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Salinity is one of the most widespread environmental threats to global crop production, especially in arid and semi-arid
regions. Photosynthesis and carbohydrates were determined in two ragi (Eleusine coracana (L.) Gaertn) varieties (CO-
13 and PAIYUR-1), subjected to salt stress of different concentrations (0, 40, 80 and 120mM). Salinity was given as a
basal dose and sampling was done in leaves on 30th Days. After Treatment (DAT). There was a marked variation in the

ABSTRACT

photosynthetic rates and ribulose-1, 5-bisphosphate carboxylase activity between the two ragi varieties subjected to salt
stress. Photosystem II (PSII) and sucrose phosphate synthase activities were also significantly reduced as measured by

salt stressed conditions. The quantity of glucose and sucrose decreased with increasing salt stress while starch showed
areverse trend under salt-stressed conditions. The results revealed that CO-13 exhibits higher photosynthetic rates and
activities of ribulose-1,5-bisphosphate carboxylase, sucrose phosphate synthase with photochemical efficiency of PSII

compared to PAIYUR-1
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INTRODUCTION

Agriculture is expanding into regions that are affected by
salinity (Causin et al., 2020). Soil salinity in agricultural
areas is increasing world-wide due to irrigation with
brackish water and to seawater encroachment on low-lying
coastal regions and its impact on crop production is further
increasing as the global demand for food means agriculture
extends into naturally salt-affected lands (Munns et al.,
2020; El-Hendawy, et al., 2021)). Photosynthesis is
the single most vital metabolic processes that not only
regulates plant growth and development, but also directly
controls overall productivity (Hohner et al., 2019). Soil
salt prevents plants from taking up water, exposing them
to drought stress. To conserve water, they close their
stomata and this simultaneously restricts the entry of CO,
into the leaf, reducing photosynthesis (Soda et al., 2018).
Higher photosynthetic rates would require an increase of
RuBPcarboxylase activity, whereas lower photosynthetic
rates would indicate a reduction of RuBPcarboxylase
characteristics in salt-stressed leaves (Delfine ez al., 1999).
In higher plants, salt stress inhibits PSII activity and was
decreased in response to salt stress due to the dissociation
of 23 kDa polypeptide extrinsically bound to PSII (Kao e?
al., 2003). Khan (2003) found out that saline stress slows
down the production of photosynthetic pigments. SPS is
an important cytosolic enzyme that is known to control
the flux of carbon fixation into sucrose and starch (Penella
et al., 2016). Sugars (i.e. starch and sucrose) are primary
products of photosynthesis in higher plants (Lunn and
Hatch, 1995) and are highly sensitive to environmental
stresses and the major forms of carbohydrates. Starch
is also emerging as a key molecule in mediating plant

responses to abiotic stresses, such as water deficit, high
salinity or extreme temperatures (Thalmann and Santelia,
2017). A better understanding of the mechanisms that
enable plants to adapt to salt stress and maintain growth
and productivity during the salt stressed conditions will
ultimately help in the selection of salt tolerant varieties.
Ragi (Eleusine coracana (L.) Gaertn) is an important
minor cereal in India, rich in calcium, dietary fiber and
known for its health benefits and salinity is a major factor
limiting its productivity and hence the profitability of
the farmers in India. The main objective of the present
study was to assess the photosynthetic performance and
carbohydrate levels in two different ragi varieties (CO-13
and PATYUR-1) under salt-stressed conditions.

MATERIALS AND METHODS

The certified ragi (Eleusine coracana (L.) Gaertn)
seeds (Varieties: CO-13 and PAIYUR-1) were
procured from PASIC, Pondicherry. Seeds with
uniform size were selected and the plants were raised
in pots containing red and clay soil and pH of the soil
was 7.2 with EC of 0.2 dsm™'. After 20 days, seedlings
were thinned and three plants of uniform vigor were
maintained in each pot. Plants were grown under
natural climatic conditions. Plants were watered for
the first 20 days after germination. The seedlings were
divided into four groups. One group of seedlings was
maintained under non-salinized conditions which
served as control plants. The watering solution for
control plants consists of tap water and one-fourth
strength of Hoagland nutrients (Hoagland and
Arnon, 1950). Other three groups were salinized
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Table 1. Influence of salt stress on rate of photosynthesis, activity of RuBP carboxylase and sucrose phosphate syn-
thase, DCPIP reduction, chlorophyll contnet in two ragi varieties

Variety and parameters Salinity treatments (mM)
control | 40 80 120

Photosynthesis (nmolCO,/gfw/s)

CO-13 4.59 3.84 3.67 3.12
+0.39 +0.28 +0.24 +0.21

PAIYUR-1 4.03 2.44 1.95 1.53
+0.37 +0.12 +0.092 +0.054

RuBP carboxylase (umolCO, /mgprotein/min)

CO-13 252.67 215.90 202.19 180.32
+5.11 +4.98 +4.84 +4.66

PATYUR-1 245.51 170.11 115.24 94.38
+5.03 +4.37 +3.89 +3.18

Sucrose phosphate synthase (umolUDP /mgprotein/min)

CO-13 36.89 32.15 29.62 27.09
+3.44 +3.36 £3.11 £3.03

PATYUR-1 34.76 25.63 19.98 14.37
+3.23 +3.09 +2.27 +1.95

DCPIP reductions (umol/mgprotein/min)

CO-13 164.52 145.08 137.44 125.25
+7.30 +7.24 +7.16 +6.83

PATYUR-1 162.17 117.61 85.29 63.28
+7.81 +7.63 +7.55 +7.49

Total chlorophyll (mg/gfw)

CO-13 1.49 1.34 1.25 1.15
+0.045 +6.030 +0.024 +0.021

PATYUR-1 1.42 1.01 0.89 0.65
+0.043 +0.022 +0.012 +0.011

The data are expressed as mean = s.e. for five independent determinations (P<0.05).

by irrigation daily to soil capacity (500 ml d') with
the nutrient medium containing 40mM, 80mM and
120mM NaCl. Young and fully matured leaves were
taken from control and salinity treated plants on 30®
Days After Treatment (DAT), for all the experiments
described below.

Photosyntheticrates were determined by following the
incorporation of '*CO, by young and fully expanded
leaves as described by Sundar and Ramachandra
Reddy, (2000). Chloroplast isolation and estimation
of photosystem (II) activity measured according to
the method of Leegood and Walker, (1993).
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Ribulose-1,5-bisphosphate  carboxylase activity was
assayed at 30 °C by the incorporation of “CO, in to
acid stable products (Lorimer et al., 1977) and the
radioactivity was measured in the liquid scintillation
counter. Sucrose phosphate synthase (SPS) was assayed
at 30 °C by measuring the production of UDP (Huber,
1981). Chlorophyll content was determined in 80%
acetone extract (Arnon, 1949). The contents of starch and
sucrose in the leaf tissues were estimated enzymatically
according to the method of Ramachandra Reddy et al.,
(1996). The glucose content in the 80% ethanolic extract
was determined using the anthrone method (Dubois et al.,
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Table 2. Effect of salt stress on the content of glucose, sucrose and starch in two ragi varieties.

Variety and parameters | Salinity treatments (mM)
control 40 80 120

Glucose (mg/gdw)

CO-13 19.78 17.23 15.17 14.66
+2.37 +2.19 +1.11 +1.09

PAIYUR-1 18.67 14.84 11.47 8.34
+2.23 +1.97 +1.07 +0.99

Sucrose (mg/gdw)

CO-13 36.20 33.46 29.88 26.82
+3.10 +3.04 +2.55 +2.32

PATYUR-1 31.06 23.32 16.34 13.51
+2.90 +2.63 +2.25 +1.19

Starch (mg/gdw)

CO-13 26.81 29.33 33.62 36.28
+2.71 +2.92 +3.03 £3.18

PAIYUR-1 28.56 36.28 48.54 60.23
+2.84 +3.13 +3.22 £3.80

The data are expressed as mean + s.e. for five independent determinations (P<0.05).

1956).

For statistical analysis, five samples were taken for each
treatment from five individual plants. Student’s t-test
and Analysis of Variance (ANOVA) were applied for
analyzing significant differences between the control and
treated plants (P<0.05).

RESULTS AND DISCUSSION

Salt stress causes decrease in plant growth and
productivity by disrupting physiological processes,
especially photosynthesis (Sudhir and Murthy, 2004;
Galic et al., 2020). The ability of plants to maintain a
reasonable photosynthetic rate under environmental
stress is fundamental for the maintenance of plant growth
and development (Eisa et al., 2012). Photosynthetic rate
was measured under different salinity concentrations
to assess the photosynthetic potential and there was a
marked variation between two ragi varieties (Fig. 1). CO-
13 exhibited significantly high rates of photosynthesis
both in control (4.59 nmolCO,/gfw/s) and salt-stressed
plants (3.12 nmolCO,/gfw/s) even under higher salinity
treatments (Table 1). Qin ez a/., (2010) found that decrease
in photosynthetic rate was mainly due to serious cellular
dehydration, inhibited synthesis of chlorophyll and ionic
imbalance and toxicity. There are several ways in which the
CO, assimilation and activity of photosynthetic enzymes
could decrease in the plants subjected to salt stress. These
include stomatal closure, the differences in the activation
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states of enzymes, a decrease in the total protein content
per leaf area or specific transcriptional and translational
control of synthesis of specific proteins (Gomes et al.,
2011). Inour study, Ribulose-1,5 bisphosphate carboxylase
and sucrose phosphate synthase decreased significantly
under salt stressed conditions (Table 1). However, CO-
13 maintained higher level of photosynthetic enzyme
activities at all the salinity treatments. For instance,
less than 120mM salinity, reduction of activity of RuBP
carboxylase (29%) and SPS (27%) was noticed in CO-
13, while 62% (RuBpcarboxylase activity) and 59% (SPS
activity) in PAIYUR-1 when compared to respective
control plants. This reduction of photosynthetic enzymes
in the ragi varieties under salt stress is presumed to be
due to reduced de novo synthesis of these enzymes. The
effect of salt stress on the activities of the photosynthetic
enzymes is a secondary effect mediated by the reduced
CO, partial pressure inside the leaf caused by stomatal
closure (Pattanagul and Thitisaksakul, 2008).

Salt stress affects the biochemistry of photosynthesis
by causing the disorientation of lamellar system of the
chloroplasts and loss of integrity of the chloroplasts
leading to a decrease in the activities of PSII (Zhang et
al., 2018). Activity of photosystem II as measured by the
photo reduction of DCPIP was also high in CO-13 (125.25
pumol/mgprotein/min) even under salt stressed conditions
when compared to PAIYUR-1 (63.28 pmol/mgprotein/
min) (Table 1). Under salt stressed conditions, limitation
of carbon assimilation within the plant cell results in
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exposure to excess excitation energy. Chlorophyll is the
principal agent responsible for photosynthesis and under
adverse conditions, chlorophyll level is a good indicator
of photosynthetic activity (XinWen et al., 2008) and thus,
we quantified the content of photosynthetic pigments
in order to infer the effect of salt concentrations on the
photosynthetic activity of two ragi varieties. Our data
indicate that CO-13 recorded high chlorophyll value
(1.15 mg/gfw) even under higher salinity compared to
PAIYUR-1 (Table 1). Most studies show that salinity
adversely affects chlorophyll content (Meloni et al., 2003)
and the observed decrease in chlorophyll contents in the
leaves of ragi varieties grown under saline conditions
may be attributed to both an inhibited synthesis of that
pigment and damaged PS antenna system (Youssef and
Awad, 2008).

Sugars play roles in osmotic adjustment, stabilizing
membranes upon stress (Ahmed ez al., 2017), and affecting
sugar-sensing system that regulates the expression of a
variety of genes involved in photosynthesis, respiration,
and synthesis and degradation of starch and sucrose. Salt
stress also affected the carbohydrate metabolism in ragi
leaves and the quantity of glucose and sucrose decreased
with increasing salt stress (Table 2). PAIYUR-1 showed
more reduction of glucose (55%) and sucrose (57%) at
120mM salinity treatment than compared to CO-13. The
decrease in the glucose content may be attributed to the
decreased photosynthetic rate as well as reduced sucrose
phosphate synthase activity under salt stress in ragi leaves.
Sucrose with glucose was reported to act as substrates for
cellular respiration, osmolytes to maintain homeostasis
and stabilize membrane (Norwood et al., 2000) and soil
salinity promoted sucrose exportation in the ragi varieties,
lowering sucrose content in leaves of ragi varieties.

Under salinity stress, considerable amounts of starch
were accumulated in two ragi varieties and the increase
in starch content was greater in PAIYUR-1 (53%) than
CO-13 (26%) when compared to control plants (Table 2).
This may be an indication of changing carbon partitioning
between sucrose and starch to retain greater amounts of
fixed carbon in the ragi varities under soil salinity stress.
Limited CO, availability can alter leaf carbohydrate content
and source-to-sink translocation pattern and it is possible
that utilization of carbohydrate could be a limiting factor
of growth under salinity and the accumulation of starch
in the salt-sensitive cultivar is probably due to reduced
utilization in the actively growing tissue (Thalmann and
Santelia, 2017). In the present study, starch accumulated
under salt stress conditions which might be one of the
reasons for reduced photosynthetic rates under salt stress.

CONCLUSION

Although salt stress elicited considerable variations
between the two varieties of ragi, the varieties that show
less susceptibility to salt stress is expected to improve
the ragi crop production in semi-arid areas. The present
study clearly shows that variety CO-13 is superior in
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photosynthetic performance under salt stressed conditions
and such studies can be useful in ragi breeding programs
to generate plants with high photosynthetic performance
even under salt stressed regimes.
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