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Abstract. The effects of cadmium (Cd) stress on the photosynthetic apparatus of the tobacco to Cd stress 

were analyzed. The results showed that the chlorophyll content in the tobacco leaves declined as the Cd 

concentration increased. In Cd-challenged tobacco leaves, the performance index on absorption basis 

(PIABS), which is based on light absorption, could better reflect Cd-induced toxicity to PSⅡ reaction 

centers than the maximum photochemical efficiency of PSⅡ (Fv/Fm). As the concentration of Cd 

increased, the relative variable fluorescence at the J step (VJ) was significantly increased in the tobacco 

leaves, and a VJ of 50 μmol·L-1 Cd was significantly different from that of the control (CK). As Cd 

concentration increased, the quantum yield for electron transport (φEo) was significantly reduced in the 

tobacco leaves, while maximum quantum yield for non-photochemical quenching (φDo) was markedly 

increased. Moreover, absorption flux per reaction center (ABS/RC) significantly increased when Cd 

concentration reached 100 mol·L-1. The above results suggest that the tobacco leaves adapt to Cd stress 

by lowering the electron transmission rate and the activity of PSⅡ reaction centers and increasing thermal 

dissipation. 
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Introduction 

Over the past 50 years, a total of 2.2×104 tons of cadmium (Cd) were disposed of 

globally (Singh et al., 2003). Cadmium is a non-essential and hazardous element to 

living organisms. Excessive exposure to Cd can cause renal injury and osteoporosis in 

human bodies (Bah et al., 2010), and it also exhibits carcinogenicity, teratogenicity, and 

mutagenicity (Qian et al., 2009). Humans are usually exposed to Cd via 

Cd-contaminated air or water, or via a food chain containing Cd-contaminated animals 

or plants. Cadmium in tobacco is an important source of Cd exposure (Sheetal et al., 

2016). It has been found that Cd absorbed from cigarette smoke composes about 40% of 

Cd intake from the diet in the smokers who have smoked for 20 years (Cai et al., 1998), 

and the Cd exposure from 20 cigarettes is equivalent to 1 μg Cd intake (Jarup et al., 

2009). Calculation of cadmium uptake from smoking was based on the assumption that 

3% of the cadmium content in the tobacco smoked was absorbed, which is the usual 

estimate for cigarette smoking. Because Cd did not increase if smokers used more than 
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0.5 kg of tobacco per month, the influence of tobacco usage on intake was maximized at 

0.5 kg per month (Cai et al., 1998). Thus, understanding the toxicology of Cd in tobacco 

is of great significance for improving tobacco safety. 

Cadmium can negatively influence a variety of physiological processes in plants. 

Cadmium inhibits seed germination, causes root injur and leaf necrosis, inhibits nutrient 

absorption, alters mitochondrial structure and function, impedes synthesis of 

carbohydrates and proteins, induces hormone metabolism disorder (Masood et al., 

2012), increases reactive oxygen species and membrane peroxidation, and leads to ion 

leakage (Wagner, 1993; Hall, 2002; Zhang et al., 2006, 2007; Rodrıguez-Serrano et al., 

2006; Dong et al., 2006; Kieffer et al., 2008; López-Millán et al., 2009). Cadmium 

stress also affects the photosynthetic capacity in plants (Kola et al., 2005). In the leaves 

of (Populus deltoides×P. nigra) hybrids, Cd stress results in damage of chloroplast 

structure, a reduced number of chloroplasts, expansion of chloroplast membrane, 

derangement, fusion or even disappearance of thylakoids (Zhang et al., 2014) In 

addition, Cd can inhibit utilization of solar energy (Krantev et al., 2008) and carbon 

assimilation in plants (Deng et al., 2014). Cd can also inhibit the activity of certain 

enzymes by binding to the functional domain of the enzyme (Tukaj et al., 2007). In 

Populus tremula L., for example, the content and activity of Rubisco are significantly 

reduced in response to Cd stress (Marmiroli et al., 2013). In other studies; however, a 

low concentration of Cd was demonstrated to increase the level of both large and small 

subunits of Rubisco and enhance the activity of Rubisco in the leaves of Typha 

angustifolia (Bah et al., 2010). Moreover, in Glycine max L. (Hossain et al., 2012) the 

activities of the enzymes in photosynthetic carbon assimilation are shown to increase in 

response to a low concentration of Cd. 

Tobacco exhibits a relatively high Cd tolerance, and is one of the Cd-enriched plants. 

Accumulation of Cd in tobacco from Cd-rich ground may pose a threat to human health 

(Cao et al., 2015). Photosystem Ⅱ(PSⅡ) is one of the major protein complexes in the 

photosynthetic machinery in higher plants (Jiang et al., 2006), and it is sensitive to 

environmental stress (Dewez et al., 2005). Previous studies have shown that low Cd 

stress has insignificant effects on the electron transmission rate and photochemical 

efficiency but stimulates the activity of the PSⅡ reaction center (Sebastian et al., 2014), 

which is inhibited by a high concentration of Cd (Sebastian et al., 2014; Bayçu et al., 

2017). Studies on the effects of Cd on photosynthesis in tobacco mainly focuses on 

photosynthetic carbon assimilation and the photochemical activity of PSⅡ (Wu et al., 

2011; Zhang et al., 2020), yet the underlying mechanisms for Cd-induced reduction of 

the photosynthetic capacity in tobacco are seldom studied. Hence, in this study, we 

investigate the photochemical efficiency of PSⅡ, the electron transmission at the 

electron acceptor side of PSⅡ, the function of the oxygen-evolving complex (OEC), and 

the state of thylakoids in the leaves of tobacco that was treated with different 

concentrations of Cd. Our study aims to reveal the toxicological effect of Cd on the 

photosynthesis of flue-cured tobacco, and to provide fundamental data for the 

understanding of the mechanisms underlying the anti-Cd response in tobacco. 

Materials and Methods 

Test materials and treatment 

The experiment was conducted in the laboratory of soil science of Jilin Agricultural 

University (Changchun, Jilin Province, China) from March to June 2019. The seeds 
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were provided by the Mudanjiang Tobacco Research Institute. The seeds were sown in 

peat and vermiculite (1:1 in volume) in early March, and the seedlings were cultivated 

indoors at 25±2 ℃ under an artificial light with an intensity of 200 μmol·m-2·s-1 and a 

light/dark cycle of 12 h. When the seedlings grew four leaves and one shoot, the 

seedlings were carefully removed out of the culture medium, and the adherent medium 

was rinsed off the roots. Each seedling was planted into a hole of a black foam that was 

floating on Hoagland complete culture solution in a light-proof container that was 

25 cm in diameter and 30 cm in height. The size of the foam exactly fit the opening of 

the container to prevent light penetration through the interface. Each container 

contained 10 L Hoagland complete culture solution (0.75×10-3 mmol·L-1 K2SO4, 

0.65×10-3 mmol·L-1 MgSO4, 0.1×10-3 mmol·L-1 KCl, 2.0×10-3 mmol·L-1 Ca(NO3)2, 

0.25×10-3 mmol·L-1 KH2PO4, 1.0×10-5 mmol·L-1 H3BO3, 1×10-6 mmol·L-1 MnSO4, 

1×10-7 mmol·L-1 CuSO4, 1×10-6 mmol·L-1 ZnSO4, 5×10-9 mmol·L-1 (NH4)6Mo2O4, 

1.0×10-4 mmol·L-1 Fe-EDTA, pH 7, adjusted with KOH or H2SO4). Five seedlings were 

cultivated in one container. Air was pumped into the solution with an electric air pump. 

The culture solution was refreshed every five days, and the inner surfaces of the 

container were washed when replacing the solution. The plants were subjected with 

treatment after 30-days in this culture. Cd (NO3)2 was added into the culture solution to 

a final solution of 0 (control / CK), 25, 50, 75, and 100 μmol·L-1. The chlorophyll 

fluorescence parameters in the tobacco leaves were measured on the fifth day of the 

treatment. 

Determination parameters and methods 

Chlorophyll fluorescence parameters were measured: The electron transfer rate 

(ETR) and non-photochemical quenching (NPQ), the maximum photochemical 

efficiency (Fv/Fm) and the actual photochemical efficiency (ФPSⅡ) of PSII reaction 

center under light acclimation were measured by FMS-2 (Hansatch company, UK) for 5 

times. 

The chlorophyll fluorescence kinetic curve and its parameters were determined: 

After 30 min dark adaptation, the OJIP curve of leaves after dark adaptation was 

measured by handy pea (Hansatech compan, UK). According to Strasser et al.'s method 

(1995), the OJIP curves were standardized by VO-P=(Ft-Fo)/(Fm-Fo) and VO-J=(Ft-

Fo)/(FJ-Fo), respectively. The relative variable fluorescence (VJ and VK) of J point at 

2 ms and K point at 0.3 ms were obtained, respectively. The differences between the 

standardized VO-P and VO-J curves of different treatments and the control were 

calculated, expressed as VO-P and VO-J, respectively. The measured OJIP curve was 

analyzed by JIP test. The maximum photochemical efficiency (Fv/Fm) of PSII and the 

photosynthetic performance index (PIABS) based on absorbed light energy were 

measured. 

The OJIP curve analyze were determined: The OJIP curve was analyzed using the 

JIP test method reported by Strasser et al. (1995) to obtain the following: maximum 

photochemical efficiency of PSⅡ (Fv/Fm), performance index on absorption basis 

(PIABS), the quantum yield for electron transport (φEo), maximum quantum yield for 

non-photochemical quenching (φDo), absorption flux per reaction center (ABS/RC), the 

trapped energy flux per reaction centers (TRo/RC), the electron transport flux pe reaction 

centers (ETo/RC), and the dissipated energy flux per reaction centers (DIo/RC). 
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Statistical analysis 

Excel and SPSS software (Version. 22) were used to conduct statistical analyses on 

the measured data. The data in the figure was denoted as mean ± standard deviation 

(SE). One way ANOVA and least significant difference (LSD) were used to compare 

the differences among different data groups. 

Results and analysis 

Chlorophyll content of tobacco leaves in response to Cd stress 

As shown in Figure 1, Cd stress significantly reduced the chlorophyll content in the 

tobacco leaves. The content of chlorophyll a was reduced by 5.92% (P＞0.05), 20.71% 

(P＜0.05), 33.14% (P＜0.01), and 47.93% (P＜0.01) in the leaves treated 25, 50, 75, 

and 100 μmol·L-1 Cd, respectively. The content of chlorophyll a dropped with the 

increase of Cd concentration. Treatment with of 25 and 50 μmol·L-1 Cd did not alter the 

content of chlorophyll b in the tobacco leaves, but chlorophyll b content significantly 

decreased when the concentration of Cd reached 75 μmol·L-1. The change in total 

chlorophyll content was similar with the change in chlorophyll a. As chlorophyll a 

decreased to a greater extent than chlorophyll b, the ratio of chlorophyll a/b in the 

tobacco leaves declined as Cd concentration increased, but the ratio was significantly 

different from that of CK only at 100 μmol·L-1 Cd. 

 

Figure 1. Chlorophyll content in leaves of tobacco under cadmium stress. Note: Bar graphs 

depict mean ± SD, values followed by different small letters mean significant difference 

(p<0.05), values followed by different capital letters mean very significant difference (p<0.01). 

 

 

OJIP curve in tobacco leaves under Cd stress 

The relative fluorescence intensities at all time points on the OJIP curve of the 

tobacco leaf treated with 25, 50, and 75 μmol·L-1 Cd were reduced compared to CK, 

and the differences became greater with time (Fig. 2). The relative fluorescence 

intensities between the OJIP curves of these three concentrations were not significantly 
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different. The relative fluorescence intensity between O and J (i.e., 0-2 ms) in the 

tobacco under 100 μmol·L-1 Cd was slightly higher than that of CK. However, the 

relative fluorescence intensity gradually dropped below that of CK after 2 ms, and the 

relative fluorescence intensity was further reduced with time. 

 

Figure 2. OJIP curve in leaves of tobacco under cadmium stress. Note: Bar graphs depict mean 

± SD, values followed by different small letters mean significant difference (p<0.05), values 

followed by different capital letters mean very significant difference (p<0.01) 

 

 

Standardized O-P curve and relative viable fluorescence in tobacco leaves under Cd 

stress 

After standardizing the O step and P step of the OJIP curves of various treatments. 

The relative viable fluorescence around the J step (2 ms) showed the biggest variance 

among all the curves, and the relative fluorescence intensity at the J step increased with 

the increase of Cd concentration. In addition, the relative viable fluorescence at the I 

step (30 ms) showed significant variance: the values of 25 and 50 μmol·L-1 Cd were not 

significantly different from that of CK, whereas the values of plants treated with 75 and 

100 μmol·L-1 Cd were significantly higher than that of CK. The relative viable 

fluorescence at the J step (VJ) and I step (VI) was quantitatively analyzed. VJ in the 

tobacco leaves treated with 25, 50, 75, and 100 μmol·L-1 Cd increased by 5.22% 

(P＞0.05), 7.83% (P＜0.05), 14.38% (P＜0.01), and 28.89% (P＜0.01), respectively, 

compared with CK. In contrast, VI only increased by 2.30% (P＞0.05) and 8.72% 

(P＜0.01) in response to 75 and 100 μmol-1 Cd treatment, and the amount of increase of 

VI was significantly smaller than that of VJ (Fig. 3). 

 

Figure 3. VO－P, VJ and VI in leaves of tobacco under cadmium stress. Note: Bar graphs depict 

mean ± SD, values followed by different small letters mean significant difference (p<0.05), 

values followed by different capital letters mean very significant difference (p<0.01) 
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Standardized O-J and O-K curves and relative viable fluorescence in tobaccoleaves 

under Cd stress 

To specifically analyze the relative viable fluorescence at the K and L step on the 

OJIP curve, standardized O-J and O-K curves were generated (Fig. 4). As shown in the 

figure, significant variances appeared at the K step (0.3 ms) and the L step (0.15 ms) on 

the O-J and O-K curves of tobacco leaves in response to different concentrations of Cd. 

By comparing between the O-J or O-K curves of various Cd treatments and that of CK, 

the differences at the K step and L were the largest between the treatments and CK, and 

the change in the relative variable fluorescence at the K step was greater than that at the 

L step. The quantitative analysis showed that VK in the leaves of tobacco treated with 

25, 50, 75, and 100 μmol·L-1 Cd increased by 2.36% (P＞0.05), 5.55% (P＞0.05), 

6.92% (P＞0.05), and 19.21% (P＜0.01), compared with CK. In contrast, VL was only 

increased by 8.52% (P＞0.05) in the 100 μmol·L-1 Cd treatment compared with CK, 

and the difference was insignificant. 

 

 

 

Figure 4. VO－J, VO－K, VK and VL in leaves of tobacco under cadmium stress. Note: Bar graphs 

depict mean ± SD, values followed by different small letters mean significant difference 

(p<0.05), values followed by different capital letters mean very significant difference (p<0.01) 
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Radar plot of fluorescence data in leaves of tobacco seedlings under Cd stress 

As shown in Fig. 5, Fv/Fm was minimally changed in the leaves of tobacco when 

treated with Cd, with a 7.29% reduction when treated with 100 μmol·L-1 Cd compared 

with CK. In contrast, PIABS in the leaves of tobacco treated with 25, 50, 75, and 

100 μmol·L-1 Cd was reduced by 16.89%, 15.74%, 25.57%, and 61.36%, respectively. 

This displayed a greater amplitude of change compared to Fv/Fm. Cadmium stress also 

altered the parameters of light energy distribution in the PSⅡ reaction centers and in 

each PSⅡ reaction center. As Cd increased, φEo was markedly reduced, whereas ETo/RC 

did not show significant change. Moreover, Cd stress led to significant increases in φDo 

and DIo/RC in tobacco leaves, with the greatest changes at 100 μmol·L-1 Cd. When 

plants were treated with 100 μmol·L-1 Cd, φDo and DIo/RC increased by 35% and 73%, 

respectively, when compared with CK. ABS/RC in tobacco leaves was minimally 

changed when Cd concentration was between 0 and 75 μmol·L-1, and ABS/RC increased 

by 28.81% compared with CK when the Cd concentration was 100 μmol·L-1. 

 

Figure 5. Radar plot of fluorescence data in leaves of tobacco seedlings under cadmium stress. 

Note: Bar graphs depict mean ± SD, values followed by different small letters mean significant 

difference (p<0.05), values followed by different capital letters mean very significant difference 

(p<0.01) 

 

 

Discussion 

Chlorophyll, the primary executor of photosynthesis in the leaves of plants, is 

responsible for the absorption, transmission, and conversion of solar energy. An 

adequate amount of chlorophyll in the plant is the basis for the maintenance of normal 

photosynthesis under stress conditions. However, a number of studies have shown that 

stress can reduce the content of chlorophyll in the leaves (Al-aghabary et al., 2005). In 

the present study, the chlorophyll content in the tobacco leaves was significantly 

reduced under Cd stress, and chlorophyll a decreased to a greater extent as Cd 

concentration increased, compared to chlorophyll b, which was not significantly 

reduced until Cd concentration reached 75 μmol·L-1. As chlorophyll a was more 

abundant in the tobacco leaves than chlorophyll b, the change in total chlorophyll 
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content was similar to the trend of chlorophyll a. As the change in the content of 

chlorophyll a was more prominent than that of chlorophyll b, the ratio of chlorophyll a/b 

in the tobacco leaves declined as Cd concentration increased. Thus, these results 

indicate that chlorophyll a is more sensitive to Cd stress. Chlorophyll a not only 

captures light energy but is also an energy conversion. Hence, reduction in the amount 

of chlorophyll a directly compromises the absorption and utilization of light energy in 

the leaves of flue-cured tobacco. 

It was previously reported that Cd can inhibit the absorption, transmission, and 

transformation of light energy in the leaf, and it also reduces the photochemical 

efficiency of PSⅡ, leading to the decline of photosynthetic capacity (Dhir et al., 2008). 

Wang and colleagues (2013) previously found that 100 and 200 μmol·L-1 Cd markedly 

decreased the oxygen evolving activity and inhibited the function of PSⅡ in Chlorella 

pyrenoidosa. In addition, Li and colleagues (2011) demonstrated that Cd stress can 

reduce the activity of the carboxylation system in corn leaves, thus blocking the 

transformation of solar energy to chemical energy and resulting in the accumulation of 

electrons and decrease in net photosynthetic rate. The fast chlorophyll florescence 

kinetic technique is a probe for the function of PSⅡ reaction centers in plants, and it is a 

useful tool to study the mechanism underlying PSⅡ damage under stress conditions. In 

this study, all concentrations Cd investigated altered the shape of the OJIP curve. The 

JIP-test analysis of the OJIP curves showed that Fv/Fm of the tobacco leaves was 

minimally changed under various concentrations of Cd, and it decreased by 7.29% 

under 100 μmol·L-1 Cd compared with CK. These results suggest that the PSⅡ reaction 

centers in the leaves of tobacco exhibit a relatively high Cd tolerance, and the results are 

consistent with Lugon-Moulin and colleagues’ findings that tobacco grew well in the 

culture solution containing 100 μmol·L-1 CdCl2 (Lugon-Moulin et al., 2004). However, 

performance index on absorption basis (PIABS) decreased significantly as the Cd 

concentration increased, suggesting that Cd stress reduced the activity of PSⅡ reaction 

centers in a concentration-dependent manner in the leaves of flue-cured tobacco. 

Moreover, PIABS in the tobacco leaves decreased by 61.36% under 100 μmol·L-1 Cd 

compared with CK. These results suggest that PIABS is more sensitive than Fv/Fm 

regarding the function of PSⅡ reaction centers in the leaves under stress. Compared to 

Fv/Fm, PIABS not only indicates the state of photon capture in the PSⅡ reaction centers, 

but also reflects the capacity of electron transmission between photo systems during 

photosynthesis (Wen et al., 2005; Li et al., 2009). This is one of the advantages of 

applying the fast chlorophyll florescence kinetics technique in the study of PSⅡ function 

in plants, as compared with the conventional chlorophyll fluorescence parameters, and 

the above observation has been validated in other studies (Zhang et al., 2013). 

Cadmium has been shown to be toxic to Microcystis aeruginosa by affecting the 

activities of the electron donor and acceptor sides of the PSⅡ reaction center and OEC 

(Zhou et al., 2006). Our results are consistent with these findings. By standardizing the 

OJIP curves of the tobacco leaves with various treatments, we found that VJ in the 

tobacco leaves increased as Cd concentration increased VJ under 50 μmol·L-1 Cd was 

remarkably different from the VJ of the CK, whereas VJ under 25, 50, and 75 μmol-1 Cd 

was not significantly different compared to the CK. The relative viable fluorescence at 

point J(VJ) reflects the amount that the electron donor QA (i.e., the accumulated amount 

of QA
-) was reduced. An elevated VJ is considered a most significant indicator of the 

blockage of electron transmission from QA to QB at the electron acceptor side of the 

PSⅡ reaction center, while the variance of fluorescence at point I indicates a 
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heterogeneity in the PQ bank (Li et al., 2005). In our study, VJ in the leaves of tobacco 

increased to a greater extent than VI under all concentrations of Cd, suggesting that a 

Cd-induced blockage of electron transmission at the electron acceptor side of PSⅡ 

mainly occurred at QB. Cadmium stress reduced the capacity of QB in electron 

acceptance. When Cd reached 100 μmol·L-1, reduction in the electron acceptance 

capacity of the PQ bank resulted in a rate limit and a reduced capacity in electron 

transmission on the electron acceptor side of PSⅡ. Increases in VK (the relative viable 

fluorescence at point K on the standardized O-J curve) and VL (the relative viable 

fluorescence at L point on the standardized O-K curve) and specifically indicate OEC 

injury and dissociation of thylakoids, respectively (Strasser, 1997; Ye et al., 2013; 

Arena et al., 2017). In the present study, Cd stress led to an increase of VK in the leaves 

of flue-cured tobacco, which reached a significant level when the concentration of Cd 

was 100 μmol·L-1. These results indicate a relatively high tolerance of the OEC, which 

locates at the electron donor side of PSⅡ, to Cd stress, and the activity of OEC in the 

tobacco leaves was significantly inhibited only under 100 μmol·L-1 Cd. The 33 kDa 

OEC might be damaged under 100 μmol·L-1 Cd, leading to a disruption of the 

functional link between OEC and PSⅡ (Jiang et al., 2006). Inhibition of the activity of 

OEC can cause abnormal water-splitting, and incomplete water-splitting may produce 

H2O2 (Henmi et al., 2004). Moreover, blockage of electron transmission at the acceptor 

side of PSⅡ may lead to the production of superoxide (Zhang et al., 2013). These 

reactive oxygen species (ROS) can damage thylakoid membranes and lead to thylakoid 

dissociation (Wei et al., 2012). In our study, Cd of different concentrations did not 

cause a significant increase of VL in the leaves of flue-cured tobacco, indicating that Cd 

stress did not damage the thylakoid structure in the leaves. These results suggest that 

thylakoids in the tobacco leaves exhibit a relatively high tolerance to Cd stress. The 

relationship between Cd-induced ROS production and thylakoid structure or PSⅡ 

function requires further elucidation in future studies. 

φE was significantly reduced in the tobacco leaves under Cd stress, while φDo was 

markedly increased, suggesting that the proportion of the absorbed luminous energy 

used for photochemical reactions was reduced under Cd stress, and the excessive energy 

was dissipated as inefficient thermal energy. This reflects Cd-induced damage to the 

PSⅡ reaction centers in tobacco leaves, and it is also an adaptive strategy of the tobacco 

leaf to Cd stress. The tobacco leaves dissipate excessive heat to reduce the Cd-induced 

energy burden to the PSⅡ reaction centers. ABS/RC in the tobacco leaves did not change 

significantly under Cd stress below 75 μmol·L-1, but it increased in response to 

100 μmol·L-1 Cd, implying that 100 μmol·L-1 Cd led to an increased number of inactive 

PSⅡ reaction centers, resulting in enhanced light absorption in the remaining active 

reaction centers. The inactive reaction centers may act as dissipating sites of 

non-radioactive energy; thus inactivation of reaction centers is also a photo-protective 

mechanism in the plant in response to stress (Lee et al., 2001). Although ABS/RC was 

increased under Cd stress, ETo/RC did not significantly change while DIo/RC markedly 

increased. These results suggest that dissipation of thermal energy from the inactive 

reaction center is an important self-protective mechanism of the PSⅡ reaction center for 

reducing the pressure of excitation energy in the reaction centers under Cd stress. 
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Conclusion 

Cadmium stress can reduce the content of chlorophyll in the leaves of flue-cured 

tobacco, and chlorophyll a is more sensitive to Cd stress than chlorophyll b. In addition, 

Cd can inhibit the activity of PSⅡ reaction centers in the tobacco leaves. Compared with 

Fv/Fm, PIABS is a more representative indicator of Cd toxicity to PSⅡ reaction centers in 

tobacco leaves. In the 50 μmol·L-1 Cd treatment, electron transmission from QA to QB at 

the electron acceptor side of PSⅡ was blocked in the leaves of flue-cured tobacco, 

whereas the activity of OEC at the electron donor side of PSⅡ was significantly 

inhibited when Cd concentration reached 100 μmol·L-1. Cadmium stress of various 

concentrations exerts litter effect on the state of thylakoids in tobacco leaves, suggesting 

the function of PSⅡ is quite tolerant to Cd. When Cd stress is below 100 μmol·L-1, 

tobacco leaves adapt to Cd stress by decreasing the electron transmission rate in PSⅡ, 

reducing the activity of the reaction centers and increasing thermal dissipation. When 

Cd stress rises to 100 μmol·L-1, tobacco leaves adapt to the high concentration of Cd via 

thermal dissipation and inactivation of PSⅡ in synergy. Our future study aims to reveal 

the toxicological effect of Cd on the mechanisms underlying the anti-Cd response in 

tobacco. 
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