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 

Abstract- This work focuses on the study of the effect of 

lanthanum application on Rangpur lime (Citrus limonia 

Osbeck). The experiment was carried out in a greenhouse. Four 

different doses of lanthanum chloride heptahydrate (50 mg, 100 

mg, 200 mg, 400 mg) per citrus plants were applied ninety-eight 

days after the sowing. The plants were collected three weeks 

following the application of the lanthanum chloride the plants. 

The optimal dose was 50 mg. The results showed that the citrus 

plant physiology changed with the application of lanthanum, 

i.e., depending on the dose, there is a beneficial or a harmful 

effect on the growth. 

 
Index Terms— citrus, lanthanum, rare earth elements, 

toxicology. 

  

 

I. INTRODUCTION 

  Rare earth elements (REE) are a cohesive group [1] of 17 

chemical elements. It includes the lanthanide series, 

scandium (Sc) and yttrium (Y). They are usually classified 

into two categories: light rare earth elements (LREE, from 

lanthanum to europium) and heavy rare earth elements 

(HREE, from terbium to lutetium, including yttrium) [2]. The 

definition of LREE and HREE is based on the electron 

configuration of each rare earth element.  However, scandium 

properties are not similar enough to classify it as either a 

LREE or HREE [3].  

  REE can not be considered rare [4]. For example, cerium 

(Ce) concentration in nature is similar to the concentration of 

copper (Cu) and zinc (Zn) [5]. The concentration of REE in 

soils depends on the composition of source rocks, the 

weathering conditions, among other factors, but in general the 

LREE predominate over the HREE ones [5]. 

REE are present in all plants, but they are not considered 

essential or toxic [6]. They can be uptake through leaves 

[7].  China was in fact the first country in the world to use 

commercial REE-fertilizers applied to crops in the form of 

foliar sprays, seed treatments or as additions to solid or liquid 
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root fertilizer formulations [8]. More than 100 crops 

responded to the application of REE with yield increases 

ranging from 5% to 10%. Use of adequate REE can promote 

the germination of seeds and roots development, increase 

plant biomass, and improve the quality of fruiting bodies [9]. 

Studies have reported effects of REE to plants, both 

beneficial [5, 8] and undesirable [10, 11, 12], and a possible 

relationship of REE with the physiology of plants [13, 14]. 

Normal concentration of lanthanum (La) in leaves is in the 

range 0.15 – 0.25 mg kg-1 [15]. However, some experiments 

[16] found La concentrations in citrus leaves similar to those 

found in the soil with soil-to-plant transfer factors of 0.65 to 

1.05. 

There are some works with La application in different 

cultures – tobacco [17]; corn and mungbean [18]; wheat [19]; 

corn, green gram and black gram seeds [20]. These effects of 

La application on plants depending on the dose, the type of 

plant and other conditions. 

  Agricultural supplies can have REE in your composition, 

mainly in fertilizers rich in P2O5 [21, 22] and citrus plants can 

accumulate these elements [16]. The Brazilian citriculture 

demands significant amounts of agricultural supplies to 

maintain satisfactory production. 

REE are present in different parts of citrus plants. These 

elements were also determined in sweet orange fruit (seed, 

pulp, juice and peel) in Brazil [16]. However, there is no 

information about uptake by citrus plants and the possible 

effects of these elements in this culture. This work focuses on 

study of the lanthanum effect in the citrus plant. The 

lanthanum chloride heptahydrate (LaCl3.7h2O) was used as 

the REE source to experiment due to the high solubility in 

water and high lanthanum concentration (minimum 99.9%).  

   

II. MATERIAL AND METHODS 

Two seeds of Rangpur lime (Citrus limonia Osbeck) were 

sowing in each of 456 polypropylene tubes (50 cm-3). The 

substrates used in the sowing were Plantimax (composted 

pine bark, expanded vermiculite, expanded perlite, peat, 

concealer and chemical fertilizer) and Vida Verde 

(composted pine bark, charcoal, phenolic foam and 

concealer). It was added Osmocote fertilizer (NPK 19 10 6) in 

the final substrate (2 g of Osmocote per kg of total substrate). 

The mixture was homogenized before sowing. 

 

It was selected one plant per tube, thirty days after sowing. 

Ninety-eight days after sowing were applied different 

treatments in Rangur lime plants. Three weeks after 

treatments application, the plants were collected. Then citrus 
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plants were washed and it determined the mass and the fresh 

height.  

The experimental design was Randomized block with 4 

treatments (four doses of lanthanum chloride heptahydrate - 

T50 = 50 mg, T100 = 100 mg, T200 = 200 mg, T400= 400 

mg), 1 control (without lanthanum chloride heptahydrate) and 

8 repetitions (Figure 1). All treatments were diluted in 100 

mL of water – the same used in irrigation. It were used two 

borders on the entire contour of the treatments. 

 
  

Border Border Border Border Border Border Border Border Border 

Border Border Border Border Border Border Border Border Border 

Border Border T 50 C TEST H T 200 C T 400 E T 100 A Border Border 

Border Border TEST A 
T 100 

G 
T 50 H T 200 E T 400 B Border Border 

Border Border T 400 A T 200 A T 100 H T 50 A TEST B Border Border 

Border Border T 200 H T 100 B T 50 D 
TEST 

G 
T 400 C Border Border 

Border Border T 100 D T 50 E TEST C 
T 200 

G 
T 400 D Border Border 

Border Border TEST D T 400 H T 50 B T 100 C T 200 D Border Border 

Border Border T 100 E T 200 B 
T 400 

G 
T 50 G TEST E Border Border 

Border Border T 400 F T 100 F T 200 F TEST F T 50 F Border Border 

Border Border Border Border Border Border Border Border Border 

Border Border Border Border Border Border Border Border Border 

 
Figure 1. Diagram of randomized block design 

 

III. RESULTS 

Table 1 shows the wet weight of Rangpur lime (Citrus 

limonia Osbeck) in the end of experiment.  

 

 

There was significant difference among the mass of plants. 

The highest mass was found to T 50 treatment that showed 

concentration significantly higher than the other treatments 

(Table1). There was mass decreasing from T 100 treatment 

when compared to control. 

According to Figure 2, there is the tendency (regression) 

simple linear with R2 = 0.6587. 

 

 

 

 

 

 

 
Figure 2. Polynomial regression of treatments with 

lanthanum chloride in relation to mass of plants 

 

The Table 2 shows the average height of Rangpur lime 

plants of different treatments and control in the start and the 

end of experiment. There was significant difference (p <0.05) 

between T50 and T 400 treatments by Tukey test. 

 

According to [17] concluded that the application of 

lanthanum chloride stimulated the growth of seedlings of 

tobacco and accelerated the photosynthetic rate, considering 

that the optimal concentration for the plant was 20 mg L-1 of 

LaCl3. A study was carried out with corn (Zea mays „Hycorn 

82‟) and mungbean (Vigna radiata „Berken‟) grown in 

continuous flowing nutrient solutions containing La or Ce 

[18]. These elements did not increase the growth of corn or 

mungbean. La and Ce had similar effects on plant growth. 

Corn (Zea mays), green gram (Vigna radiata) and black 

gram (Vigna mungo) seeds were grown in Hoagland half 

strength solution containing 5, 10, 15 up to 50 µM La in order 

to assess the effect of La on growth and physiological 

activities of these plants [20]. La did enhance the growth of 

V. radiata, V. mungo as well as Z. mays. It was which showed 

best results among the three plants. 

In this study, the results of Tukey test and polynomial 

regression of treatments with lanthanum chloride showed that 

T 50 treatment increased the mass and the height of the 

plants. As for T 100 treatment, there was a saturation 

tendency with decreasing of the mass and the height of the 

plants. As showed by [23], if the concentration of REE 

exceeds the optimum level, they can inhibit the plant growth. 

 

 

 

 

Table 1.  Average concentration (mg kg-1) and standard 

deviations (n = 8; g) of Rangpur lime plants 

mass of different treatments and control 

Control T 50 T 100 T 200 T 400 

3.06 b 3.21 a 2.71 c 2.67 c 2.56 d 

0.50 0.44 0.47 0.27 0.51 

Means with same letters in the column do not differ (p<0.05) by 

Tukey test 

Table 2. Average height (cm) and standard deviations (n = 8) of 

Rangpur lime plants of different treatments and control 

in the start and the end of experiment 

Steps  Control T 50 T 100 T 200 T 400 Average 

Start 8.5b 8.7b 8.5b 9.0b 9.06b 8.7b 

 0.78 1.01 0.85 0.44 0.77 

End 11.3a 12.5a 11.2a 11.4a 10.4a 11.3a 

 1.16 1.71 1.20 0.67 0.93  

Means with same letters in the column do not differ (p<0.05) by 

Tukey test 
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IV. CONCLUSION 

The dose of 50 mg of lanthanum chloride resulted in an 

increase in the mass and the height of citrus plant with a 

consequent increase of dry matter. The Rangpur lime (Citrus 

limonia Osbeck) physiology has changed with the application 

of lanthanum, i.e., depending on the dose; there is a beneficial 

or a harmful effect on the growth, suggesting its potential use 

as fertilizer in citriculture. 

REFERENCES 

[1] C. H. Evans. Biogeochemistry of the lanthanides. Plenum Press, New 

York, 1990. 

[2] IUPAC. Nomenclature of Inorganic Chemistry - IUPAC 

Recommendations 2005. Thomas Graham House, Science Park, Milton 

Road, Cambridge CB4 0WF, UK. ISBN 0-85404-438-8. 

[3] E. Generalic 2015. "Rare Earth Elements (REE)," EniG. Periodic 

Table of the Elements. Available: 

http://www.periodni.com/rare_earth_elements.html   

[4] Z. Hu, S. Haneklaus, G. Sparovek, and E. Schnug, “Rare earth 

elements in soil,” Commun. Soil Sci. Plant Anal., 37, 2006, pp. 

1381–1420.  

[5] G. Tyler, “Rare earth elements in soil and plant systems – a review,” 

Plant Soil, 267, 2004, pp. 191–206. 

[6] A. Wyttenbach, V. Furrer, P. Schleppi, and L. Tobler, “Rare earth 

elements in soil and in soil-grown plants,” Plant Soil, 199, 1998, pp. 

267–273. 

[7] H. Chua, “Bio-accumulation of environmental residues of rare earth 

elements in aquatic flora Eichhornia crassipes (Mart) Solms in 

Guangdong Province of China.” Sci. Total Environ., 214, 1998, pp. 

79-85. 

[8] Z. Hu, H. Richter, G. Sparovek, and E. Schnug, “Physiological and 

biochemical effects of rare earth elements on plants and their 

agricultural significance: a review.” J. Plant Nutr., 27(1), 2004, pp. 

183–220. 

[9] C Zhang, Q Li, M Zhang, N Zhang, and M. Li, “Effects of rare earth 

elements on growth and metabolism of medicinal plants.” Acta Pharm. 

Sin. B, 3(1), 2013, pp. 20–24. 

[10] E. Diatloff, C.J. Asher, and F.W. Smith, “Concentrations of rare earth 

elements in some Australian soils.” Australian Journal of Soil 

Research, 34, 1996, pp. 735-747. 

[11] M.J. Barry, and B.J. Meehan, “The acute and chronic toxicity of 

lanthanum to Daphnia carinata.” Chemosphere, 41, 2000, pp. 

669-1674. 

[12] Q. Zeng, J.G. Zhu, H.L. Cheng, Z.B. Xie, and H.Y. Chu, “Phytotoxicity 

of lanthanum in rice in haplic acrisols and cambisols.” Ecotox. 

Environ. Safe., 64, 2005, pp. 226-233.  

[13] T.C. Squier, D.J. Bigelow, F.J. Fernandez-Belda, L. de Meis, and G. 

Inesi, “Calcium and lanthanide binding in the sarcoplasmic reticulum 

ATPase.” J. Biol. Chem., 265, 1990, pp. 13713–13720.  

[14] Z. Wang, D. Liu, P. Lu, C. Wang, “Accumulation of rare earth elements 

in corn after agricultural application.” J. Environ. Qual., 30, 2001, pp. 

37-45.  

[15] G. Schuurmann, and B. Market. Ectotoxicology, ecological 

fundamentals, chemical exposure, and biological effects, John Wiley & 

Sons Inc, and Spektrum Akademischer Verlag, 1998.   

[16] C. Turra, E.A.N. Fernandes, M.A. Bacchi, G.A.J. Sarriés, F.B. Júnior, 
and A.E.L. Reyes, “Rare Earth elements in citrus production systems.” 

J. Plant Nutr., 36, 2013, pp. 762-771.  

[17] W.J. Chen, Y. Tao, Y.H. Gu, and G.W. Zhao, “Effect of lanthanide 

chloride on photosynthesis and dry matter accumulation in tobacco 

seedlings.” Biol. Trace Elem. Res., 79(2), 2001, pp. 169–176.          

[18] E. Diatloff, C.J. Asher, and F.W. Smith, “Effects of Lanthanum and 

Cerium on the Growth and Mineral Nutrition of Corn and Mungbean.” 

Ann. Bot., 101, 2008, pp. 971-982.  

[19] X.K. Xu, W. Z. Zhu, Z. J. Wang, G. J. Witkamp, “Distributions of rare 

earth and heavy metals in field-grown maize after application of rare 

earth-containing fertilizer,” Sci. Tot. Environ., 293, 2002, pp. 97–105.                                         

[20] N. Chaturvedi, R. Gannavarapu, and N.K. Dhal, “Effect of Lanthanum 

on the growth and physiological activities of Zea mays, Vigna radiata 

and Vigna mungo.” Int. J. Environ.. Sci. Te., 4(5), 2014, pp. 653-659.  

 

 

 

 

[21] A.A. Volokh, A.V. Gorbunov, S.F. Gundorina, B.A. Revich, M.V. 

Frontasyeva, and C.S. Pal, “Phosphorus fertilizer production as a 

source of rare earth elements pollution of the environment,” Sci. Total 

Environ., 95, 1990, pp. 141-148.           

[22] C. Turra, E.A.N. Fernandes, and M.A. Bacchi, “Evaluation on rare 

earth elements of Brazilian agricultural supplies.” J. Environ. Chem. 

Ecotoxicol., 3(4), 2011, pp. 86-92. 

[23] Y. He, and L. Xue, “Biological effects of rare elements and their action 

mechanism,” Chin. J. Appl. Ecol., 16, 1983, pp. 1983–1989. 

 

 

 

 

 

Christian Turra is graduated in Agricultural Engineering from the 

Universidade Estadual Paulista Júlio de Mesquita Filho, Master of Science 

in Ecology of Agroecosystems, Escola Superior de Agricultura Luiz de 

Queiroz (2005) and Ph.D. in Sciences (Nuclear Energy in Agriculture),  

(2010), University of São Paulo. It has experience in agronomy and 

administration, acting on the following topics: fruticulture, citrus, orange 

juice, rare earth elements, certification, traceability, sustainability, quality 

control of food and agroecossystems ecology. 

Elisabete A. De Nadai Fernandes is graduated in Agricultural Engineering 

from the University of São Paulo (1974), Master of Science in Agronomy 

from the University of São Paulo (1982) and Ph.D. in Agronomy from 

University of São Paulo (1988). She has experience in chemistry with 

emphasis on trace analysis and environmental chemistry, acting on the 

following topics: nuclear instrumentation, spectrometry gamma, chemical 

Analysis, metrology in chemistry, INAA, biomonitoring and bromeliads. She 

is coordinator of the Brazilian Satellite Centre of Trace Element Institute for 

UNESCO, established in 2004 in Munich, Germany; and settled at 

CENA/USP, Brazil. 

Márcio Arruda Bacchi is graduated in Agricultural Engineering from the 

University of São Paulo (1989), Master of Science in Nuclear Energy in 

Agriculture, University of São Paulo (1993) and Ph.D. in Science (Nuclear 

Energy in Agriculture), University of São Paulo (1996). He is currently a lab 

specialist in Center for Nuclear Energy in Agriculture, University of São 

Paulo. It has experience in chemistry, with emphasis on neutron activation 

analysis, acting on the following topics: method k0, metrology in chemistry, 

developing software for use scientific. 

 


