N.K., Fatima, T., Mishra, 1., Verma, M., Mishra,
J., Mishra, V., 2018. Environmental sustainability:
challenges and viable solutions. Environment
Sustainability, 1(4), 309-340.

Ashraf, M., McNeilly, T., 1987. Salinity effects on five
cultivars/lines of pearl millet (Pennisetum americanum
[L] Leeke). Plant and Soil 103(4), 13—-19.

Atkin, O.K., Macherel, D., 2009. The crucial role
of plant mitochondria in orchestrating drought
tolerance. Annals of Botany, 103(4): 581-597.

Barrs, H.D., Weatherly, P.E., 1962. A re-examination of
the relative turgidity technique for estimating water
deficit in leaves. Australian Journal of Biological
Sciences 15,413—428.

Basu, S., Giri, R.K., Benazir, 1., Kumar, S., Rajwanshi,
R., Dwivedi, S.K., Kumar, G., 2017. Comprehensive
physiological analyses and reactive oxygen species
profiling in drought tolerant rice genotypes under
salinity stress. Physiology and Molecular Biology of
Plants, 23, 837-885.

Blatt, M.R., Armstrong, F., 1993. K* channels of stomatal
guard cells: Absecisic acid evoked control of the
outward rectifier mediated by cytoplasmic pH. Planta
191(3), 330-341.

Celik, O., Atak, C., 2012. The effect of salt stress on
antioxidative enzymes and proline content of two
Turkish tobacco varieties. Turkish Journal of Biology
36, 339-356.

Estrada, Y., Ferndndez-Ojeda, A., Morales, B., Egea-

»
. © 2023 PP House

Fernindez, ].M., Flores, F.B., Bolarin, M.C., Egea,
I., 2021. Unraveling the Strategies Used by the
Underexploited Amaranth Species to Confront Salt
Stress: Similarities and Differences With Quinoa
Species. Frontiers in Plant Science, 12, 604481.

Fageria, N.K., Stone, L.F., Santos, A.B., 2012. Dos
Breeding for salinity tolerance. In: Plant Breeding for
Abiotic Stress Tolerance, Springer:Berlin/Heidelberg,
Germany. pp 103-122.

Flowers, T.]., Galal, H.K., Bromham, L., 2010. Evolution
of halophytes: multiple origins of salt tolerance in land
plants. Functional Plant Biology 37, 604-612.

Gandonou, C., Prodjinoto, H., Ahissou-
Zanklan, S., Wouyou, D. A., Lutts, S.,
Hambada-Montcho, D., Komlan, F.A., Mensah,
A.C.G., 2018. Effects of salinity stress on growth in
relation to gas exchanges parameters and water status
in amaranth (Amaranthus cruentus). International
Journal of Plant Physiology and Biochemistry 10(3),
19-27.

Ghogdi, E.A., Izadi-Darbandi, A., Borzouei, A. 2012.
Effects of salinity on some physiological traits in
wheat (Triticum aestivum L.) cultivars. Indian Journal
of Science and Technology 5, 1901-1906.

Hajar, A.S., Zidan, M.A., Al Zahrani, H.S. 1996. Effect
of salinity stress on the germination, growth and
some physiological activities of black cumin (Vige/la
sativa L.). Arab Gulf Journal of Scientific Research
14, 445-454,

Hiscox, J.D., Israelstam, G.F., 1979. A method for
extraction of chlorophyll from leaf tissue without
maceration. Canadian Journal of Botany 57, 1332-
1334,

Huerta-Ocampo, J., Barrera-Pacheco, A., Mendoza-
Hernandez, C., Rangel, E., Mock, H.P., Barba de
la, R.A., 2014. Salt stress-induced alterations in the
root proteome of Amaranthus cruentus L. Journal of
Proteome Research 13(8), 3607-3627.

Hussain, S., Munns, R., 2005. Sodium exclusion trait
in durum wheat. In: International salinity forum
managing saline soils and water science. Technology
and social issues riverside. Conference book of
abstracts, California, USA.

Isayenkov, S.V.,2019. Genetic sources for the development
of salt tolerance in crops. Plant Growth Regulation
89, 1-17.

Jamil, M., Rehman, S., Rha, E.S.; 2007. Salinity effect on
plant growth, PSII photochemistry and chlorophyll
content in sugar beet (Beta vulgaris L.) and cabbage
(Brassica oleracea capitata L.). Pakistan Journal of

Botany 39(3), 753-760.

276



Ramani et al., 2023

Kashem, M.A., Sultana, N., Ikeda, T., Hori, H., Loboda,
T., Mitsui, T., 2000. Alteration of starch-sucrose
transition in germinating wheat seed undersodium
chloride salinity. Journal of Plant Biology 43, 121-
127.

Kiani-Pouya, A., Rasouli, F., Shabala, L., Tahir, A. T.,
Zhou, M.,Shabala, S. 2020. Understanding the role
of root-related traits in salinity tolerance of quinoa
accessions with contrasting epidermal bladder cell

patterning. Planta, 251(5), 103.

Lavini, A.,  Pulvento, C., D’Andria, R.,
Riccardi, M., Jacobsen, S.E. 2016.
Effects of saline irrigation on yield and
qualitative  characterization of seed of an

amaranth accession grown under Mediterranean
conditions. TheJournalof Agricultural Science 154(5),
858-869.

Lichtenthaler, H.K., 1987. Chlorophylls and carotenoids:
Pigments of photosynthetic biomembranes. Methods
in Enzymology 148, 350-382.

Menezes, R.V., Azevedo Neto, A.D.D., Ribeiro, M.D.O.,
Cova, AM.W., 2017. Growth and contents of
organic and inorganic solutes in amaranth under salt
stress. Pesqui. Agropecuaria Tropical 47(1), 22-30.

Meriem, B.F., Kaouther, Z., Cherif, H., Tijani, M., Andre,
B., 2014. Effect of priming on growth, biochemical
parameters and mineral composition of different
cultivars of coriander (Coriandrum sativum L.)
under salt stress. Journal of Stress Physiology and
Biochemistry 10(3), 84-109.

Munns, R., Day, D.A., Fricke, W., Watt, M., Arsova,
B., Barkla, BJ., Bose, J., Byrt, C.S., Chen, Z.H.,,
Foster, K.J., Gilliham, M., Henderson, S.W., Jenkins,
C.L.D., Kronzucker, H.]., Miklavcic, S.J., Plett, D.,
Roy, S.J., Shabala, S., Shelden, M.C., Soole, K.L.,
Taylor, N.L., Tester, M., Wege, S., Wegner, L.H.,
Tyerman, S.D. 2020. Energy costs of salt tolerance
in crop plants. New Phytologist 225(3), 1072-1090.

Munns, R., James, R.A., Lauchli, A., 2006. Approaches to
increasing the salt tolerance of wheat and other cereals.
Journal of Experimental Botany 57(5), 1025-1043.

Munns, R., Tester, M., 2008. Mechanisms of salinity
tolerance. Annual Review of Plant Biology 59,
651-681.

Murata, S., Kobayashi, M., Matoh, T., Sekiya,
J., 1992. Sodium stimulates regeneration of
phosphoenolpyruvate in mesophyll chloroplasts of 4.
tricolor. Plant and Cell Physiology 33(8), 1247-1250.

Nasirpour-Tabrizi, P., Azadmard-Damirchi, S., Hesari,
J., Piravi-Vanak, Z. 2020. Amaranth seed oil
composition. In Nutritional Value of Amaranth,

Intech Open, London, UK DOI: http://dx.doi.

»
&, © 2023 PP House

org/10.5772/intechopen.91381.

Odjegba, V.]J., Chukwunwike, I.C., 2012. Physiological
responses of Amaranthus hybridus L. under
salinity stress. Indian Journal of Innovations and
Development 1, 742-748.

Omamt, E.N., Hammes, P.S.; Robbertse, P.J., 2006.
Differences in salinity tolerance for growth and water-
use efficiency in some amaranth (Amaranthus spp.)
genotypes. New Zealand Journal Crop of Horticultural
Science 34(1), 11-22.

Parihar, P., Singh, S., Singh, R., Singh, V.P., Prasad,
S.M., 2015. Effect of salinity stress on plants and its
tolerance strategies: a review. Environmental Science
and Pollution Research 22(6), 4056—4075.

Petretto, G.L., Urgeghe, P.P., Massa, D., Melito, S.
2019. Effect of salinity (NaCl) on plant growth,
nutrient content, and glucosinolate hydrolysis products
trends in rocket genotypes. Plant Physiology and
Biochemistry 141, 30-39.

Pulvento, C., Riccardi, M., Lavini, A., d’Andria, R., Ragab,
R., 2015. Parameterization and field validation of
SALTMED model for grain amaranth tested in South
Italy. Irrigation and Drainage 64, 59-68.

Rahneshan, Z., Nasibi, F., Moghadam, A.A., 2018. Effects
of salinity stress on some growth, physiological,
biochemical parameters and nutrients in two pistachio
(Pistacia vera L.) rootstocks. Journal of Plant
Interactions 13(1), 73-82.

Rasel, M., Tahjib-Ul-Arif, M., Hossain, M.A., Hassan,
L., Farzana, S., Brestic, M., 2020. Screening of salt-
tolerant rice landraces by seedling stage phenotyping
and dissecting biochemical determinants of tolerance
mechanism. Journal of Plant Growth Regulation 40,
1853-1868.

Sahin, U., Ekinci, M., Ors, S., Turan, M., Yildiz, S.,
Yildirim, E., 2018. Effects of individual and combined
effects of salinity and drought on physiological,
nutritional and biochemical properties of cabbage
(Brassica oleracea var. capitata). Scientia Horticulturae
240, 196-204.

Sairam, R.K., Rao, K.V. , Srivastava, G.C., 2002.
Differential response of wheat genotype to long term
salinity stress in relation to oxidative stress, antioxidant
activity and osmolyte concentration. Plant Science
163(5), 1037-1046.

Sarker, U., Oba, S., 2018. Drought stress effects on
growth, ROS markers, compatible solutes, phenolics,
flavonoids, and antioxidant activity in Amaranthus
tricolor. Applied Biochemistry and Biotechnology 186,
999-1016.

Sarker, U., Oba, S., 2020. The response of salinity stress-
induced A. #ricolor to growth, anatomy, physiology,

277


https://bnrc.springeropen.com/articles/10.1186/s42269-021-00576-0#ref-link-section-d209901682e692

International Journal of Bio-resource and Stress Management 2023, 14(2):268-278

non-enzymatic and enzymatic antioxidants. Frontiers
in Plant Sciences 11, 559-876.

Shabala, S., Hariadi, Y., Jacobsen, S.E. 2013. Genotypic
difference in salinitytolerance in quinoa is determined
by differential control of xylem NaCl loadingand
stomatal density. Journal of Plant Physiology, 170,
906-914.

Shannon, M.C., 1984. Breeding, selection and the genetics
of salt tolerance. In: Staples RC, Toeniessen GH
(eds) Salinity tolerance in plants. Wiley, New York,
231-254.

Sharif, P., Seyedsalehi, M., Paladino, O., Damme, P.,
Van Sillanpa, M., Sharifi, A.A., 2017. Effect of
drought and salinity stresses on morphological and
physiological characteristics of canola. International
Journal of Environmental Science and Technology 15,
1859-1866.

Sheoran, O.P., Tonk, D.S., Kaushik, L.S., Hasija, R.C.,
Pannu, R.S., 1998. Statistical software package for
agricultural research workers. recent advances in
information theory, statistics & computer applications
by D.S. Hooda & R.C. Hasija Department of
Mathematics Statistics, CCS HAU, Hisar, pp 139-
143.

Shimose, N., Sekiya, J., Kimura, O., Suzuki, 1., 1991. Salt
tolerance of amaranth, mugwort, eggplant and perilla.
Japanese Journal of Tropical Agriculture 35, 16-19.

Tabaei-Aghdaei, S., Harrison, P., Pearce, R.S., 2000.
Expression of dehydration-stress related genes in
crown of wheat grass species having contrasting
acclimation to salt, cold and drought. Plant Cell and
Environment 23, 561-571.

Tang, X., Mu, X., Shao, H., Wang, H., Brestic, M., 2015.

Global plant-responding mechanisms to salt stress:

»
&, © 2023 PP House

physiological and molecular levels and implications
in biotechnology. Critical Reviews in Biotechnology
35(4), 425-437.

Tester, M., Davenport, R., 2003. Na* tolerance and Na*
transport in higher plants. Annals of Botany 91,
503-527.

Venskutonis, P.R., Kraujalis, P., 2013. Nutritional
Components of Amaranth Seeds and Vegetables:
A Review on Composition, Properties, and Uses.
Comprehensive Reviews on Food Science and Food
Safety 12(4), 381-412.

Wang, Y., Nii, N., 2015. Changes in chlorophyll,
ribulose bisphosphate carboxylase-oxygenase, glycine
betaine content, photosynthesis and transpiration in
Amaranthus tricolor leaves during salt stress. The Journal
of Horticultural Science and Biotechnology 75(6),
623-627.

Yassin, M., El Sabagh, A., Mekawy, A.M.M., Islam, ML.S.,
Hossain, A., Barutcular, C., Alharby, H., Bamagoos,
A., Liu, L., Ueda, A., Saneoka, H.,2019. Comparative
performance of two bread wheat (7riticum aestivum L..)
genotypes under salinity stress. Applied Ecology and
Environmental Research 17, 5029-5041.

Zarcinas, B.A. Cartwright, B., Spouncer L.R.,1987. Nitric
acid digestion and multi-element analysis of plant
material by inductively coupled plasma spectrometry.
Communications in Soil Science and Plant
Analysis 18(1), 131-146.

Zhu, J.K., 2003. Regulation of ion homeostasis under
salt stress. Current Opinion in Plant Biology 6(5),
441-445.

278



