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Abstract: There is a growing need for strategic actions involving efficient water use, sustainable 

agricultural production, and food security. Agricultural productivity can be improved through 

good agricultural practices based on water quality management, new genetically modified re-

sources, and using precision agriculture. This study aimed to monitor the crop water (supply, irri-

gation, and flooding) of an advanced rice (Oryza sativa L.) line of the breeding program (OP 1509) 

subjected to Selenium (Se) enrichment. Water lines in paddy rice field were monitored by Un-

manned Aerial Vehicles (UAVs). The parameters of pH, pHs, electrical conductivity, temperature, 

HCO3-, Cl-, SO42-, PO43-, Na+, K+, Ca2+, and Mg2+ were analyzed. According to the Piper diagram, the 

samples were classified as sodium chloride bicarbonate (supply) and sodium bicarbonate chloride 

(irrigation and flooding). The Langelier Saturation Index (LSI) was calculated and indicated that 

waters are good to use in agricultural practices. According to the Wilcox classification, regarding 

agriculture use, the samples were classified as C2S1 (supply and irrigation) and C3S1 (flooding). 

The Selenium contents were analyzed by atomic absorption and significant differences were ob-

served in rice grains, with a maximum content of 10 mg.kg-1. In conclusion, water quality is in ac-

cordance with the parameters for use in this crop and the workflow used improved the grain qual-

ity. 
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1. Introduction 

There is a growing need for strategic actions involving the efficient use of water, sus-

tainable agricultural production, and food security, considering climate change [1]. Effi-

cient use and sustainable suplies of water in the agriculture, aquaculture, live-stock, and 

agroforestry sectors are the future way [1]. Rice (Oryza sativa L.) is one of the most im-

portant crops in the world [2] and requires a high amount of water to grow [3]. For this 

reason, it is important to know the quality of the water. The water can be classified ac-

cording the chemical composition by Piper or /and Stiff diagrams in functions of the rela-

tive predomination of specific ions, namely of the main anions and cations. The suitability 

of the water for agricultural use is based on the Wilcox diagram where the conductivity 

ranges between classes C1–C4 and the Sodium Adsorption Ratio index (SAR) between 

classes S1–S4. The SAR index is very important to classifying irrigation waters, consider-

ing that if it is high in Na+ and low in Ca2+, the cation exchange complex can become sat-

urated with Na+ [4] in water and affect crop growth. Thus, the use of good agricultural 

practices based on pest control, soil, and water management using precision agriculture, 

and new genetic materials can contribute to increased productivity. Plant breeding allows 

the development of plants with desirable agronomic characteristics, such as tolerance to 

climatic conditions, disease resistance, and higher grain yield. In this way, it is possible to 

improve the quality of the final product [5]. Biofortification is an effective and sustainable 

method for increasing micronutrient levels in rice to mitigate deficiencies in people who 

primarily eat rice [6].  

In this sense, this study aims management of irrigation water based on its composi-

tion and pick up culture images with drones to support the sustainable production of rice 

with added value. 

2. Materials and Methods 

2.1. Experimental Fields and Biofortification Workflow 

In a paddy rice field located at the center of Portugal (Salvaterra de Magos), an ad-

vanced rice line (OP 1509) of the breeding program carried out by Instituto Nacional de 

Investigação Agrária e Veterinéria (INIAV) was tested. The experimental design was a 

factorial arrangement: 2 concentrations (0 and 300g Se.ha-1), 2 Se forms (sodium selenate 

and sodium selenite), and 4 replicates in a total of 16 plots. Selenium applications included 

3 foliar applications, which occurred at the end of booting, anthesis, and at the milky grain 

stage. The 1st application was 500 g Se.ha-1, however, the plants showed symptoms of 

toxicity, which is why the remaining applications were with 300 g Se.ha-1. The trial was 

carried out from 4th June to 23rd October 2019. 

2.2. Precision Agriculture–Characterization of Water Lines 

The experimental rice field was flowed with Unmanned Aerial Vehicles (UAVs) syn-

chronized by Global Position System (GPS), according to Coelho et al. [7]. The flight was 

performed (18th July) after crop implementation to classify surface water drainage (water 

lines) in the experimental paddy rice field according to Direção Geral de Agricultura e 

Desenvolvimento Rural [8]. 

2.3. Water Analysis 

Physical parameters (pH, electrical conductivity, and temperature) were measured 

with a multiparameter analyzer (Consort C6030) coupled with SP21 and SK20 T elec-

trodes. The chemical parameters such as bicarbonate (HCO3-) were analyzed by titration 

using 100 mL of sample, 0.1 % methyl orange, and 0.1 N hydrochloric acid as titrant [9]. 

Photometry was carried out using a spectroquant (NOVA 60, Merck, Darmstadt–Ger-

many) to quantify the anions such as chloride (Cl-), sulphate (SO42- ), and phosphate (PO43-

) using the specific kits 1.14897, 1.14779 and 1.14842, respectively. The ionic chromatog-

raphy was used to measure cations calcium (Ca2+) magnesium (Mg2+), sodium (Na+), and 

potassium (K+) using a chromatograph (Metrohm, 761 Compact IC) and pre-column 
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(Metrosep cation 1-2, 6.1010.000). The 10 µL of sample previously prepared in eluent were 

injected at a flow rate of 1.00 mL/min. [10]. Water composition were projected on Piper 

diagram in order to classify water facies hydrochemistry [11], on Wilcox diagram (consid-

ering Sodium Adsorption Ratio, SAR) to assess water irrigation purposes [12] and on Stiff 

Diagram which represents an irregular polygonal pattern of anion and cation abundance 

and allows water samples to be compared [4]. The Piper, Wilcox and Stiff diagrams were 

obtained using the Grapher software (version 16.3.410). Langelier Saturation Index (LSI) 

and equilibrium pHs were calculated to assess the corrosive or incrusting action [13]. 

2.4. Atomic Absorption–Quantification of Selenium in Paddy Rice Grains 

Selenium content was analyzed by atomic absorption spectrophotometry (Perkin 

Elmer AAnalyst 200), followed the methods described by Carrondo et al. and Reboredo 

et al. [14,15]. In short, an acid digestion procedure was carried out with a mix of HNO3–

HCl with a ratio of 4:1. 

2.4. Statistical Analysis 

Data were statistically analyzed using a One-way ANOVA (p ≤ 0.05) to assess differ-

ences among treatments. A Tukey’s test was performed for mean comparison using IBM 

SPSS Statistics 20 program.  

3. Results 

The geomorphology of the experimental rice field is characterized by different eleva-

tions, the eastern part being higher (Figure 1). Thus, the elevation was measured to deter-

mine water drainage trends. Accordingly, the water lines created in the experimental field 

follow a westerly direction (Figure 1). 

 

 

Figure 1. Orthophotomap of elevation and water lines in paddy rice field of OP 1509 genotype at 

18th Jully. 

The pH of the water samples ranged from 6.3–6.9, while the pHs ranged between 

8.4–8.9 (Table 1). Electrical conductivity of the water varied from 376 S/cm to 420 S/cm, 

in supply (A), and irrigation (B), respectively. Moreover, the high EC is observed in flood-

ing (C) sample such as 800 S/cm (Table 1). In sample A, the concentration of bicarbonate 

(HCO3-), chloride (Cl-), and sulphate (SO42- ) was 1.1 meq/L, 1.4 meq/L, and 0.9 meq/L, 

respectively (Figure 2). Regarding B and C samples, the concentration of HCO3-, Cl-, and 

SO42- ranged from 0.9–1.4 meq/L, 2.1–3.7 meq/L, and 0.8–1.5 meq/L, respectively. In both 

water samples, the concentration of phosphate (PO43-) is low (< 0.04 meq/L). Additionally, 

the Langelier Saturation Index (LSI) was the same for samples A and C (- 1.8) while that 

of sample B was -2.6 (Table 1). 
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Table 1. Values of temperature (oC), pH, Electrical Conductivity (EC, S/cm), anions (meq/L), cati-

ons (meq/L), pHs, and Langelier Saturation Index (LSI) in the water supply (A), irrigation water (B), 

and flooding water (C) samples from the paddy rice field of OP 1509 genotype. 

Parameter A B C 

Temperature 20 20 20 

pH 6.9 6.3 6.6 

EC 376 420 800 

HCO3- 1.1 0.9 1.4 

Cl- 1.4 2.1 3.7 

SO42- 0.9 0.8 1.5 

PO43- < 0.04 < 0.04 < 0.04 

Ca2+ 0.5 0.7 1.4 

Mg2+ 0.4 0.4 0.6 

Na+ 1.3 1.7 2.7 

K+ 0.2 0.06 0.4 

pH’s 8.4 8.9 8.4 

LSI -1.8 -2.6 -1.8 

 

According to the Piper diagram, the chemical composition of the water samples is 

sodium chloride bicarbonate (A) and sodium bicarbonate chloride (B and C) (Figure 2). 

By Wilcox classification, water samples A and B are C2S1 while sample C is C3S1. Thus, 

the Sodium Adsorption Rate Index (SAR) is 1.93, 2.29, and 2.70 for samples A, B, and C 

respectively (Figure 2). 

  

 

Figure 2. Classification of hydrochemical facies of waters (A, B, and, C samples) and its adequation 

of irrigation purposes by Piper and Wilcox diagrams. 

The Stiff diagrams show that Cl- is the dominant anion and the same for cation Na+ 

followed by Mg2+ and Ca2+, in both samples (Figure 3). The highest concentrations (cations 

and anions) are observed in sample C. 

   
 

Figure 3. Representation of water samples (A, B, and, C) in Stiff diagrams. 
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In the control, Selenium (Se) content was not detected, however, in biofortified grains 

significant differences were reported (Table 2). Selenite application showed a 10.10 mg.kg-

1 of increased while selenate showed a 6.00 mg.kg-1. 

Table 2. Mean of values (n = 4) ± standard error of Se content in paddy rice flour of OP 1509 geno-

type. Letters a and b revealed significant differences between treatments (p ≤ 0.05).). 

Treatment Concentration (mg.kg-1) 

Control - 

Na2SeO4 (300g Se.ha-1) 6.00 ± 1.09b 

Na2SeO3 (300g Se.ha-1) 10.10± 0.75a 

4. Discussion 

The quality of water used in agriculture affects crops. Thus, to increase macro or mi-

croelement contents in a crop, such as rice (Oryza sativa L.), it is necessary to preserve the 

quality of the water used. Therefore, it is extremely important to evaluate the suitability 

of irrigation water. All crops take water from where it is most readily available (within 

the rooting depth), however, each crop has its absorption pattern [16]. The geomorphol-

ogy of the paddy rice field was characterized by orthophotomap where the elevation and 

the water lines created in the experimental field were observed. The lower elevation zone 

(west zone) corresponds to the flatter surface and is more favorable to water accumulation 

and consequently greater infiltration (Figure 1). The higher areas of the experimental field 

(east zone) represent areas that promote surface water runoff and consequently reduced 

water infiltration (Figure 1). If surface drainage occurs, it follows the direction of the esti-

mated water lines. The samples showed a pH ranging from 6.3–6.9 (Table 1), which is in 

line with their use for agricultural purposes [16]. A value outside the normal range may 

cause a nutritional imbalance or may contain a toxic ion [13]. The salinity hazard is meas-

ured by the increase in Electrical Conductivity (EC) because most are the most influential 

in water quality in crops. In your study, the increase of EC in samples A (376 µS/cm), B 

(420 µS/cm), and C (800 µS/cm) were probably caused by the incorporation of salts from 

fertilizers applied in the paddy rice field, which were moved at the time of drainage. Ac-

cording to the literature, EC below 1000 µS/cm is adequate for agriculture [17]. Rice is a 

moderately sensitive crop to salinity and from 3000 µS/cm there is a reduction in plant 

growth [18]. Similarly, to EC, the concentration of anions and cations was higher in sample 

C (Table 1). The high concentration of bicarbonate (HCO3-) in water can increase the so-

dium (Na+) content in the soil due to the precipitation of calcium (Ca2+) and magnesium 

(Mg2+). In this study, the HCO3- content does not present a degree of restriction for the use 

of water in irrigation because it is below 1.5 meq/L [13]. Also, through the Langelier Satu-

ration Index (LSI), which relates pH to equilibrium pH (pHs), the values are < 0. Thus, the 

results suggest that the water is undersaturated in calcium carbonate (CO3Ca) with a high 

tendency for corrosive action when circulating in pipes with this composition [19]. Ac-

cording to the Piper diagram, based on the contribution of the cations and anions, the 

samples were classified as sodium chloride bicarbonate (A) and sodium bicarbonate chlo-

ride (B and C) (Figure 2). To classify the water as suitable for irrigation, the Wilcox dia-

gram was plotted [20]. The EC was plotted against the Sodium Adsorption Rate (SAR) 

index (relative proportion of Na+ to Ca2+ and Mg2+ concentration), which represents the 

suitability of the water for agricultural use [12]. The values ranged from 1.93–2.70 for sam-

ples A and C, respectively (Figure 2). According to the Wilcox classification, all samples 

have low sodium hazard (S1). Regarding the salinity hazard, samples A (C2S1) and B 

(C2S1) present medium while sample C (C3S1) presents high. Thus, water with a C2 rating 

(250–750 µS/cm) can promote plant stress due to the accumulation of salts in the soil and 

should be used whenever there is a moderate degree of leaching. Also, water in the C3 

class (750–2250 µS/cm) affects most plants, requiring good drainage, leaching, and careful 

irrigation. According to the Stiff diagram the evolution of anions and cations from sample 

A to B is observed (Figure 3). Rice plants are the most sensitive to humidity, temperature, 

and water conditions [21]. Based on this, breeding techniques ensure the availability of 
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varieties adapted to different environmental conditions [5]. The increase of Se depends on 

the characteristics of each variety, the form of Se used, and concentration [22]. Inde-

pendently of the foliar pulverization, the results showed a Se increment of 10.10 mg.kg-1 

(sodium selenite) and 6.00 mg.kg-1 (sodium selenate) in paddy rice grains (Table 2). Our 

findings are following the literature that points to selenite as more effective than selenate 

[23].  

Considering that part of the plant development cycle takes place in water, the condi-

tions of irrigation water, supply, and waterlogging are very important for obtaining qual-

ity grain. Thus, water monitoring for parameters such as pH, EC, pHs, ISL, and the quan-

tification of anions and cations is important, allowing corrective action to be taken in a 

timely way. 

5. Conclusions 

This study focused on monitoring the water management and quality of an experi-

mental field of an advanced rice (Oryza sativa L.) line of the breeding program (OP 1509) 

subjected to Selenium (Se) enrichment. The water lines were monitored using Unmanned 

Aerial Vehicles (UAVs). Water samples were collected from water supply (A), irrigation 

water (B), and flooding water (C), and physicochemical composition (pH, EC, anions, and 

cations concentration) were monitored. The pH at the equilibrium point (pHs) and 

Langelier Saturation Index (LSI) were also considered. According to the Piper diagram, 

the samples were classified as sodium chloride bicarbonate (sample A) and sodium bicar-

bonate chloride (samples B and C), and their suitability for agricultural use was classified 

as C2S1 (samples A and B) and C3S1 (sample C) according to the Wilcox diagram. Thus, 

the use of quality water contributed to the production of rice grain enriched with Se (up 

to 10 mg.kg-1). 
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