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Abstract

This study aimed to determine relationship between Kai algae and water quality using
the Applied Algal Research Laboratory-Physical and Chemical Score (AARL-PC score) and
inverse distance weighting (IDW) in the Mekong River. Kai algal habitats were discovered
at three sampling sites during a survey of the Mekong River, Chiang Khong district, Chiang
Rai Province, Thailand in January and February 2022. Kai algae were collected in the field
and identified by microscope. Kai morphology and environmental factors including length,
dry weight, water conductivity, DO, BOD, nitrate nitrogen, soluble reactive phosphorus and
ammonium nitrogen were investigated. The results showed two Kai genera, Cladophora
sp. and Rhizoclonium sp., were presented in the sampling sites. In January, BOD had a
strong positive relationship with the length of Kai algae while ammonium nitrogen had
a significant relationship with water conductivity (p < 0.01), and DO had a significant
relationship with dry weight (p < 0.05). In February, BOD had a strong positive relationship
with the length of Kai algae (r = 0.9804), while ammonium nitrogen had a significant
relationship with water conductivity (p < 0.05). IDW derived from the AARL-PC-score
revealed that clean-moderate water quality was directly related to environmental factors in
January and February and can be used to determine Kai algal growth in the Mekong River.
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1. Introduction

Freshwater green macroalgae provide = Anthropogenic activities such as the
several health and therapeutic advantages, construction of reservoirs and dams across
and are also vital water quality markers inthe ~ the Mekong River for electricity generation
lotic ecosystem. Natural macroalgae knownas  and water resources are rapidly altering the
“Kai” grow in the Mekong River in Northern  ecosystem by impacting the natural river flow,
and Northeastern Thailand and are a vital thereby affecting nutrient cycles and changing
resource for the local people (Peerapornpisal  the physicochemical characteristics of the
et al., 2006). Kai algae grow on cobbles water (Thiamdao et al,, 2012a; Mungmai
and gravel substrata along the riverbank et al., 2014; Wang et al., 2017; Ruen-Pham
and belong to the genera Aegagropila, etal.,2021).Kaialgal habitats are significantly
Cladophora and Rhizoclonium. Kai algal impacted by these erratic environmental
growth in the Mekong River only occurs changes. Understanding the relationship
during the dry season (November-March). between algae and their environmental
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conditions is critical for algal management
planning in the Mekong River.

The relationships between algae and
the environmental parameters are complex.
Algal habitats depend on dissolved oxygen
(DO), water conductivity and essential
nutrients (Wongsawad & Peerapornpisal,
2013; Hui et al., 2022). Previous research
into the management planning of algal
habitats emphasized the importance of the
water quality index (WQI) value (Ogbozige
et al., 2018; Sapna et al., 2018; Delina et al.,
2019; Massinai et al., 2021). The Applied
Algal Research Laboratory-Physical and
Chemical Score (AARL-PC score) is obtained
by monitoring key environmental factors of
lotic environments such as water conductivity,
DO, biochemical oxygen demand (BOD),
ammonium nitrogen, nitrate nitrogen and
soluble reactive phosphorus. All these factors
affect algal growth and determine both the
water quality and the trophic status of the
aquatic environment (Peerapornpisal et al.,
2004; Leelahakriengkrai & Peerapornpisal,
2011; Thiamdao et al., 2012b; E1-Adl, 2014).

Water quality assessment is important
for algal growth and survival and is used for
conservation and management (Liao ef al.,
2021). The geostatistical inverse distance
weighting (IDW) mapping approach is
commonly used to anticipate spatiotemporal
gradient changes in water quality which have
an impact on the aquatic environment. IDW
provides spatially continuous environmental
data on aquatic environments (Al Nageeb
et al., 2012; Khouni et al., 2021;) such as
water quality (Yang et al., 2020), the aquatic
plant community (Tapia-Silva et al., 2015;
Zarco-Perello & Simdes, 2017), and suitable
sites for aquaculture (Longdill ez al., 2008).

The inhabitants of Bann Had Krai,
Chiang Khong district, Chiang Rai Province,
Thailand have strong connections with the
Mekong River which contains large numbers
of edible aquatic plants and fishes. Kai algae
are well-known in Bann Had Krai, and a
Kai algae community enterprise has been
established (Pokaew, 2018). This study used
an integrated approach to assess spatial
environmental changes in surface water
quality as a quantitative trophic status score
using the six environmental parameters
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(water conductivity, DO, BOD, nitrate
nitrogen, soluble reactive phosphorus, and
ammonium nitrogen). The IDW method, never
previously applied in this area, was used to
interpolate the spatial distribution of water
quality affecting Kai algal growth based on the
association between Kai algal growth and the
AARL-PC water quality score. Our results can
be used for determining water quality affecting
Kai algal growth in the Mekong River.

2. Methodology

2.1 Study area and field survey

Kai algae sampling sites were located
along the Mekong River at Bann Had
Krai, Chiang Khong district, Chiang Rai
Province, Thailand (20°15'4"t0 20°15°11 "N,
100°24°48 ' to 100°24 52 " E). Three sampling
points (K1, K2 and K3) in which distance
from a point-to-point is 70 m. intervals,
based on the consideration of the presence of
Kai algae, were selected along the Had Krai
bank (Figure 1). Sampling of Kai algae and
the physicochemical water properties was
conducted in January and February 2022.

2.2 Collection and identification of Kai algae

Kai algae thalli were manually collected
at each sampling site from substrate such
as rocks and cobbles. The specimens were
separated into two portions; one was used for
identification using morphological features,
while the other was investigated for species
content using quadrants for both wet and dry
weight determinations. The specimens were
kept in plastic boxes at 5 - 7 °C and transferred
to the laboratory. For the morphological study,
Kai algae were measured based on relevant
characteristics such as the width and length of
apical cells, ultimate branches, and main axial
cells. The examined qualitative characteristics
included organization of branches, cell shape,
characteristics of chloroplasts, and formation
of branches. The morphological terminology
followed freshwater algal flora and guide books
including van den Hoek (1963), Whitford &
Schumacher (1969), Prescott (1970) and Jonh
et al. (2002). Photographs were taken using a
digital microscope camera (Zeiss Primo Star).



T. Prasertsin et al. / EnvironmentAsia 17(1) (2024) 55-68

2.3 Determination of physicochemical
properties of water

The physicochemical properties of the
water were determined at each sampling site.
Water conductivity was measured using a
multiparameter Eutech CyberScan CD 650,
while dissolved oxygen was measured using
the azide modification method (Eaton et al.,
2005). Water samples were collected at a depth
of 30 cm from the surface of the water body
using polyethylene bottles, which were then
kept in a cool box at 5 - 7° C for later analysis
in the laboratory. Biochemical oxygen demand
was measured using the azide modification
method. Nutrient contents, especially with
regard to ammonium nitrogen, nitrate nitrogen,
and soluble reactive phosphorus (P) were
determined using the Nesslerization method,
cadmium reduction method, and ascorbic
method, respectively (Eaton et al., 2005).

Due to the small sample sizes in this study,
correlations between Kai algae and their
environmental factors were tested using
Regularized Canonical Correlation Analysis
(RCCA) and Pearson’s correlation in the R
statistic program (Crawley, 2005; Gonzalez
et al., 2008; R Core Team, 2022). The trophic
status of water was evaluated from the main
parameters (water conductivity, DO, BOD,
ammonium nitrogen, nitrate nitrogen, and soluble
reactive phosphorus) by AARL-PC score (Table 1
and Table 2) (Peerapornpisal et al., 2004).
Our results complemented the regular surveys
conducted by the Pollution Control Department,
Ministry of Natural Resources and Environment,
Thailand that categorize water quality and
assess the trophic status affecting freshwater
macroalgae. Inverse distance weighting for water
quality assessment was conducted following
Peerapornpisal ef al. (2004) and Leelahakriengkrai
& Peerapornpisal (2011), based on Wetzel
(2001) and Lorraine & Vollenweider (1981).
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Figure 1. Study area and Kai algae sampling sites

Table 1. AARL-PC scores for DO, BOD, water conductivity, nitrate nitrogen, ammonium

nitrogen and soluble reactive phosphorus

Water Nitrate Ammonium Soluble reactive
DO BOD . . .
(mg/l)  (mg/L) conductivity nitrogen nitrogen phosphorus Score
(uS/cm) (mg/L) (mg/L) (mg/L)

>9 >0.3 > 10 >0.05 >0.01 >0.05 0.1
8-9 03-0.8 10-30 0.05-0.1 0.01 - 0.05 0.05-0.10 0.2
7-8 0.8-1.5 30-60 0.1-0.3 0.05-0.1 0.1-0.2 0.3
6-7 1.5-3 60 - 100 0.3-0.8 0.1-0.2 02-04 0.4
5-6 3-5 100 - 200 0.8-1.5 0.2-0.5 04-1.0 0.5
4-5 5-10 200 - 350 1.5-3.0 0.5-1.0 1.0-2.0 0.6
3-4 10-20 350 - 600 3.0-10.0 1.0-2.0 2.0-35 0.7
2-3 20-40 600 - 1,000 10.0-20.0 2.0-45 35-7.0 0.8
1-2 40 - 80 1,000 - 2,000 20.0 - 40.0 4.5-10.0 7.0-15.0 0.9
<1 <80 <2,000 <40.0 <10.0 <15.0 1.0
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Table 2. Classes of trophic status and water quality based on AARL-PC score

Score Trophic status Water quality

<0.8 Ultraoligotrophic status Very clean
09-1.6 Oligotrophic status Clean
1.7-24 Oligotrophic-mesotrophic status Clean-moderate
25-32 Mesotrophic status Moderate
33-4.0 Mesotrophic-eutrophic status Moderately-polluted
41-48 Eutrophic status Polluted

>4.8 Hypereutrophic status Very polluted

3. Results and Discussion
3.1 Identifying Kai algae morphology

Two species of Kai algae including
Cladophora sp. and Rhizoclonium sp. were
identified based on their morphological
differences. InJanuary, K1 found Cladophorasp.
while K2 and K3 found Rhizoclonium sp.
In February, K1 found Cladophora sp. and
Rhizoclonium sp. while K2 and K3 found only
Rhizoclonium sp.

Cladophora sp.

Macroscopic filament, sparsely
to profusely branched, or dichotomous
branching, filaments of cylindrical cells,
vegetative cells 40-80 pm in width, 80-200
pm in length, cell wall thickened, attached
by a disc-like holdfast and/or rhizoids, cells
may be multinucleate, chloroplast parietal, or
net-like with bilenticular pyrenoid structure.

Ecology: Slow-flowing and fast-flowing
water in the Mekong River 20 - 30 cm deep.
The filamentous rhizoids were attached to
stones by long strands growing toward the
water surface.

Rhizoclonium sp.

Thallus unbranched or branched with
2 - 3 cells. Cell length about the same as cell
width or many times longer, vegetative cells
40 - 50 pm in width, 50 - 100 pm in length,
sometimes with walls thick and lamellate,
each with a parietal, reticulate chloroplast and
several pyrenoids and nuclei. Filaments are
slender, may attach to substrate with basal cell
or holdfast. Reproduction by fragmentation
and fragment regeneration.

Ecology: Standing and slow-flowing water
in the Mekong River 20 - 30 cm deep. The
filamentous rhizoids were attached to stones by
long strands growing toward the water surface.
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Cladophora sp. and Rhizoclonium sp.
frequently appearinthe MekongRiver (Figure2).
They are immobilized on cobbles and
gravels in river and stream banks of lentic
and lotic environments (Thiamdao et al,,
2012a). Cladophora sp. and Rhizoclonium sp.
were not presented at all sample sites due
to varied development stages or maturity,
possibly related to the trophic status of the
water (Wongsawad & Peerapornpisal, 2013).
Findings revealed that Rhizoclonium sp.
commonly grew with Cladophora sp.
Peerapornpisal (2015) reported that
Rhizoclonium sp. was often found growing
with Cladophora sp.

3.2 Relationship between Kai algae and
environmental factors

In January, average lengths of Kai algae
in K1, K2 and K3 were 152.90, 54.40 and
136.50 cm, respectively. Dry weight of Kai
algae in K1, K2 and K3 were 20.42, 8.08
and 83.81 g, respectively. K3 revealed high
water conductivity, DO, and BOD while
K1 showed higher concentrations of nitrate
nitrogen and ammonium nitrogen than the
other sites, possibly indicating increased
nutrient load in the river induced by agricultural
runoff containing nutrient-rich fertilizers.
K2 recorded highly concentrated soluble
reactive phosphorus which can contribute to
eutrophication (Table 3). In February, average
lengths of Kai algae at K1, K2 and K3 were
77.14, 50.30 and 42.20 cm, respectively.
Dry weights of Kai algae in K1, K2 and K3
were 24.92, 2.98 and 4.91 g, respectively. K1
recorded high values of water conductivity,
DO, BOD and ammonium nitrogen whereas
K2 showed a higher concentration of nitrate
nitrogen than the other sites. K3 gave highly
concentrated soluble reactive phosphorus
(Table 4). High concentrations of soluble
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reactive phosphorus in K2 of January and
K3 of February may cause concern for
regulatory bodies in charge of monitoring and
managing water quality. Nutrient management
plans should be implemented to remove
phosphates from agricultural runoff and
improve agricultural practices to reduce
nutrient runoff (Sharpley et al., 2013).

In January, BOD had a strong positive
relationship with length of Kai algae (Figure 3

and Table 5), while ammonium nitrogen
had a significant relationship with water
conductivity (p < 0.01), and DO had a
significant relationship with dry weight of Kai
algae (p < 0.05) (Table 6).

In February, BOD had a strong positive
relationship with length of Kai algae (r = 0.9804)
(Figure 4 and Table 7), while ammonium
nitrogen had a significant relationship with
water conductivity (p < 0.05) (Table 8).

Figure 2. Kai algae; Cladophora sp. (A-C) and Rhizoclonium sp. (D-F)

Table 3. Length and dry weight of Kai algae and environmental factors in January

Environmental factor

Sampling sites

K1 K2 K3
Water conductivity (uS/cm) 270 282 289
Dissolved oxygen (mg/L) 7.8 7.6 8.6
BOD (mg/L) 0.6 0.2 14
Nitrate nitrogen (mg/L) 1.5 0.2 0.3
Soluble reactive phosphorus (mg/L) 0.14 0.5 0.12
Ammonium nitrogen (mg/L) 0.24 0.17 0.13
Average dry weight (g) 20.42 8.08 83.81
Average length (cm) 152.90 54.40 136.50

Table 4. Length and dry weight of Kai algae and environmental factors in February

Environmental factor

Sampling sites

K1 K2 K3
Water conductivity (uS/cm) 317 311 314
Dissolved oxygen (mg/L) 8.0 7.8 7.4
BOD (mg/L) 1.8 1.4 1.0
Nitrate nitrogen (mg/L) 0.7 1.1 0.5
Soluble reactive phosphorus (mg/L) 0.35 0.11 2.07
Ammonium nitrogen (mg/L) 0.39 0.09 0.23
Average dry weight (g) 24.92 2.98 4.91
Average length (cm) 77.14 50.30 42.20

59



T. Prasertsin et al. / EnvironmentAsia 17(1) (2024) 55-68

2 1 Site 3 Site 2

i

0.5

Dimension 2
0.5 0.0
1
[o3)
©

-1.0

Dimension 1
Figure 3. Relationship between environmental factors, length (L) and dry weight
(D) of Kai algae using RCCA in January

Table 5. Correlation coefficients of environmental factors affecting Kai algae in January

Environmental factors Length Dry weight
Water conductivity (uS/cm) 0.3903 0.6816
DO (mg/L) 0.9537 0.9990
BOD (mg/L) 0.9762 0.8433
Nitrate nitrogen (mg/L) 0.0409 -0.3031
Soluble reactive phosphorus (mg/L) -0.8751 -0.6570
Ammonium nitrogen (mg/L) -0.3853 -0.6776

Table 6. Pearson correlation analyses between Kai algae and environmental factors in January

Length Dry weight Conductivity DO BOD N P NH4
Length 1
Dry weight  0.2221 1
Conductivity  0.7447 0.5226 1
DO 0.1943  0.02779* 0.5504 1
BOD 0.139 0.364 0.8837 0.3333 1
N 0.9739 0.8039 0.2814 0.8317 0.8349 1
P 0.3215 0.5436 0.9338 0.5158 0.1825 0.6524 1
NH4 0.7481 0.526 0.003435**  0.5538 0.8871 0.2779 0.9304 1
**Significance level of 0.01; *Significance level of 0.05
= Site 1 Site 3
o
(=]
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Figure 4. Relationship between environmental factors, length (L) and dry weight
(D) of Kai algae using RCCA in February
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Table 7. Correlation coefficients of environmental factors affecting Kai algae in February.

Environmental factors Length Dry weight
Water conductivity (LS/cm) 0.6606 0.9030
DO (mg/L) 0.9256 0.7015
BOD (mg/L) 0.9804 0.8235
Nitrate nitrogen (mg/L) 0.1350 -0.2663
Soluble reactive phosphorus (mg/L) -0.6718 -0.3255
Ammonium nitrogen (mg/L) 0.6889 0.9188

Table 8. Pearson correlation analyses between Kai algae and environmental factors in February

Length Dry weight Conductivity DO BOD N P NH4
Length 1
Dry weight  0.2579 1
Conductivity  0.5406 0.2827 1
DO 0.2471 0.505 0.7877 1
BOD 0.1261 0.384 0.6667 0.121 1
N 0.9138 0.8283 0.5456 0.6667 0.7877 1
P 0.531 0.7889 0.9284 0.2839 0.4049 0.3828 1
NH4 0.5161 0.2582 0.02449*  0.7632 0.6422 0.5701 0.9529 1

*Significance level of 0.05

Results showed that in January and
February, average water conductivity was
280.33 + 9.61 and 314.00 + 3.00 pS/cm,
respectively. In February, water conductivity
was higher compared to January, attributed
to heavy rainfall and runoff occurring
3 - 4 days before sample collection in
February (Chiang Rai Meteorological
Station, 2023). This resulted in elevated
water conductivity values for February.
Water conductivity values were correlated
with the dissolved organic matter content.
High water conductivity values indicated the
presence of dissolved organic compounds.
In January, water conductivity was within
the appropriate range, while in February it
was higher. Good water quality typically
falls within the conductivity range of 150
to 300 uS/cm. Values exceeding 300 puS/cm
suggest higher contamination, which might
not be conducive to the growth of aquatic life.
Results from the study on dissolved oxygen
levels in water are important for the growth
of Kai algae. In January and February, the
average DO values were 8.00 + 0.53 and
7.73 £0.31 mg/L, respectively. Generally, an
appropriate dissolved oxygen concentration
for supporting aquatic life is between 5 and
7 mg/L. If the dissolved oxygen level falls
below 3 mg/L, it is not suitable for sustaining
aquatic life (Trichaiyaporn et al., 2006; Srirat
etal., 2012). The study results of the amount
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of oxygen used by bacteria for organic matter
degradation in January and February showed
average values of 0.73 £ 0.61 and 1.40 +
0.40 mg/L, respectively. These values fell
within surface water quality Class 2. The
specified oxygen quantity utilized by bacteria
for organic matter degradation should not
exceed 1.5 mg/L. Measuring the oxygen
quantity utilized by bacteria for organic
matter degradation serves as an indicator
of water pollution. The measured values in
both months suggested that the water sources
were influenced by community activities
and were not fit for consumption before
proper treatment to eliminate pathogens and
improve water quality. Furthermore, these
water sources are also utilized for agricultural
purposes (Srirat et al., 2012). The study
findings on nitrate nitrogen levels revealed
that in January and February, the average
values were 0.67+0.72 and 0.77 £ 0.31 mg/L,
respectively. These values exceeded surface
water quality Class 3. The specified nitrate
nitrogen quantity should not exceed 5.0 mg/L.
Contamination by nitrate nitrogen in water
originates from agricultural activities and
domestic wastewater from communities.
Algae utilize nitrate, ammonium, and
organic nitrogen as significant sources for
growth and development (Srirat et al., 2012;
Tuntoolavest, 2008). The study results on
ammonium nitrogen levels showed that in
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January and February, the average values
were 0.18 + 0.06 and 0.24 + 0.15 mg/L,
respectively. These values conformed to
surface water quality Class 2. The specified
ammonium-nitrogen quantity should not
exceed 0.5 mg/L. Ammonium originates from
the microbial degradation of nitrogenous
organic compounds. In water sources,
nitrogen compounds exist as nitrate, nitrite,
and ammonium. Algae utilize ammonium
by converting it after transformation from
ammonium to various cellular components
(Srirat et al., 2012; Trichaiyaporn et al.,
2006). The study results on soluble reactive
phosphorus levels revealed that in January and
February, the average values were 0.25+0.21
and 0.84 £+ 1.07 mg/L, respectively. soluble
reactive phosphorus exists in dissolved form
in water and is commonly found in detergents
as well as being a component of chemical
fertilizers in agriculture, including areas where
plant and animal remains are incorporated.
The February values were higher compared
to January, attributed to rainfall occurring
3 - 4 days before the sampling date (Chiang
Rai Meteorological Station, 2023). This
rainwater washed contaminants from
communities and agricultural areas into
the water sources, leading to elevated
orthophosphate levels. Orthophosphate is an
essential nutrient contributing to the growth
of algae. An appropriate level for algal
growth should not exceed 0.3 mg/L (Srirat
et al., 2012; Trichaiyaporn et al., 2006).
From the analysis of the correlation
between environmental factors influencing
Kai algae, utilizing RCCA in January,
specifically at K3, a significant positive
correlation (p <0.05) was observed between
dry weight of Kai algae and dissolved oxygen
levels. Kai algae in the Mekong River
cannot grow in the summer season because
of high temperatures and the southwest
monsoon brings rain and heavy storms from
April through to October (Thiamdao et al.,
2012a; Mungmai ef al., 2014; Wang et al.,
2017; Ruen-Pham et al., 2021). Moreover,
suitable light intensity for Kai algal growth
is no more than 35,000 lux. This allows Kai
algae to photosynthesize more effectively,
resulting in higher oxygen levels, typically
around 8 mg/L. The optimal orthophosphate
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level is no more than 0.3 mg/L, promoting
Kai algal growth. Ammonium nitrogen
showed a significant correlation with water
conductivity (p < 0.05). The ammonium
nitrogen concentration was 0.13 mg/L,
relating to surface water quality Class 2,
which specifies that ammonium nitrogen
levels should not exceed 0.5 mg/L. The
water conductivity value was 289 uS/cm,
and good water quality generally falls
within the range of 150 to 300 uS/cm.
A positive correlation was found between
BOD and algal length. The BOD value was
1.4 mg/L, and within surface water quality
Class 2, which recommends BOD levels not
exceeding 1.5 mg/L. These environmental
factors mentioned above contributed to Kai
algal ability to bloom and grow well (Mala,
2018; Srirat et al., 2012; Trichaiyaporn
et al., 20006).

Analysis results of the environmental
factors influencing Kai algae using RCCA
in February, specifically at K1, suggested
a positive correlation between BOD and
length of Kai algae when the BOD value was
1.8 mg/L. This value related to surface water
quality Class 3, where the recommended
BOD level should not exceed 2.0 mg/L. DO
concentration was 8 mg/L, also within surface
water quality Class 2. Ammonium nitrogen
showed a significant correlation with water
conductivity (p < 0.05) at a concentration
of 0.35 mg/L. This concentration aligned
with surface water quality Class 2, which
specifies that ammonium nitrogen levels
should not exceed 0.5 mg/L. The water
conductivity value was 317 uS/cm. Kai algae
bloomed well in February based on these
environmental factors (Srirat et al.,, 2012;
Trichaiyaporn et al., 2006).

During the sampling period (January and
February), K1 had mesotrophic status, which
caused Kai algae to have longer lengths
than at the other sites. The dry weight of
Kai algae in K3 (oligotrophic-mesotrophic
status) in January was higher than the other
samples but dry weight of Kai algae in K1
(mesotrophic status) in February was higher
than the other sites (Table 9 and Table 10).
Thus, Kai algae favored mesotrophic status
with moderate water quality suitable for
Kai algal growth (Moonsin et al., 2013).
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Table 9. AARL-PC scores in January

Soluble

Sites con\zi\fi:tteiizity DO BOD E&z;ﬁl reactive Aﬁ?t?:gézm Total score (:X:ltii;
phosphorus
2.5
1 0.6 03 03 0.5 0.3 0.5 (Mesotrophic  Moderate
status)
2.2

2 0.6 03 01 03 0.5 0.4 (Oligotrophic-  Clean-

mesotrophic  moderate
status)
2.2
3 0.6 02 03 04 03 0.4 (Oligotrophic-  Clean-
mesotrophic  moderate
status)
Table 10. AARL-PC scores in February
. Soluble .

Sites con\zlactteiifity DO BOD I_Etlrt;;; reactive Agﬁ?g;;ﬂm Total score C}Zaaltiet;

phosphorus

1 0.6 02 04 0.4 0.4 0.5 25
(Mesotrophic ~ Moderate

status)

2 0.6 03 03 0.5 0.3 0.3 23
(Oligotrophic- Clean-
mesotrophic  moderate

status)

3 0.6 03 03 0.4 0.7 0.5 2.8
(Mesotrophic ~ Moderate

status)

However, the correlation between Kai algae
and key environmental factors requires
further consideration to fully understand their
sensitivity to environmental conditions in
the Mekong River (Ogbozige et al., 2018).

The AARL-PC scores in January
and February indicated oligotrophic-
mesotrophic status and mesotrophic
status, respectively. Using the AARL-PC
score, Moonsin et al. (2013) found that
macroalgae, Spirogyra sp.1, Spirogyra
sp.2, Cladophora glomerata, Microspora
pachyderma, and Microspora sp. could
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grow in mesotrophic status with low to
moderate water quality. IDW generated
from the AARL-PC score in January
(Figure 5) and February (Figure 6) revealed
clean-moderate and moderate water quality,
respectively. As a result, IDW provided by
the AARL-PC score (Figure 7) can be used
for determining water quality affecting Kai
algal growth in the Mekong River. Our
findings provide an empirical approach to
improve the management planning of Kai
algal habitats along the Mekong River as
a useful tool for sustainable development.
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Figure 5. IDW derived from the AAPL-PC scores in January; water conductivity (A); DO
(B); BOD (C); N (D); P (E) and NHa (F)
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100°24'48.6°F 100°24'50.4°E 100°24'52.2° 2438 6°E 100°24'50.4°

Figure 6. IDW derived from the AAPL-PC scores in February; water conductivity (A); DO
(B); BOD (C); N (D); P (E) and NHa (F)

Legend

Legend - = 3 AARLPC score

Figure 7. IDW derived from the AAPL-PC scores in January (A) and February (B)
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4. Conclusion

In this study, two genera of Kai algae
were found, namely Cladophora sp. and
Rhizoclonium sp. Most environmental
factors were optimized for Kai algal
growth, except for water conductivity and
soluble reactive phosphorus in February.
An analysis of the correlation between
environmental factors influencing Kai
algae in January showed that ammonium
nitrogen exhibited a significant correlation
with water conductivity. The BOD value
was significantly correlated with Kai algal
length, while the dissolved oxygen levels
showed significant correlation with algal
dry weight. In February, BOD values
were significantly correlated with Kai
algal length, while ammonium nitrogen
presented a significant correlation with
water conductivity. IDW derived from
the AARL-PC-scores revealed that clean-
moderate water quality was directly related
to environmental factors in January and
February and can be used for determining
water quality affecting Kai algal growth in
the Mekong River.

Acknowledgement

The study was financially supported by
Chiang Rai Rajabhat University through
the Research and Development Institute
(Grand no. B165001). The fieldwork
was supported by the Biological Science
Program and Environmental Science and
Technology Program, Faculty of Science
and Technology, Chiang Rai Rajabhat
University. The authors extend grateful
thanks to Mrs. Manee Sakruengrit and
the Kai algae community enterprise for
assistance during the fieldwork, and also
to students from the Biological Science
Program and the Environmental Science
and Technology Program, Faculty of
Science and Technology, Chiang Rai
Rajabhat University for their help
with field surveys, data collection and
analysis.

66

References

Al Naqgeeb NA, Al Hassany JS, Mashee
FK. Use remote sensing techniques to
study epiphytic algae on Phragmites
australis in Um El-Naaj lake, Mysan
province, Southern Iraq. IOP Conference
Series: Earth and Environmental Science
2012; 1002: 1-10. doi:10.1088/1755-
1315/1002/1/02012.

Chiang Rai Meteorological Station.
Information on highest and lowest
temperatures and rainfall of the northern
region (daily) [Internet]. 2023 [cited
2023 September 10]. Available from:
http://www.cmmet.tmd.go.th/forecast/pt/
Max_Min_Rainfall.php.

Crawley JM. Statistics: An Introduction Using
R. Chichester: John Wiley & Sons; 2005.

Delina PJE, Dayawansa NDK, De
Silva RP. Detection and mapping of
spatial distribution of floating algae
in Batticaloa lagoon, Sri Lanka using
remote sensing and GIS. International
Journal of Progressive Sciences and
Technologies (IJSAT) 2019; 17(2): 26-36.

DroneDeploy. Projects [Internet]. 2022
[cited 2022 June 20]. Available
from: https://www.dronedeploy.
com/?fbclid=IwA R2P2 MguoU
cxJ4D7QvOGSFQviroWbsX4CUKE1 gy
qOtnOCnM2LEWCHcD7¢

Eaton AD, Clesceri IS, Rice EW, Greenberg AE.
Standard method for examination of water
and wastewater. Virginia: American Public
265 Health Association (APHA); 2005.

El-Adl MF. New records of marine algal
species collected from some localities
of Al-Jabel Al-Akhdar coastline, Libya.
Egyptian Academic Journal of Biological
Sciences Microbilogy 2014; 6(2): 9-20.

GISTDA.LO5 GISTDA Tambon 2012 50k.
shp [Shapefile]. Bangkok: Geo-Informatics
and Space Technology Development
Agency; 2012. Shapefile of subdistricts
in Thailand.

Gonzalez I, Déjean S, Martin PGP, Baccini A.
CCA: An R package to extend canonical
correlation analysis. Journal of Statistical
Software 2008; 23(12), 1-14.



T. Prasertsin et al. / EnvironmentAsia 17(1) (2024) 55-68

Hui H, Wang M, Li Y, Liu Y. Algae
community structure and relation to
environmental factors in the Hulanhe
wetland, northeast China. bioRxiv -
Ecology 2022; 1-22. doi: https://doi.
org/10.1101/2022.03.07.483364

Jonh DM, Whitton BA, Brook AJ. The
freshwater algae flora of the British
Isles. London: Cambridge University
Press; 2002.

Khouni I, Louhichi G, Ghrabi A. Use of
GIS based inverse distance weighted
interpolation to assess surface water
quality: Case of Wadi El Bey, Tunisia.
Environmental Technology & Innovation
2021; 24: 101892.

Leelahakriengkrai P, Peerapornpisal Y.
Water quality and trophic status in main
rivers of Thailand. Chiang Mai Journal
of Science 2011; 38(2): 280-294.

Liao Z, Yu K, Chen B, Huang X, Qin Z,
Yu X. Spatial distribution of benthic
algae in the South China Sea: Responses
to gradually changing environmental
factors and ecological impacts on coral
communities. Biological Research 2021;
27:929-943.

Longdill PC, Healy TR, Black KP. An
integrated GIS approach for sustainable
aquaculture management area site
selection. Ocean & Coastal Management
2008; 51: 612-624.

Lorraine LJ, Vollenweider RA. Summary
report, The OECDCooperative
Programme on Eutrophication.
Burlington: National Water Research
Institute; 1981.

Mala T. Comparison of growth and proximate
analysis of Sarai Kai (Rhizoclonium sp.)
cultivation in environmentally [master’s
thesis]. Chiang Mai: Maejo University;
2018. (in Thai)

Massini MFI, Khatimah K, Razin T,
Arifuddin NS, Rahman MNA, Dzaky
MAF. Analysis of temporal change in
land use and impact of water resource
in Delta’s Jeneberang Makassar, South
Sulawesi. IOP Conference Series:
Materials Science and Engineering
2021; 1115: 1-8. doi:10.1088/1757-
899X/1115/1/012025.

67

Moonsin P, Peerapornpisal Y, Rott E,
Pipp E, Pimmongkol A. Diversity of
benthic diatoms and water quality
of the Mekong river passing through
Ubon Ratchathani province, Thailand.
Research Journal of Environment and
Earth Sciences 2013; 5(2): 58-66.

Mungmai L, Jiranusornkul S, Peerapornpisal
Y, Sirithunyalug B, Leelapornpisid
P. Extraction, characterization and
biological activities of extracts from
freshwater macroalga (Rhizoclonium
hieroglyphicum (C. Agardh) Kiitzing)
cultivated in northern Thailand. Chiang
Mai Journal of Science 2014; 41(1):
14-26.

Ogbozige FJ, Adie DB, Abubakar UA.

Water quality assessment and mapping

using inverse distance weighted

interpretation: A case of River Kaduna,

Nigeria. Nigerian Journal of Technology

2018; 37(1): 249-261.

Core Team. R: A language and

environment for statistical computing.

Vienna: R Foundation for Statistical

Computing. Vienna; 2022.

Ruen-Pham K, Graham LE, Satjarak
A. Spatial variation of Cladophora
epiphytes in the Nan River, Thailand.
Plants 2021; 10(11): 2266.

Peerapornpisal Y, Amornledpison D,
Rujjanawate C, Ruangrit K, Kanjnapothi
D. Two endemic species of macroaglae
in Nan river, northern Thailand, as
therapeutic agents. ScienceAsia 20006;
32(Supplement 1): 71-76.

Peerapornpisal Y, Chaiubol C, Kraibut H,
Chorum M, Wannathong P, Ngernpat N,
Jusakal K, Thammathiwat A, Chuananta
J, Inthasotti T. Monitoring of water
quality in Ang Kaew reservoir of Chiang
Mai University using phytoplankton as
bioindicator from 1995-2002. Chiang
Mai Journal of Science 2004; 31(1):
85-94.

Peerapornpisal Y. Freshwater algae in
Thailand. Chiang Mai: Applied Algal
Research Laboratory, Microbiology
Section, Department of Biology, Faculty
of Science, Chiang Mai University;
2015.



T. Prasertsin et al. / EnvironmentAsia 17(1) (2024) 55-68

Pokaew P. Local knowledge about Kai in
Mekong river and development impacts
[Internet]. 2018. [cited 2023 February
24]. Available from: http://www.
mekongci.org/images/work-mekong/
report-kai-hadkhai.pdf. (in Thai)

Prescott GW. How to know the freshwater
algae. lTowa: W.M.C. Brown; 1970.

QGIS Development Team. QGIS
Geographic Information System
[Internet]. 2022 [cited 2022 July 10].
Available from: http://www. qgis.org/
en/site/

Sapna K, Thangavelu A, Mithran S, Shanthi
K. Spatial analysis of river water
quality using inverse distance weighted
interpolation in Noyyal watershed
in Coimbatore, Tamilnadu, India.
Research Journal of Life Sciences,
Bioinformatics, Pharmaceutical and
Chemical Sciences 2018; 4(1): 150-
161.

Sharpley AN, Jarvie HP, Buda AR, May
L, Spears B, Kleinman PJ. Phosphorus
legacy: Overcoming the effects of past
management practices to mitigate future
water quality impairment. Journal of
environmental quality 2013; 42(5):
1308-1326.

Srirat K, Suksri J, Hongsakul J. A study on
diversity of phytoplanktons and water
quality in Morakot pond, Rajamangala
University of Technology Thanyaburi
[bachelor’s thesis]. Pathum Thani:
Rajamangala University of Technology
Thanyaburi; 2012. (in Thai)

Tapia-Silva FO, Hernandez-Cervantes OE,
Vilchis-Alfaro MI, Senties A, Dreckmann
KM. Mapping of algae richness using
spatial data interpolation. The International
Archives of the Photogrammetry,
Remote Sening and Spatial Information
Sciences 2015; XL-7/W3: 1005-1008.
doi.org/10.5194/isprsarchives-XL-
7-W3-1005-2015

Thiamdao S, Boo GH, Boo MS, Peerapornpisal
Y. Diversity of edible Cladophora
(Cladophorales, Chlorophyta) in northern
and northeastern Thailand, based on
morphology and nuclear ribosomal DNA
sequences. Chiang Mai Journal of Science
2012a; 39(2): 300-310.

68

Thiamdao S, Motham M, Pekkoh J,
Peerapornpisal Y. Nostochopsis lobatus
Wood em. Geitler (Nostocales), edible
algae in northern Thailand. Chiang Mai
Journal of Science 2012b; 39(1): 119-127.

Trichaiyaporn S, Waraeksiri B, Promya J.
Culture of a green algae Genus Cladophora
(Kai) as feed for the Mae-Kong giant
catfish (Pangasianodon gigas, Chevey).
Bangkok: The Thailand Research Fund;
2006. (in Thai)

Tuntoolavest M. Water quality analysis
manual. Bangkok: Chulalongkorn
University; 2008. (in Thai) van den Hoek
C. Revision of the European species of
Cladophora. Koenigstein: Otto Koeltz
Science; 1963.

Wang W, Lu H, Leung LR, Li H-Y, Zhao
J, Tian F, Yang K, Sothea K. Dam
construction in Lancang-Mekong river
basin could mitigate future flood risk
from warming-induced intensified rainfall.
Geophysical Research Letter 2017; 44:
1-9. doi.org/10.1002/2017GL075037

Wetzel RE. Limnology. London: Academic
Press; 2001.

Whitford LA., Schumacher GL. A Manual of
the freshwater algae in North Carolina.
North Carolina: The North Carolina
Agricultural Experiment Station; 1969.

Wongsawad P, Peerapornpisal Y. Ecological
relevance and physical morphology of
green algae, Spirogyra sp. in northern
Thailand. Journal of Yala Rajabhat
University 2013; 8(1): 1-8.

Yang W, Zhao Y, Wang D, Wu H, Lin A, He L.
Using principal components analysis and
IDW interpolation to determine spatial and
temporal changes of surface water quality
of Xin’anjiang river in Huangshan, China.
International Journal of Environmental
Research and Public Health 2020; 17(8):
1-14.

Zarco-Perello S, Simdes N. Ordinary kriging
vs inverse distance weighting: Spatial
interpolation of the sessile community
of Madagascar reef, Gulf of Mexico.
PeerJ 2017; 5:e4078. doi.org/10.7717/
peerj.4078



