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Abstract: Cotton is a potential and excellent candidate to balance both agricultural production and
remediation of mercury-contained soil, as its main production fiber hardly involve into food chains.
However, there is known rarely about the tolerance and response to Hg environments in cotton. In
this study, The biochemical and physiological damages, in response to mercury (Hg), were investi-
gated in upland cotton seedlings. The results on cottonseeds germination, indicated the germination
rate were suppressed by high Hg levels, as the decrease of percentage was more than 10% at 1000
puM Hg. Shoots and roots” growth were significantly inhibited above 10 uM Hg. The inhibitor rates
(IR) in fresh weight were close between shoots and roots, whereas that in dry weight the root growth
was more obviously influenced by Hg. In comparison of organs, the growth inhibition ranked as
root > leaf > stem. The declining of translocation factor (TF) opposed the Hg level even as low to
0.05 at 50 uM Hg. The assimilation of cotton plants was affected negatively by Hg toxicity, as evi-
denced from the performances on photosynthesis pigments (chlorophyll a and b) and gas exchange
(Intercellular CO2 concentration (Ci), CO: assimilation rate (Pn) and stomatal conductance (Gs)).
Sick phenotypes on leaf surface included small white zone, shrinking and necrosis. Membrane lipid
peroxidation and leakage were Hg dose-dependent as indicated by malondialdehyde (MDA) con-
tent and relative conductivity (RC) values in leaves and roots. More than 10 uM Hg damaged anti-
oxidant enzyme system in both leaves and roots (p < 0.05). Concludingly, 10 uM Hg post negative
consequences to upland cotton plants in growth, physiology and biochemistry, whereas high phy-
totoxicity and damage appeared at more than 50 uM Hg concentration.

Keywords: Upland cotton (Gossypium hirsutum L.); Mercury stress; Phytotoxicity; Physiological
and biochemical response

1. Introduction

Heavy metal (HM) pollution, as a global problem affecting terrestrial and aquatic
environments, as well as posts a potential threat to human health via the food chains.
Meanwhile, excessive heavy metal concentrations in soils, resulted in yield reduction and
poor quality of crop products (Cao et al. 2014). Mercury (Hg), is one of the most toxic HM
because of its easy bioaccumulation in living bodies (Suszcynsky and Shann 1995). Hg
may enter to agricultural soil through various anthropogenic activities including fertiliz-
ers, pesticides, sludge, lime and manure. It exists in nature in forms like elemental mer-
cury, ionic mercury, methyl mercury, mercury sulfide and mercury hydroxide. In all sorts
of mercury, ionic mercury is the predominant toxic form (Han et al. 2002; Heaton et al.
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2005). In plant, the toxic action of Hg is first of done on the roots, which take up Hg directly
in an efficient manner (Han et al. 2006). While entering the root cells, Hg may bind to the
water channel proteins of root cells and thus causes physical obstruction to water flowing,
consequently affects the transpiration in plants (Maggio and Joly 1995; Zhang and Tyer-
man 1999). Furthermore, it has also been reported that Hg suppresses photosynthesis,
chlorophyll synthesis, as well as uptake and transport of nutrients. Hg is considered to
inhabit the activity of the NADPH: protochlorophyllide oxidoreductase (POR), which
play key roles in photosynthesis, consequently affect plant growth involving in biomass
(Lenti et al. 2002). Sahu et al. (2012) evaluated the oxidative damages response to Hg con-
centrations in wheat, represent lower and higher Hg concentration induced and repressed
antioxidant enzymes activities separately, which supported the opinion that Hg can boost
the formation of reactive oxygen species (ROS) and consequently post more serious oxi-
dative stress on plant cell.

Cotton (Gossypium spp.), is the most important source of natural fiber as well as a
key source of edible oil in the world. Due to its hard-wooden nature, cotton present rela-
tively multiple resistances to abiotic stress (Jiang et al. 2006). Previous works regarding
HMs stress on cotton, reveal varied behavior of cotton cultivars towards various toxic
HMs like cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb). Under sorts of HM
with concentrations, there appeared anomalies in cotton plants. The performance could
be detected such as reduction in germination at higher levels of metals, decline in the bi-
ometric parameters like root and shoot length, or fresh and dry biomasses as well as wav-
ing on biochemical substances (Daud et al., 2013; 2015; 2016; Khan et al., 2013; Mei et al.,
2015). Regarding the cotton behaviour towards Hg, no such study has been so far con-
ducted. Keeping in view of the global usage of Hg in various industries, the present ex-
periment was designed with the aim to investigate the toxic effects of mercury on upland
cotton by studying various physiological and biochemical parameters.

2. Results
2.1. Effects of Mercury on Cotton Seeds Germination

In laboratory experiments, a mercury concentration ranged from 0 to 10000uM, was
employed in order to test the performances on cottonseed germination. Elongation of seed
shoot and color alternatives, paralleling with the percentage of germination, were studied.
Changes in morphology and percentage of seed germination were obvious and presented
as Figure 1 and 2. Overall, higher Hg concentrations treatment depressed seed shoot elon-
gation, darken the seeds surface and reduced percentage of germination, comparing with
low levels. In details, 1 and 10 uM Hg did not affect seed shoot elongation, whereas obvi-
ous variations could be observed in the doses 100, 1000 and 10000 pM. The seed surface
color was white both in the control and treatments of 100 uM Hg. However, in the group
of 1000 and 10000 uM, the seed surface turned grown, which was considered as sick. The
percentage of germination were tested in a course of 72 h. As revealed in Figure 2, there
were not significant variation (p < 0.05) in germination percentage from the control to 100
uM, and they maintained percentages above 90% for 72 hours. Nevertheless, the germi-
nation percentage declined starting from 1000 uM Hg, and the percentage decreased to
80%~90%. At 10000 pM Hg, the germination percentage sharply dropped to below 10%.
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Figure 1. Morphology on germination of de-coated seeds TM-1 under Hg treatments. De-coated
seeds exposed to Hg?* solution with gradient 0, 1, 10, 100, 1000 and 10000 pM, which were pre-

sented from upper to lower rows respectively.
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Figure 2. Germination rate of de-coated cottonseeds under Hg concentrations during a course of
72 h. (A) ~ (F): De-coated cottonseeds exposed to Hg2+ solution with concentration at 0, 1, 10, 100,
1000 and 10000uM respectively, and the germination experiment was conducted under shaking
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condition at 130 rpm and 28 C in dark. The percentages of germination were determined at 0, 24,
48 and 72 hours. Error bars represent SD value (1 = 3). Different letters indicate significant differ-
ences (p <0.05).

2.2. Growth and Mercury Distribution

Cotton seedlings weight declined after HgCl treatment for a week. The reduction, in
fresh and dry weight of both shoots and roots, was dose-dependent (Table 1). In shoots,
there was no significance in fresh weight between the control and 1 uM Hg (p < 0.05). At
10 uM Hg, the fresh weight mean value of the shoots was 65.55 g, where the inhibitory
rate was 18.8%. When the concentration over 50 uM, the inhibitory rate seemed to reach
maximum limit, as 36.26 and 37.32% were quite close each other and appeared at 50 and
100 uM Hg treatments separately. Regarding to the dry weight in shoots, it can be affected
by elevated Hg concentrations and exhibited analogous trends with in fresh weight, even
though there was no statistical difference at 10 uM Hg. Correspondingly, the growth in-
hibition of both fresh and dry weight in roots, was in a dose-dependent manner with in-
creased Hg level. What’'s more, the significant IR change (comparing with the controls) on
fresh and dry weight of roots, was begin at 10 uM Hg, and the IR value was over 32.10 at
50 and 100 uM Hg. Overall, the cotton seedlings treated by 10 uM Hg for a week will
appear significant growth inhibition and inhibitory upper limit appeared at approximate
50 uM Hg. Comparing to shoots as well as fresh weight separately, the growth of relevant
roots and dry weight was easier to be suppressed by Hg toxicity.

Mercury was accumulated in all organs involved in leaves, stems and roots after the
exogenous treatments (Table 2). The roots concentrated most Hg content, followed by
leaves and stems. The concentration index ranged from 1~ 58.89, 1~7.22 and 1~ 4.02 in
those 3 sorts of organs respectively and orderly. As a whole on means data, the ability of
Hg concentration in roots was 8 and 16 folds as that in leaves and stems separately. With
the increased Hg concentrations, the translocation factor in cotton seedlings decreased. At
50 and 100 uM Hg, the translocation factor value declined to 0.05 and 0.06, which repre-
sented the limit of Hg translocation.

Table 1. Effects of Hg2+ levels on growth in shoots and roots.

Shoots Roots
He™ IR IR IR IR
Treatment Fresh Dry Fresh Dry
; FW) : (DW) : (FW) Y Dw)
M/L ht ¢ h h h
(MM/L)  Weight (%) Weight (%) Weight (%) Weight (%)
80.73+1.22 1.91+028
0 0 ; 0  676+069a 0 21.62+006a 0 ? ; 028
79.89 +1.97 181401
1 ? 89; 7 104 654+044a 325 2078+1.03a 389 O ; 010 5oy
554537 95 +0. 151401
10 (0595%537 ygg 5952069 ) o 1758 +136b 1869 1013 5004
b ab b
14232 1.07+0.1
50 :3 33626 542+011b 1982 1468+190¢ 3210 0 ZO % 4308
100 50'58: 414 5 540+010b 2019 13914069 ¢ 3616 O : 007 4921

Error bars represent SD value (n = 3) and different letters indicate significant differences (p < 0.05).

Table 2. Mercury distributions in tissues and their concentration and translocation in seedlings.

” : N .
Hg Hg concentration (ugg-1 DW) CI (Concentration Index) TF (Translocation
Treatment
Leaves Stems Root Leaves Stems Roots factor)
s (UM)
0 145 i 010 1.63+0.28a 5.16+0.05a 1.00 1.00 1.00 0.60
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1 2'23; 0.12 228+0.19b 28.60+0.36b 1.54 1.40 5.54 0.16
10 3'86; 0.10 242 +0.01c 54.81+0.33¢c 2.66 1.48 10.62 0.11
9.37 +0.45 288.23 +20.75
50 Z 4.05+0.06d d+ 646 248 5586 0.05
1047 +0.27 303.89 +11.58
100 (; 6.56+0.01 e d+ 722 402 5889 0.06
Error bars represent SD value (1 = 3) and different letters in same group indicate significant differ-
ences (p <0.05).

2.3. Effects of Mercury on Cotton Assimilation

The growth of treated plants was inhibited under Hg stress, may indicate the decline
on assimilations. The leaf surface phenotypes, as well as pigments and gas exchange in-
volved in photosynthesis were studied. Much serve sick phenotype appeared in higher
Hg concentration (Figure 3). At 10 uM Hg, small white zone emerged on the leaf upper
surface, whereas obvious necrosis and shrinking happened at 50 and 100 pM Hg. The leaf
health extent seemed to inversely synchronize to the inhibitory rate depending on Hg
levels.

The mean amounts of photosynthesis pigments, chlorophyll a and b, showed a simi-
lar declined trend exposure to higher Hg pollutant (Figure 4). Chlorophyll a decreased to
98.8%, 74.0%, 53.5% and 47.2% at 1, 10, 50 and 100 uM Hg concentration respectively in
comparison with the control. Meanwhile, 93.2%, 74.6%, 51.5% and 36.9% decline were
found in chlorophyll b as compared with the control. The total chlorophyll content com-
prised chlorophyll a plus b, exhibited the declining trends. In comparison to the control,
the total chlorophyll reduced to 94.1%, 74.5%, 51.8% and 38.5% at Hg treatments of 1, 10,
50 and 100uM orderly.

Determination on leaf gas exchange parameters must help to track photosynthesis
efficiency influenced by Hg stress (Figure 5). Compared with the control value 283.54
pmol*mol-1, Ci was increased to 290.34, 340.15, 380.31 and 395.21 pmol*mol-1 corre-
sponding 1, 10, 50 and 100uM Hg treatments, respectively. A significant reduction in Gs
was noted at 50 and 100 uM Hg treatments, and those were decreased to 67.11% and
53.95% in comparison to the control. On the contrary, Gs value in 1 and 10 uM Hg treat-
ments didn’t present significant increase than the control (Figure 5 (B)). Concerning Pn,
there was no significant difference between 1uM Hg and the control. However, profound
value gaps on Pn were showed at 10, 50 and 100 pM Hg, as reduced to 49.75%, 19.54%
and 12.59% separately.

Figure 3. morphological leaves responding to Hg levels from 0, 1, 10, 50 and 100uM.
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Figure 4. Pigment content in leaves under stress from Hg levels. (A) ~ (C): Chlorophyll a, Chloro-
phyll b and total Chlorophyll contents, as abbreviated to Chl. (a), Chl. (b) and Chl. (t), is showed
respectively. Error bars represent SD value (1 = 3). Different letters indicate significant differences
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Figure 5. Gas exchange in leaves under stress from Hg levels. The left, center and right column is
exhibited as the intercellular CO2 concentration (Ci), stomatal conductance (Gs) and CO2 assimila-
tion rate (Pn) respectively. Error bars represent SD value (1 = 3). Different letters indicate signifi-
cant differences (p < 0.05).

2.4. Membrane Lipid Peroxidation and Leakage

Accumulation of Malondialdehyde (MDA), as an key indicator of membrane lipid
peroxidation, is commonly employed to evaluate cell injury under stresses (Chaudhuri
and Choudhuri, 1993). MDA has been induced in both leaves and roots with the raising
of treated Hg concentrations. As a whole, MDA accumulations in leaves were estimated
6 folds on average as much as that in roots (Figure 6). In leaves, amounts of MDA were
increased apparently to 1.30, 1.35 and 1.46 times at 10, 50 and 100 uM Hg treatments re-
spectively in comparison with the control, whereas those increased to 1.54, 1.80 and 2.28
times in roots correspondingly.

Effects of variable Hg stresses on electrolyte leakage (EL), in both leaves and roots,
were investigated via relative conductivity (RC) (Table 3). Mercury stress induced in-
crease of electrolyte leakage significantly. In leaves, the RC value in the control was
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15.54%, and that was 15.85%, 30.30%, 53.95% and 78.36% at 1, 10, 50 and 100 uM Hg re-
spectively. In roots, correspondingly, RC was 35.22%, 38.64%, 52.10% and 54.01% at Hg
treatments, which were significantly much more than that in the control as value 20.21%.
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Figure 6. MDA content under Hg levels in leaves and roots. (A): MDA content under Hg?* levels in
leaves; (B): MDA content under Hg? levels in roots. Error bars represent SD value (1 = 3) and dif-
ferent letters indicate significant differences (p <0.05).

Table 3. Effects of Hg?* levels on relative conductivity (RC) in leaves and roots.

Hg>levels Relative Conductivity (RC) (%)
(uM) Leaves Roots
0 1554+1.83a 20.21+3.53 a
1 15.85+2.83 a 3522+3.59Db
10 3030+7.81Db 38.64+0.87b
50 53.95+5.07 c 52.10+7.73 ¢
100 78.36 + 8.68 d 54.01+£5.97 ¢

Error bars represent SD value (n = 3) and different letters indicate significant differences (p < 0.05).

2.5. Antioxidant Enzyme Systems Response

Antioxidant enzymes were analyzed in both roots and leaves, in order to study their
response in scavenging of ROS during the course of external application of Hg. SOD ac-
tivities, both in leaves and roots, were inhibited gradually with the rising of Hg concen-
trations. Wholly, the SOD activities of leaves were higher than that of roots (Figure 7-1
(A) & Figure 7-2(A)). In leaves, there was no significant decrease at 1 and 10 uM Hg in
comparison to the control, which opposed to that at both 50 and 100 uM. However, SOD
activities of treated plants went down to 84.5%, 79.3%, 63.8% and 59.3% orderly relative
to the untreated control in roots. Concerning to POD, similar trends were showed in both
leaves and roots as SOD activity. On the contrary, POD activities were apparently lower
in leaves than that in roots wholly. In comparison to the control value 8.836 mM g-1FW
min-1, POD activities were decreased to 8.031, 6.324, 4.324 and 3.986 mM g-1FW min-1 at
1,10, 50 and 100 pM Hg in leaves respectively (Figure 7-1 (B)). Correspondingly, in roots,


https://doi.org/10.20944/preprints202105.0228.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 May 2021

d0i:10.20944/preprints202105.0228.v1

those values were 26.350, 23.240, 19.340, 13.250 and 11.648 mM g-1 FW min-1 from 0 to
100 uM Hg treatment (Figure 7-2 (B)). As to CAT, the activities were suppressed pro-
foundly by high-level Hg treatments in both leaves and roots (Figure 7-1 (C) & Figure 7-
2(C)). CAT activities in leaves decreased to 50.93% and 45.99% at 50 and 100 uM Hg as
compared with control, and those decreased to 49.37% and 43.04% in roots separately. The
activity was 0.082 mMg-1FW min-1 at 1uM Hg in roots, which was higher than the control
0.079 mMg-1FW min-1, although there was no statistical difference. As showed in Figure
7-1 (D) and Figure 7-2 (D), APX activities were inhibited significantly at 10, 50 and 100
uM Hg, in both leaves and roots. Furthermore, the activity bottom appeared at concentra-
tion of 100 uM Hg, as 1.135 and 0.532 mM g-1 FW min-1 in leaves and roots separately.

However, there wasn’t significance between control and 1uM level.
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Figure 7. Effects of Hg on SOD, POD, CAT and APX activity in functional leaves. (A)~ (D): SOD,
POD, CAT and APX activity is showed successively and respectively. Error bars represent SD
value (n = 3). Different letters indicate significant differences (p <0.05).
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Figure 7. Effects of Hg on SOD, POD, CAT and APX activity in roots. (A)~ (D): SOD, POD, CAT
and APX activity is showed successively and respectively. Error bars represent SD value (1 = 3).
Different letters indicate significant differences (p < 0.05).

3. Discussion

Mercury (Hg), as a highly toxic non-essential element and its dispersion in the envi-
ronment, is considered as a serious environmental problem for its persistent character (Liu
et al. 2010). Unlike most metals that function as nutrients, Hg has no known physiological
action, so it is not metabolized by most organisms (Suszcynsky and Shann 1995). Knowl-
edges in terms of the toxic effects of Hg in plants may be conducive to the general under-
standing on the primary toxicity mechanism and the tolerant characters in living organ-
isms such as upland cotton. In order to evaluate the phytotoxicity raised by Hg stress in
the cotton, the indicators such as the noted effects of elevated levels of Hg on seed germi-
nation, as well as biomass, leave features, photosynthesis pigments, gas exchanges param-
eters, MDA contents, relative conductivity and activities of antioxidant enzymes, were
studied.

3.1. Seeds Versus Seedling Plants, Exhibited Higher Tolerance to Hg Toxicity

Seed germination and seedling growth are convenient and simple end-points to be
employed for evaluating the toxicity of pollutants to higher plants at the early stages,
which are associated with biomass directly (Chen et al. 2010). In the present study, a wild
range of Hg concentration treatment from 0 to 10000 uM was chosen for detection of tol-
erance on germination. The results on germination indicated that cotton seed was able to
bear extra-high Hg concentration stress. Seed germination rate maintained over 80% alt-
hough the Hg concentration as much as 1000uM. Additionally in this high concentration,
the seed color was altered rarely despite the elongation of seed shoot repressed in some
extent. On the contrary, significant differences were easily to be detected on fresh or dry
weight of both leave and roots separately in the even 10 uM treated plants, compared to
the relevant controls. As a consequence, cottonseeds exhibited much more tolerance to Hg
stress, in comparison with the seedling plants. 50 uM Hg stress never affected the seed
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germination of Quercus ilex, but the root fresh root fresh weight and longest root length
was easy to be depressed even by 5uM Hg (Rodriguez-Alonso et al. 2019). Ling et al. (2010)
reported that seed germination didn’t be repressed at 100 uM Hg concentration in four
kinds of vegetables including cabbage (Brassica rapa), cole (B. napus), head cabbage (B.
oleracea) and spinach (Spinacia oleracea). Additionally, the wheat seed germination rate
decreased by just approximate 10%, under the Hg concentration as high as 1000uM (Popa
et al. 2007). In present experiments in seedlings, its growth seemed to be inhibited only 10
uM Hg. It's obvious that Hg2+ are apt to be aborted by cotton root and subsequently
transported to the whole plant. Our results is consistent with documented species. It's
cleared that either woody or herbal plant showed relative more tolerance and sensitivity
to Hg environment in seeds and plants respectively. Seed, as the key energy bank to or-
ganism survive, store amount of nutrition and process stronger vigor comparing with
other organs, probably confer the ability to face the change on environment involving
heavy metal. Roots are the primary organ to contact the Hg, which could be distributed
overall plant via the phloem. Phytotoxicity of Hg resulted from loss-of- function on tar-
geted aquaporin, thus this protein family in cotton are sensitive to Hg.

3.2. Damage of Photosynthesis Resulting From Hg Toxicity Accounted for the Sick Growth

Plant growth is the function in terms of cell wall extensibility, osmotic potential, wa-
ter conductivity, and threshold turgor among other factors. Growth does not occur, when
these agents are insufficient (Oncel et al. 2000). Decrease in seedling growth involving
biomass, has been well documented in plants under Hg stress. That might be attributed
to the lack of essential metal such as Fe, S and Zn and decreasing photosynthesis as Hg
poison (Lenti et al. 2002). As inhibition on growth in respond to mercury toxicity in upland
cotton, a similar response has also been detected in soybean (Glycine max), radish
(Raphanussativus), tomato (Solanum lycopersicum) and other plants (Ketavarapu et al.
2007; Shanker et al. 1996). Hg also damaged photosynthetic pigments, which represented
on declining of contents of chlorophyll. It was reported that heave metal depresses chlo-
rophyll formation via interfering with protochlorophyllide production (Ci et al. 2010). HM
might be also replaced the Mg from chlorophyll molecules in green plants (Rodriguez et
al. 2009), thereby chlorophyll pigments reduces the photosynthetic efficiency undoubt-
edly.

The leaf gas exchange study indicated that photosynthetic parameters, referring to
Gs, Pn and Ci, were associated with the inhibition of growth due to mercury stress. Those
was reported in plants such as white lupin (Lupinus albus L.), rice (Oryza sativa L.) and
Arabidopsis (Arabidopsis thaliana) (Chen et al. 2012; Ones et al.2013; Sobrino-Plata et al.
2014). In addition, these agree with our results that rising in intercellular CO2 concentra-
tion and falling in both stomatal conductance and CO2 assimilation rate due to increasing
Hg levels. Thus, reduction of biomass under Hg stress may be the consequence of reduc-
tion in photosynthesis pigments and following blocking of photosynthesis. Declined Pn
maybe result from the inhibition of relevant reaction steps in Benson-Calvin cycle and
Rubisco activity influenced by these contaminants. Moreover, decrease in Pn could be on
account of stomatal closing.

3.3. Decrease on Integrity of Membrane Symbolled Cellular Injure Resulting From Hg Toxicity

Being analogous to other abiotic stress, that HMs damage membrane is largely me-
diated via membrane lipid peroxidation, leading to electrolyte leakage (Chaudhuri et al.
1993). It's reported that increase in MDA contents in response to Hg stress has been de-
tected both in leaves and roots from Medicageo sativa and other plants (Ortega-Villasante
et al.). Significant accumulations of MDA content were observed both in leaves and roots
from treatments which were more than 10 uM Hg concentration, in upland cotton plants.
These results implicate that the membranes are injured in consequence of reactive oxygen
species, as cotton seedlings are contaminated by high Hg levels. Rising of percentage in
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regard to electrolytic leakage has been observed both in the leaves and roots of upland
cotton seedling treated with higher than 10 uM Hg concentration as well. It is concluded
that root, rather than leaf, is more sensitive to Hg stress, resulting from that significant
variance were detected in 1 uM Hg level in roots but not in leaves, as compared with the
controls respectively, which in agreement with the result of SOD. The sensitivity to Hg
stress was relatively serious in roots as compared to leaves, which might happen be at-
tributed to Hg accumulation in roots is faster as exposed Hg iron directly. Happening of
lipid peroxidation resulting from Hg stress has been reported in many plants, and Mishra
et al. (1999) have found increase both of MDA and electrical conductivity in Oryza sati-
vaby treated with Hg concentration, which in line with our results in upland cotton
(Mishra and Choudhuri 1999).

Hg disturbed cellular redox equilibrium involving depression on activities of antiox-
idant enzyme system

As a transition element, oxidative stress can be induced by Hg in consequence of
excess production of reactive oxygen species (ROS) in plants, leading to alternative anti-
oxidant enzymes activities, lipid peroxidation and ion leakage (Zhou et al. 2007). Plants,
with a set of potential mechanisms, might be associated with metal detoxification at the
cellular level, and tolerance in plant is showed to HMs. The generation of ROS induced
by Hg triggers influences activation of components in antioxidative defense system in
plants, as consists of both the enzymatic system which including SOD, POD, APX, CAT
and others, and the non-enzymatic system containing some low-molecular-weight anti-
oxidants such as glutathione and ascorbic acid etc. In a whole, Exposure to higher concen-
trations of Hg concerning 50 and 100 pM, altered the activities of all four sort of antioxi-
dant enzymes both leaves and root, in which Hg ions at low level (1uM) did not lead to
significant alternation although, as compared with the controls respectively. To conclude,
relevant activities of antioxidant enzymes are suppressed just under higher Hg concen-
tration, while lower Hg treatment. The enzymatic antioxidant SOD, as the first enzyme in
the detoxifying process, is considered to be an essential component among antioxidant
defense system in plants. Root is more sensitive to Hg than that in leaf, as a resulting from
that more significant variances, in terms of SOD, were detected in roots rather than in
leaves in lower Hg levels including 1 and 10 uM. The changes in activity of POD have
been observed under serious Hg levels, the trend in leaves is in line with that in roots,
thus it is hypothesized that POD activity might be influenced in leaf and root approxi-
mately. Regarding with CAT, the activity was inhabited by Hg levels both in leaves and
roots in a whole, while that was slightly enhanced in 1 uM Hg concentration in roots. It
shows that CAT activity could be triggered by the lower Hg concentration in roots in some
extent. It has been well documented that sorts of heave metal with low concentration stim-
ulated activities of antioxidant enzymes, differing from the sort of the enzymes, Hg con-
centration levels and plants species (Israr and Sahi 2006; Pedron et al. 2011; Moreno-Jimé-
nez et al.; Sahu et al. 2012). In respond to Hg stress, activity of APX was exhibited parallel
trends with that of POD both in leaves and roots. Whether direct linkage exists between
POD and APX in respond to Hg stress in upland cotton should be further studied.

4. Materials and Methods
4.1. Assay on Seed Germination

Matured uniform-sized seeds of upland cotton standard species Texas-Marker-1
(TM-1) were de-coated and sterilized by 70% ethyl alcohol for 5 min, and then treated by
0.1% (w/v) HgCI2 for 5 min. They were thoroughly washed with distilled water for more
than 4 times. Aiming at examining mercury tolerance extent in upland cotton, a wider
range of concentration gradient were employed in germination experiments via 0, 1, 10,
100, 1000 and 10000 uM and in the form of HgCl2. Every 20 seeds allocated into flasks
with different mercury salt concentration. The flasks were placed in dark conditions in
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orbital shaker at 120 rpm at 30°C. The percentages of seeds germination were counted
every 24 hours for 3 times in total.
The germination rate was calculated as the formula:

GR (%) _ means of germmination seedsx_100 (1)

means of total seeds

4.2. Investigation on Growth and Mercury Distribution

The germinating seeds were kept in dark room at 28 + 2°C for 3 days, and then the
baby seedlings were transferred to hydroponic solution condition (1/8 Murashige & Skoog
concentration) before emergence of true leaf. The seedlings were permitted to grow for 2
weeks in the hydroponic media and the solution were refreshed every 2 days. The 15 days
old seedlings were treated by HgCl2 for a week. In this experiment, the concentrations
treated were chosen as 0, 1, 10, 50, 100 uM according to the germination performance re-
sponding to the previous wider dose border. Fresh and dry roots, stems and leaves were
weighted from 3 individuals as a replicate. The inhibitory extent in seedling growth eval-
uated by inhibitory rate (RI), referring the following formula (2). To determine mercury
content, approximate 0.2 g fresh samples were proceeded by nitric acid digestion for up-
coming mercury element quantification by Atomic Fluorescence Spectrometer referring
to (Lin et al. 2019). Mercury concentrated in tissues and translocation calculated by for-

mulas (3) and (4).
Weight (Control) - Weight (Treated)
Weight (Control)

Inhibitory Rate (IR) = )

Hg contents in treated plant part

Concentration Index (CI) =

(©)

Hg contents in shooters ( )

Hg contents in the control

Translocation Factor (TF) = .
Hg contents in roots

4.3. Measures of Pigments and Gas Exchanges in Leaves

Measurement of chlorophyll pigments was conducted according to the protocol of
Porra et al. (1989). To determine chlorophyll a and chlorophyll b and total chlorophyll
contents, reaction solution was made using pure acetone, pure ethanol and distilled water
were mixed in the ratio of 4.5: 4.5:1. The 0.5 g small leaf pieces were taken in a 25 ml tube
and placed in dark until the color of the sample convert into white. Values of OD663 and
OD645were read by UV-spectral. Chlorophyll contents were determined using the follow-
ing formulae:

Chl. (a) (mg/L) = 9.780Dss3- 0.990Dess (5)

Chl. (b) (mg/L) = 21.430Dsss -4.650Dsss (6)
ChL (t) = ChL (a) + Chl. (b) (7)

Where Chl. (a), Chl. (b) and Chl. (t) is abbreviated from chlorophyll a, chlorophyll b
and total chlorophyll respectively.

Gas exchange parameters, including CO2 assimilation rate (Pn), stomatal conduct-
ance (Gs) and the intercellular CO2 concentration (Ci) were determined by an infrared gas
analyzers portable photosynthesis system (LI-COR 6400, Lincoln, NE, USA), using third
fully expanded leaves. The measurement was conducted during 10.00-11.00 A.M. main-
taining the air temperature, air relative humidity, photosynthetic photon flax density
(PPFD), and CO2 concentration at 25°C, 75% - 85%, 1000 pmolm-2 s-land 400pumolm-2 s-
1 respectively

4.4. Assay on Malondialdehyde (MDA) Content and Electrolyte Leakage (EL)

Melondialdehyde (MDA) contents were determined according to the protocol de-
scribe by (Zhou et al. 1998). Briefly, 0.5g root or leaf samples were homogenized in tube
with 10ml 0.5% TBA, followed by heating the homogenate at 95°C for 30min and then
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cooled on ice immediately. After that, it was centrifuged at 5000 rpm for 8 min and the
supernatant was taken for measure at 532 nm and 600nm.The determination of MDA was

followed as the formula:
(OD532—-0D600)*A*V

MDA (nmol/g FW) = W (8)

Where A= Volume of total reaction solution and enzyme extract, V= Total volume of
PBS used, a= Volume of the enzyme extract used, W= Fresh weight of the sample and E=
Constant for MDA (1.55*10-1).

Leaves and roots samples were divided into small pieces of about 5 mm in size re-
spectively. Electrolyte leakage (EL) was estimated referring to Dionisio-Sese and Tobita

(1998) and the relative conductivity (RC) calculated via following formula,
RC (0/ ) _ Primary value of electric conductivity
L) =

* 100 % (9)

Value of electric conductivity via killing out

4.5. Determination of Antioxidant Enzyme Activities in Cotton Seedlings

For the determination of antioxidant enzymes’ activities, 0.5g fresh samples of roots
or leaves were homogenized with 3 ml potassium phosphate buffer (BPS, 50mM and pH
7.8) in pre-chilled mortar and pestle, and then finally the volume of the homogenate was
made 8 ml with further addition of BPS. The homogenate was centrifuged for 20 minutes
at 12000 rpm at 4°C, and the supernatant was preserved for determination of antioxidant
enzymes’ activities. The assays for the determination of various antioxidants were per-
formed according to the established protocols described by Daud et al. (2013).

4.6. Statistical Analyses

In this study, the data were statistical analyzed basing on one-way analysis of vari-
ance (ANOVA) by SAS (Version 9) software. All test sample contains 3 replicates. Means
were separated at 5% level of significance by least significant difference (LSD) test.

5. Conclusions

This section is not mandatory but can be added to the manuscript if the discussion is
unusually long or complex. In conclusion, cottonseeds versus plants were higher tolerant
to Hg stresses. Significant alternatives appeared at cottonseeds and seedlings at Hg cen-
tration of 1000 and 10 uM respectively, in reviews of the means on the germination rate,
growth parameters, pigments, gas exchanges, MDA, RC and actives of antioxidant en-
zymes including SOD, POD, CAT and APX. In plants, relative serve phytotoxicity and
damage in response to Hg were started above 50 uM level. Hg distribution in cotton plants
affected by Hg levels, and root detained more Hg ion compared to shoots. As a whole, in
cotton plants the ability to concentrate and transport Hg ion seemed to close the limitation
at over 50 uM concentrations. Overall, cotton seedlings showed some natural tolerance to
Hg toxicity, whereas there was not apparent advantage to other filed crops like wheat
(obvious phytotoxicity at above 10 uM Hg concentration (Sahu et al., 2012)).
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