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ABSTRACT 

Land Surface Temperature (LST) has long been monitored and studied; however, the most reliable method 
of estimating the LST has yet to be examined regarding the mixed land-use types over a small city. This research 
explores an optimum method for Land Surface Temperature (LST) estimation in a city using the data from 
LANDSAT-8. Four favored LST retrieval approaches, the Radiative Transfer Equation-based method (RTE), the 
Improved Mono-Window method (IMW), the Generalized Single-Channel method (GSC), and the Split-Window 
algorithm (SW), were used to estimate the LST over Buriram Town Municipality, Thailand. The calculated LST 
from these four methods was compared with ground-based temperature data of 100 measured sites over the study 
area on the same date and time as the employed Landsat-8 data. The lowest Normalized Root Means Square Error 
(NRMSE) was considered to identify the optimum method of the LST estimation. The SW algorithm provides the 
lowest NRMSE value (0.114), followed by the RTE (0.171), the IMW algorithm (0.181), and the GSC (0.219). As 
a result, the SW algorithm is the optimum method in LST estimation for Buriram Town Municipality. The SW 
algorithm mainly eliminates atmospheric effects based on differential absorption in two thermal bands, which have 
shown the smallest error in the retrieval of LST. The explored optimal method will benefit GIS specialists working 
for Buriram local government to conduct the best practice to monitor the LST over the city. The other local 
governments could consider the SW algorithm to monitor the LST over their small cities with similar contents. 

Keywords: split-window, Landsat-8, land surface temperature, thermal bands, Buriram

INTRODUCTION  

Land Surface Temperature (LST) is an 
essential variable for estimating radiation and energy 
budgets associated with mainland surface processes 
(Holmes et al., 2013; Orhan et al., 2014; Wu et al., 
2013). Knowledge of LST distribution can provide 
useful information about the surface’s physical 
properties and climate, which have a role in a variety 
of fields, including land-atmosphere energy budget 
(Weng and Fu, 2014; Wu et al., 2015), climate 
change (Avdan and Jovanovska, 2016; Weng et al., 
2014; Wu et al., 2015), hydrological cycle (Avdan 
and Jovanovska, 2016; Bendib et al., 2016; Wu et al., 
2015), evapotranspiration (Bendib et al., 2016; Weng 
et al., 2014), and urban climate (Bendib et al., 2016; 
Mechri et al., 2014; Weng and Fu, 2014). LST data 
from satellite remote sensing provides denser spatial 
sampling intervals than those taken at ground sites 
(Zhou et al., 2015). Data from the LANDSAT series 
is widely used for retrieving the LST, according to 
the downloadable free data from the USGS website, 
regular revisit times, and long-term recorded data 
captured by two onboard instruments: the 
Operational Land Imager (OLI) and the Thermal 
Infrared Sensor (TIRS) (Salakkham and 

Piyatadsananon, 2020). Based on the TIR bands of 
Landsat-8, the available data is appropriate to apply 
the split-window algorithms (SW) (Jimenez-Munoz 
et al., 2014) and three LST estimation methods of 
single-channel methods, Radiative Transfer 
Equation-based method (RTE), the Improved Mono-
Window method (IMW), and the Generalized Single-
Channel method (GSC) (Li et al., 2013). Weng et al. 
(2004) indicated that the emissivity estimation for 
ground objects from passive sensor data could be 
measured using different technics. Liu et al. (2006) 
and Coll et al. (2010) noted that LST estimation was 
performed over the large, fully vegetated surface, 
bare surfaces, and deserts, with relatively 
homogeneous test sites avoiding uncertainty due to 
spatial heterogeneity. Therefore, an optimal method 
to estimate the actual temperature from mixed land-
use types in a pixel of Landsat-8 data has to be 
examined and criticized. This study aimed to explore 
the optimum method in LST estimation over four 
favoured algorithms, RTE, IMW, GSC, and SW, 
regarding their wide use in these recent years. As a 
result, the four LST retrieval algorithms were 
criticized and explored the limits of the applied 
parameters. This study benefits the GIS specialists 
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working for local government to follow the best 
practice for the LST estimation over a city. Later, 
provincial officers can use the explored results from 
the optimal method to monitor the LST over a small 
and diverse city, such as Buriram Town Municipality. 

MATERIALS AND METHODS 

1. Land Surface Temperature (LST) estimation 

Four LST (Land Surface Temperature) 
estimation algorithms have been typically employed 
in recent decades in response to remote sensing data. 
The RTE and IMW were developed by Wang et al. 
(2015). The GSC and SW were developed by 
Jimenez-Munoz et al. (2014). The first one the 
Radiative transfer equation-based method (RTE), 
was developed by Wang et al. (2015) with the 
concern of radiative transfer equation based on 
Plank’s law inversion (Skokovic et al., 2014). The 
atmospheric profile was extracted from the NCEP 
(National Centers for Environmental Prediction) 
dataset and used to simulate atmospheric 
transmittance, up-welling, and down-welling 
radiance from the Moderate-resolution atmospheric 
Transmisi (MODTRAN) model (Salakkham and 
Piyatadsananon, 2020). The expresbrackets the RTE 
is,   

       LST = C2

λ ln! C1
λ5[ ] + 1"

 (1) 

Where Lsensor is thermal radiance at the 
sensor level, ɛ is land-surface emissivity, τ is 
atmospheric transmissivity, Lu and Ld are up-welling 
and down-welling atmospheric radiance, 
respectively, and C1 and C2 are the constant-
coefficients. 

Later, Qin et al. (2001) developed the mono-
window algorithm. It was used for estimating the 
LST from LANDSAT-5 to avoid dependence on 
radio-sounding in the RTE method (Sobrino et al. 
2004). Consequently, Wang et al. (2015) developed 
the mono-window into the Improved Mono-Window 
(IMW) method for obtaining LST from LANDSAT-
8 in 2015 (Salakkham and Piyatadsananon, 2020), as 
shown in the following expression. 

LST    =    !
"
!𝑎(1 − 𝐶 − 𝐷) +

																									+𝑏(1 − 𝐶 − 𝐷) +𝐶 + 𝐷 -𝑇# −𝐷𝑇$/ 
 
     With C  =      ɛτ 
              D  =     (1 - t)[1 + (1 - e)t] 

(2) 

 

 

Where a and b are constant coefficients, ɛ is 
the land surface emissivity, τ is the total atmospheric 
transmissivity, TB is the at-sensor brightness 
temperature, and Ta is the mean atmospheric 
temperature. 

In 2003, Jimenez-Munoz and Sobrino 
(2003) initially developed the Generalized Single-
Channel (GSC) algorithm to estimate the LST from 
LANDSAT-5. It was further developed in 2014 to 
obtain LST from LANDSAT-8, shown in the 
following expression Salakkham and Piyatadsnanon, 
2020). 
 

     LST =  γ0ε11ψ Lsensor ψ22+ ψ33+ δ (3) 
 

    With 𝛾     = TB
2

bγLsensor
 (4) 

 

               𝛿  = 𝑇# −	
%!
"

&#
 (5) 

 
Where Lsensor is thermal radiance at the 

sensor level, bɣ  equals 1,324 K, and 1,199 K for 
TIRS -1 (Band 10) and TIRS -2 (Band 11), 
respectively, TB is at -sensor brightness temperature, 
ɛ  is the land surface emissivity, and ψ1, ψ2, ψ3 an be 
obtaned as a function of the total atmospheric water 
vapor content (w). 

Eventually, the split-window algorithm, 
developed by Jimenez-Munoz et al. (2014), is shown 
in the following expression. 

 
Ts    =   Ti+C11Ti-Tj2+C2(Ti-Tj)

2+C0+ 
	(C3+C4w)(1-ε)+(C5+C6w)∆ε 

(6) 

 
Where C0 to C6 are the split window 

coefficients, Ti and Tj are at -sensor brightness 
temperatures of Band i and j, respectively, ɛ is the 
land surface emissivity obtained from ɛ =  0 .5 (ɛi +  ɛj) 
and Δe = (ei - ej). 

It is noted that the near-surface air 
temperature (T0) and relative humidity were received 
from Huai Rat Station near Buriram Town 
Municipality (approximately twelve kilometers). As 
mentioned in a report by Salakkham and 
Piyatadsananon (2020) that near-surface air 
temperature (T0) and relative humidity can be found 
on the Hydro and Agro Informatics Institute (HAII) 
website (Salakkham and Piyatadsananon, 2020). The 
parameters were used in the water vapor content 
calculation and estimation developed by Liu and 
Zhang (2011) as equation (7). The water vapor 
content has been used in the transmittance calculation 
for the IMW algorithm, the atmospheric function, 
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the GSC algorithm, and the SW algorithm 
(Salakkham and Piyatadsananon, 2020). This 
parameter has also been used in the atmospheric 
temperature (Ta) calculation, an essential parameter 
of the IMW algorithm. 
 

 wi = 60.59×RH×exp !17.27 ×(T0-273.15)
237.3+(T0-273.15)

/7+0.1697 
 
Where wi is the water vapor content  

(g cm-2), T0 is the near-surface air temperature (K), 
and RH is the relative humidity (Decimal). The water 
vapor content, near-surface air temperature, and 
relative humidity are the average values. 
 The transmittance, up-welling, and down-
welling atmospheric radiance were obtained from the 
NASA atmospheric correction parameter calculator 
(Salakkham and Piyatadsananon, 2020). It is clearly 
shown that the calculator uses the National Center for 
Environmental Prediction (NCEP) to model global 
atmospheric profiles, which are interpolated to a 
particular date, time, and location as input for the 
MODTRAN radiative transfer code, and as a suite of 
the integrative algorithm to infer the up-welling, 
down-welling radiances and site-specific 
transmission (Salakkham and Piyatadsananon, 2020). 
The profiles resulting from time interpolation provide 
the closest latitudinal and longitudinal positions or 
specific locations (Vlassova et al., 2014).  
 

2.Methods 

2.1 Study Area 

Buriram province is in the Northeastern 
region of Thailand. It has flourished over the last 
decade as a sports city in the country. A mega-sports 
complex, which contains a massive stadium for 
football, a motor racing track, and several ongoing 
construction projects, attracts many tourists and 
drives up the demand for further construction across 
Buriram Town Municipality (Buriram World, 2016; 
Tourism Authority of Thailand, 2017). The local 
government has planned to improve the Town 
Municipality to City Municipality to support 
urbanization (Buriram World, 2016). With six square 
kilometers for over 30,000 families living in the 
municipality, Buriram municipality is the most 
crowded city (around five-thousand population in a 
square kilometer) in the Northeastern region (The 
Bureau of Registration Administration, 2018). The 
maximum temperature in the summer has increased 
to more than 40 oC (in 2013 – 2018) (Buriram 
Statistic Office, 2018). 

2.2 Data collection 

The data used in the LST estimation of this 
study are listed in table 1 with their sources. 

Table 1. Data used in the study. 
Data Date Sources 

LANDSAT-8 data 
Path /Row: 128 /50 

Jan 21st, Feb 6th,  
Mar 26th, Apr 11th, 2018 

U.S. Geological Survey (USGS)  

UAV image (GSD = 5cm.) Mar-Apr, 2018 Surveying between 10-11 am. 

Ground-based temperature data Jan 21st, Feb 6th,  
Mar 26th, Apr 11th, 2018 

Surveying between 10-11 am. 

Atmospheric parameters 
• Air temperature 
• Relative humidity 

Jan 21st, Feb 6th,  
Mar 26th, Apr 11th, 2018 Between 10-11 
am. 

Hydro and Agro Informatics Institute (HAII) 
website 

Atmospheric parameters 
• Transmittance 
• Up-welling and down-welling atmospheric radiance 

Jan 21st, Feb 6th,  
Mar 26th, Apr 11th, 2018 

NASA atmospheric correction parameter 
calculator website 

The atmospheric parameters used in the LST estimation of four methods are listed in table 2. 

Table 2. Atmospheric parameters used in LST estimations. 
  Jan 21st  Feb 6th  Mar 26th  Apr 11th  
Temperature (T0) (K) 303.9 293.1 302.9 309.3 
Air Temperature (T0) (oC) 30.75 19.95 29.75 36.15 
Relative Humidity 0.63 0.60 0.65 0.44 
Water Vapor Content 2.86 1.52 2.79 2.72 
Methods Atmospheric Parameters Jan 21st  Feb 6th  Mar 26th  Apr 11th  
RTE Transmittance (𝜏) a 0.53 0.80 0.54 0.60 
 Up-welling 3.92 1.63 3.78 3.56 
 Down-welling 6.00 2.67 5.86 5.65 
IMW Atmospheric Temperature (Ta)(K) 296.69 286.79 295.78 301.65 
 Transmittance (𝜏) b 0.65 0.80 0.65 0.65 
GSC Atmospheric Function (ψ1) 1.42 1.15 1.41 1.39 
 Atmospheric Function (ψ2) -7.25 -2.97 -6.99 -6.70 
 Atmospheric Function (ψ3) 3.69 1.81 3.60 3.49 
SW Water Vapor Content 2.86 1.52 2.79 2.72 

     Note:  a Transmittance, up-welling, and down-welling used in the RTE method were obtained from NCEP 

           b The transmittance used in IMW was calculated based on the mono-window method. 

(7) 
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2.3 Procedures 

The conceptual procedure of this study is 
illustrated in figure 2. It consists of three major parts, 
(1) ground-based temperature measurement, (2) LST 

estimation, and (3) the comparison between ground-
based temperature data and the calculated LST data 
from the Landsat 8 data. Eventually, the optimum 
method of LST estimation was then identified by 
considering the lowest calculated NRMSE values. 

 
Figure 1. The conceptual procedure of the study. 

2.4 Ground-based temperature measurement 

Basically, the LANDSAT-8 image contains 
30x30 meter-grids, whereas the thermal band image 
consists of 100x100 meter-grids. Therefore, an 
aggregated pixel of 3x3 pixels (90x90 m.) of OLI was 
assembled to be a pixel size of the Thermal image 
(100x100 m.). The Land-Use and Land-Cover 
(LULC) types within a thermal pixel (100x100 m.) 
were classified by visual interpretation technic on the 
high-resolution image from the UAV. The LULC 
within a thermal grid cell was assessed as the 
weighted value regarding the proportion of the mixed 
LULC. The high-resolution image from the UAV was 
also used as the based map for planning the ground-
based temperature measurement. A hand-held digital 
thermometer was calibrated every time before 
measuring the LST in the sample sites. One hundred 
sample sites were measured and recorded the land 
surface temperature in the center of the 3x3 pixels of 
OLI, or 90x90 m. of thermal bands during 10-11 am. 
on Jan 21st, Feb 6th, Mar 26th, and Apr 11th, 2018. 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1. The 100 sample sites (small orange grids) over Buriram 
Municipality (yellow boundaries). 

 

 

Figure 2. The 100 sample sites (small orange grids) over Buriram 
Municipality (yellow boundaries). 

2.5 Accuracy assessment 

The optimum method in the LST extraction, 
RTE, IMW, GSC, and SW algorithm, as equation (1) 
– (7), were used in the calculations. Eventually, the 
method that provides the lowest NRMSE values is 
considered an optimum method for the LST 
estimation of Buriram Town Municipality. 
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Where maximum and minimum 
observations are the maximum and minimum 
temperature of in-situ data. 

RESULTS AND DISCUSSION 
The result from the split-window technique 

shows a more complex surface than others (Figure 3). 
As a reason, two thermal infrared channels have 
narrower bandwidths, which can capture finer land 
surface information response to studies by Li, et al. 
(2013) (Wenbin et al., 2013; Du et al., 2015). The 
accuracy assessment was examined to explore the 
optimum method in the LST estimation by 
considering the lowest NRMSE value of each 
method. The RMSE and NRMSE values as shown in 
table 3 and figure 4. The SW method eliminates 
atmospheric effects based on differential absorption 
in two thermal bands with narrow bandwidths in the 
thermal infrared (Salakkham and Piyatadsananon, 
2020). As supported by the studies of Caselles et al. 
(1998) and Rozenstein et al. (2014), whether two 
separating narrow thermal infrared presents the 
smallest error in the LST retrieval. However, the SW 
algorithm is sensitive to water vapor content and 
coefficients. Typically, the coefficients used in the 
SW algorithm are based on the series of studies 
(Jimenez-Munoz and Sobrino, 2008; Jimenez-Munoz 
et al. 2014; Jin et al., 2015). In addition, the 
coefficients depend on the atmospheric state, while 
the fixed values were sometimes utilized, causing 
significant errors to the results, as highlighted in a 
study by Vazquez et al. (1997). 
 On the other hand, the single-channel 
methods, RTE, IMW, and GSC algorithms, rely on 
the accuracy of the radiative transfer model and the 
atmospheric profiles representing the actual state of 
the atmosphere over the studies area at the orbital 
time (Salakkham and Piyatadsananon, 2020). The 
error of the RTE algorithm comes from the 
atmospheric model used in the calculation of the 
atmospheric parameters. Since the study area is 
located in the tropical zone, the available model is the 
NCEP model presenting the mid-latitude summer and 
mid-latitude winter models, as same as the discussion 
in a study by Jimenez-Munoz et al. (2009). The error 
from the IMW algorithm comes from the essential 
atmospheric parameters used in this algorithm. There 
is no reference source in near-ground air temperature 
(T0) acquisition, used in the sufficient atmospheric 
temperature (Ta). The sufficient atmospheric 
temperature (Ta) is an essential practical issue used to 
retrieve LST over a large area, as emphasized by 
Cristobal et al. (Cristobal et al. 2009). Lastly, the 

GSC algorithm provides a higher error than other 
methods. The basis of this algorithm relies on the 
estimation of the so-called atmospheric function, 
which is assumed to be dependent only on water 
vapor content values (Salakkham and 
Piyatadsananon, 2020). Chen et al. (2011) and 
Cristobal et al. (2009) explained that the atmospheric 
functions might be obtained more precisely from 
water vapor content and air temperature.  

Table 3. NRMSE Values of the LST estimation methods 

Date NRMSE 
RTE IMW GSC SW 

Jan 21st, 2018 0.454 0.613 0.650 0.227 
Feb 6th, 2018 0.702 0.317 0.671 0.473 
Mar 26th, 2018 0.246 0.416 0.509 0.218 
Apr 11th, 2018 0.165 0.226 0.202 0.132 
Overall NRMSE 0.171 0.181 0.219 0.114 

 
 

 
Figure 3. LST calculated by four methods. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. NRMSE values, monthly results. 
 

CONCLUSIONS 
 It can be concluded that the SW algorithm 
provided the lowest NRMSE value (0.114); 
nevertheless, the IMW algorithm provided a better 
result than the SW algorithm on Feb 6th, 2018. It is 
noticeable that the average temperature on Feb 6th, 
2018 was, dramatically dropped to 19.95 oC, shown 
in table 2, so it caused the lowest water vapor content 

(8) 
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(1.52 g cm-2) in Feb 2018. For this reason, the critical 
point is that the amount of atmospheric water vapor 
content data plays an essential role in calculating 
accuracy. This parameter is typically estimated by 
considering the near-surface air temperature and 
relative humidity values (Salakkham and 
Piyatadsananon, 2020). To enhance the accuracy of 
all practiced algorithms, it is recommended to obtain 
the near-surface air temperature and relative humidity 
in-situ of the study area. Apart from the atmospheric 
correction parameters, the surface emissivity must 
also be considered to enhance the accuracy of the 
LST retrieval. The study area, Buriram Town 
Municipality, appears as heterogeneous LULC 
within a thermal-image pixel, causing different 
spectrum reflectance. Regarding coarse spatial 
resolution, it is strongly affected by mixed pixels, 
whereby each pixel comprises a mixture of two or 
more land cover types (Feng et al., 2015). Therefore, 
the SW algorithm is recommended for the LST 
estimation in a small city like Buriram municipality. 
It can be done regularly using the Landsat-8 data with 
the sub-pixel technique, which can monitor the LST 
in small cities. Considering the limitation of the 
parameters used in the SW method, it is suggested 
that a local weather station in the city should be 
identified to provide the near-surface air temperature 
and relative humidity values. The explored optimum 
method for the LST estimation from this study will 
be useful to GIS specialists who are working for the 
local government to conduct this technic to prevent 
the urban heat island (UHI) in small cities with 
similar contents.  
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ABSTRACT 

Vanda is one of the orchid genera that are important commercial crops.  It was traded in both cut flower 
and plant form.  In 2018, the Vanda export of Thailand had a marketable value of about 0.13% as cut flowers and 
8.9% as orchid plants. Orchid cultivation is usually used a large number of fertilizers for growth and development, 
which lead to high cost and environmental problems.  Therefore, this research was aimed to study N2- fixing and 
IAA produced by endophytic bacteria as biofertilizers under greenhouse conditions.  This research was conducted 
in a completely randomized design (CRD) , and Vanda plantlets from tissue culture were inoculated with isolated 
3S19 endophytic bacteria compared with deionized water ( as a control treatment) .  Each treatment had twenty 
replications.  The results showed that there were no significantly different between isolate 3S19 inoculation plants 
and with sterilized deionized water in plant height and leave number at 2, 3, and 4 months after inoculation. In 
contrast, root length and the number of roots were significantly different at 4 months after inoculation.  The data 
from this research is beneficial as primary data for biofertilizer application to Vanda orchid. 

Keywords: Vanda, orchid, endophytic bacteria, biofertilizer 

INTRODUCTION  

Orchids are an important commercial crop 
as an ornamental plant, potted plant, medical 
material, and industrial material ( Hinsley et al. , 
2018) .  In 2018, Thailand exported cut flower and 
orchid plants for about 6. 81 million US dollars 
( Department of International Trade Promotion, 
2020). Vanda is one of the orchid exporting products 
with a market value of about 0. 13%  as cut flower 
form and 8.9% as an orchid plant (De et al. , 2015; 
Panjama, 2018). Orchid cultivation has many factors 
to promote quality and yield, such as water, fertilizer, 
greenhouse, microorganism, etc.  Generally, Thai 
farmers use a large number of fertilizers as water-
soluble fertilizer forms, i. e.  20-20-20 or 21-21-21 
(balance fertilizer) for the vegetative stage, 10-52-17 
during floral stimulation, and 16- 21- 27 for growth 
and development (Department of Agriculture, 2017). 
The above information indicated that Thai growers 
used large amounts of fertilizers, resulting in high 
costs for orchid production.  In addition, using 
chemical fertilizer leads to chemical accumulation in 
the environment because chemical fertilizer is slowly 
disintegrating ( Ray et al. , 2018. Micro- organisms, 
including bacteria or fungi, are one of the alternative 
products to promote plant growth through organic 
matter synthesis and are eco- friendly to the 
environment. 

Endophytic bacteria is one micro-organism 
that lives inside the tissue of the plant and does not 

cause plant disease to the host plant ( Lacava and 
Azevedo, 2013). It can promote host plant growth and 
development through many mechanisms such as 
plant growth promoter substance synthesis,  e. g. , 
Indole- 3- acetic acid ( IAA) , gibberellic acid, and 
cytokinin substance, promoting nutrient or water 
absorbance, nitrogen fixation, and biological control 
(Lacava and Azevedo, 2013).  
 Therefore, this research was aimed to study 
N2- fixing and IAA synthesis by endophytic bacteria 
to promote Vanda growth under greenhouse 
conditions.  This basic information may be useful for 
biofertilizer production in the future. 

MATERIALS AND METHODS 
This research was conducted with two 

treatments. Vanda plants were inoculated with isolate 
3S19 at a ratio of 1: 1 ( endophytic bacterial 
suspension:  sterilized water)  compared with 
deionized water (as control treatment). There were 20 
replications per treatment. 

Preparing of endophytic bacteria suspension 

The isolate 3S19 of endophytic bacteria, isolated 
from Vanda ‘Manuvadee’which has the capability to fix 
nitrogen and synthesize IAA. (Inkaewpuangkham et al., 
2021a; Inkaewpuangkham et al., 2021b). The assessment 
of nitrogen-fixing was conducted according to 
Weaver and Danso (Weaver and Danso, 1994),  
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by acetylene reduction assay and an IAA synthesis 
estimating according to a modified version of  
the Gordon and Weber method (Gordon and Weber, 
1951). Firstly, the isolate 3S19 was cultured in a 
nutrient agar (NA) medium for seven days. Then, a 
single colony of isolate 3S19 was cultured in nutrient 
broth (NB) medium at 25 C˚ and shaken at 120 rpm 
for three days. Finally, endophytic bacteria suspension 
was estimated at an optical density of 0.5 at 600 nm 
(Lertjantarangkool et al., 2017) (approximately 108 
cfu/ml) before use. 

Inoculation in Vanda plantlet 

Vanda hybrid 6 months old plantlets from 
tissue culture were immersed in isolate 3S19 
endophytic bacteria suspension compared with 
sterilized deionized water for 30 minutes.  Then, 
inoculated plantlets were transferred to the basket and 
cultivated under greenhouse conditions for four 
months.  The average temperature in the greenhouse 
was about 28˚C and 70% RH. 

Data collection 

The data collection were plant height, 
number of leaves, root length, and number of roots at 
2, 3, and 4 months after inoculation.  The data was 
collected once times per month. 

Statistical analyses 

The data were analyzed by T-test 
independent using the Sxw program ( Analytical 
Software version 8.0) with a significant difference at 
95% probability level. 

 RESULTS 

Growth of plantlet 

The height of inoculated plantlets was not 
significantly different from control treatments at 2, 3, 
and 4 months after inoculation (Table 1). 
 
Table 1. Height (cm.) of Vanda at 2, 3, and 4 months after 
inoculation with bacterial endophytes or sterilized deionized 
water (control). 

Treatments Months after inoculation (month) 
2 3 4 

Inoculated Vanda 8.3 8.5 8.6 
Control plant 7.9 8.1 8.3 
T-test ns ns   ns 

ns = not significant 
 

The number of leaves per plant of Vanda 
increased 4 months after inoculation. However, there 
was no significantly different between treatments at 
2, 3, and 4 months (Table 2). 

 
 
 
 

Table 2. Number of leaves of Vanda at 2, 3, and 4 months after 
inoculation with bacterial endophytes or sterilized deionized 
water (control) 

Treatments Months after inoculation (month) 
2 3 4 

Inoculated Vanda 4.2 4.5 5.1 
Control plant 4.2 4.7 5.3 
T-test ns ns ns 

ns = not significant 

There was no significantly different in root 
length of Vanda between treatments at 2 and 3 
months after inoculation. However, there was a 
significantly different root length between treatments 
at 4 months. The inoculation treatment with isolate 
3S19 showed higher root length than the control plant 
(Table 3.). 
 
Table 3. Root length (cm.) of Vanda at 2, 3, and 4 months after 
inoculation with bacterial endophytes or sterilized deionized 
water (control) 

Treatments Months after inoculation (month) 
2 3 4 

Inoculated Vanda 1.1 2.0 2.9a 
Control plant 1.0 1.8 2.2b 
T-test ns ns * 

Data analysis by T-test 
ns = not significant 
* = significant difference at 95% (P< 0.05)  

At 2 and 3 months after inoculation, there 
was no significantly different between treatments. 
Nevertheless, inoculated Vanda with isolate 3S19 
had more roots than control plants at 3.8 and 3.3 roots 
per plant, respectively (Table 4.). 
 
Table 4. Number of roots of Vanda at 2, 3, and 4 months after 
inoculation with bacterial endophytes or sterilized deionized water 

Treatments Months after inoculation (month) 
2 3 4 

Inoculated Vanda 2.8   3.5  3.8a 
Control plant 2.9  3.2 3.3b 
T-test ns ns * 

Data analysis by T-test 
ns = not significant 
* = significant difference at 95% (P< 0.05)  
 

 
       A                B 

Figure 1. Growth of Vanda plantlet after 4 months inoculation with 
isolate 3S19 (A), with sterilized deionized water (control) (B). 
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DISCUSSION 
 Plant height and leaf number of Vanda 
plantlet during 2-3 months after inoculation were not 
significantly different.  It might be associated with 
host plant and bacteria interaction.  The success of 
plant-bacteria associate depends on several factors. 
The condition of the environment is one factor for 
endophytic bacteria colonization, including season, 
temperature, latitude, longitude, nutrient, soil 
conditions, and so on (Chiellini et al., 2014; Yang et 
al., 2017; Wu et al., 2021). For example, the study of 
Ou et al. (2019) revealed that in the spring season, 
Actinobacteria and Proteobacteria of endophytic 
bacteria were found to be the most abundant in 
mulberry (Morus L.), but in the fall season found only 
Proteobacteria. In addition, the host plant is the main 
factor for endophytic bacteria colonization, consists 
of the plant growth stage, plant physiology, plant 
tissue type: Santos et al. (2018) showed that the plant 
tissue type leads to the different community of 
endophytic bacteria in host plant, plant species that 
similar Engelhard et al. (2000) reported that wild rice 
species and traditional race rice had a population of 
Azoarcus sp.  higher than modern varieties of rice 
since the influence of plant species.  Likewise, the 
plant defense process is associated with plant-
bacteria interaction: in some genera bacteria can 
induce plant defensive process that results in 
colonization difficult by other endophytic bacteria 
into the host plant (Santos et al., 2018). Furthermore, 
micro-organism species are an important factor for 
entry to plants. Research by Nogueira et al.  ( 2001) 
reported that plant responses involve in plant- gene 
expression which was found associated with bacteria 
and a specific bacterial species. 
 Root length and number of roots of 
inoculated Vanda at 4 months after inoculation 
showed better growth than the control treatment.  It 
might be because of abundant endophycic bacteria in 
the root organ. Typically, endophycic bacteria start 
entering into host plant via the roots because the root 
plant produces exudates to interact with bacteria. 
After endophytic bacteria entry to the root, they can 
spread to colonize above ground tissue by the 
movement of bacteria (bacterial flagella)  and plant 
transpiration stream (Afzal et al., 2019). So, the 3S19 
endophytic bacteria might be more abundant in roots 
than in other organs resulting in the root zone had 
more IAA synthesis by endophytic bacteria than the 
above zone. The property of isolate 3S19 could 
produce indole-3-acetic acid (IAA) without and with 
L- tryptophan medium at 9.48 and 17.38 mg IAA/ l, 
respectively (Inkaewpuangkham et al. , 2021a) . 
Indicating that this isolate was active to produce IAA 
without exogenous tryptophan.  Similarly, the 
previous report found that orchid roots are associated 
with fungal and bacterial symbionts, and they can 
synthesize IAA into orchids ( Novak et al. , 2014) . 
Furthermore, a similar result was revealed by Khalid et al. 

( 2004)  that microorganisms isolated from plant 
rhizoferic soil could synthesize IAA by using exudate 
containing tryptophan substrate from the plant root 
released. Since IAA is a plant growth regulator 
classified in the auxin group, it is predominant for 
promoting root formation or root initiation and 
enhancing root growth (Novak et al. , 2014) .  Thus, 
isolating 3S19 could effectively promote root growth. 
Similar Tsavkelova et al.  (2007)  research reported 
that bacteria were isolated from root terrestrial 
orchids and epiphytic tropical orchids. These bacteria 
can produce IAA and stimulate root formation of 
kidney bean cutting.  
 The above reasons indicate that most 
bacteria often enter through roots and spread to the 
above plant part, and isolate 3S19 might have an 
intensive bacteria population in roots than leaves. So, 
isolate 3S19 might affect root growth than leave 
growth in this stage of Vanda. 

CONCLUSIONS 
 In conclusion, Vanda plantlets inoculated with 
isolate 3S19 of endophytic bacteria at a ratio of  1:1 
( endophytic bacterial suspension:  sterilized water) 
affected the growth of Vanda roots in both root length 
and the number of roots per plant than with sterilized 
deionized water inoculation. However, the data from 
this research is basic information to develop into a 
biofertilizer product.  In the next step, the researcher 
will assess aspects of this isolate, such as phosphate 
solubilization and siderophore synthesis. 
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ABSTRACT 

Hemp (Cannabis sativa L.) is a multi-purpose plant that recently got lots of attention in Thailand. In 
previous years, various studies have been done regarding the application of hemp fiber, especially in the textile 
sector. After the government has unlocked regulation regarding hemp cultivation and its application, hemp seed has 
become a remarkable part as oil content in the seeds can be used for multiple purposes. The hemp oil extraction 
process becomes more important to get a higher yield. So, this research interest has been focused on comparing 
conventional and soxhlet extraction methods using water, n-hexane, and petroleum ether as extraction solvents. The 
experimental results showed that solvent has an impact on the extraction efficiency of hemp seed oil as well as the 
extraction method. Petroleum ether as a solvent by the soxhlet extraction method showed a significantly (P<0.05) 
higher yield (24.44%) compared to those of conventional extraction (17.06%). Additionally, using n-hexane as a 
solvent by the soxhlet extraction method showed a higher yield (21.65%) than the conventional extraction (18.78%). 
However, water has better efficiency in conventional extraction (4.56%) than the soxhlet extraction method (1.27%). 
According to the experimental results, the soxhlet extraction method using petroleum ether as an extraction solvent 
is recommended to get a higher oil yield from hemp seed. 

Keywords: hemp seed, oil extraction method 

INTRODUCTION  

Hemp (Cannabis sativa L.) and marijuana 
were classified by morphological characteristics and 
phytochemistry. Hemp and marijuana are plants in 
temperate regions of Asia. In the past, both used to 
benefit fiber, and the cultivation of a plant used to 
make a popular local narcotic. This plant is widely 
known to be the major source of Cannabinoids such 
as Cannabidiol (CBD), Tetrahydrocannabinol 
(THC), and cannabinol (CBN). Cannabinoids have 
been shown vital addictive substances and affect the 
bra in. Cannabidiol  (CBD) has act ive ant i - 
tetrahydrocannabinol, which effectively reduces 
anxiety symptoms and pain relief. (Pinmanee, 2019). 
          Currently, Thailand has liberalized the 
permission for hemp cultivation and its application in 
the food, cosmetic, and medical sectors. Availability 
of hemp in Thailand, the Highland Research and 
Development Institute (Public Organization) has 
been developed the hemp variety and promotes the 
cultivation of hemp as a new economic crop with the 
suitable and higher potential of 4 varieties (RF1-4) 
(Pinmanee, 2019).  

Hemp seed oil is valued primarily for its 
nutritional properties and the health benefits 
associated with it. Although its fatty acid composition 
is most often noted, with oil content ranging from 25-

35%, whole hemp seed is additionally comprised of 
approximately 20-25% protein, 20-30% 
carbohydrates, 10-15% fiber, and 25% fat along with 
an array of trace minerals (Deferne and Pate, 1996). 
Fat consists of essential fatty acids or omega 6 vs. 
omega 3 at the ratio of 1:3, which is suitable for the 
human body.  
          So, this research interest has been paid to 
compare the hemp seed oil from 2 different extraction 
methods of conventional and soxhlet extraction using 
3 other extraction solvents of water, n-hexane, and 
petroleum ether to know the most effective extraction 
method and appropriate extraction solvent for 
recommending further research and product 
development. 

MATERIALS AND METHODS 

Material 

Hemp seed (Cannabis sativa L.) of RPF 1 
variety (Figure 1) was cultivated by the Highland 
Research and Development Institute (Public 
Organization), Thailand, in 2020, and seeds were 
harvested from November to December 2020. The 
moisture content of the hemp seeds was determined 
according to be 10%, and seed purity was recorded at 
98% (Pinmanee, 2019). After being harvested, hemp 
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seeds were kept at room temperature until their use 
for the experiments. 

Figure 1. Hemp seed (Cannabis sativa L.) RPF 1 

Composition analysis 

Crude protein content of Hemp seed was 
determined by the Kjeldahl method using protein 
conversion factor (N x 6.25). Moisture and ash 
contents were determined using AOAC official 
methods (Feldsine et al., 2002). Fat content was 
measured by using Fat Analyzer: Soxhlet Extraction 
Method (FOSS, ST243 Soxtec). Crude Fiber content 
was determined using AOAC official methods 
(Feldsine et al., 2002). Total carbohydrates, including 
crude fiber, were calculated by then. 

Conventional extraction method 

Initial oil content in hemp seed was 
measured by a separatory funnel with water, n-
hexane, and petroleum ether; 1 g of ground hemp 
seeds was extracted with 50 ml solvent until totally 
depleted (Lavenburg et al., 2021). The whole process 
took 5 min, and each extraction experiment was 
conducted three times. The resulting suspension was 
filtered and removed solvent in a water bath at 80°C 
and measure the color of the solution. The oil 
obtained was weighed, and the yield was calculated. 
Determination was done in triplicate. The extraction 
yield and efficiency were calculated by the following 
Eq’s: 

Oil extraction yield (%) = Mass of extracted oil (g) x100 
                                                Mass of sample (g) 
 

 

Soxhlet extraction method 

Initial oil content in hemp seed was 
measured by automatic soxhlet extraction systems 
with water, n-hexane, and petroleum ether; 1 g of 
ground hemp seeds was extracted with 50 ml solvent 
until totally depleted (Porto et al., 2013). The whole 
process took 30 min at 105 °C. Each extraction 
experiment was conducted three times. The resulting 
suspension was filtered and removed solvent in a 
water bath at 80 °C, then the color of the solution was 
measured. The oil obtained was weighed, and the 
yield was calculated. Determination was done in 
triplicate. The extraction yield and efficiency were 
calculated by the following Eq’s  

Oil extraction yield (%) = Mass of extracted oil (g) x100 
                                               Mass of sample (g) 

Color analysis 

Color measurements of extracted oil were 
performed using a Hunter Lab colorimeter (Color 
Flex EZ, ASTM E380). The instrument was pre-
calibrated with a standard white and blackboard 
before sample measurement. The color parameters 
were expressed in terms of L* (lightness), a* 
(red/green), and b* (yellow/blue) values.  

Statistical analysis 

The experiments were repeated three times. 
The experimental results obtained were subjected to 
analysis of variance (ANOVA), followed by 
Duncan’s multiple range test procedures for SPSS. 
The significance of differences was defined at a 95% 
confidence level (P<0.05). 

RESULTS AND DISCUSSION 

Proximate composition analysis 

The result of proximate analysis of hemp 
seed (Cannabis sativa L.) RPF 1 is shown in Table 1. 
There is a composition of 5.81% moisture content, 
5.12% ash, 36.87% crude protein, 24.43% crude fat, 
12.04% carbohydrate, and 0.65 water activity. 
According to the experimental results, especially 
protein content contained in analyzed hemp seeds 
shows higher content compared to those in egg 
protein (12.5%) (Rhault-Godbert et al., 2019), in 
Brazil nut seed (14.47%) (Lima, 2021), in almond 
seed (24.95%) (Lima, 2021), and in soy seed (14.8%) 
(Voleka et al., 2018). 
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Table 1. Proximate analysis of hemp seed (Cannabis sativa L.) 
RPF 1. 

Parameter Contain in Hemp seed 
Moisture (%) 
Ash (%) 
Protein (%) 
Fat (%) 
Fiber (%) 
Carbohydrate (%) 
Water activity, Aw 

5.81±0.25 
5.12±0.08 

36.87±0.75 
24.43±0.15 
12.04±2.06 
27.75±0.54 
0.65±0.00 

Conventional and Soxhlet extraction analysis 
The extraction yield and efficiency of 

different extraction methods and solvents were 
calculated (Table 2). The results showed that 
conventional extraction of hemp seed oil extracted by 
n-hexane shows the highest amount of hemp seed oil 
with a percent yield of 18.78%, followed by 
petroleum ether of 17.06%, and water of 4.56%, 
respectively. Additionally, the soxhlet extraction of 
hemp seed oil extraction by petroleum ether shows 
the highest amount of hemp seed oil with a percent 
yield of 24.44%, followed by n-hexane of 21.65% 
and water of 1.27%, respectively. As the results of 
hemp seed oil contents from different extraction 
solvents showed a significant difference at the 95% 
confidence level (P≤0.05) due to the polarity 
difference of the extraction solvent. According to the 
experimental results, it showed that oil content in 

RPF 1 hemp seed is higher content compared to the 
oil content in other seeds such as soy seed (19%) or 
sunflower seed (24%) (Voleka et al., 2018). Also, 
soxhlet extraction is one of the effective methods 
used for oil extraction, as shown in some previous 
studies. For example, Hu et al. (2021) reported that 
soxhlet extraction has oil yield higher than 
microwave-assisted extraction of Sapindus 
mukorossi seed and Eikani et al. (2012) reported that 
soxhlet extraction has oil yield higher than cold 
pressing in pomegranate seed. The colors of hemp 
seed oil extracted by different extraction methods and 
solvents are shown in Table 3. There was a significant 
difference (P≤0.05) in L*, a*, and b*, due to the 
pigment which was extracted by each solvents’ 
ability. 
Table 2. Hemp seed oil obtained from different extraction methods 
and solvents 

Solvents Conventional 
extraction method 

Soxhlet 
extraction 

method 
 (% Yield) (% Yield) 

 

Water 
n-hexane 
petroleum ether 

 

4.56 ±0.07 cA 
17.06±0.11bB 
18.78±0.02aB 

 

1.27±0.01 cB 
21.65±0.01bA 
24.44±0.01aA 

Remark: a-c shows significant difference at 95% confident level 
(P≤0.05) in column A-B shows significant difference at 95% 
confident level (P≤0.05) in row 

 
Table 3. Colors of hemp seed oil obtained from different extraction methods and solvents 

Solvents Conventional extraction method Soxhlet extraction method 
 L* a* b* L* a* b* 

Water 
n-hexane 
petroleum ether 

5.53c 
7.94b 
8.42a 

-0.41a 
-0.71b 
-0.76c 

0.07c 
0.66a 
0.33b 

38.22a 
12.06b 
3.51c 

-2.06c 
-1.13b 
-0.32a 

-5.12c 
2.42b 
0.75a 

Remark: a-c shows  significant difference at 95% confident level (P≤0.05) in column 

 
CONCLUSIONS 

The differences in extraction methods and 
solvents show differences in extraction efficiency in 
hemp seed oil extraction. According to the 
experimental results, soxhlet extraction method 
trends to be a more effective method than the 
conventional method, and petroleum ether works 
better as an extraction solvent in both conventional 
and soxhlet methods compared to those of water and 
n-hexane. So, it was concluded that the suitable and 
recommended method for getting a higher yield of 
hemp seed oil from RPF 1 hemp seed is the soxhlet 
extraction method using petroleum ether as a solvent.  
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ABSTRACT 

The purpose of the study was to evaluate the effect of using water with micro-nano bubbles (MNBs) and 
different electrical conductivity (EC) on the growth and yield of green oak lettuce in hydroponic systems. The green 
oak lettuce plantation was studied from December 2020 to February 2021 at the Agricultural Technology Research 
Institute, Rajamangala University of Technology Lanna, Thailand. The experimental design was a 2x3 factorial in 
CRD. Factors were: 1) giving MNBs water at 0 or 5 minutes weekly and 2) giving of EC (Electrical conductivity) 
at 0.3, 0.6, and 1.2 mS cm-1 in a deep flow technique (DFT) hydroponics system.  The results showed that MNB 
treated water for 5 minutes affected the fresh and dry weight of the leaves and the total weight of green oak lettuce, 
and the different levels of EC had significant effects on the growth and yield of green oak lettuce. The interaction 
between MNBs and EC affected plant height, canopy width, leaf greenness values (SPAD), fresh leaf yield, shoot, 
and the total weight of green oak lettuce had significant differences. Moreover, concentrations of N, P, K, Ca, and 
Mg in the leaf increased with increasing EC. Those MNBs treatment increased N, P, K, and Ca but did not affect 
Mg.    

Keywords: electrical conductivity, micro-nano bubbles, hydroponic, green oak lettuce  

INTRODUCTION  

Green oak lettuce, known scientifically as 
Lactuca sativa var. crispa L., is a leafy vegetable that 
is very popular in Thailand due to its potential of 
growing well in hydroponic systems. Hydroponics is 
a new technique to grow plants in a nutrient solution 
that increases growth, yield, income, profit, and crop 
number per year. (Siringam et al., 2014). The average 
result of outdoor lettuce in hydroponic systems or the 
Nutrient Film Technique (NFT) with the principle of 
a constant flow of liquid nutrient solution produced 
about 1.85 times plant yield higher than that in soil 
culture (Wattanapreechanon and Sukprasert, 2012). 
Moreover, the benefits of hydroponic vegetable 
cultivation can also control plant growth, reduce 
agricultural chemicals, and prevent contamination of 
chemicals from the soil, resulting in better yield, 
sanitation, and quality than conventional methods 
(Quy et al., 2018).  Several factors are involved in the 
growth of plants in hydroponic systems, including 
sunlight, water, temperature, plant nutrients, pH, and 
EC. Moreover, the concentrated nutrient solutions 
with regulated pH and EC also need to be kept at 
appropriate levels for each type of vegetable or plant. 
Too much or too little pH and EC will affect the 

quality, growth, and yield of the vegetable (Quy et al., 
2018, Phaengkieo et al., 2019).  Aside from nutrients 
in solution, oxygen content in water is one of the main 
factors affecting the growth of plants and vegetables. 
The MNBs are technology capable of making tiny air 
bubbles of 100 to 200-nanometer diameter. These 
tiny bubbles effectively increase the oxygen content 
in water, and with MNBs, the nutrient solution could 
also improve vegetative growth (Jiang et al., 2016, 
Sritontip et al., 2019a). Therefore, the objective of 
this experimental study was to evaluate the effect of 
MNBs water and EC on the physiological character, 
yield, and leaf nutrient concentration of green oak 
lettuce produced in a hydroponic system. 

MATERIALS AND METHODS 
The green oak lettuce was planted from 

December 2020 to February 2021 at the Agricultural 
Technology Research Institute, Rajamangala 
University of Technology Lanna, Thailand. The 
experiment was assigned in a factorial arrangement 
in a completely randomized design (CRD) with two 
factors, including applied MNBs for water at 0 and 5 
minutes weekly for five consecutive weeks. It used 
EC with three levels: 0.3, 0.6, and 1.2 mS cm-1, 
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respectively. There were four replications each. The 
nutrient solution was modified from Hoagland and 
Arnon’s (1952) and Huett (1993) formulas. The stock 
solution in 1 liter of water consisted of Ca(No3)2 
4H2O, KNO3, NH4H2PO4, KH2PO4, MgSO4•7H2O, 
Fe-EDTA, MnSO4 H2O, ZnSO4•7H2O, CuSO4 5H2O, 
H3BO3’ and (NH4)6Mo7O24•7H2O. All crops were 
grown in the non-circulating hydroponic growing 
method (Deep flow technique, DFT) (Kratky, 2009). 
Green oak lettuce was planted in boxes 25x29x10 
centimeters in size that had the capacity of 3 liters of 
nutrient solution per box. The polystyrenes were kept 
floating on the nutrient solution to support the plants. 
The pH of the nutrient solution was maintained 
within the range of 6.5 by adding sulfuric acid. 
Oxygen was provided through an air pump generator. 
Every week air was supplied to the MNBs water for 
0 and 5 minutes and the nutrient solution was added 
to the box after bubbling the air.  The air micro-nano 
bubbles used model KVM-25 which were water flow 
rate of 25 L/min, airflow rate of 2 L/min, operation 
pressure 0.25-0.4 MPa, and 0.75 kW motor power; 
having air nanobubbles in the range of 107-108 
bubbles/mL measured by Horiba-960A laser bubble 
analyzer that developed by the unit of excellence in 
the High Voltage Plasma and Micro/Nano Bubble 
Application to Agriculture and Aquaculture, 
Rajamangala University of Technology Lanna 
(RMUTL), Chiang Mai, Thailand.  The dissolved 
oxygen (DO) of the nutrient solution was measured 
by waterproof, model DO600, Eutech Instrument, 
Singapore; EC was controlled with EC meter, model 
EC 59, Martini Instrument, Romania. The 
physiological character attributes of green oak lettuce 
in a hydroponic system were measured, including 
plant height, canopy width, leaf number per plant, 
root length, leaf greenness value (SPAD), fresh leaf, 
dry leaf, shoot, root, and total weight. Growth 

parameters of green oak lettuce were recorded 
weekly for five weeks from the plant-grown period 
until harvesting. The fresh weight of leaves, shoot, 
roots, and the total weight were recorded after 45 
days of growth. The material was kept in an oven at 
70 oC in a paper bag for dry weight. Once dry, it was 
then taken out of the oven and recorded. The leaf 
nutrient concentration was analyzed. The samples 
were washed and dried at 70 ◦C for 48 hours and 
milled. Leaf nitrogen was determined using a micro-
Kjeldahl digestion solution. The digested solution 
was diluted before colorimetric analysis using the 
indophenol reaction (Novozamsky et al., 1974). 
Phosphorus was determined by dry digestion 
followed by the vanadomolybdate method (Walinga 
et al., 1995), and K, Ca, and Mg by dry digestion and 
atomic absorption spectroscopy (AA-6401F, Atomic 
absorption flame emission spectrophotometer, 
Shimadzu, Tokyo, Japan) (Kalra, 1998; Walinga et 
al., 1995). The statistical data were analyzed for 
Analysis of Variance. Statistical differences with P-
values less than 0.05 and 0.01 were considered 
significant, and highly significant, respectively; the 
means were compared by Duncan’s multiple range 
test. 

RESULTS AND DISCUSSION 
Different EC levels in the nutrient solution 

at 0.6 and 1.2 mS.cm-1 influenced plant height and 
canopy width of green oak lettuce at weeks 3, 4, and 
5 (Figures 1 and 3). The 5-minutes of MNBs 
significantly affected plant height at week 5 (Figure 
2) and canopy width at weeks 2 and 3 (Figure 4). 
There were interactions between the solution 
concentrations and MNBs water on height growth at 
weeks 4 and 5 (Figure 5) and canopy width at weeks 
2, 3, 4, and 5 (Figure 6). 

 

      

 

 

 

                Figure 1. Effect of EC levels on plant height.                                       Figure 2. Effect of MNBs on plant height. 
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Figure 5. Combination between EC levels and MNBs on plant height.                 Figure 6. Combination between EC levels and MNBs on canopy width. 

At 1.2 mS/cm-1, the EC concentration level 
affected the leaf number at weeks 2, 4, and 5 (Figure 
7). When using 0 and 5 minutes of MNBs water, the 
number of leaves did not change significantly (Figure 
8) but interacted with each other. At the EC 
concentration of 1.2 mS.cm-1, the most extended root 

length was found at weeks 3 and 4 (Figure 9). The 
root length when 5 minutes of MNB water were used 
was significant at week 4 (Figure 10). The interaction 
of the solution concentrations and MNBs water 
affected leaf number at weeks 2 and 5 (Figure 11) and 
root length at weeks 3 and 4 (Figure 12). 

 

 

 

 

 

 

 
         Figure 7. Effect of EC levels on leaf number.                      Figure 8. Effect of MNBs on leaf number. 

 

 

 

 

 

 

        Figure 9. Effect of EC levels on root length                  Figure 10. Effect of MNBs on root length.   

        Figure 3. Effect of EC levels on canopy width.                                                Figure 4. Effect of MNBs on canopy width.   
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 Figure 11. Combination between EC levels and MNBs on leaf number.               Figure 12. Combination between EC levels and MNBs on root length. 

The SPAD unit of green oak lettuce was 
affected at EC 0.6 and EC 1.2 mS cm-1 at weeks 2, 3, 
and 4 (Figure 13), and significantly after using 5 

minutes of MNBs water at week 4 (Figure 14).  The 
solution concentrations and MNBs water interacted 
at weeks 3 and 4 (Figure 15).   

 

 

 

 

 

 

 

   Figure 13. Effect of EC levels on SPAD.                                          Figure 14. Effect of MNBs on SPAD.   

 

 

 

 

 

 

 

Figure 15. Combination between EC levels and MNBs on SPAD. 

At an EC concentration of 1.2 mS cm-1, the yield 
of the fresh and dry weight of leaf, shoot, root, and 
the total weight of green leaf oak lettuce was higher 
than for EC 0.3 and 0.6 mS cm-1, see Figures 16 and 
19. Using water with MNBs for 5 minutes produced 
a higher fresh and dry weight of the leaves and a 

higher total weight of green oak lettuce (Figures 17 
and 20). The interaction of EC and MNB water gave 
significant differences between the fresh weight of 
leaves, shoots, root and the total weight (Figure 18).  
However, this interaction was not significant for the 
dry weight of the root (Figure 21).   
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   Figure 16. Effect of EC levels on fresh weight.                                           Figure 17. Effect of MNBs on fresh weight. 

 
Figure 18. Combination between EC levels and MNBs on fresh weight. 

                

   Figure 19. Effect of EC levels on dry weight.                                              Figure 20. Effect of MNBs on dry weight. 
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Figure 21. Combination between EC levels and MNBs on dry weight. 

 
 At electrical conductivities of 0.3 to 1.2 mS 
cm-1 the dissolved oxygen in the nutrient solution of 
the culture showed similar patterns (Figure 22). 

However, a 5-minute MNBs treatment increased the 
dissolved oxygen to levels not reached with MNBs-
untreated water (Figure 23).  

 

          
             Figure 22. Effect of EC levels on dissolved oxygen                              Figure 23. Effect of MNBs on dissolved oxygen. 

 

 

Figure 24. Combination between EC levels and MNBs on dissolved oxygen. 
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The concentrations of nitrogen, phosphorus, 
potassium, calcium, and magnesium in green oak 
lettuce plant tissue increased when the EC was 
increased from 0.3-1.2 mS cm-1. Furthermore, a 
MNBs treatment increased the leaf nutrient 
concentration of nitrogen, phosphorus, potassium, 
and calcium to higher than a non-MNBs treatment, 

while magnesium and phosphorous uptake levels 
remained similar. There was an interaction between 
EC and MNBs on the nitrogen concentration. At 0.3-
0.6 mS cm-1 were more effective of MNBs treatment 
that could induce leaf nitrogen concentration (Table 
1). 

  
Table 1. Effect of EC levels and period of MNBs on leaf nutrient concentration after treatments. 

Factors Nitrogen (%) Phosphorus (%) Potassium (%) Calcium (%) Magnesium (%) 

EC (A)      

0.3 mS cm-1 3.57c 0.08c 1.92c 5.72b 0.11b 

0.6 mS cm-1 4.44b 0.12b 2.95b 6.14ab 0.14ab 

1.2 mS cm-1 4.99a 0.14a 3.56a 7.69a 0.15a 

MNBs (B)      

0 minute 4.10b 0.10b 2.41b 6.13b 0.13 

5 minutes 4.56a 0.12a 3.20a 6.91a 0.14 

A*B      

0.3 mS cm-1 3.05d 0.06 1.37 5.57 0.10 

0.3 mS cm-1 + MNBs  4.08c 0.09 2.46 5.88 0.12 

0.6 mS cm-1 4.26bc 0.11 2.78 5.65 0.14 

0.6 mS cm-1 + MNB 4.62ab 0.12 2.89 6.46 0.13 

1.2 mS cm-1 4.98a 0.12 3.36 7.33 0.14 

1.2 mS cm-1 + MNB 4.99a 0.15 4.02 8.22 0.16 

A * * * * * 

B * * * * ns 

A x B  * ns ns ns ns 

*Means within the column followed by the different letters were significantly different (P< 0.05), ns =not significant. 

 
The effect of water with MNBs and EC 

levels on the growth and yield of green oak lettuce in 
hydroponic systems was studied. EC levels of 0.5-2.0 
mS cm-1 enhanced growth and yield in green oak 
lettuce (Department of Agriculture Extension, 2015). 
Maximum growth was achieved with solution 
concentrations between 1.2 and 4.8 mS.cm-1 
(Albornoz and Lieth, 2015). The Air MNBs water 
induced plant growth in green oak lettuce because 
MNBs water increased DO in the medium and 
enhanced the oxidation effect of surface water 
(Oshita and Liu. 2013, Takahashi, 2005; Liu and 
Tang, 2019). Jiang et al. (2016) reported that the 
introduction of oxygenated MNB into the water 
significantly improved the DO content, resulting in 
increased plant growth, product yield, and quality of 
the lettuce. The lettuce grown in the nano-bubble 
system had a healthier appearance, plant height, 
canopy width and longer roots than the same plant 
grown in a conventional hydroponic system 
(Phaengkieo et al., 2019). Furthermore, the EC levels 
of an experiment in ‘Green Butter’ found that the 

yield was 75 g less at 1.4 mS.cm-1 when compared 
with 1.8 mS.cm-1 (Samarakoon et al., 2020). This 
experiment indicated that as the EC levels increased 
from 0.3-1.2 mS cm-1, the N, P, K, and Ca in leaf 
tissue were greater in increasing EC. The lettuce plant 
growth and yield were higher than lower EC. The 
nutrient solution was total ionic concentration from 
16 essential elements (Trejo-Téllez and Gómez-
Merino, 2021). Furthermore, in the research on dill 
tissue (Anethum graveolens ‘Fernleaf’), the 
concentration of N, K, S (sulfur), Fe (iron), and B 
(boron) climbed with increasing EC. At the same 
time, calcium and magnesium were negatively 
affected (Currey et al., 2019). Moreover, EC of the 
nutrient solution in all three basil species showed that 
the SPAD increased with increasing EC, and in holy 
basil tissue, N and P increased when the EC rose from 
0.5 to 3.0 mS cm-1 (Walters and Currey, 2018) 

Using water treated with MNBs resulted in 
a positive effect when the MNBs were tiny bubbles 
smaller than 50 micrometers and 200 nanometers. Air 
MNBs can stay for long periods. (Agarwal et al., 
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2011; Takahashi, 2015). The lettuce can be sensitive 
to MNBs treatments and improve plant growth 
because of the small size of gas bubbles, long 
residence time in the water, the ability to generate 
hydroxyl radicles, and tremendous negative 
electronic changes (Agarwal et al., 2011; Zhang et al., 
2020; Tsuge, 2015). Takahashi (2015) reported that 
the microbubbles were electrical double layers with a 
negative charge in above pH conditions and positive 
charge in strong acid conditions. The growth and 
development were stimulated with MNBs. That was 
possibly why the positive ions in the nutrient solution 
were transported preferentially up the root system 
and DO enrichment in a nutrient solution. The 
microbubbles in the nutrient solution could induce 
plant growth and enhance the development of lettuce 
under hydroponic conditions (Park and Kurata, 2009; 
Park et al., 2010). Furthermore, fine bubbles or 
MNBs enhanced seed germination and root length of 
Chinese celery and sweet corn. MNBs promoted 
vegetative growth in melons but did not affect fruit 
quality (Sritontip et al., 2019b). Moreover, ultrafine 
bubbles enhanced the plant growth of soybean 
seedlings (Iijima et al., 2020). MNBs characterize by 
small specific surface areas and long residence times 
in water (Lui and Tang, 2019; Lui et al., 2019). This 
research indicated 5 minutes MNBs could stimulate 
the growth and development of green oak lettuce. 
Besides, EC levels of 1.2 mS cm-1 appropriated 
nutrient solution concentration of green oak lettuce.  

CONCLUSIONS 
This experiment studied the effect of oxygen 

micro-nano bubble (MNBs) water generated through 
an air pump. Supplying MNB water for 5 minutes to 
green oak lettuce grown in a hydroponic system 
increased the fresh and dry weight of the leaves and 
the total plant weight. Three concentrations of EC, 
0.3, 0.6, and 1.2 mS cm-1, gave significant differences 
and affected the growth and yield of green oak 
lettuce. However, the EC concentration of 1.2 mS cm-

1 was the greatest of all treatments. An interaction 
between the MNBs and EC was also observed, 
resulting in improved plant height, canopy width, leaf 
greenness values (SPAD), the yield of fresh leaves, 
shoot, and the total weight of green oak lettuce. 
Increasing the EC also increased N, P, K, Ca, and Mg 
in the leaves.   
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ABSTRACT 

A study on the effects of leonardite and nutrient management on growth and yield of cowpea (Vigna 
unguiculata L. Walp.) was established in the greenhouse from July to October 2021 at the Agricultural Technology 
Research Institute, Rajamangala University of Technology Lanna, Lampang, Thailand. The experimental design 
was a completely randomized design (CRD) with nine treatments and ten replications: (1) control, (2) 500 kg/rai 
leonardite, (3) 1,000 kg/rai leonardite, (4) 500 kg/rai leonardite + 100% chemical fertilizer based on soil analysis, 
(5) 1,000 kg/rai leonardite + 100% chemical fertilizer based on soil analysis, (6) 500 kg/rai leonardite + 75% 
chemical fertilizer based on soil analysis, (7) 1,000 kg/rai leonardite + 75% chemical fertilizer based on soil analysis, 
(8) 100% chemical fertilizer based on soil analysis and (9) 75% chemical fertilizer based on soil analysis. The result 
showed that the combination of leonardite with chemical fertilizers based on soil analysis affected the vegetative 
growth and yield of cowpea. The application of 500 kg/rai of leonardite in combination with 100% chemical 
fertilizer based on soil analysis gave the highest plant height, canopy width, stem diameter, leaf width, leaf length, 
leaf greenness (SPAD), fresh weight, and dry weight of pod per plant. Therefore, applying leonardite with chemical 
fertilizers based on soil analysis could enhance cowpea growth and yield. 

Keywords: leonardite, nutrient management, cowpea

INTRODUCTION  

Cowpea, scientifically known as Vigna 
unguiculata L. Walp, is a type of legume that is easy 
to grow and can be planted all over the year. The 
different cowpea varieties are also a source of protein 
and other nutrients essential for fresh food pods or as 
dry seeds in the industry (Enyiukwu et al., 2018). 
Cowpea seeds contain many bioactive compounds: 
bioactive peptides, dietary fibers, polyphenols, anti-
oxidants, some vitamins and minerals that have 
important nutritional value to human health (Khan et 
al., 2007; Goncalves et al., 2016; Jayathilake et al., 
2018). In Thailand, cowpea is widely grown for fresh 
vegetable food in the northern and northeastern 
regions of the country (Benchasri et al., 2014). 
Department of Agricultural Extension (2019) 
reported that the situation of the planting year 
2018/19, the most planting areas in 5 provinces of 
Thailand, which are Lampang, Nakhon Ratchasima, 
Chiang Mai, Surin, and Sakon Nakhon, with 526 rai 
of total planted area, 384,210 kilograms total yield, 
861 kilograms yield per rai and 13.44 Baht selling 
price per kilogram.  

Department of Land Development (2015) 
reported that the land was used for agriculture with 
improper management, such as using chemical 
fertilizers without adding any organic matter or 

organic fertilizer to the soil. Some areas of the 
cultivation of the plant were the repeated planting or 
growing of the same plant for many years. The 
problem was that the amount of organic matter and 
soil fertility could be reduced. In addition, most of the 
soil in Thailand has too low (<1.5 %) to medium (1.5-
3.5 %) organic matter. Soil organic matter is essential 
for water holding, cation exchange capacity, the 
ability of nutrient release, and absorption of positive 
ions (Faculty of the Department of Soil Science, 
2006; Pompranee, 2017). Leonardite is a natural 
oxidation product of lignite coal; it is created through 
the decomposition of plants and animals by chemical 
and biological processes (Totirakul et al., 2009). 
Leonardite has high contents of humic substances: 
fulvic acid, humic acid, and humin 
(Ratanaprommanee et al., 2016) and also has a large 
amount of organic matter, high cation exchange 
capacity, and contains many plant nutrients 
(Pochadom et al., 2013; Landrot et al., 2020). 
However, leonardite contains low plant nutrient 
contents that may not be enough to enhance plant 
growth and yield. Therefore, this study aimed to 
evaluate the effects of leonardite and leonardite in 
combination with chemical fertilizers on the growth 
and yields of cowpea. 
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MATERIALS AND METHODS 
The effects of leonardite and nutrient 

management on growth and yield of cowpea were 
investigated. A cowpea plantation was established in 
the greenhouse from July to October 2021 at the 
Agricultural Technology Research Institute, 
Rajamangala University of Technology Lanna, 
Thailand. The experiment was assigned in a 
completely randomized design (CRD) with nine 
treatments and ten replications as follows:  

(1) control  
(2) 500 kg/rai leonardite 
(3) 1,000 kg/rai leonardite 
(4) 500 kg/rai leonardite + 100% chemical 

fertilizer based on soil analysis 
(5) 1,000 kg/rai leonardite +100% chemical 

fertilizer based on soil analysis  
(6) 500 kg/rai leonardite + 75% chemical 

fertilizer based on soil analysis 
(7) 1,000 kg/rai leonardite + 75% chemical 

fertilizer based on soil analysis 
(8) 100% chemical fertilizer based on soil 

analysis  
(9) 75% chemical fertilizer based on soil 

analysis. 
The soil sample of the experimental was 

collected at a depth of 0-20 centimeters from the 
Agricultural Technology Research Institute, 
Rajamangala University of Technology Lanna, 
Lampang, Thailand, for analysis of some chemical 
properties. Soil chemical analysis contains the 
amount of organic matter (% OM) was 0.73, available 
phosphorus was 2.11 mg kg-1, and extractable 
potassium contents were 72.63 mg kg-1 with the soil 
pH (1:1) of 7.5. Leonardite was combined with the 
soil before growing the plants. Cowpea was planted 
in a pot with a size of 30 x 22.86 centimeters and had 
a capacity of 8 kilograms of soil per pot. Four seeds 
were planted per pot in the first week with a 1-2 
centimeters depth. Seven days after planting, one 
healthy plant was left per pot. According to soil 
analysis results, chemical fertilizer formulas 46-0-0, 
0-46-0, and 0-0-60 were mixed and used in the 
experiment. Fertilizer was applied by the 
conventional schedule two times during the growing 
period of cowpea, the first time at 7 days and the 
second time at 20 days after growing by sowing the 
soil around 10 centimeters from the stem and 
covering it with soil. Irrigation was performed with a 
drip irrigation system. Weed control was carried out 
by hand depending on weed density. 

Measuring attributes of the physiology 
character of cowpea were recorded from 10 plants per 
treatment. Plant height, canopy width, and stem 
diameter were recorded every week after growing 

until harvesting. Leaf number per plant, leaf width, 
leaf length, leaf greenness values (SPAD), internode, 
and peduncle length were recorded during the 
flowering period. Fresh and dry weight of stems, 
leave, roots, and pod were harvested and recorded 
after planting for 56 days. The dry weight was 
recorded after being kept in the oven at 70 oC for 72 
hours. 

The data were analyzed for variances 
(ANOVA). Statistical differences with p-values less 
than 0.05 and 0.01 were considered significant, and 
the means were compared by Duncan’s multiple 
range test (DMRT). 

RESULTS AND DISCUSSION 
The combination of 500 kg/rai leonardite 

with 100% chemical fertilizers based on soil analysis 
increased plant height, canopy width, and stem 
diameter at all planting periods after being treated 
with only leonardite (Figure 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of leonardite and nutrient management on growth 
of cowpea (a) plant height, (b) canopy width, and (c) stem diameter 

a. 

 

b. 

 

c. 
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The number of leaves, leaf width and length, 
and leaf greenness (SPAD) were significantly 
different among the treatments (P≤0.01).  The results 
showed that the highest number of leaves, leaf width 
and length, and leaf greenness were observed using 
500 kg/rai leonardite combined with 100% chemical 
fertilizers based on soil analysis (Table 1).   

During the flowering period, the internode 
and peduncle length was also significantly different 
among the treatments (P≤0.01). Internode and 
peduncle length of plants treated with only leonardite 
and untreated control was lower than an application 
with chemical fertilizers and leonardite with chemical 
fertilizers based on soil analysis (Table 1).   

Table 1. Effect of leonardite and nutrient management on growth of cowpea during the flowering period 

Treatments 
Leaf number Leaf width  

(cm) 
Leaf length  

(cm) 
SPAD Internode  

(cm) 
Peduncle 

length (cm) 

Control 
Leo 500 
Leo 1,000 
Leo 500 + CF 100% 
Leo 1,000 + CF 100% 
Leo 500 + CF 75% 
Leo 1,000 + CF 75% 
CF 100% 
CF 75% 

5.20b 
5.50b 

5.30b 
7.30a 
7.00a 
7.10a 
7.40a 
7.10a 
7.00a 

3.41c 
3.40c 
3.69bc 
4.14a 
3.89ab 
4.01ab 
4.02ab 
3.77b 
3.87ab 

7.83d 
7.84d 
7.90d 

9.40a 
8.76cd 
8.87abc 
9.29ab 
8.62c 

9.18abc 

50.68c 
51.43c 
52.33c 
60.67a 
58.26a 
56.87ab 
59.18a 
57.00ab 
53.46bc 

6.10b 
4.50b 
6.47b 
10.78a 
11.75a 
10.32a 
10.88a 
12.00a 
11.70a 

4.20b 
3.79b 
4.70b 
16.55a 
15.22a 
15.69a 
18.72a 
18.01a 
14.47a 

F-test 
C.V. (%) 

** 
7.30 

** 
8.81 

** 
7.43 

** 
8.18 

** 
22.91 

** 
32.39 

Leo- Leonardite, CF- Chemical Fertilizer, **, significant at P≤0.01 by DMRT 

 
The combination of leonardite with 

chemical fertilizers based on soil analysis affected the 
fresh and dry weight of stems, leaves, and cowpea 
roots. The highest fresh and dry weight stem, leave, 

and root was obtained from the treatment of 500 
kg/rai leonardite in combination with 100% chemical 
fertilizers based on soil analysis (Figures 2 and 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of leonardite and nutrient management on fresh weight of stems, leave, and roots of cowpea 

 

Figure 3. Effect of leonardite and nutrient management on dry weight of stems, leave, and roots of cowpea 



D. Nuon et al.                                                         J. Sci. Agri. Technol. (2022) Vol. 3 (1): 25-29 
 
 

 
 https://www.tci-thaijo.org/index.php/JSAT         28 

The fresh and dry weights of pod per plant 
were significantly different among the treatments 
(P≤0.01). Application of 500 kg/rai leonardite with 

100% chemical fertilizers based on soil analysis gave 
the highest fresh and dry weight of pod per plant. 
(Figure 4). 

 
Figure 4. Effect of leonardite and nutrient management on fresh weight and dry weight of pod per plant 

 

 The vegetative growth and yield of cowpea 
treated only with leonardite were lower than those 
applied with leonardite combined with chemical 
fertilizers based on soil analysis because leonardite 
contained low plant nutrient contents (Pochadom et 
al., 2013). Therefore, leonardite could not replace 
chemical fertilizers (Totirakul et al., 2009). 
Rinnarong et al. (2016) reported the vegetative 
growth and yield of Chinese cabbage in the treatment 
without leonardite was the lowest among the 
treatment. 

In addition, the vegetative growth and yield 
significantly increased after leonardite was applied 
with chemical fertilizers based on soil analysis. The 
highest plant height, canopy width, stem diameter, 
leaf width, leaf length, leaf greenness, and fresh and 
dry weight of pod per plant were received after 
applying 500 kg/rai leonardite with 100% chemical 
fertilizers based on soil analysis. The results from this 
experiment were in agreement with Ngennoy et al. 
(2014), who reported that humic substances extracted 
from leonardite mixed with chemical fertilizers 
enhanced plant nutrient absorption and promoted 
growth and yield of maize. Sariyildiz (2020) also 
reported that the most incredible garlic yields were 
observed when applying leonardite at different doses 
or the mixture of leonardite with the mineral 
fertilizer. In addition, leonardite has a high cation 
exchange capacity (Rittirat, 2017; Pochadom et al., 

2013) and has a large amount of organic matter 
(Totirakul et al., 2009). Soil organic matter enhances 
water holding capacity and cation exchange capacity, 
absorption of available nutrients, and increases 
available plant nutrients and nutrient uptake from soil 
(Faculty of the Department of Soil Science, 2006; 
Pompranee, 2017). Sanli et al. (2013) revealed that 
leonardite could increase available nitrogen, 
potassium, and phosphorus availability in soil. Thus, 
applying leonardite and chemical fertilizers based on 
soil analysis effectively increased the vegetative 
growth and yield of cowpea. 

CONCLUSIONS 
The application of 500 kg/rai of leonardite 

in combination with 100% chemical fertilizer based 
on soil analysis gave the highest plant height, canopy 
width, stem diameter, leaf width, leaf length, leaf 
greenness (SPAD), fresh weight, and dry weight of 
pod per plant.  
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