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This study investigated the spatial distribution and trend of heat stress in Vietnam 

using data from 68 meteorological stations between 1979 and 2018. Daily 

maximum wet-bulb temperature (TWmax), an indicator of heat stress, was 

computed based on the daily maximum air temperature (Tx) and relative 

humidity at 13:00 LST (RH13). The results indicate a strong positive correlation 

(>0.72) between daily TWmax and Tx and a weak relationship between daily 

TWmax and RH13. Tx and TWmax generally increased across most stations over 

the study period, while RH13 displayed both negative and positive trends. The 

heat stress thresholds for each station are defined using the 95th percentile values 

of TWmax during the baseline period 1979-1998. We found that most parts of 

Vietnam experienced an increase in heat stress days, with the interquartile range 

across all stations spanning from 0.8 to 4.2 days per decade. Among seasons, 

summer contributed the most (typically 52-80%) to the annual number of heat 

stress days in most sub-regions, except for the Central Highlands and the South, 

where spring contributed the most (44% and 41%, respectively). Overall, this 

study provides useful benchmark values for future research on heat stress in 

Vietnam. 

Keywords: 

Heat stress/ Wet-bulb temperature/ 
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1. INTRODUCTION

Climate change affects human health, well-

being, livelihoods, and various aspects of society in 

multiple ways, from increasing the risk of extreme 

events to increasing the risk of infectious diseases. 

Biologically, the human body regulates its internal 

temperature by maintaining a delicate balance 

between hot and cold temperatures. However, when 

exposed to excessive heat, the body’s ability to 

regulate its temperature is compromised, resulting in 

adverse effects on human health (Petkova et al., 2013). 

Both hotter and colder temperatures have been 

associated with an increased risk of death and 

disease (Perkins, 2015; Glaser et al., 2016). The 

Intergovernmental Panel on Climate Change’s (IPCC) 

special report on 1.5°C global warming (Hoegh-

Guldberg et al., 2018) reported a global increase in 

heat stress due to surface heating, which exacerbates 

exposure and vulnerability to climate-related stress 

(Cramer et al., 2014). The topic of heat stress has 

attracted considerable attention and research efforts in 

recent decades. Some studies have focused solely on 

temperature data (e.g., Dong et al., 2015; Liu et al., 

2017; Harrington and Otto, 2018), while others have 

also employed humidity besides temperature due to its 

critical role in heat stress discomfort (e.g., Matthews 

et al., 2017; Mora et al., 2017; Coffel et al., 2018). 

Vietnam, located in the tropical monsoon region 

of Southeast Asia, is among the countries most 

affected by climate change (MONRE, 2012; Vu Duy 

et al., 2022). Temperatures in Vietnam have increased 

by approximately 0.78ºC from 1981 to 2018, which is 

equivalent to about 0.21ºC per decade (Espagne et al., 

2021). It is noteworthy that even moderate shifts in 

mean temperatures can significantly change the risk of 

extreme events (Arias et al., 2021). Thus, a seemingly 

moderate increase of 0.78ºC in mean temperatures in 

Vietnam can dramatically elevate the frequency of 

Citation: Vu N, Ngo-Duc T. Spatial distribution and trends of heat stress in Vietnam. Environ. Nat. Resour. J. 2024;22(2):93-104.
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extremes, including heat stress, occurring in the 

country. To date, there have been no specific studies 

on the changes in heat stress in response to the 

temperature increase across Vietnam, except for some 

studies focusing on local impacts. For instance, Opitz-

Stapleton et al. (2016) analyzed trends in day and night 

temperatures from 1970-2011 and examined several 

heat indices to determine the degree of heat stress 

among workers in Danang. Their findings suggested 

that nighttime temperatures were excessively high 

after hot days, preventing workers from recovering 

and leading to heat stress. Dang et al. (2019) focused 

on the association of temperature with mortality and 

hospitalization in Ho Chi Minh City. They found that 

heat waves significantly increase the risk of death in 

the elderly and people with respiratory disease. 

To address the gap in the literature outlined 

above, this study examined the relationship between 

temperature, relative humidity, and heat stress in 

Vietnam. Specifically, the study addressed two 

questions: (1) How do temperature and relative 

humidity interact to affect heat stress in Vietnam? (2) 

How has heat stress in Vietnam changed over the past 

four decades in response to the increase in 

temperature, and what is the spatial distribution of 

these changes? The remainder of this paper consists of 

four sections. In Section 2, we describe the data and 

methods of analysis utilized in our study. Sections 3 

and 4 present the results obtained from the analysis 

and the associated discussion, respectively. Finally, 

the study’s conclusions are presented in Section 5.   

2. METHODOLOGY

2.1 Station data

The daily maximum temperature (Tx) and daily 

relative humidity at 13:00 LT (RH13) during the 

period 1979-2018 at 68 meteorological stations of the 

Vietnam Meteorological Hydrological Administration 

(VNMHA) were used in this study (Figure 1, Table 

S1). We analyzed the changes over the seven climatic 

sub-regions of Vietnam: Northwest (N1), Northeast 

(N2), North Delta (N3), North Central (N4), South 

Central (S1), Central Highlands (S2), and South (S3). 

These climatic sub-regions were identified based on 

radiation, temperature, and rainfall characteristics 

(Nguyen and Nguyen, 2004) and have been widely 

used in climate studies of Vietnam (Phan et al., 2009; 

Ngo-Duc et al., 2014; Le et al., 2019). 

Figure 1. Locations of the 68 meteorological stations (blue-filled circles) used in the study and the seven climatic sub-regions of Vietnam 
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2.2 Daily maximum wet-bulb temperature 

Various heat stress indicators have been 

developed to quantify the level of heat danger. Most 

indicators use air temperature and relative humidity as 

inputs (Morabito et al., 2014; Coffel et al., 2018; Wang 

and Zhu, 2020). Here we utilized the daily maximum 

wet-bulb temperature (TWmax) index to represent 

extreme heat stress. Unlike other indices, TWmax 

establishes a clear thermodynamic limit on heat 

transfer that cannot be offset by adaptations (Davies-

Jones, 2008; Pal and Eltahir, 2016; Im et al., 2017). 

Higher values of TWmax imply hot and humid 

conditions while lower values indicate less extreme 

conditions. We estimated the TWmax index using a 

mathematical formulation based on daily Tx and 

RH13, as shown below (Stull, 2011): 

TWmax =  Tx × atan [0.151977 × (RH13% + 8.313659)
1

2] (1) 

+ atan(Tx + RH13%) − atan(RH13% − 1.676331) 

 + 0.00391838 × (RH13%)
3

2 × atan(0.023101 ×

 RH13%) − 4.686035 

Where; the arctangent function (atan) uses 

argument values as if they are in radians. 

It is important to note that TWmax is best 

estimated when Tx is reached around 13:00 local time 

(LT), the same time as the RH13 measurement. Since 

hourly station data are not available, we used the 

hourly 2m-temperature (T2m) data of the ERA5-land 

reanalysis (Muñoz-Sabater et al., 2021) for the 

summer months of June, July, and August (JJA) in 

2019. The data were used to estimate the difference 

between hourly T2m and the daily average T2m at 

each latitude band in Vietnam (see supplementary 

Figure S1). The analysis confirmed that Tx is 

generally reached around 13:00 LT across Vietnam. 

Therefore, combining Tx and RH13 to compute 

TWmax was a reasonable choice for our study. 

2.3 Heat stress criteria 

The health impacts of heat vary considerably 

depending on population demographics, acclimation, 

socioeconomic status, physical activities, clothing, 

and other factors. As such, the threshold for heat stress 

is merely an approximation (Kjellstrom et al., 2009; 

Spector and Sheffield, 2014; Xiao et al., 2015). To 

date, there has been no predefined absolute threshold 

for identifying heat stress using the wet-bulb 

temperature index (Schwingshackl et al., 2021). The 

only defined threshold is 35°C, identified as a limit for 

survivability (Sherwood and Huber, 2010). To account 

for the fact that human beings acclimate to their 

environment, percentile values are commonly used 

instead of absolute quantities (e.g., Meehl and Tebaldi, 

2004; Peng et al., 2011; Grundstein et al., 2015). In 

this study, we defined heat stress thresholds for each 

local station in Vietnam using the 95th percentile 

values of TWmax for the baseline period 1979-1998. 

The 95th percentile allows for capturing the higher end 

of the TWmax distribution while minimizing the 

influence of outliers in the data. This choice was based 

on previous research that suggests that temperatures 

over the 80th percentile at specific locations can 

threaten human health (Meehl and Tebaldi, 2004; 

McMichael et al., 2006; Anderson and Bell, 2011; 

Peng et al., 2011). Some studies even proposed 

relative thresholds ranging from the 90th to the 99th 

percentiles (Robinson, 2001; Hajat et al., 2006; 

Grundstein et al., 2015). Kang and Eltahir (2018) 

employed the 95th percentile value of TWmax as a 

metric to assess the intensity of extreme heatwaves. 

Using the baseline period of 1979-1998 enabled us to 

assess how heat stress has changed over the past two 

decades (1999-2018) compared to the earlier period.  

2.4 Seasonal selection and trend analysis 

We computed and assessed the characteristics 

of Tx, RH13, and TWmax for the annual average and 

for spring (March-April-May, MAM), summer (June-

July-August, JJA), autumn (September-October-

November, SON), and winter (December-January-

February, DJF).  

The Sen’s method (Sen, 1968) was employed 

for trend analysis. The statistical significance levels of 

the Sen’s slope were obtained using the nonparametric 

Mann-Kendall test (Kendall, 1975). 

3. RESULTS AND DISCUSSION

3.1 Spatial distribution and trends of Tx, RH13,

and TWmax

Figure 2 indicates the spatial distribution and 

trends of the daily maximum temperature (Tx) in 

Vietnam. It shows that the annual average of Tx ranges 

between 19-31.8ºC and generally increases from the 

North to the South. Annual Tx averages under 25ºC 

are found in the mountainous areas in the Northwest 

(N1) (e.g., SaPa Station [103.82ºE, 22.35ºN], 19.0ºC) 

and Central Highlands (S2) (DaLat Station [108.45ºE, 

11.95ºN], 23.3ºC), where temperatures decrease with 

higher elevation. Annual Tx averages above 31ºC 

occur at stations in South Central (S1) (e.g., PhanRang 

Station [108.98ºE, 11.58ºN], 31.8ºC), Central 

Highlands (S2) (Ayunpa Station [108.45ºE, 13.4ºN], 
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31.65ºC), and South (S3) (e.g., CaMau Station 

[105.15ºE, 9.18ºN], 31.7ºC). The distribution of Tx 

across the seven climatic sub-regions varies by season 

(Figure 2(b-e)). In DJF, low Tx values of less than 

23ºC are found in the Northern regions. In JJA, high 

Tx values are observed in almost all stations across 

Vietnam, particularly in the Central Coast regions, 

where the values reach around 34.5ºC.  

An increasing trend of Tx during the analysis 

period was observed across Vietnam (Figure 2(f-j)). 

Tx increases over almost all areas of Vietnam, except 

for QuyNhon Station [109.22ºE, 13.77ºN] in the South 

Central region and some stations in the Central 

Highlands with a slight decreasing and non-significant 

trend. The average increasing trend peaks at 

0.32ºC/decade in the North Delta (N3), followed by 

the South (S3) with an average trend of 0.24ºC/decade, 

although the trends in the South are not homogeneous 

among stations. Among seasons, the Tx increases in 

MAM and SON are highest in the Northern and 

Southern domains, respectively. 

Figure 2. Spatial distributions of the mean (upper panel) and trend (lower panel) of Tx during 1979-2018 for the annual average and the 

four seasons. The circles with black contours in the lower panel indicate where the trend is statistically significant at the 95% level 

Figure 3 shows the spatial distribution of the 

mean and trend of annual and seasonal averages of 

relative humidity at 13:00 LST. RH13 values below 

60% are found in the Northwest (N1) and Central 

Highlands (S2) regions. The coastal areas experience 

more humid conditions with RH13 values above 80%. 

Similar to Tx, the RH13 values are also seasonally 

dependent (Figure 3(b-h)). For example, the RH13 

values at some stations in the Central Coast are 

relatively high (>70%) in autumn and winter but low 

(<60%) in summer. This can be explained by the foehn 

effect caused by the Truong Son mountain range in the 

western part of the region. 
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Unlike Tx, which has increasing trends at 

almost all stations, RH13 displays both negative and 

positive trends for the period 1979-2018, varying from 

-1.63%/decade to 2.23%/decade (Figure 3(f-j)). RH13

decreases by -0.79%/decade in the North Delta region,

with the largest decrease of -1.63%/decade at Hanoi

Station [105.8ºE, 21.02ºN]. RH13 increases by around

0.25%/decade in the North Central region, reaching up

to 2.23 %/decade at Nam Dong Station [107.72ºE,

16.17ºN]. RH13 trends vary by climatic sub-region 

and season. Significantly decreasing RH13 trends are 

seen in the North Delta in MAM, the Central 

Highlands in JJA, and the South region in JJA and 

SON. Meanwhile, significantly increasing RH13 

trends are recorded at some stations in the North 

Central region in all four seasons and in the Central 

Highlands in MAM and DJF. 

Figure 3. As in Figure 2 except for RH13 rather than for Tx 

There are large regional and seasonal 

variabilities of TWmax across Vietnam (Figure 4). 

Similar to Tx, the annual TWmax generally increases 

from the North to the South. TWmax strongly depends 

on topography, with relatively lower values in the 

mountainous areas. The lowest annual TWmax of 

16.5ºC was recorded at SaPa Station [103.82ºE, 

22.35ºN, 1,570 m] in the Northwest; the highest value 

of 26.6ºC was observed at PhanThiet Station [108.1ºE, 

10.93ºN, 9 m] in the South Central region (Figure 

4(a)). Concerning seasonal variability, lower TWmax 

values are generally found in DJF; higher values are 

recorded in JJA for most sub-regions and in MAM for 

the Central Highlands and the South. The highest 

TWmax in JJA of 28.7ºC was measured at PhuLien 

Station [106.63ºE, 20.8ºN] in the North Delta, while 

the lowest TWmax in DJF of 11.0ºC was observed at 

SaPa Station [103.82ºE, 22.35ºN]. 

Figure 4(f) shows a general significant 

increasing trend in annual TWmax during 1979-2018. 
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The trends are more pronounced in the North Delta 

sub-region than in other sub-regions. Only QuyNhon 

Station displays a significant decreasing trend of 

TWmax (of -0.08ºC/decade); this can be explained by 

the observed downtrend in Tx (Figure 2(f)). Figure 

4(g-j) depicts the TWmax trends for each season. 

TWmax increases most rapidly during MAM in the 

North Delta (>0.23ºC/decade) and increases 

significantly in almost all sub-regions during SON. 

The slightly increasing trends in DJF are not 

statistically significant at most stations, except for 

some stations mainly located in the South. In JJA, the 

increasing TWmax trends, with maximum rates 

greater than 0.2ºC/decade, are more pronounced in the 

Central Coast region. 

Figure 4. As in Figure 2 except for TWmax rather than for Tx 

Since TWmax is calculated from Tx and RH13 

(Equation 1), the spatial distribution and trend of 

TWmax shown in Figure 4 can be interpreted through 

the values of Tx and RH13. Figure 5 illustrates the 

relationships between TWmax and the daily Tx and 

RH13 values of the 68 stations for the period 1979-

2018. The results indicate negative correlations 

between Tx and RH13, e.g., r=-0.72 in summer 

(Figure 5(a)). These negative correlations can be 

explained by the capacity of the atmosphere to hold 

more water vapor in a warmer climate, leading to 

lower relative humidity. The correlations between 

TWmax and RH13 are weak: r ranges from -0.05 in 

summer to 0.24 in autumn. Figure 5(c) demonstrates a 

robust association between TWmax and Tx, indicating 

that Tx plays a crucial and more dominant role in 

determining TWmax, i.e., heat stress, compared to 

RH13. The results strongly indicate that the 

seasonality of TWmax is closely tied to the seasonality 

of Tx, with the highest correlation observed in winter 

(r=0.9) and the lowest correlation observed in summer 

(r=0.72).  

98



Vu N and Ngo-Duc T / Environment and Natural Resources Journal 2024; 22(2): 93-104

3.2 Heat stress characteristics and trends 

According to the heat stress criteria proposed in 

Section 2.3, the days with TWmax values exceeding 

the 95th percentile of the 1979-1998 daily series are 

considered heat stress days. Figure 6 shows how these 

95th percentile thresholds vary across 68 stations in 

Vietnam. The heat stress threshold is high (≥28ºC) at 

most stations in the North Delta and Central regions, 

with the highest recorded value of 29.9ºC at QuyNhon 

Station [109.22ºE, 13.77ºN]. By contrast, lower heat 

stress thresholds (≤26ºC) are observed in high-

elevation areas, such as in the Northwest and Central 

Highlands. The lowest heat stress threshold of 21.3ºC 

is observed at DaLat Station [108.45ºE, 11.95ºN]. In 

the North Delta region, the typical heat stress 

thresholds range between 28.8-29.8ºC, while in the 

South, these values are slightly lower, ranging 

between 28.0-29.6ºC. 

Figure 5. Relationship between (a) Tx and RH13, (b) TWmax and RH13, and (c) TWmax and Tx for the four seasons. The probabilistic 

distributions for each variable and the Pearson r correlation coefficients for each pair and season are also displayed. 

Figure 6. Heat stress thresholds at each station, identified as the 95th percentile value of daily TWmax for the period 1979-1998 

(a) Tx vs. RH13 (b) TWmax vs. RH13 (c) TWmax vs. Tx
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Applying the heat stress criteria depicted in 

Figure 6, the number of heat stress days (DOH) was 

estimated for each year and each season. While the 

95th percentile value of daily TWmax corresponds to 

about 18 DOH for an average year between 1979 and 

1998, Figure 7(a) indicates higher DOH values, 

generally exceeding 18.5 days per year, for many 

stations over 1979-2018. Across all stations, 

NamDong Station [107.72ºE, 160.77ºN] exhibits the 

highest annual DOH of around 47.8 days, followed by 

TraMy Station [108.25ºE, 15.33ºN] with 31.7 days. 

Conversely, the lowest annual DOH values are found 

in the South Central region, with the minimum of 10.8 

days at PhanRang Station [108.98ºE, 11.58ºN]. 

The annual DOH varies greatly by season, with 

the largest contribution of JJA found in most regions, 

except for the Central Highlands and the South. The 

Northern regions show the highest average JJA 

contribution to the annual DOH, with percentages of 

79.5%, 77.9%, and 67.6% in the Northeast, North 

Delta, and Northwest, respectively. This is followed 

by the North Central and South Central regions with 

contributions of 54.6% and 51.6%, respectively. 

Meanwhile, the Central Highlands and South 

regions experience an average JJA contribution of 

only about 38%. 

The average MAM contribution to the annual 

DOH is approximately 44.4% for the Central Highlands 

stations, 41.0% for the South stations, and around 

36.1% for the stations in the Central regions. In the 

Northern regions, the average MAM contribution is 

approximately 22% for the Northwest and only about 

13% at Northeast and North Delta stations.  

The SON contribution to the annual DOH is 

relatively small, ranging from 3.7 to 25.2% for all 

stations. For DJF, the contribution to the annual DOH 

is negligible (mostly <1%) for most regions of 

Vietnam, except for the South region where the DJF 

contribution reached 2.1% at Phu Quoc Station 

[103.97ºE, 10.22ºN]. 

Figure 7. Spatial distributions of (a) the average annual number of DOH during 1979-2018 and (b-e) the contribution percentages by 

season. 

Figure 8 displays the trends of annual and 

seasonal DOH for the 68 stations. We observe 

significant increases in annual DOH at most stations. 

NamDong Station [107.72ºE, 16.77ºN] in the North 

Central region has the highest DOH increase of 28.9 

days/decade, followed by TraMy Station [108.25ºE, 

15.333ºN] in the Central Highlands with 12.5 

days/decade and BachLongVi Station [107.72ºE, 

20.13ºN] in the North Delta with 11.4 days/decade. 

The stations in the North Central region have 

relatively higher DOH trends compared to those in 

other regions. DOH tends to decrease at some stations, 

such as PhuHo Station [105.23ºE, 21.45ºN] in the 

Northeast and BMThuot Station [108.05ºE, 12.67ºN] 

in the Central Highlands, which experience downward 

trends of -2.0 and -2.2 days/decade, respectively. 

However, these trends are not statistically significant. 

The DOH numbers during the MAM, JJA, and SON 

seasons also exhibit increasing trends at many stations. 

Since DOH is negligible in winter, most stations in 

Vietnam do not show pronounced DOH trends in DJF. 

Similar to the annual DOH, some stations exhibit 
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downward trends in seasonal DOH, although these are 

not statistically significant at the 95% level. The 

number of DOH shows faster trends in JJA than in 

other seasons, suggesting enhanced severe heat stress 

during summer under climate change conditions. 

Figure 8. DOH trend during 1979-2018 for the annual average and the four seasons. The circles with black contours indicate where the 

trend is statistically significant at the 95% level. 

4. DISCUSSION

According to the National Report on Climate 

Change and Sea Level Rise Scenario for Vietnam 

published in 2016 by the Ministry of Natural Resources 

and Environment (MONRE, 2016), Vietnam’s 

temperature had increased by approximately 0.62ºC 

between 1958 and 2014. The report indicates that Tx 

had increased in most regions, except for some southern 

stations that experienced a decreasing trend. The 

updated 2020 scenario report (MONRE, 2020) revealed 

an increasing trend in the highest annual temperature 

(TXx) across most of the country, ranging from 0.2 to 

1.7ºC during the period 1961-2018. However, in certain 

areas of the Northwest and Central Highlands, the 

annual average of Tx had decreased by 0.2 to 0.6ºC 

over 58 years (1961-2018). 

It is worth noting that the reports mentioned 

above did not provide the statistical significance of the 

trends. Furthermore, comparing the increasing and 

decreasing trends between stations in the reports could 

lead to incoherent findings since the data period is not 

uniform for all the stations used in MONRE (2016) 

and MONRE (2020). Some stations, mainly in the 

North of Vietnam, have data collected since the 1960s, 

whereas many other stations in the Central and 

Southern regions have data only after 1975, when 

North and South Vietnam were unified after the war.  

Our study has the advantage of using daily Tx 

and RH13 values that have been collected and 

processed uniformly between 1979 and 2018 across all 

stations. This uniformity enabled us to compare trends 

among stations and calculate average trends across 

each climatic sub-region and for the entire country. 

We also applied the Mann-Kendall test to determine 

the statistical significance of the trends. This analysis 

enabled us to identify significant increases in Tx at 

nearly all stations in Vietnam in autumn, in the North 

Delta in spring, and in the Central Highlands and the 

South in summer (Figure 2). 

Concerning past humidity trends in Vietnam, 

Ngo-Duc and Phan-Van (2012) first explored the trend 

of daily minimum relative humidity during 1961-

2007. However, their study was based on a limited 

number of monitoring stations, and they found no 

systematic change in the minimum humidity during 

the study period. In our analysis (Figure 3), we 

revisited their work using more up-to-date data from 

more stations to obtain a more comprehensive 

understanding of the distribution and trend of 

humidity in Vietnam.  

Our study has revealed two significant features 

of RH13. Firstly, RH13 values in the Central Coast 

and Central Highlands regions are lower than in other 

regions during summer and winter/spring, respectively 
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(Figure 3). This can be explained by the foehn effect, 

which occurs when moist air rises over a mountain 

range and loses its moisture as it descends on the 

leeward side. This results in lower relative humidity in 

the Central Coast region during summer and in the 

Central Highlands during winter and spring (Nguyen-

Le et al., 2014; Nguyen-Le et al., 2015). Secondly, the 

decreasing (increasing) trends of RH13 at various 

stations are possibly associated with the corresponding 

increasing (decreasing) trends of Tx, as depicted in 

Figures 2 and 4. This finding can be partly explained 

by the Clausius-Clapeyron relationship (Held and 

Soden, 2006), which states that in a warmer (cooler) 

climate, the atmosphere holds more (less) humidity, 

thereby resulting in a decrease (increase) in relative 

humidity. 

It is worth noting that, to the best of our 

knowledge, this is the first time that the heat stress index 

has been calculated and analyzed using data sources 

from the network of meteorological stations in 

Vietnam. The heat stress thresholds determined in this 

study, which are based on the 95th percentile of TWmax 

values, are generally above 27ºC across most stations in 

Vietnam, in line with the findings of Kang and Eltahir 

(2018). These results provide useful benchmark values 

for future studies on heat stress in Vietnam.  

In the context of global warming, the number of 

heat stress days has increased significantly in most parts 

of Vietnam over the past four decades. The typical 

increase, i.e. the interquartile range of values across all 

stations, ranges from 0.8 to 4.2 days per decade, and 

possibly even up to 28.9 days per decade. The results of 

this study indicate that there is an increasing risk of heat 

stress on health and productivity in Vietnam, 

particularly for outdoor workers (Parsons et al., 2022) 

during the summer months.

5. CONCLUSION

In this study, we examined the relationship 

between the daily maximum temperature Tx, the 

relative humidity RH13, and the heat stress index 

TWmax in Vietnam, with a focus on the spatial 

distribution and trends of these variables from 1979 to 

2018. Our results revealed a close relationship 

between Tx and TWmax, whereas the impact of RH13 

on TWmax was weak. We also observed a general 

increasing trend in Tx and TWmax across most 

stations, with RH13 showing both negative and 

positive trends. The heat stress thresholds used in this 

study resulted in a range of 10.5-36.1 heat stress days 

per year for the study period, with most stations 

experiencing more than 18.5 heat stress days per year. 

We also identified a significant increase in heat stress 

days over the past four decades across most of 

Vietnam, particularly in summer, which contributes 

the most to the annual number of heat stress days in 

most sub-regions. 

Our study has established useful benchmark 

values for future research on heat stress in Vietnam 

and has provided a comprehensive understanding of 

the spatial distribution and trends of heat stress over 

the past four decades. In future work, we plan to 

project heat stress under different greenhouse gas 

scenarios in the 21st century using multiple 

downscaling experiments. As heat stress can have 

critical impacts on society, our findings are expected 

to provide insights for policymakers and researchers 

concerned with this issue in Vietnam. 
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Larvisiding is one common way used to reduce mosquito density in breeding 

areas before metamorphosizing into adults. Despite numerous eradication efforts, 

the outcomes have not met expectations, leading to additional issues such as 

environmental pollution in urban areas. In the context of dengue hemorrhagic 

fever (DHF), addressing the challenge of mitigating the endemic outbreak entails 

formulating an effective strategy through a vector eradication approach. 

Therefore, this study explored the spatial pattern of DHF and estimated the 

potential spread of outbreaks. A geographic information system approach, with 

nearest neighbor analysis and kernel density estimation (KDE), was used to 

generate information regarding the pattern and potential for transmission of 

Aedes aegypti mosquitoes. The results showed that in 2019, a random pattern was 

observed, while in 2020, a clustered pattern of virus spread occurred. 

Furthermore, in terms of the potential transmission, an exposed zone of 9.73 km² 

was identified in 2019, and this increased to 15.72 km² in 2020. In this study, 

several important actions were implemented with a spatial approach, enabling the 

detection and polarization of events. However, the limitations included not being 

comprehensive in addressing the hygiene, sanitation, drainage, and population 

density aspects. 
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1. INTRODUCTION

Dengue hemorrhagic fever (DHF) is a seasonal 

disease, posing an unresolved health issue with 

significant social and economic dimensions. The 

spatial connections to environmental aspects, 

particularly cleanliness, play a crucial role in the 

impact of DHF outbreaks (Lawson and Williams, 

2001). Efforts to reduce disease transmission have 

been undertaken by various scientific groups with 

diverse perspectives, but the results obtained have not 

been optimal (Sekarrini et al., 2022a). The estimation 

of transmission through Aedes aegypti mosquitoes is 

derived from patient data history associated with the 

population, collected from health agencies. The 

detailed tracking of the population has been recorded 

and is assumed as the basis for calculating 

transmission cases (Firdous et al., 2017). 

The rapid spread of the virus over 2-7 days is 

facilitated by the movement of Aedes aegypti 

mosquitoes, resulting in symptoms such as high fever, 

weakness, and red spots on the skin (Murray and 

Smith, 2013; Sekarrini et al., 2020). The transmission 

is enhanced by environmental conditions 

characterized by minimal vegetation, low 

transportation density, lowlands, and rapid urban 

development, allowing for the uncontrollable 

proliferation of Aedes aegypti mosquitoes (Hii et al., 

2012). This information is also substantiated by the 

impact of anthropogenic growth on the natural 

environment, leading to various issues concerning 

ecosystem damage (Wijayanti et al., 2016). The 

measurement of DHF outbreak transmission can be 

conducted using a mapping tool derived from the 

results of transmission detection, incident detection, 

Citation: Giofandi EA, Sekarjati D, Sekarrini CE, Sari YN. Fine scale modeling for potential distribution of Dengue Fever in Tampan District, 
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and prevention coverage implemented by health 

agencies (Rushton, 2003; Waller and Gotway, 2004; 

Sekarrini et al., 2022b). The effect of weather 

variables on the magnitude of dengue fever 

distribution has been established in several previous 

studies. These studies explored changes in infectivity 

and vector survival rates, showing the sensitivity of 

climatic factors to dengue transmission (Negev et al., 

2015). Furthermore, the lack of sanitation, poor 

activity patterns, declining water quality, and existing 

health conditions interact with the growth of Aedes 

aegypti mosquito vector, forming a common challenge 

in relation to the prevention and control of DHF 

(Devine and Furlong, 2007; Bansal et al., 2011). 

The impact of DHF transmission on health 

investigations is reflected through the utilization of 

geographic information systems methodologies 

(Giofandi et al., 2023). Scientific application of 

geographic information systems enables the 

determination of a case location and the assessment of 

its influence pattern on the surrounding area (Gatrell 

and Luytonen, 2003). The role of geographic 

information systems in managing and analyzing 

environmental health surveillance data is recognized 

as changes are occurring in the presentation of 

information in the field of public health. Furthermore, 

the potential for DHF transmission through the bite of 

Aedes aegypti mosquitoes can be estimated using the 

kernel density estimation (KDE) approach. This 

approach uses a calculation technique based on the 

relative location of incidents through spatial devices, 

considering various environmental aspects. The 

results can be applied to policy and interactive 

planning of event estimates to address the increased 

population activity associated with transmission 

(Spencer and Angeles, 2007; King et al., 2016). The 

KDE algorithm, with locations monitored at high 

spatial resolution and population incident data, 

produces a favorable output for the development of a 

spatial transmission method based on field 

observation. In this context, the problem of modifiable 

unit area is addressed by associating each event with a 

fixed zone setting (Arifin et al., 2016). The challenge 

in implementing KDE lies in the selection of 

parameter clusters, enabling the adaptation of network 

density settings for problem-solving. 

In the western part of Indonesia, dengue fever 

issues based on a geospatial approach are seldom 

addressed by a few studies. In most cases, global 

assessments are the main focus, with less attention 

given to crucial problems at a more detailed level. The 

utilization of surveillance data for local observations 

is one of the calculations used to estimate the future 

incidence of dengue fever, in line with the Sustainable 

Development Goals (SDGs) program. Pekanbaru City 

is one of the urban areas with the highest incidence of 

dengue fever cases. The characteristics of lowland 

areas, with an altitude of <100 meters above sea level, 

increase the prevalence of Aedes aegypti (Molina et 

al., 2022), The similarity in these topographic 

conditions is one factor in selecting the Tampan 

District as an observation area. In recent periods, an 

increase in built-up land in urban areas without 

corresponding improvement in sanitary environmental 

conditions and drainage channels has led to a higher 

potential for the presence of Aedes aegypti mosquito 

habitats (Liu et al., 2022).  

This study aimed to determine the spatial 

pattern of dengue fever incidence and estimate the 

potential spread of outbreaks. The spatial pattern of 

incidence was identified using nearest-neighbor 

analysis in the form of clusters. This part is essential 

for representing the regional intensity of dengue fever 

incidence within the cluster. To estimate the potential 

for transmission, geographic information system 

(GIS) techniques through a KDE approach were used. 

Public health resources continue to be burdened by the 

incidence of this epidemic, and the transmission of 

DHF changes dynamically, necessitating more 

effective monitoring and control strategies. Therefore, 

this model is expected to provide a better 

understanding of DHF incidence problem. It can also 

be implemented as one of the approaches at the urban 

scale, specifically in areas with morphological 

conditions and other aspects similar to sustainable 

development. 

2. METHODOLOGY

2.1 Study area

This study was conducted at the Tampan 

District of Pekanbaru City, located in the center of 

Sumatra Island, Indonesia, as illustrated in Figure 1. 

Geographically, the observation area is situated at 

101°22'45"-101°23'09" East Longitude and 0°28'41"-

0°29'09" North Latitude, covering an area of 57 km2 

and falling within a densely populated region. One of 

the primary reasons for selecting this location is the 

relatively flat to undulating topographic conditions 

and high air humidity, reaching 89%. In addition, this 

area is known for having a high potential for dengue 

fever cases, as shown by recent reports. 
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Figure 1. Study site 

2.2 DHF epidemiological data 

Monthly reports of dengue fever cases were 

collected from the surveillance database of the Riau 

Provincial Health Office representative in Tampan 

District, Pekanbaru City. Monthly dengue incidence 

reports from nine villages were observed from January 

2019 to December 2020. The surveillance system data 

were initiated from reports by hospital inpatients, 

health centers, and pharmacies, which were then 

detected by officers. The report did not include 

information on the burden of infection and 

manifestations of dengue fever but provided the 

coordinates of the residence and age of patients (Table 

1). Therefore, reports confirmed by health agency 

officials were used in this study, and all the data were 

spatially processed using the nearest neighbor 

statistical index and kernel density estimation (KDE). 

All processing was carried out with the Spatial 

Statistics and Geographic Information Systems (GIS) 

software (Figure 2). 

Table 1. Age categories of patients infected with Aedes aegypti mosquitoes 

Age group Category 2020 (%) 2019 (%) 

<5 Toddler 4 0.05 3 0.10 

6-11 Childhood 8 0.10 6 0.20 

12-16 Early Adolescence 13 0.16 6 0.20 

17-25 Late Adolescence 29 0.36 6 0.20 

26-35 Early Adulthood 14 0.18 2 0.07 

36-45 Late Adulthood 8 0.10 4 0.13 

46-55 Early Old Age 1 0.01 2 0.07 

>55 Late Old Age 3 0.04 1 0.03 

Total 80 1.00 30 1.00 
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Figure 2. Flow chart of the methodology 

2.3 Detection of incidence distribution and 

potential transmission of Aedes aegypti 

The processing carried out to detect clusters of 

distribution linkages between incident locations aimed 

to discover distribution patterns and help filter out 

irrelevant information. The neighboring statistical 

algorithm used to detect the distribution pattern of 

Dengue hemorrhagic fever (DHF) incidence was 

calculated using the formula: 

R =  Ju/Jh (1) 

Where; R is the target, Ju is the average 

observed distance between each object to be 

measured, and Jh is the expected distance in a 

distribution. This analysis required data on the 

distance between one settlement and another, 

considered a point in space used to assess the spread 

pattern of geographical phenomena. Furthermore, the 

estimation of potential transmission considered the 

flying capabilities of mosquitoes with an average of 50 

meters to 50 km, depending on the species. The 

migration range of mosquitoes significantly influences 

the ecology and physiology of the species, irrespective 

of the disturbance situation. When the flight is related 

to disturbance, the species tend to cover shorter 

distances ranging from 25 meters to 6 km2 

(Verdonschot and Lototskaya, 2014).  

In the context of Aedes aegypti mosquitoes, the 

flight distance was estimated to be about 400 meters 

(Satoto et al., 2019). The relatively simple formula for 

KDE was used with a conceptual method that could 

be   simplified  according  to  the  phenomenon  under 

examination.  The   application  of  physics  analogies 

could be used to understand how the density 

estimation kernel works. The algorithm for KDE in 

determining potential areas for DHF outbreaks was 

calculated using the formula: 

f(x) =  
1

nh
∑ = 1K (

X − Xt

h
)n

t   (2) 

K(x) =
3

4
(1 − x²), |x| ≤ 1    (3) 

Bandwidth = 0.9 ∗ min (SD,√
1

In(2)
× Dm)    (4) 

Where; h is the bandwidth, n is the number of 

cases, X-Xt is the distance from the center of the 

incident, and K is the quadratic kernel function of the 

equation. Bandwidth refers to the shorter value of the 

height from the output level in a spatial reference (Sun 

et al., 2019). Meanwhile, the bandwidth value of the 

standard distance has been derived from SD of the 

distance between each point. Dm is the medium 

distance value of the point distribution pattern (Wang 

et al., 2019). 

Vector formats are used majorly for making 

disease maps based on aggregated data but the major 

drawback is the limited availability of detailed disease 

case data. This is important because data acquisition 

is subject to high subjectivity and low precision 

(Shi, 2010). To overcome these challenges, a KDE 

simulation was conducted to cover multi-modal 

distributions with minimal errors. In this study, one 

circle of data was uniformly randomized from a 

uniform distribution, incorporating either normal 

bivariate distribution or a combination of two or three. 

The density value function can estimate the excess of 

points or compare to the underlying value of each 

point (Donthu and Rust, 1989).  

The results between boundary coverage and 

geolocation of Point of Interest (POI) events were 

assessed to understand the rationality and traceability 

effectiveness of the kernel density estimation 

approach. The area within the POI with high 

estimation potential was considered to have the most 

frequent transmission. Therefore, the calculation of 

the accuracy was based on a precision indicator, which 

entailed dividing the delimited area by the identical 

area and multiplying the result by 100%. This value 

was used in the process of calculating the area ratio of 

points found within the radius of the incident POIs. 
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3. RESULTS AND DISCUSSION

3.1 Distribution of DHF patients

This study focused on location information, 

specifically the proximity or distance of an activity 

from the surroundings. Location information in this 

study was conducted to discover the distribution of 

Dengue hemorrhagic fever (DHF) events which was 

limited by an administrative scale, namely Tampan 

District, Pekanbaru City with spatial distribution 

patterns of incident locations through statistical 

analysis of nearest neighbor. 

Figure 3. Age distribution of patients with DHF incidence in Tampan District 

Based on the results, patients infected with 

Aedes aegypti mosquitoes varied, with a dominance of 

late adolescence to children (six cases each), in 2019. 

Meanwhile, in 2020, most patients were found in the 

age category of early adulthood to adolescence, 

between 17-25 years, as shown in Figure 3. Therefore, 

it is recommended that the surveillance of virus 

transmission age in the Tampan District be further 

strengthened, and a highly sensitized emergency 

response to control transmission be established. The 

continued implementation of health education 

programs focused on infectious diseases at the school 

level and suitable for both children and adults is also 

essential (Portella and Kraenkel, 2021). The results 

further showed that the peak period for acute 

infectious diseases in the Tampan District was 

between June to December, coinciding with the rainy 

season in the island of Sumatra, Indonesia. Moreover, 

a more responsive tracking system in the specific 

identification process can minimize potential breeding 

sites, contributing to the prevention and control of 

mosquito habitats (Zhang et al., 2023). 

Information related to the distribution pattern of 

DHF sufferers was measured by the statistical value of 

the nearest neighbor index, ranging from 0 to 2.15. 

Values approaching 0 are included in the category of 

clustered pattern, while those approaching 2.15 are 

identified as a uniform pattern. An index value of 1.0 

positioned in the middle, suggests a random pattern 

without bias toward clustering or uniformity. 

The statistical calculation of the nearest neighbor 

index for the location of the patients in 2019 yielded a 

value of 1.0622. A total of 30 location points were 

identified, forming the second quadrant with a random 

distribution pattern. This spatial information is evident 

in the irregular pattern represented by the yellow 1-

point figure, which separates from the surrounding 

locations. Meanwhile, the nearest neighbor statistical 

index value for events in 2020 was estimated at 0.6505. 

A total of 80 location points were identified, forming a 

clustered distribution pattern. When observed spatially, 

these incidents form a clustered pattern, as illustrated in 

Figure 4. Information related to the pattern of incident 

groups includes proximity among certain locations, 

suggesting a potential vulnerability in the transmission 

of DHF. The results were consistent with a study 

conducted in other Southeast Asian countries where the 

highest incidence occurred in the productive age, 

attributed to climatological conditions (Masrani et al., 

2022). Some estimates of increased vector transmission 

occur during the journey to school or work (Ragab et 

al., 2023). 
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Figure 4. Distribution pattern in 2019 and 2020 

The 2019 nearest neighbor statistical index 

value is marked in yellow, representing a random 

pattern category. Meanwhile, data obtained from the 

nearest neighbor statistical index value for 2020 

showed a clustered pattern marked in blue (Figure 5). 

Information regarding the condition of the house and 

the surrounding environment is needed in structured 

and visual analyses to determine the conditions of 

Aedes aegypti mosquito habitats. 

These results were corroborated by data from 

the surrounding climatological station detailed in the 

yearbook, indicating a significant increase in surface 

temperature from 2020 with an average temperature of 

28.83°C to 34.80°C in 2021 (SoPM, 2021). This 

increase enhances the suitability for the existence of 

Aedes aegypti mosquitoes as also described by 

(Lubinda et al., 2019) who identified the most suitable 

temperature range for the environmental habitat to be 

28-35°C. Another study (Setiawati, 2019) stated that 

urban development provided an expansion of 

movement for dengue vectors including Aedes aegypti 

and Aedes albopictus mosquitoes. Response variables 

such as climate factors were reported to affect the 

incidence of dengue fever by 66.1%. The peak of the 

strongest variable was found from rainfall followed by 

the surface temperature. The presence of Aedes 

aegypti larvae adapts well to poor water and 

overpopulated areas, effectively breeding in such 

habitats (Ramadona et al., 2023).  

The observed change pattern was attributed to 

extreme temperature changes resulting from increased 

greenhouse gas emissions, deforestation, sea level 

rise, and global warming. Although environments with 

increased temperatures are more prone to Aedes 

aegypti mosquitoes (Ferraguti et al., 2023), current 

conditions are reducing the distribution, leading to 

adaptive clustering. 

3.2 Potential of Aedes aegypti transmission 

Clustering of potential transmission was 

performed through KDE and data types used in the 

analysis were derived from the coordinates of event 

location, categorized by sex ratio (Figure 6) and age 

category (Figure 8). The primary analysis of potential 

transmission through statistical estimation illustrated 

the influence of high infection density during the 

observation year. Therefore, this area should be 

considered when planning strategic actions for 

incidence control in anthropogenic activity land use 

areas. 
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Clustered Random Dispersed Clustered Random Dispersed 

Figure 5. The results of the closest neighbor analysis pattern in 2019 and 2020 

The KDE showed the existence of a centralized 

dengue transmission location and the calculation was 

based on the sex ratio for 2019 and 2020, as shown in 

Figure 6. Significant movement was observed among 

females in 2020, totaling 38 incidents, while 

groupings were formed in several parts for the 

movement of transmission events based on the male 

gender, reaching 42 incidents (Figure 6(a)). In the 

female gender, transmission occurred widely and 

randomly, as observed from the movement of the 

incidence in 2019. In 2020, this transmission occurred 

in clusters represented in blue (Figure 6(b)). Each 

result of KDE not only describes the orientation of the 

incident locations during the observation period but 

also shows valuable insights for surveillance 

surveyors to respond promptly to ongoing events. 

The analysis showed that based on the sex ratio, 

the risk of transmission was higher in females 

compared to males. These results are expected to aid 

in the identification of populations in vulnerable areas 

and in conducting early diagnoses for appropriate 

treatments to reduce the number of incidents, 

specifically in females. In general, the total vulnerable 

area observed increased for both male and female 

incidents, as shown in Figure 7. The potential area for 

the male gender increased significantly from 6.65 km2 

to 15 km2. Within the <100-meter range, the area 

increased by 76 hectares, in the 100-200-meter range, 

there was a rise of 200 hectares. Furthermore, in the 

200-300-meter radius, there was a broader expansion 

of 263 hectares, and in the farthest 300-400-meter 

radius, the increase amounted to 296 hectares. 

Figure 6. Kernel density estimation based on gender ratio in 2019 and 2020 

The incidence rate in females was found to    

also increase but not significantly compared to males. 

This was observed in the rise from 7.31 km2 to 7.47 

km2 in 2019 and further to 14.78 km2 in 2020. The 

observation was grounded in the proximity of 

transmission events and the influence of climatology, 

which shortened the range of mosquitoes. The 

estimated area of the exposed zone in the <100-meter 

radius increased to 69 hectares, the 100-200-meter 

radius covered 181 hectares, the 200-300-meter radius 

had a coverage area of 237 hectares, and the farthest 

radius of 300-400 meters resulted in a reachable area 
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of 244 hectares. Furthermore, the KDE approach was 

used to assess the eight age categories. This 

consideration was used to determine the number and 

distribution of events in each age grouping of patients 

infected with Aedes aegypti mosquitoes. 

Figure 7. The curve of DHF spread based on gender ratio in 2019 and 2020 

In general, the total incidence of dengue fever 

varied in age categories from Early Adolescence to 

Early Adulthood (Figure 8). In this age category, 

individuals are in the productive age, actively 

engaging in daily activities, while fewer cases were 

found in the growing age group. This was illustrated 

in Figure 8(a) and (b), respectively, showing an 

increase in cases with the incident initially changing 

randomly to a clustering pattern. As explained 

previously, the flying range and the presence of wind 

acting as factors affecting movement speed contribute 

to mosquito transmission occurring in closer 

proximity. This phenomenon was also observed in 

vulnerable age groups such as the Early Old and Late 

Old, where transmission movement activities occurred 

far apart, potentially starting with the presence of new 

breeding habitats. Furthermore, the Late Adolescence 

group was identified as the most vulnerable age for 

dengue fever transmission incidents. This result is 

evident in Figure 7(d), which interprets the movement 

of Aedes aegypti mosquitoes from the previous year. 

It was found that almost all incidents had intersections 

with the year 2020, creating a pattern of incidents 

occurring in close proximity, and designating this area 

as a red zone. The estimated transmission in 2020, 

represented by blue, overlaps with that of the previous 

year. When interpreted more broadly, the potential for 

incidents in the following year did not change 

significantly within the transmission area. 

Various age categories were considered to 

determine the potential transmission of dengue fever 

outbreaks. When examined individually, specifically 

in the Toddler age category (<5 years), an initial 

random pattern of occurrence was observed, later 

shifting into groups. The potential coverage area 

varied, starting from a radius of <100 meters with an 

area of 13 hectares, to 37 hectares at 100-200 meters, 

55 hectares at 200-300 meters, and 73 hectares at the 

farthest radius in 2020. In the previous year, smaller 

areas were observed in the potential range, namely 9 

hectares for a radius of <100 meters, 28 hectares at 

100-200 meters, 47 hectares at 200-300 meters, and 66 

hectares at the farthest radius of 300-400 meters. 

Furthermore, in the Childhood age category (6-11 

years old), the same movement pattern model was 

observed as the previous age category, but there were 

differences in the coverage area. In 2020, the potential 

coverage area started with 25 hectares at a radius of 

<100 meters, 75 hectares at 100-200 meters, 126 

hectares at 200-300 meters, and 169 hectares at 300-

400 meters. For 2019, the movement of the potential 

transmission area was lower at 298 hectares, with 

coverage of 19 hectares at a radius of <100 meters, 57 

hectares at 100-200 meters, 94 hectares at 200-300 

meters, and 129 hectares at 300-400 meters. 
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Figure 8. Kernel density estimation based on age category in 2019 and 2020 
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Figure 9. The percentage of DHF spread by age category in 2019 and 2020 

In Early Adolescence (11-16 years), differences 

in movement patterns were observed compared to the 

two previous age categories. The movement was 

slightly initiated by transmission from the same 

vector, evidenced by a non-overlapping flight radius, 

preventing mutual influence or initiation from 

different sources. Regarding coverage at this age level, 

41 hectares were recorded at a radius of <100 meters, 

121 hectares at 100-200 meters, 189 hectares at 200-

300 meters, and 243 hectares at the farthest radius of 

300-400 meters in 2020. Compared to the potential 

coverage of the previous year, 19 hectares, 57 

hectares, 94 hectares, and 129 hectares were found in 

the four radius categories namely <100 meters, 100-

200 meters, 200-300 meters, and 300-400 meters 

respectively. This indicated that the coverage in 2019 

was lower than in 2020. Additionally, in the Late 

Adolescence age category (17-25 years), the highest 

incidence of dengue fever was recorded with a four 

times increase observed from 302 hectares in 2019 to 

almost 1,104 hectares or 1.1 km2 in 2020. At this age 

level, serious attention is needed to reduce the 

incidence rate, starting with vaccination or an ideal 

form of environmental protection easily adapted by 

the community. 

In the Early Adulthood age category (26-35 

years), which initially had two incidents, an increase 

to 14 incidents was observed. New transmission 

activities were found in this age group, increasing the 

potential area of transmission to 525 hectares. The 

changes in coverage area included 36 hectares at <100 

meters, 102 hectares at 100-200 meters, 164 hectares 

at 200-300 meters, and 223 hectares at 300-400 

meters, derived from the difference in potential area 

between both years. For the Late Adulthood age 

category (36-45 years old), a random transmission 

pattern with a systematic phenomenon was observed. 

An increase in potential transmission reaching an area 

of 200 hectares was recorded, with a distribution of 

radius coverage including 12 hectares at <100 meters 

around, 37 hectares at 100-200 meters, 63 hectares at 

200-300 meters, and 88 hectares at 300-400 meters. 

In the Early Old Age category (46-55 years), a 

decrease in the potential area reaching half of the 

previous year was observed throughout the entire 

radius of the potential range of transmission. This was 

attributed to the decrease in the incidence rate, 

approaching the absence of case findings throughout 

the observation period. Similar results were observed 

in the Late Old Age category (>55 years) with a less 

significant incidence rate but expanded area, reaching 

100 hectares from the beginning of 2019 to the end of 

2020. Subsequently, the entire site unit was subjected 

to a KDE approach, divided into two-year categories 

to analyze the density of Aedes aegypti mosquito 

infection in the observation area. 

The estimated density for DHF transmission 

through the flight distance of Aedes aegypti 

mosquitoes is shown in Figure 5. The potential level 

of DHF transmission was denoted by a red overlay, 

indicating areas with high kernel density as the 

proximity of patients increased. This signifies a virus-
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prone region where the red area is susceptible to 

dengue virus infection, potentially facilitating its 

transmission to the surroundings (Chen, 2018). 

Furthermore, the location of DHF cases correlated 

with the habitat of Aedes aegypti mosquitoes. Areas 

with close proximity to breeding sites are more prone 

to experiencing DHF incidence due to heightened 

susceptibility. Mitigating measures, such as closing 

water reservoirs, recycling or burying mosquito 

breeding items, and effectively managing drained 

reservoirs can help reduce the risk of transmission in 

these areas (Saita et al., 2022).

Figure 10. Kernel density estimation in 2019 and 2020 

Based on the results of the validity assessment, a 

significant increase was observed based on the KDE 

approach, from 0.30% in 2019 to 0.63% in 2020, as 

shown in Table 2. The boundaries of areas with the 

potential for disease transmission, calculated 

considering geolocation, were closely related to the 

incidence data in the observation area. However, an 

increase in the number of DHF virus cases was 

observed. This was reflected in the number of DHF 

cases, with 30 reported in 2019 and 80 in 2020, showing 

an increase of 50 cases within one year.  

Regarding patients affected by dengue 

hemorrhagic fever, when prevention and control 

measures are not swiftly initiated, the virus will spread 

more rapidly, potentially leading to death. Furthermore, 

this study found that poor environmental conditions and 

inadequate solid waste management result from the 

uncontrolled growth of urbanized areas, providing 

space for breeding sites. This factor is responsible for 

the indiscriminate disposal of plastic and bottle waste, 

forming pools suitable for the oviposition of Aedes 

aegypti mosquitoes (Souza et al., 2022). 

Table 2. Assessment of the model in terms of validity 

Description Kernel Density Estimation 

2020 2019 

Potential of disease area (km2) 22 13 

Unpotential of disease area (km2) 35 44 

Validity (%) 0.63 0.30 
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This section discusses the areas affected by 

potential exposure to dengue virus bites from Aedes 

aegypti mosquitoes for one year. Based on the results, 

an increase was observed in the location of DHF cases 

in 2020. The potential area in 2019 was approximately 

973.13 hectares, increasing to 1,572.36 hectares in 

2020, as shown in Figure 6. Information related to the 

distance of the exposed zone was divided into four 

categories ranging from <100 meters, 100 to 200 

meters, 200 to 300 meters, and 300 to 400 meters. As 

shown in Figure 11, the zone category of <100 meters 

had coverage of exposed area amounting to 53.14 

hectares in 2019, which was higher compared to 2020, 

at 24,83 hectares. At a radius of 100-200 meters, the 

exposed area expanded, reaching 254.06 hectares in 

2019 and 187.69 hectares in 2020. Extending to a 

larger radius of 200-300 meters in 2020, the area 

significantly increased to approximately 579.22 

hectares, while in 2019, it was comparatively lower at 

237.05 hectares. Finally, at the farthest radius of 300-

400 meters, the increase in the number of cases in 2020 

yielded the most significant area, reaching 780.62 

hectares, compared to 2019, which had 428.88 

hectares. 

The distinction between each category 

corresponds to the distance from the location of the 

incident, estimating how far Aedes aegypti mosquitoes 

can fly without being disturbed by weather conditions 

and wind direction. The existence of broad categories 

of potential transmission zones was affected by the 

location of each patient acting as a host based on a high 

estimated kernel density. Additionally, areas with few 

or no cases of DHF were marked by color degradation, 

particularly faded red in the furthest zone from the 

flying distance of Aedes aegypti mosquitoes. Changes 

in land configuration, such as land use and urban 

development, including road networks and waste 

management systems directly or indirectly impact the 

transmission of dengue fever to the community 

(Andreo et al., 2021). The presence of excess water 

reservoirs also increases the abundance of mosquito 

vector species, creating suitable ecological spaces for 

the habitat and resulting in the potential for clustered 

transmission (Naqvi et al., 2021). 

Figure 11. The curve of DHF spread in 2019 and 2020 

The growth of new event points during the 

observation period in the designated area was 

illustrated by the utilization of the KDE approach. The 

estimation process algorithm for the pattern of 

changes in the incidence point was influenced by 

comparing to the existence of other events. The 

resulting interpretation suggests a significant increase 

in the number of incidence cases with the addition of 

an increasingly widespread potential transmission 

area. Furthermore, the development of anthropogenic 

activities in an area contributes to the potential 

presence of mosquito larvae and drives the demand for 

affordable health facilities, enhancing overall comfort 

in human living spaces. This in turn ensures 

community resilience in responding to Aedes aegypti 

mosquito outbreaks. The diversity of dengue virus 

transmission in the observation area was spatially 

influenced by complex interactions between humans 

and environmental factors of Aedes aegypti 

mosquitoes and climatology. In a particular phase, 
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climate anomalies influence the abundance of vector 

species, as well as the density and behavior of humans 

in the area. This was further compounded by high 

population and residential density, which reduced the 

distance between infected individuals, thereby 

accelerating transmission. 

This study has certain limitations, such as not 

considering climate and other environmental 

variables. Incorporating these variables on a detailed 

scale could produce more complex zoning with a 

specific unit scale. This information is crucial for 

pinpointing locations expected to be part of the 

transmission area for Aedes aegypti mosquitoes. 

Special treatment is needed to understand how to 

anticipate dengue fever events in densely populated 

areas with building structures. In addition, it is 

necessary to build literacy about endemic outbreak 

mitigation in the community based on a sustainable 

environmental approach, coupled with the inclusion of 

climate change dynamics scenarios. 

4. CONCLUSION

In conclusion, the analysis of DHF incidence 

using the nearest neighbor analysis and kernel density 

estimation (KDE) equation found distinct distribution 

patterns. The movement from random events to 

clustered groups underscored the impact of public 

awareness in maintaining clean conditions and 

prioritizing sanitation, hygiene, and drainage. This shift 

in distribution was indicative of improved community 

practices. Moreover, when estimating the transmission 

potential of Aedes aegypti mosquitoes based on the 

radius of the flight distance, weather conditions, and 

wind direction must be considered. Although this study 

observed a downward trend in the incidence of DHF, 

identifying potential areas of occurrence further 

reflected the history of vector control. The results 

obtained during the observation can be used to inform 

and guide future studies on environmental 

epidemiological ecology and the implementation of 

appropriate measures in disease control. 
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Wawekale Rainforest Reserve (WRR) is a primary lowland tropical rainforest 

area in the Western Province of Sri Lanka, established with diversity, but 

disturbed by human activities such as rubber cultivation, logging, poaching, 

chemical release, and the collection of firewood. Visual Encounter Surveys 

(VES) were conducted for 100 hours in the year 2022, which covered wide habitat 

distribution. The herpetofaunal diversity was measured in the WRR which can 

indicate broader ecological shifts, environmental changes, or habitat degradation. 

Water quality was measured in the WRR area to determine the ecosystem health 

and human impact. The study reports 171 species in 73 families, including two 

Critically Endangered (1.17%), six Endangered (3.51%), 16 Vulnerable (9.36%), 

and 14 Near Threatened (8.19%) species according to the IUCN Red List. The 

study area showed 51 endemic faunal species in Sri Lanka, which represented 

29.83% of endemism. Based on the observations conducted on the herpetofauna 

diversity, the Shannon-Wiener diversity index (H) was calculated and the overall 

herpetofauna (H’H) showed high diversity within the forest premises. The water 

quality of the forest fragment had an influence from anthropogenic activities such 

as removing forest cover, bathing, washing vehicles, and releasing agro-chemical 

compounds resulting in high water temperature, basic pH level, high electrical 

conductivity, and high total dissolved solid conditions. The WRR, designated 

under protection, exhibits the need for immediate remedial actions to mitigate 

human-induced pollution and deforestation, emphasizing the critical importance 

of implementing proactive conservation measures to sustain ecological integrity 

and preserve biodiversity. 
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1. INTRODUCTION

Sri Lanka is a tropical island situated in the 

Indian Ocean with a total land area of 65,610 km2 

(Weerakoon, 2012; Manawaduge et al., 2020). It is 

considered a global diversity hotspot along the 

Western Ghats (Bossuyt et al., 2004; Narayanan et al., 

2021). The abundant biodiversity in Sri Lanka is a 

consequence of the diverse climatic, topographical, 

and soil conditions present on the island, which have 

given rise to a wide range of aquatic and terrestrial 

habitats. This region comprises a natural forest that 

still accounts for slightly more than 12% of the total 

land area (Premakantha et al., 2021). Environmental 

factors, including substantial rainfall, humidity, and 

dense undergrowth, are prevalent in these areas, 

providing a conducive environment for a diverse array 

of fauna (Karunarathna and Amarasinghe, 2011; 

Ranagalage et al., 2020). Nonetheless, the island’s 

Citation: Abeyrathne B, Ranatunga N, Chandrasiri S, Madola I. Faunal diversity and the ecological aspects of a community-based fragmented 

lowland rainforest patch in Western Province, Sri Lanka. Environ. Nat. Resour. J. 2024;22(2):119-128.

(https://doi.org/10.32526/ennrj/22/20230220) 
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native forests are rapidly declining due to the 

expansion of settlements and agricultural land, 

resulting in detrimental effects on its rich biodiversity 

(Rodrigo and Manamendra-Arachchi, 2020). The loss 

of natural forests and other causes over the past 100 

years, has led to the extinction of lots of fauna species. 

Over 60% of Sri Lanka’s native fauna find 

habitat within the Wet Zone forests (Rodrigo and 

Manamendra-Arachchi, 2020). Additionally, the 

southwest lowland forests exhibit a significant level of 

endemism, with nearly 90% of endemic vertebrate 

species concentrated in this region (Rodrigo and 

Manamendra-Arachchi, 2020). The wet zone forest 

reserves are scattered through the Central and Rakwana 

Mountain ranges. So from the inter-monsoon rain, 

Southwest-monsoon Season and Northeast-monsoon 

Season provide plenty of water and maintain a precious 

climate to the fauna habitat in this area. For example, 

59 freshwater fish species have been recorded in these 

wet zone forest areas and 27 of them are endemic to Sri 

Lanka (Sudasinghe et al., 2021).     

However, efforts to conserve forests are severely 

hampered by the existing state of forest fragmentation. 

Large, continuous forest regions can be broken up into 

smaller, isolated parts as a result of human activities like 

logging, farming, and urbanisation. This process is 

known as forest fragmentation. The interconnection of 

forest habitats is disrupted by this fragmentation, which 

results in a loss of biodiversity, decreased genetic 

variety in plant and animal populations, and greater 

susceptibility to invading species and diseases (De 

Matos et al., 2021). The fragmented forest sections are 

also more vulnerable to environmental stressors like 

climate change and severe weather. Numerous plant 

and animal species may experience growth and survival 

issues due to these fragmented areas’ changed 

microclimates, which may result in population 

decreases and local extinctions. Whole ecosystems may 

be adversely affected by changes in wildlife migration 

patterns, pollination dynamics, and nutrient cycling, 

which can undermine their adaptability and resilience 

to environmental change (Valenzuela‐Aguayo et al., 

2020). 

Wewekele Rainforest Reserve (WRR) is located 

in the Avissawella area in Sri Lanka, one of the 

fragmented forest patches in the lowland Wet Zone of 

Sri Lanka (Abeyrathne et al., 2020). The forest is 

situated in a dense community area that is frequently 

affected by anthropogenic interactions.  Fragmentation 

can be seen by separating this forest from contacting 

Labugama-Kalatuwawa, Meethirigala or Yatiyanthota 

lowland rainforest areas. This study reports the data on 

faunal diversity, ecological aspects, community 

interactions and the threats posed to the animal species 

of Wewekele. It aims to enhance the current knowledge 

of biodiversity and conservation implications in this 

unique forest habitat.    

2. METHODOLOGY

2.1 Study area

The WRR is situated within the Northern 

boundary of Ratnapura District in Sabaragamuwa 

Province and belongs to Western Province, Sri Lanka. 

It is located 1 km away from Avissawella Town. The 

study area is located between 06°56’30”-06°56’50”N 

and 80°12’30”-80°12’50”E (Figure 1), and also in the 

elevation 94 m-111 m a.s.1 (Ranatunga et al., 2019). 

The forest ecosystem, which also forms an important 

part of the forest cover within the Avissawella area, 

covers an area of more than 45 acres within the 

Seethawakapura Urban Council area and can be 

categorised as a lowland evergreen rainforest. The 

forest is situated in the Kotahera Grama Niladhari 

(GN) division surrounded by 1,465 population. This 

lowland wet forest consists of dominant tree species 

Mesua sp., Doona sp., Dipterocarpus sp., Trichadenia 

zeylanica, Calamus thwaitesii, Entada pursaetha, and 

Coscinium fenestratum (Ministry of Environment in 

Sri Lanka, 2012). The general forest floor is covered 

with cascading large boulders and leaf litter. The area 

is supported by rich waterways. Two main streams 

start from the mountain in the middle of the forest and 

finally, it terminates with the creation of Seetha Ella 

near the Avissawella Town. There is a rich water 

reservoir at the entrance of the forest with 4.05×10-3 

km2. The annual rainfall averages approximately 

3,662 mm, with the majority of precipitation falling 

between November and May. From April to 

December, the weather undergoes a gradual transition 

to dry conditions, coinciding with the period of 

highest recorded temperatures. The WRR experiences 

an average annual temperature of 27.2°C, ranging 

from a maximum of 32.9°C to a minimum of 21.6°C. 

Access to the study area can be attained via either the 

Colombo-Rathnapura Road or the Kagalle-

Avissawella Road. 

2.2 Data collection 

Dates of the field works were conducted in 

random numbered tables. A total of 15 field visits were 

conducted including day and night visiting, of a total 

of 100 hours in the year 2022. Visual encounter 
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surveys (VES) were conducted in 200 m line transects 

through 10 pathways. Night visits were conducted 

with the help of headlamps. Visual observations were 

conducted by searching 20 cm deep into the leaf litter 

(Figure 1). A comprehensive exploration was 

conducted across diverse habitats, encompassing 

water bodies, rock crevices, logs, trees, decaying 

vegetation, and bushes up to 5 metres in height, as well 

as the tree canopy, to detect reptiles, birds, mammals, 

fish, butterflies, dragonflies, snails, and amphibians 

(Karunarathna and Amarasinghe, 2011). The 

identification process involves the comparative 

method which allows a systematic approach used in 

faunal diversity studies especially compares the 

physical characteristics, behaviours and genetic details 

(Early-Capistrán et al., 2020; Munari and Mistri, 

2008), and all species and colour variations were 

documented in live photographs using digital single-

lens reflex cameras (Canon 80D and 600D). Three 

sites were identified and water samples for identifying 

the water quality variation in the WRR. Site 01: 

aquifer and a natural pool inside the WRR, Site 02: 

Reservoir of the WRR, and Site 03: Water-consuming 

pool for human use as follows. Onsite water quality 

measurements were conducted on water pH, 

temperature, total dissolved solid (TDS), electrical 

conductivity (EC), and relative dissolved oxygen 

(RDO) using a Thermo Scientific multimeter. Surface 

water samples were collected within the period of 

April-June, 2022 for the water quality analysis.  

Figure 1. Geographical location and map of WRR (   Site 1: source of the stream and the natural pool,  Site 2: the reservoir of WRR, 

  Site 3: natural water pool with human activities and consumption) 

2.3 Data analysis 

The Shannon-Wiener Index [H’ =

−∑ (pi ln pi )] was used to determine the herpetofauna

diversity of species heterogeneity using the data about

reptiles and amphibians (where, H’=species diversity,

and pi=proportional frequency of the ith species).

Herpetofauna are the indicators of the ecological

system functioning and can be used to create ecological

indices (Trimurti et al., 2020). All the percentage values

were calculated and graphed using Microsoft Excel 

2013. The Geographical map was created using ArcGIS 

10.8 software. One-way ANOVA was used to find out 

the variation in water quality measurements. When 

ANOVA was significant, the Tukey Pairwise post hoc 

comparison test was used to determine which means 

were significantly different. All statistical analyses 

were performed in Minitab 19™: statistical software for 

Windows (Minitab Inc, USA.) 
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2.4 Species identification 

All the species identifications and classifications 

were conducted using standard guidebooks, expertise 

ideas and social media platforms. The standard 

guidebooks included Ukuwela and De Silva (2021), De 

Silva et al. (2015), De Silva (2009), Chathuranga et al. 

(2022), De Silva (2021), De Silva (2008), Warakagoda 

et al. (2012), Gamage (2013), Sumanapala (2017), 

Somaweera et al. (2023), Gunathilaka (2007), and the 

lists of Threatened species were based on the national 

Red List (Ministry of Environment in Sri Lanka, 2012). 

Also, the expertise group and page formed on Facebook 

named “Reptiles and Amphibians of Sri Lanka, and 

Snakes of Sri Lanka” contributed to identifying some 

reptile and amphibian species.  

3. RESULTS AND DISCUSSION

3.1 Faunal species diversity

During this survey, 171 different fauna species 

were recorded in 73 families (Table 1) at the WRR. 

From the total number of recorded species, there were 

51 species endemic to Sri Lanka.  

During this survey, there were 68 (39.77%) 

different bird species recorded in 34 different families 

and 6 of them were endemic to Sri Lanka. Among them, 

Dinopium benghalense, Megalaima flavifrons, 

Megalaima rubricapillus, Ocyceros gingalensis, 

Loriculus beryllinus, and Argya rufescens were listed 

as endemic to Sri Lanka. Five species of birds were 

migrants. They were Muscicapa muttui, Muscicapa 

latirostris, Pitta brachyura, Phylloscopus trochiloides, 

and Lanius cristatus. During this study, the endemism 

of the birds of WRR was 8.82% and the endemism of 

birds in Sri Lanka was 2.50% (BirdLife International, 

2023) respectively. Five migrant bird species were 

identified during the study.  

From the recorded number of the reptiles, 33 

(19.30%) species were recorded in 9 different families 

and 18 of them were endemic to Sri Lanka. From them 

Otocryptis wiegmanni, Fowlea asperrima, Peltopeler 

trigonocephalus, Ahaetulla nasuta, Lycodon carinatus, 

Boiga ceylonensis, Boiga ranawanei, Bungarus 

ceylonicus, Calotes liolepis, Oligodon sublineatus, 

Aspidura guentheri, Hypnale zara, Hemidactylus 

depressus, Lankascincus fallax, and Lankascincus 

dorsicatenatus are endemic to Sri Lanka. Furthermore, 

two diurnal geckoes were identified in the WRR and 

they were possibly Cnemaspis tropidogaster and 

Cnemespis pava. The endemism of reptiles in WRR 

was 54.55% and the endemism of reptiles in Sri Lanka 

was 8.53% accordingly (Ministry of Environment in Sri 

Lanka, 2012).  

From this survey 11 (6.43%) amphibians have 

been recorded with 5 different families. There were 10 

endemic species are among them as follows, 

Indosylvirana temporalis, Hydrophylax gracilis, 

Indosylvirana serendipi, Indosylvirana serendipi, 

Minervarya kirtisinghei, Polypedates cruciger, 

Pseudophilautus folicola, Pseudophilautus popularis, 

Pseudophilautus stictomerus, Pseudophilautus 

schneideri, and Nannophrys ceylonensis. In the WRR 

90.91% of the amphibians were endemic to Sri Lanka. 

Furthermore, 9.01% of the Amphibians in Sri Lanka are 

endemic (Ministry of Environment in Sri Lanka, 2012). 

During this survey, 13 (7.60%) freshwater fish 

species were recorded in six different families. Six of 

them were endemic to Sri Lanka as follows, Channa 

orientalis, Belontia signata, Schistura notostigma, 

Puntius kelumi, Roshanella titteya, and Aplocheilus 

dayi. Endemism of fish in WRR was 46.15% and 

endemism in Sri Lanka was 6.59% (Ministry of 

Environment in Sri Lanka, 2012) appropriately. 

From the mammal records of 10 (6.06%) 

different species with 8 different families. Four species 

have been recorded endemic to Sri Lanka as follows, 

Macaca sinica, Semnopithecus vetulus ssp. nestor, 

Loris tardigradus ssp. tardigradus, and Paradoxurus 

zeylonensis. Altogether 40% of the mammal species 

were endemic to WRR. According to the Ministry of 

Environment in Sri Lanka (2012), 3.2% of the 

mammals in Sri Lanka have been recorded as endemic. 

In this study, 22 (12.87%) different butterfly 

species were recorded in 4 different families with 2 

endemic records as follows, Pachliopta jophon and 

Troides darsius. The endemism of the butterfly species 

at the WRR is 9.09%. Entirely 0.82% (Ministry of 

Environment in Sri Lanka, 2012) of the butterflies are 

endemic to Sri Lanka. From this survey, 11 dragonfly 

species were recorded in 5 different families. In the 

WRR 18.18% of the dragonflies are endemic. 

Altogether 1.69% (Ministry of Environment in Sri 

Lanka, 2012) of the dragonflies in Sri Lanka are 

endemic. 

There were 3 (1.75%) air-breathing snail species 

recorded that belong to the Acavidae and Ariophantidae 

families. They are Acavus superbus, Acavus phoenix, 

and Ariophanta chenui. All the species were endemic to 

Sri Lanka. Endemism of the land snails in Sri Lanka 

was 1.19% according to the Red List (Ministry of 

Environment in Sri Lanka, 2012). 
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Out of the 171 species recorded during this study, 

14 (8.19%) species were in the Near Threatened (NT) 

category, 16 (9.36%) species were in the Vulnerable 

(VU) category and 6 (3.51%) species were in the 

Endangered (EN) category, and 2 (1.17%) species were 

in the Critically Endangered (CR) species among them 

according to the IUCN Red Data List. 

Table 1. Summary of Faunal species recorded during this survey 

Faunal group No. of families No. of species No. of endemic 

species 

Endemism to the 

WRR (%) 

Endemism to the Sri 

Lanka (%) 

Birds 34 68 6 8.82 2.50 

Reptiles 9 33 18 54.55 8.53 

Amphibians 5 11 10 90.91 9.01 

Fish 6 13 6 46.15 6.59 

Mammals 8 10 4 40.00 3.20 

Butterflies 4 22 2 9.09 0.82 

Dragonflies 5 11 2 18.18 1.69 

Snails 2 3 3 100.00 1.19 

Total 73 171 51 29.82 3.66 

3.2 Diversity of the forest with herpetofauna 

distribution 

Herpetological diversity was measured with the 

amphibian and reptile distribution throughout the 

WRR. According to the classification scheme for the 

Shannon-Wiener Diversity Index (Table 2), overall 

herpetofauna (H’H) was 3.29, indicating high 

diversity. The Shannon-Wiener Index for amphibian 

diversity (H’A) was 2.56 and this value shows 

moderate diversity. The diversity value of the reptiles 

(H’R) 3.15 shows high diversity inside the WRR. Most 

of the amphibian distribution was identified beside the 

walking paths and the stream banks. Most of the 

Ranidae and Dicroglossidae family amphibians 

dwelled through the steam channels and 

Rhacophoridae family amphibians were found at the 

shrub forest areas above the ground level 0.3-1.6 m.  

Table 2. The Classification scheme for the Shannon Diversity 

Index (Baliton et al., 2020)  

Relative values Shannon-Wiener diversity index (H’) 

Very high 3.50 and above 

High 3.00-3.49 

Moderate 2.50-2.99 

Low 2.00-2.49 

Very low 1.99 and below 

Reptile distribution was high in the area, 

especially Peltopeler trigonocephalus, Hypnale 

hypnale, Hypnale zara, and Daboia russelii were in 

high abundance in the WRR (Figure 2), and Naja naja 

in the forest entrance area. These species belong to the 

Elapidae and Viperidae families that hold venom that 

can do potential damage to humans. So, the villagers 

used to catch and relocate these species into WRR 

after rescuing these snakes within their livelihood or 

household premises.  That may result in the moderate 

diversity level of amphibians within the WRR due to 

the high predator capacity for the prey. Most of the 

Gekkonidae family species were found in the walls of 

the research centre building and the large tree trunks.  

Edge effects resulting from forest fragmentation 

can significantly impact faunal diversity. As forests 

are broken into smaller, isolated patches, the 

boundaries between these fragments become critical 

zones of change. These edges often exhibit altered 

microclimates, increased vulnerability to predation, 

and disruptions in habitat structure (Andriatsitohaina 

et al., 2020). Some species may thrive in these edge 

habitats, while others struggle to adapt. The overall 

result is a complex interplay of species shifts, reduced 

genetic diversity, and potential declines in animal 

populations. To conserve and enhance faunal diversity 

in fragmented landscapes, it is essential to understand 

and mitigate these edge effects through thoughtful 

conservation planning and habitat management 

strategies (Andriatsitohaina et al., 2020). In the study 

of WRR, edge effects were particularly pronounced, 

revealing how herpetofauna diversity suffered along 

the forest edges. These edges, intertwined with rubber 

plantation areas and those adjacent to the nearby 

village around 50 m away, showcased the profound 

ecological transformations resulting from forest 

fragmentation. Most of the forest edges are separated 

2 m away from the rubber state boundary and are 
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mostly affected by chemical exposure and wood 

cuttings for human consumption. The altered 

microclimates and increased human activity near these 

edges disrupted the delicate balance between 

amphibians and reptiles, leading to declines in species 

richness and population numbers. This research 

underscores the critical importance of understanding 

and addressing edge effects in forest fragmentation 

scenarios, emphasising the need for holistic 

conservation strategies to safeguard the diverse and 

often fragile herpetofauna communities that inhabit 

these ecosystems. 

Figure 2. Most abundant Viperidae family snake species in WRR [(a) Peltopeler trigonocephalus, (b) Hypnale hypnale, (c) Daboia 

russelii, (d) Hypnale zara] 

3.3 Water quality study and fish ecology in WRR 

The water quality of the WRR was analysed by 

identifying three major sites related to the WRR water 

stream. Water quality significantly affects the growth, 

reproduction, and overall ecosystem balance of aquatic 

organisms, making it crucial for their health and well-

being. pH, TDS, and EC levels are three important 

variables that have a big impact on water quality (Sarda 

and Sadgir, 2015). A good environment for aquatic life 

is ensured by adequate pH levels within the ideal range, 

often between 6.5 and 8.5, by preventing severe acidity 

or alkalinity that can stress or injure species (Asante et 

al., 2008). The preservation of proper TDS levels, 

which indicate the concentration of dissolved minerals, 

aids in maintaining osmotic balance and guarantees that 

organisms’ physiological processes are not jeopardised. 

A balanced electrical conductivity is also essential since 

it measures the water’s electrical conductivity and 

shows whether or not it has the necessary ions for 

aquatic life (Jordan and Benson, 2015). These sensitive 

aquatic habitats can be disturbed by pollution-induced 

changes to these characteristics, which can result in a 

loss in species diversity, hampered reproduction, and 

unstable ecosystems. To protect aquatic environments 

and maintain the diversity and health of aquatic 

creatures, it is crucial to regularly monitor and adjust 

pH, TDS, and EC levels. Regular monitoring of the 

water quality in the resources is necessary to determine 

the overall health of the ecosystems (Jiang et al., 2020). 

Poor water quality, caused by factors such as water 

contamination and pollution effects can directly impact 

aquatic ecosystems, with the destruction of habitats and 

their well-being (Odume, 2017).   

Site no 1 was the initial water aquifer fountain 

that initiated the water stream, which appeared as a 

natural pool with swallowed water with slow-moving 

(a)

๗_

(b)

๗_

(c)

๗_

(d)

๗_
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water flow. Moreover, the water body was filled with 

leaf debris, especially from the trees Artocarpus nobilis, 

Ochlandra stridula, and Dipterocarpus zeylanicus. 

According to the results site, No. 1 showed the acidic 

condition of the water that may be an effect of the leaf 

debris degradation and black water formation. 

Therefore that was an ideal place for fish ecology by 

forming small microhabitats. Specifically Channa 

orientalis, Channa kelaartii, Roshanella titteya, 

Aplocheilus dayi, and Schistura notostigma were 

abundant in this water body. The offspring were well 

distributed throughout the leaf debris which indicated 

that the pile of leaf debris provided a breeding ground 

for the fish species. These fish species prefer the high 

quality of water for the continuation of their breeding 

habitats, especially the Roshanella titteya presence in 

this area (Ranatunga and Abeyrathne, 2019; 

Abeyrathne et al., 2022).  Site No. 2 is described as the 

reservoir that was a man-made water lake continuing 

from the British colonial era. That reservoir provided a 

home for aquatic reptiles, amphibians and some fish 

species. As fish species Channa orientalis, Belontia 

signata, and Heteropneustes fossilis frequently 

occurred in the lake banks. The lake was filled with leaf 

debris and soil weathered from the forest streams. As 

introduced and become invasive fish species 

Oreochromis mossambicus and Osphronemus goramy 

were highly identified in the lake area which may affect 

less native fish species occurrence in the observed water 

body. It is believed that invasive species are a major 

cause of the current decline in biodiversity. They can 

directly reduce native species’ variety through 

predation or the spread of pathogens, but they can also 

have an indirect impact on native species by altering the 

distribution and accessibility of vital biological 

resources, such as food and breeding sites (Gracida-

Juárez et al., 2022). Invasive species like Oreochromis 

sp. and Osphronemus sp. pose a significant threat to 

native fish and their ecosystems worldwide. They 

compete for vital resources, such as food and habitat, 

often    outcompeting    native  species   due   to   their 

adaptability. Invasive fish also act as aggressive 

predators, harming native populations and disrupting 

ecosystem balance. Their habitat alterations, disease 

transmission, and potential hybridization further 

jeopardize native fish. This disruption extends to 

ecosystem dynamics, impacting food webs and nutrient 

cycles. Economically, invasive species reduce native 

fish stocks, affecting livelihoods and availability. 

Mitigation efforts involve early detection, control, 

education, habitat restoration, and regulation. 

Addressing invasive species comprehensively is crucial 

to safeguard native fish populations and their habitats 

(Sunarto et al., 2022). 

Site 3 is an anthropogenic consuming area that is 

frequently used for bathing, washing vehicles and less 

drinking purposes. The location was less covered with 

a tree canopy as a result of human influence in 

deforestation and with clear water flowing. There was a 

lack of presence of native fish species in this area but it 

was highly incorporated with schools of Oreochromis 

mossambicus.  

According to the water quality variations 

throughout the stream (Table 3), there was a huge 

parameter variation that occurred in the water pH, TDS, 

and EC levels. From site 1 to site 3 water pH varied 

from acidic condition to basic condition with mainly 

effect from human interaction. There was particle 

contamination that occurred at site 3, which was highly 

affected by anthropogenic activities. Moreover, that 

water body is frequently polluted by polyethene, 

detergents, vehicle lubrication and oils. Water 

temperature (ANOVA F=98.43, P<0.001), Water pH 

(ANOVA F=43.21, P<0.001) and total dissolved solids 

(ANOVA F=19463.36, P<0.001) of the three sites were 

significantly different. These values were significantly 

higher in site 3 (ANOVA F=144.61, P<0.001).  The 

electric conductivity of site 3 was significantly higher 

than the other two sites. Electric conductivity did not 

vary between site 1 and site 2. The lowest water 

temperature was recorded on site 2. The lowest water 

pH and total dissolved solids were recorded in site 1. 

Table 3. Water quality variations in WRR 

Water quality measurement Site 1 Site 2 Site 3 

Water temperature (°C) 29.70±0.64b 26.38±0.36c 31.12±0.73a 

Water pH 4.95±0.10c 6.83±0.06b 8.00±0.98a 

Electrical conductivity (μS/cm) 14.33±1.51b 22.00±2.61b 194.80±35.9a 

Total dissolved solids (ppm) 7.17±0.75c 12.33±1.03b 220.00±3.46a 

*Means that do not share a letter are significantly different.
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3.4 Anthropogenic influence and conservation 

needs  

A considerable land area of the WRR has been 

lost due to habitat fragmentation, and plant and animal 

pest invasion. Especially Oreochromis mossambicus, 

Osphronemus goramy, and Trachemys scripta through 

human involvement and hunting animals for flesh and 

engaging in irresponsible human actions. This may 

disrupt the balance of plant and animal ecosystems, 

potentially causing harm to various species and even 

leading to the degradation of the environment. This 

can occur notably through activities like deforestation 

for firewood and the indiscriminate collection of 

medicinal plants such as Coscinium fenestratum. 

Moreover, the WRR is surrounded by plantations of 

Hevea brasiliensis that provide economic stability to 

the area that may be influenced by excess run-off of 

sediment, fertiliser, industrial waste, chemicals and 

pesticides. Moreover, the extensive use of 

agrochemicals poses a significant menace to the local 

biodiversity, particularly impacting environmentally 

fragile amphibian species. The chronic 

overapplication of agrochemicals in agriculture can 

result in fatalities, deformities, and irregularities 

among amphibians (Rout et al., 2016). This poses a 

grave threat to the numerous endemic and endangered 

species confined to closed forests, placing them in 

imminent danger of extinction within the region. A 

specific concern is the practice of vehicle washing 

within the Western Rainforest Reserve (WRR) forest 

stream, which leads to the leakage of materials into 

local waterways. This not only exacerbates the adverse 

effects on biodiversity but also jeopardises the health 

of communities residing downstream. Materials such 

as non-biodegradable polyethene bags are 

indiscriminately dispersed within the monastery 

premises and along forest footpaths, causing 

disruptions to the delicate ecological equilibrium 

within the forest ecosystem (Fu et al., 2023). The 

WRR is a community-based forest fragment that 

mainly provides a water supply for the nearby 

villagers. As Seethawakapura Urban Council records 

1465 villagers are staying in the nearby area of the 

WRR, especially because they rely on drinking, 

bathing and their day-to-day water usage through 

WRR water streams. Within the study, some of the 

common issues that occur in a forest were observed. 

In the Wawekale forest area, there were no proper 

forest boundaries. So illegal entrances, deforestation 

and illegal specimen collecting were observed within 

this study period. Also, the reservoir is filled with leaf 

debris and sand.  Habitat loss and deterioration remain 

the dominant threat to all faunal populations at present. 

These suggestions can keep the forest 

maintained at best as are they, developing the current 

building as a research station with a dormitory and 

lecture hall to provide facilities for research and 

education activities, maintaining a trail through the 

forest, providing identification checklist boards for 

birds, butterflies, and snakes, establishing a security 

point and ticket counter to stop illegal entering and 

finally carrying out awareness programs for people 

and students about the biodiversity of Wewekele and 

importance of protecting this hotspot. Habitat loss and 

deterioration remain the dominant threat to all faunal 

populations at present. 

4. CONCLUSION

Based on the comprehensive findings of the 

present study, a firm conclusion can be drawn 

regarding the WRR as an exceptionally biodiverse 

region characterised by the highest levels of endemism 

and remarkable diversity across various taxonomic 

groups. The substantial presence of aquatic 

environments within the reserve fosters ideal habitats 

for a wide array of fauna. However, this study also 

brings to light a critical concern, indicating the forest's 

vulnerability to human encroachment primarily due to 

its proximity to anthropogenic areas. The burgeoning 

expansion of the town of Avissawella, driven by the 

textile industry and the establishment of the 

Seethawaka Export Promotion Zone (an industrial 

precinct), amplifies this threat. Consequently, the 

imperative arises for the formulation and 

implementation of comprehensive and integrated 

management strategies aimed at rationalising the 

protection of this invaluable natural asset. To achieve 

this, competent authorities must develop a well-

structured strategy and action plan specifically 

designed to curtail human intrusion into the protected 

areas. Furthermore, the introduction of ecotourism 

initiatives should be considered, as they have the 

potential to yield long-term societal benefits, 

transcending short-term gains. By harmonising 

conservation efforts with sustainable human activities, 

the WRR can continue to thrive as an exemplar of 

biodiversity preservation and ecological stewardship. 
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One of the main needs of humans is water, one source of water pollutantion is 

from dyes. Adsorption is the most popular method in removing pollutants as it is 

proven to be efficient. One of the dyes harmful to living things is malachite green. 

In this study, malachite green dye was removed using a layered double hydroxide 

(LDH) Zn-Al/magnetic biochar composite. The XRD, FTIR, BET, and VSM 

analyses show that the LDH Zn-Al, magnetic biochar, and LDH Zn-Al/magnetic 

biochar composite were successfully produced. The surface area of the Zn-

Al/magnetic biochar composite made up of LDH increased from 9.621 m2/g to 

99.473 m2/g. The point of zero charge of LDH Zn-Al and magnetic biochar were 

at pH 6, whereas the composite of these two materials was at pH 7. For LDH Zn-

Al, magnetic biochar, and composite LDH Zn-Al/magnetic biochar, pH 8 is the 

ideal value for adsorption of malachite green. PSO (pseudo-second order) 

kinetics is the best-fit model. LDH Zn-Al, magnetic biochar, and LDH Zn-

Al/magnetic biochar composite had adsorption capacities of 14.472, 15.552, and 

25.907 mg/g, respectively, at a temperature of 60°C. Regeneration showed the 

LDH Zn-Al/magnetic biochar composite had superior and more effective ability 

compared to LDH Zn-Al and magnetic biochar. 
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1. INTRODUCTION

One of the main human needs is water. Rivers 

are one of the water sources used for daily human life. 

Therefore, river water must be clean from pollutants. 

One source of pollutants is dyes from the textile 

industry (Mahmoodi et al., 2018; Mokhtari-Shourijeh 

et al., 2020; Hosseinabadi-Farahani et al., 2015). The 

textile industry uses about 10,000 color pigments. Dye 

is lost during the drying process, and as much as 1-

15% of the dye is released into wastewater (Lv et al., 

2022). Dye effluent contains suspended particles and 

a high pH, and dyes are also hazardous to health 

because they have carcinogenic, genotoxic, 

mutagenic, and teratogenic properties (Hasanah et al., 

2022; Yan et al., 2022; Mahmoodi et al., 2017). These 

problems can cause negative effects on the 

environment and health so ways are needed to 

overcome them. Many methods can be used to 

overcome liquid waste, especially dyes, such as 

precipitation, chemical degradation, photo-

degradation, biodegradation, coagulation, and 

adsorption (Dai et al., 2022; Faggio et al., 2022; Li et 

al., 2022; Selvanathan et al., 2017; Mahmoodi and 

Mokhtari-Shourijeh, 2016; Mahmoodi et al., 2017). 

Among these methods, adsorption is the most popular 

method as it is proven to be efficient in removing 

pollutants from effluents (Palapa et al., 2020; dos 

Santos et al., 2021).  

Adsorption is the most widely used technique 

for pollutant removal. This is due to its efficiency in 

removing very low amounts of contaminants from 

aqueous solutions, speed, cost-effectiveness, 

Citation: Fitri ES, Mohadi R, Palapa NR, Rachman SA, Lesbani A. Composite layered double hydroxide Zn-Al/magnetic biochar modified for 

highly effective malachite green adsorption. Environ. Nat. Resour. J. 2024;22(2):129-144. 
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universality among numerous water treatment 

systems, ease of handling, excellent selectivity, and 

adsorbent regeneration (Badhai et al., 2020; Ho and 

Adnan, 2021; Liao et al., 2022; Rabeie and 

Mahmoodi, 2024). Layered double hydroxide is one of 

the materials that can be utilized in the adsorption 

method to purify water. This substance has been 

developed considerably because it is distinct and has 

good absorption. Due to its low cost and substantial 

surface area, it has a lot of potential for use as an 

adsorbent in the treatment of water (Bouteraa et al., 

2020; Cheng et al., 2022; Zubair et al., 2022). 

According to Vithanage et al. (2020), stacked double 

hydroxide can be utilized as an adsorbent to remove 

organic and inorganic species, colors, and hazardous 

metal pollutants from water. Rathee et al. (2019) 

reported that layered double hydroxide applied as an 

adsorbent has limitations in the regeneration process. 

According to Normah et al. (2021) and Yuliasari et al. 

(2022), LDH tends to have unstable adsorption 

effectiveness due to damage to the layer structure 

during the application process. To create a composite, 

layered double hydroxide must be changed with 

supporting elements made of carbon. Composites are 

materials formed through the combination of two or 

more different materials and become one material 

microscopically where the forming material is still 

visible and does not change the properties of each 

material (Lee et al., 2019).  

According to the research of Wijaya et al. 

(2021) malachite green was adsorbed using composite 

layered double hydroxide Cu-Al/carbon with an 

adsorption capacity of 49.505 mg/g. Congo red was 

adsorbed using layered double hydroxide Ni-Al with 

an adsorption capacity of 61.728 mg/g (Siregar et al., 

2021). Research Mohadi et al. (2021) reported a 

malachite green dye using LDH Ca/Al had a 

maximum adsorption capacity of 43.860 mg/g, while 

Ca/Al which had been composited with biochar has an 

increase in maximum adsorption capacity to 71.429 

mg/g. Layered double hydroxide CuAl and 

CuAl/biochar composites adsorb malachite green dye 

at an optimum pH of 9 with adsorption capacities of 

20 mg/g and 25 mg/g, respectively (Palapa et al., 

2020). Layered double hydroxide modified using 

carbon to improve performance stability in adsorbing 

dyes can also be used repeatedly (Palapa et al., 2019). 

Zn-Al layered double hydroxide magnetic 

composites have been carried out by Ahmad et al. 

(2023) to adsorb congo red dye and produced better 

regeneration than using pristine layered double 

hydroxide. Making magnetic composites by 

combining layered double hydroxide with activated 

carbon, can combine the advantages of both types of 

materials, such as high adsorption capacity and good 

separation efficiency (Ahmad et al., 2023). Some of 

the advantages of using magnetic layered double 

hydroxide composite materials are efficient 

separation, efficient regeneration, and targeted control 

to direct adsorbents to specific areas using magnetic 

fields improves control over the adsorption process, 

especially in the case of dye removal. In addition, the 

use of magnetic materials can simplify the separation 

and adsorption process, reducing operational 

complexity. As for the disadvantage of using these 

materials, namely production costs, magnetic 

materials are often more expensive to produce 

compared to conventional adsorbents, and this can be 

an obstacle to their application. The selection of 

suitable magnetic materials that have good adsorption 

properties for certain dyes is a key factor in the success 

of adsorption (Ahmad et al., 2023). The first 

regeneration of a Zn-Al layered double hydroxide 

magnetic composite recovered up to 100% activity 

compared to Zn-Al layered double hydroxide at only 

76.99% (Ahmad et al., 2023). In this study, LDH Zn-

Al was composited with biochar magnets which were 

then characterized using XRD, FT-IR, BET, and 

VSM. Malachite green dye’s ability to bind to 

different materials was determined by evaluating 

factors like pH, pHpzc, time, concentration, 

temperature, and material regeneration.   

2. METHODOLOGY

2.1 Chemicals and instrumentation

Materials and tools used are zinc nitrate 

hexahydrate Zn(NO3)2·6H2O, aluminum nitrate 

nonahydrate (Al(NO3)3·9H2O) (Sigma-Aldrich, 

375.13   g/mol),   sulfuric acid   (H2SO4), graphite, 

sodium hydroxide (NaOH) (EMSURE® ACS, 40 

g/mol), sodium carbonate  (Na2CO3) (EMSURE® 

ACS,  105.99  g/mol),  sodium nitrate (NaNO3), ferrous 

sulfate heptahydrate (FeSO4·7H2O), ammonia (NH3), 

hydrogen peroxide (H2O2), hydrochloric acid (HCl) 

(MallinckrodtAR®, 37%), distilled water (H2O), 

biochar, malachite green  (C23N2H25Cl). The tools used 

were a magnetic stir bar, separatory funnel, hotplate, 

filter paper, analytical balance, oven, pH meter, shaker, 

standard glassware including Erlenmeyer, beaker, 

measuring cup, drip pipettes, and volumetric pipettes, 

analysis XRD Rigaku Miniflex-6000, Spectro-

photometer FT-IR Shimadzu Prestige-21, BET 
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equipment Quantachrome Instruments, Spectro-

photometer UV-Vis Biobase BK- UV 1800 PC, and 

VSM250-P2F.  

2.2 Synthesis of Zn-Al LDH 

Zn-Al layered double hydroxide synthesis was 

carried out with 100 mL of 0.75 M Zn(NO3)2·6H2O 

mixed with 100 mL of 0.25 M Al(NO3)3·9H2O, then 

dripped into 50 mL of 2 M NaOH solution. NaOH was 

used to get the mixture’s pH to 10, after which it was 

agitated for four hours at 80°C (Rahmadan et al., 2021; 

Palapa et al., 2019). The precipitate was stirred, then 

filtered and washed with distilled water to get rid of any 

contaminants. XRD analysis, FTIR spectrophotometer, 

BET, and VSM was utilized to characterize the solid 

produced after the precipitate was oven-dried.  

2.3 Preparation of magnetic biochar 

To make magnetic biochar, as much as 1 g of 

FeCl3 dissolved in 3 mL of distilled water was mixed 

with 0.6 g of FeSO4·7H2O dissolved in 3 mL of 

distilled water. One gram of biochar was added to the 

mixed solution and then stirred for three hours. The 

mixture formed was slowly dripped with 3.5 mL NH3 

solution and then stirred for 30 min at 75°C. The 

solution formed was put into a 100 mL hydrothermal 

stainless steel autoclave. After that, the mixture was 

then heated for three hours at 150°C. Magnetite 

biochar solid product was filtered and dried at 40°C. 

Magnetite biochar solids were characterized using 

XRD, FT-IR, BET, and VSM tools (Ahmad et al., 

2023; Cheng et al., 2022). 

2.4 Preparation of composite magnetic biochar-

modified layered double hydroxide Zn-Al  

Fifteen mL each of 0.75 M Zn and 0.25 M Al 

solutions were combined, and the pH was then brought 

to 10 by adding 15 mL of NaOH solution. Three grams 

of biochar was then added after the mixture had been 

agitated for an hour to become homogenous and form 

a gel. FeCl3 was added in the amount of 2 g, dissolved 

in 3 mL of distilled water, together with 1.6 g of 

FeSO4·7H2O, and agitated for three hours at room 

temperature to create solution A. For 72 h, the solution 

was kept at 80°C. The mixture formed was slowly 

dripped with 7 mL NH3 solution and stirred at 75°C 

for 30 min so that solution B was formed. Thirty 

minutes of stirring followed by adding solution B to 

solution A. The created solution was heated at 150°C 

for 72 h in a 100 mL hydrothermal stainless autoclave. 

The solid obtained was filtered washed with distilled 

water and dried in the oven at 100℃ for 24 h. The 

dried Zn-Al/magnetite biochar composite was crushed 

and analyzed by XRD, FT-IR, BET, and VSM 

(Ahmad et al., 2023; Cheng et al., 2022; Siregar et al., 

2021; Dai et al., 2022).  

2.5 Performance of pH optimum 

A total of 20 mL of dye at a concentration of 45 

mg/L was put into a 100 mL beaker and the pH 

adjusted using NaOH and HCl solutions with pH 

variations of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11. Then the 

initial absorbance of each solution was measured 

using a UV-Vis spectrophotometer to determine the 

initial concentration at various pHs. A total of 0.02 g 

of materials was added to the malachite green dye 

selective solution and stirred for two hours. 

Centrifugation was used for the separation procedure, 

and a UV-Vis spectrophotometer was used to measure 

the filtrate (Wijaya et al., 2021; Normah et al., 2021; 

Lesbani et al., 2020). 

2.6 Performance of pH point zero charges (pHpzc) 

LDH Zn-Al, biochar, composite layered double 

hydroxide Zn-Al/Biochar, and magnetic Zn-Al/ 

Biochar, were added in amounts of up to 0.02 g to 20 

mL of a 0.1 M NaCl solutions that had been adjusted 

to pH values of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11. NaOH 

and HCl solutions with a concentration of 0.1 M were 

added to the NaCl solution to change the pH. A pH 

meter was used to test the final pH of the mixture after 

it had been agitated for 24 h. The correlation between 

the initial and final pHs was then plotted on a graph 

(Hasanah et al., 2022; Rathee et al., 2019; Siregar et 

al., 2022). 

2.7 Adsorption of color substances 

The adsorption process was carried out by 

adding 0.02 g of adsorbent to as much as 20 mL of a 

60 mg/L malachite green dye solution, then stirring 

with adsorption contact times of 0, 5, 10, 15, 20, 30, 

60, 90, 100, 120, 150, and 180 min. In the variation of 

concentration and temperature, concentrations of 60 

mg/L, 70 mg/L, 80 mg/L, 90 mg/L, and 100 mg/L with 

temperature variations of 30°C, 40°C, 50°C, and 60°C 

were used (Zubair et al., 2022; Yuliasari et al., 2022; 

Liao et al., 2022). The solutions were stirred for two 

hours. After the stirring was complete, the adsorbent 

was separated from each dye solution using 

centrifugation. The separated solution was measured 

for absorbance value using a UV-Vis spectro-

photometer.  
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 2.8 Regeneration 

By introducing adsorbents that have undergone 

the desorption process an ultrasonic instrument, the 

regeneration process is carried out. First, 1 g of 

adsorbent was added to 20 mL of a 50 mg/L solution 

of malachite green dye. Next, the mixture was agitated 

for two hours. The adsorbent that had been used was 

dried. After drying, 0.2 g of the residue was added to 

10 mL of water solvent and desorbed for two hours 

using an ultrasonic device. The next regeneration 

process was carried out by mixing 0.2 g of desorbed 

adsorbent with as much as 20 mL of 50 mg/L of dye 

solution. The mixture was stirred for two hours and the 

residual concentration was measured using a UV-Vis 

spectrophotometer. The adsorbent then underwent the 

next regeneration (Mohadi et al., 2021; Palapa et al., 

2020). 

3. RESULTS AND DISCUSSION

3.1 Point of zero charge (PZC) of the adsorbent

materials

In determining the state of zero-charged 

material on LDH Zn-Al, magnetic biochar, and LDH 

ZnAl/magnetic biochar composites, the pH pzc 

method was used. The pH pzc measurement was done 

by making 15 mL of a 0.1 M NaCl solution as and then 

adding 0.015 g of ZnAl layered double hydroxide 

material, magnetic biochar, or ZnAl/magnetic biochar 

layered double hydroxide composite. Then, the pH 

condition was adjusted by adding 0.1 M HCl and 0.1 

M NaOH, and the solution was shaken for 24 h. Then, 

filtrates were taken and a pH meter recorded final pH 

from each material. 

Figure 1 shows the state of the pH pzc graphs of 

ZnAl layered double hydroxide material, magnetic 

biochar, and ZnAl/magnetic biochar layered double 

hydroxide composite. The line intersection at pH pzc 

of layered double hydroxide ZnAl and magnetic 

biochar is seen at pH 6 and pH pzc of layered double 

hydroxide ZnAl/magnetic biochar composite is pH 7. 

At pH conditions from pH 6-7 for layered double 

hydroxide ZnAl and magnetic biochar materials, and 

layered double hydroxide ZnAl/magnetic biochar 

composite shows that pH > pH pzc. At pH < pH pzc, 

this indicates a positive charge on the adsorbent 

surface, so this can increase the adsorption capacity 

due to the attractive force between the positive charge 

of the adsorbent and the negative charge on the dye 

(Ahmad et al., 2023). Based on the research by Amri 

and  Hanifah  (2023)  on  the  adsorption  of  malachite 

green using graphene oxide, the optimum pH > pHpzc 

on graphene oxide material. This suggests that the 

graphene oxide surface has a large number of negative 

charges. Due to the difference in charge between 

graphene oxide and the positively charged malachite 

green dye, there is an electrostatic interaction between 

the two materials. 

Figure 1. Pzc of adsorbent materials 

3.2 Effect of pH 

The effect of pH variation on the adsorption of 

malachite green on LDH adsorbent Zn-Al, magnetic 

biochar, and LDH composite Zn-Al / magnetic biochar 

is presented in Figure 2. Figure 2 shows an increase in 

the adsorbed concentration of LDH adsorbent Zn-Al, 

magnetic biochar, and LDH composite Zn-Al/ 

magnetic biochar. Figure 2 graph shows that the 

greatest adsorbed concentration of malachite green dye 

solution on LDH Zn-Al adsorbent, magnetic biochar, 

and LDH Zn-Al/magnetic biochar composite occurs at 

pH 8. The optimum pH of malachite green dye is at 

neutral pH, this is due to the effect of equilibrium on the 

solution. At the optimum pH, too acidic or too basic 

conditions will experience protonation and the 

complexes formed will dissociate. It can be seen that the 

pH pzc and pH optimum have a difference, this can 

mean that the adsorption that occurs is chemical. Zain 

et al. (2023) reported that at pH 8 a biocomposite made 

of chitosan, sepiolite clay, and algae absorbed 

malachite green with a maximum adsorption capacity 

of 515.7 mg/g. Malachite green dye adsorption on the 

surface of chitosan/sepiolite clay/algae biocomposite is 

thought to be caused by a variety of interactions, 

including electrostatic, H-bonding, and n- interactions. 

As  a  result,  by  altering  the  solution’s  pH,  this  pH- 
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sensitive chitosan/sepiolite clay/algae biocomposite 

exhibits a strong affinity for capturing both cationic and 

anionic dyes (Zain et al., 2023). 

3.3 Characterization 

 The successful development of Zn-Al LDH 

adsorbent material, magnetic biochar, and Zn-Al LDH 

composite/ magnetic biochar is shown from the 

characterization results of XRD, FT-IR, BET, and VSM 

analysis. Synthesis of Zn-Al LDH material, magnetic 

biochar, and Zn-Al LDH composite/ magnetic biochar 

has diffractogram peaks of layered double hydroxide 

matched with JCPDS No. 48.2023 data for Zn-Al 

(Siregar et al., 2022). The characterization results of Zn-

Al LDH, magnetic biochar, and composite LDH Zn-

Al/magnetic biochar are presented in Figure 3. 
Figure 2. pH on adsorption of malachite green 

Figure 3. X-ray diffractogram of adsorbents 

Typical diffractogram patterns of Zn-Al layered 

double hydroxide material with angles at 2θ, namely, 

diffraction peaks at 10.29°, 20.07°, 29.59°, 32.12°, 

34.02°, 48.06°, and 60.16° allocated to planes (003), 

(006), (101), (012), (015), (107), and (110), were 

detected from XRD patterns. Based on the diffraction 

peaks the formation of the Zn-Al material structure 

follows the JCPDS file No 48-1023. According to 

Palapa et al. (2019), the double diffraction peak found 

at an angle of 60° is a typical diffraction pattern 

indicating that the Zn-Al layered double hydroxide 

material contains anions in the interlayer. Figure 3 

explains that the biochar magnet has an angle at 2θ, 

namely the diffraction peaks at 24.9°, 35°, 63°, and 

68.4° for the planes (220), (311), (422), and (440), 

respectively, while in the layered double hydroxide 

Zn-Al/magnetic biochar composite, the diffraction 

angle peaks are shown at 35.3° and 61.1° for  the 

planes (311), and (110), respectively. This explains 

that magnetic biochar and layered double hydroxide 

Zn-Al/magnetic biochar composite have been 

successfully synthesized based on JCPDS file No.19-

0619 (Ahmad et al., 2023; Fitri and Ardiansyah, 

2023). 

The successful synthesis of Zn-Al LDH 

material, magnetic biochar, and Zn-Al/magnetic 

biochar layered double hydroxide composite is also 

supported through FT-IR spectra presented in Figure 
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4. In Figure 4, there are vibrational peaks at wave

numbers 3,441 cm-1, 3,425 cm-1, and 3,448 cm-1 this

indicates the presence of O-H groups from water

molecules in Zn-Al, magnetic biochar, and composite

LDH Zn-Al/magnetic biochar. Wave numbers 2,376

cm-1 and 2,422 cm-1 on composite LDH Zn-

Al/magnetic biochar, magnetic biochar, and Zn-Al 

indicate the presence of C≡C. In the composite LDH 

Zn-Al/magnetic biochar and magnetic biochar, there 

are wave numbers of 1,620 cm-1 and 1,635 cm-1 on the 

LDH indicating the presence of carbonyl groups C=O 

(Siregar et al., 2021). 

Figure 4. FTIR of adsorbents 

In the Zn-Al layered double hydroxide, there is 

a wave number of 1,381 cm-1 indicating the vibration 

of the NO3
- group, and wave numbers from 609 to 840 

cm-1 indicating the presence of M-O vibrations in the

form of Zn-O and Al-O. The wave number at 1,404

cm-1 in magnetic biochar indicates the presence of C-

H carbon groups, at wave number 1,095 cm-1 there are

C-O vibrations, and at wave number 586 cm-1

indicates the presence of magnetic Fe-O. The layered

double hydroxide Zn-Al/magnetic biochar composite

has wave numbers 1,110-1,120 cm-1 indicating the

presence of aliphatic amines and wave numbers 580

cm-1 indicating the presence of M-O vibrations in Zn-

O and Al-O. So it can be said that the synthesis of LDH

Zn-Al, biochar magnet, and composite LDH Zn-

Al/magnetic biochar has been successfully carried out

(Ahmad et al., 2023; Rahmadan et al., 2021).

Using nitrogen adsorption and desorption, BET 

analysis is performed to learn more about a material's 

surface area and pore dispersion (Bagheri et al., 2021). 

Table 1 lists the outcomes of nitrogen adsorption and 

desorption tests on each adsorbent. The table shows 

that after modification into a layered double hydroxide 

Zn-Al/magnetic biochar composite, the surface area 

increased. This increase occurs because the layered 

double hydroxide materials have properties that allow 

them to expand more when composited in an aqueous 

medium.  

The nitrogen adsorption-desorption isotherms 

for the different adsorbents utilized are shown on the 

graph in Figure 5. A hysteresis phenomena is depicted 

in the illustration. All the materials, i.e., LDH Zn-Al, 

magnetic biochar, and composite LDH Zn-

Al/magnetic biochar, follow type IV in the nitrogen 

adsorption-desorption isotherm curve. Type IV 

indicates that the material belongs to the mesoporous 

category because the desorption curve is different 

from the adsorption curve, resulting in a hysteresis 

phenomenon. According to IUPAC, mesoporous 

materials have pore sizes between 2 to 50 nm. The 

isotherm graphs of various materials, Zn-Al LDH, 

biochar magnetic, and composite LDH Zn-

Al/magnetic biochar are grouped into H2 type.  

According to Hu et al. (2020) type H2 indicates that 

the material has a mesoporous structure with pores that 

have wide loops.
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Figure 5. Graph nitrogen adsorption-desorption isotherms of adsorbents 

Table 1 displays data on the surface area, pore 

volume, and pore diameter of the adsorbent materials. 

The Zn-Al LDH has a surface area of 9.621 m2/g, 

while the surface area of magnetic biochar is 81.843 

m2/g. However, after undergoing the modification 

process into a layered double hydroxide Zn-

Al/magnetic biochar composite material, the surface 

area of the adsorbent successfully increased to 99.473 

m2/g. It can be seen that the higher the carbon content 

in the material, the larger the surface area. The 

information in Table 1 also demonstrates that the 

relationship between surface area and pore volume is 

direct. In other words, the pore volume increases with 

surface area. However, there is a trend in the pore 

diameter size that is inversely related to the surface 

area and pore volume. The pore diameter gets 

narrower as the surface area grows in proportion to the 

pore volume. The Zn-Al material has the smallest 

surface area, which is 9.621 m2/g, but has a pore 

volume of 0.017 cm3/g. Although it has a small surface 

area, the pore diameter size in this material is the 

largest, reaching 12.094 nm. The XRD, FTIR, and 

BET characterization results proved that the Zn-Al 

LDH material, magnetic biochar, and Zn-Al/magnetic 

biochar layered double hydroxide composite have a 

stable structure. The modification process of this 

composite material successfully increased the surface 

area of the Zn-Al starting material. 

Table 1. Adsorption-desorption isotherm analysis results of Zn-Al layered double hydroxide material, magnetic biochar, and Zn-Al 

layered double hydroxide material/magnetic biochar composite 

Materials Surface area (m2/g) Volume pore (cm3/g) Diameter pore (nm) 

Zn-Al 9.621 0.017 12.094 

Magnetic 81.843 0.127 4.136 

Komposit 99.473 0.238 4.802 

VSM (Vibrating Sample Magnetometer) 

characterization was performed to help understand the 

magnetic properties of biochar magnetic material and 

Zn-Al/magnetic biochar layered double hydroxide 

composite. The Hysteresis loop obtained can be seen in 

Figure 6. where the Hysteresis loop of magnetization 

appears like an S. Based on Figure 6 explaining the soft 

magnetic properties of the magnetite formed, it is 

observed that in the magnetic biochar and the layered 

double hydroxide Zn-Al/magnetic biochar composite, 

the magnetization is completely saturated at a value of 

13.04 emu/g for pure magnetite and 9.67 emu/g in the 

composite. Coercivity (Hci), Magnetization (Ms), and 

Retentivity (Mr) values for magnetic biochar and 

layered double hydroxide Zn-Al/magnetic biochar 

composites, obtained from VSM.
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Figure 6. Graph vibrating sample magnetometer of adsorbents 

The sharp decrease in Ms value for the layered 

double hydroxide Zn-Al/magnetic biochar composite 

may be due to the magnetic incorporation of biochar 

in the LDH Zn-Al framework, the LDH Zn-Al wall 

acts as a shield for the magnetic strength of Fe3O4. The 

low saturation magnetization in the composite may be 

due to the dispersion of nanoparticles in the layered 

double hydroxide Zn-Al matrix. The particle weight 

used for magnetic measurements is constant, hence the 

decrease in saturation magnetization is due to the 

increase in the amount of layered double hydroxide 

present in the magnetic composite layer. The layered 

double hydroxide on the surface of the magnetic 

composite decreases the surface moment resulting in a 

reduction in the magnetic moment in the magnetic 

composite. The magnetic composite has good 

magnetic stability so it has the ability an adsorption 

liquid waste. The magnetic composite also has the 

advantage of making regeneration easier when 

separating the adsorbent from the adsorbate. Figure 7 

is a sample of magnetic biochar and layered double 

hydroxide Zn-Al/magnetic biochar composite. 

Figure 7. Sample adsorbents of (a) magnetic biochar and (b) layered double hydroxide Zn-Al/magnetic biochar composite 

3.4 Effect of time and kinetics 

The adsorption ability of the prepared materials 

was proven through several parameters such as 

adsorption kinetics and thermodynamics. Kinetic 

parameters were carried out by making variations in 

adsorption time from 0 to 180 min which can be seen 

in Figure 8. The closest distance between the Qeexp and 

Qecalc values in Table 2 and the highest linear 

regression value are used to determine the PFO and 

PSO kinetic models (Sheikhmohammadi et al., 2019). 

While the PSO kinetic model assumes that the active 

sites of the adsorbent are available more than the 

potential bonding between the adsorbent and the 

adsorbate that occurs, the PFO kinetic model assumes 

that the bonding between the adsorbent and the 

adsorbate that occurs is proportional to the available 

active sites (Aqdam et al., 2021). The results of the 

variation of contact time of malachite green dye on 

layered double hydroxide Zn-Al and magnetic biochar 

seen in Figure 8 show that the equilibrium time is 

reached at 70 min and on the layered double hydroxide 

Zn-Al/magnetic biochar composite at 40 min. The 
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equilibrium time explains that the adsorption process 

has reached the optimum time where, after this time is 

reached, the resulting adsorption ability is not much 

different, resulting in a flat curve. This also shows the 

tendency towards the kinetics model of the adsorption 

process. It can be seen that all materials and their 

modifications are more likely to follow the PSO 

kinetics model than PFO. This determination is also 

evidenced by the data of linear regression values in 

Table 2. 

 Linear regression data on malachite green dye 

against Zn-Al ldh adsorbent, magnetic biochar, and 

composite LDH Zn-Al/magnetic biochar showed 

almost the same values of 0.9766, 0.9865, and 0.9896 

in the PSO kinetic model. Based on this, it can be seen 

that the LDH Zn-Al, magnetic biochar, and LDH Zn-

Al/magnetic biochar composites tend to follow the 

PSO kinetics model. The malachite green dye 

adsorbed using layered double hydroxide Zn-Al 

adsorbent, magnetic biochar, and layered double 

hydroxide Zn-Al/magnetic biochar composite all tend 

to follow the PSO kinetics model which can be seen 

from the linear regression values that are closer to 1. 

Based on these findings, it is established that the 

adsorption process happens on the active sites of the 

adsorbent that are available rather than the potential 

for adsorbent and adsorbate bonding. The Qeexp value 

of each adsorbent, which is closer to Qecalc from the 

PSO kinetics model, serves as more support for this.

Figure 8. Model for adsorption kinetics 

Table 2. Kinetic model of adsorption of malachite green dye on layered double hydroxide Zn-Al, magnetic biochar, and layered double 

hydroxide Zn-Al/magnetic biochar composite 

Dye Materials Qeexp PFO PSO 

mg/g k1 Qecalc R2 k2 Qecalc R2 

Malachite green Zn-Al 31.971 0.0325 20.8161 0.647 0.0008 39.5257 0.9766 

Magnetic biochar 33.114 0.0207 7.0340 0.4324 0.0021 36.2319 0.9865 

Composite 35.721 0.0272 10.7795 0.5991 0.0097 30.0030 0.9896 

3.5 Effect of isotherms and thermodynamic studies 

The adsorption isotherm and thermodynamic 

parameters were calculated using the effects of 

concentration and temperature on the adsorption of the 

dye malachite green. The Langmuir and Freundlich 

isotherm models are the two most often employed 

isotherm models. The Langmuir isotherm model, which 

presupposes the active side and energy contained on the 

adsorbent surface are homogeneous, explains that the 

adsorption process occurs chemically (chemisorption). 

In contrast to the Freundlich isotherm, which assumes 

that the adsorption process occurs physically 

(physisorption), this results in the interaction between 

the adsorbent and adsorbate only occurring in a single 

layer (monolayer) of the materials, resulting in a strong 

bond between the active side of the adsorbent and the 

adsorbate, namely the dye. 
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This assumes that the adsorption process occurs 

in many layers (multilayer). Table 3 shows the 

isotherm model can be done by looking at the linear 

regression value (R2) which is closer to 1. The 

composite LDH Zn-Al/magnetic biochar and 

magnetic biochar tend to follow the Freundlich 

isotherm model, while the Zn-Al layered double 

hydroxide adsorbent and magnetic biochar tend to 

follow the Langmuir isotherm model, according to the 

data in Table 3. This is a result of the R2 values 

becoming closer to 1. Table 3 also provides 

information on the adsorption capacity (Qm). 

Table 3 shows the capacity of adsorption (Qm) 

of dye malachite green on Zn-Al layered double 

hydroxide, biochar magnetic, and composite LDH Zn-

Al/magnetic biochar. The largest adsorption capacity 

of 25.907 mg/g occurs in LDH Zn-Al/magnetic 

biochar composite at 60℃, followed by magnetic 

biochar at 60℃ with an adsorption capacity (Qm) of 

15.552 mg/g, and layered double hydroxide Zn-Al at 

60℃ with an adsorption capacity (Qm) of 14.472 

mg/g. The capacity of NiAl LDH/BC of 15.1 mg/g in 

the study of Palapa et al. (2022) achieved a satisfactory 

performance. This illustrates how effectively NiAl 

LDH/BC removes MG dye from aqueous samples. In 

Table 3, the Langmuir constant (KL) value is 

calculated to determine the strength of interaction 

between adsorbate and adsorbent surface. Data from 

Table 3 shows the KL value for each adsorbent tends 

to increase with increasing temperature. This indicates 

that the interaction between adsorbate and adsorbent is 

strong. This confirms that the layered double 

hydroxide Zn-Al/magnetic biochar composite has a 

greater adsorption capacity than its constituent 

materials, namely layered double hydroxide Zn-Al 

and magnetic biochar. 

Table 3. Adsorption isotherm parameters of malachite green color on layered double hydroxide Zn-Al, magnetic biochar, and layered 

double hydroxide Zn-Al/magnetic biochar composites 

Adsorbents T(°C) Qm Model isotherms adsorption 

Langmuir Freundlich 

Kl R2 n Kf R2 

ZnAl 30 0.227 0.015 0.9909 0.081 1.2331 0.8485 

40 0.361 0.017 0.9206 0.076 1.1015 06966 

50 0.432 0.018 0.5217 0.091 5.2601 0.2507 

60 14.472 0.030 0.9958 0.415 8.6139 0.9685 

Magnetic 30 0.278 0.018 0.8785 0.047 2.4717 0.9942 

40 0.467 0.021 0.3777 0.049 3.9445 0.2615 

50 3.034 0.030 0.4541 0.162 1.7782 0.654 

60 15.552 0.085 0.9975 1.448 3.426 0.7634 

Composites 30 2.125 0.019 0.9128 0.118 8.5703 0.9835 

40 2.124 0.020 0.8173 0.102 7.1285 0.9317 

50 4.274 0.034 0.5655 0.217 4.2785 0.7138 

60 25.907 0.143 0.9902 2.515 1.4564 0.5089 

Enthalpy (ΔH), entropy (ΔS), and Gibbs free 

energy (ΔG) are three thermodynamic parameters that 

were identified during the adsorption of green 

malachite dye and are shown in Table 4-6. To 

ascertain whether the adsorption process is 

endothermic or exothermic, the enthalpy value (ΔH) 

in dye adsorption is measured. The entropy value (ΔS) 

of dye adsorption is determined to determine the 

degree of disorder during the process. Whether or not 

the adsorption process is spontaneous can be 

determined by looking at the value of Gibbs free 

energy (ΔG). 

Table 4 shows the thermodynamic parameter 

data of malachite green dye adsorption on ZnAl 

layered double hydroxide adsorbent. In Table 4, the 

enthalpy (ΔH) is positive for layered double hydroxide 

ZnAl, which is 2.037-14.828 KJ/mol. This indicates 

that, during the adsorption phase, the reaction is 

endothermic. The entropy value (ΔS) is positive at 

0.007-0.054 KJ/mol. This suggests that there is little 

chaos during the adsorption process. Given that the 

Gibbs free energy (ΔG) is negative, the adsorption of 

the dye malachite green occurs voluntarily. The 

thermodynamic parameter information for the 

adsorption of malachite green on biochar magnetic is 

displayed in Table 5. Biochar magnetic also exhibits a 

positive enthalpy value (ΔH) of 9.957-25.107 kJ/mol, 

similar to Zn-Al layered double hydroxide. This 
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indicates that the reaction that takes place during the 

adsorption process is endothermic. The entropy value 

(ΔS) on the biochar magnetic also shows a positive 

value of 0.033-0.90 j/mol/K. This indicates that the 

biochar magnetic when adsorbing green malachite has 

a small degree of irregularity during the adsorption 

process. The Gibbs free energy (ΔG) of the biochar 

magnetic when adsorbing green malachite is also 

negative, indicating that the adsorption process takes 

place spontaneously. 

Table 4. Thermodynamic parameter data of adsorption of malachite green dye on layered double hydroxide adsorbent ZnAl 

Concentration (mg/L) Temperature (K) Qe (mg/g) ∆H (kJ/mol) ∆S (J/K mol) ∆G (kJ/mol) 

303 25.471 2.037 0.007 -0.080

313 25.900 -0.150

50 323 26.150 -0.220

333 26.400 -0.290

303 31.079 8.653 0.029 -0.096

313 32.186 -0.384

60 323 33.614 -0.673

333 35.757 -0.962

303 39.329 11.047 0.038 -0.531

313 41.579 -0.914

70 323 43.329 -1.296

333 46.186 -1.678

303 48.150 12.899 0.046 -0.981

313 51.079 -1.439

80 323 53.757 -1.897

333 56.614 -2.355

303 58.579 14.828 0.054 -1.481

313 62.150 -2.020

90 323 65.579 -2.558

333 68.614 -3.096

Table 5. Thermodynamic parameter data of adsorption of malachite green dye on biochar magnetic adsorbent 

Concentration (mg/L) Temperature (K) Qe (mg/g) ∆H (kJ/mol) ∆S (J/K mol) ∆G (kJ/mol) 

303 25.971 9.957 0.033 -0.167

313 27.400 -0.501

50 323 29.186 -0.836

333 30.257 -1.170

303 34.293 14.149 0.049 -0.697

313 37.150 -1.187

60 323 39.293 -1.677

333 41.471 -2.167

303 44.043 16.786 0.059 -1.217

313 46.900 -1.811

70 323 50.471 -2.405

333 52.971 -2.999

303 53.043 19.714 0.070 -1.628

313 56.614 -2.333

80 323 61.614 -3.037

333 63.757 -3.741

303 62.900 25.107 0.090 -2.026

313 67.900 -2.922

90 323 74.329 -3.817

333 76.471 -4.713
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Table 6. Thermodynamic parameter data of adsorption of malachite green dye on layered double hydroxide ZnAl/magnetic biochar 

composite adsorbent 

Concentration (mg/L) Temperature (K) Qe (mg/g) ∆H (kJ/mol) ∆S (J/K mol) ∆G (kJ/mol) 

303 28.829 9.505 0.034 -0.652

313 29.543 -0.987

50 323 30.257 -1.323

333 33.114 -1.658

303 37.221 14.810 0.052 -1.074

313 38.650 -1.599

60 323 40.793 -2.123

333 44.329 -2.647

303 46.829 16.500 0.060 -1.577

313 48.257 -2.173

70 323 52.650 -2.770

333 54.757 -3.367

303 55.507 20.605 0.074 -1.876

313 57.650 -2.618

80 323 62.864 -3.360

333 65.900 -4.102

303 64.757 29.316 0.104 -2.070

313 66.543 -3.106

90 323 76.471 -4.142

333 78.614 -5.178

Table 6 shows the thermodynamic parameter 

data of green malachite dye adsorption on composite 

LDH Zn-Al/magnetic biochar adsorbent material. 

Similar to the LDH Zn-Al and magnetic biochar, the 

composite LDH Zn-Al/magnetic biochar adsorbent 

also has a positive enthalpy value (ΔH) of 9.505-

29.316 kJ/mol. This informs that when adsorbing 

green malachite dye, the composite LDH Zn-

Al/magnetic biochar has an endothermic reaction 

during the adsorption process. The entropy value (ΔS) 

of the composite LDH Zn-Al/magnetic biochar is the 

same as the LDH Zn-Al and magnetic biochar which 

shows a positive value of 0.034-0.104 j/mol/K. This 

indicates that the LDH Zn-Al/magnetic biochar 

composite, when adsorbing malachite green dye, has a 

small degree of disorder. The Gibbs free energy (ΔG) 

of the layered double hydroxide ZnAl/magnetic 

biochar composite is also the same as the layered 

double hydroxide Zn-Al and magnetic biochar when 

the adsorption of malachite green is negative, 

indicating that the adsorption process takes place 

spontaneously. Table 7 provides information on the 

adsorption capacities that have been made by other 

researchers. 

Table 7. Adsorption of malachite green using other adsorbents 

Adsorbent Adsorption capacity (mg/g) References 

Rice husk/MnO 68.534 Emilia et al. (2023) 

NiFe-POM 8.81 Lesbani et al. (2020) 

Apricot carbon activated 17.60 Abbas (2020) 

Magnetic GO/Fe3O4 59 Li et al. (2021) 

Magnetic reduced graphene oxide nanocomposite 77.1 Sadegh et al. (2021) 

M-Sp 69.444 Hasanah et al. (2023) 

Camphor leaf 68.9  Hu et al. (2019) 

MBC 76.471 This Study 

Zn-Al/MBC 78.614 This Study 
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3.6 Adsorbents’ capacity for re-use 

By employing ultrasonics to remove the 

adsorbate from the adsorbent surface, regeneration is 

the process of using the materials again. The 

regeneration process can be done through adsorption 

and desorption steps first. After going through the 

adsorption and desorption steps, 0.2 g aliquots of LDH 

Zn-Al, magnetic biochar, and composite LDH Zn-

Al/magnetic biochar were used to adsorb malachite 

green dye. The results of the regeneration of LDH Zn- 

Al, magnetic biochar, and composite LDH Zn-

Al/magnetic biochar against malachite green dye can 

be seen in Figure 9. Figure 9 shows that the composite 

LDH Zn-Al/magnetic biochar against malachite green 

dye can adsorb as much as 92.25% of maximum 

capacity after the first regeneration, 82.61% after the 

second regeneration, 72.20% after the third 

regeneration, 68.47%  after the fourth regeneration, 

and 55.46% after the fifth regeneration. The magnetic 

biochar was able to adsorb as much as 85.05% 

malachite green dye after the first regeneration, 

79.74% after the second regeneration, 67.89% after 

the third regeneration, 64.15% after the fourth 

regeneration,  and 51.87% after the fifth regeneration. 

The Zn-Al layered double hydroxide material had the 

smallest adsorption ability to malachite green dye 

compared to the other two adsorbents, namely, 

79.24% after the first regeneration, 61.78% after the 

second regeneration, third regeneration 46.34%, 

fourth regeneration 37.16% and fifth regeneration 

29.60%. This can be seen from the instability in Figure 

9 that results from the repeated use of LDH Zn-Al, 

magnetic biochar, and composite LDH Zn-

Al/magnetic biochar. Adsorption of malachite green 

by Amri and Hanifah (2023) using graphene oxide 

material from the first cycle to the fifth cycle 

decreased by 40.19%. This shows that adsorption with 

composite LDH Zn-Al/magnetic biochar is more 

effective in regeneration. 

Figure 9. Reusability of adsorbent materials 

3.7 Mechanism of malachite green adsorption 

Figure 10 shows the adsorption mechanism of 

malachite green with the composite layered double 

hydroxide Zn-Al/magnetic biochar. Physical 

adsorption explains how malachite green can enter the 

pores of biochar and bind through van der Waals 

forces and capillary forces. Biochar with a large pore 

structure will provide a large surface area for 

malachite green to adsorb. Chemical adsorption 

allows composite layered double hydroxide on biochar 

to chemically interact with malachite green. This may 

involve the formation of chemical bonds or 

electrostatic interactions between the functional 

groups on malachite green and the layered double 

hydroxide groups on the hydroxy layer. These 

interactions can increase adsorption power and 

adsorption stability. Ion exchange occurs where 

malachite green is a charged compound, the layered 

double hydroxide on biochar can act as an ion 

exchange site, where positively charged malachite 

green can exchange with negative ions on the LDH, 

increasing the adsorption of the compound. The 
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adsorption capacity is optimized by applying optimum 

pH, optimum time, optimum concentration, and 

temperature (Palapa et al., 2022; Ahmad et al., 2017; 

Rahmadan et al., 2021; Dai et al., 2022). 

Figure 10. Adsorption mechanism of composite layered double hydroxide Zn-Al/magnetic biochar 

4. CONCLUSION

According to this study’s XRD, FTIR, BET, 

and VSM analyses, the Zn-Al, magnetic biochar, and 

Zn-Al/magnetic biochar composite were effectively 

synthesized. Regarding pH, Zn-Al and magnetic 

biochar had a pH of 6, whereas the composite of these 

two materials was pH 7. For Zn-Al, magnetic biochar, 

and composite Zn-Al/magnetic biochar, pH 8 is the 

ideal value for adsorption of malachite green. The PSO 

(pseudo-second order) kinetics model serves as the 

basis for this adsorption. The reaction is typically 

endothermic, the Gibbs Free Energy (ΔG) tends to 

occur spontaneously, and the isotherm parameters on 

Zn-Al, magnetic biochar, and Zn-Al/magnetic biochar 

composite against malachite green dye tend to follow 

the Langmuir isotherm model. The adsorption 

capacity of the magnetic Zn-Al/biochar composite at 

60℃ was found to be up to 25.907 mg/g. Regenerated 

magnetic Zn-Al/biochar composite showed superior 

performance of up to 92.25% of initial capacity. 
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This study utilised remote sensing data and ArcGIS 10.8 software to evaluate 

changes in land use and land cover (LULC) and their effects on land surface 

temperature (LST) in Hai Duong Province, Vietnam, from 1992 to 2022. Landsat 

satellite data were pre-processed and classified using supervised methods for the 

years 1992, 2010, and 2022. In 1992, vegetation cover accounted for 57.89% of 

land cover, increasing to 84.49% in 2010, but then decreasing again to 66.67% 

in 2022. In contrast, the built-up area consistently increased, from 2.88% in 1992 

to 29.35% in 2022, as most of the barren land present in 1992 became built-up 

area in 2022. The LST values were calculated from the thermal bands for the 

years 1992, 2010, and 2022 and ranged from 16.09°C to 34.27°C, 17.04°C to 

36.74°C, and 11.03°C to 28.44°C, respectively. In addition, the Normalized 

Difference Vegetation Index (NDVI) values were calculated using the near-

infrared band and the red band, with values ranging from -0.40 to 0.70 over the 

study period. A linear regression analysis indicated a shift in the correlation 

between NDVI and LST from positive to negative. This study highlights the 

significant transformation that occurred in Hai Duong Province due to rapid 

population density increases, urban growth and infrastructure development, 

leading to a decline in greenery. These LULC changes can cause severe 

environmental damage. These research findings will assist policymakers in 

formulating management strategies and sustainable land-use plans to minimize 

potential harm and promote sustainable development in the area. 
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1. INTRODUCTION

Climate change has a considerable influence on 

agriculture, both direct and indirect, making it a 

significant environmental issue worldwide. Its effects 

include changes in precipitation patterns, extreme 

temperature stress and alterations in land surface 

temperature (LST), which reduce crop health and 

productivity (Laux et al., 2017; Zia et al., 2017; 

Praveen and Sharma, 2019; Hammad et al., 2019; 

Zamin et al., 2019; Celik, 2020; Skendžić et al., 2021). 

These changes have driven to rural-to-urban 

migration, significantly affecting land use and land 

cover (LULC) patterns (Silva et al., 2018; Ritse et al., 

2020). Understanding LST patterns is crucial for 

climate change research and protecting the 

environment (Donelson et al., 2018; Monroe et al., 

2019). Multiple factors, including soil composition, 

changes in vegetation cover and the presence of 

permeable and impermeable surfaces, can affect LST 

patterns. Furthermore, green cover and vegetation play 

critical roles in mitigating LST in urban areas, making 

them more resilient to the effects of climate change 

(Ahmed et al., 2009; Winsemius et al., 2018; Mubeen 

et al., 2021; Hussain and Karuppannan, 2023). 

LULC changes exert a significant influence on 

the provision of ecosystem services and affect 

ecosystem functions at the local, regional and global 

levels (Das and Das, 2019; Li et al., 2021; Phuong and 

Citation: Thien BB, Ovsepyan AE, Phuong VT. Monitoring land surface temperature relationship to land use and land cover in Hai Duong Province, 
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Thien, 2023a). These changes also affect human 

variables, such as environmental and political plans 

(Roberts et al., 2018). Studying LULC changes 

provides valuable information to understand past 

practices, current models, and future directions. 

Change detection techniques, classified by whether 

they use pixel-, feature- or object-level image 

processing, are used to categorise LULC changes and 

different techniques can be used to detect changes 

(Tang and Di, 2019; Xu et al., 2019; Sahin et al., 2022; 

Thien et al., 2023a). Earlier research has established 

that LULC changes can have considerable 

environmental effects, particularly on the urban 

climate (Yao et al., 2020; Sahin et al., 2022). 

Remote sensing (RS) and geographic 

information systems (GIS) have proven very effective 

in analysing and evaluating LULC and LST changes 

(Owolabi et al., 2020; Hu et al., 2023; Hussain and 

Karuppannan, 2023; Zeren Cetin et al., 2023). 

Satellite-based RS provides general LULC data at 

specific times and locations, and RS and GIS together 

can be used to map and identify LULC and LST 

changes. Recently, studies have relied heavily on 

remote spatial information from satellites to map 

individual plant species and describe changes in plant 

types. The Normalised Difference Vegetation Index 

(NDVI) is essential for monitoring vegetation cover 

and its response to climate change (Estrella et al., 

2021; Fayech and Tarhouni, 2021; Phuong and Thien, 

2023b). NDVI values reflect plants’ biological 

activities (Guha, 2021; Bohanon and Crane, 2022). 

Daily changes in LST can be described through NDVI 

values, indicating the state of the vegetation cover 

(Fatemi and Narangifard, 2019; Mukherjee and Singh, 

2020; Nse et al., 2020; Hussain and Karuppannan, 

2023). NDVI values also help with the study of plants’ 

global and regional ecological cycles. The vegetation 

response to environmental changes, plant life cycles 

and vegetation health can all be observed by NDVI 

(Workie and Debella, 2018; Rizvi et al., 2021; Sajan 

et al., 2023). 

In Vietnam, studies of LST have primarily been 

conducted in large urban areas, such as Hanoi, Ho Chi 

Minh City, and Da Nang (Son et al., 2017; Thanh 

Hoan et al., 2018; Nguyen et al., 2019; Veettil et al., 

2023; Veettil and Van, 2023). However, no such work 

has been performed in the neighbouring areas, such as 

Hai Duong Province, which are also starting to 

encounter problems as the expansion of impermeable 

surface areas causes surface temperatures to rise. 

Monitoring such issues can help policymakers take 

early steps to adopt appropriate policies to correct and 

mitigate the resulting problems. This study’s main aim 

is to investigate the impact of LULC changes on LST 

in Hai Duong Province from 1992 to 2022 by utilising 

RS techniques, particularly NDVI. The investigation 

will also assess the relationship between LULC 

changes and the effects of climate change in the area. 

The results will provide policymakers and land 

managers with essential information to make informed 

decisions regarding LULC changes in the province. 

The specific objectives of this study are to (i) assess 

LULC changes; (ii) calculate LST; (iii) examine 

changes in vegetation cover using NDVI; and (iv) 

analyse the relationship between NDVI and LST in 

Hai Duong Province in 1992, 2010, and 2022.   

2. METHODOLOGY

2.1 Study area

This research focuses on Hai Duong Province 

located in the Red River Delta region of Vietnam. The 

province spans approximately 1,668.24 km2, ranging 

between longitude 106°09′47″ E to 107°04′37″ E and 

latitude 20°40′38″ N to 21°42′38″ N (General 

Statistics Office, 2022). It consists of two cities, one 

town, and nine districts, with Hai Duong City serving 

as its economic, political, and cultural center. The 

province is known for its agricultural activities, 

particularly rice cultivation, due to its relatively flat 

topography. Additionally, it hosts several industrial 

zones, such as the Nam Sach and Dai An Industrial 

Zones, which contribute significantly to its economic 

growth. The climate of the province is of the tropical 

monsoon type, featuring warm and humid summers 

and cool and dry winters. The yearly temperature in 

the area usually varies between 24 and 26°C, while the 

average annual precipitation amounts to 1,500-1,800 

mm. Natural disasters such as floods, typhoons, and

landslides, however, occasionally affect the province's

agricultural sector, infrastructure, and people. The

study area map was shown in Figure 1.

2.2 Landsat data 

Satellite images from Landsat 5-TM (1992 and 

2010) and Landsat 8-OLI/TIRS (2022) were 

downloaded freely from the United States Geological 

Survey (USGS) website (https://earthexplorer.usgs. 

gov/) (Table 1) to study LULC changes in the study 

area. A total of six images were downloaded, covering 

two frames with path/rows of 126/045 and 126/046, 

and were collected in winter to minimize the impact of 

cloud cover on the detection of LULC changes. The 
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LULC model was classified into four groups: 

vegetation, build-up, barren land, and water bodies, 

based on field survey information and high-resolution 

Google Earth Pro images. The accuracy of the LULC 

classification map was evaluated using 300 points for 

each year, with samples collected from Google Earth 

Pro for 1992 and 2010, and field surveys conducted 

for 2022.

Figure 1. Study area map of Hai Duong Province, Vietnam 

Table 1. Detailed data summary of satellite imagery used in the study 

Landsat scene ID Acquisition data Satellite Image quality Cloud cover land 

(%) 

Path/row 

LT51260451992336BJC00 01/12/1992 Landsat 5-TM 9 0.00 126/045 

LT51260461992336BJC00 7 0.00 126/046 

LT51260452010305BKT00 01/11/2010 Landsat 5-TM 7 0.00 126/045 

LT51260462010305BKT00 7 0.00 126/046 

LC81260452022354LGN00 20/12/2022 Landsat 8-OLI/TIRS 9 9.96 126/045 

LC81260462022354LGN00 9 4.62 126/046 

2.3 Image processing and classification 

In the preparation of Landsat satellite imagery 

for this study, co-registering to the UTM zone 48N 

projection using the WGS-84 datum was essential, 

accomplished through the utilisation of ArcGIS 10.8 

software (Esri, USA) (Thien et al., 2023b). The 

spectral bands from Landsat 5-TM (bands 1-5 and 

band 7) and Landsat 8-OLI/TIRS (bands 1-7) were 

stacked to produce a multiband image using discrete 

bands (Hussain and Karuppannan, 2023). Mosaicking 

was then used to combine overlapping images, and the 

extract by mask tool was used to subset the image 

based on the study area (Chamling and Bera, 2020; 

Hussain et al., 2020; Thien et al., 2023b). Once pre-

processing was complete, based on local knowledge 

supervised classification was performed on the 

satellite image datasets from 1992, 2010, and 2022 

using a maximum likelihood algorithm. By drawing 

polygons around typical locations for each individual 

LULC type, training samples were chosen for each 

type (Viana et al., 2019). The spectral signatures of 

each LULC class were then retrieved from pixels 

surrounding the delineated polygons (Fayaz et al., 

2020; Thien and Phuong, 2023). A detailed 

methodology is presented in Figure 2.
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Figure 2. Schematic representation of the methodology followed in the study 

2.4 Accuracy assessment 

In this study, a process of accuracy evaluation 

was carried out to authenticate the generated image 

classifications and minimize errors in digital imagery 

(Alganci et al., 2020). Two techniques were utilised to 

assess accuracy: the error matrix and the kappa 

coefficient (Feizizadeh et al., 2022; Thien and Phuong, 

2023). The error matrix offers the most comprehensive 

and mutual means of determining the current accuracy 

outcomes, which can be utilised to derive various 

statistical measures for accuracy assessment. These 

include the percentage of the producer’s accuracy, the 

user’s accuracy, and overall accuracy, which address 

errors produced by chance (Hussain et al., 2020). The 

kappa coefficient, ranging from 0 to 1, expresses the 

difference between classified results and reference 

points (Cvitić et al., 2021). Equations (1), (2), (3), and 

(4) were used as optimal quantitative measures to

classify satellite imagery.

Producer′s accuracy =
xkk

x+k
 × 100 (1) 

User′s accuracy =
xkk

xk+
× 100  (2) 

Overall accuracy =
1

N
∑ ni

r
k=1 × 100  (3) 

Kappa coefficient =  
N ∑ xkk− ∑ (xk+

r
k=1  .x+k)r

k=1

N2− ∑ (xk+
r
k=1  .x+k)

        (4) 

Where; N stands for the pixels in total, r for the 

classes number, and xkk for the sum of the pixels in

rows “k” and columns “k”, respectively. In the error 

matrix, the total samples in column “k” are represented 

by subscription x+k, while the total samples in row “k”

are represented by xk+.

2.5 Estimation of NDVI 

The NDVI is a widely used criterion for 

detecting and monitoring vegetation areas (Estrella et 

al., 2021; Fayech and Tarhouni, 2021). The Landsat 

images were used to estimate the NDVI, which has 

values ranging between −1 and +1 (Thien and Phuong, 

2023). The NDVI values were calculated using 

formula (5), which is as follows: 

NDVI =
NIR −RED

NIR +RED
    (5) 

Where; NIR is the near-infrared band and RED 

is the red band. 

2.6 Estimation of LST 

The LST is usually measured using the RS 

technique, which refers to the temperature of the 

Earth’s surface (Zhang et al., 2019). It can be utilised 

to gain insights into the Earth’s energy balance, urban 

heat island effects, and vegetation stress, among other 

applications. To compute LST, different researchers 
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have used defined measurements on Landsat data 

(Sekertekin and Bonafoni, 2020; Balew and Korme, 

2020; Moazzam et al., 2022; Rendana et al., 2023). In 

this study, LST values were estimated from the 

thermal bands of Landsat 5-TM and Landsat 8-

OLI/TIRS (bands 6 and 10). All steps for the LST 

calculation are provided below. 

Equations (6) and (7) were used to convert 

digital numbers (DN) to radiance for Landsat 5-TM 

and Landsat 8-OLI/TIRS, respectively (Rendana et al., 

2023). 

Lλ = (
Lmaxλ−Lminλ

QCalmax−QCalmin
) × (QCal − QCalmin) + Lminλ    (6)

Where; Lλ  represents the sensor radiance,

Lmaxλ is the maximum radiance of band 6, Lminλ is

the minimum radiance of band 6, QCal  is the 

quantized calibrated pixel value in DN, QCalmax is the

maximum quantized calibrated pixel value in DN, and 

QCalmin  is the minimum quantized calibrated pixel

value in DN.  

Lλ = ML × QCal + AL     (7) 

Where; ML  is the radiance multiplicative

scaling factor, AL  is the radiance additive scaling

factor for band10. 

Equation (8) was then applied to obtain the 

Brightness Temperature (BT) in ℃. 

BT = (
K2

ln(
K1
Lλ

+1)
) − 273.15       (8) 

Where; K1 and K2 are the calibration constants

of thermal bands (Landsat 5-TM ( K1 =607.76 and

K2 =1260.56); Landsat 8-OLI/TIRS ( K1 =774.8853

and K2=1321.0789)).

Then, equation (9) was utilised to determine the 

LST. 

LST =
BT

1+(
λ×BT

ρ
)

× ln(ε)   (9) 

Where; λ  is the central band wavelength of 

emitted radiance, BT  is the Brightness temperature, 

and ε is the emissivity (evaluated by using equation 

(10)): 

ε = 0.004 × Pν + 0.986   (10) 

Where; Pν  is the proportion of vegetation 

evaluated by using equation (11): 

Pν = (
NDVI−NDVImin

NDVImax−NDVImin
)

2

      (11) 

Where; NDVI has been estimated by equation (5). 

2.7 Regression analysis 

Regression analysis was used to measure the 

correlation between NDVI and LST in Hai Duong 

Province for the years 1992, 2010, and 2022 (Alam et 

al., 2022). To perform the regression analysis, 200 

random points data were created within the study area 

boundary using the Create Random Points tool in 

ArcGIS 10.8. Then, the extract multi values to points 

tool was used to extract one value for each point from 

the NDVI and LST pixels (Alam et al., 2022). Finally, 

these points were exported to Excel 2016 software 

(Microsoft, USA) to estimate the regression equation 

between NDVI and LST. The correlation coefficient 

values generated by the regression analysis ranged 

from -1 to +1 (Rendana et al., 2023). 

3. RESULTS AND DISCUSSION

3.1 Land use and land cover changes

The study utilised supervised classification 

techniques to analyse the LULC changes in Hai Duong 

Province, Vietnam, from 1992 to 2022. The findings 

indicate that the study area contains diverse land 

features, such as vegetation, barren land, built-up 

areas, and bodies of water (Figure 3). In 1992, 

vegetation accounted for 57.89% (965.71 km2) of the 

total study area, followed by barren land, which 

accounted for 35.65% (594.78 km2), water, which 

accounted for 3.58% (59.76 km2) and, finally, built-up 

areas, which accounted for at least 2.88% (47.99 km2) 

(Table 2). By 2010, the vegetation area had increased 

to 84.49% (1,409.49 km2), while the barren land area 

had decreased sharply to 4.59% (76.58 km2). The 

built-up and water areas had also increased to 7.01% 

(117.02 km2) and 3.91% (65.15 km2), respectively 

(Table 2). By 2022, the vegetation area had decreased 

to 66.67% (1,112.23 km2), the barren land area had 

decreased to only 0.76% (12.73 km2), the built-up area 

had increased to 29.35% (489.71 km2), and the water 

area had decreased to 3.21% (53.57 km2) (Table 2). 

These results show that the built-up area has increased 

continuously from 1992 to 2022 in the study area.
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Figure 3. Land use/land cover maps of Hai Duong Province in (a) 1992, (b) 2010, and (c) 2022 

Table 2. Area and percentage of land use/land cover classes distribution in 1992, 2010, and 2022 

LULC classes 1992 2010 2022 

Area (km2) % Area (km2) % Area (km2) % 

Vegetation 965.71 57.89 1409.49 84.49 1112.23 66.67 

Barren land 594.78 35.65 76.58 4.59 12.73 0.76 

Built-up 47.99 2.88 117.02 7.01 489.71 29.35 

Waterbodies 59.76 3.58 65.15 3.91 53.57 3.21 

Total 1668.24 100.00 1668.24 100.00 1668.24 100.00 

Changes in LULC in Hai Duong Province from 

1992 to 2022 are presented in Table 3. From 1992 to 

2010, the areas covered by vegetation, built-up areas, 

and bodies of water increased, while the area of barren 

land significantly decreased. The vegetation cover 

experienced the most positive shift, increasing by 

443.78 km2 (26.60%), whereas the barren land showed 

a negative shift, decreasing by 518.20 km2 (31.06%) 

(Table 3). Meanwhile, the built-up area and bodies of 

water increased by 69.03 km2 (4.14%) and 5.39 km2 

(0.32%), respectively (Table 3). From 2010 to 2022, 

built-up area showed a strong increasing trend, gaining 

372.69 km2 (22.34%), while the other land cover 

classes, vegetation, barren land, and bodies of water, 

tended to decrease, losing 297.26 km2 (17.82%), 63.85 

km2 (3.83%), and 11.58 km2 (0.69%), respectively 

(Table 3). 

3.2 Accuracy assessment 

The quality of the LULC maps for the years 

1992, 2010, and 2022 was evaluated with an error 

matrix, which returned overall accuracies of 93.31%, 

92.98%, and 96.67%, respectively (Table 4). The 

producer’s accuracy assessment showed that the 

relative accuracies of land cover classification for 

1992 and 2010 were 96.82% and 96.43% for the 

vegetation category, respectively, and for 2022, the 

built-up category achieved the highest accuracy 

(a) 1992 (b) 2010

(c) 2022

N Legend 

Vegetation 

Barren land 

Buil-up 

Waterbodies 
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(97.94%) (Table 4). The user accuracy for different 

land cover classes each year was relatively high. The 

highest user accuracy occurred in 2010 for the 

vegetation category (97.59%), while the lowest user 

accuracy was observed in 1992 for the built-up 

category (80.77%) (Table 4). The kappa coefficients 

for 1992, 2010, and 2022 were 0.893, 0.887, and 

0.946, respectively (Table 4).

Table 3. Land use/land cover changes of Hai Duong Province during 1992-2010, 2010-2022, and 1992-2022 

LULC classes Changes 1992-2010 Changes 2010-2022 Changes 1992-2022 

Area (km2) % Area (km2) % Area (km2) % 

Vegetation 443.78 26.60 -297.26 -17.82 146.52 8.78 

Barren land -518.20 -31.06 -63.85 -3.83 -582.05 -34.89

Built-up 69.03 4.14 372.69 22.34 441.72 26.48 

Waterbodies 5.39 0.32 -11.58 -0.69 -6.19 -0.37

Table 4. Accuracy assessments for classified maps 

LULC classes 1992 2010 2022 

Producer’s 

accuracy (%) 

User’s 

accuracy (%) 

Producer’s 

accuracy (%) 

User’s 

accuracy (%) 

Producer’s 

accuracy (%) 

User’s 

accuracy (%) 

Vegetation 96.82 93.83 96.43 97.59 97.39 97.39 

Barren land 92.16 96.91 81.08 81.08 87.50 87.50 

Built-up 87.50 80.77 94.12 96.00 97.94 96.94 

Waterbodies 83.87 89.66 88.37 82.61 92.86 95.12 

Overall accuracy (%) 93.31 92.98 96.67 

Kappa coefficient 0.893 0.887 0.946 

3.3 NDVI variation in the study area 

The NDVI values shifted noticeably over the 

study period, indicating changes in vegetation and 

land use. In 1992, the NDVI values in the study area 

ranged from -0.35 to +0.63, which changed by 2010 to 

a minimum of -0.40 and a maximum of +0.70 (Figure 

4). By 2022, the NDVI values had changed again to a 

minimum of -0.24 and a maximum of +0.54 in the 

study area (Figure 4). Higher NDVI values in the study 

area represent vegetation and forests and signify 

increased productivity and efficiency, while lower 

values, associated with bare soil, bodies of water, and 

built-up areas, indicate reduced productivity.

Figure 4. The NDVI maps of Hai Duong Province in (a) 1992, (b) 2010, and (c) 2022 

(b) NDVI 2010(a) NDVI 1992
N N 
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Figure 4. The NDVI maps of Hai Duong Province in (a) 1992, (b) 2010, and (c) 2022 (cont.) 

3.4 LST variation in the study area 

Figure 5 presents a visual representation of the 

spatial distribution and patterns of LST in Hai Duong 

Province in the three study years (1992, 2010, and 

2022) and shows how the LST values and spatial 

patterns change over time in response to changes in 

LULC. The estimated LST values ranged from 

16.09°C-34.27°C in 1992, 17.04°C-36.74°C in 2010, 

and 11.03°C-28.44°C in 2022. Notably, LST 

increased significantly between 1992 and 2010 in 

most parts of the study area, although some small 

regions adjacent to water bodies showed stable 

temperatures. However, by 2022, the overall LST had 

decreased significantly compared to 1992 and 2010. 

Figure 5. The LST maps of Hai Duong Province in (a) 1992, (b) 2010, and (c) 2022 

(c) NDVI 2022

(a) LST 1992 (b) LST 2010

(b) LST 2022

N 
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N 
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3.5 Relationship between NDVI and LST 

Figure 6 illustrates the correlation between 

NDVI and LST during the three study years (1992, 

2010, and 2022), with a regression line showing the 

distinct relationship between these two indices. The 

correlation coefficients (R2) obtained from linear 

regression analysis of the data in 1992, 2010, and 2022 

were 0.0965, 0.0035, and 0.2277, respectively (Figure 

6). The regression line between the NDVI and LST 

values for the year 1992 indicates a positive 

correlation; when NDVI values are high, LST values 

are also high, and vice versa. In 2010, the regression 

line and correlation coefficient were close to 0, 

suggesting that NDVI and LST values were less 

interdependent. However, in 2022, the regression line 

between these two variables demonstrates a negative 

correlation. That is, areas with low NDVI values, such 

as impermeable surfaces and built-up areas, exhibited 

high LST values, while areas with dense, healthy 

vegetation have high NDVI values and low LST 

values. 

 

Figure 6. Relationship between NDVI and LST for the years 1992, 2010, and 2022 in Hai Duong Province 

4. DISCUSSION

This study applied modern time- and cost-

effective methods to investigate the drivers of LULC 

and LST changes from 1992 to 2022 in Hai Duong 

Province, Vietnam. Landsat satellite images (TM and 

OLI/TIRS) from 1992, 2010, and 2022 were classified 

using the supervised classification method with four 

LULC classes, vegetation, barren land, built-up area 

and bodies of water (Figure 3). The area of each LULC 

class is also presented in Table 2. Accuracy 

assessment is important to confirm the correctness of 

the generated image classifications (Alganci et al., 

2020; Hussain et al., 2020; Thien and Phuong, 2023). 

The classification results were also evaluated for 

accuracy and returned kappa coefficients above 0.8. 

These high-accuracy results indicate the reliability of 

the land cover classification and confirm good 

consistency between the reference and classification 

maps. These results confirm that the categorized 

images meet the necessary accuracy standards and are 

viable data for subsequent analyses and applications 

(Cvitić et al., 2021; Thien et al., 2023b). 

Spatial analysis of the multi-temporal LULC 

map of Hai Duong Province shows significant changes 

over the past 30 years (1992-2022). LULC changes 

occur continuously and are influenced by many 

1992 2010 

2022 
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natural and human factors. These changes have both 

positive and negative effects. According to 

socioeconomic reports about Hai Duong Province, the 

four key economic sectors of the region are 

agriculture, forestry and fisheries; industry and 

construction; services; and taxes and subsidies on 

products. In 2022, the industrial and construction 

sector accounted for 56.1% of economic activity, 

while the service sector accounted for 26.5% and the 

remaining two sectors together only accounted for 

about 17.0% (Hai Duong Statistical Office, 2022). 

This suggests that the LULC changes in the study area 

may reflect the expansion of land used for economic 

development and urbanization, including the 

construction of new infrastructure, such as roads, 

railways, bridges, and industrial zones  (Rahaman et 

al., 2022; Thien et al., 2023a). In addition, climate 

change may contribute to changes in areas covered by 

vegetation, barren areas, and bodies of water (Ahmad 

et al., 2014; Mahmoud and Gan, 2018; Sadiq Khan et 

al., 2020). The research results highlight the need to 

implement effective land-use planning and 

management strategies to minimize the negative 

effects of these changes on the environment and local 

communities.  

This study was conducted because rapid 

urbanization has had significant effects on the thermal 

environment of the study area, which are reflected in 

the distribution of NDVI and LST values. Using 

Landsat 5-TM and Landsat 8-OLI/TIRS satellite 

images, the NDVI index was calculated for the period 

from 1992 to 2022 by leveraging the spectral 

characteristics related to vegetation cover, including 

its ability to absorb visible light, use photosynthetic 

energy and reflect near-infrared (NIR) radiation (Zeng 

et al., 2019; Kumar et al., 2022; Thien et al., 2023b). 

Areas of bare land typically have lower NDVI values 

than areas with many trees, suggesting the potential 

effect of increasing vegetation cover as measured by 

satellite-based assessments of vegetation greenness 

across the study area. As Ahmad et al. (2014) 

demonstrated, NDVI is an important component in 

various vegetation indices due to its stable 

performance, characterized by non-systematic 

variation. 

These findings highlight the dynamism of LST 

and its sensitivity to LULC changes. Notably, this 

study identified a correlation between the expansion of 

built-up areas and the reduction of vegetation cover, 

especially in the central and western portions of the 

study area, leading to increased LSTs in these 

localities (Balew and Korme, 2020; Alam et al., 2022). 

These results emphasize the importance of 

incorporating LULC dynamics into urban planning 

and management policies to mitigate the adverse 

effects of urbanization on the local climate and 

generally improve the quality of life in urban 

environments (Hussain et al., 2020; Moazzam et al., 

2022; Phuong and Thien, 2023a). The deep insights 

gained from this study can serve as valuable inputs for 

decision-making processes related to land-use 

management and planning and contribute to 

promoting sustainable urban development. 

The spatial relationship between NDVI and 

LST values from 1992-2022 shows that their positive 

relationship gradually becomes negative. The average 

LST is low in areas with vegetation cover and flooded 

areas, indicating a relatively higher rate of water 

evaporation and favourable conditions for latent 

exchange between the surface and the atmosphere 

compared to areas with many impermeable surfaces, 

such as built-up and barren areas (Thanh Hoan et al., 

2018; Rendana et al., 2023; Veettil et al., 2023). 

Meanwhile, the low NDVI values observed in barren 

and built-up areas and the high NDVI values seen in 

areas of mixed vegetation cover and flooded areas 

reflect a common trend reported in NDVI land cover 

studies (Alam et al., 2022; Moazzam et al., 2022). The 

determination coefficient between NDVI and LST 

values also shows that the positive correlation 

gradually becomes negative. The density of built-up 

areas and vegetation cover are important factors 

determining LST in the study area. The surface density 

of built-up areas increases LST, while high vegetation 

cover density significantly reduces LST (Mukherjee 

and Singh, 2020; Nse et al., 2020). 

5. CONCLUSION

This study utilised Landsat satellite imagery to 

assess alterations in LULC and their effects on LST in 

Hai Duong Province, Vietnam, from 1992 to 2022. 

The supervised classification method in ArcGIS 10.8 

software was used to classify Landsat satellite data, 

which was evaluated for accuracy and resulted in 

kappa coefficients of 0.893 for 1992, 0.887 for 2010, 

and 0.946 for 2022. The classification results showed 

significant changes in land cover in the study area. 

Vegetation was the dominant land cover throughout 

the study period (1992-2022). Meanwhile, the built-up 

area, which comprised 47.99 km2 (2.88%) in 1992, 

exhibited a consistent upward trend and eventually 

reached 489.71 km2 (29.35%) in 2022. The Landsat 
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data indicated swift changes from barren land in 1992 

to vegetation cover in 2010, which then transitioned 

into built-up area by 2022. Although LST values 

overall decreased from 34.27°C in 1992 to 28.44°C in 

2022, the rising built-up area in Hai Duong Province 

caused an expansion of high-LST areas in 2022. The 

regression analysis of NDVI and LST values also 

showed a shift from a positive to a negative correlation 

between the two variables. Our study findings suggest 

that the surge in built-up area and the reduction in 

bodies of water are among the primary factors 

contributing to the decline in vegetation cover quality 

and area, leading to the loss of natural ecosystems and 

biodiversity. Furthermore, the increasing built-up area 

may cause further environmental issues. The 

evaluation of LULC changes can help define the 

effects of various development activities on LULC 

classes during the planning process. The use of RS and 

GIS technologies also enables spatiotemporal 

analysis, which cannot be achieved through 

conventional mapping techniques. This study will 

enhance local and national authorities’ ability to 

develop comprehensive strategies for land 

management in the study area. 

The use of satellite imagery, while beneficial for 

large-scale analysis, may not capture the fine details 

of land use and land cover changes that occur at a 

smaller scale. For future studies, the inclusion of 

socioeconomic data could provide a more 

comprehensive understanding of the drivers of the 

observed LULC changes. Long-term monitoring and 

prediction models could also be developed to 

forecast future LULC changes and their potential 

effects on the local climate and biodiversity. These 

recommendations, if implemented, could result in 

more robust and comprehensive insights into land use 

and land cover changes and their implications for 

sustainable urban development. 
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In mountainous terrain, landslides are common, particularly in intermontane 

basin locations. Such regions can adversely affect both human beings and the 

environment. In the assessment of landslide susceptibility, machine learning 

(ML) algorithms are increasingly popular due to their compatibility with

geospatial data and tools. Herein, this study evaluated the performance of four

ML algorithms: namely, random forest (RF), gradient boost (GB), extreme

gradient boost (XGB), and stacking ensemble (STK). These algorithms were

implemented to create a practical model of landslide susceptibility. The site under

investigation is in the province of Chiang Mai, an intermontane basin area in

northern Thailand where populations are settled. To address issues of

multicollinearity, the variance inflation factor (VIF) was used. Eight out of

fourteen factors were selected for examination; hyperparameters of each model

were tested to acquire the best combination. Results indicated that the STK model

outperforms all other models, providing evaluation metrics (precision, recall, F1-

score, and overall accuracy) of 82.92%, 81.18%, 82.04%, and 81.75%,

respectively. The area under the receiver operating characteristic (ROC) curve

also reveals the high efficiency of the model, achieving 0.8928. However, further

analysis of the appropriate model or base learner is necessary for achieving even

higher predictive results.
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1. INTRODUCTION

Across the globe, natural disasters are becoming 

more frequent and severe, spanning from storms and 

floods to droughts, forest fires, and earthquakes. 

Among these natural phenomena, landslides threaten 

both human life and natural habitats, often resulting in 

widespread damage and destruction of property (Sim 

et al., 2022). The rise in landslides can be attributed to 

changes in climate and topography, including specific 

geological conditions (Kumar and Anbalagan, 2016). 

With mountainous regions and ongoing changes in 

urbanization and climate, Thailand is no exception to 

this trend. Thunderstorms, which bring heavy rainfall 

and flash floods, are the major catalysts for landslides, 

while geological factors are essential in triggering 

them. 

The mapping of landslides has proven to be a 

valuable tool in reducing the risk of landslides in 

mountainous regions (Wang et al., 2021). With the 

rapid development of urbanization and infrastructure, 

assessing landslide susceptibility has become 

increasingly crucial to ensure the safety of 

communities residing in landslide-prone areas. 

Geoinformatics also plays a fundamental role in the 

prediction of landslide susceptibility, allowing for the 

integration and analysis of various spatial data to 

identify susceptibility areas and generate maps of 

landslide hazard zones (Lee, 2005; Van Westen et al., 

2008; Pham et al., 2017). However, traditional 

methods regarding the mapping of landslide 

susceptibility often rely on expert knowledge and 

experience, which can be subjective and time-

Citation: Intarat K, Yoomee P, Hussadin A, Lamprom W. Assessment of landslide susceptibility in the Intermontane Basin Area of Northern 
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consuming (Kumar and Anbalagan, 2016; Myronidis 

et al., 2016; Thongley and Vansarochana, 2021). 

In the modelling of landslide susceptibility, 

statistical approaches have been developed and 

applied. Such approaches have been categorized into 

classical statistics, index-based statistics, machine 

learning, artificial neural networks, and multiple-

criteria decision analysis (Reichenbach et al., 2018). 

Of these approaches, machine learning (ML) has 

shown great promise in developing accurate and 

reliable maps to predict the occurrence of landslides 

(Wu et al., 2020). Many ML algorithms have been 

associated with geoinformatics analytical tools and 

have demonstrated the ability to predict landslide 

occurrences (Pham et al., 2017; Hu et al., 2020; Wang 

et al., 2021; Huan et al., 2023). However, the complex 

nonlinear relationships between conditioning factors 

and landslide occurrences continue to pose a challenge 

(Lee et al., 2018; Hu et al., 2021). Recently, ensemble 

learning techniques have gained much interest in 

producing landslide susceptibility maps as they can 

combine with multiple models to produce more 

accurate and robust predictions. Ensemble methods 

can expand the hypothesis space of the fitting function, 

providing better predictions than single algorithms 

(Huan et al., 2023). Generally, the single algorithm 

used to constitute an ensemble is called the “base 

learner”, which can be homogeneous or 

heterogeneous. Zeng et al. (2023a) adopted various 

ensemble ML models (bagging, boosting, and 

stacking) and found that the stacking method 

surpassed its complements. Several landslide studies 

have investigated meta-learning techniques for 

assembling homogeneous base learners (Pham et al., 

2017; Hu et al., 2021) and discovered that a stacking-

based scoring model can improve predictive 

performance by reducing overfitting and increasing 

the model’s generalization (Wang et al., 2021; Huan 

et al., 2023). The stacking method proved to be 

superior to single ML models as it yielded stronger 

robustness and optimal accuracy (Huan et al., 2023; 

Zeng et al., 2023b).  

The present study aims to investigate the 

efficacy of ML methods, including bagging (RF), 

boosting (GB and XGB), in assessing the 

susceptibility of landslide occurrences. The novel 

STK is a combination of both the bagging and 

boosting techniques, and is also employed. To the best 

of our knowledge, previously, there has been no 

research related to the STK ensemble modelling of 

landslide susceptibility in our experimental area. The 

study will be conducted in Chiang Mai Province, 

Thailand, which is known for its intermontane basin 

topography and is highly susceptible to landslides, 

particularly in hilly areas (Wattananikorn et al., 1995; 

Mankhemthong, 2019). Almost 10% of the region’s 

population lives in landslide-prone areas. In previous 

years, many landslides were reported in Thailand, with 

Chiang Mai being the most affected area (Yongsiri et 

al., 2023). Hence, the area of Chiang Mai is an 

appropriate location for constructing a landslide 

susceptibility map. To evaluate the efficiency of the 

prediction, the model and result accuracies will be 

tested statistically. The findings of this study can 

provide valuable information for land use planning 

and mitigation efforts in the study location and other 

intermontane basin regions.   

2. METHODOLOGY

2.1 Study area

The study site is in Chiang Mai, the 

westernmost part of northern Thailand province, with 

coordinates N 18°47'46.1148" and E 98°58'45.3468" 

(Figure 1). Within an area of approximately 20,200 

km2, Chiang Mai is the second-largest province in 

Thailand, consisting of 25 districts and 204 sub-

districts. Mountainous landscapes mark its topography 

with several towering peaks, including Doi Inthanon, 

which is the country’s highest mountain (2,580 m 

above mean sea level). The province’s climate falls 

under the tropical savanna climate (Aw) category of 

the Köppen-Geiger classification system, 

characterized by wet and dry seasons throughout the 

year (Peel et al., 2007). The dry season typically lasts 

from November to April, while the wet season persists 

from May to October. During the wet season in Chiang 

Mai, heavy rainfall is typical, with an average 

precipitation of 1,100 to 1,200 mm. The average 

temperature in the region is 25.4°C, with maximum 

and minimum temperatures of 31.8 and 20.1°C, 

respectively (Chittrakorn and Chakpitak, 2019). 

In addition to the mountainous landscape of 

Chiang Mai’s westernmost region, the province boasts 

a variety of other diverse terrains i.e., dense forests, 

valleys, and rolling hills. This province is the northern 

region's largest intermontane basin, characterized by 

its location within the Chiang Mai Basin 

(Mankhemthong, 2019). The area is notable for its 

complex geological processes and formations. The 

geological structure of Chiang Mai Basin, the result of 

divergent geological forces, such as tectonic activity, 

sedimentation, and erosion, has formed a distinctive 
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landscape of flat and mountainous terrains with steep 

gradients. This region is geologically diverse, 

primarily consisting of sedimentary and metamorphic 

rocks alongside igneous formations (Yongsiri et al., 

2023). These rock types' differential weathering rates 

lead to soils forming with varying cohesion and 

erosion resistance (Dechkamfoo et al., 2022). These 

geological and soil characteristics significantly 

influence the region’s susceptibility to landslides. 

2.2 Data acquisition 

2.2.1 Training and validation data 

The dataset used in this study comprised 

historical landslide incidents gathered from the 

Department of Mineral Resources’ inventory spanning 

from 1989 to 2019. A total of 4,247 points were 

extracted to represent locations at risk of landslides in 

the Chiang Mai region. An equal number of non-

landslide locations were randomly generated using a 

1,000 m buffer distance from areas where landslides 

had occurred (Huan et al., 2023). The landslide dataset 

was split into both training and validation sets, with a 

70:30 inventory sample ratio. This method ensures 

that the models can be trained using most data while 

reserving a portion for assessment purposes (Hu et al., 

2020; Wang et al., 2021). 

2.2.2 Intrinsic factors of landslide susceptibility 

In Table 1, intrinsic factors outlining landslide 

susceptibility are given. Such factors highlight the 

elevation, slope, aspect, plan curvature, profile 

curvature, lithology, normalized difference vegetation 

index (NDVI), normalized difference water index 

(NDWI), stream power index (SPI), terrain 

ruggedness index (TRI), topographic wetness index 

(TWI), distance from fault, distance from stream, and 

distance from road (Hu et al., 2020; Huan et al., 2023; 

Das et al., 2023). All data was spatially aggregated 

into a 30 m resolution raster. 

Figure 1. Location of Chiang Mai Province (the white border line 

boundary) courtesy of the satellite image from ArcGIS Pro 

software e-contract number ELC_T21-3057 (ESRI, Redlands, CA, 

USA). Red dots reveal the distribution of previous landslide 

occurrences that occurred in the province of Chiang Mai. 

Table 1. Intrinsic factors’ data format and acquired sources 

Intrinsic factors Format Data source 

Landslide occurrences Point vector Department of Mineral Resources 

Elevation (m) Raster Earth Data, NASA (https://search.earthdata.nasa.gov) 

Slope Raster DEM processing 

Aspect Raster DEM processing 

Plan curvature Raster DEM processing 

Profile curvature Raster DEM processing 

Lithology Raster Department of Mineral Resources 

NDVI Raster Landsat 8-OLI (USGS) 

NDWI Raster Landsat 8-OLI (USGS) 

SPI Raster DEM processing 
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Table 1. Intrinsic factors’ data format and acquired sources (cont.) 

Intrinsic factors Format Data source 

TRI Raster DEM processing 

TWI Raster DEM processing 

Distance from fault Raster Department of Mineral Resources 

Distance from stream Raster Department of Mineral Resources 

Distance from road Raster Department of Provincial Administration 

2.3 Multicollinearity 

Pham et al. (2020) reported that the issue of 

multicollinearity poses a significant challenge in 

selecting related variables for the susceptibility model. 

This phenomenon of high correlation among 

predictors can interfere with landslide susceptibility 

mapping, hindering the identification of significant 

contributors to landslide occurrence (Yu et al., 2023). 

The stability and reliability of susceptible models are 

also affected when independent variables exhibit 

strong interrelationships. In Equation (1), the variance 

inflation factor (VIF) is employed as a diagnostic tool 

to evaluate the extent of correlation between variables 

(Hair et al., 2010): 

VIF (Xi) =
1

1−Ri
2  (1) 

Where; VIF (Xi) represents the VIF value for 

the predictor variable Xi, and Ri
2 is the coefficient of

determination (R-squared) obtained by regressing Xi 

on all other predictor variables.  

According to Equation (1), a commonly used 

threshold of 10 indicates that variables with a VIF 

value exceeding ten may exhibit problematic 

multicollinearity (Aleotti and Chowdhury, 1999; Lee, 

2005). A tolerance (TOL), an inverted fraction of VIF, 

is also considered to support inappropriate 

independent variables. Recent studies have considered 

lower thresholds for more conservative variable 

selection, aiming to minimize the effects of 

multicollinearity and ensure precise estimation of 

regression coefficients (Yu et al., 2023). 

2.4 Ensemble machine learning algorithms 

2.4.1 Random forest (RF) method 

The RF algorithm, a bagging technique, has 

emerged as a potent ML approach for assessing 

landslide susceptibility. First developed by Breiman 

(2001), this ensemble learning method has gained 

popularity due to its capability to handle complex 

spatial relationships and capture the nonlinear nature 

of landslide occurrences. The RF algorithm combines 

the predictions of multiple decision trees to create a 

robust and accurate model. Moreover, its ability to 

handle intricate spatial relationships, capture nonlinear 

interactions, and provide essential rankings for input 

variables makes it a practical tool for prediction 

(Jhonnerie et al., 2015). Several studies have 

successfully applied the RF algorithm to landslide 

susceptibility mapping in various geographic regions 

(Van Den Eeckhaut et al., 2019). The RF model can 

be represented as shown in Equation (2): 

Ŷ = mode (Ck (x))   (2) 

Where; Ŷ represents the predicted class label for 

input x, mode is the function that selects the most 

frequent occurring class label among the decision trees 

in the RF ensemble, and Ck(x) denotes the predicted

class label by the k-th decision tree. 

2.4.2 Gradient-boosting (GB) method 

The GB method operates by iteratively training 

new models, focusing on samples that preceding 

models misclassified. The final prediction of the 

boosting ensemble is obtained by combining the 

predictions of all the models in the ensemble 

(Friedman, 2001; Schapire and Freund, 2013; Ke et 

al., 2017). GB effectively combines multiple weak 

prediction models, often decision trees, to create a 

robust predictive model. The term “gradient” in GB 

refers to the optimization technique for updating the 

model's predictions. As such, it involves computing 

the gradient (partial derivatives) of the loss function 

concerning the predictions and adjusting them in a 

direction that minimizes the loss. Typically, gradient 

descent or a similar optimization algorithm is utilized 

for this purpose (Friedman, 2001). Equation (3) 

provides a formal representation of GB: 

F(x) = F0(x) + ∑ (η × hm(x))M
m=1     (3) 

Where; Fo(x) denotes an initial prediction as a 

target value derived from 
1

N
∑ yii , and m refers to
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iteration, M denotes the total number of iterations, η 

refers to learning rate, and hm(x) denotes weak learner. 

2.4.3 eXtreme gradient boosting (XGB) method 

The gradient-boosting ensemble method has 

been widely employed in predictive modelling to 

achieve improved accuracy. Among its many variants, 

the XGB algorithm has emerged as a widespread 

implementation of gradient-boosting classification 

(Chen and Guestrin, 2016). Hence, the algorithm 

incorporates regularization techniques like shrinkage 

and column subsampling. It also introduces both L1 

and L2 regularization terms in the objective function 

to control the model's complexity and reduce the 

influence of individual features. Additionally, the 

XGB function supports various loss functions, making 

it suitable for diverse problem domains, including 

linear regression, logistic regression, and ranking. The 

XGB function can be expressed as: 

ŷi = ∑ fk(xi)
K
k=1   (4) 

Where; ŷi  is the predicted output for the ith

sample, xi  represents the feature vector for the ith

sample, K  denotes the number of weak learners 

(decision tree), and fk(xi) reveals the output of the ith

weak learner for the ith sample.

Further, it is seen that the XGB algorithm 

employs pruning techniques during the boosting 

process to control the growth of decision trees. 

Eliminating insignificant splits can help improve the 

model's overall performance and results in more 

compact and efficient trees, as demonstrated. It is 

significant that both XGB and the other gradient 

boosting algorithms have shown success in various 

applications, including landslide susceptibility 

mapping (Ke et al., 2017; Prokhorenkova et al., 2018). 

2.4.4 Stacking ensemble (STK) method 

In 1992, Wolpert  introduced  a  comprehensive 

model (STK). Herein, the aim was to integrate 

multiple diverse algorithms into the training process. 

This approach involved using base learner classifiers 

with lower efficiency than data-independent coaching 

(Dou et al., 2020; Huan et al., 2023). In this 

experiment, RF, GB, and XGB were employed as the 

base learners. In Equation (5), a logistic regression 

(LR) is utilized (Hu et al., 2020). LR is designed to 

benefit binary classification where the outcome 

variable contains two categories (Hamid et al., 2023): 

P(Y = 1) = p̂ =
1

1+e(α̂+β̂1x1+β̂2x2+⋯+β̂ixi)
 (5) 

Where; p̂ is a landslide occurrence probability. 

The probability varies from 0 to 1 within an S-shape 

curve. α̂  is the intercept of the logistic model, β̂i

denotes the slope coefficients, and xi  represents

independent variables or intrinsic predictors used in 

our prediction. 

During the training phase, STK incorporates 

several instances of the same model. Unlike other 

ensemble techniques, the stacking algorithm is seen to 

divide the training data independently, and each base 

learner model is trained separately. After training, 

each base learner model is able to verify predictions, 

which are then combined by the meta-learner to make 

a final decision. This method leads to highly accurate 

prediction results. 

2.5 Evaluation of model performance 

The study utilized testing data split from the 

sample to collect measurement data. To assess the 

model, forecasted outcomes were matched against 

actual results, and the precise number of accurately 

identified incidents i.e., landslides and non-landslides 

were registered as true positives (TP) and true 

negatives (TN), respectively. In Table 2, the 

misclassification of incidents: landslides or non-

landslides is indicated by false positives (FP) and false 

negatives (FN).

Table 2. Confusion matrix of each ML model, containing TP, TN, FP, and FN, respectively. 

Predicted results 

Landslide (1) Non-landslide (0) 

Actual results Landslide (1) TP FP 

Non-landslide (0) FN TN 

The model’s effectiveness was evaluated using 

various metrics, such as precision, recall, overall 

accuracy (OA), area under the receiver operating 

characteristic curve (ROC), and the F1-score. The F1-

score is a critical measure used to assess the efficacy 

of machine learning models as it combines precision 
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and recall. OA, which ranges between 0 and 1, 

represents the ratio of accurately classified landslides 

and non-landslides among all occurrences. The higher 

the accuracy is to 1, the more influential the overall 

accuracy of the model is. Equation (6)-(9) express 

these metrics: 

Precision =  
TP

TP + FP
  (6) 

Recall =  
TP

TP + FN
 (7) 

F1 − score =  2 ×
(Precision × Recall)

(Precision + Recall)
 (8) 

Overall accuracy =
TP + TN

TP + TN + FP + FN
 (9) 

The ROC curve represents the relationship 

between the false positive rate (FPR) and the true 

positive rate (TPR) of a classification model 

(Muschelli, 2020). A higher FPR on the horizontal 

axis indicates that more actual negative instances are 

incorrectly classified as positive. In contrast, a higher 

TPR on the vertical axis demonstrates that more 

actual positive instances are correctly classified as 

positive. The optimal prediction scenario is when 

FPR is 0 and TPR is 1, corresponding to the point (0, 

1) on the coordinate axis. The ROC curve is an

evaluation metric for the classification model’s

accuracy, ranging from 0.5 to 1. A higher value under

curve (closer to 1) signifies better prediction

performance (Huan et al., 2023).

3. RESULTS AND DISCUSSION

3.1 Independent variables’ multicollinearity

determination and importance

To diagnose the issue of multicollinearity, this 

research utilized both VIF and TOL. Such applications 

aim to facilitate the selection of relevant factors. 

Notably, a VIF value lower than 5 and a TOL value 

above 0.2 collectively signify the absence of 

substantial collinear tendencies among landslide 

predictors (Yu et al., 2023). In Table 3, the predictors 

selected are listed. 

Table 3. Multicollinearity diagnosis: Variables selected for the susceptibility models 

Variables VIF TOL Selection 

Elevation 12.66 0.08 No 

Aspect 3.61 0.28 Yes 

Slope 2.05 0.49 Yes 

Plan curvature 52.53 0.02 No 

Profile curvature 69.67 0.01 No 

NDVI 37.14 0.03 No 

NDWI 34.96 0.03 No 

SPI 1.00 0.99 Yes 

TRI 1.09 0.99 Yes 

TWI 29.45 0.03 No 

Geology 1.03 0.97 Yes 

Distance from fault 2.31 0.43 Yes 

Distance from stream 1.91 0.52 Yes 

Distance from road 2.47 0.40 Yes 

Based on Table 3, variables with a VIF value 

greater than 5 and a TOL value less than 0.2 were 

excluded from the susceptibility model (Huan et al., 

2023). As a result, eight independent variables, 

including aspect, slope, SPI, TRI, geology, distance 

from fault, distance from stream, and distance from 

road, were selected for the model’s training. As noted 

by Pham et al. (2020), this process of removing 

insignificant factors can improve the predictive 

accuracy of landslide susceptibility models. 

Subsequently, the selected variables in each model 

were evaluated. In Figure 2, the importance of the 

variables in the different models are illustrated. 

According to Figure 2, the RF model exhibits a 

predilection for assigning substantial importance to 

variables, such as aspect, SPI, distance from fault, 

slope, and distance from stream. Conversely, the GB 

model manifests a pronounced emphasis on SPI, 

succeeded by aspect, distance from stream, slope, and 

distance from fault. The XGB model, in its evaluation, 
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accords high significance to the distance from fault, 

followed by aspect, SPI, distance from stream, and 

slope. The STK model allocates considerable 

significance to aspect, supplemented by distance from 

fault, stream, SPI, and slope. In contrast, TRI, 

geology, and distance from road are seen to be of 

minimum relative importance. Collectively, all 

models highlight the vital contribution of factors, such 

as aspect, slope, SPI, distance from fault, and distance 

from stream, as evidenced by their respective 

significant percentages about landslide susceptibility. 

Figure 2. Importance of the variables in different models 

In this research, aspect is identified as a critical 

factor across all models, focusing on the western 

region of Chiang Mai, which forms the edge of the 

intermontane basin adjoining the mountainous areas 

that extend into the Republic of the Union of 

Myanmar. This positioning leaves the eastern 

quadrant, extending from northeast to southeast 

(Yongsiri et al., 2023), more exposed to increased 

solar radiation, rainfall, and seepage, alongside other 

factors contributing to heightened landslide 

vulnerability (Zeng et al., 2023a). It is evident, 

therefore, that the intermontane basin topography 

characterizing this area of the study is quite unique. In 

different terrains, the significance of aspect varies. In 

Nepal, Tanoli et al. (2017) observed that landslide 

incidents predominantly occur on southern to western 

slopes, highlighting the directions that receive more 

intense monsoon rainfall, thereby escalating the 

likelihood of landslides. Besides, the correlation 

between steeper slope angles and the likelihood of 

Random Forest Gradient Boost 

eXtreme Gradient Boost Stacking Ensemble 
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landslides is obvious. In the context of Chiang Mai, 

many landslides are noted on slopes with angles 

ranging from 15° to 35°. This finding aligns with the 

research by Dechkamfoo et al. (2022), signifying that 

slope angles of 15° to 30° are prone to triggering 

landslides in northern Thailand. 

In the work by Sevgen et al. (2019), SPI 

demonstrates the erosive power of flowing water. As 

reported, the area’s terrain is exposed to land erosion 

caused by stream power. Herein, the landscape gives 

rise to valleys and high plains. The points of landslide 

occurrence are located near these steep ridges, where 

the water flow from rain is most intense due to the 

steep terrain and not far from the stream (Zeng et al., 

2023a). The proximity to fault lines is a significant 

factor in landslides within the study area. A number of 

landslides are observed in areas close to active faults. 

This observation is consistent with the findings of Wu 

et al. (2020), who identified a linear relationship 

between the distance from fault lines and the 

distribution of landslides. This pattern suggests an 

increased likelihood of landslides in areas closer to 

fault lines, underscoring the importance of fault 

proximity in assessing landslide risk. 

3.2 Best combination of model’s hyper parameter 

During the training of the susceptibility model, 

hyperparameter tuning was performed using a grid 

search technique (Ageenko et al., 2022; Abbas et al., 

2023). Each discrete model was evaluated using a 10-

fold cross-validation approach to determine the most 

appropriate parameter combinations. In Table 4, the 

results of this evaluation are presented, showing the 

optimal hyperparameter combination for the ML 

model. 

According to Table 4, every hyperparameter 

combination was chosen for the final model and fitted 

to the training dataset using an empirical approach, 

which achieved the most favorable results (Kuhn and 

Johnson, 2019).

Table 4. The best combination of hyperparameters in ML models’ training 

3.3 Accuracy assessment for the modeling results 

In Table 5, to evaluate the performance of the 

four ML models, several metrics, including precision, 

recall, F1-score, OA, and area under ROC curve, were 

utilized. In Figure 3, the ROC curves for each of the 

four models are shown, highlighting their respective 

areas under the curve. 

In Table 5, a comparative analysis of all the 

landslide susceptibility models under consideration is 

shown. Results demonstrate that the STK model 

outperformed the GB, XGB, and RF models, with an 

OA of 81.75%. Furthermore, the F1-score of the STK 

model (82.04%) confirmed its superior performance 

compared to the other models. These results are 

consistent with previous studies exploring landslide 

susceptibility (Hu et al., 2020; Huan et al., 2023). 

As observed in Figure 3 and Table 5, the STK 

model has been identified as the most effective 

approach for mapping landslide susceptibility, with a 

ROC value of 0.8928, represented by the dark red 

curve. In comparison, GB (dark green curve) with 

0.8914, XGB (dark orange curve) with 0.8872, and RF 

ML models Hyperparameters Value / Method 

RF max_depth 50 

min_sample_left 1 

n_estimators 200 

GB learning_rate 0.05 

n_estimators 500 

min_samples_leaf 2 

min_samples_split 10 

max_depth 20 

XGB booster gbtree 

colsample_bytree 0.7 

eta 0.2 

max_depth 10 

STK subsample 1 

final estimator logistic regression 

stack_method predict_proba 
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(dark blue curve) with 0.8762 models exhibited lower 

areas under the ROC curve. A ROC value exceeding 

0.8 indicates good prediction ability, as highlighted in 

previous research studies (Huan et al., 2023). 

Therefore, the findings of this study suggest that the 

STK model should be preferred when selecting a 

model for landslide susceptibility mapping. However, 

in cases where models exhibit comparable evaluation 

accuracy, it is essential to simultaneously consider 

accuracy metrics and areas under the ROC curve to 

select the best candidate model (Pham et al., 2016; 

Zeng et al., 2023a). 

Table 5. The models’ performance: Validation data 

Model Precision Recall F1-score OA ROC 

RF 77.43% 80.54% 78.95% 77.47% 0.8762 

GB 80.13% 81.14% 80.61% 80.63% 0.8916 

XGB 81.72% 79.24% 80.46% 80.23% 0.8872 

STK 82.92% 81.18% 82.04% 81.75% 0.8928 

Figure 3. Area under the ROC for each ML model predicting landslide susceptibility: x refers to FPR and y refers to TPR; RF model 

(dark blue curve), GB model (dark green curve), XGB model (dark orange curve), and STK model (dark red curve). 

3.4 Predicted landslide susceptibility 

During the prediction stage, the four landslide 

susceptibility models were reclassified into five 

classes: namely, very high, high, moderate, low, and 

very low, following the natural breaks (Jenks) 

principle (Anis et al., 2019; Zeng et al., 2024), as 

depicted in Figure 4. To validate the contrast of each 

predicted class between the susceptible models, the 

ratio of each susceptible class (Rs) was calculated and 

presented, as in Table 6. 

Table 6. Ratio of susceptible classes predicted from different ML models 

Class prediction Ratio of susceptible classes (Rs) 

RF GB XGB STK 

Very low 0.26 0.51 0.48 0.48 

Low 0.26 0.15 0.17 0.18 

Moderate 0.21 0.11 0.12 0.11 

High 0.17 0.10 0.11 0.10 

Very high 0.10 0.13 0.13 0.13 
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Figure 4. A comparison of predictions for the four ML landslide susceptibility models: (a) RF, (b) GB, (c) XGB, and (d) STK. The 

susceptibility of landslide is classified as very high (red), high (orange), moderate (yellow), low (light green), and very low (green), 

respectively. 

(a) (b) 

(c) (d) 
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According to Figure 4 and Table 6, the STK, 

GB, and XGB models exhibit more uniform Rs values, 

from very-low to very-high susceptibility classes. In 

the case of RF, previous works have reported the 

highest performance among its counterparts (Goetz et 

al., 2015; Yu et al., 2023). In contrast, our results 

confirm that the landslide susceptibility prediction 

from the RF model exhibited a more moderate 

susceptible area (0.21) than the other models (0.11, 

0.12, and 0.11 for GB, XGB, and STK), corresponding 

to a lower precision score (77.43%) in the RF model's 

evaluation. Conversely, the predicted results from 

STK, XGB, and GB models reveal comparable 

outcomes with better precision scores of 82.92%, 

81.72%, and 80.13%, respectively. Furthermore, 

compared with its contenders, RF reported differences 

between its low and very low class, with the low class 

Rs revealing high density. Thus, it is seen that the 

very-low class Rs value (0.26) was much lower than 

in the other models. The bagging technique is 

explicitly employed in the RF algorithm to mitigate 

variance. Contrasting this, the boosting approach 

effectively reduces bias and variance (Wu et al., 2020). 

This dual reduction capability is a cornerstone of 

boosting methods. Moreover, in the context of GB and 

XGB, the boosting framework is seen to enhance the 

ensemble model's performance (Table 5). Such an 

outcome was achieved by minimizing overfitting in 

GB and regulating model complexity in XGB, 

primarily through adjusting the minimized loss 

function (Huan et al., 2023). 

In the realm of experimental models for 

landslide prediction, the STK model emerges as 

superior in performance compared to other singular 

ML models, aligning with prior research in this field 

(Hu et al., 2020; Huan et al., 2023). This enhanced 

performance is attributed to integrating bagging and 

boosting techniques as its foundational learners, 

collaboratively diminishing bias and variance in 

classification. This synergy notably augments the STK 

model’s fitness to the training data (Wu et al., 2020). 

Critically, the primary advantage of the STK model 

lies in its amplified predictive capacity. Thus, prudent 

selection of the combination of models or base 

learners is recommended. Such a selection 

necessitates a thorough evaluation of each learner 

prior to their incorporation into ensemble models (Dou 

et al., 2020). 

4. CONCLUSION

In this paper, results demonstrated that factors 

like aspect, slope, SPI, distance from faults, and 

distance from streams play a crucial role in 

determining landslide susceptibility. Compared to its 

counterparts, the novel STK model proved to be most 

effective for predicting landslide hazards in the 

intermontane basin terrain. It is significant that the 

STK model achieved the highest ROC value of 

0.8928, validating its high prediction ability and 

justifying its selection as best candidate model. This 

model is recommended for creating landslide 

susceptibility maps in intermontane basin areas. 

Further research needs to be undertaken to refine 

model selection and base learner optimization for 

enhanced predictive accuracy. 
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Drought stress is a major agricultural problem that leads to increased 

accumulation of ethylene in plants. It also has negative effects on plant 

productivity and growth. Andrographis paniculate is an important herb widely 

used in medical applications to inhibit diseases caused by viruses.   In order to 

improve the production quality and growth of the A.  paniculata, ACC-deaminase 

plant growth-promoting rhizobacteria were isolated from rice rhizosphere soil. 

All bacterial isolates were screened for their plant growth-promoting properties, 

including ACC deaminase, IAA production, biofilm formation, and 

exopolysaccharide production. Among the  bacterial isolates, Rh-01 and Rh-22 

exhibited positive results (cutting-edge) in all tests and were identified as 

Paenibacillus polymyxa Rh-01 and Stenotrophomonas maltophilia Rh-22, 

respectively. These strains were selected for further pot experiment study. Our 

results revealed that treatment with chemical fertilizer showed the highest 

potential to promote A.  paniculata seedlings under normal moisture conditions. 

However, under water limitation conditions, the application of ACC-deaminase 

plant growth-promoting rhizobacteria led to a higher chlorophyll content 

compared to the control treatment. In addition, under normal irrigation 

conditions, plant growth promoting rhizobacterial increased relative water 

content and total biomass. In terms of plant stress markers, the proline content in 

Andrographis paniculate’s seedling stage was low under water limitation 

conditions. In conclusion, to enhance the growth of A. paniculate seedlings 

during water limitation stress, a combination of microbial biofertilizers and 

chemical fertilizers is beneficial. 
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HIGHLIGHT 

 ACC-deaminase plant growth-promoting

rhizobacteria offer sustainable solutions for

mitigating biotic and abiotic stress.

 ACC-deaminase plant growth-promoting 

rhizobacteria were able to promote the growth of A. 

paniculata when cultivated under water limitation 

 The first report to indicate that Paenibacillus

polymyxa Rh-01 and Stenotrophomonas maltophilia

Rh-22 can stimulate the growth of A. paniculata

under normal irrigation and water limitation

 Combined application of chemical fertilizers and

microbial bio-fertilizers is recommended for

sustainable agricultural practices.

1. INTRODUCTION

Herbs or medicinal plants are natural products 

widely used in medical applications for their 

numerous health benefits. Thailand has a variety of 

native herbs, including Andrographis paniculata, 

which is known for its medicinal properties in treating 

fever, common cold, diarrhea, and acting as an 

Citation: Yodphet B, Jangpromma N, Polpinit WK, Riddech N. Interaction between rhizobacteria and Andrographis paniculata under water 

limitation. Environ. Nat. Resour. J. 2024;22(2):171-183.  (https://doi.org/10.32526/ennrj/22/20230310)
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antioxidant. Recently, researchers have discovered its 

potential in treating fever caused by COVID-19 

infections (Jiang et al., 2021). A. paniculata grows 

well in tropical areas. However, the changing climate 

and rising ambient temperatures are affecting plant 

growth, with drought stress becoming a significant 

agricultural problem. 

Drought stress is abiotic stress caused by water 

deficit, and has severe implications for ecosystems, 

agriculture and connected livelihoods. Water is 

essential for plant growth as it is a key factor that 

influences photosynthesis, dissolution, and 

transportation of nutrients in the soil (Selvakumar et 

al., 2012). Drought affects plant cells, resulting in 

reduced nutrient absorption and pigment synthesis, 

and increased accumulation of ethylene and reactive 

oxygen species (ROS), causing damage to plant 

organs and plant development (Rahdari et al., 2012). 

These substances are damaging to growth (Smirnoff, 

1993) and significantly impact crop production in arid 

and semi-arid regions (Ahmadizadeh et al., 2012). In 

general, plants respond to biotic and abiotic stress by 

scavenging ROS through antioxidant enzyme activity 

and accumulating compatible solutes like flavonoid, 

proline, and phenolic compounds, including secreted 

phytohormones such as ethylene. However, many 

previous studies found that high levels of ethylene in 

plants can lead to early flowering and aging. Hence, 

the bacterial community surrounding plant roots has a 

crucial role in influencing plant resistance to drought 

stress. Several studies have shown that ACC-

deaminase-producing bacteria can alleviate the 

negative effect of drought stress by converting 

ethylene into α-ketobutyrate and ammonia. 

Additionally, indole-3-acetic acid (IAA), synthesized 

by plant growth-promoting rhizobacteria (PGPR), can 

improve root and shoot growth. Zhou et al. (2016) 

demonstrated that the Bacillus megaterium BOFC15 

released polyamine and abscisic acid (ABA), which 

play important roles in plant resistance to water 

limitation conditions by controlling the plant stomata 

and preventing water loss from plant cells. 

Ethylene is a gaseous phytohormone released in 

large amounts by plants, especially during ripening 

prior to leaf shedding and flowering. Ethylene plays an 

important role in regulating plant growth and 

development. High accumulation of ethylene in plants 

can accelerate plant maturity and senescent of plant 

cells. While ethylene is beneficial in agriculture, its 

gaseous form limits its utilization. Furthermore, 

ethylene is also responsible for other abiotic stress, such 

as salt stress, floods, and heavy metal contamination. 

Water deficit conditions induce ethylene biosynthesis in 

plants, and high ethylene content can limit root and 

shoot growth (Liu et al, 2013). 

The diverse microbial organisms in soil can be 

classified into two groups: beneficial microorganisms 

and non-beneficial microorganisms. Plant growth 

promoting rhizobacteria (PGPR) are beneficial 

microorganisms applicable in agriculture. 

Rhizobacteria live in the rhizosphere soil of plants and 

promote plant growth through various mechanisms. 

Direct mechanisms include phosphate solubilization, 

production of phytohormones, and nitrogen-fixing 

activities, while siderophore and antibiotic production 

are indirect mechanisms for improving the growth of 

plants. Several groups of PGPR exist, such as IAA-

producing rhizobacteria, nitrogen-fixing rhizobacteria, 

phosphate-solubilizing rhizobacteria, and ACC 

deaminase-producing rhizobacteria. ACC-deaminase-

producing rhizobacteria are capable of producing 1-

aminocyclopropane-1-carboxylate (ACC)-deaminase 

enzyme, which degrades ethylene in plants by breaking 

down ACC into ammonia and α-ketobutyrate. Under 

water stress, ACC accumulates in plant cells. PGPR has 

shown significant ability to increase the fresh and dry 

weight of pepper and tomato seedlings whilst reducing 

ethylene content (Mayak et al., 2004). ACC deaminase-

producing rhizobacteria promote plant growth and 

development and have proven to be effective strategies 

in alleviating drought-related problems. Therefore, the 

aims of this study were to explore the relationship 

between ACC deaminase-producing rhizobacteria and 

herb roots, as well as to evaluate the alleviation of water 

limitation stress using the ACC deaminase-producing 

rhizobacteria.  

2. METHODOLOGY

2.1 Screening of rhizobacteria from rhizosphere

soil samples under water limitation

Rice rhizosphere soil samples were collected 

from Ban Had, Khon Kaen, Thailand (GPS site: 

16.166540°N 101.915853°W). Ten grams of the soil 

was mixed with 90 mL of 0.85% NaCl solution, and 

serially diluted using same solution as diluent. The 

samples were then spread on tryptic soya agar (TSA) 

(Himedia, India) supplemented with polyethylene 

glycol 6000 (PEG6000) up to 30% (w/w),  and 

incubated at 30°C for 24-48 h. Rhizobacteria colonies 

that appeared on agar plates were selected based on 

different colony characteristics to pure culture and 

further tested for other plant growth-promoting traits. 
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2.2 Screening of ACC deaminase-producing 

rhizobacteria under water limitation 

Thirty-seven bacterial isolates of rhizobacteria 

were obtained from rhizosphere soil. ACC deaminase-

producing rhizobacteria were screened by using the 

modified DF salt minimal media (Dworkin and Foster, 

1958). The media consisted of glucose, gluconic, citric 

acid, K2HPO4, Na2HPO4, Mg.SO4·7H2O amended with 

various concentrations of polyethylene glycol 6000 up 

to 35% by (w/v). The turbid in the medium was 

presented as a positive result and used for further study. 

2.3 Measurement of the amount of ACC deaminase 

content in PGPR under water limitation  

The two most effective ACC deaminase-

producing rhizobacteria were grown in tryptic soya 

broth (TSB), and incubated at 28°C on a shaker 

incubator at 120 rpm for 24-48 h. The culture broth 

was diluted with 0.85% NaCl solution, and the optical 

density of the bacterial suspension was measured 

using a spectrophotometer at 500 nm, adjusted to OD 

0.5 for use as inoculum size of starter culture. The 

suspension was then transferred into DF minimal salt 

broth supplemented with 3 mM ACC, incubated at 

30°C, and shaken at 120 rpm for 24-72 h. After that, 

in the first step, the culture broth was centrifuged at 

4,000 rpm for 10 min and the pellet was rinsed with 

0.1 M Tris-HCl pH 7.5. In the second step, the 

bacterial cells were suspended in 0.1 M Tris-HCl pH 

8.5, and 30 µL of toluene was added, and mixed on the 

vortex mixer for 30 s. In the third step, 200 µL of 

toluene and 20 µL of 0.5 M HCl were added and mixed 

on a vortex mixer, then incubated at 30°C for 30 min. 

In the fourth step, 1 mL of 0.56 M HCl was added and 

mixed on the vortex mixer and centrifuged at 13,000 

rpm for 5 min. In the fifth step, 1 mL of supernatant 

was added to 800 µL of 0.56 M HCl and 300 µL 

dinitrophenylhydrazine, mixed, and incubated at 30°C 

for 30 min. For the last step, 2 mL of 2 N NaOH was 

added and absorbance was measured at 540 nm 

(Penrose and Glick, 2003). The experiment was 

conducted under two conditions: water limitation 

condition with the addition of 20% PEG6000 into the 

DF minimal salt medium, and normal condition 

without PEG6000. 

2.4 Screening the biofilm formation and 

exopolysaccharide production in plant growth 

promoting rhizobacteria 

The selected isolates were tested for biofilm 

formation using the crystal violet staining method 

(Latorre, 2016). The bacterial isolates were grown in 

TSB in a 15 mL centrifuge tube, and incubated at 30°C 

for 24 h. After incubation, a positive result was 

observed from the ring of biofilm which was adhered 

inside the surface of the tube, and the TSB medium 

was removed and the tube gently washed with distilled 

water. Then the 0.1% crystal violet solution was added 

to the tube to stain the adhered biofilm, then placed at 

room temperature for 25 min. After that, the crystal 

violet solution was discarded and the tube was washed 

with sterile distilled water. The detection of 

exopolysaccharide production in the bacterial isolates 

was performed by inoculating bacterial cells in TSB, 

incubating at 30°C for 24 h, then dropping the 

bacterial suspension on a paper disc and placing it on 

a minimal salt medium before incubation at 30°C for 

4-5 days. After that, the paper disc was soaked in a test 

tube containing absolute ethanol. A positive result was 

indicated by the solution presenting a transparent 

color. This indicated that the bacteria could produce 

exopolysaccharides. (Paulo et al., 2012). 

2.5 Study on the root colonization of PGPR in herb 

2.5.1 Plant preparation 

Two-month-old A. paniculata seedlings were 

washed with tap water to eliminate soil and debris.  

2.5.2 Evaluation of root colonization in vitro by 

conventional method (spread plate technique) 

In this experiment, A. paniculata seedlings were 

used. The seedlings were washed with sterile distilled 

water and soaked in bacterial suspension, both single 

isolates and co-inoculation, for 2 h. Then, the roots of 

the plant were transferred to 0.85% NaCl solution, 

diluted by 10-fold dilution up to 10-7 and spread on 

tryptone soya agar (TSA) and incubated for 24 h, after 

which the number of bacterial colonies on the agar 

plate was counted (Gamalero et al., 2004). 

2.5.3 Microbial inoculant and plant preparation 

by scanning electron microscope (SEM) study 

The two rhizobacterial isolates, in the form of 

single inoculum and co-inoculum (in the ratio of 1:1 

(v/v)), were prepared in tryptone soya broth (TSB). 

The culture broth was centrifuged and the cell density 

was adjusted to 108 CFU/ mL. The rhizobacterial 

suspension was then transferred to Hoagland solution 

and the A. paniculata seedling was soaked in each 

rhizobacterial isolate’s inoculum for 2 h. After that, 

the root of the plant was cut to 2-3 centimeters, fixed 

with 2.5% glutaraldehyde, and covered with 
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aluminum foil, before storage at 4°C for 2 h. The root 

sample was washed with sterile 0.1 M phosphate 

saline buffer for 10 min, three times. The sample was 

soaked in ethanol at varying concentrations up to 

100% for 15 min, except for the 100% ethanol 

concentration which was soaked for 30 min, and this 

step was repeated. After that, the samples were stored 

in a desiccator before dehydration using the critical 

point dryer machine for 2 h. Finally, the sample was 

placed on carbon tape and stub respectively before 

being observed under the scanning electron 

microscope (modified from Kim and Krcmcr, 2005; 

Lombardi et al., 2018).  

2.5.4 Characterization of PGPR isolates by 

morphology study and molecular assay 

Bacterial isolates were characterized by 

studying the colony morphology and observing the 

appearance trait. The identification of PGPR was 

performed by PCR amplification and sequencing of 

bacterial 16s rRNA gene. Bacterial genomic DNA was 

obtained from the overnight grown cells using a 

genomic DNA extraction kit (Tiangen biotech 

(Beijing, China)). The sequence of nucleotide primer 

used for amplification of 16s rRNA genes was 

universal 8F primer: 5’-AGA GTT TGA TCM TGG 

CTC AG-3’and reverse universal 1512R primer: 5’-

ACG GYT ACC TTG TTA CGA CTT-3’. DNA 

samples were purified and amplified on thermal PCR 

machine (PCR MJ Research-PTC-200). The program 

was used for the amplification of 16s rRNA gene: 

preheating at 95°C for 10 min denaturation at 94°C for 

1 min, annealing at 55°C for 1 min, extension at 72°C 

for 1.30 min, and final extension at 72°C for 10 min, 

followed by cooling at 4°C when the PCR product was 

purified and sequenced at services of ATCG Co., Ltd., 

Thailand. The obtained nucleotide sequences were 

compared with the NCBI database using the BLASTN 

program. The nucleotide sequence was compared by 

using MEGA 7.0.9 software, and a phylogenetic tree 

was constructed. Additionally, 16s rRNA nucleotide 

sequences in both strains were deposited in the DDBJ 

database following the submission instructions at 

https://www.ddbj.nig.ac.jp/index-e.html. 

2.5.5 Pot experiment 

A. paniculata seedlings were transferred to pots

containing a mixture of soil and coconut fiber in a 1:1 

ratio, with a total weight of 5 km. One month after 

transplantation, the seedlings were exposed to drought 

stress, and their growth parameters were measured two 

months later. The treatment of the pot experiment was 

shown in Table 1. 

Table 1. Experimental design for growing A. paniculata 

No. Treatments 

1 Control without PGPR + irrigated 100% FC 

2 Control without PGPR + irrigated 50% FC 

3 PGPR + irrigated 100% FC 

4 PGPR + irrigated 50% FC 

5 Organic fertilizer + irrigated 100% FC 

6 Organic fertilizer + irrigated 50% FC 

7 Chemical fertilizer + irrigated 100% FC 

8 Chemical fertilizer + irrigated 50% FC 

2.5.6 Statistical analysis 

Mean and standard deviation were calculated 

for the experiment data. Statistical analysis of the data 

was carried out by using the Statistix 10 program. 

Analysis of variance (ANOVA) and Least Significant 

Difference (LSD) were used for comparison of 

significant differences among all experimental 

treatments. 

3. RESULTS AND DISCUSSION

3.1 Isolation and screening of plant growth

promoting rhizobacteria

The total microorganisms in the soil sample are 

shown in Table 2. Thirty-two bacterial isolates were 

isolated from the rice rhizosphere soil. Among them, 

16, 16, and 17 bacterial isolates were able to grow in 

TSB supplemented with polyethylene glycol 6000 

(PEG6000) at concentrations of 20%, 30%, and 35%, 

respectively. Of all these bacterial isolates, only 17 

isolates were able to produce the ACC-deaminase 

enzyme. 

Table 2. Total microorganisms in rice rhizosphere soil sample 

Sample Log CFU/g soil 

1 6.63±0.33 

2 6.57±0.23 

3 6.59±0.42 

All of the bacterial isolates that showed ACC-

deaminase activity were selected for detecting other 

plant growth-promoting properties, including IAA 

production (Table 3), biofilm formation, and 

exopolysaccharide production. The most effective 

ACC-deaminase plant growth-promoting rhizobacteria 

were chosen for quantitative analysis in a further 

experiment. 
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Table 3. IAA content in plant growth promoting rhizobacteria under normal and water limitation condition. ANOVA was performed with 

mean and standard deviation in each column with the same letter indicating no significant difference (p<0.05) by LSD test. 

isolates IAA content (µL/mL) without PEG (normal condition) IAA content (µL/mL) with PEG (water limitation) 

Rh-01 16.49±0.92b 20.37±0.38c 

Rh-06 16.52±1.52b 14.14±0.92d 

Rh-10 11.94±0.42c 11.92±0.22ef 

Rh-13 7.29±0.88ef 10.91±0.93fg 

Rh-22 29.78±0.88a 56.75±1.52a 

Rh-23 5.48±0.59f 13.13±0.22de 

Rh-28 12.31±0.70c  24.82±0.09b 

Rh-32 8.87±0.12de 11.82±0.18ef 

Rh-37 10.38±1.39cd 9.70±1.44g 

Two high-potential isolates of PGPR containing 

ACC-deaminase were examined for quantitative 

ACC-deaminase enzyme activity under normal and 

drought stress conditions. The results showed that the 

rhizobacteria could produce the ACC-deaminase 

enzyme under both  conditions (Table 4). 

Table 4. Quantitative estimation of ACC-deaminase activity in 

plant growth-promoting rhizobacteria. ANOVA analysis was 

performed with Mean and standard deviation in each column with 

the same letter indicating no significant difference (p<0.05) and by 

LSD test. 

isolate ACC-deaminase activity (µmol of α-

ketobutyrate/mg protein/h) 

With PEG6000 Without PEG6000 

Rh-01 21.66±0.37b 39.72±1.35b 

Rh-22 27.01±0.07a 50.20±0.64a 

The most efficient ACC-deaminase plant 

growth-promoting rhizobacteria were further 

evaluated for quantitative ACC-deaminase enzyme 

activity under both normal and water limitation 

conditions. Under normal irrigation, all bacterial 

isolates showed a more effective production of the 

ACC-deaminase enzyme compared to the drought 

stress condition. However, PGPR was also able to 

produce the ACC-deaminase enzyme even under 

water limitation. Bacterial isolate Rh-22 seemed to 

produce more ACC-deaminase enzyme than isolate 

Rh-01 under both conditions. 

Observation of root colonization by ACC-

deaminase-producing rhizobacteria with plant growth-

promoting properties under a scanning electron 

microscope revealed that both rhizobacteria isolates 

were capable of colonizing roots (Figure 1). This was 

similar to the results found in conventional 

experiments, where spreading plates were used to 

count the number of rhizobacteria invading plant 

roots; we found that the number of bacteria for both 

isolates was in a similar profile.  Interestingly, co-

inoculated treatment resulted in higher bacteria 

numbers compared to other treatments (Table 5). 

Table 5. Root colonization of plant growth-promoting 

rhizobacteria by viable plate count 

isolate Log CFU/root 

 With PEG Without PEG 

control 6.08±0.022 6.19±0.043 

Rh-01 9.28±0.034 9.19±0.043 

Rh-22 10.18±0.071 9.29±0.034 

Co-inoculated 10.10±0.089 9.78±0.300 

3.2 Colony morphology and molecular 

identification of bacterial isolates  

Characteristics of colony morphology that 

appeared on culture medium Nutrient agar (NA) plant 

growth-promoting rhizobacteria isolate Rh-01 

colonies are round, flat, white, small-sized, jagged 

edged, gram-positive, and rod-shaped. For Rh-22 

isolates, the colonies are white, jagged edged, 

wrinkled, gram-positive isolate (Table 6 and Figure 2). 

For molecular identification, the sequence of the 16S 

rRNA gene was analyzed. Rhizobacteria isolate Rh-01 

was identified as Paenibacillus polymyxa Rh-01 with 

99.6% similarity. Rh-22 showed 100% similarity with 

Stenotrophomonas maltophilia Rh-22 species (Table 

7). The nucleotide accession number of strains Rh-01 

and Rh-22 are LC775011 and LC775012, 

respectively. The phylogenetic tree was constructed 

from the 16S rRNA sequence of genus Bacillus and 

Stenotrophomonas (Figure 3). 
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Figure 1. Root colonization of plant growth-promoting rhizobacteria observed under a scanning electron microscope, control without 

PEG and with PEG (a, b), strain Rh-01 without PEG (c), strain Rh-01 with PEG (d), strain Rh-22 without PEG (e), strain Rh-22 with PEG 

(f), mix of 2 strains without PEG (g), co-inoculation of 2 strains with PEG (h), with magnification 5000X. 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
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3.3 Appearance of A. paniculata growth when 

simulated with plant growth-promoting rhizo-

bacteria containing ACC-deaminase. 

After 2 months of planting, A. paniculata plants 

were harvested and measured for growth parameters 

and stress markers (proline and relative water content). 

Table 6. Morphological of plant growth-promoting rhizobacteria 

containing ACC-deaminase activity 

Colony morphology PGPR isolates 

Rh-01 Rh-22 

Form Circular Irregular 

Color White Yellow 

Margin Entire Curled 

Structure Opaque Opaque 

Surface Smooth Rough Figure 2. Colony morphology and gram stain of isolate Rh-01 (a), 

Rh-22 (b)

Table 7. Molecular identification of ACC-deaminase plant growth-promoting rhizobacteria 

Bacterial isolates Molecular identification 

Closet NCBI match Accession NO. Similarity 

Rh-01 Paenibacillus polymyxa Rh-01  LC775011 99.64% 

Rh-22 Stenotrophomonas maltophilia Rh-22 LC775012 100% 

Figure 3. The phylogenetic tree was constructed from the 16S rRNA gene sequence from selected bacterial isolates by using Mega 11 

software 

(b) 

(a) 
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3.4 Plant height and chlorophyll content 

Water limitation at 50% FC of irrigation in all 

treatments had an effect on plant height, especially 

with plants treated with organic fertilizer (T6) and 

chemical fertilizer (T8). The reduction in plant height 

might be due to   the limited water content available to 

solubilize nutrients in the soil. However, a non-

significant difference was observed in  treatment T3 

(supplemented with PGPR, 100% FC, and 50% FC 

irrigation). Moreover, the plant height in T4 (PGPR 

and 50% irrigation) and T8 (Chemical and 50% 

irrigation) revealed a similar profile with a non-

significant difference in statistical calculation. This 

indicated that PGPR and chemical fertilizer have equal 

potential to stimulate plant height under water 

limitation conditions (Figure 4).

For the chlorophyll content in plant leaves, the 

result showed that at 50% FC of irrigation in 

treatments, the chlorophyll content of the plants was 

lower than in treatment T7, which was treated with 

chemical fertilizer (100% FC irrigation). Moreover, 

our results indicated that PGPR in both treatments T3 

(50% FC) and T4 (100% FC)) were able to enhance 

the growth of plants by expressing a higher content of 

chlorophyll than in the control (T2 with 50% FC 

irrigation) (Figure 4).

Figure 4. Effect of PGPR inoculant on Plant height and Chlorophyll content (T1=control + 100% FC, T2=control + 50% FC, T3=PGPR 

+ 100% FC, T4=PGPR + 50% FC, T5=Organic Fertilizer + 50% FC, T6=Organic fertilizer + 100% FC, T7=Chemical fertilizer + 100%

FC, T8=Chemical fertilizer + 50% FC).

3.5 Plant yield 

Maximum total biomass was   yielded in the 

treatment which applied chemical fertilizer with 100% 

FC irrigation (T7). It decreased when plants were 

treated with 50% FC irrigation in all treatments. 

However, when these values were compared to the 

control T1 and T2, there was a non-significant 

difference in the treatment that was treated with PGPR 

(T4), organic fertilizer (T6), and chemical fertilizer 

(T8).  It seems that the PGPR’s ability to solubilize 

nutrients in soil was similar to when the soil was 

applied with organic and chemical fertilizer. 

Moreover, we found that our PGPR was able to 

promote the biomass of roots when plants were treated 
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with PGPR under 100% FC irrigation. On the other 

hand, it decreased when treated with 50 % FC water 

irrigation. This indicates that water is important for 

supporting the microbial activities in soil that affect 

plant growth (Table 8). 

Table 8.  Effect of PGPR inoculant on root and shoot fresh weight, root & shoot dry weight, root and shoot biomass, and total biomass of 

Andrographis paniculate (burm.f.) nees under water limitation. ANOVA was performed with Mean and standard deviation in each column 

with the same letter indicating no significant difference *(p<0.05) and **(p<0.01) by LSD test. 

Treatments Shoot fresh 

weight (g) 

Shoot dry 

weight (g) 

shoot 

biomass (g) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

Root 

biomass (g) 

Total biomass 

(g) 

T1 3.583b 1.003b 2.580b 2.013 0.338cd 1.680 4.260bc 

T2 1.923cd 0.790b 1.133c 1.620 0.346cd 1.273 2.407d 

T3 2.910bcd 0.823b 2.087bc 3.757 0.599ab 3.157 5.243b 

T4 2.107bcd 0.630b 1.478bc 3.757 0.323cd 1.180 2.657cd 

T5 3.380bc 0.887b 2.493b 3.517 0.573abc 2.943 5.437b 

T6 1.777d 0.533b 1.243c 2.350 0.265d 2.083 3.327cd 

T7 13.467d 3.797a 9.670a 2.637 0.690a 1.947 11.617a 

T8 2.593bcd 0.940b 1.653bd 1.730 0.400bcd 1.330 2.983cd 

%CV 22.52 23.44 25.67 47.92 32.03 56.27 21.40 

F-test ** ** ** ns * ns ** 

3.6 Relative water content and accumulation of 

proline   

Relative water content (RWC) refers to the 

current water content in the leaf of the plant. Normally, 

the reduction of relative water content was observed in 

drought stress condition. Our data showed that a lower 

content of RWC was found in all 50% FC irrigation. 

The RWC was in the range of 28-48% (Figure 5). 

Figure 5.  Effect of PGPR inoculant on proline content and relative water content in plant leaf (T1=control + 100% FC, T2=control + 

50% FC, T3=PGPR + 100% FC, T4=PGPR + 50% FC, T5=Organic Fertilizer + 50% FC, T6=Organic fertilizer + 100% FC, T7=Chemical 

fertilizer + 100% FC, T8=Chemical fertilizer + 50% FC). 
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The growth of A. paniculata was affected by 

water limitation conditions as observed from the 

increasing accumulation of proline in plant leaves. 

The highest proline content was recorded in the 

treatment of chemical fertilizer with 50% FC irrigated 

(T8). However, the application of microbial inoculant 

(PGPR) for growing plants under water limitation (T3 

and T4) presented  a significantly decreased proline 

content when compared to the control treatment (T2) 

and T8 (supplemented with chemical fertilizer and 

50% FC irrigation) (Figure 5). Meanwhile, there was 

no significant difference in other treatments when 

compared to the normal irrigation control treatment 

(T1). This indicated that irrigation had an effect on the 

accumulation of proline in plants, with the plant 

encountering stress due to low water content. 

4. DISCUSSION

Water deficit affects plant growth, as water is an 

important factor for photosynthesis in plants and is 

necessary for the uptake and transport of nutrients in 

the soil (Lisar et al., 2012). The application of ACC-

deaminase plant growth-promoting rhizobacteria is an 

environmentally sustainable option to alleviate the 

effect of biotic and abiotic stress on plant growth and 

productivity (Glick, 2005). In most higher plants the 

synthesis of ethylene is one of the response 

mechanisms utilized to cope with biotic and abiotic 

stress. A high level of ethylene has an impact on the 

growth and development of plants.  

In the present study, two bacterial isolates, Rh-

01 and Rh-22, exhibited large amounts of ACC 

deaminase activity and were selected from rice 

rhizosphere in arid regions for further assessment of 

growth promoting abilities such as IAA production, 

biofilm formation, and exopolysaccharide production. 

Phytohormones such as IAA, which are released by 

plant growth promoting bacteria, can promote plants 

by stimulating root elongation, the formation of lateral 

roots, and root hairs. This mechanism improves root 

system and enhances nutrient uptake in plants (Gupta 

and Panday, 2019).  

According to our results, various types of 

fertilizer and water irrigation affect the growth of A. 

paniculata plant differently. Under normal irrigation 

conditions, the results showed that chemical fertilizer 

is the best fertilizer for promoting the growth of 

Andrographis paniculate in terms of improvement in 

plant height and chlorophyll content. In contrast, 

under water limitation conditions (50% FC irrigation), 

there was no significant difference in chlorophyll 

content among all three fertilizers, but a significant 

difference was found when compared to the water 

stress control treatment (T2; 50% FC irrigation 

without fertilizer). However, the highest increase in 

plant height was shown in the treatment with microbial 

bio-fertilizer (PGPR) (T4). This result suggests that at 

the 50% FC irrigation, ACC- deaminase plant growth-

promoting bacteria could help to promote plant height 

under water stress treatment when compared to the 

control (without supplemented with fertilizer, T2), 

added organic fertilizer (T6) and chemical fertilizer. 

(T8). The improvement in plant height might be due to 

the reduction of stress ethylene levels by ACC-

deaminase plant growth promoting bacteria. Danish et 

al. (2020) also demonstrated that ACC-deaminase 

producing bacteria enhanced the plant height of maize 

under drought stress. In addition, Yuan et al. (2023) 

reported that ACC-deaminase-producing bacteria 

Pseudomonas DY1-3 increased root growth and 

height of maize. They indicated the potential of plant 

growth-promoting bacteria to improve resistance to 

abiotic stress. 

For the results of other plant growth parameters, 

chemical fertilizer treatment showed the highest 

increase in shoot fresh weight, shoot dry weight, root 

dry weight, and total biomass which was similar to the 

findings of Forouzandeh et al. (2012) who also reported 

that chemical fertilizers showed the highest effect on 

essential oil content in the medicinal plant Basil. 

 Biofilm formation of rhizobacteria promotes 

plants directly. Root exudate secreted by plants 

contains different types of sugar, vitamins, organic 

acid, and mucilage that attract PGPR for root 

colonization and form a biofilm around the root of the 

plant. The role of biofilm could promote root 

colonization of the microorganism located around the 

plant's root. Root colonization plays an important role 

in the survival of bacteria and protects the plant from 

the adverse effects of drought stress (Ansari and 

Ahmad, 2018). In addition, biofilm maintains the 

water and nutrient-holding capacity in the rhizosphere 

soil around the plant roots, improving the uptake of 

water and soluble nutrients. Exopolysaccharide 

(EPSs) production is one of the important traits of 

PGPR that has benefits on the formation of biofilm. 

Exopolysaccharides look like high molecular weight 

polymers of sugar, which contain both 

homopolysaccharides and heteropolysaccharides. 

Normally, EPSs are a key factor for promoting and 

protecting the microbial cell which maintains 

moisture, and thus increasing drought-tolerant 
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capability. Many research reports state that 

exopolysaccharides play a significant role in biofilm 

formation and also serve as an important component 

in biofilm formation (Salas-Jara et al., 2016; Lebeer et 

al., 2007; Czaczyk and Myszka, 2007). 

The molecular identification and phylogenetic 

tree analysis revealed that the rhizobacterial isolate 

Rh-01 and isolate Rh-22 belong to Paenibacillus 

polymyxa Rh-01 and Stenotrophomonas maltophilia 

sm-Rh-22 respectively. A similar result was observed 

by Gupta and Pandey (2019), who reported the ACC-

deaminase-producing ability of Peanibacillus. 

Moreover, Majeed et al. (2015) also indicated multiple 

plant growth promoting traits and the potential of 

Stenotrophomonas spp. for biofertilizer production. 

According to pot experiment results, different 

types of fertilizer and different levels of water 

irrigation affected the growth of A. paniculata plant. 

Under the normal water conditions, chemical fertilizer 

best promoted the growth of A. paniculata in terms of 

improvement in plant height and chlorophyll content. 

In contrast, under water limitation conditions (50% 

FC), there was a non-significant difference in 

chlorophyll content among all three kinds of 

fertilizers, but a significant difference was found when 

compared to the water stress control treatment (T2). 

However, the highest increase in plant height was 

shown in microbial bio-fertilizer treatment (T4). This 

result suggested that ACC- deaminase plant growth-

promoting bacteria could help promote plant height 

when compared to organic fertilizer with water stress 

treatment (T6), which showed the highest decrease in 

plant height. This result was consistent with the 

previous study of Ratnaningsih et al. (2023) who 

investigated ACC deaminase isolated from the 

rhizosphere of pine apple plants and found that these 

microbes promoted the growth of soybean. Similarly, 

Gupta et al. (2022) indicated that ACC deaminase 

producing PGPR could alleviate the adverse effect of 

osmotic and salinity stress in Pisum sativum. 

Plant stress markers indicated the stress level in 

plants. In this study, we investigated relative water 

content and proline content in A. paniculata leaves. 

Our result revealed that relative water content 

exhibited a non-significant difference among all of  the 

normal irrigation conditions (100% FC), 

supplemented with each type of fertilizer. On the other 

hand, under drought stress conditions the relative 

water content decreased when compared to normal 

irrigation as a control treatment  (T1). A similar result 

was presented by Aslam et al. (2021), who found a 

reduction in leaf water content when using chemical 

fertilizer alone under severe evaporation for improved 

Canola growth, decreasing relative water content as a 

result of water limitation. In contrast, the application 

of microbial biofertilizer (PGPR) maintained relative 

water content in plant leaves. 

Proline content is one of the most important 

osmoprotectants in higher plants. Our results showed 

proline content increased in water limitation treatment 

(T2). Furthermore, chemical fertilizers with water 

limitation condition also increased proline content in 

A. paniculata leaves, indicating that the accumulation

of proline under stress in plants might be due to the

high acidic and electro conductivity (pH and EC) of

chemical fertilizer, while the application of microbial

bio-fertilizer triggered a reduction in proline content

in A. paniculata leaves. These results demonstrated

that microbial bio-fertilizer alleviates stress in plants

by increasing relative water content and decreasing

proline accumulation in the plant. Furthermore, our

results were consistent with a previous report

showing that exopolysaccharide-producing bacteria

significantly reduced proline content in inoculated

plants (Khan and Bano, 2019). In our study indicates

that ACC-deaminase-producing bacteria showed

potential as a microbial biofertilizer for improving

plant growth under biotic and abiotic stress.

5. CONCLUSION

Our results suggest that drought stress has a 

negative impact on the physiological and biochemical 

growth markers of the A. paniculata plant compared 

with the control treatment. However, plant growth 

promoting rhizobacteria can ameliorate plants via 

various mechanisms. These findings lead to a 

recommendation for the combined application of 

chemical fertilizers and microbial bio-fertilizers to 

accomplish sustainable agricultural goals. 
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Excessive deposition of heavy metals into the environment due to anthropogenic 

activities necessitates an eco-friendly clean-up strategy. Among microorganisms, 

limited studies have been made on the mycoremediation potential of microfungi. 

This paper evaluated three landfill microfungal isolates of Aspergillus species for 

tolerance and uptake to Cd and Mn. Culture media optimization was also 

performed for the evaluation of the tolerance index and heavy metal analysis of 

soil samples from the landfill site. Among the nine heavy metals analyzed, Mn 

and Fe were detected in relatively high amounts, while Cd, Ni, and Cu were 

detected in a moderate range. Luxuriant mycelial growth of A. oryzae 

(MK120548.1) and A. flavus (MH864264.1) was observed in potato dextrose 

agar while A. terreus (MH047280.1) grew best in potato sucrose agar. In terms 

of tolerance index, A. oryzae (MK120548.1) and A. flavus (MH864264.1) 

demonstrated high tolerance to Cd up to 10 mg/kg. A. oryzae (MK120548.1) 

showed high tolerance to Mn up to 1,000 mg/kg while A. flavus (MH864264.1) 

exhibited a very high 10,000 mg/kg tolerance. In terms of metal uptake, A. oryzae 

(MK120548.1) showed the highest metal uptake of up to 654 mg/kg of Cd, 

while A. terreus (MH047280.1) exhibited the highest metal uptake of 997 mg/kg 

ofMn. With these findings, A. oryzae (MK120548.1), A. flavus (MH864264.1), 

and A. terreus (MH047280.1) have considerable mycoremediation potential. 

Bioremediation studies in conjunction with plants can be explored to further 

assess the potential of these Aspergillus species. 
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Aspergillus/ Heavy metal tolerance 

and uptake/ Microfungi/ 
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1. INTRODUCTION

The continuous rise of heavy metals and other 

toxicants as impacts of industrial activities and 

technological advancements poses a significant threat 

to human health and the environment in general. Due 

to their application and immutable nature, heavy metal 

pollution has become a serious environmental problem 

(Pawlowska and Charvat, 2004; Saba et al., 2017; 

Tiwari and Lata, 2018; Wijaya et al., 2019). Metals are 

naturally subjected to biogeochemical cycles 

determining their presence and concentration in 

different natural environments such as soil, 

groundwater-surface water, air, and living beings 

(Acosta-Rodríguez et al., 2018). However, heavy 

metals are among the most toxic inorganic substances 

that have contaminated large areas of soil or water 

resources due to the residues from metalliferous 

mines, the use of sludge, pesticides, fertilizers, and 

emissions from municipal wastes (Upadhyaya et al., 

2010; Oso et al., 2015). Municipal solid waste in 
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landfill sites produces leachates, which can be 

significant sources of environmental pollution due to 

organic and inorganic pollutants, including heavy 

metals. Problems with the possible release of these 

toxic chemicals, including heavy metals associated 

with landfill sites may result to groundwater pollution, 

plant phytotoxicity and a decline in crop and soil 

production near the dumpsite. Also, the absorption of 

heavy metals by plants marks the entry of heavy 

metals to food chain and their successive 

accumulation along food chain has a critical threat to 

the health of animals and humans (Nyiramigisha et al., 

2021; Ayilara and Babalola, 2023; Beinabaj et al., 

2023). The toxicity of heavy metals to living systems 

is well-recognized. A significant research effort has 

been directed towards the study of their cycling, levels 

in different habitats, and mechanisms of uptake by 

various organisms, as well as remediation of polluted 

environments (El-Moselhy et al., 2014; Verma and 

Kuila, 2019; Ayilara and Babalola, 2023). While many 

remediation techniques, including chemical and 

physical techniques, have been used for many years, 

their drawbacks and difficulties have encouraged the 

application of a more eco-friendly alternative known 

as bioremediation. 

Bioremediation offers an economical and 

promising way of treating contaminated sites. 

Bioremediation is considered more environmentally 

friendly than conventional remediation techniques and 

is regarded as a green technology as it only depends on 

biological organisms and processes (Thabit and El-

Naggar, 2014; Aishwarya et al., 2017). Many microbial 

species, including fungi and bacteria, can sequester 

heavy metals. However, fungal strains may better suit 

this goal than other microorganisms due to their 

excellent resistance toward most heavy metals, wall 

binding ability, and intracellular metals uptake abilities 

(Alzahrani et al., 2017). Fungi are among the 

dominating living biomass of soil but have not been 

widely exploited for bioremediation in contaminated 

soil environments. Fungi have a tremendous advantage 

over bacteria for the bioremediation of polluted soils 

due to their large biomass, massive hyphal networks, 

versatility in an extreme environment, and longer life 

cycles (Singh et al., 2014). Fungi could even be used as 

bioremediation agents in conjunction with other 

bioremediation agents like plants for a more efficient 

degradation or absorption of pollutants like heavy 

metals (Li et al., 2016). 

Some fungal species have been studied for their 

tolerance, uptake, and mycoremediation potential to 

various heavy metals in the past several years. Ayilara 

and Babalora (2023) reviewed that A. versicolor, A. 

fumigatus, Cladosporium sp., and Trichoderma sp. are 

used in bioremediation of Cd, Saccharomyces 

cerevisiae, and Aspergillus sp. are used in 

bioremediation of As and Penicillum sp., Trichoderma 

sp., and Aspergillus sp. are used in bioremediation of 

Co and Cu. A. flavus CR500 showed metal tolerance 

and removal capability to As, Ni, and Pb (Kumar and 

Dwavedi, 2020) while another A. flavus strain in the 

study of Vajpai et al. (2019) showed tolerance and 

uptake of Cr. Khan et al. (2019) demonstrated the 

removal of Hg and Pb from contaminated soils by 

several Aspergillus species such as A. niger, A. 

fumigatus, A. terreus, and A. flavus. Moreover, A. 

oryzae showed capability to remove Mn, Al, and Fe in 

polluted freshwater samples (Mahmoud et al., 2017). 

Aside from that A. oryzae also showed tolerance, 

bioaccumulation or biosorption of Cu and Pb (Long et 

al., 2017), As (Liang et al., 2018) and Zn (Al-Obaid 

and Hashem, 1997). Studies on the tolerance and 

uptake of A. terreus for Cu (Oladipo et al., 2016; 

Palanivel et al., 2023; Zango et al., 2023), Pb and Fe 

(Oladipo et al., 2016; Zango et al., 2023) and Cr 

(Zango et al., 2023) have also been conducted. 

Nowadays, mycoremediation using soil-borne 

fungi has received a great deal of attention due to their 

distinct attributes, such as the ability to thrive under 

extreme pH, temperatures, and nutrient variability 

conditions, as well as high tolerance to high metal 

concentrations (Oladipo et al., 2018). Several studies 

have even shown the promising potential of several 

soil-borne microfungal species isolated from 

contaminated areas like landfill sites or mining sites 

for mycoremediation (Joo and Hussein, 2012; Oladipo 

et al., 2018). Recognizing the limited preliminary 

studies conducted on the tolerance and uptake of 

landfill microfungal isolates A. flavus, A. terreus, and 

A. oryzae for Cd and Mn for possible bioremediation

potential in landfill soil; hence, this study was

conceptualized and aimed to evaluate in vitro the

metal tolerance and uptake of Cd and Mn for the three

Aspergillus species isolated from the landfill site of

Bangar, La Union, Philippines. Also, their optimum

culture media as well as analysis of the soil sample

from the area were assessed.

2. METHODOLOGY

2.1 Description of the study site

The landfill site of Bangar, La Union, 

Philippines 2519 was the study site in this paper. 
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Forested areas, agricultural lands and nearby 

communities surround this open landfill site. Forested 

areas surround the landfill site in its northern and 

eastern parts, while agricultural land is situated in its 

western part and some of the southeastern parts. The 

nearby communities are settled several kilometers 

away in its southwestern portions. It serves as the 

dumpsite of municipal solid waste such as paper, 

plastic, metal, food, glass, etc., produced as solid 

waste by commercial, household, office, industrial, 

and the like. The collection and isolation of soil 

samples from this site, as well as the characterization 

and identification of microfungi from the soil samples 

collected, including the three Aspergillus species in 

this paper, was already conducted by Lopez (2023). 

For reference, however, the map of the landfill site, the 

sampling points, and their coordinates are shown in 

Figure 1. 

Figure 1. Map of the landfill site showing the different sampling points where soil samples were collected 

2.2 Soil analysis of the collection site 

Composite soil sample collected from the 

landfill site of Bangar, La Union, Philippines 2519 

was sent to the laboratories of CRL Environmental 

Corporation, Bldg. 2, Berthaphil Compound I, 

Berthaphil Industrial Park, Jose Abad Santos Ave., 

CFZ, Pampanga, Philippines 3115 for soil analysis to 

determine the heavy metal contents. Accordingly, 

metal analysis of the soil sample was carried out 

following the standard methods of metal analysis 

stipulated in the Standard Methods for the 

Examination of Water and Wastewater, 23rd Edition 

(Rice et al., 2017), in which the equipment used during 

the metals analysis was Inductively Coupled Plasma - 

Optical Emission Spectroscopy (ICP-OES, 

Shimadzu). A digested sample was nebulized, and the 

resulting aerosol was transported to the plasma torch. 

A radio-frequency inductively coupled plasma 

produces element-specific emission spectra. A grating 

spectrometer disperses the spectra, and the intensities 

of the emission lines were monitored by 

photosensitive devices. 

2.3 The source of microfungal species and 

preparation of mycelial discs 

The stock cultures of microfungal species 

Aspergillus flavus (MH864264.1), Aspergillus oryzae 

(MK120548.1), and Aspergillus terreus 

(MH047280.1) used in this study were obtained from 

the Microbiology Laboratory, Biology Department, 

College of Arts and Sciences, North La Union 

Campus, Don Mariano Marcos Memorial State 

University, Bacnotan, La Union, Philippines 2515. 

These microfungal species were isolated from soil 

samples collected from the landfill site of Bangar, La 

Union, Philippines 2519 (Figure 1), which were 

subsequently characterized and identified using 

molecular techniques by Lopez (2023). 

In the preparation of the mycelial disc, a single-

point    inoculation    technique   was    employed    by 
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aseptically inoculating the microfungal spores using 

an inoculating needle onto inverted Petri plates with 

solidified potato dextrose agar (HIMEDIA, India). 

This technique prevents the scattered growth of fungal 

spores on the plate and ensures only one fungal colony 

growth. The plate cultures (inverted) were incubated 

at room temperature (≈28oC) for 7 days. Using a cork 

borer (10 mm diameter), mycelial discs were taken 

near the margin of the growing mycelia on the plate to 

ensure a uniform age of mycelial disc inoculants. 

2.3 Evaluation of optimum culture media for each 

of the three Aspergillus species 

In this study, three indigenous culture media, 

namely coconut water agar (CWA), corn grit 

decoction agar (CGA), and potato sucrose agar (PSA) 

as well as three commercial culture media namely 

potato dextrose agar (PDA), sabouraud dextrose agar 

(SDA) and malt extract (HIMEDIA, India) + 2% agar 

(MEA) were evaluated for optimum culture media for 

the three Aspergillus species. The CWA was prepared 

by dissolving 24 g of agar into 1 L of mature coconut 

water. The mixture was, subsequently, heated at low 

heat (≈80oC) with constant stirring until 

homogenously mixed. The CGA was prepared by 

boiling (≈100oC) 250 g of corn cracklings in 1 L of 

distilled H2O. When cooked, the mixture was cooled 

down (≈40oC) for a few minutes and filtered using a 

clean cloth, then, the filtrate was mixed with 10 g of 

sugar and 24 g of agar. Subsequently, the mixture was 

heated at low heat (≈80oC) with constant stirring until 

homogenously mixed. The PSA was prepared by 

boiling (≈100oC) 250 g of cubed potatoes in 1 L of 

distilled H2O. When cooked, the mixture was cooled 

down (≈40oC) for a few minutes and filtered using a 

clean cloth; then, the filtrate was mixed with 10 g of 

sugar and 24 g of agar. Subsequently, the mixture was 

heated at low heat (≈80oC) with constant stirring until 

homogenously mixed. Meanwhile, the commercial 

culture media PDA (HIMEDIA, India), SDA 

(HIMEDIA, India), and MEA (HIMEDIA, India) 

were prepared following the instructions indicated on 

their labels. Each of the prepared culture media was 

placed in an Erlenmeyer flask sealed with a cotton 

plug and autoclaved at 121oC, 15 psi, for 15 min.  

The sterilized culture media were cooled down 

(≈40oC), pour-plated, solidified, and then aseptically 

inoculated with mycelial discs (10 mm) of each of the 

three Aspergillus species. Three replicates were made 

for each culture medium for every Aspergillus species. 

The inoculated plates were incubated at room 

temperature (≈28oC) to allow mycelial growth. The 

mycelial growth (diameter of the fungal culture) was 

measured after 7 d of incubation. The culture medium 

where each of the three Aspergillus species showed the 

highest mycelial growth was considered suitable for 

each of them. 

2.4 Evaluation of heavy metal tolerance 

In the preparation of heavy metal-contaminated 

culture media, Dulay and De Castro’s (2016) methods 

were followed with modifications. The optimum 

culture medium for each of the three Aspergillus 

species was used. Three replicates were made for each 

of the optimum culture media (respective of the 

Aspergillus species) contaminated with each of the 

two heavy metals (Cd and Mn) using cadmium nitrate 

(Cd(NO3)2) and manganese oxide (MnO₂), 

respectively, as sources. Varying concentrations of 

each heavy metal, such as 10 mg/kg, 100 mg/kg, 1,000 

mg/kg, and 10,000 mg/kg, were prepared. Similarly, 

the heavy metal-contaminated media were autoclaved 

at 121oC, 15 psi for 15 min. After sterilization, it was 

cooled (≈40oC), pour-plated, solidified, and 

aseptically inoculated with the mycelial disc (10 mm) 

of each of the three Aspergillus species. The cultures 

were then incubated at room temperature (≈28oC), 

allowing mycelial growth for 7 days.   

The evaluation of the tolerance indices of the 

three Aspergillus species was based on the methods of 

Liaquat et al. (2020) with modifications. The radial 

mycelial growth was obtained by measuring the 

diameter of the growing mycelia on the plate across 

three orientations passing through the center and then 

averaged. All of these data were recorded per 

replicates. In the same period of mycelial growth, the 

tolerance index (TI) was then calculated using the 

following equation:  

TI =  
RGwm

RGwom
 (1) 

Where; TI is the tolerance index, RGwm is 

radial mycelial growth with heavy metal, and RGwom 

is radial mycelial growth without heavy metal. 

2.5 Determination of heavy metal uptake 

The potato dextrose broth (HIMEDIA, India) 

was used to determine heavy metal uptake of the three 

Aspergillus species. A concentration of 10,000 mg/kg 

of each of the two heavy metal (Cd and Mn) was 

prepared using Cd(NO3)2 and MnO₂ in potato dextrose  

187



Arellano JAE et al. / Environment and Natural Resources Journal 2024; 22(2): 184-196

broth (HIMEDIA, India). The culture media were 

dispensed in clean catsup bottles autoclaved at 121oC, 

15 psi for 15 min. After sterilization, the culture media 

were cooled down (≈28oC) and aseptically inoculated 

with mycelial discs. The cultures were incubated at 

room temperature (≈28oC), allowing mycelial growth 

for 10 days. The experiment was carried out in 

triplicates. 

After 10 days of incubation, the mycelial mats 

from the culture broths were harvested using a strainer. 

The fresh mycelial mats were drained, packed, and 

labeled correctly which were then sent to the 

laboratories of CRL Environmental Corporation, Bldg. 

2, Berthaphil Compound I, Berthaphil Industrial Park, 

Jose Abad Santos Ave., CFZ, Pampanga, Philippines 

3115 for heavy metal quantitative analysis (methods 

were previously described above) for Cd and Mn. From 

the obtained results, the percent uptake (PU) of heavy 

metal was calculated using the equation:  

PU =
10,000 mg kg⁄  − MUmm

10,000 mg kg⁄
× 100  (2) 

Where; PU is the percent metal uptake, 10,000 

mg/kg is the known concentration of the medium, and 

MUmm is the metal uptake of the mycelial mats. 

2.6 Statistical analysis 

The Minitab ver. 21 statistical software was 

used for statistical analyses of data. The experiments 

were laid out in a completely randomized design 

(CRD). Analysis of variance (ANOVA) was used, and 

treatments that were declared significant by ANOVA 

were further compared using Tukey’s comparison of 

means. The schematic diagram of the methods 

employed in this study is shown in Figure 2. 

Figure 2. Schematic diagram of the procedure done in this study in the evaluation of tolerance and uptake to Cd and Mn for the three 

Aspergillus species 
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3. RESULTS AND DISCUSSION

3.1 Soil analysis

The results of the analysis of the soil sample 

collected from the landfill site are shown in Table 1. It 

can be inferred from the Table that Fe, Mn, and Cr 

have notable high concentrations of 31,100 mg/kg, 

904 mg/kg, and 53 mg/kg, respectively, detected from 

the soil sample. However, the values detected are still 

within the permissible limits in soil based on available 

literature. On a positive note, the toxic heavy metals 

As, Pb, and Hg were not detected in the soil samples. 

All other heavy metals such as Cd, Cu, and Ni are in 

the moderate range or very minimal amounts and fall 

within the permissible limits. Due to the levels of 

toxicity and concentration, respectively, Cd and Mn 

were studied in this paper. 

Table 1. Heavy metal concentration of toxic metals detected from the soil samples 

Heavy metals Result (mg/kg) World permissible limits in soil (mg/kg) 

Arsenic (As) ND 20a 

Cadmium (Cd) 1.1 0.8-3.0b 

Copper (Cu) 7.8 36-100b 

Chromium (Cr) 53 100b 

Iron (Fe) 31,100 50,000a 

Lead (Pb) ND 50-85b 

Manganese (Mn) 904 2,000a 

Nickel (Ni) 16 35-50b 

Mercury (Hg) ND 0.05c 

aChiroma et al. (2014); bWHO (1996); cKinuthia et al. (2020); ND: not detected 

Generally, metals, as described by Rashid et al. 

(2023), are inorganic elements with atomic densities 

relatively higher than H2O (1 g/cm3). Over 40 

elements in Mendeleev's periodic system with an 

atomic mass above 40 atomic units are identified as 

heavy metals which include Fe, Mn, Co, Ni, Cu, Zn, 

Mo, Cd, and others (Kucher et al., 2023). Heavy 

metals can be (i) essential elements (e.g., Cr, Fe, and 

Zn) needed in small amounts and are crucial for the 

physiological functions of organisms or (ii) non-

essential elements of an unknown biological role (e.g., 

Cd, Pb, and Hg) which are toxic to living organisms 

(Gajewska et al., 2022). Heavy metals are naturally 

present in the environment, like the soil, however, 

excessive deposition of these metals may be caused by 

natural activities (e.g., geological weathering, 

volcanic activity, soil erosion, etc.) and intensified by 

human activities (landfilling of municipal solid 

wastes, irresponsible mining, etc.) makes them 

persistent environmental pollutants that could pose 

significant biological toxicity to living organisms. 

Aside from the biological toxicity, heavy metals 

cannot disappear from the soil but can only move from 

one natural layer to another, interacting with various 

living organisms; hence, the possibility to 

bioaccumulate and biomagnify in the food chain 

(Jamil Emon et al., 2023; Kucher et al., 2023).  

It is then important to monitor the presence and 

concentration of these toxic heavy metals in the 

environment, especially in areas where introduction 

may occur, like in open landfill sites. The findings of 

this study on metal analysis of the soil sample from the 

landfill site coincide with the findings of Beinabaj et 

al. (2023) in which Fe had the highest concentration 

(22.94 mg/kg) among the metals they have detected in 

the landfill leachates from the new landfills in Tehran. 

They have also noted the high concentration of Mn 

(33.65-34.14 mg/kg) they have detected in the landfill 

soil. Like the present study, Beinabaj et al. (2023) also 

detected Cd at low concentration. In the present study, 

the high concentrations of Fe and Mn compared to the 

other metals analyzed in the soil sample collected can 

be attributed to sources such as cast iron from old 

tools, equipment, and alike for Fe while blade, bottle 

caps, galvanizing goods, insecticides, pigments and 

paints for Mn that are dumped in the landfill site 

(Kanmani and Gandhimathi, 2013; Beinabaj et al., 

2023). Also, Li et al. (2011) regarded Fe as the fourth-

most abundant element in the Earth’s crust, widely 

used for production and life; hence, it is the most 

prevalent heavy metal in landfills. Other factors are 

explained and discussed by Wang et al. (2018), like 

the soil at landfill site may sometimes undergo 

reductive dissolution, thereby resulting in the release 

of Fe and Mn, thus increasing their solubility.  
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However, the detected heavy metals in the 

present study are within the permissible limits for soil 

based on available literature. Periodic monitoring of 

toxic heavy metals is a proactive measure to prevent 

the adverse toxic effects of these heavy metals on 

living organisms near the area by possibly applying an 

efficient and eco-friendly clean-up strategy because 

even though the concentrations of heavy metals are 

below the permissible levels, this may still interfere 

with the physiological metabolism of organisms, like 

plants, and may lead to the increased uptake of heavy 

metals due to the persistence of these toxic metals in 

the soil (Singh and Kalamdhad, 2011; Ojekunle et al., 

2016). Also, Chibuike and Obiora (2014) observed 

that the combined effect of more than two heavy 

metals in contaminated soil was as harmful as the 

effect of the most toxic heavy metal. 

3.2 Optimum culture medium for mycelial growth 

In this study, three indigenous culture media 

namely coconut water agar (CWA), corn grit 

decoction agar (CGA), and potato sucrose agar (PSA) 

as well as three commercial culture media namely 

potato dextrose agar (PDA), sabaurud dextrose agar 

(SDA), and malt extract agar (MEA) were evaluated 

for optimum growth of the three Aspergillus species. 

Figure 3 shows the mean mycelial growth of the three 

Aspergillus species in indigenous and commercial 

culture media.  

As shown in Figure 3, A. oryzae (MK120548.1) 

exhibited the highest mycelial growth in the 

commercial culture medium PDA (89.00±1.00 mm) 

although it is statistically comparable with MEA 

(85.00±1.73 mm) and the least mycelial growth in 

indigenous culture medium PSA (48.67±3.06 mm). 

Conversely, A. terreus (MH047280.1) exhibited the 

highest mycelial growth in indigenous culture medium 

PSA (76.00±2.00 mm) while it had the least growth in 

the commercial media MEA (37.67±2.52 mm). 

Interestingly, A. flavus (MH864264.1) also exhibited 

the highest mycelial growth in PDA (88.67±1.16 mm) 

although it is statistically comparable with SDA 

(88.33±1.53 mm). A. flavus (MH864264.1) exhibited 

the least mycelial growth in MEA (47.67±2.08 mm). 

The optimum culture medium for mycelial 

growth of each of the three Aspergillus species is 

considered in this study so as not to interfere with the 

evaluation of their tolerance index. Luxuriant mycelial 

growth of A. oryzae (MK120548.1) and A. flavus 

(MH864264.1) was observed in potato dextrose agar 

while A. terreus (MH047280.1) grew best in potato 

sucrose agar as shown in Figure 3. Lopez et al. (2022) 

elaborated on the components of potato 

dextrose/sucrose agar relative to fungal growth in 

which potato dextrose agar is used in culturing wide 

range of fungi as it provides a rich source of 

carbohydrates and significant amounts of vitamins and 

minerals such as vitamin B6, potassium, phosphorus, 

magnesium, iron and low amount of sodium essential 

for many metabolic processes and growth. Also, it 

provides a significant amount of protein as nitrogen 

sources of various fungal species. 

Figure 3. The mycelial growth of (a) A. flavus, (b) A. oryzae, and (c) A. terreus in different culture media for the evaluation of optimum 

culture medium. Values are expressed in mean±SD and means that do not share a letter are significantly different. 
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Figure 3. The mycelial growth of (a) A. flavus, (b) A. oryzae, and (c) A. terreus in different culture media for the evaluation of optimum 

culture medium. Values are expressed in mean±SD and means that do not share a letter are significantly different (cont.). 

3.3 Tolerance index of the three Aspergillus species 

to Cd and Mn 

The optimum culture medium for each of the 

Aspergillus species was used to evaluate the tolerance 

index to Cd and Mn. Table 2 shows the tolerance index 

of the three Aspergillus species to Cd and Mn at 10, 100, 

1,000, and 10,000 mg/kg concentrations. It can be 

inferred from the table that at 10 mg/kg Cd, A. oryzae 

(MK120548.1) and A. flavus (MH864264.1) exhibited 

a high metal tolerance index value while A. terreus 

(MH047280.1) (0.66±0.02) showed moderate metal 

tolerance to Cd. At 10 mg/kg Mn, A. flavus 

(MH864264.1) exhibited a remarkably high metal 

tolerance index of 1.03±0.04. A. oryzae (MK120548.1) 

exhibited a high metal tolerance index value of 

0.97±0.02. However, A. terreus (MH047280.1) only 

showed a moderate metal tolerance index value. At 100, 

1,000, and 10,000 mg/kg of Cd, all Aspergillus species 

showed very low to low metal tolerance.  

Interestingly, at 100, 1,000, and 10,000 mg/Kg of 

Mn, A. flavus (MH864264.1) exhibited a consistently 

very high metal tolerance index while A. terreus 

(MH047280.1) exhibited a low to very low metal 

tolerance index to Mn. A. oryzae (MK120548.1) 

showed a high metal tolerance index only at 100 and 

1,000 mg/kg of Mn. However, it showed very low 

metal tolerance at10,000 mg/kg. Figure 4 shows the 

mycelial growth of the three Aspergillus species grown 

in optimum medium contaminated with Cd and Mn at 

10, 100, 1,000, and 10,000 mg/kg concentrations, as 

well as the trend of tolerance indexes of the three 

Aspergillus species at increasing concentrations (10, 

100, 1,000, and 10,000 mg/kg) of Cd and Mn. 

Table 2. Tolerance index of the three Aspergillus species to Cd and Mn at various heavy metal concentrations 

Heavy metals Microfungal species *Tolerance index heavy metal concentration (mg/kg)

10 100 1,000 10,000 

Cadmium (Cd) A. oryzae (MK120548.1) 0.92±0.06 0.18±0.04 0.00±0.00 0.00±0.00 

A. terreus (MH047280.1) 0.66±0.02 0.30±0.04 0.04±0.01 0.00±0.00 

A. flavus (MH864264.1) 0.92±0.04 0.05±0.01 0.00±0.00 0.00±0.00 

Manganese (Mn) A. oryzae (MK120548.1) 0.97±0.02 0.89±0.02 0.85±0.01 0.16±0.02 

A. terreus (MH047280.1) 0.63±0.01 0.36±0.02 0.00±0.00 0.00±0.00 

A. flavus (MH864264.1) 1.03±0.04 1.02±0.07 1.10±0.04 1.22±0.06 

*Tolerance index values are mean values that indicate: 0.00-0.39 - very low metal tolerance; 0.40-0.59 - low metal tolerance; 0.60-0.79 - moderate metal 

tolerance; 0.80-0.99 - high metal tolerance; 1.00->1.00 - very high metal tolerance (Oladipo et al., 2018)

It is noteworthy that the observed tolerance 

indices of A. terreus (MH047280.1) at 10 mg/kg to 

100 mg/kg Cd coincide with the findings of Villalba-

Villalba and Gonzalez-Mendez (2021). Sule et al. 

(2022) found that A. flavus along with other 

Aspergillus species such as A. niger, A. fumigatus, and 

A. versicolor exhibited tolerance to heavy metals such

as Cd, Mn, and other heavy metals at different levels
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of concentrations with most of their isolates found to 

tolerate at least up to 40 mg/kg of the heavy metals. 

This is consistent with the observations of the present 

study, where most of the three Aspergillus species still 

showed considerable tolerance to Cd and Mn at 

concentrations of 10 mg/kg to 100 mg/kg only. This 

observation can be attributed to heavy metal toxicity 

and its effect to fungal growth as discussed by 

Priyadarshini et al. (2021). They explained that 

excessive accumulation of heavy metal, like Cd, 

induces protein and nucleic acid damage, which may 

inhibit transcription and cell growth. 

Figure 4. (a) Mycelial growth of the three Aspergillus species in their respective optimum culture medium enriched with Cd and Mn at 

varying concentrations; (b-c) Line graph showing the trend of the tolerance index of the three Aspergillus species to Cd and Mn at various 

concentrations 

Interestingly, however, the present study found 

that A. oryzae (MK120548.1) showed a consistently 

high metal tolerance index of up to 1,000 mg/kg of 

Mn. A. flavus (MH864264.1) also showed a 

consistently very high tolerance index of up to 10,000 

mg/kg of Mn. The result of the present study also 
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coincides with the findings of Kumar and Dwivedi 

(2020) that A. flavus CR500 tolerated Cd and Mn up 

to 100 mg/L and 1,600 mg/L concentrations, 

respectively. Heavy metal tolerance is the ability of an 

organism, like fungi, to survive metal toxicity through 

several mechanisms that serve as a direct response to 

the toxic metals present. These can be attributed to 

several mechanisms of metal tolerance adopted by 

fungi (which vary among species), which include 

enhanced metal efflux, suppressed influx, 

extracellular metal sequestration and precipitation, 

metal binding to cell walls, intracellular sequestration 

and complexation, and production of intracellular or 

extracellular enzymes (Oladipo et al., 2018). 

3.4 Metal uptake of the three Aspergillus species to 

Cd and Mn 

In evaluating the metal uptake of Aspergillus 

species to Cd and Mn, the mean percent uptake of 

heavy metal was determined using equation 2. The 

three Aspergillus species were grown in potato 

dextrose broth (PDB), each with 10,000 mg/kg of Cd 

and Mn. After ten (10) days of incubation, the mycelial 

mats were harvested and subjected to heavy metal 

analysis, and the results, which are presented in Table 

3, were analyzed. Values in the table are percent 

uptake or the equivalent mg/kg concentration out of 

each heavy metal’s 10,000 mg/kg concentration (Cd 

and Mn). 

Table 3. Mean percent uptake of heavy metal Cd and Mn by the three Aspergillus species at a prepared concentration of 10,000 mg/kg of 

heavy metal in PDB 

Microfungal species Mean percent uptake of heavy metal (% of 10,000 mg/kg) 

Cadmium (Cd) Manganese (Mn) 

Aspergillus oryzae (MK120548.1) 5.37±1.17%a or ≤654 mg/kg 0.85±0.23%c or ≤108 mg/kg 

Aspergillus terreus (MH047280.1) 3.07±0.47%b or ≤354 mg/kg 8.78±1.19%a or ≤997 mg/kg 

Aspergillus flavus (MH864264.1) 4.38±0.33%ab or ≤471 mg/kg 2.66±0.26%b or ≤292 mg/kg 

*Means that do not share a letter are significantly different

Interestingly, all Aspergillus species showed 

uptake of heavy metals, with A. oryzae (MK120548.1) 

exhibiting the highest mean percent uptake of 

5.37±1.17% to Cd or equivalent to ≤654 mg/kg of Cd. 

On the other hand, A. terreus (MH047280.1) showed 

the highest mean percent heavy metal uptake of 

8.78±1.19% to Mn or equivalent to ≤997 mg/kg of 

Mn. A. flavus (MH864264.1) showed considerable 

mean percent heavy metal uptake to Cd and Mn. 

Various growth-dependent or growth-independent 

metabolic processes of living cells carry out heavy 

metal uptake or metal accumulation in fungi. 

However, even dead cells or polysaccharide secretions 

may also be involved in metal sorption (Shakya et al., 

2016). Heavy metal uptake is affected by the 

mechanisms of fungi (often varied across fungal 

species) to resist heavy metal, which include 

biosorption capability, bioaccumulation and 

compartmentalization, metal chelation, intracellular 

formation of metal oxalates through secretions of 

organic acids, and efflux transport for metal exclusion. 

These mechanisms affect fungal species’ uptake 

capability and capacity (Priyadarshini et al., 2021). 

The observed high metal uptake of Mn by A.terreus 

(MH047280.1), in the present study, can be related to 

the findings of Saha and Kennedy (2019) in the first 

reported relationship of Mn with medium components 

for utilization of sugar and production of itaconic acid 

(a building block platform chemical) by A. terreus. 

Similarly, Sándor et al. (2021) observed that Mn 

ions in association with copper modulate the 

morphology of A. terreus. This suggests that the high 

Mn uptake of A. terreus can be associated with 

formation of metal oxalates from organic acid 

secretions from utilization of sugars although further 

studies should be done to confirm this claim. 

Interestingly, the present study also observed an initial 

Cd uptake capability of A. oryzae (MK120548.1) 

although several studies showed Cd uptake by other 

several Aspergillus species like A. fumigatus, A. niger, 

and A. versicolor but limited findings on A. oryzae (Al-

Garni et al., 2009; Doku and Belford, 2015; Soleimani 

et al., 2016) suggesting more studies should be done to 

determine the various uptake mechanisms and assess 

the uptake potential of A. oryzae to biosorp Cd. 

4. CONCLUSION

In conclusion, the landfill microfungal isolates 

such as A. oryzae (MK120548.1), A. terreus 

(MH047280.1), and A. flavus (MH864264.1) showed 

potential tolerance and metal uptake to Cd and Mn. 

Of note, the tolerance of A. oryzae (MK120548.1), and 

A. flavus (MH864264.1) in vitro to Mn is remarkable.
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Interestingly, A. oryzae (MK120548.1), and A. terreus 

(MH047280.1) showed considerable metal uptake of 

Cd, and Mn, respectively. Regarding the optimum 

culture media, A. oryzae and A. flavus showed prolific 

growth in commercial medium potato dextrose agar 

while A. terreus showed prolific growth in indigenous 

medium potato sucrose agar. The soil sample collected 

has permissible amounts of heavy metals for Cd, Mn, 

Cu, Cr, and Ni while As, Pb, and Hg was not detected. 

The initial findings of this study are important in 

contributing to the discovery of the potential of landfill 

microfungal Aspergillus species such as A. flavus, A. 

terreus, and A. oryzae to tolerate and uptake Cd and 

Mn. With these data, studies in conjunction with plants 

can be made further to assess the mycoremediation 

potential of these microfungal isolates, and their 

tolerance and uptake to other heavy metals can be 

explored. The findings of this study on the heavy metal 

soil analysis to be within the permissible limits in soil 

are a good indication of the status of the heavy metals 

present in the landfill site. However, periodic 

monitoring and a thorough and wholistic assessment 

on the degree of soil contamination of the landfill site 

(using PINemerow, for example) should be done for 

appropriate actions to be taken to prevent adverse 

health effect to public. 
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