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ABSTRACT

This study assessed the physico-chemical properties of groundwater from selected shallow tube wells (STWs)
used for irrigation in Brgy.  Madamba, Dingras, Ilocos Norte, Philippines. Key physico-chemical parameters
and indices were analyzed, including the sodium adsorption ratio (SAR), soluble sodium percentage (SSP),
magnesium hazard (MH), residual sodium carbonate (RSC), chloride concentration (Cl-), electrical
conductivity (EC), and pH. The results were compared with the irrigation water quality standards of the
Food and Agriculture Organization (FAO, 1994). The findings indicate that the groundwater samples are
generally suitable for irrigation purposes. However, a gradual increase in SSP values emphasizes the
importance of continuous monitoring to prevent potential long-term sodicity hazards. Additionally, a
decreasing trend in pH was observed over time, possibly due to the influence of rainfall events during the
sampling period. These findings highlight the importance of regularly assessing irrigation water to ensure
sustained soil productivity and crop health.
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Introduction

Water is a vital natural resource that forms the foun-
dation of the ecological system (Saha et al., 2019).
Groundwater has become the primary source of
water for the agricultural sector in many countries
where river and drainage systems are insufficient
(Rawat et al., 2018). Globally, irrigation accounts for
the highest consumptive use of groundwater, a de-

mand that continues to rise with the growing global
population and escalating food needs (Bruinsma,
2017). In response to these pressures, groundwater
from shallow aquifers is increasingly utilized for ir-
rigation, a trend expected to become more critical
given the projected 60% increase in food demand by
2050 (FAO, 2009). However, intensive use of shal-
low aquifers has raised concerns regarding water
quality deterioration, groundwater depletion, and
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long-term soil degradation (Grogan et al., 2017).
Assessing irrigation water quality is therefore

important for sustainable agriculture. Evaluation is
typically based on physicochemical parameters that
quantify potential adverse effects on agricultural
soils and crops, particularly concerning salinity,
sodicity, and potential toxicities of certain elements
(Hussein et al., 2023). Common indicators in this
evaluation include SAR, SSP, MH, RSC, Cl- concen-
trations, EC, and pH concentrations (Rawat et al.,
2018). These parameters reveal specific hazards, in-
cluding the restriction of water uptake by high EC
and the reduction of soil permeability by high SAR
(Anuja et al., 2024). To manage these risks, water
quality classification systems based on various indi-
ces and guidelines are widely used (Stanly et al.,
2021).

As a rice community in Dingras, Ilocos Norte, the
study site located in Barangay Madamba is heavily
dependent on groundwater for irrigation; however,
there has been no comprehensive physicochemical
evaluation of its STWs using internationally recog-
nized indices. Hence, this study was conducted.
Without a proper assessment of critical parameters
such as electrical conductivity (EC), pH, sodium
adsorption ratio (SAR), and chloride levels, farmers
remain unaware of potential hazards, thereby put-
ting their agricultural productivity at risk. This case
assessment, therefore, aims to address this knowl-
edge gap by assessing the quality of groundwater
from selected shallow tube wells, using the FAO
(1994) standards to provide baseline data for devel-
oping sustainable irrigation management strategies
in the area.

Materials and Methods

Study Area

The study was conducted in a selected rural agricul-
tural community in Barangay Madamba, Dingras,
Ilocos Norte, Philippines. The area is characterized
by flat to gently sloping agricultural lands, making
it suitable for lowland rice and vegetable produc-
tion. Farming activities are supported by a combina-
tion of supplementary water sources during periods
of insufficient canal supply.

The study area has a Type I climate defined by a
distinct wet season from May to October and a dry
season from November to April. Rainfall is at its
maximum in August due to the southwest monsoon

(habagat) and at its minimum from December to
March. The mean monthly temperature is 27.5 °C,
with January as the coldest and May as the hottest.
During the dry months, the continued operation of
shallow tubewells became essential in sustaining
agricultural productivity, allowing farmers to main-
tain consistent cropping cycles despite fluctuations
in rainfall.

Four shallow tube wells (L1-L4) were selected for
sampling (Table 1).

Table 1. Coordinates of the sampling wells

Location ID Latitude Longitude

L1 18.10606 120.69872
L2 18.10543 120.69841
L3 18.10634 120.69766
L4 18.107669 120.69751

Irrigation Water Quality Indicators

Water quality parameters analyzed included major
cations (Na+, Ca2+, Mg2+, K+) and anions (Cl-, CO3

2-,
HCO3

-) along with EC and pH. Computed indices
were SAR, SSP, MH, RSC, and chloride hazard
(Table 2). Classification followed the FAO (1994)
guidelines (Table 3).

Sampling and Analysis

Groundwater samples were collected from each
well at five intervals (every two weeks) between
September 15 and November 15, 2023. Three repli-
cate samples (1.5 each) were collected per well per
period. Wells were purged for two minutes before
sampling. Physical parameters (EC and PH) were
measured onsite using a portable water quality
meter. Chemical analyses for cations and anions
were conducted at the Crop Research Laboratory,
Mariano Marcos State University, and Ilocos Norte
Water District. Data were analyzed using descrip-
tive statistics, and suitability was assessed in accor-
dance with FAO (1994) standards.

Results and Discussion

The physicochemical parameters of irrigation water
from the selected wells are summarized in Table 4.

Sodium Adsorption Ratio (SAR)

SAR is a value that represents the relative amount of
sodium ions combined with the amount of calcium
and magnesium ions in a water sample. Continued
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The SAR values of the groundwater samples col-
lected were consistently below 3, indicating minimal
risk of soil sodicity and stable soil permeability. It
can be used for irrigation on almost all soils with a
low risk of developing harmful levels of exchange-
able sodium. However, sodium-sensitive crops can
accumulate toxic concentrations of sodium (Burger
and Celkova, 2003).

Soluble Sodium Percentage (SSP)

The soluble sodium percentage (SSP) is a crucial cri-
terion for classifying water quality for irrigation
purposes. The water-containing sodium reacts with
the soil, accumulates in the soil’s void spaces, and
reduces the soil’s permeability. The maximum per-
missible limit of SSP is 60% for irrigation water
(Fipps, 2024). The SSP values of the water samples
collected increased from 13.30% to 54.10% yet re-
mained below the 60% threshold. Monitoring is rec-
ommended as long-term irrigation with rising SSP
can cause dispersion.

Magnesium Hazard (MH)

Magnesium and calcium ions are essential for plant
growth, although these ions may be added with the
soil aggregation and cause soil friability (Rawat et
al., 2018).  High concentrations of calcium and mag-

Table 4. Descriptive statistics of sampling wells across 5 sampling periods.

Period SAR SSP (%) RSC (meq/l) MH (%) Cl (mg/l) EC (mhos/cm) pH

1 0.42 13.30 -3.35 19.40 5.51 415.00 7.49
2 0.61 35.70 -2.04 3.58 5.22 400.00 7.16
3 0.55 32.30 -2.20 7.73 4.87 418.00 7.01
4 1.05 52.90 -2.30 6.32 19.70 439.00 6.82
5 1.05 54.10 -2.29 8.09 14.90 442.00 6.74

SAR- sodium adsorption ratioSSP - Sodium Soluble PercentageMH -Magnesium HazardRSC - Residual Sodium Car-
bonate, in milliequivalent per litre (meq/l)Cl- Chloride, in milligrams per literECw - electrical conductivity, in
micromhos per centimeter (µmhos/cm)pH - potential of hydrogen

Table 2. Equations used to compute irrigation indices

Criteria Equation Sources

SAR Adj. SAR = SAR (1+8.4-phc) Rawat et al. (2018)

SSP Saha et al. (2019)

MH Raghunath (1987)

RSC (CO3
2- + HCO3-) -(Ca2+ + Mg2+) Eaton (1950)

Table 3. FAO water quality standards for irrigation (1994)

Parameters Class/Restriction Threshold

ECw (µmhos/cm) None <700
Slight to moderate 700-3000
Severe >3000

SAR None <3
Slight to moderate 3 to 9
Severe >9

SSP (%) Suitable <60
Unsuitable >60

MH (%) Suitable <50
Unsuitable >50

RSC (meq/l) Suitable <1.25
Marginally suitable 1.25-2.5
Unsuitable >2.5

Cl- (mg/l) None <140
Slight to moderate 140-350
Severe >350

pH Normal 6.0 -8.5

ECw - electrical conductivity, in micromhos per centimeter
(µmhos/cm), SAR- sodium adsorption ratio, SSP -Sodium
Soluble Percentage, MH- Magnesium Hazard, RSC - Re-
sidual Sodium Carbonate, in milliequivalent per litre
(meq/l), Cl- - Chloride, in milligrams per liter, pH -poten-
tial of hydrogen

use of irrigation water having a high SAR leads to
soil dispersion, reducing infiltration, and negatively
impacts plant growth (Saha et al., 2019).
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nesium in irrigation water can increase the soil’s pH,
potentially leading to phosphorus loss. Magnesium
ions are also crucial for soil productivity. The results
of the MH of the water samples collected remained
less than 50% across all periods, indicating suitabil-
ity for irrigation (Anyango et al., 2024).

Residual Sodium Carbonate (RSC)

The concentration of bicarbonate and carbonate con-
trols the suitability of water for irrigation, determin-
ing the hazardous effects of carbonate and bicarbon-
ate on the quality of water for agricultural purposes
(Saha et al., 2019). A high range of RSC in irrigation
water indicates an increase in sodium adsorption on
the soil (Rawat et al., 2018), which can disrupt soil
structure, block pores, and reduce water infiltration
and aeration, thereby hindering root growth and
nutrient uptake. Generally, any source of water in
which RSC is higher than 2.5 is not considered suit-
able for agricultural purposes, and water with an
RSC of less than 1.25 is recommended as safe for
irrigation purposes based on the FAO (1994) guide-
lines. All the water samples collected had negative
RSC values, indicating the suitability of the ground-
water. The negative results indicate an excess of cal-
cium and magnesium.

Chloride (Cl-)

The chloride (Cl”) concentration of groundwater
may be attributed to the presence of chlorides from
rocks, evaporates, seawater intrusion, connate and
juvenile water, or contamination by industrial waste
or domestic sewage.

The Cl”concentration in the study area is from
4.87 to 19.7 mg/l, which is all below the FAO thresh-
old of 140 mg/l, posing no toxicity risks to crops.
High concentrations of Cl” in irrigation water can
cause corrosion and soil salinization in agricultural
irrigation systems, hinder plant growth, and lead to
wilting or burning of the plant’s leaves.

Electrical Conductivity (EC)

EC is a measure of the water salinity. The EC ranged
from 400 to 442 ìmhos/cm, classifying the water as
having no restriction (<700 ìmhos/cm), as indicated
in the FAO guidelines (1994). This indicates low sa-
linity hazards, which is generally favorable for most
crops. However, the long-term use of low to moder-
ate salinity water may still contribute to gradual soil
alteration, depending on factors such as soil texture,
fertility, plant growth, crop yield, and the presence

of microorganisms (Tarolli et al., 2024).

pH

The pH values of the studied groundwater samples
are between 6.74 and 7.49, which were within the
acceptable range (6.0-8.5) (FAO, 1994), ensuring
compatibility with most soils and crops. The pH
values of the groundwater samples are indicative
that the groundwater aquifer conditions vary from
slightly acidic to slightly alkaline. The pH of natural
water is an important parameter and a key indicator
of the toxicity of any compounds (Haque, 2009).
Moreover, it was observed that there was a decreas-
ing trend in the pH values as the period progressed;
this may be due to the presence of rainfall during
the observation period.

Conclusion

The physicochemical properties of the groundwater
from the selected STWs are within the acceptable
values set by FAO (1994) standards. Low EC, SAR,
MH, RSC, chloride, and neutral pH values indicate
minimal risk to soil structure and crop productivity.
However, the increasing trend in soluble sodium
percentage (SSP) indicates the need for continuous
monitoring to prevent long-term soil degradation
and reduce water infiltration.

The findings provide baseline data for sustain-
able water resource management in the barangay
and can guide local policymakers and farmers in
planning irrigation practices that safeguard both
crop yields and soil health.

Acknowledgement

The authors would like to thank the Mariano
Marcos State University for its support of the study.
Additionally, they would like to thank the reviewers
and editors of the journal for their constructive feed-
back and acceptance of the manuscript.

Conflict of Interest- None.

References

Anuja, S.A., Kavitha, P., Jothi, C.H. and Rose, R.J. 2024.
Seasonal assessment of water quality for irrigation
using multiple indices in Thamirabarani River,
Kanyakumari District, India. Desalination and Water
Treatment. 317: 100206.

Anyango, G.W., Bhowmick, G.D. and Bhattacharya, N.S.



AIRA LILAC ET AL 1357

2024. A critical review of irrigation water quality
index and water quality management practices in
micro-irrigation for efficient policy making. Desali-
nation and Water Treatment. 318: 100304.

Ayers, R.S. and Westcot, D.W. 1976. Water Quality for Ag-
riculture. FAO Irrigation and Drainage Paper 29,
FAO, Rome.

Ayers, R.S. and Westcot, D.W. 1985. Water Quality for Ag-
riculture (Vol. 29, p. 174). Rome: Food and Agricul-
ture Organization of the United Nations.

Burger, F. and Celkova, A. 2003. Salinity and sodicity
hazard in water flow processes in the soil. Plant Soil
and Environment. 49(7): 314-320.

Bruinsma, J. 2017. World agriculture: Towards 2015/2030:
An FAO study. Routledge.

Eaton, F. M. 1950. Significance of carbonates in irrigation
waters. Soil Science. 69(2): 123–134.

FAO, 1994. Water quality for agriculture. FAO Irrigation
and Drainage Paper 29 Rev.1. Rome.

FAO, 2009. How to feed the world in 2050. Insights from
an expert meeting at FAO, Rome.

Fipps, G. 2024. Irrigation Water Quality Standards.
Grogan, D.S., Wisser, D., Prusevich, A., Lammers, R.B. and

Frolking, S. 2017. The use and re-use of unsustain-
able groundwater for irrigation: A global budget.
Environmental Research Letters. 12(3): 034017.

Haque, K.E. 2009. Geochemical assessment of groundwa-
ter in the foothills area of Siliguri, Darjeeling District,
India. Int J Earth Sci Eng. 2(2): 135-144.

Hong, Y., Zhu, Z., Liao, W., Yan, Z., Feng, C. and Xu, D.
2023. Freshwater water-quality criteria for chloride
and guidance for the revision of the water-quality
standard in China. International Journal of Environ-
mental Research and Public Health. 20(4): 2875.

Hussein, E.E. 2024. Groundwater quality assessment and
irrigation water quality index prediction using
machine learning algorithms. Water. 16(2): 264.

Raghunath, H.M. 1987. Groundwater. Wiley Eastern Ltd.,
New Delhi.

Rawat, K.S., Singh, S.K. and Gautam, S.K. 2018. Assess-
ment of groundwater quality for irrigation use: A
peninsular case study. Applied Water Science. 8: 1–24.

Saha, S., Reza, A.H.M. and Roy, M.K. 2019. Hydrochemical
evaluation of groundwater quality of the Tista flood-
plain, Rangpur, Bangladesh. Applied Water Science.
9(8): 1-12.

Stanly, R., Yasala, S., Oliver, D.H., Nair, N.C., Emperumal,
K. and Subash, A. 2021. Hydrochemical appraisal of
groundwater quality for drinking and irrigation: A
case study in parts of southwest coast of Tamil
Nadu, India. Applied Water Science. 11: 1-20.

Tarolli, P., Luo, J., Park, E., Barcaccia, G. and Masin, R.
2024. Soil salinization in agriculture: Mitigation and
adaptation strategies combining nature-based solu-
tions and bioengineering. Iscience. 27(2).

Todd, D.K. and Mays, L.W. 2004. Groundwater Hydrology.
John Wiley & Sons.


