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Growth characteristics and degradative traits of white-rot
basidiomycete Phlebia brevispora in co-cultivation with growth-
promoting bacteria
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Microbial bioremediation presents an alternative, cost-effective and eco-friendly technology that
provides sustainable ways to clean up contaminated environments by the enzymatic activity of microbial
enzymes. The use of fungi and bacteria has been successfully employed for efficient removal of toxicants
from polluted environments. However, there has been more research focus on the use of
lignin-degrading basidiomycetes — the white-rot fungi, due to their ability to secrete extracellular
enzymes capable of degrading lignin- the most recalcitrant biomaterial, structurally similar to many
organic pollutants. Nevertheless, their slow growth and eventual low degradation efficiency have limited
their use. Ultimately, in nature, bioremediation depends on cooperative metabolic activities of mixed
microbial populations. For this, research has focused on developing microbial consortia consisting of
various bacteria and fungi so as to achieve biodegradation performances superior to those of single
microbial strains. But, to remove complexity of hamessing such consortia, more detailed knowledge of
the bacteria, their interactions, and/ or enzymatic processes involved are necessary. More so, an
understanding of specific nutrient and growth interactions between the bacteria and fungi
is important.

Chapter 2 of present study therefore reports the isolation of cultivable bacterial colonies that coexisted
with the white-rot fungus Phlebia brevispora TN3F. Out of the few bacterial isolates that showed
difference (> 10 mm/day) between mycelial growth of the fungus in the direction of bacterial cells on
solid medium, two bacterial strains TN3W-8 and TN3W-14, of the genera Pseudomonas and
Enterobacter respectively, were selected for more detailed mycelial growth enhancement studies in both
the solid and liquid media. Mycelial growth enhancement study on liquid medium included another
strain of the white rot —fungus, P. brevispora TMIC33929 which was obtained from a dissimilar
environment.

White rot fungus P. brevispora is one of the good candidates for bioremediation of
contaminated sites because of its ability to degrade several aromatic contaminants such as
dioxins and PCBs. Results from chapter 2 show enhancement of the mycelial growth of
the fungi with decrease in glucose concentration such that 0.5% glucose offered
comparatively the most mycelia growth in both solid and liquid media. Confrontational
assay between the fungus TN3F and the bacterial strains revealed a fungal growth
enhancement phenomenon, in the direction of the bacterial cells, even without direct
contact. As with many fungal strains which grow poorly in liquid media forming pellets,
axenic cultures of P. brevispora strains TN3F and TMIC33929 formed pellets in the
liquid medium, but the bacterial strains dissolved the pellet morphology thereby inducing
mycelial growth and morphological enhancement. Similarly, bacterial strain TN3W-14
achieved morphological enhancement of TMIC33929, even as this fungal strain is from a
dissimilar environment. These observations clearly indicate positive growth effect of
basidiomycete fungus P. brevispora by named co -isolated bacteria.
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Chapters 3, 4 and 5 report further interactions between the bacteria and fungi in the
removal of textile dyes, neonicotinoid insecticides and polycyclic aromatic hydrocarbons
respectively, while chapter 6 concludes the study.

For removal of toxicants from water, cocultures of white-rot fungus TMIC33929 and
bacterial strain TN3W-14 demonstrated tolerance to varying pH for higher mycelial
growth, decolorization, and reduction in the pH of treated dyes and their mixtures with
much biosorption of congo red dye on fungal mycelia. For neonicotinoides, cocultures of
white-rot fungi and bacteria had over 40% lower recovery of clothianidin than from
axenic microbial cultures and mixed-bacterial cultures, and about 20% less acetamiprid
than from axenic fungal and bacterial cultures. For the PAHs, while the fungal strains
showed high degradation of phenanthrene (>98%) within 15 days, and also substantially
degraded pyrene, they achieved <15% degradation of benzo(a)pyrene. This low
degradability of benzo(a)pyrene was improved significantly by co-culturing the fungi with
a mixture of the bacterial strains, whereas the bacterial mixture alone achieved little PAH
degradation as its growth was inhibited by PAH. On the contrary, its co-culture with P.
brevispora improved mycelial growth of the fungi with concomitant improved
degradation of the PAHs.

The physiological significance of bacteria that co-exist with white rot fungi has not been
understood and no report exists of single bacterial strains promoting the mycelial growth
of similar fungal strains isolated from different environment. The obtained results show
that the bacterial strains which were co-isolated with P. brevispora not only had
synergistic activity for the fungal growth, but also could improve the degradation traits of
the fungus. Since the two fungal strains were not isolated from the same environment,
these findings further suggest that the bacterial strains TN3W-14 and TN3W-8 may also
be able to improve the degradation ability of other strains of Phlebia through mycelial
growth enhancement. With further manipulation of environmental parameters, present
strategy could help to explore other possible interactions between wood-degrading white
rot basidiomycetes and bacteria.
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Performance Evaluation of GCOM-C ETindex Estimation Algorithm
at a Forest Site in Western USA

(PR HTEERDMIICHIFTDCCOM-C ETindex¥EE PIL I LD
BESTIICDULNT)

' I DS
Bl IE FEBIAR
BlE IE N ERETT
gE EHE TT ™Mi—
gE EHE BIRER
R DHE




BIFEERC 3

S O B
 AE TET T
e %, Asep Denih

B | BIRRFERFERET LERA RS L% R R
NFAEE GIRERIEAL I
(FEEH  20158% (10H) A&

=1}

A e
a Forest Site in Western USA

a7 D4 Performance Evaluation of GCOM-C ETindex Estimation Algorithm at
H o .
(7 AU I FEEROMMIZ I 1T HCCOM-C ETindexHEE 7 /LT U X AOHFEFHMIZ DV T)

B 4

Grscosis

Evapotranspiration (ET) is one of the essential factors for knowing the
availability of water in a particular area. Understanding the availability
of ET with reasonable accuracy will make it easier to plan and manage water
resources. Failure on estimation and accuracy of ET will affect in the
decision-making. ET from the land’ s surface is one of the potential targets
for estimation and observation. To provide an estimate and reasonable accuracy
of ET, this research performs two ground truth dataset observations. Latent
heat flux measurement dataset using the eddy covariance method and sensible
heat flux dataset measurement using scintillometer. Eddy covariance dataset
measurement has been the most popular to calculate ET. Some of the flux
measurement dataset, measured globally by several researchers, have been open
to the public; it is 1ike AsiaFlux and AmeriFlux. Comparing the ET estimation
results with latent heat flux measurements using eddy covariance system has
been the most popular method. Nevertheless, the contribution of recent study
about ET estimation and its accuracy using eddy covariance method is still
not achieving expected results, and there are still having trouble in terms
of accuracy to reach an appropriate result. Due to energy imbalance problem
and reduces the accuracy of ground-measurement data, prevented an evaluation
of quantitative accuracy of ET estimation. It is necessary to improve the
quality of ET estimation and its accuracy by using an alternative measurement.
This study applies scintillometer, which is a relatively new instrument to
calculate the average of sensible heat flux over a large area. The approach
we have used in this study aims to evaluate performance and accuracy of GCOM—C
ET;4ex estimation algorithm at a forest site in Western America. At first step,
the GCOM-C ETie estimation algorithm is evaluated by the eddy covariance
method. The second step, the GCOM-C ET;,4.x estimation algorithm is evaluated
by scintillometer.

In Chapter 2, this study attempted to evaluate the performance of the GCOM-C ETindex
estimation algorithm at a lodgepole pine tree open forest in eastern Idaho, United States.
The coordinate location of study area (Latitude is 44.50N; Longitude is 111.40W) and the
Elevation is 1950 meter. By performing eddy covariance method for the data collected under
10:30 am in local solar time, clear—sky condition and 16-day period.




In Chapter 3, furthermore, the accuracy of ET model was evaluated by using sensible
flux  dataset measured by  scintillometer. This  experiment  considers
scintillometermeasured sensible flux data to evaluate the accuracy of ET model. In
scintillometer, evapotranspiration computed using radiation measurement data. There were
two sets of sensible and latent heat flux data. One was measured on the south tower, and
the other was measured on the north tower. The dataset from the south tower was much more
reliable in term of data availability. This study used sensible heat and latent heat flux
data from the south tower. The dataset from north tower were used only as supplementary
dataset when the dataset from south tower were not available.

The energy balance closure problem in eddy covariance method prevents
a robust and quantitative evaluation of ET estimation. In eddy covariance
method, the computation of ET estimation and the accuracy assessment indicated
that the ET estimation algorithm is overestimated, especially during summer.
In the implementation, eddy covariance system has a limitation on ET
estimation, due to energy balance closure problem; there are some uncertainty
and it fails to capture the portion of the energy flux. Similarly, result of
the second method, scintillometer dataset measurement also indicated
underestimation over the ET model. This study proposed that the GCOM—C ET;,4x
estimation algorithm needs a simple linear adjustment to deal with the ET
measured by scintillometer. Only by applying scintillometer data, especially
for a derivation of ground-measured ET flux, empower to quantify the
estimation error of ET model.

In this study, the experiment showed that the linear adjustment approach
of the model significantly improved the agreement between ET measured by
scintillometer and ET estimated by model. The comparison between ET ad justment
model of the GCOM-C ET;.4x estimation algorithm and ground truth ET measured
by scintillometer reported a good relationship and reasonable agreement in
the study area. It can be seen that at the beginning, the overall mean absolute
error for the entire study period was 33 mm mo—1 or 47% of the actual ET. A
quantitative analysis to determine ET model uncertainties was applied, based
on linear adjustment approach. Using this approach, finally the overall mean
absolute error results was improved to 14 mm mo—1 or 19% of actual ET. These
results also suggest that the simple adjustment approach demonstrated in this
study, considering seasonal factors when adjusting the estimation model might
further improve the model estimation accuracy.

Finally, this study conclude that scintillometer can provide ground truth ET
dataset to improve the accuracy of ET estimated by the GCOM—C ET; 4 estimation algorithm
and it suggests that to obtain the accuracy measurement of ET estimation actual, a simple
linear adjustment should be applied in the ET algorithm model.
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[FACEE] Animal feeds generally account for up to 70 percent of the cost of production. The use of
agricultural by-products as animal feed is likely to have an impact to cut down the costs. Cassava pulp is a
by-product of the starch manufacturing and its use for cattle feed is now increasing. The aim of this thesis was
1) to evaluate the chemical compositions of cassava pulp samples produced throughout the year at different
factories in northeast Thailand, and determined the metabolizable energy (ME) of cassava pulp for the cattle,
2) to evaluate the effects of physically effective neutral detergent fiber (peNDF) in rice straw and cassava pulp
diets on the chewing activity, ruminal fermentation, milk production, and digestibility in low-producing dairy
COWS.

In Chapter 2, we evaluated the chemical compositions of cassava pulp samples produced by four cassava
starch factories at different locations in northeast Thailand. There were significant differences in the P (0.03%
+ 0.02%) and K (0.36% = 0.2%) contents of the samples from different factories (p < 0.05). Moreover, we
found interactions between factory and season in the neutral detergent fiber (36.02% = 8.8%) and nonfibrous
carbohydrate contents (59.33% =+ 9.1%) (p < 0.05). For the evaluation of ME, a crossover-design experiment
with four cattle maintained in each of two groups was conducted. There were two dietary treatments at a
maintenance level of 1.27% body weight: (1) a control diet, and (2) a cassava pulp diet, containing the control
diet at 70.2% and cassava pulp at 29.8% (dry matter [DM] basis). Feeding cassava pulp did not affect energy
intake, energy loss, heat production, energy utilization efficiency (except for the urine-to-gross energy ratio),
methane production, fecal N, or nutrient digestibility (except for crude protein digestibility). The total
digestible nutrients, digestible energy, and ME contents of cassava pulp were 74.4%, 12.9 MJ/kg DM, and
11.3 MJ/kg DM, respectively. The energy content of cassava pulp is equivalent to that of barley grain.

In Chapter 3, eight lactating Holstein crossbred cows were randomly divided into two groups in a
crossover design with two dietary treatments over two 21-day periods. The difference in peNDF contents
was achieved by balancing the ratio of rice straw, cassava pulp, and concentrate. The high cassava pulp diet
had 15.5% peNDF and the low cassava pulp diet had 20.2% peNDF. The results showed that feeding the
low cassava pulp diet increased the concentrations of milk protein, milk fat, solids-not-fat, and total solids in
the milk. In contrast, the dry matter intake, milk yield, lactose content, chewing activity, nutrient digestibility,
ruminal fermentation and pH were not affected by treatments.

Cassava pulp contains high NDF but low peNDF. Our study suggest that when large amounts of cassava
pulp are included in dairy rations, the peNDF content should be considered to ensure the production of good
quality milk.
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A Comparative Analysis of Production Efficiency and Economic
Performance of Organic and Conventional Rice Farming in
Indonesia
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The research background of this study is to increase rice production efficiency.
Rice is the main staple food for Indonesian people. Increasing the production of rice and is
price would be a solution for protecting the livelihood of local people and in return, boost
the economy. Rice farming has several input variables, and farmers can manage the input
to maximize efficiency to achieve the optimal output. Conventional farming only focuses
on maximizing the output regardless of preserving the environment. As a consequence, the
use of intensive fertilizer and pesticide harm to the environment and affects peoples’ living
condition in the future. Recently, environmental conservation and the back-to-nature
approach have become a preferable lifestyle. Therefore, organic rice has received
significant attention in the rice market. The aims of this study are to conduct a comparative
analysis of the production efficiency and economic performance of both organic and
conventional rice farming. The study of production efficiency would substantially improve
rice farming in fulfilling rice consumption, contributing to farmers’ welfare. Nevertheless,
the study of economic performance is often a critical parameter for agricultural
management to accept or reject a proposed agricultural system.

The method of this study used the Stochastic Frontier Analysis (SFA) to observe
the technical efficiency of the rice farm. The level of production technical efficiency could
be obtained and be explained by the econometric model. The SFA compared two models,
which were the Cobb-Douglas and the Trans-log models. The in-depth analysis observed
technical efficiency, allocative efficiency, and economic efficiency using Ordinary Least
Square (OLS) and Maximum Likelihood Estimation (MLE). Capital budgeting methods
were used to analyze the economic performance of rice farming. The methods were Net
Present Value (NPV), Internal Rate of Return (IRR), Benefit-Cost Ratio (BCR), and
Payback Period (PP). This study used multilinear regression to identify capital budgeting
factors.

The study location was in Sumber Ngepoh area, Lawang District, Malang Regency,
Indonesia. The Sumber Ngepoh area has the first organic rice farming implemented in
Malang Regency, which achieved an organic certificate in 2004. Sumber Ngepoh had
organic and conventional rice farming in the same area. This study randomly selected 80
farmers; there were 40 farmers for each farming systems. The main discussion of this
dissertation was explained in three chapters, which started from Chapter 4 to Chapter 6.




Chapter 4 analyzed the comparison of technical efficiency for both organic and
conventional farming. Based on the analysis, Mean Technical Efficiency (MTE) of organic
and conventional rice farming was 0.804 and 0.845, respectively. However, based on the
maximum score of TE, organic farming was higher than the conventional. The MLE
showed that the significant inefficiency factors on an organic farm were the farmer’s age,
farmer’s education level, farmer’s experience, management factors, constraint factors, the
existence of training, and fertilizer support; whereas the inefficiency factors of
conventional farms were the farmer’s experience, organizing, pollution, and financial
support. The returns to scale which were computed as the sum of output elasticities for all
input was estimated at 0.902 and 0.657 for organic and conventional, respectively.

Chapter 5 focused on organic farming estimation in technical efficiency, allocative
efficiency, and economic efficiency. Input factors which were substantial variables for
organic rice production were organic pesticides, land area, and organic fertilizer. The
average of the technical, allocative, and economic efficiencies for organic rice farming was
54.3%, 52%, and 31.3%, respectively. The socio-economic variables which significantly
affected all efficiency levels were farm size, experience, and family members.

Chapter 6 analyzed the comparison of the economic performance of organic and
conventional rice farming. The economic viability measurement reflected the economic
performance of rice farming. The economic viability result showed that the organic rice
farming was 5439.04 USD more profitable, 28% more reliable, 1.78 higher and 0.78 years
earlier than the conventional system for NPV, IRR, BCR, and PP, respectively. The
regression result revealed that revenue and cost were significant in all capital budgeting
methods on both farming systems.

Finally, this study concluded that the mean technical efficiency level of organic
farming was lower than conventional farming. The analysis result of technical efficiency,
allocative efficiency, and economic efficiency indicated that organic rice farming in the
Sumber Ngepoh area was not optimal. However, the organic rice farm gave better financial
performance than conventional rice farming. The determining factors showed that the
enhancement of both farms’ profit could be accelerated by increasing the revenue,
followed by reducing cost, increasing the capital, and enlarging the field.
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Nowadays, Human Action Recognition (HAR) is very important to a variety of
applications such as video surveillance, patient monitoring, and elderly people
monitoring systems. The aim of this study is to develop HAR system based on deep
learning for recognizing both human actions and human-object interactions using the
skeletal joints of human body and object context. In most of the popular classical
approach based HAR, the shape and motion features achieve good performance but there
still exist some limitations such as the requirement of correct localization of person and
movement tracking which are still remain as challenging tasks. On the other hands, HAR
based on deep learning technology becomes as front line research in the literature. But
most of the deep learning based HAR use RGB or depth images for training the networks
which can cause high computational cost. Moreover, in some statistical model based
HAR using skeletal data, the actions with similar motion patterns cannot be correctly
recognized. In this study, those challenges have been solved by utilizing skeleton
information extracted from Microsoft Kinect camera along with image processing and
deep learning technology.

The organization structure of the thesis is as follows. Chapter 1 presented about the
overall introduction and objectives of this study. Literature reviews about HRA based on
classical and deep learning approaches were described in Chapter 2. In Chapter 3, a
robust HAR system was developed using motion of skeletal joints based on the decisions
fusion approach of Deep Convolutional Neural Network (DCNN). In Chapter 4, a new
approach for recognizing the complex human-object interactions was developed based on
the hybrid approach of DCNN and Support Vector Machine (SVM). Finally, the overall
conclusions and future research work were presented in Chapter 5.

In this study, for recognizing the human motions involved in performing an action, a
new feature called Color Skeleton Motion History Image (SkI-MHI) was developed. A
skeleton image was created by connecting the coordinates of the skeletal joints of the
human body obtained from Microsoft Kinect camera. Then, by combining the skeleton
images from the continuous frames, Skl-MHI was created. In addition, for correctly
recognize the actions with similar motion, SkI-MHI was enhanced to Color SkI-MHI by
adding color values for making the motion history more obvious. Then, Color SkI-MHI
were used as input data for training DCNN based HAR model. Moreover, in order to
observe the changes in the relative positions of joints, Relative Joint Image (RJI) was
created and used them for training DCNN based HAR model. For recognizing the human
actions from the test skeletal joints sequences, the Color SkI-MHI and RJI were created
and fed them into the corresponding DCNN models. Then, the results of two DCNN
models were fused for making the final decision of human action. The experiments were
performed using the actions from the public datasets of UTKinect Action-3D and
CAD-60, and achieved an overall accuracy of 97% and 96.15% respectively for
recognizing daily activities such as carrying, throwing, pushing, pulling, and so on.
According to the experimental results, HAR using deep learning based decisions fusion
approach achieved better performance than the other state-of-the-art approaches.




Furthermore, a new system for recognizing complex human-object interactions was
developed by using the hybrid approach of DCNN and support vector machine (SVM). In
creating input data for DCNN, firstly the skeletal joints movement feature was extracted
and combined with Object Representation Image (ORI) which was created using color to
categorize the objects. Moreover, Object Usage Probability (OUP) was calculated based
on object’s usage count in each interaction. DCNN was trained using the combination of
skeletal joints movement feature and ORI, and Multi-class SVM was trained using OUP
data. Then, decision fusion was applied on the results of DCNN and Multi-class SVM for
recognizing human-object interactions. The experiments were performed using CAD-120
public dataset that includes the daily human-object interactions such as making cereal,
microwaving food, and so on. The developed system achieved an overall accuracy of
93.33% for recognizing 10 daily interactions.

In conclusion, this study developed robust HAR system using a variety of new features
based on deep learning approach. From the technical point of view, the developed HAR
system can accurately recognize both human actions and human-object interactions using
the data acquired from the Microsoft Kinect camera. From the application point of view,
this system can apply in human behavior analysis applications which can benefit to the
human society.
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