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Abstract: Taiwanese quinoa (Chenopodium formosanum Koidz, commonly known as djulis) is a
close relative of quinoa, is rich in nutritional value and high active components, such as, betaine
and polyphenols, and is a vital food crop. We investigated the effects of calcium carbonate on
the growth and physiology of Djulis sprouts because calcium is an essential nutrient for plants
that can strengthen a plant’s root system and improve its nutrient absorption; moreover, under
abiotic stress, calcium transmits messages to enhance cell tolerance. Experiments were conducted
using 0, 1.25, 2.5, and 5 mM calcium carbonate hydroponic liquid treatment. Treatment with
5 mM calcium carbonate promoted the growth of djulis; specifically, root length, plant height,
aboveground fresh weight, and dry weight increased by 55%, 12%, 37%, and 17%, respectively.
In further investigation of the physiological change of djulis sprouts treated with calcium carbonate,
the results showed that after 5 days of treatment with 5 mM calcium carbonate, the contents of
hydrogen peroxide and malondialdehyde decreased significantly while the chlorophyll content
increased significantly. Antioxidant enzyme activity was significantly improved. The activities of
superoxide dismutase, catalase, ascorbate peroxidase, and glutathione reductase were increased
by 42%, 25%, 35.7%, and 56.4%, respectively, and the calcium content of the aboveground and
underground plant parts was increased fourfold and threefold, respectively. The content of proline,
regarded as an osmoprotectant, was reduced by 12%. Thus, we concluded that treatment of djulis
sprouts with 5 mM calcium carbonate can improve their antioxidant capacity, reduce the content of
reactive oxygen species, and promote crop growth.

Keywords: antioxidant enzymes; calcium carbonate; calcium ion; djulis; osmotic adjustment; potas-
sium ion

1. Introduction

Djulis (Chenopodium formosanum Koidz.) is native to Taiwan and has an affinitive
relationship with Chenopodium quinoa Willd. Djulis is a shallow-rooted plant with spike-
shaped inflorescences and is capable of producing grain at its main and axillary shoots.
Because djulis grains are similar to those of gramineous plants, djulis is classified as a pseu-
docereal. The leaves and seeds are the parts of djulis commonly consumed. Djulis seeds
are gluten free and contain abundant protein, essential amino acids, beneficial unsaturated
fatty acids (e.g., linoleic acid), various minerals (e.g., Ca, P, Fe, Cu, and Zn), and nutrients
(e.g., vitamins A, B2, C, and E). The seeds also contain rare elements (e.g., Se and Ge) that
strengthen the immune system. Therefore, djulis consumption provides many benefits
to the human body [1], and the nutritional value of djulis has gradually begun to attract
research attention.

Quinoa is a dicotyledonous annual plant in the family Amaranthaceae and is highly
tolerant to frost damage, salt damage, and drought [2]. Quinoa is rich in protein, lipids,
fiber, and other major nutrients [3]. Therefore, the United States National Aeronautics and
Space Administration routinely sends quinoa with astronauts on space missions to ensure
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their vitality [4-6]. Djulis (C. formosanum Koidz.) is an herbaceous dicotyledonous annual
plant belonging to the Chenopodium genus and is native to Taiwan. The seeds of djulis
contain numerous elements necessary to the human body, including amino acids, minerals,
starch, and protein; in particular, their potassium, phosphorus, calcium, and magnesium
contents are higher than those of other cereal crops [1]. Moreover, djulis sprouts can grow
under high salt stress [7]. Djulis is thus a valuable food crop.

The mineral calcium is an essential nutrient for plants. It is mainly distributed in cell
organelles such as the cell wall and endoplasmic reticulum, and it plays a major role in
regulating plant growth and development [8]. To increase the growth potential of crops,
exogenous calcium is often applied to crops during the growing period. When common
soybeans are treated with increasing concentrations of calcium, the dry weight of soybean
stems, leaves, and roots and the grain yield correspondingly increase [9]. In rice, applying
exogenous calcium before heading can increase the carbohydrate content in flag leaves by
15% and transport it to grains for storage [10]. Furthermore, applying exogenous calcium
to fruits and vegetables after harvest can extend their storage time and maintain their
quality [11,12]. Treatment with exogenous calcium can also improve crop resistance to
insects. However, when applying exogenous calcium, the treatment concentration must
be carefully controlled because calcium has an antagonistic relationship with potassium.
If the calcium concentration is too high, it often reduces the potassium content in crops,
affecting yield and quality [13].

The content of calcium ions in plant cells is related to plant adaptation to external
environmental stimuli [14]. For crops grown under stressful conditions such as high
temperature [15], drought [16] and high salinity [17], treating them with calcium increases
the activity of antioxidant enzymes, such as superoxide dismutase (SOD), catalase (CAT),
ascorbate peroxidase (APX), and glutathione reductase (GR), which can reduce the content
of active oxygen and improve the stress tolerance of the crops. Calcium treatment reduces
the damage to crops when they are grown in an environment in which heavy metals such
as cadmium [18], nickel [19], or arsenic [20] are present. Moreover, treating crops grown
under stressful conditions can increase the content of proline, increase the concentration of
osmoprotectants, maintain cell membrane integrity, and improve crop tolerance to various
stressors [17,18].

During the growth period of Djulis will be stunted due to stresses. Especially, the djulis
sprouts are particularly sensitive to environmental changes. Therefore, the focus of this
study is to improve stress tolerance during seedling growth. Because few studies have
investigated the effects of exogenous calcium treatment on the growth and physiological
response of quinoa or djulis, this study sought to understand the effect of CaCOj3 on the
growth and physiological changes of djulis sprouts.

2. Materials and Methods
2.1. Reagents

B-Nicotinamide adenine dinucleotide 2’-phosphate reduced tetrasodium salt hydrate
(NADPH), Diethanolamine, L-Ascorbic acid (AsA), L-Glutathione oxidized (GSH), Nicoti-
namide adenine dinucleotide (NADH), Magnesium chloride anhydrous, Thiobarbituric
acid, Titanium chloride (TBA), Triethanolamine hydrochloride, Trizma hydrochloride were
purchased from Sigma Chemical Co. (St. Louis, MO, USA). f—mercaptoethanol was
purchased from bioWORLD (Dublin, OH, USA). Triethanolamine hydrochloride was pur-
chased from Alfa Aesar (Haverhill, MA, USA). Anhydrous Hydroxylammonium Chloride,
Calcium carbonate, Perchloric acid, Potassium Phosphate Dibasic, Sodium Phosphate Diba-
sic, Sulfosalicylic acid, Sulfuric acid were purchased from Nihon Shiyaku Reagent (Nihon
Shiyaku Industries, Taipei City, Taiwan). Acetic acid, EtOH, Hydrogen Peroxide, Nitric
acid, Toluene were purchased from Union Chemical Works LTD. (Kaohsiung, Taiwan),
Ninhydrin was obtained from koch-light laboratories Ltd. (Haverhill, MA, USA). Ethylen
ediaminetetraacetic Acid (EDAT), Manganese(Il) Chloride 4-hydrate, Trichloroacetic acid
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(TCA) were purchased from PanReac AppliChem(Darmstadt, Germany). All chemicals
were of reagent grade and were used without further purification.

2.2. Plant Material and Growth

After being soaked in distilled water for 1 h, the seeds of djulis were placed in a
petri dish to accelerate their germination. Subsequently, they were grown hydroponically,
and the nutrient solution, defined as Yoshida nutrient solution, was formulated according
to the crop testing method proposed by Yoshida et al. [21]. During crop growth, the hydro-
ponic liquid will be replaced every 3 days to stabilize the pH value of the nutrient solutions.
The djulis plants were grown at 26 °C and were illuminated by a 30,000 lux fluorescent
light for 24 h. After the first leaf was fully expanded, the plants were moved to a controlled
environment greenhouse to grow for 1 wk. The temperature of the greenhouse was con-
trolled at 25-30 °C, humidity at 70-80% and the lighting was natural light. approximately
62,000—45,000 lux.

2.3. Calcium Treatment

After the djulis had grown for 1 wk, they were variously treated for approximately
3-5 d with Yoshida nutrient solutions containing 0, 1.25, 2.5, and 5 mM CaCOj3 and the
resulting plant heights, fresh weights, and dry weights were measured. Ten djulis plants
were collected from each treatment for measurement, and this process was repeated three
times. Subsequently, plant material relevant to physiological growth measurement was
taken from djulis sprouts treated with 5 mM CaCOj for 5 d for analysis.

2.4. Physiological Parameter Assays

The chlorophyll assay was performed using the method proposed by Wintermans
and De Mots [22]. The first pair of leaves (including the terminal bud) of a djulis was
collected and ground in an ice bath of 2 mL of sodium phosphate buffer (50 mM, pH 6.8).
Subsequently, 40 pL of sample homogenate was collected and put into a centrifuge tube;
then, 960 pL of ethanol (EtOH 95%) was added and mixed evenly with the sample ho-
mogenate. The mixture was placed in darkness for 30 min and then centrifuged at 744 x g
at 4 °C for 15 min. Finally, take the supernatant and measure it with a spectrophotometer
(Hitachi, U-2900) to determine the content of chlorophyll at 665- and 649-nm wavelengths.
The malondialdehyde (MDA) assay was conducted according to the method proposed by
Heath and Packer [23]. The first pair of leaves counted from the terminal bud (including the
terminal bud) of the seedling was collected and added into 4 mL of 5% (w/v) trichloroacetic
acid (TCA) for grinding. The mixture was centrifuged at 7245x g at 20 °C for 5 min,
and 1 mL of supernatant was mixed with 4 mL of 0.5% (w/v) thiobarbituric acid (TBA) in
20% (w/v) TCA. Subsequently, the tube was placed in a 95 °C hot water bath for 30 min
and then immediately put in ice to terminate the reaction. After bubbles were removed
using an ultrasonic oscillator, the mixture was centrifuged for 10 min at 1258 x g. Finally,
the MDA content was determined using the spectrophotometer (Hitachi, U-2900) at 532-
and 600-nm wavelengths.

A hydrogen peroxide assay was conducted using the method proposed by Jana and
Choudhuri [24]. The first pair of leaves (including the terminal bud) of a djulis was collected
and ground in an ice bath of 3 mL of sodium phosphate buffer (50 mM, pH 6.8, containing
1 mM hydroxylamine), which was followed by centrifugation at 3140 x g at 4 °C for 25 min.
Subsequently, 2 mL of supernatant and 1 mL of 0.1% (v/v) titanium chloride were dissolved
in 20% (v/v) sulfuric acid, yielding a mixture that was oscillated evenly and centrifuged
at 1258 x ¢ at room temperature for 15 min. The hydrogen peroxide content was finally
determined using the spectrophotometer (Hitachi, U-2900) at the 410-nm wavelength.

2.5. Analysis of Antioxidant Enzyme Activity

The first pair of leaves (including the terminal bud) of djulis plants was collected and
ground in an ice bath of 0.1 M sodium phosphate buffer (pH 6.8) and was centrifuged at
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7245 % g at 4 °C; the supernatant was used as the extract in subsequent analyses. SOD ac-
tivity was determined using the method of Paoletti et al. [25]. Specifically, 2.73 mL of
reactive mixture was employed, containing 100 mM triethanolamine—-diethanolamine
buffer (pH 7.4), 7.5 mM reduced nicotinamide adenine dinucleotide (NADH), ethylenedi-
aminetetraacetic acid (EDTA)/MnCl, (100 mM /50 mM, pH 7.4), 10 mM (-mercaptoethanol,
and 0.2 mL of extract. After being mixed evenly, the reactive mixture received an addition
of NADH for 10 min of reaction, and absorbance was measured at the wavelength of
340 nm. In this study, one unit of SOD was defined as the enzyme activity that inhibits
50% of the NADH oxidation rate in blank samples. CAT activity was determined using the
method of Kato and Shimizu [26]. The extent of H,O, reduction was measured at 240 nm,
and the extinction coefficient (40 mM ! cm~!) was used to calculate the activity of CAT.
One unit of CAT activity was defined as the amount of CAT required to decompose 1 mole
of HyO, per min. APX activity was determined using the method proposed by Nakano
and Asada [27]. As the concentration of ascorbic acid (AsA) decreases, the absorbance
at 290 nm also decreases. Thus, the extinction coefficient of AsA (2.8 mM~! cm~!) can
be used to calculate APX activity. One unit of APX was defined as the amount of APX
required to decompose 1 mole of AsA per min. GR activity assay was performed using
the method of Foster and Hess [28]. One unit of GR was defined as the amount of enzyme
required to decrease 1 absorbance per min at 340 nm. The protein content of the enzyme
extract was determined using the method of Bradford [29].

2.6. Proline Assay

The proline assay was performed according to the method proposed by Bates et al. [30].
The first pair of leaves (including terminal bud) of djulis plants was collected and ground
in 5 mL of 3% (w/v) sulfosalicylic acid and was then centrifuged at 2608 x ¢ for 20 min at
room temperature. After adding 1 mL of supernatant to 1 mL of ninhydrin and 1 mL of
acetic acid, the mixture tube was placed in a 100 °C hot water bath for 60 min of reaction
and then immediately submerged in an ice bath to terminate the reaction. Subsequently,
the mixture received the addition of 4 mL of toluene, was oscillated for 15 min, and was
placed at rest for 10 min. The spectrophotometer (Hitachi, U-2900) was used to determine
the proline content at 520 nm.

2.7. Assay of Na* and K*

The djulis plants were divided into aboveground and underground parts. After drying
both categories of parts in an oven, 0.5 g of each part was collected and placed into a glass
decomposition tube, into which 5 mL of diacid mixture [HNO3:HCIO4 = 4:1 (v/v)] was
added. The mixture was left overnight and then heated in a decomposing furnace; it was
first heated at 65 °C for 15 min and then at 100 °C until the gases in the tube turned nearly
transparent. The mixture was then heated to 190 °C to ensure complete volatilization of
acid gases. The process was completed when the fluid at the bottom of the tube became
almost transparent. After the tube was cooled, the fluid was filtered using filter paper
(Whatman 42), and the sample was quantified to 50 mL using double-distilled water.
Finally, the Na* and K* contents were determined using the model 410 flame photometer
(Sherwood Scientific Ltd., Cambridge, UK).

2.8. Statistical Analysis

All the assays were performed on the basis of completely randomized design. SAS 9.4
(SAS Institute Inc., Cary, NC, USA) was employed to calculate the least significant difference
to determine the differences between various treatments (p < 0.05).

3. Results
3.1. Establishment of Conditions for the Treatment of Djulis Sprouts with Calcium

Djulis sprouts were grown for 1 wk and then placed in hydroponic solution variously
supplemented with 0, 1.25, 2.5, and 5 mM CaCOj; for 7 d, after which the root length, plant
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height, and dry and fresh weights of above- and belowground parts of the sprouts were
measured. As evident in Table 1, for 5 mM CaCOj treated sprouts on average, the shoots
length was 3.74 cm, plant height was 6.64 cm, fresh ground weight was 1.25 g, and dry
ground weight was 0.18 g, all of which were higher than those of the control group. Moreover,
plant appearance improved with 5 mM CaCOj treatment (Figure 1D). No significant differ-
ence was identified between the dry and fresh weights of the underground parts treated
with and without CaCOj (Table 1). Thus, the results showed that 5 mM was the optimal
CaCOj treatment concentration.

Table 1. The effect of calcium carbonate on the growth traits of Djulis sprouts. The 7-d-old djulis plants were treated with
0 mM, 1.25 mM, 2.5 Mm and 5 mM CaCOj for 7 days, the growth characteristics of seedlings were investigated. Data are
means £ SE (n = 10), repeated three times. Values with the same letter are not significantly different at p < 0.05.

CaCO; . Shoots Roots
C trati Root Length Shoot Height
oncentration (cm) (cm) Fresh Weigh Dry Weigh Fresh Weigh Dry Weigh

(mM) () ® (® (®
0 241+0.11b 590 +0.04b 0912 £0.01° 0.162 +0.002P  0.082+0.0242  0.022 4+ 0.001 2
1.25 233+ 037b 596 + 03P 0.984 £0.11% 0168 £0.019®  0.090 +0.0082  0.025 + 0.002 2
2.5 253 +0.08b 626 £0.032P 1064 +0112F 0163 +0.023> 0115+£00112  0.024 + 0.003 2
5 3.744+ 0242 6.64 +0.12 1252 +£0.052 0189 +0.0142  0.109 £0.0332  0.027 & 0.006 2

Figure 1. The effect of calcium carbonate on the growth of Djulis sprouts. The 7-d-old djulis plants were treated with
0 mM (A), 1.25 mM (B), 2.5 mM (C) and 5 mM (D) CaCOj for 7 days, the growth characteristics of seedlings were recorded.
(Scale bar = 1.0 cm).

Growing time was assessed next. Djulis sprouts were grown for 1 wk and then placed
in 5 mM CaCOs; hydroponic solution for 3, 5, or 7 d. No significant difference was evident in
plant height (Figure 2A), but root length, fresh weight, and dry weight of the underground
parts all increased as treatment duration increased (Figure 2B-D). Thus, treating djulis
sprouts with calcium for 5 d was optimal treatment time.

3.2. Effect of Calcium on Physiology of Djulis Sprouts

In the next experiment, djulis sprouts were treated with 5 mM CaCOs for 5 d, after
which the changes in chlorophyll, HyO,, and MDA contents were detected. The chlorophyll
content of djulis sprouts treated with CaCO3 was significantly higher than that of the control
group (Figure 3A), whereas the contents of H,O, and MDA were significantly lower than
those of the control group (23.5% and 23.7% reductions, respectively; Figure 3B,C). Thus,
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treating djulis sprouts with calcium can reduce the content of H,O, and MDA, thereby
increasing the chlorophyll content.
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Figure 2. The effect of calcium carbonate on the growth characters of Djulis sprouts. The 7-d-old
djulis plants were treated with 5 mM CaCOj for 3, 5, and 7 days. Shoot height (A), root length (B),
root fresh weight (C), and root dry weight (D) were investigated. Bars show means + SE (n = 10),
repeated three times. Values with the same letter are not significantly different at p < 0.05.
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Figure 3. The effect of calcium carbonate on the physiological indictors of Djulis sprouts. The 7-d-old
djulis plants were treated with 5 mM CaCOj for 5 days. The total chlorophyll content (A) HyO,
content (B) and MDA content (C) of djulis were measured. Bars show means + SE (1 = 4). * represent
values that are significantly different between calcium carbonate concentration 0 mM and 5 mM at
p <0.05.
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3.3. Effect of Calcium on Antioxidant Enzyme Activity of Djulis Sprouts

The next experiment assessed whether calcium treatment affects antioxidant enzyme
activity in djulis sprouts. The activity of the antioxidant enzymes SOD, CAT, APX, and GR
was significantly higher in djulis sprouts treated with 5 mM CaCQOj; for 5 d than in the
untreated group, with increases of approximately 42%, 25%, 35.7%, and 56.4%, respectively
(Figure 4). Thus, the treatment of djulis sprouts with calcium can increase antioxidant
enzyme activity.

- A C 103 .
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2% * =2
2 §_ -l 102 5 =
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0 2 1 101 g <
n Z B <
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= * 2,
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O E 001} 10.02 3
=} =
~ 0.00 0.00
0 5 0 5
CaCO, concentration (mM) CaCo, concentration (mM)

Figure 4. The effect of calcium carbonate on antioxidant enzyme activities of Djulis sprouts. The 7-
d-old djulis plants were treated with 5 mM CaCOj for 5 days. The SOD (A) CAT (B) APX (C) and
GR (D) activities of djulis were measured. Bars show means =+ SE (n = 4). * represent values that are
significantly different between calcium carbonate concentration 0 mM and 5 mM at p < 0.05.

3.4. Effect of Calcium on Potassium Content of Djulis Sprouts

Potassium and calcium ions are antagonistic to each other, and thus, this study inves-
tigated whether treating djulis sprouts with CaCO3; would affect the potassium ion content.
The results revealed that after treatment with 5 mM CaCOs for 5 d, the content of calcium
ions in both the aboveground and underground parts of the djulis sprouts increased signif-
icantly (Figure 5A,C). For the aboveground parts, no significant difference in potassium
ion content was evident between the treatment and control groups, but the potassium ion
content in the lower underground parts of the djulis sprouts was significantly lower than
that of the control groups.

3.5. Effect of Calcium on Proline Content of Djulis Sprouts

In plants, proline is an osmoprotectant and an indicator of the degree of stress damage.
This study revealed that the proline content of djulis sprouts treated with 5 mM CaCOj3 for
5 d was significantly lower than that of the control groups by approximately 12% (Figure 6).
Therefore, calcium treatment of djulis sprouts may reduce stress damage.
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Figure 5. The effect of calcium carbonate on Na* and K* content of Djulis sprouts. The 7-d-old djulis
plants were treated with 5 mM CaCOj for 5 days. The Ca* content of the shoot (A) and the root (C),
and K* content of the shoot (B) and the root (D) of djulis were measured. Bars show means + SE
(n = 4). * represent values that are significantly different between calcium carbonate concentration
0 mM and 5 mM at p < 0.05.

09 |
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Figure 6. The effect of calcium carbonate on proline content of Djulis sprouts. The 7-d-old djulis
plants were treated with 5 mM CaCOj for 5 days. The proline content of djulis were measured.
Bars show means + SE (n = 4). * represent values that are significantly different between calcium

carbonate concentration 0 mM and 5 mM at p < 0.05.

4. Discussion

Calcium is an essential element for plant growth and development. Its functions are
to maintain the stability of cell membranes, constitute the cell wall, play a critical role
in the transmission of information under stressful conditions, and regulate physiological
responses to mitigate injuries [8]. A lack of calcium during plant growth and development
negatively affects yield and quality [31]. Therefore, exogenous calcium is often applied
during growth to optimize crop yield and quality. Treating strawberries with 0.5% calcium
chloride can significantly increase the number of leaves per plant, leaf area, and chlorophyll
content of leaves in the vegetative growth period and significantly increase the number
of flowers per plant, fruit weight, and fruit weight per plant in the reproductive growth
period [32]. Treating common soybeans with increasing calcium concentrations (1.10, 1.65,
2.20,2.75, and 3.30 mmol L—1) increases the dry weight of soybean stems, leaves, and roots



Agronomy 2021, 11, 82

9of 12

and the fresh weight of soybean seeds [9]. Administering CaCOj by spraying leaves during
rice growth improves rice yield and quality and enhances rice resistance to insects [33].

In this study, djulis sprouts were treated with various concentrations of CaCOj3. After
treatment with 5 mM CaCOj, the calcium content of aboveground and underground parts
of djulis sprouts increased threefold and fourfold, respectively (Figure 5A,C) Moreover,
An average of the root length, plant height, fresh weight, and dry weight of djulis sprouts
increased by 55%, 12%, 37%, and 17%, respectively (Table 1). Furthermore, the appearance
of the plant improved with 5 mM CaCOj treatment (Figure 1D). Thus, exogenous calcium
application promotes the growth of djulis sprouts.

Hydrogen peroxide (H,O3) is produced predominantly in plant cells during photo-
synthesis and respiration. This substance is the most stable in the active oxygen family
and participates in the regulation of plant growth and physiological reactions [34]. H,O,
interacts with calcium and regulates plant growth in response to the environment [35].
In this study, treatment with CaCOj3 increased the calcium content of both the aboveground
and underground parts of djulis sprouts (Figure 5A,C) and also increased the dry and fresh
weight of the aboveground parts (Table 1). HyO, may also be involved in the regulatory re-
sponse of calcium because HyO, has been considered a molecule by which plants transmit
messages when under stress [36].

Antioxidant defense mechanisms of plants are activated when a plant is under stress,
and these antioxidants participate in maintaining the structural integrity of the cell com-
ponents and alleviating oxidative damage. The antioxidant defense system consists of
antioxidants such as Ascorbate and glutathione and antioxidant enzymes such as SOD,
CAT, APX, and GR. When H,O; levels are reduced due to antioxidant system effects,
H,0; is considered an important messenger molecule for regulating plant growth and
development [36]. A study showed that in tobacco treated with 20 mM calcium chloride in
a high-temperature environment, the activities of CAT, APX, and GR were increased, which
in turn reduced the H,O; content and increased the photosynthesis rate [15]. Moreover,
where rice was treated with the heavy metal arsenic to inhibit growth and reduce biomass,
additional simultaneous treatment with 10 mM calcium chloride increased the activity
of the enzymes SOD, CAT, and APX, thereby reducing the HyO, and MDA content and
mitigating the harm of arsenic [20]. In this study, after treatment with 5 mM CaCO;,
the enzyme activity of SOD, CAT, APX, and GR increased in djulis sprouts (Figure 4),
H,0, and MDA contents were reduced (Figure 3B,C), and chlorophyll content was thus
increased (Figure 3A). Thus, exogenous calcium treatment can improve antioxidant enzyme
activity, which not only reduce the content of hydrogen peroxide, but also decreases lipid
peroxidation, thereby stabilizing cell membrane structure and maintain the integrity of
the chloroplast.

Proline is an osmoprotectant. When quinoa grows under stressful conditions, the con-
tent of proline increases to improve its resistance to adversity [37]. Under drought stress
conditions and compared with control groups, quinoa treated with exogenous proline
exhibited increased plant height, freshness, and dry weight; moreover, proline was also
shown to increase the content of both carbohydrate and protein in quinoa seeds [38].
Treatment with cadmium adversely affects mustard height, root length, and dry weight.
If 50 mM calcium chloride and heavy metal cadmium are simultaneously applied to mus-
tard, the activity of the antioxidant enzymes SOD, APX, and GR is increased as well as
proline content, which reduces the damage from cadmium [18]. An inference to draw from
this may be that for plants grown under stressful conditions, crop tolerance to stress can be
increased through exogenous calcium treatment because of its positive effect on proline
content. In the present study, after treatment with 5 mM CaCQO3, djulis sprouts exhibited
increased antioxidant enzyme activity (Figure 4) and reduced H,O, content (Figure 3B).
The reduced H;O, content means that oxidative stress condition was diminishing, thus
proline content also decreased (Figure 6).

During the plant growth period, exogenous calcium application stabilizes crop yields
and quality, but in crops, calcium and potassium have an antagonistic relationship. Thus,
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if the concentration of calcium is too high, it may affect potassium absorption and reduce
yield and quality [13]. In this study, djulis sprouts were treated with 5 mM CaCOs.
Both the calcium content of the aboveground and underground plant parts significantly
increased (Figure 5A,C), and the potassium content of the aboveground parts was not
affected; however, the potassium content of the underground parts was significantly
reduced (Figure 5B,D). Yet, this did not affect the growth of the underground parts of djulis
sprouts (Table 1).

5. Conclusions

In this study, treating djulis sprouts with CaCOj increased antioxidant enzyme activity,
which in turn reduced H,O, content. A tendency to decrease the content of proline is
induced. Therefore, the decrease both in H,O, and MDA content probably display that
reduce lipid peroxidation to maintain chloroplast membrane structure, increase chlorophyll
content and ultimately promoted the growth of the shoots of djulis sprouts (Figure 7).

Chlorophyll l
MDA I
e, COBATE 000 . m kuolove Shoot height
;5 SOD CAT no. I mprove N\
S — I —-p 1,0, Physiological Indicators ==p Root length |
_ff_x__G_FE_: = Root fresh & dry weight
Improve Proline l ...................
Antioxidant Capaeity Enhance Djulis Growth
Reduce

Stress Damage

Figure 7. Mechanism diagram of calcium carbonate to promote the growth of djulis sprouts.

Author Contributions: Conceptualization, Y.-Y.C.; methodology, formal analysis and investigation,
W.-J.W. and Y.-T.L.; writing—original draft preparation, Y.-Y.C.; writing—review and editing, Y.-Y.C.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Tsai, P-J,; Chen, Y.-S; Sheu, C.-H.; Chen, C.-Y. Effect of nanogrinding on the pigment and bioactivity of djulis (Chenopodium
formosanum Koidz.). J. Agric. Food Chem. 2011, 59, 1814-1820. [CrossRef] [PubMed]

2.  Bhargava, A,; Shukla, S.; Rajan, S.; Ohri, D. Genetic diversity for morphological and quality traits in quinoa (Chenopodium
quinoa Willd.) germplasm. Genetic Resour. Crop Evol. 2006, 54, 167-173. [CrossRef]

3. Navruz-Varli, S.; Sanlier, N. Nutritional and health benefits of quinoa (Chenopodium quinoa Willd.). J. Cereal Sci. 2016, 69, 371-376.
[CrossRef]

4. Vega-Galvez, A.; Miranda, M.; Vergara, J.; Uribe, E.; Puente, L. Nutrition facts and functional potential of quinoa (Chenopodium
quinoa willd.), an ancient Andean grain: A review. J. Sci. Food Agric. 2010, 90, 2541-2547. [CrossRef]

5. Gonzalez Martin, M.L; Wells Moncada, G.; Fischer, S.; Escuredo, O. Chemical characteristics and mineral composition of quinoa
by near-infrared spectroscopy. J. Sci. Food Agric. 2014, 94, 876-881. [CrossRef]

6.  Cooper, R. Re-discovering ancient wheat varieties as functional foods. J. Tradit. Complementary Med. 2015, 5, 138-143. [CrossRef]

7. Chao, Y.-Y,; Hsueh, L.-E. Insights into Physiological Mechanisms of Salt Stress Tolerance in Djulis (Chenopodium formosanum
Koidz.) Sprouts. J. Plant. Biol. 2019, 62, 263-273. [CrossRef]

8. Thor, K. Calcium -nutrient and messenger. Front. Plant Sci. 2019, 10, 440. [CrossRef]


http://doi.org/10.1021/jf1041273
http://www.ncbi.nlm.nih.gov/pubmed/21306107
http://doi.org/10.1007/s10722-005-3011-0
http://doi.org/10.1016/j.jcs.2016.05.004
http://doi.org/10.1002/jsfa.4158
http://doi.org/10.1002/jsfa.6325
http://doi.org/10.1016/j.jtcme.2015.02.004
http://doi.org/10.1007/s12374-019-0053-y
http://doi.org/10.3389/fpls.2019.00440

Agronomy 2021, 11, 82 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Domingues, L.D.S.; Ribeiro, N.D.; Andriolo, J.L.; Possobom, M.T.D.E;; Zemolin, A.E.M. Growth, grain yield and calcium,
potassium and magnesium accumulation in common bean plants as related to calcium nutrition. Acta Sci. Agron. 2016,
38,207-217. [CrossRef]

Feagley, S.E.; Fenn, L.B. Using Soluble Calcium to Stimulate Plant Growth. Texas Agricultural Extension Service; Agricultural
Communications, The Texas A&M University System: College Station, TX, USA, 1998.

Tsantili, E.; Konstantinidis, K.; Athanasopoulos, P.E.; Pontikis, C. Effects of postharvest calcium treatments on respiration and
quality attributes in lemon fruit during storage. J. Hortic. Sci. Biotechnol. 2002, 77, 479-484. [CrossRef]

Kou, L.; Yang, T.; Luo, Y.; Liu, X.; Huang, L.; Codling, E. Pre-harvest calcium application increases biomass and delays senescence
of broccoli microgreens. Postharvest Biol. Technol. 2014, 87, 70-78. [CrossRef]

Madani, B.; Mahmud, TM.M.; Awang, Y.; Kadir, J.; Patil, V.D. Effects of calcium treatment applied around the root zone on
nutrient concentration and morphological traits of papaya seedlings (Carica papaya L. cv. Eksotika II). Aust. J. Crop Sci. 2013,
5, 568-572.

White, PJ.; Broadley, M.R. Calcium in plants. Ann. Botony. 2003, 92, 487-511. [CrossRef] [PubMed]

Tan, W.; Brestic, M..; Olsovska, K.; Yang, X. Photosynthesis is improved by exogenous calcium in heat-stressed tobacco plants. J.
Plant Physiol. 2011, 168, 2063-2071. [CrossRef] [PubMed]

Xu, C; Li, X.; Zhang, L. The effect of calcium chloride on growth, photosynthesis, and antioxidant responses of Zoysia japonica
under drought conditions. PLoS ONE 2013, 8, e68214. [CrossRef] [PubMed]

Cheng, T.S.; Hung, M.].; Cheng, Y.I; Cheng, L.J. Calcium- induced proline accumulation contributes to amelioration of NaCl
injury and expression of glutamine synthetase in greater duckweed (Spirodela polyrhiza L.). Aquat. Toxicol. 2013, 144-145, 265-274.
[CrossRef] [PubMed]

Ahmad, P; Sarwat, M.; Bhat, N.A.; Wani, M.R; Kazi, A.G.; Tran, L.S. Alleviation of cadmium toxicity in Brassica juncea L.
(Czern. & Coss.) by calcium application involves various physiological and biochemical strategies. PLoS ONE 2015, 10, e0114571.
[CrossRef]

Siddiqui, M.H.; Al-Whaibi, M.H.; Basalah, M.O. Interactive effect of calcium and gibberellin on nickel tolerance in relation to
antioxidant systems in Triticum aestivum L. Protoplasma 2011, 248, 503-511. [CrossRef]

Rahman, A.; Mostofa, M.G.; Nahar, K.; Alam, M.M.; Hasanuzzaman, M.; Fujita, M. Calcium mitigates arsenic toxicity in rice
seedlings by reducing arsenic uptake and modulating the antioxidant defense and glyoxalase systems and stress markers. Biormed.
Res. Int. 2015, 2015, 340812. [CrossRef]

Yoshida, S.; Forno, D.A.; Cock, J.H.; Gomez, K.A. Laboratory Manual for Physiological Studies of Rice, 2nd ed.; International Rice
Research Institute: Los Banos, Philippines, 1972; pp. 61-66.

Wintermans, J.E.G.M.; De Mots, A. Spectrophotometric characteristics of chlorophylls a and b and their phenophytins in ethanol.
Biochim. Biophys. Acta 1965, 109, 448-453. [CrossRef]

Heath, L.R; Packer, L. Photoperoxidation in isolated chloroplasts: I. kinetics and stoichiometry of fatty acid peroxidation. Arch.
Biochem. Biophys. 1968, 125, 189-198. [CrossRef]

Jana, S.; Choudhuri, M.A. Glycolate metabolism of three submersed aquatic angiosperms: Effect of heavy metals. Aquat. Bot.
1981, 11, 67-77. [CrossRef]

Paoletti, F.; Aldinucci, D.; Mocali, A.; Capparini, A. A sensitive spectrophotometric method for the determination of superoxide
dismutase activity in tissue extracts. Anal. Biochem. 1986, 154, 536-541. [CrossRef]

Kato, M.; Shimizu, S. Chlorophyll metabolism in higher plants. VII. Chlorophyll degradation in senescing tobacco leaves:
Phenolic-dependent peroxidative degradation. Can. J. Bot. 1987, 65, 729-735. [CrossRef]

Nakano, Y.; Asad, K. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach chloroplasts. Plant Cell Physiol.
1981, 22, 867-880. [CrossRef]

Foster, ].G.; Hess, ].L. Responses of superoxide dismutase and glutathione reductase activities in cotton leaf tissue exposed to an
atmosphere enriched in oxygen. Plant Physiol. 1980, 66, 482-487. [CrossRef] [PubMed]

Bradford, M.M. Rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of
protein dye binding. Anal. Biochem. 1976, 72, 248-254. [CrossRef]

Bates, L.S.; Waldren, R.P; Teare, I.D. Rapid determination of free proline for water-stress studies. Plant Soil 1973, 39, 205-207.
[CrossRef]

Olle, M.; Bender, 1. Causes and control of calcium deficiency disorders in vegetables: A review. J. Hortic. Sci. Biotechnol. 2009,
84,577-584. [CrossRef]

Ahmed, A.A.M.; Zuhair, A.D.; Wisam, K.K. Role of Boron and Calcium on growth, flowering and yield of strawberry (Fragaria x
ananassa Duch) var. Liberation D’Orleans. Middle East ]. Agric. Res. 2020, 9, 130-133. [CrossRef]

Kumara, K.H.C.H.; Wathugala, D.L.; Hafeel, R.F,; Kumarasinghe, HK.M.S. Effect of Nano Calcite Foliar Fertilizer on the Growth
and Yield of Rice (Oryza sativa). J. Agric. Sci. 2019, 14, 154-164. [CrossRef]

Ismael, S.Z.; Khandaker, M.M.; Mat, N.; Boyce, A.N. Effects of hydrogen peroxide on growth, development and quality of fruits:
A review. J. Agron. 2015, 14, 331-336. [CrossRef]

Niu, L.; Liao, W. Hydrogen peroxide signaling in plant development and abiotic responses: Crosstalk with nitric oxide and
calcium. Front. Plant Sci. 2016, 7, 230. [CrossRef] [PubMed]

Hung, S.H.; Yu, CW,; Lin, C.H. Hydrogen peroxide functions as a stress signal in plants. Bot. Bullet Acad. Sin. 2005, 46, 1-10.


http://doi.org/10.4025/actasciagron.v38i2.27757
http://doi.org/10.1080/14620316.2002.11511526
http://doi.org/10.1016/j.postharvbio.2013.08.004
http://doi.org/10.1093/aob/mcg164
http://www.ncbi.nlm.nih.gov/pubmed/12933363
http://doi.org/10.1016/j.jplph.2011.06.009
http://www.ncbi.nlm.nih.gov/pubmed/21803445
http://doi.org/10.1371/journal.pone.0068214
http://www.ncbi.nlm.nih.gov/pubmed/23844172
http://doi.org/10.1016/j.aquatox.2013.10.015
http://www.ncbi.nlm.nih.gov/pubmed/24200992
http://doi.org/10.1371/journal.pone.0114571
http://doi.org/10.1007/s00709-010-0197-6
http://doi.org/10.1155/2015/340812
http://doi.org/10.1016/0926-6585(65)90170-6
http://doi.org/10.1016/0003-9861(68)90654-1
http://doi.org/10.1016/0304-3770(81)90047-4
http://doi.org/10.1016/0003-2697(86)90026-6
http://doi.org/10.1139/b87-097
http://doi.org/10.1093/oxfordjournals.pcp.a076232
http://doi.org/10.1104/pp.66.3.482
http://www.ncbi.nlm.nih.gov/pubmed/16661460
http://doi.org/10.1016/0003-2697(76)90527-3
http://doi.org/10.1007/BF00018060
http://doi.org/10.1080/14620316.2009.11512568
http://doi.org/10.36632/mejar/2020.9.1.13
http://doi.org/10.4038/jas.v14i3.8599
http://doi.org/10.3923/ja.2015.331.336
http://doi.org/10.3389/fpls.2016.00230
http://www.ncbi.nlm.nih.gov/pubmed/26973673

Agronomy 2021, 11, 82 12 of 12

37. Aguilar, PC.; Cutipa, Z.; Machaca, E.; Lopez, M.; Jacobsen, S.-E. Variation of proline content of quinoa (Chenopodium quinoa
Willd.) in high beds (waru waru). Food Rev. Int. 2003, 19, 121-127. [CrossRef]

38. Elewa, T.A.; Sadak, M.S.; Saad, A.M. Proline treatment improves physiological responses in quinoa plants under drought stress.
Biosci. Res. 2017, 14, 21-33.


http://doi.org/10.1081/FRI-120018878

	Introduction 
	Materials and Methods 
	Reagents 
	Plant Material and Growth 
	Calcium Treatment 
	Physiological Parameter Assays 
	Analysis of Antioxidant Enzyme Activity 
	Proline Assay 
	Assay of Na+ and K+ 
	Statistical Analysis 

	Results 
	Establishment of Conditions for the Treatment of Djulis Sprouts with Calcium 
	Effect of Calcium on Physiology of Djulis Sprouts 
	Effect of Calcium on Antioxidant Enzyme Activity of Djulis Sprouts 
	Effect of Calcium on Potassium Content of Djulis Sprouts 
	Effect of Calcium on Proline Content of Djulis Sprouts 

	Discussion 
	Conclusions 
	References

