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Abstract. To evaluate physiological changes of Japanese honeysuckle under lead and cadmium stress,
pot-plant experiment was adopted to discover heavy metal Pb or Cd single stress and Pb+Cd combined
stress on part of physiological parameters of. Japanese honeysuckle. The results showed that under the
same treatment, as time prolonged, the content of soluble sugar and soluble protein was decreased, the
activity of SOD declined, the amount of free proline and MDA increased and the activity of CAT
elevated. Under Pb stress only, total Chlorophyll content rose first and dropped afterwards and POD
activity increased, however, under Cd stress only and Pb+Cd stress, both THCL content and POD activity
first rose and then declined. In addition, under Pb or Cd single stress and combined stress, as treatment
concentration increased, the contents of soluble sugar, soluble protein, free proline and MDA increased
accompanied by POD, CAT and SOD activity increased while TCHL content decreased. All these
indicate that under certain range of heavy metal stress, Japanese honeysuckle can reduce metabolic
disorder plant damage caused by heavy metal stress through increasing osmotic regulating substances of
leaves and inducing scavenging system of active oxygen.

Keywords: Japanese honeysuckle, heavy metal stress, antioxidative enzyme, chlorophyll, osmosis
substances

Abbreviations: SOD: superoxide dismutase, MDA: malondialdehyde, CAT: catalase, POD: peroxidase,
CHL a: chlorophyll a, CHL b: chlorophyll b, TCHL: total chlorophyll, Pb: lead, Cd: cadmium

Introduction

With the acceleration of industrialization and urbanization in China, the issue of
environmental pollution has become increasingly prominent, especially air, soil and
water pollution caused by man-made factors, which have not only influenced urban
ecosystem, but also greatly changed the quality of farmland. Among all the factors,
heavy metals in the soil are main sources of pollution and the situation is getting worse
(Liu et al., 2016).

Pb and Cd are two main heavy metal pollutants in soil from industrial and
agricultural activities such as mining and smelting of metalliferous ores, wastewater
irrigation and abuse of chemical fertilizers and pesticides (Wang et al., 2015; Abad-
Valle et al., 2016). Both of them, which can stay in the soil for a long time, are easy to
accumulate and be absorbed by plants. In plants, they accumulate a lot in various organs
not only to cause changes in morphology, physiology and biochemistry, structure, but
also to endanger human health through the food chain (Khan et al., 2018). In soil, Cd is
easily absorbed by plant roots and transported to other parts of plants, which is harmful
to organisms even at very low concentration (Hu et al., 2014; Ran et al., 2016). In many
cases, photosynthetic organs are damaged, inducing net photosynthesis rate decreased
and leaf senescence accelerated, thus plant growth is inhibited, causing decrease of
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chlorophyll content (Liu et al., 2015; Silva et al., 2017), stomatal closure and affecting
water metabolism and nutrient imbalance caused (Schmidt et al., 2015; Anjum et al.,
2016) by Cd can also change the activities of several enzymes relating to nitrogen
metabolism, carbohydrate metabolism and sulfur metabolism (Mostofa et al., 2015). Pb
Is another kind of common harmful heavy metal (Okpoli, 2019). Pb entering into plants
can alter cell membrane osmosis and cause a certain degree of damage to sub-micro
structures like chloroplast, mitochondria and nucleus (Muhammad et al., 2018). Pb can
competitively replace metal elements in the active sites of some enzymes and affect the
normal activities of enzymes, thereby causing a series of disorders of physiological
processes such as photosynthesis, respiration, nitrogen metabolism, nucleic acid
metabolism (Hossain, 2019). It indirectly affects plant growth through antagonism
leading to element imbalance and nutritious stress.

Japanese honeysuckle (Lonicera japonica T.) belongs to Caprifoliaceae Lonicera. Its
flower buds, which can be used as medicine with heat-clearing, detoxifying and anti-
inflammatory effects (Li et al., 2017; Wang et al., 2017) is a famous Chinese herbal
medicine and widely planted in China. Japanese honeysuckle of Fenggiu county, Henan
province, which is famous for its long planting history and high quality, has become the
largest planting and export base in China. Their products are exported to Japan,
Singapore and southeast Asia, etc. In recent years, the phenomenon of heavy metal
exceeded in Chinese herbal medicine has caused great concern. It is closely related to
Chinese herbal medicine quality and safety (Chen et al., 2017). As the main origin of
Japanese honeysuckle, the farmland of Fenggiu is also polluted with the acceleration of
industrialization and urbanization in Henan, affecting the production and quality of
Japanese honeysuckle (Sarker et al., 2019). For previous studies of Japanese
honeysuckle, the focuses were mostly on the efficacy of its medicinal ingredients,
extraction and processing and seldom on heavy metal’s physiological influence. The
purpose of our research is to probe the physiological and biochemical reactions and
tolerance of Japanese honeysuckle, which may provide research basis for the further
study of the accumulation characteristics of heavy metals in it and to provide evidence
for its scientific planting to ensure its quality, production and clinical medication safety
(Ogunkunle et al., 2019).

Materials and methods
Materials

The tested yearling seedling of tree-shaped Japanes honeysuckle was provided by the
Four Seasons Honeysuckle Seedlings Company in Jia Zhuang, Fenggiu County, Henan
province and the tested soil was also collected from the farmland in the Japanese
honeysuckle plant base in Jia Zhuang. After naturally dried, the soil was sieved, crushed
and put over 5 mm sieve with the physiological and chemical values and the
background values of Pb, Cd were determined (see Table 1).

Table 1. The physiological and chemical values of tested soil

H Organics Main nutrients (mg/kg) Heavy metals (mg/kg)
P (mg/kg) | Available N | Available P | Available K Cd pb
7.8 11.40 91.40 20.40 376 0.035 92.40
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Research design

The experiment was conducted in Xinxiang University, Hongqi District, Xinxiang
City, Henan Province, China (35.26°N, 113.97°E). It is a warm temperate continental
monsoon climate with an average annual temperature of 14.2 °C, an average annual
precipitation of 573.4 mm, an average annual sunshine time of 2400 h, an average
annual humidity of 68.0%, and a frost-free period of 220 days (Sufiyan et al., 2018).

Test soil was polluted by Pb(NO3). and CdCl» as sources of Pb and Cd. The four
treatments of this research were designed according to the amount of pure heavy metals
in each pot of soil, which was measured by its weight in each kilo of dry soil. Treatment
one was taken as control with no Pb and Cd added (CK). Treatment two only had Pb
stress of different concentrations: L1 (Pb 400 mg/kg), L> (Pb 600 mg/kg), Lz (Pb
800 mg/kg), L4 (Pb 1000 mg/kg). Treatment three was under Cd stress of different
concentrations: Cy (Cd 0.5 mg/kg), C> (Cd 1.0 mg/kg), Cz (Cd 5.0 mg/kg), Cs (Cd
10.0 mg/kg). Treatment four had Pb and Cd combined stress of different concentrations:
L1+ C1(400 mg/kg Pb+0.5 mg/kg Cd), L2+ C2(600 mg/kg Pb+1.0 mg/kg Cd), L3+
C3(800 mg/kg Pb+5.0 mg/kg Cd), Ls+Cs (1000 mg/kg Pb+10.0 mg/kg Cd). There
were 12 treatments in total and each one repeated five times. All the reagents were
added to the prepared 7 kg soil in pots (25 cm x 14 cm x 18 cm) according to the
concentration of each treatment. In order to ensure sufficient nutrients for plant growth,
0.2 g of urea and 0.1 g of potassium dihydrogen phosphate were applied to every kg of
soil (Samsudin et al., 2018). The soil was permitted to equilibrate for 30 d after lead and
cadmium contamination. 30 d later, one healthy seedling of similar growth status was
planted in each pot, which were placed in greenhouse in February, 2017 and given 300-
500 ml Deionized water each pot every day during the research. In order to simulate the
natural growth conditions of Japanese honeysuckle, the greenhouse uses natural light
source and keep ventilation. At the same time, the temperature is consistent with the
external temperature (Monteiro Junior et al., 2019).

Determining items and methods

At 45 and 90 days after stress respectively, leaf determination was conducted for
each plant. 4-5 pairs of mature leaves under the top buds of new shoots Japanese
honeysuckle were quickly packed into plastic bags, sealing tightly for determination. In
the whole research, 8 items were determined with different procedures, including
acetone extraction method for Chlorophyll content (Arnon, 1949). anthrone method for
soluble sugar content (Fairbairn, 1953). Determination of proline by Acidic Ninhydrin
(Walter and John, 1955). coomassie blue staining for soluble protein content (Sedmak
and Grossberg, 1977). Thiobarbituric acid method for MDA, malanodialdehyde (MDA)
content was determined from the difference (A532-A600) in absorbance by using
Beerand Lambert’s equation and expressed in terms of umol g (Jambunathan, 2010).
Guaiacol colorimetric method (Bestwick et al., 1998) for POD activity with each OD
value changes 0.01 per minute as a enzyme activity unit (U), NBT illumination method
for SOD activity with the amount of enzymes for inhibiting 50% of NBT illumination
as an enzyme activity unit (U) (Elavarthi and Martin, 2010). Catalase activity was
measured according to (Aebi, 1984) where H>0O, decomposition is followed
spectrophotometrically at 240 nm (Oyedotun, 2019). One enzyme activity unit is equal
to 1 mmol H20, decomposed per minute (Elavarthi and Martin, 2010). Each procedure
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was repeated three times to get the mean value. Data processing and analysis were
conducted by Excel 2007 and SPSS 19.0.

Results and analysis
Chlorophyll content

As the pigment for photosynthesis, the content of chlorophyll is a predominant
reflective parameter for photosynthetic capacity of plant leaves (Riccardi et al., 2014).
See Table 2, at 45 d and 90 d, under single and combined stress, Chl a appears an
apparent tendency of declining. When cadmium concentration was 1.0 mg/kg and stress
was 90 days, Chl a decreased by 59.11% compared to CK, and Chl b decreased by
77.89% when lead concentration was 1000 mg/kg and stress was 90 days. The content
of Chl b decreased more than Chl a. Therefore, Chl b is more sensitive than Chl a under
heavy metal stress. Nevertheless, under the same treatment, CHLa, CHL b and TCHL
showed downtrend with time increased, manifesting the inhibition effect of heavy metal
stress for chlorophyll synthesis.

Table 2. Effect of Pb, Cd stress on chlorophyll content mg/g

Treat- Chla Chlb Total Chl
Element
ment 45d 90d 45d 90d 45d 9od
CK 1.385+0.030a 1.230+0.059a 0.986+0.007a 0.882+0.019a 2.371+£0.064a 2.112+0.083a
1.021+0.052b 0.528+0.044b 0.793+0.060a 0.323+0.005b 1.814+0.210b 0.851+£0.017b
Cd 0.956+0.027bd 0.503+0.029b 0.710+£0.045a 0.308+0.004c 1.666+0.085bd | 0.811+0.014b
0.869+0.004bd 0.521+£0.021b 0.629+0.065ac | 0.266+0.010d | 1.498+0.035bd | 0.787+0.017b
0.807+0.060cd 0.549+0.013b 0.475+0.045bc | 0.236+0.001e 1.282+0.025¢d | 0.785+0.014b
CK 1.385+0.030a 1.230+0.059a 0.986+0.007a 0.882+0.019a 2.371+0.064a 2.112+0.083a
1 0.976+0.022b 1.023+0.019b 0.296+0.009b 0.328+0.042b 1.272+0.017b 1.351+0.114b
Pb 2 0.833+0.025¢ 0.794+0.004¢ 0.275+0.005bd | 0.246+0.068b 1.108+0.007¢c 1.040+0.063¢
3 0.821+0.007¢ 0.770+0.051¢ 0.258+0.001cd | 0.214+0.049b 1.079+0.022¢ 0.984+0.060c
4 0.823+0.013¢ 0.745+0.042c 0.226+0.009¢ 0.195+0.050b 1.049+0.010c 0.9440.038¢
CK 1.385+0.030a 1.230+0.059a 0.986+0.007a 0.882+0.019a 2.371+£0.064a 2.112+0.083a
1 0.872+0.031b 0.765+0.049b 0.236+0.008b 0.274+0.036b 1.108+0.026b 1.039+0.011b
Cd+Pb 2 0.850+0.016be | 0.754+0.006bd | 0.258+0.001bd | 0.230+0.033b 1.108+0.023b 0.984+0.078b
3 1.051+0.015¢ 0.835+0.011b 0.303+0.008¢ 0.182+0.058b 1.354+0.012¢ 1.017+0.033b
4 0.791£0.008de 0.618+0.036¢ 0.234+0.006bd | 0.205+0.062b 1.025+0.006b 0.886+0.028b

Data are mean = SD (n = 5). Different lowercase letters in the same column indicate significant difference at p <0.05 levels
between different treatments according to the LSD

Free proline content

As one of the most important osmotic substances in plants, the accumulation of free
proline plays an important role for osmotic regulation of cells, stabilization of cell
structure and reduction of oxidation (Dawood et al., 2014). Under normal
circumstances, the content of free proline keeps at comparatively low level. However,
under the adverse conditions such as salinization, drought, heavy metal pollution, etc.,
free proline will accumulate in cytoplasm to resist stress and carry out osmotic
adjustment (Ali et al., 2015). Under Pb, Cd single and combined stress, the contents of
free proline were all higher than CK and increased with concentration during 45 d and
90 d treatment processes. Under the same treatment, when the concentration of
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Pb > 800 mg/kg and Cd > 5 mg/kg, the amount of free proline decreased with time, yet
under Pb+Cd stress, free proline content increased with time (see Table 3).

Table 3. Effect of Pb, Cd stress on the content of free proline mg/g

Element
Treatment Cd Pb Cd+Pb
45d 90d 45d 90d 45d 90d
CK 0.112+0.004a | 0.131+0.010a | 0.112+0.004a | 0.131+0.010a | 0.112+0.004a | 0.131+0.010a
1 0.141+0.014a | 0.164+0.042b | 0.145+0.021ac | 0.168+0.003ac | 0.168+0.005a | 0.174+0.035a
2 0.162+0.036a | 0.343+0.003c | 0.260+0.034bc | 0.366+0.021bc | 0.170+0.056a | 0.184+0.008a
3 0.390+0.054b | 0.351+0.023¢c | 0.468+0.017d | 0.28140.065bc | 0.894+0.097b | 1.183+0.108b
4 0.711+0.026¢ | 0.543+0.045¢ | 0.7504+0.077¢ | 0.473+0.005d | 1.208+0.078d | 1.263+0.016b

Data are mean + SD (n = 5). Different lowercase letters in the same column indicate significant difference at
p < 0.05 levels between different treatments according to the LSD

Soluble sugar content

Soluble sugar, the main osmotica for plants, has a stabilization effect for cell
membrane and protoplasmic colloid and a protective effect when the concentration of
inorganic ions is high in cells. Under osmotic stress, plants can reduce osmosis by
accumulating soluble sugar to adapt to changes of environment (Nawaz et al., 2015)
According to data in Table 4, soluble sugar content showed a downtrend as treatment
time prolonged under the same treatment of Pb, Cd single and combined stress at 45 d
and 90 d. For concentration, when it increased, soluble sugar content of each group all
showed a gradually rising tendency compared to CK and reached the highest at
treatment 4. For Pb stress only, soluble content increased 43.94% and 46.09%
respectively in contrast to CK at 45 d and 90 d. For Cd stress, the percentages were
61.36% and 54.69%, whereas 70.45% and 57.81% for Pb+Cd combined stress.

Table 4. Effect of Pb, Cd stress on soluble sugar mg/g

Element
Treatment Cd Pb Cd+Pb
45d 90d 45d 90d 45d 90d
CK 0.132+0.014a | 0.128+0.012a | 0.132+0.014a | 0.128+0.012a | 0.132+0.014a | 0.128+0.012a
1 0.145+0.015a | 0.138+0.023a | 0.143+0.002a | 0.132+0.044a | 0.149+0.008a | 0.144+0.022a
2 0.160+0.007a | 0.153+0.034a | 0.159+0.042a | 0.155+0.130a | 0.170+0.015ac | 0.163+0.004a
3 0.174+0.021ac | 0.163+0.050a | 0.170+0.003a | 0.164+0.026a | 0.194+0.015ad | 0.183+0.050a
4 0.213+0.005bc | 0.198+0.033a | 0.190+0.034a | 0.187+0.033a | 0.225+0.027bcd | 0.202+0.020a

Data are mean + SD (n = 5). Different lowercase letters in the same column indicate significant difference at
p < 0.05 levels between different treatments according to the LSD

Soluble protein content

Soluble proteins are typical enzymes that specifically bind to the membrane system.
Under certain stresses, the higher the content of soluble protein in plants, the stronger
the physiological and biochemical reactions and metabolic activities of the plant, which
can be used as an indicator of plant’s relative resistance. In Table 5, Soluble protein
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content decreased with the increase of time when under the same treatment at 45 d and
90 d separately, The soluble protein content of each treatment was higher than control
no matter single or combined stress and increased with concentration.

Table 5. Effect of Pb, Cd stress on soluble protein mg/g

Element
Treatment Cd Cd+Pb
45d 90d 45d 90d 45d 90d
CK 0.302+0.027a | 0.181+0.003a | 0.302+0.027a | 0.181+0.003a | 0.302+0.027a | 0.181+0.003a
1 0.493+0.033ac | 0.2824+0.210ac | 0.545+0.035b | 0.438+0.019b | 1.148+0.187b | 1.124+0.196b
2 0.660+0.046bc | 0.453+0.025ad | 0.759+0.036b | 0.555+0.066b | 1.270+0.109b | 1.163+0.098b
3 0.820+0.044b | 0.633+0.075bed | 0.870+0.058b | 0.764+0.036¢ | 2.194+0.202¢ | 2.183+0.311c
4 1.102+0.142d 0.188+0.001a 1.200+0.113¢c | 0.188+0.101a | 3.218+0.237d | 3.195+0.214d

Data are mean + SD (n = 5). Different lowercase letters in the same column indicate significant difference at
p < 0.05 levels between different treatments according to the LSD

MDA content

MDA is the main decomposition product of membrane lipid peroxidase and one of
the main parameters reflecting the degree of damage to membrane system (Magwanga
et al.,, 2018). In Table 6, the result showed that MDA contents of both single and
combined stress were higher than CK at high concentrations. which pointed that high
concentrations treatments had damage to plant. Under Pb, Cd single stress, MDA
contents of Japanese honeysuckle leaves were higher than CK by 2.62% to 124.8%.
While under combined stress, it was higher than CK by 14.24% to 104.31%. At
different treatment time, MDA content increased as treatment time increased, which
meant that as time prolonged, the damage of membrane lipid peroxidation increased and
the ability to clear active oxygen decreased. For single treatment, MDA content
increased as treatment concentration increased, indicating that Japanese honeysuckle
growth was inhibited to a certain extent. Whereas MDA content had no apparent
increase with concentration increase under combined stress, indicating that Japanese
honeysuckle was not sensitive to the aggravation of adverse stress under the combined
stress.

POD content

POD, a common redox enzyme in plants, is a kind of enzyme with high activity. As a
type of enzyme that is very sensitive to environmental factors (Ashraf et al., 2017). It
can catalyze the oxidative decomposition of toxic substances. At the 45 d and 90 d,
POD activity of Japanese honeysuckle leaves increased as treatment concentration
increased under single and combined stress (see Table 7). Particularly at 90 d of Pbs of
single stress, POD activity increased by up to 107.45%, which manifested that under
high concentration of Pb treatment, POD acted as protection for heavy metal damage.
When under Cd stress, POD activity first increased with treatment concentration. As
treatment time prolonged, its activity dropped when Cd concentration = 5.0 mg/kg, but
was still higher than CK, indicating that when Cd concentration was beyond the
tolerance of plant, POD activity was inhibited. POD activity under combined stress was
similar to that under Cd stress. When the concentration  of
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Pb+Cd > 1.0 mg/kg + 600 mg/kg, POD activity began to drop, however, it was still
higher than CK and Pb, Cd stress, indicating synergistic effect of Pb and Cd. At low
concentration, POD activity’s increase shows raise in its capacity of scavenging oxygen
free radicals and its decrease at high concentration indicates its limitation of defense
mechanism.

Table 6. Effect of Pb, Cd stress on MDA content umol/g

Element
Treatment Cd Pb Cd+Pb
45d 90d 45d 90d 45d 90d

CK 0.344+0.020a | 0.371+0.071a | 0.344+0.020a | 0.371+£0.071a | 0.344+0.020a | 0.371+0.071a
1 0.353+0.021a | 0.447+0.031ac | 0.353+£0.052a | 0.437+0.044ac | 0.393+0.063a | 0.667+0.031bd
2 0.378+0.023ac | 0.576+0.035bc | 0.458+0.026ac | 0.478+0.047ac | 0.478+0.047ac | 0.676+0.038be
3 0.399+0.024ac | 0.664+0.037be | 0.566+0.031bc | 0.568+0.035bc | 0.499+0.045ac | 0.567+0.027b
4 0.449+0.026bc | 0.753+0.039de | 0.770+0.042d | 0.834+0.053d | 0.639+0.049bc | 0.758+0.057cde

Data are mean = SD (n = 5). Different lowercase letters in the same column indicate significant difference at
p < 0.05 levels between different treatments according to the LSD

Table 7. Effect of Pb, Cd stress on POD activity U/g

Element
Tn::ﬁ: Cd Pb Cd+Pb
45d 90d 45d 90d 45d 90d
CK | 311.43+35.54a 350.56+20.58a 311.43+35.54a 350.56+20.58a 311.43+35.54a | 350.56+20.58a
1 419.88+37.70ac | 454.83+70.56ac | 324.56+29.56ac | 368.84+21.20ac | 431.56+17.72ac | 458.84+25.47ac
2 420.52+23.64bc | 438.88+12.68ad | 335.67+20.84ad | 378.42+2827ad | 511.47+35.73bc | 522.42+33.44ad
3 483.49+13.82bc | 472.56+41.23ac | 426.97+32.85bcd | 482.63+60.65bcd | 567.66+22.87b | 544.34+80.57bed
4 600.76+32.13d | 582.34+19.64bcde | 648.53+33.67¢ 727.22429.56¢ 569.56+53.16b | 545.72+26.51bcd

Data are mean + SD (n = 5). Different lowercase letters in the same column indicate significant difference at p < 0.05 levels
between different treatments according to the LSD

SOD content

SOD is one of the most important protective enzymes for scavenging active free
radicals in plants. It can effectively clear excessive oxygen free radicals in plants and
reduce its peroxide degree on membrane lipids (Malar et al., 2014). According to the
data in Table 8, compared between 45 d and 90 d, the activity of enzyme decreased with
the prolong of treatment time. The activity of SOD increased as the treatment
concentration increased under single and combined stress, however, it was not so
apparent compared to the control, indicating that the influence of Pb, Cd stress was not
so obvious on the activity of SOD.

CAT content

As an important redox enzyme in plants as well as a key enzyme for biological
defense system, CAT can scavenge superfluous active oxygen, maintain the balance of
active oxygen metabolism and protect the integrity of cell membrane (Khan et al., 2018;
Anjum et al., 2015). Under single and combined treatment, with the increase of
treatment time and concentration, the activity of CAT showed an increasing trend,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(3): 6415-6427.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1703_64156427
© 2019, ALOKI Kft., Budapest, Hungary



Mao et al.: Effects of heavy metal Pb and Cd stress on physiological characteristics of Japanese honeysuckle
- 6422 -

indicating that Japanese honeysuckle leaves can adapt to long time adverse environment
by increasing the activity of CAT. The activity of CAT increased more when the
concentration of Cd > 1.0 mg/kg, Pb > 600 mg/kg, Pb+Cd > 600 mg/kg + 1.0 mg/kg at
90 d. The increase amplitudes were 50.31%, 45.6% and 70.14% respectively, among
which the combined stress had the highest increase (see Table 9). The results showed
that high concentrations of Pb and Cd stress could promote the increase of CAT activity
in leaves of Japanese honeysuckle and the Pb and Cd combined stress had
corresponding synergistic effect.

Table 8. Effect of Pb, Cd stress on SOD activity U/g

Element
Pb

Treatment Cd Cd+Pb

45d

90d

45d

90d

45d

90d

580.98+35.54a
544.46+32.63a

540.77+28.93a
589.32+28.56a

580.98+35.54a
594.56+29.56a

540.77+28.93a
558.64+28.76a

580.98+35.54a
621.56+40.72a

540.77+28.93a
588.84+29.33a

2 591.52+15.23a | 548.77+22.58a | 605.47+37.66a | 568.42+28.27a | 641.47+£39.90a | 612.42+33.44a
3 625.46+32.65a | 582.73+£0.023a | 613.48+32.65a | 605.46+32.65ac | 666.73+32.87a | 633.43+£50.52a
4 621.88+35.31a | 571.34+29.56a | 739.56+33.67b | 697.77+29.56bc | 689.56+43.16a | 655.23+43.11a

Data are mean + SD (n = 5). Different lowercase letters in
p < 0.05 levels between different treatments according to the LSD

the same column indicate significant difference at

Table 9. Effect of Pb, Cd stress on CAT activity U/g

Element
Treatment Cd Pb Cd+Pb
45d 90d 45d 90d 45d 90d
CK 14.34+0.86a | 14.67+1.87a | 14.34+0.86ac | 14.67+1.87a | 14.34+0.86a | 14.67+1.87a
1 14.94+2.18ac | 15.72+1.05ac | 12.32+0.43ac | 14.63+1.21a | 16.45+0.27a | 17.76+0.29ac
2 17.60+1.12ad | 17.78+1.18ad | 15.33+0.23ac | 16.78+0.14ac | 18.51+0.31ac | 19.87+0.16bc
3 20.214+0.39bc | 21.13+1.42bc | 18.81+1.29b | 19.88+0.51bc | 20.81+1.51bc | 22.924+0.63be
4 20.92+1.79bd | 22.05+0.64bd | 19.31+0.25b | 21.36+0.12b | 21.36+1.72b | 24.96+0.15de

Data are mean + SD (n = 5). Different lowercase letters in the same column indicate significant
difference at p < 0.05 levels between different treatments according to the LSD

Discussion

Under heavy metal stress, three kinds of osmosis substances, free proline, soluble
sugar, soluble protein, accumulated quickly in leaves to reduce osmotic potential in
cells, increase osmotic adjustment ability, promote moisture absorption and ensure the
norm growth of plants. However, after 45 d of single treatment, the contents of soluble
sugar, soluble protein and free proline increased. Both soluble sugar and soluble protein
contents decreased after 90 d of single and combined stress. These results are correlated
with work of Janmohammadi et al. (2013). This might be caused by physiological
mechanism damage of plants after long time single or combined stress, which might
inhibit the accumulation of soluble sugar and soluble protein, accelerate their
decomposition and reduce their contents. One reason, which might explain the increase
of soluble sugar, is that plants can regulate osmotic potential to reduce damage caused
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by outside environment through increasing soluble sugar content. Since a large number
of increased organic small solutes like soluble protein can reduce water potential in cells
so as to achieve the purpose of water absorption from the surrounding cells. The other
reason might be that under heavy metal stress, the absorption of some essential ions
weakened, leading to accelerated decomposition of substances such as starch, protein
and nucleic acids, thus plant growth was inhibited. The content of soluble sugar in
leaves of Japanese honeysuckle treated with heavy metal stress decreased 90 days
compared with 45 days, which may be due to the consumption of plant respiration as
time went by. Soluble sugar content in Japanese honeysuckle leaves under Pb, Cd single
stress or Pb+Cd combined stress was comparatively high, which might improve the
capacity of stress tolerance of plants. Free proline can still maintain a higher
concentration. These findings are correlated with work of Jayasri et al. (2017). Their
study of Pb stress on Lemna minor demonstrated that the decomposition of soluble
protein accelerated under adverse circumstances and separated into various amino acid
including free proline, etc., resulting in the rise of proline content. Due to the low
osmotic potential of the external environment under heavy metal stress, plants will lose
water. In order to avoid infiltration injury, plant cells will take the initiative to absorb
and accumulate inorganic salts and soluble substances such as free proline to reduce
intracellular osmotic potential and avoid water loss damage. In our study, the higher
content of free proline under high concentration of heavy metal stress may be related to
this, however, the specific reasons still need further analysis. Stress changes substances
metabolism of plants and generates osmotic adjustment substances to accumulate in
plants, such as macro molecular substances like starch, protein, which further break
down into small molecules such as soluble sugar, soluble protein and free proline. These
substances have strong hydrophilic property, stabilizing colloidal property, protecting
plant cells from damage or reducing damage in tissue metabolism. The capacity of
osmotic adjustment of these substances can directly reflect the strength of stress
resistance of plants.

When the reactive oxygen species produced in plant cells under heavy metal stress
are beyond scavenging activity of protective enzyme system, free radicals will
accumulate in leaf cells, thereby inducing peroxidase damage of plant cells. As one of
the antioxidant enzymes, POD plays an important role for plants to resist adversity
stress. In our study, Pb, Cd stress have effects for SOD, POD and CAT activities.
However, the activity of POD increased more than that of SOD and CAT. 45 d after
treatment, under low concentration and high concentration of Pb, Cd single and
combined stress, the activities of SOD, POD and CAT all increased to protect Japanese
honeysuckle from injury. When the concentration of stress was higher as time
prolonged, POD activity further increased whereas SOD and CAT activities began to
drop, indicating that POD played a major protective role in stress as the treatment time
prolonged. When Cd concentration is in the range of 0.05-0.5 mol/L, the activity of
POD and SOD increased with the increase of Cd concentration, but the content of MDA
and the permeability of cell membrane also showed an upward trend (Santos et al.,
2015). Although Cd increased the activity of POD and SOD to a certain extent, it did
not prevent the occurrence of membrane hyperperoxide. Our study indicated that
although Pb, Cd stress have influence on SOD, POD and CAT activities, POD activity
increased more than that of SOD and CAT. At 45 d of treatment, under low and high
concentrations of Pb, Cd stresses or Pb+Cd combined stress, the activities of SOD,
POD, CAT all increased to protect Japanese honeysuckle from injury. At 90d of
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treatment, when Pb, Cd stress or combined stress were of high concentrations, POD
activity further increased while SOD and CAT activities began to drop, manifesting that
POD act as the main protector under stress with the increase of time. The study showed
that Japanese honeysuckle reduce metabolism imbalance damage through increasing
osmotic adjustment substances of leaves and inducing the scavenging system of reactive
oxygen in a certain range of heavy metal stress.

Conclusions

1. In our study, heavy metal stress hindered CHL synthesis to different extents at
45 d and 90 d. At 90 d, the content of CHL was lower than 45 d, which illustrated that
heavy metal stress inhibited CHL synthesis as treatment time prolonged.

2. In our study, all the evidence pointed to the fact that under heavy metal stress,
three kinds of osmosis substances, free proline, soluble sugar, soluble protein,
accumulated quickly in leaves of Japanese honeysuckle to reduce osmotic potential in
cells, increase osmotic adjustment ability, promote moisture absorption and ensure the
norm growth of plants. The contents of soluble sugar, soluble protein and free proline
increased after 45 d of single treatment. Both soluble sugar and soluble protein contents
decreased after 90 d of single and combined stress. This might be caused by
physiological mechanism damage of plants after long time single or combined stress,
which might inhibit the accumulation of soluble sugar and soluble protein, accelerate
their decomposition and reduce their contents. Free proline can still maintain a higher
concentration.

3. In our study, Pb, Cd stresses have effects for SOD, POD and CAT activities.
However, the activity of POD increased more than that of SOD and CAT. 45 d after
treatment, under low concentration and high concentration of Pb, Cd single and
combined stress, the activities of SOD, POD and CAT all increased to protect Japanese
honeysuckle from injury. When the concentration of stress was higher as time
prolonged, POD activity further increased whereas SOD and CAT activities began to
drop, indicating that POD played a major protective role in stress as the treatment time
prolonged. With the increase of Cd concentration, the content of MDA and the
permeability of cell membrane also showed an upward trend. Although Cd increased the
activity of POD and SOD to a certain extent, it did not prevent the occurrence of
membrane hyperperoxide.

4. The study showed that Japanese honeysuckle can reduce metabolism imbalance
damage through increasing osmotic adjustment substances of leaves and inducing the
scavenging system of reactive oxygen in a certain range of heavy metal stress.
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