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ABSTRACT

The assessment of groundwater quality for agricultural purposes was conducted in
Malamawi Island, Isabela City, Basilan. Groundwater quality wasevaluated based on the FAO
irrigation quality standards (1994)which include salinity and alkalinity, sodium, magnesium,
bicarbonate hazards and chloride hazards. Spatial delineation of groundwater quality
parameters was carried out using QGIS software. Results revealed that the use of
groundwater from two separate sampling wells (SW4 and SW6) in Lukbuton area require
slight to moderate restrictionbased on the parameters of electrical conductivity and
magnesium hazard. This means that its groundwater can still be safe for irrigation but with
little salinity hazard on sensitive crops.Also, the chloride concentration in SW4 indicates that
groundwater was slightly poor in quality but generally suitasble for irrigation while in SW6,
the calcium concentration was considered unsuitable for irrigation. In the same way, the
sampling wells 1 and 3 in Santa Barbara and Lukbuton were considered unsafe and
unsuitable for irrigation in terms of magnesium hazard. Also, the calcium content of
groundwater in some part of the island was considered unsuitable for irrigating high-value
crops. Therefore, this study suggests that some management is needed in the northeastern
part of Lukbuton because of its poor ground water quality for irrigation in terms of salinity.
Keywords: Malamawi, Basilan, irrigation, shallow well.
ABSTRAK
Penilaian kualitas air tanah untuk keperluan pertanian dilakukan di Pulau Malamawi, Kota
Isabela, Basilan. Kualitas air tanah dievaluasi berdasarkan kesesuaian untuk irigasi sesuai
standar kualitas irigasi FAO meliputi salinitas dan alkalinitas, serta bahaya natrium,
magnesium, bikarbonat dan klorida. Delineasi spasial dari parameter kualitas air tanah
dilakukan dengan menggunakan perangkat lunak QGIS. Hasil penelitian menunjukkan
bahwa penggunaan airtanah dari dua sumur sampel terpisah (SW4 dan SW6) di kawasan
Lukbuton memerlukan pembatasan ringan hingga sedang berdasarkan parameter
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konduktivitas listrik dan bahaya magnesium. Hal ini menunjukkan air tanah masih aman
untuk irigasi walaupundengan sedikit bahaya salinitas untuk tanaman yang sensitif. Selain
itu, konsentrasi klorida di SW4 menunjukkan bahwa kualitas airtanah agak buruk walaupun
umumnya cocok untuk irigasi sedangkan di SW6, konsentrasi kalsium dianggap tidak sesuai
untuk irigasi. Dengan cara yang sama, pengambilan sampel sumur 1 dan 3 di Santa Barbara
dan Lukbuton dianggap tidak aman dan tidak cocok untuk irigasi dalam hal bahaya
magnesium. Selain itu, kandungan kalsium air tanah di beberapa bagian pulau dianggap
tidak sesuai untuk mengairi tanaman bernilai ekonomi tinggi. Oleh karena itu, studi ini
menyarankan bahwa perlu dilakukan pengelolaan di bagian timur laut Lukbuton karena
kualitas air tanah yang buruk untuk irigasi dari segi salinitas.
Kata kunci: Malamawi, Basilan, irigasi, sumur dangkal
I. INTRODUCTION
Groundwater qualityis essential for
human life and inherent for economic
vitality. It is also one of the most crucial
factors for groundwater irrigation (Jang et
al., 2012; Jang et al., 2019). However,
during the hydrological cycle, metals and
other impurities were introduced in the
water bodies through anthropogenic
activities such as the use of agrochemicals
(pesticides
and
fertilizers),
coal
combustion, and other low-quality fuel in
brick kilns and other industries, untreated
industrial effluents discharge, and the
improper disposal of municipal solid
wastes (Nawab et al., 2018;Naseh et al.,
2018;Khanoranga & Khalid, 2019).
These activities may affect the quality
of groundwater for irrigation. Highly
contaminated irrigation water can cause
changes in soil permeability, soil pH, soil
structure and nutrient uptake by plants
(A. B. Iqbal et al., 2020). The excessive
sodium dissolution in irrigation water can
lead to the soil’s higher Sodium
Adsorption Ratio (SAR)making it less
suitable for irrigation. Also, the presence
of bicarbonates (HCO3) and carbonates
(CO3-) in the water tend to increase the
188

pH, making it inimical for plant
growth.Bicarbonates in the irrigation
water has become a serious concern
because it increases the pH from 7.4 to
9.3 (ibid.). According to Alobaidy et al.
(2010), a significant factor that escalates
water pH to 8.0 and beyond is due to the
presence of carbonates. This significant
amount in the irrigation water can directly
harm some plant species. Therefore, the
poor water quality can adversely affect
plant growth regardless of its quantity
(Alobaidy et al., 2010).
Because of that, there is a need to
ascertain the groundwater quality before
it can be used for irrigation purposes to
ensure optimum levels of plant growth
(Mitra et al., 2007).Part of this is to
understand
the
groundwater
characteristics through the monitoring
and assessment of water’s quality apt for
drinking, agricultural, and industrial uses
(Adimalla et al., 2019; Kuldip-Singh et al.,
2011; Adimalla et al., 2020). It is also
important to determine the amount and
kind of salt present in the water because
poor water quality tends to cause various
cropping problems. The suitability of
groundwater irrigation depends on the
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salinity, conductivity, and hardness of
water ((Singh & Khare, 2008). Among the
major cations to be monitored include
calcium, magnesium, and sodium which
also influence the suitability of
groundwater for irrigation. These cations
can be toxic to plants, affect soil
properties and management practices,
but can also be beneficial to crop
production at desirable concentrations
(FAO, 1994).
In Malamawi Island in Basilan, all crops
grown are rain-fed. However, there is still
a need to determine whether the
groundwater quality is suited for
irrigation. There is also a possibility to
recommend an installation of artificial
irrigation system to intensify crop
production if the groundwater quality is
suitable for irrigation. Therefore, this
study was conducted to assess the quality
of shallow ground water in six sampling
wells in the island to determine its
suitability for agricultural purposes based
on the standard water quality guidelines
of Food and Agriculture Organization
(1994), and spatially mapped each
groundwater quality parameter through
interpolation using QGIS to present its
concentration in the entire Island. The
results of the study may serve as baseline
information particularly the current
measured parameter concentrations in
Malamawi Island, Basilan.
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II.

MATERIALS AND METHODS

A. The Study Area
Malamawi Island (Figure 1) is about
300 m from the main island of Basilan. It
has a total delineated area of about 947
Has. The island consists of seven different
villages which islocated between 6042’46”
N and 6044’45” N latitudes, 121056’24” E
and 121058’23” E longitudes. The general
elevations ranged from 5 m to 103 m
above sea level while slopes ranged from
3% to 30%. The island has a current
population of 13,859 with most houses
built along the shoreline.
The island is dominated by agricultural
activities. Most areas are planted with
coconut, mango, and citrus trees (Figure
2). The hilly portions were regularly
planted with small-scale root crops and
vegetables. Almost all of the entirearea
that consists of Bulawan clay loamare
cultivated with rice, corn, and coconut.
The island has a type IIIclimate
classification, where the seasons are not
very pronounced, relatively dry from
November to April, and wet during the
rest
of
the
year
(Bangsamoro
Development Agency, 2016). The annual
mean temperature and precipitation is
26.6oC and 1,100 mm respectively
(Bangsamoro
Development
Agency,
2016).
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a

b

Figure 1. Location maps, a. Study area (Source: Google Earth, 2015) and , b. Sampling and existing Shallow
wells in Malamawi Island, Isabela City, Basilan, Zamboanga Peninsula,Philippines

Figure 2. Land Use Classification Mapof Malamawi Island, Basilan, Zamboanga Peninsula, Philippines
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B. Indicators of Water Quality for
Irrigation
Important irrigation water quality
parameters include several specific
properties of water related to the yield
and quality of crops, maintenance of soil
productivity, and protection of the
environment. These parameters consist
mainly of the water’s physical and
chemical characteristics used in the
evaluation of agricultural water quality
(Alobaidy et al., 2010). The FAO (1994)
water quality guidelines were used to
assess the suitability of groundwater for
irrigation in Malamawi Island.
The indicators used were: (1) salinity,
(2) calcium hazard, (3) sodium hazard, (4)
soluble sodium percentage (SSP), (5)
magnesium hazard, (6) residual sodium
carbonate (RSC), and (7) chloride hazard.
The equation tocompute some indices of
the groundwater of the island for
agricultural purposes is listed in Table 1,
while Table 2 showed the criteria used to
asses the water quality.
C. Sampling and Analysis
Six groundwater shallow well samples
were collected on March 2014 out of
ninety-four (94) existing wells in
Malamawi Island (Figure 1b). One
sampling well was selected from each
clustered well located within the island.
Since the wells have similar depths it was
assumed that each well taps the same
aquifer. The sample water taken from the
well is a representative of the
groundwater quality within the clustered
area. Purging of about two (2) minutes
was done before the samples were
collected.
Before
collecting
the
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groundwater, the sampling bottles were
thoroughly cleaned using a detergent. A
total of 1.5 of water samples were
collected from each well. Following the
standard procedures litters set by the
Philippine National Standard for Drinking
Water (PNSDW, 2017), filled bottles were
tightly capped and properly labeled with
the following information: 1) date and
time of sampling, and 2) source of the
sample. Sampling bottles were placed in
an icebox at low temperature to prevent
any unnecessary chemical reactions. The
water samples were transported to DOSTIX, Regional Standards and Testing
Laboratories, Zamboanga City Water
District, and Zamboanga State College of
Marine Sciences and Technology for
analysis. Potassium and sodium were
measured using a direct air-acetylene
flame method (acid digestion)/ standard
method 3111 B, Standard Methods for the
Examination of Water and Wastewater
(SMEWW), 21st ed.(2005) while Alkalinity
(Carbonate and Bicarbonate), chloride,
magnesium, and calcium were measured
using the standard Ethylene Diamine
Tetraacetic Acid (EDTA). Unstable
parameters such as pH, total dissolved
solids (TDS), temperature, and electrical
conductivity (EC) were measured directly
in the field using HQ40D portable
multimeter (HACH, USA) during the
sample collection. Different groundwater
parameters gathered from six sampling
wells in the study area were mapped and
interpolated using Inverse Distance
Weighting (IDW) with the 2nd power. The
number of columns and rows were set at
5000 for the output map to enhance the
quality of the images Using QGIS
software.
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Table 1. Different methods used in the study
Indices

Method/Equation
SAR =

Alkalinity hazard

Sodium hazard)
Magnesium hazard

𝑁𝑎
√(𝐶𝑎 +𝑀𝑔 )/2

Adj. SAR = SAR (1+8.4- pHc)
SSP =
MH =

𝑁𝑎 +𝐾
𝐶𝑎 +𝑀𝑔 +𝑁𝑎 +𝐾
𝑀𝑔
𝑀𝑔 +𝐶𝑎

𝑥 100

(Nwankwo & Ogagarue, 2011)
(Ayodele & Aturamu, 2011)
(Srinivasa Rao et al., 2012)
(Narsimha, A and Sudarshan, 2013)
(Adimalla et al., 2018)
(District et al., 2013)

𝑥 100

2-

Bicarnonate hazard

Sources

-

RSC = (CO3 + HCO3 ) – (Ca
2+
+ Mg )

2+

(Rajesh et al., 2012)

Table 2. Standard water quality quidelines for irrigation (FAO, 1994)
Parameters
EC (μmhos/cm)

SAR

SSP (%)
MH (%)

RSC (meq/L)

Chloride (mg/L)

Calcium (mg/L)
Magnesium (mg/L)
pH

192

Level

Class/degree of restriction

(<700 )

No restriction on use

700 – 3.000

Slight to moderate restriction on use

>3.000

Unsuitable

<3

None

3 to 9

Slight to moderate restriction on use

>9

Severe

<60

Suitable

>60

Unsuitable

<50

Suitable

>50

Unsuitable

<1.25

Suitable

1.25 - 2.5

Marginally suitable

>2.5

Unsuitable

<140

None

140 - 350

Slight to moderate

>350

Severe

<200

Suitable

>200

Unsuitable

<200

Suitable

>200

Unsuitable

6.5 - 8.5

Normal range
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III. RESULTS AND DISCUSSION
A. Salinity
The EC values ranges from 86 to 1,604
µmhos/cm with a mean of 531.7
µmhos/cm (Table 3). Based on salinity
classification (Table 2), two sampling wells
(SW4 and SW6) in Lukbuton have EC
values fall within 700 -3000 µmhos/cm
which require slight to moderate
restriction use while the rest of sampling
wells showed no restriction. It means that
the groundwater in the study area still be
safe for irrigation but with little salinity
hazard for sensitive crops.
The spatial distribution of EC as shown
in Figure 3a indicated that the
groundwater on the southern part of the
island is safe for irrigation, while in the
northern part of the study area which
covered 222.29 ha (23.48%) is slightly
saline. There was an indication of
saltwater intrusion from the northern tip
of the island. When used for irrigation, the
groundwater from this area may result to
a salt build up in soil if proper drainage is
not provided.
B. Calcium Hazard
The high concentrations of calcium
were obtained in the same sampling well
(SW6) in Lukbuton with values of 13.50
meq/L (Table 3). The least concentration
of calcium was obtained from the
sampling wells 1 and 5 in Santa Barbara
with a value of 1.50 meq/L. Based on the
FAO (1994) standard (Table 2), the
concentration of calcium at sampling well
(SW6) was “unsuitable” for irrigation. The
spatial distributions of calcium on the
groundwater (Figure 3b) showed that only
an area of 24.21 ha (2.88%) has calcium
concentration greater than 10 meq/L
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which is deemed unsuitable for
agricultural use while the other 922.6 ha
(97.44%) of the area is safe for irrigation.
Calcium was concentrated at Lukbuton
village due to saltwater intrusion coming
from the northern tip of the island. The
maps provided viable information which
site is suitable for a shallow well
installation.
C. Sodium Adsorption Ratio (SAR)
In the presence of moisture and
exchangeable sodium, the clay particles
disperse rather than cling together as
small peds (friable soil aggregates). This
reduces water movement (permeability)
and aeration in the soil. Soils with poor
structure will have a coarse blocky or
powdery texture and surface crusts
formation after the rain or irrigation
(Carvalho et al., 2008).
Excessive sodium causes the soil to be
alkaline (Kelly, 1951). Moreover, a large
amount of sodium in irrigation water is
detrimental to plant growth by poisoning
sodium-sensitive plants when absorbed by
either roots or leaves (Begum and Rasul,
2009; Carvalhoet al., 2008). The
groundwater on the island has sodium
concentrations ranging from 0.26 meq/L
to 2.18 meq/L. These values were far
below
the
allowable
sodium
concentration of 8.0 meq/L (Galal, 2015)
that indicates no restriction on
groundwater use for irrigation. The
Sodium Adsorption Ratio (SAR) is
commonly used as an index for evaluating
the sodium hazard associated with
irrigation water supply(S. M. Lesch, & D. L.
Suarez,2009). Irrigation water having high
SAR levels can lead to the build‐up of high
soil sodium levels over time, which in turn
can adversely affect soil infiltration and
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percolation rates (due to soil dispersion).
Additionally, excessive SAR levels can lead
to soil crusting, poor seedling emergence,
and poor aeration (S. M. Lesch, & D. L.
Suarez,2009).
The
presence
of
bicarbonate and carbonate ions in the
irrigation water increases the permeability
hazard as quantified by SAR resulting to a
modified adjusted SAR. Adjusted SAR is
providing a more accurate index of water
sodicity and dispersion risk (Bauder et al.,
2008).
The values of SAR in the study area
ranges from 0.24 to 0.89 while the
computed and adjusted SAR ranges from 24.86 to 0.76. SAR spatial distribution was
displayed in Figure 3c. Most areas in Santa
Barbara, Diki and about half of the areasin
Lukbuton total of 708.44 ha or 74.82%)
have a computed SAR values ranging from
0.25 to 0.50. Higher SAR values fall within
the range of 0.75 - 0.90 covered a small
areas of 21.25 ha (2.24%). SAR values tend
to increase towards Lukbuton area. Based
on SAR classification, all computed and
adjusted SAR values of groundwater
samples were less than 3 which means
that the groundwater in the study area
was suitable for irrigation.
D. Soluble sodium percentage (SSP)
The Soluble Sodium Percent (SSP)
values less than 60 or equal to 60 indicate
good water quality whilst SSP with more
than 60indicates unsuitable water quality
for irrigation (K. Nag, S., & Das, S.,2014)
(see Table 2). Spatial distribution of SSP
on the groundwater (Figure 3d) indicated
that 710.76 ha (75.09%) of the study area
have SSP values ranging from 10% to 12%.
The computed values of SSP of water
samples taken from the study area ranged
from 4.48% to 15.70% (Table 3). Irrigation
194

water having SSP greater than 60% may
result insodium accumulations that will
cause dispersion of soil aggregate into
their constituent individual soil particles.
Based on the results and Table 2, the SSP
percentages of all sampling wells in the
study area were far below the limit and
were suitable for irrigation.
E. Magnesium hazard
From Table 2,if magnesium hazard
percentage is less than 50, then water is
safe and suitable for irrigation. The
magnesium hazard in the study area
ranged from 25% to 62.5% (Table 3).
Unfortunately, two sampling wells (SW1
and SW3) in Santa Barbara and Lukbuton
have computed values of 62.5%, which
means that those areas were considered
unsafe and unsuitable for irrigation.
Spatial distribution of magnesium hazard
(Figure 4a) showed that 887.37 ha
(93.72%) of the study area’s groundwater
is free from magnesium hazard and only
59.45 ha (6.28%) is unsuitable for
irrigation.
F. Residual sodium carbonate (RSC)
Irrigation
water
having
high
bicarbonate concentration tends to
precipitate the calcium and magnesium
ions as carbonate. The effect of carbonate
and bicarbonate ions on the quality of
water was expressed in terms of the
Residual
Sodium
Carbonate
(Eaton,1950). The
Residual
Sodium
Carbonate (RSC) is considered as another
hazard when reach a value of 2.5 meq/L
(see Table 2). The study area’s RSC ranges
from -7.85 to 0.12 meq/L (Table 3). Out of
the 6 samples, 5 water samples have
negative RSC values. This indicates that
the sum of calcium and magnesium ions is
greater than the sum of carbonate and
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bicarbonate. Based on the RSC
classification, all the sampling wells were
classified as safe or suitable for irrigation.
G. Chloride Hazard
Chloride ion is not held back by soils
due to its negative charge, therefore it
moves steadily with water. High chloride
concentration on the irrigation water can
cause wilting (burning) on the plant’s
leaves. Wilting starts at the older tips of
the leaves and progresses backwards as
the
severity
increases. Chloride
concentration ranges from 0.14 – 6.34
meq/L with mean and standard deviation
values and degree of restriction shown in
Table 3. Higher chloride concentration
was observed at sampling well SW4 in
Lukbuton which is categorized as “slight to

moderate use” while the rest have “no
restriction on irrigation use.”
The spatial distribution of chloride
(Figure 4b) showed a substantial increase
of chloride concentrations on the
groundwater towards the northern part of
the island. More than 50% of the area
situated between Lukbuton and Santa
Barbara has chloride concentrations from
1 - 2 meq/L, and only 4.43% of the area
which is 41.97 ha has higher chloride
concentrations greater than 3 meq/L. The
groundwater from any well within this
surrounded area should be used sparingly
or moderately for irrigation to prevent
chloride hazards. Sampling wells with
higher EC and TDS values have also higher
chloride values since they were related to
each other.

Table 3. Concentrations of various measured water quality parameters of groundwater of Malamawi island,
Isabela City, Basilan March 2015

SSP

Mg.
Hazard

Bicarbonate

RSC

Chloride

%

%

(mg/L)

(meq/L)

(mg/L)

0,34
0,29

11,07
10,48

62,5
24,99

183,66
210,51

-1,00
0,12

9,91
4,96

50,67

0,54

13,19

62,5

233,08

-2,85

19,82

140,28

60,75

0,89

15,7

41,67

677,90

-0,89

224,44

0,47

30,06

10,08

0,24

10,36

35,71

79,93

-1,03

9,91

0,78
0,85

270,54
95,19

70,83
41,32

0,29
0,43

4,48
10,88

30,17
42,92

700,47
347,59

-7,85
-2,25

35,06
50,68

0,61

86,92

21,18

0,23

3,42

14,74

246,32

2,65

78,32

Sampling

Sodium

Potassium

Calcium

Magnesium

Wells

(mg/L)

(mg/L)

(mg/L)

(mg/L)

SW1
SW2

11,27
8,74

0,43
0,39

30,06
50,10

30,38
25,21

SW3

22,77

0,86

50,10

SW4

50,14

2,15

SW5

5,98

SW6
Mean

20,47
19,90

SD

14,81

SAR
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a

c

b

d

Figure 3. Spatial distribution of groundwater quality parameters (March 2015), a. Electrical conductivity (EC),
b. Calcium, c. SAR, d.SSP of Malamawi island, Isabela City, Basilan, Zamboanga Peninsula,
Philippines
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b

Figure 4. Spatial distribution of groundwater quality parameters (March 2015), a. Magnesium hazard, b.
Chloride of Malamawi island, Isabela City, Basilan, Zamboanga Peninsula, Philippines

IV. CONCLUSIONS
In terms of salinity level, the north eastern
part of Lukbuton requires some management
because it showed a slightly poor
groundwater quality for irrigation, while the
rest of the area is in good quality. The
alkalinity levels that based on SAR, SSP, and
RSC, on the other hand, all study area was
suitable for irrigation. The magnesium hazard
level in the sampling wells 1 and 3 indicates
slightly poor quality, while in terms of chloride
hazard, all sampling wells except SW4 shows
“no restriction on irrigation use” based on
chloride classification. In the sampling well 4
high chloride concentration was observed,
which was categorized as “slight to moderate
use” for irrigation.
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