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Abstract

The growth of Dendrobium nobile is often stressed by zinc. To study the effect of zinc on the growth and biosynthesis of medicinal

components, external zinc was regularly sprayed on Dendrobium nobile. The results showed that the net photosynthetic rate,

transpiration rate, stomatal conductance, chlorophyll A and B of leaves increased first and then decreased with the increase of

zinc concentration. At 400 µmol/L, they reached the maximum value, indicating that a certain dose of zinc could promote the

photosynthesis of Dendrobium nobile. When the concentration of zinc was 400 µmol/L, which could promote the synthesis of

SOD, the content of APX and AsA reach the maximum. The content of polysaccharide reached the maximum on the 7th day,

the content of polyphenols reached the maximum on the 14th day. This result suggests that exogenous zinc can promote the

accumulation of active components in Dendrobium nobile, and when the zinc concentration is 400 µmol/L, the promoting effect

is greatest. While, it was found that the polysaccharide can combine with zinc well to form polysaccharide-zinc chelate, and

transform inorganic zinc into organic zinc, which was stored in the form of polysaccharide-Zn in vivo and reduced the damage

to Dendrobium nobile by Zn-stress
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Abstract: The growth of Dendrobium nobile is often stressed by zinc. To study the effect of zinc on the
growth and biosynthesis of medicinal components, external zinc was regularly sprayed on Dendrobium nobile.
The results showed that the net photosynthetic rate, transpiration rate, stomatal conductance, chlorophyll
A and B of leaves increased first and then decreased with the increase of zinc concentration. At 400 µmol/L,
they reached the maximum value, indicating that a certain dose of zinc could promote the photosynthesis
of Dendrobium nobile. When the concentration of zinc was 400 µmol/L, which could promote the synthesis
of SOD, the content of APX and AsA reach the maximum. The content of polysaccharide reached the
maximum on the 7th day, the content of polyphenols reached the maximum on the 14th day. This result
suggests that exogenous zinc can promote the accumulation of active components in Dendrobium nobile,
and when the zinc concentration is 400 µmol/L, the promoting effect is greatest. While, it was found that
the polysaccharide can combine with zinc well to form polysaccharide-zinc chelate, and transform inorganic
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. zinc into organic zinc, which was stored in the form of polysaccharide-Zn in vivo and reduced the damage
to Dendrobium nobile by Zn-stress

Keywords: Zinc stress; Dendrobium nobile Lindl.; Photosynthesis; Biosynthesis; polysaccharide-Zn.

1. Introduction

Zinc, as an essential trace element for plant growth and development, plays an important role in plant
physiology and secondary metabolism. Appropriate amount of zinc can promote the growth of plants and
enhance their stress resistance. As a special heavy metal ion, zinc can also regulate the secondary metabolism
of plants. However, excessive zinc can also affect the normal growth and development of plants, and even
cause plant death. Dendrobium nobile is a traditional precious Medicinal Dendrobium, which is one of
the Medicinal Dendrobium species clearly recorded in Pharmacopoeia of the people’s Republic of China.
Dendrobium nobile is mainly distributed in Hejiang county and Mabian County of Sichuan Province and
Chishui area of Guizhou Province. However, the contents of As, Cu, Zn, Cd, Pb and Cr in the soils of these
areas are relatively high. The highest content of Zn is 320.58mg/g, which is 4.32 times of the average soil
content of zinc in China( Zhang et al., 2020.). The growth and secondary metabolites of Dendrobium nobile
will be affected by the soil with high zinc content.

Plant secondary metabolism is a stress response process to the stress environment ( Li et al.,2020), and
the secondary metabolites produced in this process are necessary substances for plants to resist the stress
environment. Studies have shown that the stress of external environment can induce the increase of plant
secondary metabolites (Gao et al.,2020) . It is one of the most popular methods to induce plant secondary
metabolites by elicitors. As one of the common elicitors, many studies have pointed out that the suitable
concentration of heavy metals can effectively induce the biosynthesis of plant secondary metabolites, and
excessive concentration will damage the plant organism (Berni et al., 2019) . Some studies show that
vinblastine content in catharanthus roseus increases with the increase of exogenous zinc concentration, and
the maximum zinc concentration is 150 µmol/L (Ling et al.,2015) . Therefore, it can be assumed that zinc,
as a heavy metal and essential trace element, has an effect on the secondary metabolites of plants to a certain
extent, but with the increase of dose, it may show inhibition effect. The specific mechanism of the effect
needs further study.

Some plant polysaccharides can be combined with Zn2+to become more stable substances, so as to realize
the transformation of inorganic zinc into organic zinc, which is more easily absorbed by the human body.
Moreover, the polysaccharide with Zn2+often has higher biological activity, so polysaccharide-zinc has be-
come a research hotspot in recent years. For example, the MFP4P polysaccharide isolated from Mulberry
by Wang et al(Wang et al.,2019) has good antioxidant activity and hypoglycemic effect. MFP4P and zinc
complex (MFP4P-Zn) have higher antioxidant and hypoglycemic activities than MFP4P at the same con-
centration. Polysaccharide (P1)-zinc complex (P1-Zn) from Prunella vulgaris could effectively inhibit the
proliferation (98.4% inhibition rate at 500 µg/mL) of HepG2 cells through induction of apoptosis, evidenced
by morphological changes, chromatin condensation and G0/G1 phase cell cycle arrest. (Li et al., 2016). A
polysaccharide-zinc (FUP-Zn) complex from Fritillaria ussuriensis exhibited scavenging ability on hydroxyl
radicals and superoxide anion radicals. And the effect of polysaccharide-zinc is heavily dependent on the
amount of Zn(Zhang et al.,2020). Polysaccharide chelates of zinc were also found in Pholiota nameko (Lan
et al.,2015), Dictyophora indusiate (Liao et al.,2015) and Lentinus edodes (Wang,et al.,2015), which showed
strong biological activity in vitro and in vivo.

Recent research shows that Dendrobium nobile has many functions such as anti-aging (Nie et al.,2020),
antioxidant activity(Luo et al., 2010), antitumor activity(Wang et al., 2010), immunoregulation(Fan et
al.,2020). In the secondary metabolites of Dendrobium nobile, polysaccharides, flavone, alkaloid and polyphe-
nols are abundant, which have high biological activity and important medicinal value. While how does zinc
affect the physiological and medicinal composition of Dendrobium nobile?and whether it can chelate with
Dendrobium polysaccharide to form zinc polysaccharide products has not been studied. Therefore, this study
revealed the effects of exogenous zinc on physiological, medicinal components of Dendrobium nobile and the
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. combination of zinc and polysaccharides.

2. Materials and methods

2.1. Plant materials and treatments

Healthy 1-year-old seedlings with similarly growth rate were used in this research. Dendrobium nobile were
cultivated with pine bark as substrate, 20 seedlings as a pot and 75% shading. After 50 days of planting,
the plants were treated by different concentrations of zinc solution every 7 days for 3moths (the exudate was
recycled and irrigated repeatedly until evenly mixed with the cultivated substrate). The test was performed
without adding Zn2+ as a control group(CK), and the Zn2+ treatment groups were: T1 group (50 µmol/L),
T2 group (100 µmol/L), T3 group (200 µmol/L), T4 group (400 µmol/L), T5 group (800 µmol/L), T6
group (1000 µmol/L), and T7 group (2000 µmol/L). After the end of treatment, the leaves and stems of the
Dendrobium nobile with similar growth were selected to test on the 7th, 14th, and 21st days. On the 21st
day, the roots ofDendrobium nobile were pulled out, which were washed, then dried in an oven for index
determination. Each indicator was tested 3 times.

2.2 Effects of zinc on photosynthesis of Dendrobium nobile

The photosynthetic parameters were measured using a photosynthetic apparatus (Li-6400). The net pho-
tosynthetic rate (Pn), transpiration rate (Tr), stomatal conductance (Gs) of the fully expanded leaves were
measured and their variation laws will be calculated. The contents of chlorophyll a (Chl.A) and chlorophyll
b (Chl.B) of the leaves from Dendrobium nobile were determined according to the method of Tehseen et
al. (Asghar et al., 2016). After crushed, 0.1 g fresh leaves were extracted with 5 mL of 80% acetone in the
dark for 24 h. The extracts were combined and made up to 25 mL. 80% acetone was used as a control, and
the colorimetric was tested at spectrophotometers at 663 nm and 645 nm, and the chlorophyll content were
calculated.

2.3 Effects of zinc on the antioxidant system ofDendrobium nobile

The content of hydrogen peroxide (H2O2) was determined according to the method of Park et al. (Park
et al.,2016). The content of superoxide anion (O2

-) was determined by using the method of Chen et al.(
Chen et al.,2019). The SOD activity was determined by using nitroblue tetrazolium (NBT) photochemical
reduction method(Milosevic et al., 1996). Ascorbate peroxidase (APX) activity was determined by ascorbate
oxidation(Carolina et al., 2017). The content of AsA was assayed according to Kunpatee et al. (Kunpatee
et al.,2020) with mg·g-1 FW as the unit of measurement. The content of reduced glutathione (GSH) was
determined by mercapto reagent(DTNB) according to the method of Nagalakshmi (Nagalakshmi et al.,
2001).

2.4 Effects of zinc on the medicinal components ofDendrobium nobile

2.4.1 Determination of polysaccharide content

The polysaccharide content was determined by the modified phenol-sulfuric acid method (Luo et al., 2010).
Dry powder ofDendrobium nobile (0.5 g) was placed in a 100mL round bottom flask, added 50mL 80%
ethanol heated at 80 reflux for 1h. Then the solution was filtered and the filtrate was discarded. Next
the filter residue was placed in the round bottom flask again. 50 mL of distilled water was added, and the
mixture was heated to reflux at 100 for 2 hours, and the filtrate was taken, and the volume was adjusted to
50 mL to obtain a polysaccharide extract. The polysaccharide content was determined by the phenol-sulfuric
acid method. The standard curve is made with glucose.

2.4.2 Determination of polyphenol content

The content of polyphenol was determined by a Folin phenol reagent according to the method of Liu et al.(
Liu et al., 2019). Weigh accurately 0.1g of stem sample, placed in a 100mL Erlenmeyer flask, add 50mL of
70% ethanol, shake for 4 hours, filter, and the filtrate was dilute to 100mL. Accurately measure 1 mL of the
extract, add 0.3 mL of FC reagent, and mix for 5 min. Add 1.5 mL of saturated sodium carbonate solution,

3
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. add water to a volume of 10 mL, shake for 30 min in a 30 water-bath. Then, the absorbance was measured
at 760 nm. The standard curve is made with gallic acid.

2.4.3 Determination of total flavonoids

The content of total flavonoids was determined according to the method of Quy et al. (Quy et al., 2014).
0.1 g of stem sample was placed in a 100 mL round bottom flask, add 50 mL of 75% ethanol and reflux at 80
for 2 h. After that, the extracting solution was filted, and, the filtrate was collected. The filtrate was dilute
to 50 mL with 75% ethanol. Take 1 mL of the filtrate in a 10 mL volumetric flask, add 4 mL of 50% ethanol
solution, add 0.3 mL of 5% sodium nitrite solution, shake well, place for 6 min. Next add 0.3 mL of 10%
aluminum nitrate solution in it, shake well, then place for 6 min, add 4 mL of 1 mol/L sodium hydroxide
solution was diluted to 50% ethanol, and shaken for 15 min. The absorbance at 510 nm was measured. The
standard curve was made with rutin reference solution.

2.5 Determination of polysaccharide- zinc in Dendrobium nobile

A certain amount of polysaccharide samples was put into microwave digestion tube, and 1mL hydrofluoric
acid was added to 5 mL concentrated nitric acid. Then put the tube in ventilation room for overnight.
Fixed volume to 50 mL after complete digestion. Determination of zinc in each component by Flame Atomic
Absorption Spectrometry(Altair et al., 2018).

2.6 Data statistics and analysis

All data were statistically analyzed using SPSS 23.0 software, one-way ANOVA and least significant difference
test (LSD), and Excel 2010 tabulation. The significance level was set to α = 0.05.

1. Results
2. Effects of exogenous zinc on photosynthesis of Dendrobium nobile

3.1.1 Effects of different concentrations of zinc on net photosynthetic rate (Pn) and transpira-
tion rate (Tr) of Dendrobium nobile

Figure 1a shows that the net photosynthetic rate varies with the time of zinc treatment and zinc concen-
tration. Compared with the control group, the net photosynthetic rate of the treatment group with zinc
concentration less than 800 µmol/L was significantly higher than that of the control group. When the zinc
concentration was less than 400 µmol/L, the net photosynthetic rate increased slowly with the prolongation
of zinc treatment time, but there was no significant difference between different treatment days. At the same
time, when the zinc concentration is less than 400, the net photosynthetic rate increases with the increase of
zinc concentration. When the zinc concentration was 400 µmol/L, it reached the maximum value, and there
was significant difference compared with the control group.

Figure 1b shows that the transpiration rate varies with the time of zinc treatment and zinc concentration.
Compared with the control group, the transpiration rate of all treatment groups with zinc concentration
less than 400 µmol/L was significantly higher than that of the control group, and increased significantly
with the increase of zinc concentration. At the same time, we found that when the zinc concentration was
between 200 µmol/L and 400 µmol/L, the transpiration rate increased significantly with the increase of zinc
treatment time. However, when the concentration of zinc was more than 400 µmol/L, the transpiration
rate decreased significantly with the increase of zinc concentration. When the zinc concentration was 400
µmol/L and the treatment time was 21 days, the transpiration rate reached the maximum value, and there
was significant difference compared with the control group.

Fig 1.

3.1.2 Effects of different concentrations of zinc on Gs and Ci

of Dendrobium nobile

4
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. Figure 1c shows that the stomatal conductance (Gs) changes with the time of zinc treatment and zinc
concentration. Compared with the control group, the Gs concentration of all treatment groups with zinc
concentration less than 400µmol/L was significantly higher than that of the control group, and increased
significantly with the increase of zinc concentration, and increased significantly with the extension of zinc
treatment time. However, when the zinc concentration is more than 400µmol/L, the Gs concentration
decreases significantly with the increase of zinc concentration. When the zinc concentration was 400 µmol/L
and the treatment time was 21 days, the Gsconcentration reached the maximum value, and there was
significant difference compared with the control group.

It can be seen from Figure 1d that the carbon dioxide concentration (Ci) changes with the time of zinc
treatment and zinc concentration. Compared with the control group, the carbon dioxide concentration of all
the treatment groups with zinc concentration less than 400 µmol/L was significantly lower than that of the
control group, and decreased slowly with the increase of zinc concentration. But when the zinc concentration
is 400 µmol/L, the Ci concentration reaches the minimum value, and compared with the control group, there
is a significant difference. But at the same zinc concentration, with the extension of zinc treatment time, the
Ci decreased, but there was no significant difference. When the zinc concentration is more than 400 µmol/L,
the Ci concentration increases gradually with the increase of zinc concentration and treatment time. When
the zinc concentration was 2000 µmol/L and the treatment time was 21 days, the Ci concentration reached
the maximum value, and there was significant difference compared with the control group.

3.1.3 Effects of different concentrations of zinc on efficiency of water application (WUE) of
leaves from Dendrobium nobile

It can be seen from Table 1 that there is no direct correlation between water use and zinc concentration
in each zinc treatment group. However, at the same zinc treatment concentration, with the extension of
zinc treatment time, the water use degree decreased gradually. Compared with that of 7 days, the water
use degree of 14 days treatment decreased significantly. However, compared with the water use degree of 14
days, the water use degree of 21 days decreased slightly.

Table 1

3.1.4 Effects of different concentrations of Zinc on chlorophyll A and B contents of the leaves
from Dendrobium nobile

Table 2 shows that in the same zinc treatment time, the content of chlorophyll A and B increases first and then
decreases with the increase of zinc concentration. When the zinc concentration was 400 µmol/L, it reached
the maximum value, which was significantly different from the control group. When zinc concentration was
more than 400 µmol / L, the content of chlorophyll A and chlorophyll B began to decrease. But at the
same zinc concentration, when the treatment time was 14 days, compared with 7 days, chlorophyll A and B
increased significantly. However, when the treatment time was 21 days, compared with 14 days, the content
of chlorophyll AB increased, but the increase was not significant.

Table 2

3.2 Effects of different concentrations of exogenous Zinc on antioxidant system of Dendrobium
nobile

3.2.1 Effects of different concentrations of Zinc on H2O2 and superoxide anion in leaves
ofDendrobium nobile

With the increase of zinc treatment time, the content of H2O2 in each group is also increasing. The results
showed that the longer zinc treatment time, the greater the stimulation to Dendrobium nobile , and the more
H2O2 produced. On the 21st day, from the zinc concentration of 200 µmol/L, compared with CK group,
the content of H2O2 increased significantly, but when the zinc concentration was between 400 µmol/L-1000
µmol/L, the content of H2O2 in each zinc treatment group increased slowly, there was no significant difference
between the groups. When zinc concentration increased to 2000 µmol/L, the content of H2O2 increased

5
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. significantly. The results showed that the zinc concentration of 2000 µmol/L and long-term treatment could
make Dendrobium nobile produce more H2O2.

Fig. 2

With the increase of zinc treatment time and zinc concentration, the O2
- content of each group is also

increasing. The results showed that the longer zinc treatment time, the higher concentration, the greater
stimulation to Dendrobium nobile , and the more O2

- produced. At 14 days of treatment, when the zinc
concentration was more than 800µmol/L, the content of O2

-increased significantly compared with the low
concentration zinc treatment group. But there was no significant difference between T5 (800 µmol/L) group
and T6 (1000 µmol/L) group. When the zinc concentration is 2000µmol/L, it has a significant increase
compared with 1000µmol/L. The results showed that zinc concentration of 2000 µmol/L and longtime
treatment could make Dendrobium nobile produce more O2

-.

3.2.2Effect of different concentrations of zinc on the content of soluble sugar, proline and
soluble protein in Dendrobium nobile leaves

It can be seen from Figure3a, on the 7th and 14th day, when the zinc concentration was 2000 µmol / L, the
soluble sugar content reached the maximum. However, on the 21st day, when the zinc concentration was
400 µmol/L, the soluble sugar content reached the maximum. The results showed that zinc had a greater
effect on the production of soluble sugar with the increase of zinc treatment time, and it could stimulate the
production of more soluble sugar even at a lower concentration.

As shown as Figure3b, within 14 days after zinc treatment, the soluble protein of each group changed in
varying degrees, but there was no regularity. After 21 days of zinc treatment, there was a regular trend
of change, first increased and then decreased. When the zinc concentration was 800 µmol/L, the soluble
protein content was the most, and there was a significant difference compared with the control group. This
result shows that zinc treatment for a long time could stimulate the secretion of soluble protein.

Fig. 3

3.2.3 Effects of different concentrations of exogenous Zinc on SOD and CAT activities in
Dendrobium nobile

It can be seen from Table 3 that when the zinc concentration is less than 200µmol/L, the SOD content
in Dendrobium nobile leaves gradually increases with the increase of zinc treatment time. When the zinc
concentration is more than 400 µmol/L, the content of SOD decreases with the increase of zinc concentration.
The results showed that the stimulation of low zinc concentration on Dendrobium nobile could promote the
synthesis of SOD, which could eliminate the free radicals produced by stress. When zinc concentration is
high, no more antioxidant enzymes will be produced, which will lead to more free radicals accumulation in
Dendrobium nobile .

Table 3

It can also be seen from Table 3 that the cat content of all groups increased with the prolongation of zinc
treatment time and the increase of zinc concentration. But the increase of cat in zinc treatment group
was significantly higher than that in control group. The results showed that with the increase of zinc
concentration and zinc treatment time, the cat content of Dendrobium nobile increased significantly, which
may be due to the large amount of hydrogen peroxide produced byDendrobium nobile under the stimulation
of zinc.

3.2.4 Effects of different concentrations of exogenous Zinc on the contents of APX,AsA and
GSH activities in leaves ofDendrobium nobile

As can be seen from Figure 4a, the content of APX increases with the increase of zinc treatment concentration.
At 14 days of treatment, when the zinc concentration was less than 100 µmol/L, there was no significant
change in APX content compared with the control group. However, with the prolongation of the treatment

6
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. time, when the zinc concentration is greater than 100 µmol/L, the APX content of the treatment group
is significantly higher than that of the control group. At the same time, it can be seen from the figure
that when the zinc concentration is in the range of 200-1000 µmol/L, after 14 days of zinc treatment, it is
significantly increased compared with the control. The peak value of APX appeared at zinc concentration
of 400µmol/L and treatment time of 14 days.

Fig. 4

As can be seen from Figure 4b, AsA content increases first and then decreases with the increase of zinc
concentration. At 14 days of treatment, when the zinc concentration was less than 400 µmol/L, AsA
content increased with the increase of zinc concentration compared with the control group, and reached the
maximum value at the zinc concentration of 400 µmol/L. When zinc concentration is more than 400 µmol/L,
AsA content decreases with the increase of zinc concentration. After 14 days of zinc treatment, when the
zinc concentration was 400 µmol/L, AsA content showed a peak value, and there was a significant difference
between the two groups.

It can be seen from Figure 4c that the content of GSH increases first and then decreases with the increase
of zinc concentration. When zinc concentration is less than 400µmol/L, GSH content increases with the
increase of zinc treatment time and zinc concentration. When the zinc concentration is 800 µmol/L, the
GSH content has a peak value, and there is a significant difference for the photographic ratio.

3.3 Effects of different concentrations of exogenous Zinc on medicinal components of Dendro-
bium nobile.

It can be seen from Figure 5 that the total polysaccharide content ofDendrobium nobile varies with the zinc
treatment concentration. When the zinc concentration is less than 400 µmol/L, the polysaccharide content
gradually increases with the increase of zinc concentration. When the zinc concentration was 400µmol/L,
it was significantly higher than the control, and when the zinc treatment time was 7 days, the content of
polysaccharide reached the maximum. When the zinc concentration is more than 400 µmol/L, the content
of polysaccharide decreases with the increase of zinc concentration.

Fig.5

It can be seen from Figure 5 that the total polyphenol content ofDendrobium nobile varies with the zinc
treatment concentration. When the zinc concentration is less than 400µmol/L, the polyphenol content
gradually increases with the increase of zinc concentration. When the zinc concentration is 400 µmol/L,
compared with the control, it is significantly higher than the control. When the zinc treatment time is 14
days, the content of polyphenols reaches the maximum. When the concentration of zinc was more than
400 µmol/L, the content of polyphenols decreased with the increase of zinc concentration, but it was still
significantly higher than the control group.

It can be seen from Figure 5 that the flavonoid content ofDendrobium nobile varies with the zinc treatment
concentration. When the zinc concentration is less than 400µmol/L, the flavonoid content gradually increases
with the increase of zinc concentration. When the zinc concentration was 400 µmol/L, it was significantly
higher than the control, and when the zinc treatment time was 21 days, the content of flavonoids reached the
maximum. When the zinc concentration is more than 400 µmol/L, the content of polysaccharide decreases
with the increase of zinc concentration. When the zinc treatment time was less than 21 days, it was still
significantly higher than the control group. However, when the zinc treatment time was more than 21 days,
the content of flavonoids decreased.

3.4 Effect of exogenous zinc on the synthesis of zinc polysaccharide from Dendrobium nobile

It can be seen from Figure 6 that zinc polysaccharide varied with zinc concentration and zinc treatment
time. When the zinc concentration was less than 800 µmol/L, the content of zinc polysaccharide increased
with the increase of zinc concentration. With the extension of zinc treatment time, the content of zinc
polysaccharide in each group decreased gradually. Therefore, when the zinc concentration is 800 µmol/L
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. and the treatment time is 7 days, the content of zinc polysaccharide reaches the maximum value, and there
is significant difference compared with the control.

Fig.6

1. Discussion
2. Ζινς ωιτη 400µμολ/Λ ις βενεφιςιαλ το τηε αςςυμυλατιον οφ πολψσαςςηαριδε βψ
προμοτινγ πηοτοσψντηεσις

Zinc is a component of many structural substances in plants, and also an activator of many enzymes, which
plays an important role in plant photosynthesis. In this study, it was found that the photosynthesis of leaves
could be affected by the application of zinc. With the increase of exogenous zinc concentration, the photosyn-
thesis of Dendrobium nobile was promoted by zinc concentration below 400µmol/L. The net photosynthetic
rate and stomatal conductance, and chlorophyll a and b reached the maximum when the concentration of
zinc was 400 µmol/L. The water use efficiency of leaves decreased gradually with the increase of concentra-
tion and treatment time. The results also showed that proper concentration of zinc could help Dendrobium
nobile produce chlorophyll and promote plant photosynthesis. It may be that exogenous application of zinc
increased the zinc content in chloroplasts, inhibited the activity of RNA hydrolase, promoted the produc-
tion of RNA, and then promoted the synthesis of chloroplast protein, increased the content of chlorophyll a
and chlorophyll b. The increase of photosynthesis increased the synthesis of soluble sugar in Dendrobium.
The results showed that the soluble sugar content reached the maximum at the concentration of zinc with
400 µmol/L on the 21st day. Polysaccharide is a kind of complex and huge carbohydrate which is formed
by condensation and dehydration of many soluble sugar (monosaccharide) molecules. Therefore, soluble
monosaccharide molecules are the raw materials for the biosynthesis of polysaccharides, and the concentra-
tion of 400 µmol/L zinc can promote the photosynthesis of Dendrobium nobile and increase the synthesis of
soluble monosaccharide, which providing the necessary raw materials for the synthesis of Dendrobium nobile
polysaccharides.

4.2Low concentration of zinc can improve the stress resistance ofDendrobium nobile

When plants are in adversity environment, hydrogen peroxide and free radical ions will produce toxicity
to plants. However, plants have resistance mechanism to adversity. In order to avoid injury, plants can
eliminate the damage caused by reactive oxygen species by adjusting themselves, such as improving the
activity of antioxidant enzymes and increasing the content of antioxidant substances. This study showed
that when exogenous zinc was applied to Dendrobium nobile, the production rate of hydrogen peroxide and
superoxide radicals in the leaves of Dendrobium nobile increased gradually with the increase of zinc treatment
concentration, indicating that exogenous zinc had different degrees of stress on Dendrobium nobile, and high
zinc stress was the most obvious.

SOD is an important enzyme for scavenging reactive oxygen species in plants. It is responsible for trans-
forming superoxide anion radicals into hydrogen peroxide. In this study, SOD activity increased first and
then decreased with the increase of zinc concentration, indicating thatDendrobium nobile can resist external
stress through self-regulation within a certain concentration range. But when zinc concentration was more
than 1000 µmol/L, SOD activity was lower than that of control.

Ascorbic acid (AsA) and glutathione (GSH), as important non-enzymatic antioxidants in plants, can directly
act and scavenge reactive oxygen species. GSH increased in response to biological stresses such as reactive
oxygen species accumulation. Our study shows that with the increase of zinc concentration, GSH in Dendro-
bium nobileincreases first and then decreases. The results showed that high concentration of zinc increased
the oxidative stress of Dendrobium nobile . AsA can scavenge many kinds of reactive oxygen radicals such
as hydrogen peroxide directly or indirectly through the AsA-GSH cycle. After applying exogenous zinc, AsA
first increases and then decreases with increasing concentration. APX is an important antioxidant enzyme
in plants. Its activity determines the role of AsA-GSH cycle in stress resistance physiology. The results show
that APX activity increases first and then decreases with the increase of zinc concentration. Therefore, the
activities of antioxidant enzymes were also destroyed when zinc concentration was too high.
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. In conclusion, low concentration of zinc can improve the stress resistance of Dendrobium nobile , but high
concentration of zinc can cause the degree of peroxidation of Dendrobium nobile , and even affect its normal
growth.

4.3 Effect of zinc on the accumulation of polyphenols and flavonoids inDendrobium nobile.

Polyphenols and flavonoids are also main active ingredients in Dendrobium nobile . The results showed
that zinc had a low promoting and high inhibiting effect on the polyphenols and flavonoids contents of
Dendrobium nobile. This may be because zinc, as a heavy metal ion, is a kind of inducer, which can induce
and stimulate plants to produce secondary metabolites, which is similar to the research of Jin (Jin et al.,
2015), which found that exogenous zinc can promote the production of vinblastine in Changchun flower. The
results showed that after the application of zinc in medicinal plants, it was beneficial to the accumulation of
medicinal components and increase the medicinal value of Dendrobium nobile.

4.4 Dendrobium nobile can enrich zinc and transform inorganic zinc into organic zinc

Zinc is an essential trace element for human body, which can promote the growth and development of
human body and enhance the immune function of human body(Jia et al.,2004). Zinc deficiency can lead
to the decrease of lymphocytes and the irrecoverable damage of lymphatic system. However, nearly one
third of the world’s population is facing health problems caused by zinc deficiency. Zinc in normal diet
can not meet the normal needs of human body. In order to ensure the health of human body and prevent
related diseases, adequate zinc intake should be provided. The sources of zinc include inorganic zinc and
organic zinc. Inorganic zinc is not easy to be absorbed by the body, and excessive intake will produce
toxicity. Biological organic zinc has the advantages of high absorption and utilization, safety and non-toxic,
so the development of bio organic zinc health products is a safe and effective way to provide zinc source
for the body. In order to transform zinc into organic zinc, it is necessary to find suitable zinc enrichment
and transformation carriers. The results showed that Flammulina velutipes was an effective carrier for zinc
enrichment and transformation (Liu et al.,2014). Our study found that Dendrobium also has the ability
to enrich and transform zinc. Zinc can be distributed in different parts of Dendrobium and form zinc
polysaccharide with Dendrobium polysaccharides, which provides a new way for zinc enrichment in plants
and a new method for obtaining organic zinc from biological sources.

Dendrobium nobile is a kind of precious Chinese herbal medicine, which is traditionally used to nourish the
body. Existing studies have shown that Dendrobium nobile has a variety of biological activities, including
enhancing immunity. And Dendrobium polysaccharide is the main active component of Dendrobium nobile
to enhance immunity. The data show that zinc plays an important role in maintaining the structure and
function of the central immune organs (thymus, supraluminal SAC) and peripheral immune organs (lymph
nodes, spleen, tonsil). Therefore, the zinc polysaccharide synthesized by zinc and Dendrobium polysaccharide
can not only convert inorganic zinc into organic zinc, improve the absorption and utilization rate of zinc,
but also greatly promote the enhancement of human immunity.

Therefore, a new plant Dendrobium nobile, which can enrich and transform zinc, has been found in the
experiment. At the same time, Dendrobium polysaccharide, a new carrier for the transformation of inorganic
zinc into organic zinc, has also been found.

4.5Dendrobiumnobile can reduce the damage of zinc stress to plants by chelating zinc with
polysaccharide in vivo

Root is an important organ for plants to absorb water and mineral nutrients, and it is also an important part
of soil heavy metal stress. We found that the zinc content in the root of Dendrobium nobile was significantly
higher than that in the stem. For example, in the high concentration group (2000 µmol/L), the zinc content
in the root was 6.3 times higher than that in the stem.

Heavy metal stress has a certain effect on plant growth. Reactive oxygen species (ROS) produced by plant
cells under heavy metal stress can cause oxidative damage. In response to stress, plants produce antioxidants
to resist ROS damage to cells. At the same time, plant cells will actively accumulate some soluble substances,
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. such as soluble protein and soluble sugar, to reduce the intracellular osmotic potential, so as to ensure the
normal water supply under heavy metal stress and maintain the normal physiological function of cells (Zhang
et al., 2011). In addition, heavy metal chelation is also an important way for plants to alleviate heavy metal
injury. For example, phytochelatins (PC) (Gupta et al., 2013) uses a large number of thiol groups in its
structure to coordinate with heavy metal ions to form heavy metal PC chelates, which make heavy metal ions
lose activity (Rama et al.,2010; Park et al., 2012), thus reducing the toxicity of heavy metals to plants. At
present, some studies have found that the formation of PC can be promoted by adding Se, so as to alleviate
the stress of heavy metals (Salt et al., 1995; Rana et al.,1996). Intracellular polyphosphate bodies can also
chelate heavy metals. Under the stress of heavy metals, the number of polyphosphate bodies increases, and
the phosphorus concentration in plants increases, and the increase of phosphorus concentration can reduce
the toxicity of heavy metals to plants (Rai et al.,1981).

The results showed that the photosynthesis and carbohydrate synthesis of Dendrobium nobile increased sig-
nificantly under the influence of zinc stress, and the biosynthesis of polysaccharide increased. The polysac-
charide can combine with zinc well to form polysaccharide zinc chelate, which makes zinc ion lose its activity.
This chelate has no toxicity to plants, and the polysaccharide-zinc chelate is transported through the vacuole
membrane to be stored in the vacuole under the action of ATP, so as to reduce the damage to Dendrobium
nobile and protect it (Fig. 7).

Fig.7

Conclusion

The results of this study indicate that Zn2+ had an obvious effect on the physiology and accumulation of
medicinal components of Dendrobium nobile. Low concentration Zn2+ (< 400 µmol/L) can promote the
photosynthesis of Dendrobium nobile, increase the net photosynthetic rate and transpiration rate, increase
the stomatal conductance and the content of chlorophyll A and chlorophyll B, reduce the intercellular CO2

concentration and water use efficiency. At the same time, when the concentration of zinc was 200 µmol/L
and keep it for 21 days, the stimulation from zinc on Dendrobium nobile could promote the synthesis of
antioxidant enzyme SOD, so as to eliminate the free radicals produced by stress. Another finding was that
low concentration Zn2+ (< 400 µmol/L) can increase the activity of CAT, APX and ASA. However, the
maximum value of GSH appeared when the zinc concentration was 800µmol/L. When the concentration of
zinc was 400 µmol/L, the content of polysaccharide reached the maximum on the 7th day, the content of
polyphenols reached the maximum on the 14th day, but the content of flavonoids reached the maximum
on the 21th day. In addition, when the concentration of external zinc treatment reached 800 µmol/L, the
content of zinc-polysaccharide in the stem of Dendrobium nobile reached the maximum on the 7th days,
which indicated that a certain amount of external zinc could promote the synthesis of zinc polysaccharide
and promote the transformation of inorganic zinc into organic zinc in Dendrobium nobile. This experiment
also found that Dendrobium nobile can transform inorganic zinc into organic zinc, which is stored in the
body in the form of zinc-polysaccharide, which greatly improves the medicinal value of Dendrobium nobile,
and provides the theoretical basis for research and development of drugs and functional food of Dendrobium
nobile. Meanwhile, the polysaccharide can combine with zinc well to form polysaccharide zinc chelate, which
makes zinc ion lose its activity, and the polysaccharide-zinc chelate is transported to the vacuole under the
action of ATP, so as to reduce the damage to Dendrobium nobile and protect it.
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Tables

Table 1 Effect of WUE of Dendrobium nobile leaves under different Zn treatment

Unit(µmol·mol-1) 7d 14d 21d

ck 16.94±2.34ab 19.73±2.60a 15.83±3.82a
T1 21.28±3.45a 13.87±0.45ab 10.71±1.77ab
T2 8.64±3.00b 8.32±2.11c 6.78±0.24bc
T3 14.98±4.33ab 4.36±1.46c 4.24±1.74cd
T4 5.34±1.57b 3.33±1.21c 3.07±0.94cd
T5 10.03±2.02ab 4.11±1.18c 3.83±0.16cd
T6 7.95±2.07b 2.09±0.08c -0.17±0.01d
T7 8.11±2.17b 1.32±0.34c -7.63±0.78e

Note: Data are means ± SE in the figures. Different letters indicate significant differences among the treat-
ments (P< 0.05). CK, T1, T2, T3, T4, T5, T6 and T7 indicate that corresponding Zinc concentration is 0,
50, 100, 200, 400, 800, 1000 and 2000µmol/L.

Table 2 Effect of chlorophyll content of Dendrobium nobile leaves under different Zn treatment

Chl Time ck T1 T2 T3 T4 T5 T6 T7

7d 0.72±0.03bc 0.72±0.07bc 0.76±0.02abc 0.78±0.01abc 0.6±0.01a 0.80±0.04ab 0.70±0.02bc 0.69±0.02c
Chl.A 14d 0.81±0.01cd 0.20±0.05cd 0.82±0.08cd 0.91±0.01bc 1.11±0.08a 1.00±0.07ab 0.83±0.04cd 0.66±0.04d
mg·g-1 FW 21d 0.85±0.01e 0.86±0.02de 0.87±0.02cde 0.92±0.01c 1.15±0.01a 1.08±0.04b 0.92±0.01cd 0.65±0.01f

7d 0.29±0.01b 0.34±0.06ab 0.37±0.01a 0.39±0.01a 0.41±0.02a 0.39±0.01a 0.30±0.01b 0.29±0.01b
Chl.B 14d 0.35±0.01c 0.37±0.03bc 0.38±0.05bc 0.42±0.01abc 0.50±0.03a 0.46±0.03ab 0.39±0.01bc 0.26±0.03d
mg·g-1 FW 21d 0.36±0.01e 0.37±0.02e 0.39±0.02e 0.42±0.01d 0.54±0.01a 0.50±0.01b 0.46±0.01c 0.24±0.01f

Note: Data are means ± SE in the figures. Different letters indicate significant differences among the treat-
ments (P< 0.05). CK, T1, T2, T3, T4, T5, T6 and T7 indicate that corresponding Zinc concentration is 0,
50, 100, 200, 400, 800, 1000 and 2000µmol/L.

Table 3 Effect of SOD and CAT activities of Dendrobium nobileleaves under different Zn treatment

Time ck T1 T2 T3 T4 T5 T6 T7

7d 379.39±3.99bc 402.25±17.97bc 476.33±4.51a 491.18±25.61a 523.46±12.70a 412.62±12.70a 350.70±11.19cd 309.34±17.24d
SOD(U·g-1FW) 14d 421.16±7.20b 427.47±5.41b 521.93 ±5.41a 524.47±3.46a 527.80±8.40a 459.64±8.35b 441.72±26.75b 359.92±0.92c

21d 438.17±9.05b 440.72±15.70b 538.02±16.92a 550.00±4.60a 518.99±10.35a 450.84±23.68b 408.81±12.66c 386.04±16.48c
7d 55.56±8.68f 72.22±4.01f 112.22±7.29e 157.78±4.45d 176.67±5.77cd 191.11±8.68bc 208.90±9.10ab 226.67±9.62a

CAT(U·g-1FW) 14d 57.78±8.68e 77.78±8.61e 115.56±5.88d 156.66±14.53c 180.00±9.62bc 204.45±4.01ab 218.89±21.89a 230.00±6.94a
21d 63.67±7.41a 107.78±11.76d 120.00±6.94d 176.66±0.82c 184.44±8.01bc 205.56±14.18ab 208.89±9.69ab 218.89±6.76

Note: Data are means ± SE in the figures. Different letters indicate significant differences among the treat-
ments (P< 0.05). CK, T1, T2, T3, T4, T5, T6 and T7 indicate that corresponding Zinc concentration is 0,
50, 100, 200, 400, 800, 1000 and 2000µmol/L.
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. Hosted file

Figure captions.pdf available at https://authorea.com/users/366222/articles/485999-zinc-

affects-physiology-and-biosynthesis-of-medicinal-components-in-dendrobium-nobile-lindl

Hosted file

Figures.pdf available at https://authorea.com/users/366222/articles/485999-zinc-affects-

physiology-and-biosynthesis-of-medicinal-components-in-dendrobium-nobile-lindl
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