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ABSTRACT

Salt stress is one of the most serious abiotic stresses limiting plant growth and development. Calcium as an essen-
tial nutrient element and important signaling molecule plays an important role in ameliorating the adverse effect
of salinity on plants. This study aimed to investigate the impact of exogenous calcium on improving salt tolerance
in Tartary buckwheat cultivars, cv. Xinong9920 (salt-tolerant) and cv. Xinong9909 (salt-sensitive). Four-week-old
Tartary buckwheat seedlings under 100 mM NaCl stress were treated with and without exogenous calcium chlor-
ide (CaCl,), Ca®* chelator ethylene glycol tetraacetic acid (EGTA) and Ca”*-channel blocker lanthanum chloride
(LaCl;) for 10 days. Then, some important physiological and biochemical indexes were determined. The results
showed that salt stress significantly reduced seedling growth, decreased photosynthetic pigments, inhibited anti-
oxidants and antioxidant enzyme activities. However, it increased the reactive oxygen species (ROS) levels in the
two Tartary buckwheat cultivars. Exogenous 10 mM CaCl, application on salt-stressed Tartary buckwheat seed-
lings obviously mitigated the negative effects of NaCl stress and partially restored seedlings growth. Ca®*-treated
salt-stressed seedlings diplayed a suppressed accumulation of ROS, increased the contents of total chlorophyll,
soluble protein, proline and antioxidants, and elevated the activities of antioxidant enzymes compared with salt
stress alone. On the contrary, the addition of 0.5 mM LaCl; and 5 mM EGTA on salt-stressed Tartary buckwheat
seedlings exhibited the opposite effects to those with CaCl, treatment. These results indicate that exogenous Ca*"
can enhance salt stress tolerance and Ca>* supplementation may be an effective practice to cultivate Tartary buck-
wheat in saline soils.
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1 Introduction

Tartary buckwheat (Fagopyrum tataricum (L.) Gaertn.) originated in southwestern China, and has
currently been cultivated all over the world due to its good economic benefits and nutrient values. Tartary
buckwheat is an important short-season pseudocereal crop and it produces gluten-free grains which are an
important source of complete proteins with a balanced composition of essential amino acids [1].
Furthermore, Tartary buckwheat also contains resistant starch, minerals, proteins, vitamins, especially
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phenols, which prevent the effects of various chronic human diseases, such as obesity, hypertension, and
cardiovascular diseases [2,3]. Therefore, in order to expand the planting area and improve the yield of
Tartary buckwheat, it is very important to study the stress resistance of buckwheat [4].

Abiotic stresses, including drought, salt, low or high temperature, and flood, are the main cause of crop
productivity decline, which seriously affect the growth and development of crops [5,6]. Among these
stresses, salt stress is one of the most important abiotic stress factors restricting plant growth and
production [7-9]. Salinity adversely affects plants mainly in three ways including osmotic stress, ionic
toxicity, and oxidative damage [10]. The high salt concentration causes the increase of osmotic pressure
in the external environment of the root system; therefore, the water potential in the surrounding
environment of the root system is lower than that in the cells [11]. Not only can the cells not absorb the
water needed, but the free water stored inside them will also flow outward along the water potential
gradient, which finally results in cell water shortage and plant physiological drought [12]. Ionic stress
mainly refers to ion toxicity and nutrition deficiency. Excessive salt ions destroy the integrity of the plant
cell plasma membrane, so that a large number of nutrient elements such as calcium and potassium are
extravagated from the cell, while sodium and chlorine are accumulated in it. Ion imbalance and a series
of metabolic disorders in cells promote cell senescence and death [13]. In addition, osmotic stress and
ionic imbalance will further cause secondary damage to cells, such as excessive production of reactive
oxygen species (ROS), including hydrogen peroxide (H,O,), superoxide (O, *) and hydroxyl radicals
(-OH), which can cause oxidative damage to plants, such as membrane damage, enzymatic inhibition, cell
death, and inhibition of plant growth and development [14—16]. After a long period of adaptation, plants
have developed a series of complex defense systems to neutralize and scavenge the generated ROS. Such
systems include non-enzymatic antioxidants and enzymatic antioxidants such as ascorbic acid (AsA),
glutathione (GSH), ascorbate peroxidase (APX), catalase (CAT), peroxidase (POD), superoxide dismutase
(SOD), and glutathione peroxidase (GPX), which prevent cellular damage from ROS [17-19].

Some studies have shown that the application of different signaling molecules or protective agents on the
basal or foliar surface of plants can alleviate the adverse effects of salinity by activating these defense
mechanisms [20-24]. Calcium is an essential macronutrient for plants and plays an important role in the
regulation of plant cell metabolism and signal transduction [25]. Many findings indicated that exogenous
Ca”" reversed salinity-induced damage in some plant species such as wheat (Triticum aestivum L.) [26],
rice (Oryza sativa L.) [23], Cichorium intybus and Cowpea (Vigna unguiculata L.) [27,28]. It has been
observed that exogenous application of moderate Ca>" improved salt tolerance of plants by promoting
membrane stability, stabilizing cell wall structures, regulating ion transport, and enhancing antioxidant
enzyme activities [23,24,27-30]. Ethylene glycol tetraacetic acid (EGTA) is the specific Ca®" chelator and
it can lead to a decrease of extracellular Ca®" concentration by chelation, and thus affects the
physiological function of Ca®" [31]. Ca*" channels also play a crucial role in Ca®" transfer and regulation,
which is involved in responses to abiotic stress. Lanthanum chloride (LaCls) is the Ca®>* channel blocker
and can suppress cytoplasmic Ca®" elevation via blocking Ca®" influx [32]. Therefore, LaCl; can be
utilized to analyze the role of Ca®" signaling in salt stress response. In this research, we aimed to
investigate the effect of exogenous Ca®", Ca®" chelator EGTA and Ca®" channel blocker LaCl; on some
physiological and biochemical parameters and revealed the function and mechanism of calcium signaling
in two Tartary buckwheat cultivars exposed to salt stress.

2 Materials and Methods

2.1 Plant Materials and Treatments

Tartary buckwheat cultivars, cv. Xinong9920 (salt-tolerant) and cv. Xinong9909 (salt-sensitive) were
chosen as experimental materials. The healthy and uniform seeds were surface sterilized with 0.01%
KMnO, for 5 min, washed 5 times with distilled water, and then pre-soaked for imbibition in distilled
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water for 5—6 h. The pre-soaked seeds were sown into plastic pots containing silica sand irrigated with
Hoagland nutrient solution, and exposed to natural light and conventional management. Four-week-old
seedlings were treated. Five treatments were as follows: untreated materials (CK); 100 mM NaCl
treatment (T;); 10 mM CaCl,+ 100 mM NaCl treatment (T,); 0.5 mM LaCl;+100 mM NaCl treatment
(T3); and SmM EGTA + 100 mM NaCl treatment (T4). Ten days after treatments, seedlings were
harvested and physiological and biochemical parameters were measured. Each test included five
buckwheat seedlings and represented one replicate. All treatments were replicated three times.

2.2 Estimation of Growth Parameters

The growth parameters were evaluated by measuring the length of the shoot and root system, and plant
fresh weight (FW). Shoot length was measured from the base of the stem to the tip of the upper, fully
expanded leaf, and root length was measured from the base of the root to its tip. Five seedlings under
each treatment were weighed to determine FW.

2.3 Measurement of Chlorophyll Content

Chlorophyll a (Chl a), Chlorophyll b (Chl b) and total Chlorophyll a+b (Chl a+b) contents were
determined by following the method of Arnon [33]. According to this method, 0.3 g fresh leaves were
homogenized in 10 ml of 80% acetone and centrifuged at 10,000 g for 5 min. Then the absorbance of
the supernatant was recorded at 645 and 663 nm wavelength using a spectrophotometer.

2.4 Determination of Proline and Soluble Protein Contents

The free proline content in leaf tissues was determined using the method of Bates et al. with some
modifications [34]. The fresh leaves (0.1 g) were ground and extracted in 5 ml of 3.0% sulfosalicylic acid
solution. Then the homogenate was centrifuged at 3,000x g for 10 min to separate the tissue debris. A
total of 2 ml of the supernatant was mixed with 3 ml of 2.5% acid ninhydrin reagent and 2 ml of glacial
acetic acid at 100°C for 30 min. After that, the reaction was immediately terminated in an ice bath and
the chromophore was extracted with 5 ml of toluene. Finally, the absorbance of the toluene layer was
measured at 520 nm. The proline content was quantified by referring to a standard curve for L-proline.

The Bradford protocol was used to quantify soluble protein content in the enzyme extracts [35]. 0.5 g
fresh leaves were ground in 5 ml phosphate buffer (0.1 M, pH 7.5) with a pre-chilled mortar and centrifuged
at 4,000x g for 10 min at 4°C. 0.1 ml of supernatant was mixed with 0.9 ml of distilled water and 5 ml of
Coomassie bright blue. Then, the absorbance at 590 nm was determined using bovine serum albumin V
as a standard.

2.5 Determination of MDA, H,0; and O, * Generate Rate

The level of lipid peroxidation was measured by estimating the MDA content of leaves following the
method of Heath and Packer with slight modifications [36]. 0.1 g fresh plant leaves was homogenized
with 5 ml of 10% Trichloroacetic acid (TCA) and centrifuged at 10,000x g for 10 min at 4°C. The 2 ml
aliquot of the supernatant was added to 5 ml 20% TCA containing 0.5% of Thiobartituric acid (TBA) and
incubated at 100°C for 15 min. After cooling immediately, the reaction mixture was centrifuged again at
10,000x g for 10 min. The absorbance was recorded at 532, 600 and 450 nm.

H,0, was determined following the method of Lin et al. with some modification [37]. 0.1 g fresh
samples were ground with 3 ml ice acetone and centrifuged at 3,000 g for 10 min at 4°C. 1 ml of the
supernatant was mixed with 0.1 ml Ti (SO,4), and 0.2 ml ammonia. After the reaction, the compound was
again centrifuged at 3,000x g for 10 min, the supernatant was discarded, and the pellet was washed five
times with ice acetone, and dissolved in 1 ml of 2 M H,SO,4. The absorbance was measured at 410 nm
using a standard curve.
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O, " generation rate was determined according to the method of Elstner et al. [38]. 0.1 g samples were
ground in 2 ml phosphate buffer (65 mM, pH 7.8) and centrifuged at 12,000x g for 10 min at 4°C. The 1.5 ml
supernatant was added to 0.5 ml 50 mM potassium phosphate buffer (pH 7.8) and 1 ml 1 mM hydroxylamine
hydrochloride, and incubated for 20 min at 25°C. Then, 1 ml 17 mM p-aminobenzenesulfonic acid and 1 ml
7 mM a-naphthylamine solution were added to the mixture at 25°C for 30 min. The absorbance was
measured at 530 nm, and O, * generation rate was calculated from a standard curve of NaNO, reagent.

2.6 Determination of AsA and GSH Contents

0.5 g fresh leaves were homogenized in 5 ml of 5% ice-cold TCA and centrifuged at 3,000x g for 15 min
at 4°C. Then the supernatant was collected for analysis of AsA and GSH. AsA content was determined
following the method of Huang et al. with some modifications [39]. The 0.5 ml supernatant was added to
0.5 ml NaH,PO,4 (pH 7.4) and 0.5 ml H,O and incubated for 30 min at 37°C; then 0.8 ml 10% TCA,
44% H;PO,, 4% bipyridine and 3% FeCl; were added to the mixture and continue to react for 60 min at
37°C. The absorbance was measured at 525 nm. GSH content was assayed in 200 mM Tris-HCI, 10 mM
5, 5'-Dithiobis-(2-nitrobenzoic acid) (DTNB) and absolute ethanol, and the absorbance was read at 412 nm.

2.7 Antioxidant Enzyme Activity Assays

Fresh leaf samples (0.5 g) were homogenized in 5 ml 0.05 mM phosphate bufter (pH 7.8) using a mortar
and pestle on ice and centrifuged at 12,000x g for 15 min at 4°C. The supernatant was used as the crude
enzyme extract to determine different enzyme activities.

SOD (EC 1.15.1.1) activity was assayed according to the method of Dhindsa and Matowe with some
modification [40]. The 3 ml reaction mixture contained 50 mM phosphate buffer (pH 7.8), 130 mM L-
methionine, 0.75 mM NBT, 0.1 mM ethylenediaminetetreacetic acid (EDTA), 0.02 mM ribofiflavin and
distilled water. Then, 0.02 ml of enzyme extract were added to the reaction mixture. Photoreduction of
NBT was measured at 560 nm. One unit was defined as the quantity that causes 50% inhibition of NBT
photo-reduction.

POD (EC 1.11.1.7) and CAT (EC 1.11.1.6) activities were measured following the method of Chance
and Maehly with some modification [41]. POD activity was measured in a reaction mixture containing
50 mM phosphate buffer (pH 5.5), 50 mM guaiacol, 2% H,O, and the enzyme extract. The absorbance
was determined at 470 nm. CAT activity was assayed in a reaction mixture containing 100 mM phosphate
buffer (pH 7.0) and 100 mM H,O. The reaction was started with the addition of the enzyme extract, and
CAT activity was evaluated by determining the consumption of H,O, at 240 nm.

GR activity was assayed in a reaction mixture containing 100 mM phosphate (pH 7.5), 0.5 mM EDTA,
0.75 mM DTNB, 0.1 mM NADPH and oxidized glutathione [42]. The reaction mixture was incubated at
35°C, and the absorbance was measured at 412 nm up to 5 min.

2.8 Statistical Analysis

Statistical analysis was performed using SPSS 11.0 software. The obtained data were analyzed by one-
way analysis of variance (ANOVA) and the least significant difference (LSD) test was applied to compare
differences among the treatments means. Differences were considered significant at P <0.05.

3 Results

3.1 Exogenous Ca’* Alleviated Growth Inhibition in Tartary Buckwheat under Salt Stress

As shown in Fig. 1, 100 mM NaCl treatment significantly inhibited seedling growth and biomass
accumulation of both salt-tolerant and salt-sensitive Tartary buckwheat cultivars. Compared with the
control, shoot and root length, and FW of salt-stressed Xinong9920 were reduced to 32.19%, 29.47% and
38.33%, respectively, whilst by 39.5%, 33.18% and 47.68%, respectively, in Xinong9909. The inhibition
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of these growth parameters due to salt stress was recovered after applying 10 mM exogenous CaCl, by
30.55%, 23.19% and 31.28%, respectively, in Xinong9920. Xinong9909 showed 30.26%, 22.25% and
21.47% accretion, respectively, compared to the seedlings exposed to salt stress alone. The treatments
applying Ca®" chelator EGTA and Ca®" channel blocker LaCly to salt-stressed seedlings greatly reduced
those growth parameters on both Tartary buckwheat cultivars, which exhibited the opposite effect to those
observed in salt-stressed seedlings with CaCl, treatment.

(a) (b)
16 —3— 5 —5
14 i . O Xinong9920 - a O Xinong9920
H Xinong9909 — b be @ Xinong9909
12 c E cd d
E d 38 d d d
< 10 f e e o 3 d
< f c
g f K
£ 8 = 25
g 3
= 2
s ® ®
5 15
1
2 05
0 0
S @ o v o O v ® N\
© & £ £ & Nl & > 2
& \xG \x\’ \x@ &é Gx X o\x
Nl & & & N & &L &
N \a = \a N
XN O XN » S S
& S S & § S
O N N N N N
(©) 45—
4 a 0 Xinong9920
= @ Xinong9909
g 35 b
S
2 3
3 ¢ c
w 25 d
£ d ¢ 94d
2,
H
= 15
7]
s
0.5
0
O o o \st
N il (;"’0 \«"9 Q/é
N X X N
S & & &
N \a i \a
& & R
\Qg \QQ \QQ

Figure 1: Effects of exogenous Ca>" on shoot length (a), root length (b), and plant fresh weight (c) of Tartary
buckwheat seedlings under salt stress. Each value is the mean + SD of three replicates. Vertical bars with
different letters indicate significant differences according to the LSD test at P <0.05

3.2 Exogenous Ca’" Alleviated the Degradation of Chlorophyll Content in Tartary Buckwheat under Salt
Stress
Salinity impaired the photosynthetic pigments of Tartary buckwheat seedlings. As shown in Fig. 2,
100 mM NaCl treatment resulted in an obvious decrease of Chl a, Chl b and Chl (a+b) by 42.24%,
46.47% and 43.68%, respectively, in Xinong9920, and 44.9%, 44.34% and 44.71%, respectively, in
Xinong9909 compared with control seedlings. Exogenous 10 mM CaCl, application to both salt-stressed
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cultivars of Tartary buckwheat seedlings improved Chl a, Chl b and chl (a + b) contents by 53.9%, 60.14%
and 55.91%, respectively, in Xinong9920, and 65.96%, 45.67% and 43.95%, respectively, in Xinong9909, in
comparison to only salt-stressed seedlings. However, applying 5 mM EGTA and 0.5 mM LaCl; to salt-
stressed seedlings significantly decreased the Chl a, Chl b and Chl (a+Db) contents in both cultivars
compared with the 10 mM CaCl, treatment.
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Figure 2: Effects of exogenous Ca>* on Chla (a), Chlb (b), and Chl (a + b) (c) contents of Tartary buckwheat
seedlings under salt stress. Each value is the mean + SD of three replicates. Vertical bars with different letters
indicate significant differences according to the LSD test at P <0.05

3.3 Exogenous Ca** Enhanced Proline and Soluble Protein Contents in Tartary Buckwheat under Salt
Stress
Among plant-compatible osmolytes, proline and soluble protein are considered of major importance, as
they have been reported to accumulate in many plant species in response to environmental stresses. Our
results showed (Fig. 3) that salt stress significantly increased the proline and soluble protein contents by
87.56% and 67.41%, respectively, in salt-tolerant Xinong9920, and 135.13% and 65.98%, respectively, in
salt-sensitive Xinong9909 seedlings compared with the control. Exogenous 10 mmol/L CaCl, further
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promoted the increase of proline and soluble protein contents in salt-stressed seedlings, which were increased
by 44.83% and 31.75%, respectively, in Xinong9920, and 35.98% and 45.57%, respectively, in
Xinong9909 compared with NaCl stress alone. The treatments with LaCl; and EGTA to salt-stressed
seedlings greatly reduced the proline content by 23.06% and 26.79%, respectively, in Xinong9920, and
by 23.63% and 36.81%, respectively, in Xinong9909, and reduced the soluble protein content by 17.63%
and 27.62%, respectively, in Xinong9909 seedlings, and by 29.95% and 35.31%, respectively, in Xinong
9909 compared to the CaCl, treatment.
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Figure 3: Effects of exogenous Ca®" on proline (a) and soluble protein (b) contents of Tartary buckwheat
seedlings under salt stress. Each value is the mean+ SD of three replicates. Vertical bars with different
letters indicate significant differences according to the LSD test at P <0.05

3.4 Exogenous Ca’* Decreased MDA Contents and ROS Levels in Tartary Buckwheat under Salt Stress
MDA is one of the main products of membrane lipid peroxidation in plants. The changes in MDA
concentration and plasma membrane permeability are important indicators to reflect the degree of
membrane lipid peroxidation and plasma membrane damage. As shown in Fig. 4a, under salt stress
conditions, the contents of MDA were significantly increased by 107.86% and 122.09%, respectively, in
Xinong9920 and Xinong9909 compared with the control seedlings. Applying 10 mmol/L. CaCl, in both
salt-stressed Tartary buckwheat seedlings significantly decreased the MDA content by 28.34% and
26.96%, respectively, in Xinong9920 and Xinong9909 compared with the only salt-stressed seedlings.

Furthermore, in order to evaluate the effect of Ca>* on NaCl-induced oxidative stress, H,O, and O,
contents were estimated. The results showed (Figs. 4b, 4¢) that HO, content and O, - generation rate of
salt-stressed Xinong9920 seedlings were significantly increased by 70.02% and 132.08%, respectively,
whereas Xinong9909 showed an increase by 74.60% and 121.62%, respectively, compared with those of
non-stressed control seedlings. 10 mmol/L CaCl, treatment on salt-stressed seedlings significantly
decreased H,O, content and O, * generation rate by 31.58% and 25.21% in Xinong9920, respectively,
and by 21.21% and 27.44%, respectively, in Xinong9909, compared to only NaCl-stressed seedlings.

Compared to the Ca®" treatment, treatments with LaCl; and EGTA in salt-stress seedlings led to obvious
increments in (1) MDA by 28.57% and 26.19%, respectively, in Xinong9920, and by 27.45% and 17.65%,
respectively, in Xinong9909, (2) H,0, content by 33.33% and 45.83% respectively, in Xinong9920, and by
10.00% and 42.50%, respectively, in Xinong9909, and (3) O, - generation rate by 26.08% and 42.39%,
respectively, in Xinong9920, and by 21.01% and 35.30%, respectively, in Xinong9909.
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Figure 4: Effects of exogenous Ca®>" on H,0, (a), O, * (b) and MDA (c) contents of Tartary buckwheat
seedlings under salt stress. Each value is the mean =+ SD of three replicates. Vertical bars with different
letters indicate significant differences according to the LSD test at P <0.05

3.5 Exogenous Ca’" Increased AsA and GSH Contents in Tartary Buckwheat under Salt Stress

As shown in Fig. 5, AsA and GSH contents were higher in Xinong9920 than in
Xinong9909 under non-stress conditions. 100 mM NaCl treatment resulted in a significant decrease by
44.81% and 23.86% in Xinong9920 seedlings, respectively, whilst by 53.42% and 29.26%, respectively,
in Xinong9909 compared to the control, and the magnitude of decrease was more pronounced in
salt-sensitive Xinong9909 than in salt-tolerant Xinong9920. However, 10 mM CacCl, treatment in NaCl-
stressed seedlings overcame the adverse effects of NaCl stress in both cultivars. 10 mM CaCl, application
to the salt-stressed plants significantly increased AsA and GSH contents in the Xinong9920 by 96.77%
and 55.21%, respectively, whereas the increase was 128.44% and 25.86% in Xinong9909 plants,
respectively, compared to only salt-stressed Tartary buckwheat seedlings. Treatments with LaCl; and
EGTA exhibited opposite effects to those with CaCl, treatment and significantly decreased AsA content
by 40.81% and 44.84%, respectively, in Xinong9920 and by 61.61% and 60.82%, respectively, in
Xinong9909, and GSH content by 30.77% and 38.46%, respectively, in Xinong9920 and by 7.69% and
46.15%, respectively in Xinong9909.
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Figure 5: Effects of exogenous Ca®" on AsA (a) and GSH contents (b) of Tartary buckwheat seedlings under
salt stress. Each value is the mean+SD of three replicates. Vertical bars with different letters indicate
significant differences according to the LSD test at P <0.05

3.6 Exogenous Ca’" Improves Antioxidant Enzymes Activities in Tartary Buckwheat under Salt Stress

As shown in Fig. 6, 100 mM NacCl treatment significantly increased the SOD activity by 23.40% in salt-
tolerant Xinong9920 while in salt-sensitive Xinong9909 it had a slight increase by 5.76% compared to the
control seedlings. Exogenous 10 mM CaCl, supplementation in salt-stressed seedlings further enhanced the
SOD activity by 35.68% and 31.49% in Xinong9920 and Xinong9909, respectively, compared to salt
stress alone.

Different with the SOD, 100 mM NaCl treatment significantly decreased the CAT, POD and GR
activities by 52.77%, 23.67% and 23.27% in Xinong9920 seedlings, respectively, and by 48.79%,
39.29%, 38.37% in Xinong9909, respectively, compared to the control seedlings. Exogenous 10 mM
CaCl, application in salt stressed seedlings increased the CAT, POD and GR activities by 23.94%,
32.91% and 81.36% in Xinong9920 seedlings, respectively, and by 85.68%, 41.18%, 60.95% in
Xinong9909, respectively, compared with only salt-stressed seedlings. On the contrary, the usage of either
LaCl; or EGTA caused the decrease of SOD by 33.80% and 28.17%, respectively, in Xinong9920, and
by 26.79% and 28.57%, respectively, in Xinong9909; the decrease of POD by 37.77% and 30.04%,
respectively, in Xinong9920, and by 50.00% and 31.25%, respectively, in Xinong9909; the decrease of
CAT by 26.92% and 19.23% respectively, in Xinong9920, and by 33.33% and 13.64%, respectively, in
Xinong9909, and the decrease of GR by 31.82% and 18.19%, respectively, in Xinong9920, and by
23.53% and 29.41%, respectively, in Xinong9909, compared with values on the CaCl, treatment. The
only non-significant decrease was on Xinong9909, where salt-stressed seedlings showed similar (P>
0.05) values of CAT under the CaCl, and EGTA treatments.
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Figure 6: Effects of exogenous Ca®" on SOD (a), CAT (b), POD (c) and GR (d) activities of Tartary
buckwheat seedlings under salt stress. Each value is the mean &= SD of three replicates. Vertical bars with
different letters indicate significant differences according to the LSD test at P <0.05

4 Discussion

Salinity is one of the most brutal abiotic stress factors that can destroy the normal physiological and
biochemical processes of plants, thereby adversely affecting plant growth and development [43]. The
present study showed that 100 mM NaCl treatment caused the root length, seedling length, and FW of the
two Tartary buckwheat cultivars to decrease, but the degree of reduction of the two varieties was
different. The growth restriction caused by salt stress may be due to the inhibition of plant cell elongation
and imbalance of nutrient homeostasis. A number of studies have shown that exogenous application of
CaCl, has a protective effect on plants under different abiotic stresses [44]. In our study, exogenous
10 mM CaCl, applying to salt-stressed seedlings significantly enhanced the root length, seedling length,
and FW of the two Tartary buckwheat cultivars as compared to salt stress alone, which showed that
exogenous application of CaCl, can partially restore plant growth under salt stress. This result is
consistent with previous findings in cowpea [28], tomato [29], wheat [45], Cichorium intybus and rice
[27,46]. The growth promotion of Ca>" might be due to maintaining the balance and stability of the cell
membrane and promote cell division and cell elongation which ultimately will lead to promote plant
growth [47].
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Plant growth is closely related to photosynthesis [48]. In this study, the Chl content of Tartary buckwheat
seedlings treated with 100 mM NaCl decreased significantly (Fig. 2). The decrease of Chl content in Tartary
buckwheat seedlings under salt stress may be due to the oxidation of chlorophyll and other chloroplast
pigments and the instability of pigment-protein complexes [49]. Exogenous 10mM CaCl,
supplementation prevented the reduction of Chl contents and partially recovered its content on both salt-
stressed Tartary buckwheat cultivars (Fig. 2), but the Chl content of Xiong9920 was higher than that of
Xinong9909. Similar results were reported in Pisum sativum [50], Festuca arundinacea [51], and Oryza
sativus [23,52]. The increment of chlorophyll pigments under salt stress due to application of Ca** might
be because of limited ROS production (Fig. 4).

In many plants, salt tolerance is achieved by increasing the accumulation of proline and soluble protein,
and these organic molecules play an important role in osmotic regulation and protection of membranes and
macromolecules [53]. Here, the soluble protein and proline contents of both Tartary buckwheat cultivars
increased under salt stressed conditions as compared to controls, but the enhancement of these
osmoprotectants was higher in plants supplemented with CaCl, in comparison to those under the NaCl-
induced stress alone (Fig. 3). The elevated proline and soluble protein contents due to salt stress may be
an adaptation to compensate the energy for plant growth, development and survival [54]. The addition of
CaCl, to salt stressed plants further increased the proline and soluble protein accumulation, which might
be because Ca®" treatment activates proline and soluble protein biosynthesis [31]. Enhanced synthesis of
proline and soluble protein restores photosynthetic efficiency and photoassimilate production, promotes
plant growth and reduces salt-induced oxidative stress [53].

Salt stress induced the rapid overproduction of ROS, resulting in the accumulation of cell lipid
peroxidation and the destruction of cell membranes, which was characterized by the increase of MDA
content [55,56]. Our present study showed that 100 mM NaCl treatment significantly enhanced ROS
levels (the accumulation of H,O, and O, ') and MDA contents in both Tartary buckwheat cultivars
compared to the control, and their accumulation was higher in the sensitive than in the tolerant cultivar.
This suggested that oxidative damage in the salt-sensitive cultivar was more severe than that in the salt-
tolerant plants. However, supplementation with 10 mM CaCl, in the NaCl-treated Tartary buckwheat
seedlings of both cultivars reduced ROS levels and MDA contents compared with only salt-stressed
seedlings (Fig. 4). This indicated that exogenous Ca®" promoted membranes and protected plant cell
membranes from ROS-induced oxidative damage. These results agree with previous studies on rice
[23,46], wheat [45] and tomato [29].

In order to dealt with oxidative stress, evolution allowed that plants develop a series of enzymatic and
non-enzymatic antioxidants, which work in intimate coordination to eliminate the excess of ROS [57]. SOD
is considered the first line of defense against oxidative stress induced by environmental stress, and the
increase of SOD activity protected the plant from oxidantive stress damage [58]. In the present study,
100 mM NaCl treatment enhanced SOD activity compared to the control, and 10 mM CaCl,
supplementation on salt-stressed seedlings further enhanced its enzyme activity in both Tartary buckwheat
cultivars compared with only salt-stressed plants (Fig. 6a). This is consistent with the results in cucumber
[59], bean [60], and wheat [45] under NaCl stress. But SOD catalyzes the dismutation reaction of O, -
into O, and H,O,. The excessive H,O, is still toxic and must be converted into H,O in a subsequent
reaction to be removed [61]. Some studies showed that the CAT/POD system may work synergistically to
remove H,O, at a maximum rate. In fact, in the present experiment, the NaCl-stressed Tartary buckwheat
seedlings exhibited a significantly decreased CAT and POD activities (Figs. 6b, 6¢), which agrees with
previous findings of Zhang et al. [4], Mishra et al. [62] and Wutipraditkul et al. [63]. The decreased CAT
and POD in salt-stressed seedlings might be a cause of excessive accumulation of H,O,, which hampered
the Tartary buckwheat seedling growth. However, exogenously applied 10 mM CaCl, boosted the
activities of CAT and POD which scavenged the deleterious H,O, efficiently. This result is in agreement
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with previous findings in Brassica juncea and Pennisetum spicatum seedlings [64,65]. GR is the key enzyme
in the AsA-GSH cycle, which catalyzes the reaction of reducing GSSG (oxidative state of GSH) to GSH.
Previous studies revealed that GR plays critical roles in the stress response [66—68]. In the present study,
a decrease in the GR activity was found under NaCl stress in seedlings of both Tartary buckwheat
cultivars compared to the control, and the magnitude of the decrease was more obvious in the salt-
sensitive Xinong 9909 than in the salt-tolerant Xinong9920 (Fig. 6d). This suggested that the severe
oxidative damage imposed by NaCl occurs particularly in the sensitive cultivar. The exogenous
application of CaCl, significantly increased the GR activity in both cultivars of Tartary buckwheat under
NaCl stress, and partially reversed the NaCl toxity.

AsA and GSH are the most abundant and powerful non-enzymatic antioxidants in plant tissues. AsA
reacts with a series of ROS and directly quenches O, - and H,O,, which are the basis of its antioxidant
activity [69]. Morever, AsA is also responsible for maintaining the reduced form of metal ions, thereby
keeping the activity of the antioxidant enzymes [70]. As with AsA, GSH is another antioxidant and plays
an important role in ROS detoxification, metabolic conjugation, xenogenetic detoxification and signaling
status [71]. Therefore, some studies indicated that the decrease of AsA and GSH contents promotes the
production of ROS and oxidative stress in salt-stressed plants. In this study, the AsA and GSH contents
sharply decreased due to 100 mM NaCl stress, especially in the salt-sensitive cultivar (Fig. 5). However,
Ca*" supplementation in NaCl-stressed seedlings significantly increased the contents of AsA and GSH
compared to only salt-stressed seedlings and alleviated the NaCl toxicity to some extent. This might be
because of Ca®" is taking part in the regeneration of AsA and GHS by upregulating the related enzymes.

5 Conclusion

Salt stress significantly reduced seedling growth, decreased photosynthetic pigments, and inhibited
antioxidants and antioxidant enzyme activities in two Tartary buckwheat seedlings because of excessive
ROS production. Application of exogenous CaCl, alleviated NaCl toxicity through the following
mechanisms Supplementation of Ca®" (1) promoted the synthesis of photosynthetic pigments and the
accumulation of osmoprotectants, (2) reduced the content of ROS and the degree of lipid peroxidation,
and (3) enhanced the enzymatic and non-enzymatic detoxification systems. Furthermore, the study also
found that the exogenous Ca”"-channel blocker LaCl; and Ca®" chelator EGTA exhibited the opposite
effects to those with CaCl, treatment in two salt-stressed Tartary buckheat seedlings. This suggests that
Ca®" signaling play an important role in salt stress tolerance in Tartary buckwheat. These results provide
the basis for finding the way to regulate the environment and promote the growth of Tartary buckwheat
under salt stress conditions.
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