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Conservation biological control (CBC) has become one of the major tactics in IPM
contributing to safer and sustainable pest management. Flowering plants have been
recognized as an important element for enhancing natural enemies in CBC. The plants
provide many predators and parasitoids with pollen and nectar for their survival and
reproduction. Among diversified natural enemies attacking aphids, hoverfly species have
been considered as a promising biocontrol agent. We therefore conducted the following
experiments to fulfil the objective of enhancing the hoverflies for effective conservation
biological control of aphids

Firstly, we evaluated the diurnal behavior of foraging hoverflies in insectary patches. As
the hoverfly adults feed on pollen and nectar, whereas the larvae feed on aphids, implying
that such difference in food requirements may affect foraging behavior of female adults.
A series of foraging bouts of Episyrphus balteatus (DeGeer) females were observed and
recorded throughout the day in phacelia (Phacelia tanacetifolia Bentham) patches. The
dominant transitions of interplant movement, approaching and probing bouts were
statistically more frequent in the morning than in the afternoon. In the morning, interplant
movement of foragers was significantly longer and they were moving at higher places of
phacelia patches. They approached and probed flowers considerably longer in morning
compared to afternoon. A significant positive relationship between the number of open
flowers in a patch and the patch residence time was observed in the morning. The
proportion of females having swollen abdomen filled with phacelia pollen (68.2%) in the
afternoon was significantly higher than that (31.82%) in the morning. In this study, E.
balteatus females spent more time foraging in phacelia patches in morning compared to
afternoon.

Secondly, we checked the two flowering plant species for effective foraging of an
aphidophagous hoverflies in the insectary plant patches. The foraging behavior of the
female hoverfly, Sphaerophoria macrogaster (Thomson) was observed in coriander
(Coriandrum sativum Linnaeus) and blue salvia (Salvia farinacea Bentham) flower
patches. Significantly, more transitions from searching of flowers to assessment in
coriander than that of in blue salvia flower patches were observed. The foragers showed
significantly prolonged interplant movement but shorter probing in coriander flower
patches. Interestingly, S. macrogaster probed similar number of flowers in both flower
patches and its residence duration did not differ significantly between coriander and blue
salvia flower patches. Our results illustrated that both flowering plant species were




apparently attractive to S. macrogaster females but the later selected coriander flower
species. This finding may form the basis of flower selection in and around the crop fields
for enhancement of this aphidophagous natural enemy to maximize the biological control
of aphids.

Thirdly, we investigated the role of aphidophagous natural enemies in suppressing aphid
populations during the early growing stage of okra plants. An intensive survey was
conducted in two okra fields, one with flowering plants (CBC okra field) and another
without flowering plants (control okra field). We counted and recorded aphid individuals
with their natural enemies such as hoverflies, lady beetles and parasitoids from okra plants
of the two okra open fields. In the CBC okra field where basils, buckwheat, and sorghum
were grown as insectary plants, aphidophagous natural enemies started arriving on the 1%
week of survey when the aphid density was very low. This density remained low until the
beginning of the 3™ week. Although it reached the peak and declined by the 4™ week,
there was no need to spray insecticides to control the aphid. The observed aphidophagous
natural enemies also showed similar pattern. A significant positive relationship between
hoverfly eggs and increasing aphid density was found on the 1% week while for other
natural enemies, the significant positive responses to aphid density were found on the 2"
week. These results indicate that hoverflies are earlier colonizers responding well to an
increasing aphid population compared to other natural enemies. Moreover, both hoverfly
larvae and parasitoids showed significantly strong positive responses to growing aphid
populations until its decline, while no such responses for other natural enemies. Present
results indicate that hoverfly larvae and parasitoids can regulate aphid population
development in the CBC okra field. In the control okra field where no flowering plants
were grown, a rapid growth of aphid population was observed and finally an insecticide
was sprayed. The aphidophagous natural enemies were sporadic and very much low in
numbers throughout the survey and no significant relationships were found between each
of the aphidophagae and increasing aphid populations until the peak aphid density. Our
findings strongly suggest that in the CBC okra field, flowering plants play a vital role to
enhance natural enemies of aphid and among these aphidophagae, hoverflies and
parasitoids are greatly contributing to the biological control of aphids in the early growing
stage of okra plants.

In conclusion, the field experiments provided useful information about aphidophagous
hoverflies enhancement for effective CBC of aphids.
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Diversity and endemism of soybean rhizobia in the Philippines
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The major aim of this study is to investigate the diversity and endemism of soybean rhizobia in the Philippines.
This was done with an ultimate goal to help increase the production of local soybean by using the indigenous
thizobia as inoculant. In the Philippines, soybean is not a priority crop so very few research were conducted in
this topic and this research is the pioneer work that represented the country from north to south. The lack of
published information about soybean thizobia in the country became the greatest challenge in this study. In
order to achieve the aim, this study was divided into four parts.

The first part focused on comparing the diversity of B. elkanii species between Southem Japan and Central
Luzon, Philippines. In this report, the genomic variations were detected by employing the Polymerase Chain
reaction — Restriction Fragment Length Polymorphism (PCR-RFLP) with four restriction enzymes Haelll,
Hhal, Mspl and Xspl and sequence analysis of the 19 representative strains from Kumamoto and Okinawa,
Southem Japan and Nueva Ecija, Philippines for the 16S rRNA gene, Intemal Transcribed Spacer (ITS) region
between the 16S and 23S rRNA gene, rpoB housekeeping gene, and the symbiotic genes #ifD and nodD].
Based from the results, we were able to detect that the endemism and diversity of B. elkanii seemed to be
influenced by the difference in temperature and the similarity in soil pH. Clearly, the diversity of B. elkanii
strains in the three locations indicated that temperate regions have different thizobia ecology than the tropical
region.

For the second part, the research focused on the diversity of soybean bradyrhizobia in 11 locations at the
Philippines. From the 771 isolates, we confirmed 424 bradyrhizobia by their morphological growth on YM
media and through the unique fragment pattemns via PCR-RFLP treatment with the four restriction enzymes.
From these distinctive band pattems, 31 representative strains were selected for sequence analysis of the three
target genes which were the 16S rRNA gene, ITS region, and 7poB gene. In this report, high diversity of
bradyrhizobia were detected and according to the correlation analysis between the isolates and the
agro-environmental gradients considered, the most influential factors for the diversity and distribution of
soybean bradyrhizobia in the country were the length of flooding period, followed by other soil properties such
as soil pH, nutrient content, and soil type. Additionally, the unique nucleotide sequence from the 16S rRNA
gene, ITS region, and rpoB gene of some indigenous strains indicated the presence of novel species in the
Philippines which could be studied in the future.
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For the third part, the 12 most dominant indigenous strains for specific locations were selected and evaluated
for their symbiotic efficiency and nitrogen-fixation ability for their potential use as soybean inoculant in the
Philippines. Two soybean cultivars from the Philippines and three soybean cultivars from Japan were used as
the host plants and were inoculated singly with the 12 indigenous strains. A proven efficient strain, the B.
diazoefficiens USDA110 was used as the positive control and an uninoculated treatment as the negative
control. According to the results, all the indigenous strains in the Philippines are suggested to be type A strains
in terms of nodulation ability. Based from the results, the most efficient microsymbionts of Philippines
soybean cultivars was the B. elkanii 1S-2, followed by the strains of potential novel Bradyrhizobium sp., B.
Japonicum, and B. diazoefficiens. This trend is in contrast with the Japanese cultivars, wherein the most
efficient microsymbiont was the B. diazoefficiens SK-5.

The fourth part showed the diversity of species for both the non-nodulating and nodulating soybean-thizobia
through the PCR-RFLP analysis of the 16S rRNA gene that were observed in the 1locations in the
Philippines. In this chapter, we were able to show that the Philippines harbored a high diversity of
bradyrhizobia, sinorhizobia, and other thizobia that can form nodules with soybean, as well as a considerable
amount of non-nodulating rhizobia. This shows that the rhizosphere is indeed housed by different organisms
which could be beneficial to the plant in more ways than one.

In summary, the major aim of this study was achieved and we were able to obtain some potential novel
species and strains which could be further used for research in the Philippines. This result will be very useful
not only for the research institution but also for soybean farmers in the country. As for our prospective, we
plan to use the indigenous strains for field trials in soybean farms to evaluate their feasibility and usefulness as
inoculant in Philippine condition. This study was able to confirm that the diversity and endemism of soybean
thizobia form a tropical country like the Philippines is indeed high and different from the temperate regions,
like Japan.
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In recent years, improving the quality of life and increasing healthspan are becoming
global concern and challenges. For this reason, management of health on a daily basis, and
measuring the own vital data, such as heartbeats, pulses etc., using various equipment are
essential. Wearable devices are well known one of the equipment for biological signal
measurement system. However, the cost of these devices is often expensive, because these
consist many functions that are realized by the display, storage, analog front-end, cell battery
and so on. The cell battery is one of the hardware, which prevents reducing the cost. On the
other hands, energy harvesters often have a voltage rectifier circuit, which consists of active
diodes with bulk regulation transistors and generates DC voltages from AC voltages.
However, these diodes have the dead region, which does not ensure the stable operation of
diodes (around -0.6V to +0.7V). For this reason, the conventional voltage rectifier circuit
cannot generate expected DC voltage.

In order to overcome these problems, I propose battery-less signal conditioner and a new
active diode with bulk regulation transistor and its application to the voltage rectifier circuit.
Firstly with the proposed signal conditioner consists of an instrumentation amplifier, a filter,
and a voltage rectifier circuit. The proposed signal conditioner positively uses some functions
of a smartphone. The biological signal, sensed by using a sensor, is converted to the digital
data through the microphone terminal with A/D converter in the smartphone. And, the
proposed signal conditioner is supplied the power through the earphone terminal of the
smartphone. For this reason, the proposed signal conditioner does not require the battery in
own device. In addition, the microphone output and the earphone input can be used at the
same time by using control software of smartphone, which parallelized processing of the
earphone output and the microphone input. The proposed signal conditioner was verified
through the measurement of surface electromyogram using discrete parts and smartphone
(10S). As a results of evaluation, the proposed system was operating correctly. The proposed
active diode with bulk regulation transistor can eliminate the dead region by using a control
signal from the comparator, which construct active diode. Next, we apply the proposed active
diode with bulk regulation transistor to the integrated voltage rectifier circuit. The proposed
active diode with bulk regulation transistor and voltage rectifier circuit were fabricated using
a 0.6 um standard CMOS process. From experimental results, the proposed active diode with
bulk regulation transistor eliminates the dead region perfectly, and the proposed voltage
rectifier circuit generates +2.86V (positive side) and -2.70V (negative side) under the
condition that the amplitude and frequency of the input sinusoidal signal are 1.5V and
10kHz, respectively, and the load resistance is 10 k€.
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Sample and Hold (S/H) circuit is the key building block in front-end of analog
to digital converter (ADC). This circuit is almost inevitable in some types of ADC. The
main function of S/H circuit is to take analog input signal samples and hold its value
until ADC can process the information. The architecture of the S/H circuit can be
roughly divided into two, open-loop and close-loop architectures. The open-loop
architecture offers the simplicity and speed solution. However, its accuracy is limited
by channel charge injection and clock feedthrough phenomena. These two mechanisms
cause the pedestal/hold error at the output of S/H circuit.

This doctoral thesis proposes a design technique and a new bootstrapped open-
loop S/H circuit to minimize the hold error and keep the speed of the circuit. The basic
idea of the minimization method is adjusting the width of NMOS and PMOS transistors
in the transmission gate (TG) switch properly so that the hold error caused by NMOS
and PMOS can compensate each other. The proposed technique in this doctoral thesis
uses a basic theoretical mathematical model of channel charge injection and clock
feedthrough to minimize the hold error. The performance of the proposed technique is
quite good. The maximum and average hold error produce using this method are 0.61
mV and 0.17 mV, respectively.

A new bootstrapped open-loop S/H circuit is also proposed in this doctoral
thesis. This circuit made up of CMOS TG switch and new bootstrap circuit for each
transistor in TG switch. The bootstrap circuit can keep the gate-source voltage of
transistors constant. As a result, the hold error is less dependent to the input signal. The
decrease of the input signal dependency makes the minimizing of hold error using the
proposed technique possible. From the evaluation, the proposed circuit achieves 2.75
mV maximum absolute value of hold error with 1.72 mV root-means-square (RMS)
value, 0.542 mW power consumption, 90.87 dB SNR, 73.50 SINAD/SNDR which is
equal to 11.92 bits ENOB, -73.58 dB THD, and 73.95 dB SFDR. The simulation of the
circuit in various sampling frequencies and input frequencies gives average
performances of 69.64 dB SNR, 64.50 SINAD/SNDR which is equal to 10.42 bits
ENOB, -77.59 THD, and 69.64 dB SFDR. This performance is very good compared to
the other works.
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