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Abstract 

Lanthanum (La) has been used as agricultural inputs in order to enhance yield and improve crop quality. However, little 
is known about the effect of La on the photosynthesis and growth of Amorphophallus sinensis, a worldwide food source. 
The effects of La on the photosynthetic and chlorophyll fluorescence parameters, photosynthetic pigments, corm yield, 
and konjac glucomannan (KGM) of Amorphophallus sinensis were investigated via field experiments. The leaves were 
sprayed with different concentrations of LaCl3 (20, 80, 160, and 240 mg L–1). The results exhibited an increasing effect of 
LaCl3 on photosynthetic rate, stomatal conductance, intercellular CO2 concentration, chlorophyll fluorescence parameters, 
photosynthetic pigments, corm yield, and KGM, when concentration was between 20 and 240 mg L–1, and the most 
effective concentration was 160 mg L–1. Therefore, moderate LaCl3 concentration may increase yield of Amorphophallus 
sinensis by enhancing the photosynthetic efficiency, increasing the corm yield, and KGM contents. 
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different responses were related to the dose, application 
methods, and growth medium, as well as plant species and 
developmental stage (von Tucher et al. 2005, Zhang et al. 
2013, de Oliveira et al. 2015, Turra et al. 2015). However, 
high La concentrations may induce also negative responses 
of the plant. For instance, high La concentration (> 279 
mg L–1) decreased growth, root function, and nutritional 
status of the maize and mung bean (Diatloff et al. 2008). 
Furthermore, La promoted the secondary metabolites 
accumulation in plants (Peng and Zhou 2009b). LaCl3 
(20 mg L–1) promoted accumulation of the flavonoid to 
protect soybean seedlings under UV-B radiation (Peng 
and Zhou 2009a). LaCl3 (20–80 μmol L–1) promoted the 
leaf photosynthesis and accumulated the artemisinin in 
Artemisia annua (Zhou et al. 2010). 

Konjac, Amorphophallus sinensis Belval, has been used 
and cultivated as a traditional medicine and a food source 
in China for more than 1,000 years. Konjac glucomannan 
(KGM) is a major component derived from the konjac 
corm, which consists of a polysaccharide chain of beta-D 
glucose and beta-D-mannose with attached acetyl groups 
in a molar ratio of 1:1.6 with beta-1,4 linkages (Shimahara 

Introduction

Lanthanum (La), is a metallic element belonging to the 
light rare earth elements (REEs) group, which has been 
widely applied in medicine, chemical engineering, new 
materials, and the electronic aerospace industry due to its 
unique physical and chemical properties (Zhao et al. 2008, 
Humphries 2013, Massari and Ruberti 2013). Moreover, 
La has been used as agricultural fertilizer in Asia, Europe, 
and South America in order to enhance yield and improve 
crop quality (Redling 2006, Wang et al. 2012). Previous 
research showed that appropriate La concentration has 
positive effects on plant physiology, crop quality, and 
plant resistance to disease and stress (Hu et al. 2004, 
Peng and Zhou 2009b, Ippolito et al. 2010, Wang et al. 
2014, Yang et al. 2014). For example, 11.33 mg(LaCl3) L–1 

increased net photosynthetic rate (PN) and stomatal 
conductance in rice (Wang et al. 2014), 20 mg(LaCl3) L–1 
reduced injuries caused by enhanced UV-B radiation in 
soybean seedlings (Yang et al. 2014), and 100 mg(LaCl3) L–1 

increased growth, soluble sugar content, and vitamin C 
contents in Chinese cabbage (Ma et al. 2014). These 
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et al. 1975, Katsuraya et al. 2003). Over the last few 
decades, KGM has been introduced to the United States 
and Europe, as a food additive in the treatment of obesity-
related dyslipidemia and diabetes due to its effectiveness 
in lowering blood cholesterol and sugar level, promote 
intestinal activity and immune function (Vuksan et al. 
2001, Keithley and Swanson 2005, Zhang et al. 2005, 
Vasques et al. 2008, Chen et al. 2019). Moreover, because 
of its good biocompatibility and biodegradable activity, 
the applications of KGM and its derivatives has been 
extended greatly in various fields, such as pharmaceutical, 
biotechnical, fine chemical industry, and so on (Wang and 
He 2002, Chen et al. 2004, Devaraj et al. 2019). However, 
few studies were carried out to investigate cultivation of 
konjac (Cui 2009), especially, the effects of plant growth 
regulating substances on growth and phytochemical 
content of konjac. With the increasing quantity demand 
for KGM, the konjac production was in short of supply. 
It is important to increase the corm yield and the KGM of 
konjac in agricultural applications.

The objectives of our study were to investigate the 
effects of LaCl3 with different concentrations on the 
photosynthetic and chlorophyll (Chl) fluorescence para-
meters, as well as the corm yield and the KGM contents 
in Amorphophallus sinensis. Our study may help explain 
the regulatory mechanism for the effect of La on plant 
photosynthesis and production, and provide a theoretical 
and practical basis for the high yield cultivation of 
Amorphophallus sinensis.

Materials and methods

Study site: The experimental site is located in the Jinhua 
town of Xiaoshan district (29°50'54''N, 120°04'22''E), 
Hangzhou, Zhejiang Province, China. It is in a subtropical 
monsoon climate region, annual mean temperature is 
16.8°C, and annual mean precipitation is 1,440 mm. The 
frost-free period is about 248 d. The soil type is acidic red 

soil. The East Asian rainy season (plum rain season) is 
from June to July. The heat waves happened occasionally 
in summer. During this experiment, the heat wave occurred 
on 22 July 2017 (after 36 d of treatment), and the highest 
air temperature was 42.2°C. 

Experimental design: The corms of Amorphophallus 
sinensis were collected from konjac planting base of 
Zhejiang Traditional Chinese Medicine University in  
Pan-an, Zhejiang Province, China. The similar age and 
height samples (100 ± 5 g) were selected and planted in 
Xiaoshan planting base in April 2017. The soil was mixed 
with organic fertilizer and grass ash. The randomized 
complete block design with three replicates was adopted 
in the study. Each treatment area was 10 m2 (10 × 1 m) 
with 20 plant samples. 

Foliage spraying treatment was adopted on 15 June 
2017, at the leaf expansion stage of Amorphophallus 
sinensis (Fig. 1). Four concentrations of La (III) solutions 
(20, 80, 160, and 240 mg L–1) were evenly sprayed on 
the leaves of Amorphophallus sinensis. At the same time, 
the same amount of distilled water was used for the 
control (CK) plants. The solutions were prepared by 
dissolving the appropriate quantities of LaCl3·7H2O 
(Sigma-Aldrich, USA). After 7 d of treatment, we began 
to take photosynthetic measurements. During the whole 
experimental period, water and field management were 
taken by designated personnel to avoid water stress.

In the pilot study, we studied the effects of six different 
concentrations of La solutions (10, 20, 80, 160, 240, 
and 320 mg L–1) on photosynthesis in Amorphophallus 
sinensis in seven consecutive days. The results showed 
no significant difference between 10 mg L–1 treatment 
and 20 mg L–1 treatment. However, with 320 mg L–1 
treatment, the photosynthesis in Amorphophallus sinensis 
was significantly inhibited and resulted in plant damage. 
Meanwhile, the photosynthesis showed a plateau after 5 d 
of La treatment. Combined with the literature (Ma et al. 

Fig. 1. Amorphophallus sinensis phenotype. 
(A) complete stool; (B) flower; (C) fructus; 
(D) corm.
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2017), we choose the four concentrations of La solutions 
(20, 80, 160, and 240 mg L–1) in our study. 

The gas-exchange and Chl fluorescence were measured 
with the LI-6400XT portable photosynthesis system  
(LI-COR, Lincoln, NE, USA) equipped with a fluorescence 
chamber (6400-40). Based on the results of our pilot 
study and literature (Ma et al. 2017), the interval between 
measurements should be 7 d at minimum. Due to the 
conflicting measurement schedule among three research 
projects, we did not have enough LI-6400XT portable 
instruments to take photosynthetic measurement during 
the whole experimental period. Therefore, gas-exchange 
parameters (PN, gs, and Ci) after 7, 14, and 21 d of the 
treatment were measured. While the Chl fluorescence was 
measured after 7, 14, 21, 36, and 60 d of treatment. In each 
treatment, six healthy and fully expanded leaves were 
chosen to measure photosynthetic and Chl parameters 
between 8:30–11:30 h in the morning. The intrinsic 
fluorescence (F0) and the maximum fluorescence (Fm) 
were measured at night (19:30 h).

The photosynthetic parameters included net photo-
synthetic rate (PN) [μmol(CO2) m–2 s–1], the stomatal 
conductance (gs) [mmol(H2O) m–2 s–1], the intercellular 
CO2 concentration (Ci) [μmol(CO2) mol–1], Fs, F0', and 
Fm'. Along with photosynthetic measurements, other 
environmental conditions were also monitored. The CO2 
concentration was 380 μmol mol–1 and the air volume 
flow was 300 μmol s–1. The air temperature was 30°C  
and relative humidity was 65%. The PAR intensity was 
800 μmol(photon) m–2 s–1.

The maximal efficiency of PSII photochemistry (Fv/Fm), 
the effective efficiency of PSII photochemistry (ΦPSII), 
photochemical quenching (qP), and nonphotochemical 
quenching (NPQ) were calculated using following 
equations: Fv/Fm = (Fm – F0)/Fm, ΦPSII = (Fm' – Fs)/Fm',  
qP = (Fm' – Fs)/(Fm' – F0'), NPQ = (Fm – Fm')/Fm'.

Photosynthetic pigment content: In each treatment, six 
healthy and fully expanded leaves were chosen to measure 
pigment content. Chlorophylls (Chl) and carotenoids 
(Car) content was extracted with 80% acetone, and 
absorbances (A) at 470, 647, and 663 nm were recorded 
with a spectrophotometer (UV-6100, Shanghai Metash 
Instruments, China). The contents of total Chl and Car 
were determined according to Lichtenthaler (1987).

Corm yield and the konjac glucomannan (KGM) 
content assay: In each treatment, we took 20 corms to 
estimate a corm yield and KGM content. At the end of 
the experiment, the corms were collected and dried in an 
air oven at 80°C until reached a constant mass to obtain 
dry mass. The content of KGM was calculated according 
to the method of 3,5-dinitrosalicylic acid colorimetric 
assay, which has been adopted by the Chinese Ministry 
of Agriculture for the classification of konjac flour (Liu  
et al. 2002). 

Statistical analysis: The data analyses were performed 
by SPSS 17.0. one-way analysis of performance (ANOVA) 

and Duncan's multiple range tests at the 5% level of signi-
ficance were used for multiple comparisons. Pearson's 
correlation was used to investigate the relationships among 
the variables.

Results

Gas-exchange parameters: After 7, 14, and 21 d of treat-
ments, the LaCl3 treatment significantly increased PN from 
4.17 to 12.06 μmol(CO2) m–2 s–1 (Fig. 2). The largest value 
was observed at 160 mg(LaCl3) L–1. The increasing effect 

Fig. 2. Effects of LaCl3 on (A) PN – net photosynthetic rate, 
(B) gs – stomatal conductance, and (C) Ci – intercellular CO2 
concentration in Amorphophallus sinensis. Means ± SD of 
six samples. Different lowercase letters indicate significant 
differences between treatments (P<0.05).
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correlates with the concentration. Compared with CK, 
the four treatments significantly stimulated gs after 7, 14, 
and 21 d of spraying. The magnitude of the effect again 
correlated with the concentration, and ranged from 0.07 
to 0.26 mmol(H2O) m–2 s–1. Similar pattern was also found 
in Ci.

Photosynthetic pigment content: After 7, 14, 21, and 36 d 
of treatment, the Chl content increased in all four treat-
ments compared with CK and the highest value was at  
160 mg(LaCl3) L–1 (Fig. 3). The increasing effect correlates 
positively with the LaCl3 concentration. However, an 
inconsistent pattern appeared after 60 d of treatment. 
The range of Chl content was between 1.06 and 2.26 mg 
g–1(FM). Meanwhile, the trend of the Car was similar 
to that of Chl except after 21 d of treatment. The Car 
content ranged from 0.23 to 0.48 mg g–1(FM) and the most 
significant effect was also found at 160 mg(LaCl3) L–1 
except for 21 d of treatment.

Chl fluorescence: Concerning Fv/Fm, the direction and 
magnitude of LaCl3 treatment effect depended on the 
concentration (Fig. 4A). For example, a decreasing trend 
was found after 36 d of treatment, while the increasing 
effect was observed at the beginning of treatments. The 
decrease was between 0.57 and 0.70. Similar pattern was 
also observed in ΦPSII (Fig. 4B). The decreasing trend was 
found after 36 d treatment, ranging from 0.03 to 0.05. 
There was no consistent pattern for qP (Fig. 4C). The 
highest value of qP occurred at 160 mg(LaCl3) L–1, and 
decreased after 36 and 60 d of treatments, ranging from 
0.11 to 0.22. However, after 14, 21, and 60 d, the NPQ 
in all LaCl3 treatments decreased by different degree. The 
lowest value after 60 d was from 0.10 to 0.23 (Fig. 4D). 

Correlation analysis of different indexes: PN positively 
correlated with Car, Chl, gs, ΦPSII, qP, and Fv/Fm, and 
negatively correlated with Ci and NPQ (Table 1). The gs 
negatively correlated with Ci and NPQ, and positively 
correlated with Fv/Fm. In addition, Fv/Fm was positively 
correlated with ΦPSII, qP, and Car. ΦPSII was positively 
correlated with qP and Car, but negatively correlated with 
NPQ. Car was positively correlated with qP and Chl, but 
negatively correlated with NPQ.  

Corm yield and the KGM content: Compared with CK, 
all treatments significantly increased the corm yield and 
KGM (Fig. 5). The highest increase was observed after 
160 mg L–1 treatment by 18.4 and 77.4%, respectively. 
However, when the concentration of LaCl3 increased from 
160 to 240 mg L–1, the corm yield and the content of KGM 
decreased. Compared to the 160 mg L–1 treatment, the 
corm yield and KGM content at 240 mg L–1 decreased by 
6.8 and 33.4%, respectively. 

Discussion

La promotes photosynthetic activity: Our results showed 
that LaCl3 significantly increased PN and the peak value 
was observed at 160 mg L–1. Meanwhile, the enhancing 

effect correlated with LaCl3 concentration (Fig. 2). Similar 
pattern was also observed in the content of Chl and Car 
(Fig. 3). Photosynthetic pigments are one of the important 
factors for photosynthesis as their compositions and 
contents directly affected the photosynthetic efficiency 
(Rathore and Jasrai 2013, Qiu et al. 2019). The correlation 
analysis also revealed that PN positively correlated with 
Car and Chl (Table 1). Previous research observed that 
a suitable concentration of La improves the contents of 
the photosynthetic pigments, accelerates the absorption 
of the light energy, and then promotes the efficiency of 
photosynthesis (Rathore and Jasrai 2013, Ma et al. 2017, 
Rane et al. 2019). Two explanations may account for 
the effect of La on the photosynthetic pigments. First, 
an appropriate concentration of La may change the 
morphology of the external membrane of the chloroplast, 
which improves the structure of the organelle and leads to 
a higher concentration of functional nutrients (such as N, P, 
Mg, etc.) in the chloroplast (Hu et al. 2016a,b). Second, La 
may substitute Mg2+ during the formation of Chl molecules 
(Hong et al. 2002, Goecke et al. 2015) and therefore more 
atoms for the formation of the Chl molecule could be 
available in the growth medium. In our study, after 60 d 
of treatments, the pigment contents decreased relative 
to the CK, except for the 160 mg(LaCl3) L–1 treatment. 

Fig. 3. Effects of LaCl3 on (A) chlorophyll (Chl) content and  
(B) carotenoids (Car) content in Amorphophallus sinensis. 
Means ± SD of six samples. Different lowercase letters indicate 
significant differences between treatments (P<0.05).
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García-Jiménez et al. (2017) found that the concentrations 
of total Chl increased in all four varieties of bell pepper 
(Sven, Zidenka, Sympathy, and Yolo Wonder) seedling 
exposed to La after 15 d of treatment. However, different 
responses were observed after 30 d. Sven and Zidenka 

seedlings were not affected by La applications. Moreover, 
in Sympathy and Yolo Wonder seedlings, La reduced the 
total Chl concentrations by 44.4 and 17.7%, respectively. 
Overall, La effects on photosynthetic pigments could be 
time-dependent.

Fig. 4. Effects of LaCl3 on (A) Fv/Fm – the maximal efficiency of PSII, (B) ΦPSII – the effective efficiency of PSII, (C) qP – photochemical 
quenching, and (D) NPQ – the nonphotochemical quenching in Amorphophallus sinensis. Means ± SD of six samples. Different 
lowercase letters indicate significant differences between treatments (P<0.05).

Table 1. Pearson's correlation analysis of different indexes of Amorphophallus sinensis. PN – net photosynthetic rate, gs – stomatal 
conductance, Ci – intercellular CO2 concentration, Fv/Fm – the maximal efficiency of PSII, ΦPSII – the effective efficiency of PSII,  
qP – photochemical quenching, NPQ – the nonphotochemical quenching, Chl – chlorophyll content, Car – carotenoid content.  
* – significant at P<0.05, ** – significant P<0.01.

PN gs Ci Fv/Fm ΦPSII qP NPQ Chl Car

PN   1
gs   0.288   1
Ci –0.474 –0.638*   1
Fv/Fm   0.619*   0.644*   0.229   1
ΦPSII   0.732**   0.507   0.09   0.782**   1
qP   0.709**   0.233 –0.224   0.654**   0.914**   1
NPQ –0.211 –0.632* –0.442 –0.485 –0.550* –0.241   1
Chl   0.024   0.354   0.287   0.316   0.506   0.481 –0.397 1
Car   0.606*   0.329 –0.129   0.540*   0.885**   0.839** –0.517* 0.624* 1
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Effect of La on Chl fluorescence parameters: Chl fluo-
rescence parameters reflect the physiology and mechanism 
of photosynthesis, which are not only the indicator of 
the light-use efficiency, but the evaluation index of the 
plant under environmental stresses (Janka et al. 2013, 
Guo et al. 2015, Banks 2018, Hanelt 2018, Dai and Shan 
2019). Fv/Fm exhibits the maximal efficiency of PSII 
photochemistry, which is stable in general. The decrease 
of Fv/Fm may be considered as a potential indicator for 
environmental stress (Strasser et al. 2000, Meng et al. 
2015). The measurement at 7, 14, and 21 d showed that  
Fv/Fm, ΦPSII, and qP increased in all LaCl3 treatments 
(Fig. 4A–C). As to other measurement, the direction and 
magnitude of the effect of LaCl3 treatment depend on 
concentration. Moreover, the correlation analysis showed 
that the PN was positively correlated with Car, Fv/Fm, ΦPSII, 
and qP (Table 1). Therefore, a moderate concentration of 
LaCl3 not only promoted the efficiency of electron capture, 
transport, and light utilization, it also improved actual 
photochemical efficiency of PSII and opening rate of the 
reaction center to enhance the photosynthetic efficiency 
of Amorphophallus sinensis. Our results are consistent 
with literature (Liu et al. 2009, Si et al. 2018, Lian et al. 
2019). Furthermore, the NPQ measurement at 14 and 21 d 
indicated that a moderate concentration of LaCl3 may 
increase the photosynthetic efficiency by reducing the heat 
dissipation and enhancing the absorption of the excess 
excitation energy during the Amorphophallus sinensis 
growth period (Fig. 4D). In addition, La could also increase 
the photosynthetic efficiency by stimulating the coupling 
factors of light reactions (Hong et al. 2002, Redling 2006), 
improving the activity of Rubisco and chloroplast ATP 
synthase (Chen et al. 2000, Hong et al. 2005, Zhang et al. 
2018).

After 36 d of treatment, Amorphophallus sinensis 
experienced the heat wave (the highest air temperature 
was 42.2°C). Compared with CK, the Fv/Fm, ΦPSII, and 
qP all significantly decreased in all La treatments. For 
instance, the Fv/Fm in all treatments was 0.76 (CK), 0.70 

(20 mg L–1), 0.65 (80 mg L–1), 0.57 (160 mg L–1), and 0.57 
(240 mg L–1), respectively. Significant decreasing trend 
was found in ΦPSII and qP. For example, compared with 
previous measurement, ΦPSII decreased to 0.05 and qP to 
0.19 at 160 mg L–1. All these results indicate that LaCl3 
treatments of Amorphophallus sinensis were affected 
by the high temperature. Meanwhile, the contents of 
photosynthetic pigment (Fig. 3) and NPQ (Fig. 4D) in all 
La treatments were significantly higher than those in CK. 
Furthermore, after 24-d recovery, Fv/Fm in all La treatments 
(0.76–0.79) was higher than those of CK (0.73). Other 
studies indicated that an appropriate La concentration 
could improve stress resistance of the plant by promoting 
the chloroplast structure, increasing the Chl content and 
PN and so on (Peng and Zhou 2009b, Ippolito et al. 2010, 
Wang et al. 2014, Yang et al. 2014, Dai and Shan 2019). In 
addition, after 60 d of treatment, Amorphophallus sinensis 
was in the corm expansion stage and the end of leaves 
growth (Cui 2009). It also decreased the mean of the qP, 
ΦPSII, and NPQ.

La increases corm yield and KGM: The addition of 
LaCl3 (20–240 mg L–1) significantly increased the corm 
yield. The highest yield was observed at 160 mg L–1.  
This result was similar to that of other previous reports  
(Liu et al. 2013). Turra et al. (2015) reported that  
50 mg(LaCl3) L–1 increased biomass and height of Rangpur 
lime (Citrus limonia Osbeck), but higher concentrations 
of 400 mg L–1 inhibited growth. In Pseudostellaria 
heterophylla, La(NO3)3 (25–100 mg L–1) promoted the 
photosynthesis by increasing the light energy absorption 
and conversion, enhancing photochemical efficiency as 
well as alleviating the photoinhibition which improved the 
growth and root tuber yield of Pseudostellaria heterophylla 
effectively, whereas higher La(NO3)3 (400–700 mg L–1) 
inhibited the photosynthesis, the growth, and root tuber 
yield (Ma et al. 2017). In soybean, low La concentrations 
(0.7–1.4 mg L–1) stimulated the photosynthetic rate and 
total Chl content and led to a higher incidence of binucleate 

Fig. 5. Effects of LaCl3 on (A) the corm yield and (B) the konjac glucomannan (KGM) contents of Amorphophallus sinensis. Means ± SD, 
n = 20. Different lowercase letters indicate significant differences between treatments (P<0.05).
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cells, resulting in a slight increase in root and shoot 
biomass. At higher La contents (> 2.78 mg L–1), soybean 
growth was reduced, as a consequence of ultrastructural 
modifications in the cell wall, thylakoids, and chloroplasts, 
and the appearance of c-metaphases (de Oliveira et al. 
2015). Therefore, it is assumed that La may exert different 
effects on plant growth depending on the genotype and 
concentration. Furthermore, appropriate La concentrations 
have beneficial effects on plant growth and biomass 
accumulation, which may be attributed to the signal 
cascades it triggers, including changes in endogenous 
hormone contents during the reproductive stages, prolonged 
functional periods of leaves, an improved performance 
of PSII, a higher velocity of electron transport during 
photosynthesis, a higher accumulation of mineral nutrients 
in the chloroplast, an enhanced activity of ATPases, and 
higher photosynthetic rates (Guo et al. 2012, de Oliveira  
et al. 2015, Hu et al. 2016a, Cui et al. 2019). However, 
higher doses of La may unbalance cell homeostasis by 
causing damage in the external membrane of the chloro-
plast, decreasing the concentrations of mineral nutrients 
in this organelle, especially those of P, Mg, K, Ca, Mn, 
Fe, Ni, Cu, Zn, and Mo, and disrupting Chl biosynthesis, 
which lead to a drastic reduction in photosynthesis, and 
cause lower growth or even negative impacts on plant 
performance (Hu et al. 2016b). Additionally, REEs pro-
moted the biosynthesis of the secondary metabolites, such 
as flavonoids, isoflavones, sesquiterpenoids, and benzyl 
ethanol glycosides in medicinal plant cells (Yuan et al. 
2002, Ouyang et al. 2003, Huang 2006, Zhou et al. 2010, 
Zhou et al. 2012, Kovaříková et al. 2019). Yuan et al. 
(1993) found that 20 mg[La(NO3)3] kg–1 promoted the 
accumulation of alkaloids of Catharanthus roseus in cell 
cultures. In our study, 20–240 mg(LaCl3) L–1 increased 
KMG content significantly and 160 mg L–1 had the 
most increasing effect. However, 240 mg L–1 reduced 
the contents of KMG, relative to the160 mg L–1. Similar  
result was also found in other studies (de Oliveira et al. 
2015, Ma et al. 2017). Wang (2009) found that La(NO3)3 
(5–20 μmol L–1) improved the activity of the related 
polysaccharide synthetase and promoted the contents of 
polysaccharide in the Dendrobium huoshanense. However, 
it had an inhibitory effect with high La concentration 
(40–80 μmol L–1). The high concentration of La accumu-
lated in the cell membrane, resulting in changes in the 
microstructure and permeability of the cell membrane. 
Thus, the nutrient transportation was prevented and the 
synthesis of metabolic products was inhibited. 

The study showed an increasing effect of LaCl3 between 
20 and 240 mg L–1 on photosynthetic and Chl fluorescence 
parameters, corm yield, and KGM. The most effective 
concentration was 160 mg L–1. Therefore, moderate LaCl3 
concentration may increase yield of Amorphophallus 
sinensis by enhancing the photosynthetic efficiency, 
increasing the corm yield, and KGM contents. Our study 
may help explain the regulatory mechanism of the effect 
of La on the photosynthesis and production, and provide a 
theoretical and practical basis for high yield cultivation of 
Amorphophallus sinensis. 
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