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ABSTRACT 

The  aim.This study aimed to find out effects of liming and fern on reducing the absorption of arsenic (As) on 

maize and As content in the soil. Materials  and  methods.The single-factor experiment was designed in a 

completely random block (4 treatments and 4 replicates). Treatments were followed: treatment 1 (NT1) liming 

(3 tons CaO ha-1); NT2: Plant ferns alternately with maize (Without liming); NT3: Plant ferns alternately with 

maize and liming (3 tons CaO.ha-1); NT4-Control (no liming and ferns). Results. The co-application of liming 

and ferns had positive influences on chemical properties of soil and yield of corns tested in this study. The yield 

difference between the application of lime and intercropped ferns was increased from 5.4 to 22.3 %. Moreover, 

arsenic concentrations of soil, trunks, and grains were 25.7, 32.0, and 50 % lower than that of the control, 

respectively. Conclusions. Ferns absorbed As content from soil to stems and roots, which decreased a large 

amount of As content in soils. Therefore, to reduce production cost, increase soil and maize quality, application 

of lime (3 ton ha-1) and intercropped ferns is recommended. 
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1.Introduction 
 

Corn (Zea mays L.), which has widely planted in Asian countries are the main food for humans 

(Rosas et al., 2014).  According to Liu et al., (2018);Zhaoet al., (2018) showed that As uptake of 

stems and seeds of maize when grown in As contaminated soil. Former studies also reported that 

corn option of As-resistant varieties, which will reduce As uptake of stems and seeds of maize 

(Fu et al., 2016). The maize, which is a plant that accumulates high As toxicity planted on As 

contaminated soil (Ruíz-Huerta et al., 2017). The As content of corn seeds that exceeds safe 

limits could be the danger to human health. (Ali et al., 2013). The lime combined with  Ferns are 

the best way to reduce  As content of soil and its uptake by maize (Requejo & Tena, 2012).The 

fern (Pteris vittata), which grows on As-contaminated soils absorbs the high As content on  its 

roots and stems (Zeng et al., 2019). Growing ferns to treat As contaminated soils has been a good 

way to reduce As concentration of  soils and plants (Zeng et al., 2019; Sun et al., 2015). 

Application of lime combined with fertilizers, which increased soil pH and As precipitation is a 

good metod  in agricultural production (Xiao et al., 2009; Bolan & Duraisamy, 2015). The 

immovement and decrease of As element in soil was applied by lime and ferns, which increased  

yield of crops and reduced As contents of stems and grains of soybean (Moon et al., 2014, Cu et 

al., 2014; Chuong & Chinh, 2018; Chuong, N.V. and Hung, N.N., 2015). The  main  aim. This 

experiment aimed to investigate the effects of lime fertilization combined to plan ferns on arsenic 

and improve the quality of crop soil. 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=29421759
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30205349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30205349
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=15325167
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2. Materials and methods 
 

Study area and study species: The field experiment was conducted at An Phu district, An Giang 

province. During  December 2018 to April 2019. Treatments was applied with NPK fertilizer of 

(40kg N- 60kg P2O5- 350kg K2O ha
-1

). Maize (NK 4300) were used in field experiment.  

Study design and data collection: The field study was carried out in the field at areas inside the 

dike with 4 treatments (NT): NT1: lime (3 tons CaO ha
-1

); NT2:Plant ferns alternately with maize 

(Without lime); NT3: Plant ferns alternately with maize and lime (3 tons CaO ha
-1

); NT4-Control 

(no lime and ferns). The fields were ploughed and splited sixteen plots.The deep well water was 

irrigated for crops x 2 doses of lime (5 tons.ha
-1

) and ferns, with an area of each replicate of being 

equivalent to 24 m
2
 (6m x 4m), planted in a single row with a distance of 50 cm x 30 cm (three 

seeds.hole
-1

). Ferns are planted between maize plants in NT2 and NT3. The distance between 

plants is 30 cm and the row is 50 cm. The biomass of the maize plants was harvested after 10 

weeks.  

Data and statistical analysis:All soil and plant samples, which were were digested by nitric and 

perchloric acids were dried at room temperature. The digests were analyzed for As with plasma 

atomic emission spectrometer. Chemical and physical properties of Soil samples was analyzed by 

procedure of  Walkley and Black (1934) at the center laboratory of An Giang University. Data 

was analyzed in variance and tested DUNCAN at the 5% significance level to compare the 

differences between the treatments using the program SPSS Statistics 22. Using Excel software to 

process the average data and draw the graph. 

 

Results and discussion 

Total Arsenic: The As content of inside the dike(32.4 mg kg
-1

) was higher thanoutside the dike 

(13.8mg.kg
-1

).  Arsenic contents of soils in outside and inside the dike that was very high 

exceeded As concentration in agricultural of 12 mg.kg
-1

. Especially, the deep well watercontained 

the high As concentration (540 µg L
-1

), which exceeded the allowed standard of Vietnam (50 µg 

L
-1

) and world (10 µg.L
-1

). Farms inside the dike were irrigated by deep well water because 

because their fields are so far from the river that has used deep well water to to irrigate.  

 

Table 1.soil characteristics before the experiment (0-20 cm) 

Soil analysis Characteristics Results 

Mechanical analysis (%) 

Clay 36.5 

Silt 60.7 

Sand 2.84 

Available nutrients 

 

Total P (%) 0.11 

Available P (mg kg
-1

) 16.0 

Total N(%) 0.150 

Available K(mg kg
-1

) 650 

As (mg kg
-1

) 
Inside the dike 32.4 

Outside the dike 13.8 

As (µg L
-1

) Deep well water to irrigate 540 

 

Soil pH:the results of soil pH was insignificant difference before the experiment (Table 2). 

However, there were significant differences at 1% (Pvalue = .01) among treatments. The highest 

pH value had at NT1 and NT3. This could be due to the fact that the soil of the experimental site 

had a relatively high buffering capacity based on its high carbonate content (3 tons CaO ha
-1

) and 
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intercropped ferns. Some studies were found that As accumulation by Pityrogramma 

calomelanos was optimum in the soil of pH 3.6 (Anh et al., 2013). Nevertheless, the results of 

this study demonstrate that remediation of As-contaminated mining soils, by this fern, can be 

improved by changing the soil pH from 4.6 to 6.8 (Zeng et al., 2019). 

Total Soluble Salts (EC):Effects of conventional intercropped practices of ferns and maizes and 

lime incorporation on EC of soil at depths 0-20 cm is shown in Table 2. The EC of soil pre-

treatments was from 210 to 230 μS.cm
-1

 at treatments. However, insignificant differences of 

treatments used  before the experiment. On the contrary, results of all treaments in the end of crop 

were significant differences (P=.001). Furthermore, maximum EC of soil was obtained towards 

NT3 (287 μS.cm
-1

), while minimum towards NT4 (188 μS cm
-1

) as compared with other 

treatments. However, EC of soil was significantly affected by intercropped practices between 

ferns and maizes with applied incorporation with lime.  

 

Table 2.pH, EC and OMin Soil depth (0-20 cm) 

Treatment 
pH EC (μS cm

-1
) OM (%) 

first end first end first end 

NT1 (3 tons CaO ha-1) 6.30 6.90
c
 210 228

b
 0.856 1.20

b
 

NT2 (fern alternately with maize) 6.31 6.40
b
 213 242

c
 0.855 1.34

c
 

NT3 (3 tons CaO ha-1 + fern) 6.28 7.02
c
 220 287

d
 0.857 1.45

d
 

NT4 (Control) 6.33 6.05
a
 230 188

a
 0.854 1.17

a
 

F ns ** ns ** ns ** 

CV% 0.60 6.51 7.8 15.7 0.97 12.0 

             ** Significant at P = 0.01;* at P = 0.05 and ns = insignificant 

 

Total Organic Matter (O.M.): OM values of soil, which were shown in Table 2 were 

insignificant differences before  the experiment. On the contrary, results of OM were 

significantly  different at the end of the experiment (P= .01). The maximum content of soil 

organic matter (1.45%) was reached by NT3 and NT1 treatment had the minimum content (1.17 

%)(Table 2). The soil organic matter of the end of the experiment increased from 27.0% to 40.9% 

compared to the treatments of the first of the experiment. Ferns is an important role on humus in 

the soil. They not only increase soil fertility but also improve properties of soil humus (Cu et al., 

2014).  

The results presented in Fig. 1 showed that As concentrations of all treatments in the soil before 

the experiment were significantly different (P= .05). the highest As concentration in soils before 

the experiment was 32.9 mg kg
-1 

and the lowest is 32.5 mg kg
-1

. Thereby, the source of cultivated 

land in An Phu district is seriously infected by As. In addition, the As content in the soil after the 

experiment had a statistically significant difference at 1%, the highest value of  46.4 mg kg
-1

 in 

treatment 1 and the lowest was the treatment 2 (27.1 mg kg
-1

), the treatment 4 achieved 36.5 mg 

kg
-1

, the treatment of ferns combined liming achieved 28.2 mg kg
-1

.This is explained by the fact 

that in the lime treatments, it reduced the uptake of As in the stems and seeds of maize plants, so 

As was retained more in the soil than in the control treatments. Therefore As in soils in the 

control treatments are absorbed by stems and seeds of mungbeans (Chuong & Chinh, 2018). On 

the other hand, treatments that intercropped ferns with maize, contained lower As concentration 

than others because ferns absorbed As by its shoots, stems and leaves(Cu et al., 2014). This 

shows that the soil here is seriously contaminated with As  because local farmers used deep well 

water to irrigate for their crops. The As content of the soil exceeds allowed levels in agricultural 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30205349
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soil of 12 mg kg
-1

. From there, liming combined with planing ferns effectively reduces As 

content in soil and accumulated in the plant. 

 
Fig.1 Arsenic contents in soil before and after the experiment 

 

Plant height of maize:Plant height after 20, 45, and 65 DAS were no significant differences 

among treatments, but the harvesting crop under treatments were significant differences at 1% 

(Table 4). The plant height (269 cm), which was reached at NT3 was the maximum value. 

Opposite, the lowest plant height (237 cm) was observed towards NT4 (Control treatment). The 

following values  were NT1 (251 cm) and and NT2 (247 cm). the plant height is a genetic trait 

that is altered by factors such as moisture and nutrient availability at active growth stages.  

Effects of lime and ferns co-application showed that plant height was affected significantly 

(P<0.01).  

 

Table 3. Effect of liming and ferns on plant height of maize 

Treatments 
Plant height (cm) 

20 DAS 45 DAS 65 DAS Harvest 

NT1 (3 tons CaO ha
-1

) 66.3 186 217 251
c
 

NT2 (fern alternately with maize) 66.8 185 219 247
b
 

NT3 (3 tons CaO ha
-1

 + fern) 66.6 191 222 269
d
 

NT4 (Control) 66.3 185 219 237
a
 

F ns ns ns ** 

CV% 1.63 2.28 0,94 4.78 

    *DAS: days after seewing;  ** Significant at P = 0.01; ns = insignificant 

 

Plant biomass of maize: Results of plant biomass after the harvesting crop were reached the 

maximum weight of maize plant (17.7 ton ha
-1

) was reached towards NT3, while the lowest 

weight (15.0 ton ha
-1

) was NT4. The following values were NT1 (17.1 ton ha
-1

) and NT2 (16.7 

ton ha
-1

). Plant biomass is essentially a genetic trait that is altered by factors such as moisture and 

nutrient availability at active growth stages. Results related to plant biomass at harvest affected 

by lime and fertilizer of  the fern showed that plant biomass was significantly affected (P<0.01).  
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Weight of thousand grains:Weight of thousand grains ranged from 320g tọ 258g per plant .The 

highest weight of thousandgrains (320g) was reached at the 3 tons CaO ha
-1

 + fern treatment 

(NT3), and the lowest value of thousand grains (258 g) at the control treatment (Table 4). The 

following high weights were at the 3 tons CaO ha
-1 

treatment (NT2-313 g) and fern alternately 

with maize treatment (NT2-301g). The yield of a crop depends on the total grain weight per the 

plant. So that, thousand-grain weight of  a plant is an important role for increasing or reducing the 

yield of crops. The amended application of 3 tons CaO ha
-1

 and  fern had the good result of the 

thousand grain weight, whereas the lowest weight per the plant was at the control treatment. 

Impacts on thousand grain weight were found significantly. Application of lime combined with 

ferns reduced the soil As toxic for plant growth, healthy root, and increaing yield. 

Grains per plant. The highest number of grains (487 and 482) that was observed towards NT3 

and NT1, respectively, was insignificant differences while the minimum (350) were observed 

towards NT4. However, treatments NT2 was observed as 367. The results showed that the 

conventional lime application with intercropped fern at As contents of contaminated soil 

significantly different from the grains per plant. The interactive effects of lime and fern on grains 

per plant were found significant at 1%(Table 4) .  

 

Table 4. yield and its components of maize after the harverst 

Treatments 

Plant 

biomass 

(ton ha
-1

) 

Weight of 

thousand 

grains (g) 

Grains 

plant
-1 

(g) 

Total grain 

yield 

(ton ha
-1

) 

NT1 (3 tons CaO ha
-1

) 17.1
c
 313

ab
 482

c
 10.8

c
 

NT2 (fern alternately with 

maize) 
16.7

b
 301

b
 367

b
 9.20

b
 

NT3 (3 tons CaO ha
-1

 + fern) 17.7
d
 320

c
 487

c
 11.2

d
 

NT4 (Control) 15.0
a
 258

a
 350

a
 8.70

a
 

F ** ** ** ** 

CV(%) 6.26 8.76 15.5 11.0 

** Significant at P = 0.01 

Total grain yield: The enhancement of the As contaminated soil environment by lime application 

with intercropped fern in significantly higher grain yields compared with the other treatments. 

The results of Table 4 were showed the total grain yield of NT3 treatment that reached (11.2 ton 

per ha) was obtained, the lowest value (8.7 ton ha
-1

) was towards NT4. From the above results, 

application of lime (3ton ha
-1

) combined with ferns. According to Chuong & Hung, (2015) was 

proved that application of lime amendment combined inorganic fertilizer, which increased the 

yield and its growth of maize. 

Arsenic contents:The amendedapplication of lime and intercropped ferns, which contained the 

lower percentage of As contents in stems and grains of maize were significantly than the control 

treatment (Table 5). The maximum As conten of maize was 180 µg kg
-1

 in grains and 385 µg kg
-1

 

in stems in the control treatment. Contrary to the result of the control treament, the minimum As 

concentration (90.1 µg kg
-1

 in seeds and 262 µg kg
-1

 in stems) was observed towards NT3. 

However, the treatment NT1 and NT2 were observed as 108 µg kg
-1

, 120 µg kg
-1

 in seeds and 

288 µg kg
-1

 355 µg kg
-1

 in stems, respectively (Table 5). Growing ferns on As contaminated soil 

has really been a treatable method of heavy metal pollution in soil with plants (Ding et al., 2011; 

Jankong, and Khokiattiwong, 2007). The fern is a tree that As super-accumulations in the 

polluted environment, harvesting biomass and dewatering is a biological safe treatment (Zeng et 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20P%5BAuthor%5D&cauthor=true&cauthor_uid=30205349
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al., 2019, Binessi et al., 2019). The As concentration of stems, roots (237 and 65.9 mg kg
-1

), and 

(221 and 65.9 mg kg
-1

) was had towards NT3 and NT2, respectively. The prior study of  Zeng et 

al., (2019) show that it would take eight years of using ferns (P. vittata) for reducing As contents 

of soils to a safe level. 

 

 

Table 5. Effect of lime and ferns on Arsenic concentrations of maize and ferns 

** Significant at P = 0.01 

 

3. Conclusions 

Application of lime and ferns, which had positive influences on chemical properties of the soil 

increased yield and yield components of the maize. The yield difference between the application 

of lime and intercropped ferns was marginal. Moreover, the arsenic contents in soil, stems, and 

seeds were lower than that of the control. Ferns that absorbed As from soil to stems and root, 

decreased a large amount of As content in soils. Therefore, to reduce production cost, increase 

soil and maize quality, application of lime (3 ton ha
-1

) and intercropped ferns is recommended 
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