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Foreword

We are proud to present the 15th edition of the Cambodian Journal of Agriculture - marking an

exciting transition to a biannual publication.

This volume arrives at a pivotal moment in the journal’s transition to a biannual publication. It
highlights the growing connections between animal and plant sciences, and the evolving culinary
traditions of Khmer cuisine. Within these pages, readers will find a rich blend of empirical research,
scientific insights, and practical innovations that contribute to Cambodia’s ongoing journey toward
resilient, equitable, and sustainable agricultural systems. More than just a journal, it's a space
that brings together farmers, researchers, policymakers, and communities to learn, connect and

grow together.

We extend our deepest gratitude to the contributing authors, peer reviewers, and editorial team,
whose dedication to scientific excellence ensures that this journal remains a beacon of thoughtful

and transformative agricultural discourse.

May this edition inspire reflection, dialogue, and renewed commitment to the shared mission of

agricultural prosperity in Cambodia.

Truly yours,

BVY

Prof. Dr. Men Sarom
Editor-in-Chief
Cambodian Journal of Agriculture (CJA)
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Abstract

Cassava is a great source of energy in chicken diet. But it is a low-protein diet. Therefore,
a diet containing cassava must be supplemented with the amino acid methionine to
stimulate chicken protein synthesis. The overall purpose of this study was to study the
interaction of DL-Methionine (DL-Met) on improving the quality of cassava root meal
(CRM). The overall purpose of this study was to study the interaction of DL-Met on
improving the quality of CRM. The experiment was divided into 4 suffixes and 2 * 2
factorial with factors of the sample (CRD) diet was used, with T1 10% CRM + 0.6% DL-
Met, T2 10% CRM, T3 20% cassava flour + 0.6% DL-Met, T4 20% cassava flour. The
study was conducted in the animal husbandry station of the Faculty of Animal Sciences
of the Royal University of Agriculture. The results showed that the addition of DL-
Methionine to CRM had a significant effect on the daily feed intake of chickens (P<0.001).
Daily weight gain between the supplemental and non-additive DL-Met groups did not
show significant differences (P>0.05). In particular, the feed conversion ratio (FCR)
between the added and non-added group of DL-Met can actually improve the quality of
feed, especially it helps to improve the feed conversion ratio to chickens and also increase
production.

Key words: Cassava Root Meal, DL-Methionine, Growth Performance, Local Chicken
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to Porcine Circovirus Type 2 (PCV2) on a commercial farm.
The aim was to evaluate the vaccination program for nursery
to fattening pigs and to detect serum immunoglobulin G (IgG)
levels post-vaccination. Blood samples were collected, serum
was extracted, and antibodies were detected using an indirect
ELISA technique with pre-coated inactivated PCV2. The S/P
ratio, geometric mean and coefficient of variation were
calculated for data analysis, with the results presented in tables
and boxplots. The study was conducted on a commercial
fattening pig farm in Kampong Speu province and measure
antibody titers across age groups ranging from 4 to 25 weeks.
The findings revealed significant variations in mean antibody
titers, indicating fluctuating immunity levels. The lowest
immunity level was observed at 6 weeks of age, with a positive
S/P ration of 66.67%, while the highest was at 25 weeks, with
a 100% positive S/P ratio of antibody titer. The study
recommends further IgG detection in gilts, parity, sows, boars,
and on small-scale and semi-commercial pig farms.

Keywords: Commercial fattening pigs, Vaccination programs,
PCV2, Antibody titers (IgG)
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Introduction

Pig production in Cambodia is diverse and can
be broadly categorized into four main types:
backyard, small-scale commercial, medium-
scale commercial, and large-scale commercial,
according to Prakas _No. 549/MAFF (2018),
Backyard pig production is characterized by
small numbers of pigs kept by households for
subsistence or small-scale sale. Small
commercial farm typically has slightly larger
herds and may focus on selling pigs to local
markets. Medium-scale commercial farms
have more structured operations, larger herds
and often supply pigs to regional markets.
Large-scale commercial farms are the most
industrialized, with intensive production
systems and high numbers of pigs raised for
both domestic consumption and export (MAFF,
2018). According to GDAHP (2022), the
number of pigs in production increased from
2,516,679 in 2020 to 3,018,797 in 2021,
representing a 20% increase compared to
2020.

The pig industry was report to face significant
risks from various diseases caused by viruses,
bacteria, parasites, protozoa, and fungi. These
diseases include Pasteurellosis, African swine
fever, foot-and-mouth disease, measles,
Porcine Reproductive and Respiratory
Syndrome (PRR), and PCV2, among others
(Harkness et al., 2002). PCV2 infection is a
type of disease caused by a highly contagious
virus that spreads through direct contact with
bodily fluids from infected animals (Gillespie et
al., 2009). It belongs to the family Circoviridae,
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genus Circovirus (Gillespie et al., 2009). PCV2
infection in pigs can present with a range of
clinical symptom collectively known as porcine
circovirus-associated disease (PCVAD), the
most common form being Postweaning
Multisystemic Wasting Syndrome (PMWS)
(Gillespie et al., 2009). Affected pigs may
exhibit weight loss, lethargy, and failure to
thrive.  Respiratory  distress, including
coughing and laboring breathing, can also
occur. In severe cases, pigs may develop
Jaundice, enlarged Ilymph nodes, and
reproductive disorders (Saikumar and Das,
2019). PCV2 can lead to increased mortality
rates and decreased reproductive
performance in affected herds. The severity of
symptoms can vary, and co-infections with
other pathogens may exacerbate clinical
outcomes (Ouyang et al., 2019). PCV2 is
primarily linked to Porcine Circovirus-
associated Disease (PCVAD), which includes
conditions like PMWS, characterized by
weight loss, respiratory distress, and lethargy,
as well as Porcine Dermatitis and
Nephropathy Syndrome (PDNS), reproductive
failure, and increased mortality rates (Gillespie
et al., 2009). The economic impact of PCV2 is
significant, causing severe financial losses for
many farms, especially small and family-
owned operations. While PCV2 is highly
prevalent, not all infected pigs develop the
clinical manifestations of PCVAD (Kekarainen
and Segalés, 2015).

In commercial pig farms, biosecurity and
vaccination programs are crucial for
preventing the spread of diseases and
maintaining herd health. Biosecurity measures



CJA: Volume 15, Issue 01

Kong et al., 2025

include controlling access to the farm,
maintaining clean facilities, and preventing
contact with wild or other domestic animals.
Vaccination plays a key role in protecting pigs
from various diseases (Alarcon et al., 2021).
One important vaccine administered is against
Porcine  Circovirus Type 2 (PCV2).
Vaccinating piglets at four weeks of age is
essential because maternal antibodies from
the sow begin to decline by time, leaving the
piglets more susceptible to infection.
Administering the PCV2 vaccine at this stage
helps stimulate the piglet's immune system to
develop its own protection against PCV2
(Gamage et al., 2012).

Maintaining optimal herd health is vital for
successful pig production. A robust herd not
only boosts productivity but also reduces the
need for extensive treatment and minimizes
the risk of disease transmission. Regularly
monitoring the health status of the herd,
implementing stringent biosecurity measures,
and establishing a well-structured vaccination
program are key elements in herd health
management.  Additionally, a thorough
understanding of local disease risks and
seeking advice from veterinarians or animal
health experts can aid in identifying optimal
strategies to enhance and safeguard herd
health, ultimately leading to improved pig
production outcomes (Racewicz et al., 2021).
Timely and accurate diagnosis, often involving
laboratory test, is crucial for the effective
management and control of PCV2 infections
(Segalés, 2012). Vaccination, along with
sound biosecurity practices, remain a key
strategy in preventing and mitigating the
impact of PCV2 in pig populations. After
vaccination, pigs start developing immunity by
producing antibodies against circoviruses
(Chen et al., 2023). Additionally, the virus
exhibits a wide range of transformations and
mutations, and its transmission is widespread,
necessitating the consistent application of
biosecurity measures and vaccination
practices (Opriessnig et al., 2021). Previous
research has tested for antibody titers in pigs
using the VDPro® PCV2 AB ELISA method
(Lim et al., 2022). This study focuses on
evaluating the effectiveness of the vaccination
program implemented on the commercial
fattening pig farm and measuring the antibody
titers (S/P) of pigs before and after vaccination
in each stage against Porcine Circovirus Type
2 (PCV2). This approach is critical to

understanding the immune response
generated by the vaccine and determining
whether the vaccination program provides
sufficient protection to the pigs.

Research Methodology

Survey Data Collection

A face-to-face survey was conducted with
farm owner and veterinary staff to gather

information on the vaccination protocols
implemented on the farm as a consultative

group discussion. The survey included
structured questions regarding:

- Types to vaccines used

- Vaccination schedules for pigs at

different ages
- Methods of vaccine administration (e.g.,
intramuscular injection
- Vaccination practices and adherence to
manufacturer guidelines
The survey responses were recorded, and the
data were verified against farm vaccination
records to ensure accuracy. The results of the
survey were used to describe the existing
vaccination program and assess its alignment
with best practices for preventing diseases
such as PCV2 and other common infections.

Study Design and Sample Collection

The study was conducted on a pig farm in
Kampong Speu province, Cambodia, to
investigate the vaccination program and
antibody levels against PCV2 in pigs of
different ages. Blood samples were collected
from 120 pigs, which were divided into groups
based on their vaccination status and age.
Sample materials included gloves, masks,
syringes, needles, and sample tubes. The
samples were properly stored and transported
to the laboratory for analysis. Blood samples
were collected from nursery to fattening pigs
at 6, 8, 10, 12, 14, 18, and 25 weeks of age.

Laboratory Detection

In the laboratory, serum was extracted from
the blood samples within 24 hours using a
centrifuge (1400*g 10 mins). To detect PCV2
antibodies, the VDPro® PCV2 AB ELISA kit
was used according to the manufacturer’s
instructions. The indirect Enzyme-Linked
Immunosorbent Assay (ELISA) method

11
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involved preparing the samples with a dilution
buffer, which were then added to wells pre-
coated with inactivated PCV2 antigen. Positive
and negative controls provided by the kit were
included in each assay run to ensure validity.
The results were measured and recorded
using a spectrophotometer at 450nm, and the
antibody titers were calculated based on the
sample-to-positive (S/P) ratio.

Data Analysis check whether it change to
sample analysis

The research data evaluated by the ELISA
machine was transferred for statistical
analysis, including the positive and negative
control results read by the same machine to
confirm the findings.

- Level calculation S/P ratio

The S/P ration level calculation follows the
formula below:

Sample OD Value — Mean of OD of NC

S/P ratio = Mean of OD of PC — Mean of OD of NC

- Titer level calculation

Log10 Titer = 1.1 X Log10 (S/P) + 3.361

(Antilog = Titer)
Lead: Titer = 10" x Log(S/P) + 3.361

- Average

A mean refers to a point or a value that is in
the middle of a large number of sets of data.
To calculate the mean value, we need to add
all the values in the whole group ( X*) and
count all the values in group (n), and then we

divide the result ( ¥*) by (n). The mean value_(X)
is calculated by a formula below:

_ X
g-2X
n

Source: (Aviva and Paul, 2013) statistics for
Veterinary and Animal Science, the 3™ edition

Geometric Mean

Geometric Mean uses 10 base logarithms (log)
on each data point to calculate the log value
for those values. Then, the calculated value
was added together and divided by the unit
number (n). finally, the log of the calculated
value was calculated by taking the base 10 as
the power of that calculated value. The
formula that was used its shown below:

Coefficient of Variation (CV)

Geometric Mean = 10 &r 'logX)/n
OR Geometric Mean = /X; x X, x ... ...x X,y

The CV is a measure of relative variability. It is
calculated as the ration of the standard
deviation to the mean, expressed as a
percentage. The formula for the coefficient of
variation is:

Standard Deviation

CV% = Z x 100

Source: (Eric van Esch, 2013) Interpretation of
PCV2 ELISA Result, A New Approach.

Result

Vaccine programs used on the farm

Table 2: The first vaccination program used on pig farms

Age (weeks) Vaccine Program

Vaccine Product Name

Dosage

4 weeks PCV2 & Mycoplasma
PRRS

5 weeks CSF

8 weeks FMD (1)

12 weeks FMD (2)

Improvac (1) - optional

4 to 6 weeks before sale Improvac (2) - optional

Porcilis PCV2 M.hyo
Fostera Gold PCV MH
Prime Pac "™MPRRS

2 ml (muscular)
2 ml (muscular)
1 ml (muscular)

HC-VAC 2 ml (muscular)
Aftopor 1 ml (muscular)
Aftopor 1 ml (muscular)
Improvac 2 ml (subcutaneous)
Improvac 2 ml (subcutaneous)

12
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According to the survey, the farm is located in
Bor Seth district, Kampong Speu province,
where the farm raises live pigs. The owner
provides information through face-to-face
interviews, and the sample collection was
conducted among the pigs. According to the
actual practice on the pig farm during the study
period, there are two programs to vaccinate
animals against animal diseases, as shown
and explained below:

According to Table 2 the first vaccination
program used on pig farms consisted of 6
vaccines given to animals each week. The
four-week-old piglets were vaccinated against
three diseases infections, including PCV2,
mycoplasma, and PRRS. After all, the PCV2
and mycoplasma vaccines were included in a
single vaccine bottle. There are two vaccine

Table 3: The second vaccination program used in

option: Porcilis PCV2 M. hyo or Fostera Gold
PCV MH, which are given in 2ml intramuscular
injections, and PRRS, which is used in
combination with Prime PacTM PRRS 1ml
intramuscular. Five-week-old pigs were
vaccinated against the disease using the
product. HC-VAC in 2 ml intramuscularly. On
the other hand, 8-week-old pigs were
vaccinated against foot and mouth disease for
the first time and were used again in the next
4weeks, receiving the only Aftopor vaccine in
1ml intramuscularly. During the 12-week-old
pig feeding phase, the Improvac vaccination
program to produce a temporary immu-
nological suppression of testicular function,
which applies only to male pigs is repeated 4
to 6 weeks before sale

pig farms

Age (weeks) Vaccine Program

Vaccine Product
Dosage

Name
4 weeks PCV2 Circovac /CircoOne / 0.5/2/1 ml (muscular)
Suigen PCV2
PRRS Prime Pac ™MPRRS 1 ml (muscular)
5 weeks CSF HC-VAC 2 ml (muscular)
Mycoplasma Hyogen / Mycopac 2 ml (muscular)
8 weeks FMD (1) Aftopor 1 ml (muscular)
12 weeks FMD (2) Aftopor 1 ml (muscular)
Improvac (1) - optional Improvac 2 ml (subcutaneous)
4 to 6 weeks before Improvac (2) - optional Improvac 2 ml (subcutaneous)

sale

Table 3 shows the vaccine progam for use on
pig farms. There are 6 types of vaccines given
at each age, the same as the first option
shown in Table 3 However, for 4-week-old
nursery piglets, there was only one vaccine
against PCV2 and PRRS. On the other hand,
for PCV2, there were three different vaccines
available: Circovac, CircoOne, and Suigen
PCV2, which contain only the PCV2 vaccine in
one type. For PRRS, 1ml of Prime Pac TM
PRRS in the muscle was applied to the pigs.
And the vaccines against Mycoplasma and
Classical Swine Fever (CSV) were given to 5-
week-old piglets in  2ml intramuscularly.
However, the use of the foot-and-mouth
disease vaccine and Improvac is the same as
the application of the first program.

Antibody titer in pigs in each week based
on a cut-off sample-to-positive (S/P) value

According to Table 4, the antibody titer levels
based on the S/P values showed positive
results with the following percentages above
the positive cutoff S/P ratio: 100%, 66.67%,
100%, 100%, 100%, 86.67%, 100%, and 100%
at week 4, 6, 8, 10, 12, 14, 18, and 25,
respectively.  Negative samples were
observed at rats of 33.33% and 13.33% in
week 6 and 14, respectively. These results
indicate a high immune response in swine
following the vaccination program outlined in
Table 2 and 3.
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Table 4. Antibody titer in pigs in each week based on a cut-off sample-to-positive (S/P) ratio

Week 4 Week 6 Week 8

S/P

Week 10

Week 12 Week 14 Week 18 Week 25

Value 4 o o x 9 g

# % # % # % # %

<0.50 0 000 5 3333 0 000 O
0.50- .

0,60 0 000 1 667 0 000 O
0.60- .

070 0 000 1 667 0 000 O
0.70-

0.80 0 000 O 000 0 000 O
0.80-

0.90 0 000 O 000 O 000 1
0.90-

100 0 000 O 000 O 000 O
>1.00 15 100* 8 53.33* 15 100*
Total 15 100 15 100 15 100 15

000 O 0.00 2

0.00 1 6.67* 2

0.00 2

0.00 2

14 93.33* 8
100 15 100 15 100 15 100 15 100

1333 0 000 0O 0.00

13.33* 0 0.00 O 0.00

0.00 1 6.67* 0 0.00 0 000 O 0.00

13.33* 0 0.00 0 000 0 0.00

6.67* 1 6.67* 1 6.67° 0 0.00 O 0.00

13.33* O 0.00 0 000 0 0.00

53.33* 10 66.67* 15 100* 15 100*

Note: *Positive Cutoff S/P: >= 0.5 (Source: Porcine Circovirus Type 2 Antibody Test Kit of BioChe

Antibody titer in pigs from 4 to 25 weeks of
age

Mean of antibody level and coefficient of
variation on pigs aged from 4 to 25 weeks

According to Table 5, average antibody titer
and coefficients in 4-year-old pigs up to 25
weeks showed that the mean antibody level of
pigs with the highest value was in week 25,
with a value of 5,134 with a minimum of 3,853
and a maximum of 6,156. Also, the coefficient
of variation was 13%.

S

S/P Value
on

=
T

X H

o

0 L

Week 4 Week 6 Week 8

Week 10 Week 12 Week 14 Week 18 Week 25

The ages of pigs (weeks) for mean titer

Figure 1. Comparison of mean antibody titer in pigs aged 4 to 25 weeks in boxplot

In contrast, the mean antibody level of the pigs
with the lowest value was in week 6, which
was 2,227 with a minimum value of just 16 and
a maximum of 4,914, with a coefficient of
variation of 79%. According to Table 3 and 4,

14

the vaccines were used for pigs from 4 to 12
weeks of age, with the PCV2 vaccine given to
pigs at 4 weeks of age. Based on the
maximum titer level shown in Table 5, the
values were higher from week 4 to week 12
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and then diseased in week 6, 12, and 14, but
an increase in titer value happened in weeks

after. Therefore, this causes a fluctuation of
titer value from week to week.

Table 5. Average antibody titer and coefficients in pigs aged 4 to 25 Week

Age Number of Minimum Maximum

Mean level Coefficient

(Week) samples Titer Titer Antibodies (Mean Titer) Variation (% CV)
4 15 2981 4474 3742 12
6 15 16 4914 2227 79
8 15 2987 4908 4170 13
10 15 1987 4754 3831 21
12 15 1180 5095 2855 43
14 15 917 3973 2622 42
18 15 3059 4466 3873 9
25 15 3853 6156 5134 13

Note: According to Eric van Esch (2013), the interpretation of PCV2 from the ELISA result
- Group vaccinated: mean titter of 3000—6000 and CV% < 30%
- Group non-vaccinated: mean titer 0—7000 and CV% > 30%.

As shown in Figure 1, the mean antibody level
fluctuated, with the average seemingly
declining sharply in week 6 and 14, which can
be low because some animals may not have
had good immunity, resulting in a very low
mean antibody, as shown in Table 5.

The presence of antibodies, mean antibody
titer, and coefficient of variation in pigs
aged from 4 to 25 week

Table 6. Presence of antibodies, mean antibody titer, and coefficient of variation of pigs aged

from 4 to 25 weeks

Antibody titer
Age Number of
(Week) samples Presence of Average antibody level Coefficient of
antibodies (%) (Mean Titer) Variation (% CV)
4 15 100 3742 12
6 15 66.67 2227 79
8 15 100 4170 13
10 15 100 3831 21
12 15 100 2855 43
14 15 86.67 2622 42
18 15 100 3873 9
25 15 100 5134 13
Probability value ( P Value ) 0.0000

According to Table 6, 15 samples were present,
equivalent to 100% for each week except for
week 6 and 14, where only 10 and 13 samples
were present, respectively. The details of the
mean values for each week were describe in
Table 5.

According to the value P = 0.00 (P < 0.01), the
mean values of all groups were significantly
different in statistical analysis. The mean value
of 25-week-old pig antibodies was the highest
and also the standard high for week 4 to 12

15
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and 18, and the mean value of 14-week-old
pig antibodies was the lowest.

Discussion

The study successfully measured the levels of
antibodies (IgG) in pigs vaccinated against
Porcine Circovirus Type 2 (PCV2) using an
ELISA method. The primary focus on
determining how well the vaccination program
induced immunity across different age groups,
from 4 to 25 weeks. There are 6 types of
vaccination programs used on the hog farm,
given on a weekly basis. In addition, there are
4 vaccination programs for 6-week-old nursery
piglets, including PCV2, mycoplasma, PRRS,

and Classical Swine Fever (CSF), in this study.

Tizard (2019) also found that some vaccines
had been used against viruses in piglets under
6 months of age, including the Porcine
Circovirus. Vaccination is important in
minimizing the incidence of various diseases
(Rahn et al., 2015). According to Pozzi (2022),
in Israel, the vaccines used included PCV2
injected into hogs and young pigs. In the study
conducted by Lee and Yoo (2015), the
vaccines program was introduced to pigs at 3
weeks of age with PCV2, PRRS, and Atrophic
Rhinitis (AR) vaccines. At 4 weeks of age, they
recall Glasser’s diseases, enzootic pneumonia
and PRRS, which are different from the result
of the current study. Another study from Sum
et al. (2021) found that the PCV2 vaccine was
provided to piglets at 2 and a half weeks and
to sows and boar at 21 weeks.

The commercially available ELISA kit was
used according to its own guidelines, and the
study’s purpose was to measure antibody
levels, not develop or modify testing methods.
And regarding the interpretation of the results
from different studies, the diversity of the S/P
ratio value is different according to the kit they
used. And for this study, it was considered that
the positive value of the ration is to be higher
than 0.5. The ELISA S/P ratio cutoff is
determined to be 0.2 (Nawagigul et al., 2002);
therefore, piglets with an S/P ratio below 0.2
are considered negative for maternal
antibodies. Piglets with an S/P ration between
0.2 and 0.5 are considered to have a low level
of detectable maternal antibodies, whereas
piglet with an S/P ration higher than 0.5 have
a high level of maternal antibodies (McKeown
et al., 2005; Opriessnig et al., 2004).

16

As for the results of the antibody level from the
experiment, a total of 120 pig serum samples,
including 15 samples taken from 4-week-old
nursery piglets, contained antibodies from 15
samples that were 100% identical to the pig
antibodies in the other weeks except week 6
and 14, which had antibodies from 10 and 13
samples of pigs, respectively. Accordingly, the
value of P < 0.01 showed that the mean values
of the eight groups differed significantly in
statistical analysis.

Recent studies have observed variations in
antibody titers (IgG) against PCV2 in fattening
pigs. Notably, these studies indicate that
antibody levels are particularly lower in week
6 compared to other weeks.

One study found that after vaccination, PCV2-
specific IgG levels increase significantly up to
week 6, but a noticeable drop in these levels
occurs during this week. This phenomenon
could be attributed to the waning of
maternally-derived antibodies and the body’s
adaptation phase before a more robust
immune response is mounted later (Kim et al.,
2024; Oliver-Ferrando et al., 2016). Kim et al.
(2024) also found that the research indicated
that while initial vaccination led to increased
IgG levels, there was a notable decline at
weeks 6 and 14 compared to other periods.
This dip at week 6 is attributed to the transition
from maternally-derived antibodies to the
piglets’ own immune response, and a second
dip at week 14 suggests at possible need for
booster vaccinations to maintain immunity.
Additionally, research monitoring pigs from 2
to 25 weeks of age reported that while
antibody levels typically increase post-
vaccination, there is a dip around the 6" week.
This period seems critical as it marks the
transition phase from maternal immunity to the
piglets’ own immune response (Chen et al.,
2023; Oliver-Ferrando et al., 2016). These
findings highlight the importance of timing in
vaccination schedules and suggest that
traditional boosters or alternative strategies
might be necessary around the 6" week to
ensure consistent immunity against PCV2 in
fattening pigs.

Conclusions and Recommendations
Conclusion

Antibody titers of PCV2 have been detecting
using the ELISA technique in this study, and it
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is the first publication in Cambodia on antibody
titers (I9G) in nursery to fattening pig serum of
PCV2, in Kampong Speu province. There are
six types of vaccines used on pig farms,
including PCV2, mycoplasma, PRRS, CSF,
Foot-and-Mouth  Disease (FMD), and
Improvac. However, six-week-old nursery
piglets have already been vaccinated against
four diseases: PCV2, mycoplasma, PRRS,
and CSF. In addition, this study assessed
antibody titers (IgG) in pigs vaccinated against
PCV2 and found that while antibody levels
were generally elevated post-vaccinated,
there were significant fluctuations. The
antibody levels observed at week 6 were
below the typical protective threshold (S/P
ration < 0.5), suggesting that pigs may not be
fully protected from PCV2 infection at this
stage. However, by week 25, antibody titers
reached levels that are likely sufficient to
provide strong protection (S/P ratio = 0.5)
against the virus.

Therefore, the study indicates that while the
vaccination program induces a protective
immune response in pigs, there are critical
periods — particularly around week 6 — where
the animals may be vulnerable to PCV2
infection. Adjustments to the vaccination
schedule or the introduction of booster doses
may be required to ensure continuous
protection. However, it has been found that
pigs are more likely to acquire immunity
through direct vaccination (adopting), and
some can be acquired naturally, especially
from the sows. However, immunity also tends
to increase as animals get older, according to
the study.

Recommendation

Based on the findings, it is recommended that
the current vaccination schedule be reviewed,
particularly to address the dip in antibody
levels around week 6, which may leave pigs
vulnerable to PCV2 infection. Introducing
booster vaccinations during this period could
help maintain protective antibody levels.

The study recommends further detection of
IgG on gilts, parity sows, and boars, as well as
IgG in household, small-scale, and semi-
commercial pig farms. Moreover, the herd
health status monitoring and evaluation
vaccination program, which includes PCV2
and PRRSV, should be considered. Last but
not least, veterinarians must adhere to the

principles of proper vaccination and not
exceed the prescribed dose to reduce PCV2
transmission in pigs, while also require the
cooperation of farm managers, technicians,
and farm operators.
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Abstract

Chili pepper is an important spice crop in Cambodia and worldwide, but its production and productivity are
severely affected by different biotic and abiotic factors. Among these, root-knot nematodes (RKN)
(Meloidogyne incognita), both directly and indirectly, could reduce chili pepper yield significantly, if without
proper management strategies. In Cambodia, information on RKN management has been limited for
farmers and extension workers. This study was conducted to evaluate the effects of chemical and biological
control options currently available in Cambodia to manage RKN in chili pepper. A Randomized Complete
Block Design (RCBD) in net-house condition was used to test six different treatments including
uninoculated control, and treatments with Bacillus firmus, Paecilomyces lilacinus, B. firmus combine with
P. lilacinus, and Carbofuran on inoculated plants. For treated controls, commercial products and their
recommendation rates provided by the companies were used. Each treatment was replicated six times,
using planting pots filled with sterile soil as experimental units. Plant height, fresh weight, number of root
knots, and numbers RKN eggs and juvenile extracted from plant roots after treatments were collected to
compare treatment efficacies. Results indicated that drenching application of P. lilacinus or P. lilacinus
mixed with B. firmus were most effective in reducing the RKN infestation and corrected well with the plant
fresh, as they could reduce the negative impact of RKN on plant growth. Using B. firmus alone seemed to
be less effective. Surprisingly, application of Carbofuran using recommendation rate as drenching was less
effective and could cause some phytotoxicity on treated plants. These results provide insight into the current
management of RKN on plant in Cambodia, and can assist in the development of management strategies

and further research for optimization.

Key words: Chili pepper, Root-knot nematode, Meloidogyne incognita, Biological, Chemical controls
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Abstract

Yardlong bean (Vigna unguiculata subsp. sesquipedalis), a common crop in Cambodia, is easy to plant
and harvest, which produces tasty green pods and provide many health benefit. The crop requires more
phosphorus (P) for its root nodule growth. However, 80% of P cannot be absorbed by the crops. Arbuscular
mycorrhizal (AM) fungi is a microorganism that establish a symbiotic relationship with plant’s roots. AM
fungi helps absorbing nutrients such as nitrogen (N) and Phosphorus (P) from soil and transfer it to the crop
for its growth. The objective for this experiment is to evaluate the effect of AM fungi on yardlong beans’
growth and pod yield with the application of the 4 AM fungi rate: 0, 5, 10, and 15 g/plant. The pot experiment
was carried out under greenhouse condition with the use of completely randomized design (CRD).
Results showed that yardlong bean treated with AM fungi excelled better growth such as numbers of pods
per plant, pot weight, and pod length compared to yardlong beans without AM fungi application. It can be
concluded that AM fungi improve the growth and pod yield of yardlong bean with the better results at
10g/plant of AM fungi. The future research should focus on mass multiplication of AM fungi, the economical
return, and different soil condition particularly on low-P soils.

Key words: Yardlong bean, Arbuscular mycorrhiza fungi, Growth, Pod Yield
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Introduction

The family Orchidaceae consists of about
20,000 to 35,000 species distributed in 800
genera. The number constitutes roughly 10%
of all flowering plants in the plant kingdom
(Rimando, 2001). Orchids belong to one of the
largest families of flowering plants and are
known for their beauty and economic
importance. They are particularly significant to
the horticulture industry and floristry (Ketsa &
Warrington, 2023; Yuan et al., 2021). Orchids
are widely distributed across diverse habitats,
ranging from cool mountain peaks to arid
deserts, and can be found growing on rocks,
tree branches, and the roots of mangrove
forests near streams (Besi et al.,, 2023).
However, they are absent from marine
environments and the Arctic region. Most
orchids live in the humid tropics of the northern
and southern hemispheres, especially in
mountainous areas (Jalal, 2012). The greatest
diversity of orchids is found in New Guinea,
Indonesia, the Philippines, Thailand, India,
Malaysia, and other parts of Asia, as well as in
Mexico, Africa, and Central America, including
countries such as Costa Rica, Guatemala,
Panama, and Honduras (Yuan et al., 2021).
On the west coast of South America, countries
such as Chile, Peru, Ecuador, and Colombia
are rich in orchid species. Hawaii, which is
considered a center of the orchid industry, is
also home to several important orchid varieties
(Palma et al., 2010). Under protected
cultivation in tropical climates, various high-

value flowers are produced, including orchids,
which thrive despite biotic factors (Tiwari et al.,
2024). Orchids are cultivated as high-value
crops and are marketed both as cut flowers
and potted plants. Recently, the
commercialization of orchids has been
growing in the world, with various varieties of
orchids grown commercially, including
Arachnis, Cattleya, Cymbidium, Dendrobium
sp. Mokara, Oncidium, Phelanopsis, and
Vanda. Dendrobium sp. is a tropical orchid that
is easy to grow, very popular, and in high
demand in the market (Ketsa & Warrington,
2023). Dendrobium sp. is one of the largest
genera in the Orchidaceae family, comprising
approximately 1,340 species and thousands of
hybrids in various colours, including purple,
red, yellow, and pink. It is notable for its
unusual appearance: it is a sympodial and
epiphytic orchid that lacks pseudobulbs but
possesses thick, cane-like stems that bear
green leaves. These orchids exhibit rapid
growth during the summer and enter a
dormant phase in the winter. In spring, new
shoots emerge, which later Dendrobium sp.
orchids are popular for their beauty and
commercial value, but their growth and
flowering depend heavily on proper nutrient
management (Li et al., 2022; Tiwari et al.,
2023). Phosphorus (P) and potassium (K) are
key nutrients that influence root development,
flower formation, and overall plant health
(Sinha & Tandon, 2020; Wang et al., 2021).
However, there is limited research on how
different P:K fertilizer ratios affect Dendrobium
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sp. The study aimed to evaluate the effects of
phosphorus (P) and potassium (K) fertilizers
on the growth and flowering of orchids
(Dendrobium sp.) as influenced by different
P:K fertilizer ratios.

Materials and Methods

The experiments were conducted under net
house conditions from February 2022 to
January 2023. The experimental design was a
randomized complete block design (RCBD)
with three replications and nine treatments.
Each treatment consisted of six plants,
resulting in a total of 162 plants. Samples were
collected from five pots per treatment, which
were grown under net house conditions at the
Department of Horticulture, Faculty of
Agricultural Science, Royal University of
Agriculture, Cambodia. The plants were grown
with 50% shade and received full-day natural
light. The shaded greenhouse was 36.6 °C
during the day and 26.4 °C at night. The plants
were potted into 20 cm x 15 cm containers in

mid-February with a medium consisting of 100%

coconut husk.

Plant fertilization treatments were designed to
establish varying phosphorus (P) and
potassium (K) levels in orchid plants. All
treatments received a constant nitrogen (N)
rate of 100 mg/L, and the P:K ratios (mg/L)
applied were as follows: 50:75, 75:75, 50:100,
75:50, 75:75, 75:100, 100:50, 100:75, and
100:100. Fertilizer was applied continuously
for a period of eight months.

After 8 months, the plant growth parameters,
including plant height, stem diameter, leaf
number, total leaf area, number of
pseudobulbs per clump, inflorescence length,
and flowering date, were recorded. The
number of inflorescences per clump was
collected during August and September 2022.
For measuring length and width of any plant
part digital vernier caliper and measuring tape
were used. Inflorescence length (IL) was the
length from the base of the inflorescence
peduncle to the apex of the highest opened
flower. Inflorescence length was measured
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using a ruler. The number of pseudobulbs per
clump was measured from the point where
they are old.

All data were subjected to statistical analysis.
Analysis of variance (ANOVA) was performed
and the least significant difference (LSD)
among the treatments mean at p<0.05 was
calculated by using Microsoft Excel and
Statistix 8.

Results and Discussions

This chapter presents a discussion of the
results obtained from the experiment
conducted between February 2022 and
January 2023, which aimed to evaluate the
growth performance of Dendrobium sp. in
response to different PK spray concentrations.
The results are discussed below.

Effect of Different P and K Fertilizer Rates
on Plant Height and Stem Diameter

Plant height (cm)

Table 1 shows that plant height differs
significantly at 90 days (p < 0.05) and 120
days (p < 0.01), while no significant
differences are observed at 30 and 60 days (p
> 0.05). At 90 days, plant height was highest
in the treatment with P:K = 75:100 mg/L
(35.33 £ 3.18cm), while the lowest height was
observed with P:K = 50:70 mg/L
(28.36 £5.58cm). At 120 days, plant height
was highest in the treatment with P:K = 75:100
mg/L (561.03+2.27cm), while the lowest height
was observed with P:K = 50:100 mg/L (31.22
1+ 9.90cm). This result is consistent with the
findings of Bichsel et al. (2008). A wide range
of studies globally have confirmed the crucial
roles of P and K in the successful cultivation of
orchids (Biswas et al., 2021). Orchids, due to
their epiphytic nature, are often grown in
soilless substrates that are deficient in
essential macronutrients like P and K, which
are important for plant development (Biswas et
al., 2025). Orchid plant height was lower in the
control treatment compared to those treated
with the spray formulation, indicating that the
application of various nutrients had a
significant effect on plant growth. These
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findings are consistent with the results of
previous studies Siyu et al. (2025). The
application of phosphorus and potassium is
essential for enhancing orchid growth,
particularly in soilless conditions where these
macronutrients are limited. The observed
increase in plant height with nutrient spray
treatments reinforces findings from previous

studies, confirming the positive impact of P
and K on orchid development. Availability of
sufficient of K and P at 90 and 120 days under
P:K = 75:100) treatment likely facilitate
efficient water and nutrient uptake by the
orchids, also K may have enhanced nutrient
and carbohydrate translocation within the
plant, which is crucial for optimal plant growth.

Table 1. Effect of different P and K Fertilizers on Plant height (cm)

Treatment Plant height (cm)
(P:K mg/L) 30 Days 60 Days 90 Days 120 Days
(Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD)
50:50 7.76 £2.30 18.72 + 8.16 32.46 £+ 3.51abcd 37.52 + 3.50cd
50:75 5.53 + 1.66 15.56 + 0.76 28.36 + 5.58d 34.77 £ 1.33de
50:100 4.29 £ 0.40 15.56 +1.72 30.68 £ 0.33bcd 31.22 £ 9.90e
75:50 7.50 +2.84 22.78 +1.12 33.57 £ 2.19abc 43.94 + 2.77abc
75:75 8.70 £ 4.74 20.17 £4.09 31.57 £+ 3.05abcd 42.33 +5.21bc
75:100 10.76 £ 1.00 20.62 + 5.67 35.33+3.18a 51.03 £ 2.27a
100:50 7.29 +0.54 23.02 +2.30 32.47 £ 1.51abcd 46.36 + 4.65ab
100:75 7.63 +4.81 22.78 + 4.88 29.53 £ 0.75cd 41.56 + 9.34bcd
100:100 6.76 + 1.82 20.27 £ 2.25 34.54 £ 6.80ab 39.67 + 2.85bcd
ANOVA ns ns * **
LSD5% - - 1.95 3.46
CV% 35.38 21.95 7.48 10.42

Mean * Standard Deviation (SD); Plant Height on Different Days After Treatment (30, 60, 90, and 120 Days).

Stem diameter (cm)

The results of this study indicated that varying
P and K ratios had no statistically significant
effect on the stem diameter of orchids across
all measurement intervals (30, 60, 90, and 120
days after planting; p > 0.05) (Table 2). This
outcome suggests that stem diameter may be
relatively insensitive to alterations in the P:K
ratio under the given experimental conditions
(Biswas et al., 2021; Zhang et al., 2018).
Additionally, genetic factors may limit stem
diameter response to nutrient management,
while environmental conditions—such as light,
humidity, and temperature—could have had a
stronger influence, potentially masking subtle
nutrient effects. Moreover, the experimental
duration may have been too short for
noticeable anatomical changes to develop,

especially given orchids' slow growth rates (De
& Biswas, 2022).

The findings suggest that stem diameter in
orchids is not significantly influenced by
variations in P and K ratios under the
conditions tested. This may be attributed to the
species’ low nutrient demand, genetic
limitations, and stronger environmental
influences, along with the relatively short
experimental period insufficient for detecting
structural changes. Future studies should
consider longer durations and evaluate
additional growth parameters to better
understand the role of nutrient management in
orchid development.
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Table 2. Effect of different P and K fertilizer on stem diameter (cm)

Treatment Stem diameter (cm)
(P:K mg/L) 30 Days 60 Days 90 Days 120 Days
(Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD)
50:50 9.14+1.10 10.93 £ 0.82 11.61 £ 0.69 11.74 £ 0.51
50:75 9.35+0.59 11.23 £ 0.57 12.89 £ 0.20 11.84+£1.19
50:100 7.50 + 3.42 10.59 + 0.71 11.62 +1.11 11.10 £ 0.59
75:50 9.03 £ 0.92 11.15+0.73 10.86 + 0.53 12.58 + 0.46
75:75 7.50+2.15 7.94 +0.12 11.45 +0.88 12.11 £ 0.64
75:100 9.14 £ 1.11 10.86 £ 0.35 1210 £ 0.16 12.77 £ 0.77
100:50 9.35+1.01 10.96 + 0.40 11.41 £ 0.33 11.78 £ 0.87
100:75 8.85+ 1.00 10.33+1.98 11.52 £ 1.42 11.52 £ 1.21
100:100 9.23 +0.68 10.68 + 0.40 13.34 £ 0.32 12.11 £ 0.61
ANOVA ns ns ns ns

Mean + Standard Deviation (SD); Plant Height on Different Days After Treatment (30, 60, 90, and 120 Days).

Effect of different P:K fertilizer on leaf size
(cm), Number of leaves plant and flowering
dates (days)

Total leaf area and number of leaves per
plant

The application of different P:K ratios had no
significant effect on the total leaf area and
number of leaves per plant of orchids after
planting (p > 0.05) (Table 3). According to the
LSD test results, the leaf surface area did not

differ significantly among treatments with
varying phosphorus and potassium levels at
the 95% confidence level. Wang (2000)
experiment, Phalaenopsis grown in a nutrient
solution containing 50 mg/L of phosphorus
showed optimal growth, reproduction, and
node development. This finding is consistent
with results from experiments on Dendrobium
sp. found to be highly suitable for promoting
growth and reproductive development.

Table 3. Effect of Different P and K fertilizer on total leaf area, Number of leaves per plant
and flowering date (stages of inflorescence development)

Treatment Total leaf area (cm?) Number of leaves per plant  Flowering dates (days)
(P:K mg/L) (Mean £ SD) (Mean £ SD) (Mean £ SD)
50:50 43.86 £ 9.45 5.33+0.33 93.33+2.96
50:75 49.71 £ 4.22 5.78 + 0.84 96.89 + 7.34
50:100 38.99+7.05 5.89 + 0.51 95.50 + 14.26
75:50 54.59 + 7.37 6.22 + 0.51 86.00 + 6.23
75:75 48.61 +4.13 6.89 + 1.54 78.11 £ 5.39
75:100 54.08 + 5.09 5.89 £ 0.77 85.78 + 8.80
100:50 49.95 + 3.11 6.33 £ 0.58 89.67 +4.70
100:75 46.07 £ 7.56 6.11+0.84 84.78 £ 10.73
100:100 46.77 £ 1.90 6.44 + 0.51 97.11 £ 5.50
ANOVA ns ns ns

Mean + Standard Deviation (SD)
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Additionally, adequate potassium application
was shown to enhance leaf strength and
overall plant health. Varying P:K ratios had no
significant effect on the total leaf area, number
of leaves per plant orchid under the conditions
tested. While previous studies have shown
optimal growth at specific phosphorus and
potassium levels, the present findings suggest
that leaf area may be less responsive to P:K
variations within the tested range.

Flowering dates

The application of different P:K ratios had no
significant effect on flowering dates of orchids
after planting (p > 0.05) (Table 3). The results
of the flowering dates showed that in the LSD
table, which used different levels of
phosphorus and potassium in each treatment,
there was no significant difference. Gordon
(1985) recommended that a fertilizer high in P
be used prior to and during the development
of the inflorescence for best flowering. It is
possible that the peat-containing medium
retained an adequate level of all nutrients for
good flowering, regardless of which fertilizer
was used, whereas P level may need to be
increased for plants grown in bark to get
similar results (Bichsel et al., 2008). Different
P:K ratios had no significant effect on the
flowering dates of orchids. This may be due to
the nutrient-retentive properties of the peat-
based medium, which likely provided sufficient
phosphorus for flowering across all treatments,
aligning with previous findings on substrate
influence in orchid cultivation.

Conclusion

This study demonstrated that phosphorus and
potassium application play an essential role in
supporting the growth of Dendrobium sp.,
particularly ~ under  soilless cultivation
conditions where macronutrient availability is
limited. The positive response in plant height
to nutrient spray treatments aligns with
previous research, highlighting the beneficial
effects of P and K on orchid development.
However, varying P:K ratios did not

significantly influence total leaf area, number
of leaves per plant, or flowering dates. These
findings suggest that, within the tested range,
orchid vegetative and reproductive responses
may be less sensitive to changes in P:K ratios,
possibly due to the nutrient-retaining capacity
of the peat-based growing medium. Further
research is recommended to evaluate long-
term effects and to explore responses in
different substrates or under varying
environmental conditions.
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Abstract

Khmer lemongrass paste (Kreung) and ground roasted rice (GRR) are the main ingredients for cooking
Khmer Korko soup. In fact, fresh lemongrass paste used for this soup preparation needs much time to
prepare because it has a lot of ingredients and might affect the soup color and viscosity. Furthermore, this
lemongrass paste is not able to be stored for a long period of time due to lack of suitable preservation
technique. The purposes of this research were to determine the appropriate amount of turmeric and
ground roasted rice (GRR) for the processing of Khmer Korko soup powder and to evaluate the quality
of the product through sensory evaluation and chemical composition analysis. This study was divided
into 6 treatments and 3 replications. The variables were turmeric content of 10% and 15% and GRR of 80%,
100%, and 120% compared with dried Korko soup powder. The parameters used for sensory evaluation in
powder form were the level of preference for color, smell, texture and general preference and in soup form
were color, smell, taste, viscosity and general preference. The chemical analysis was moisture content,
ash, water activity, fiber, calcium, magnesium, iron, fat and carbohydrate. The results showed that
treatment T1 used 10% of turmeric and 80% of GRR received high similar score as other treatments for
sensory evaluation. This treatment contained of 8.24% moisture content, 0.47 water activity, 7.90% ash,
25.47% fiber, 0.88g/Kg calcium, 0.03g/Kg magnesium, 0.34g/Kg iron, 1.39% fat and 85.99% carbohydrate.
It has a low moisture content and low water activity; thus, inhibit for microorganisms’ growth. Therefore, the
treatment T+ formulated with 10% turmeric and 80% roasted rice is suitable for consumption because it has
the appropriate level of satisfaction and is rich in fiber.

Key words: chemical composition, drying, Korko soup powder, sensory test
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Abstract

Transplanting (TP) is used to be the most predominant method in
rainfed lowlands rice establishment. However, due to labor
shortage, direct seeding (DS) steadily increased. A series of
experiments were conducted in 2015-2018 in the wet seasons in
Cambodia with 34 genotypes to determine whether cultivar type
required for DS is the same as TP and whether there are particular
plant characters that are required for DS. Results showed that there
was no significant effect of planting method (DS vs TP) and
genotype-by-planting method interaction except in a few cases
where yield of DS rice was reduced greatly due to high weed
competition. This finding suggests that the current breeding
program can be used either for TP and DS and thus maintain
maximum flexibility in cultivar choice. However, for DS more
emphasis is required for weed competition and lodging resistance.
This series of experiments indicated that weed significantly reduced
yield but there was no significant effect of genotype-by-weed and
genotype-by-planting method interaction for yield. Genotype
variation in lodging under DS and TP were strongly correlated (R?
= 0.68 — 0.82**), and as well under weeded and non-weeded (R? =
0.85**). Lodging tolerance was related to genotypic variation in the
1stand 2" internode length and plant height but not with the 3™ stem
diameter. Thus, it can be concluded that breeding program on
rainfed lowland rice using TP, can also be used for selecting cultivar
for DS, except in the lodging prone areas. In these areas, where
weeds are controlled properly, transplanting crop can be used to
select for yield potential and some agronomic measures, while
selection for lodging tolerance using short length of the 1st and 2nd
internodes with intermediate plant type should be conducted under
DS conditions.

Key words: DS, cultivar requirement, genotype-by-planting method
interaction
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Introduction

Unpredictable water supply is a common
feature of rainfed lowland rice ecosystems in
SE Asia. A large portion of the world’s rice
production comes from these areas. The
rainfed lowlands occupy 74% of the total rice
production area in Thailand, 65% in Lao PDR
(Mitchell et al., 2004) and 81% in Cambodia
(MAFF, 2015). The rainfed lowland area sown
to rice that is direct seeded (DS: broadcasting
and row seed drilled) has increased in recent
years and is likely to continue to increase in
Asia with the development of DS technology
packages suitable for particular agro-

ecological zones and the labor-saving cost.
The advantages and disadvantages of both
establishment methods have been widely
reported in terms of both economics and
production system (De Datta, 1986; Fukai
2002; Pandey and Velasco, 2002). In general,
in terms of grain yield, particularly from
farmer’s fields, it is found that transplanting
(TP) out performs DS establishment (Naklang
et al., 1996, Pandey and Velasco 2002). In
contrast, Sharma (1995), and Reddy and
Panda (1988), suggested that DS crops
perform better than TP crops. But Mitchell et
al., (2004) examined many DS and TP
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experiments conducted in Asia and concluded
that under both experimental conditions and in
farmer’s fields there is very little difference in
yield between the two establishment methods.
That is, if DS and TP rice are grown in the
same environment, they should produce a
similar yield. There are specific advantages
such as high density, early seeding, quick
maturity (Nagamine and Wada, 1982) and
disadvantages such as weed problem, lodging
of DS rice (Yoshinaga, 2005). However,
Thakur (1993) reported that higher monitory
return can be achieved by TP while there is no
difference in cost benefit ratio between two
methods of establishment. In an economic
analysis by Pandey and Valasco (2002) and
Budhar and Tamilselvan (2002) reported that
the technical efficiency of rice production is
higher and more variable for direct seeded rice
than for transplanted rice.

To maximize the potential advantages of the
DS method, farmers need to engage a high
level of management, particularly in the
rainfed lowlands compared with irrigated
environments. Furthermore, if the
management levels and their skills can be
raised by those farmers using the DS
establishment methods then there is likely to
be a yield and economic advantage in using
the method. The implication of DS
technologies for rainfed lowland rice was
studied in Thailand, Philippines and Laos
(Fukai 2002, Romyan et al., 2002, Phuong et
al., 2005, Sipaseuth et al., 2002).

Fukai (2002) described the favorable
agronomic characteristics associated with
cultivars suitable for DS. For early crop
establishment in DS, the ability to germinate
and emerge under a wide range of moisture
conditions is required. Lodging during ripening
stage is another undesirable character for DS.
The experience on variety requirements for
competitiveness against weeds in Thailand
indicated that late maturity is more suitable for
DS (Naklang et al., 1996). Wade et al. (1999)
suggested that cultivars suitable for direct
seeding need to be vigorous for good
establishment and competition against weeds.
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Rickman et al., (2001) found that land leveling
and weeding doubled rainfed lowland rice
yield (1.8 to 3.2 tha'). Shu Fukai and Ouk
Makara, (2012) concluded that in DS rice there
is an interactive effect of poor crop
establishment on weed population and thus on
yields.

Lodging is considered to be a disadvantage
character of genotypes for DS (Yoshinaga et
al., 2001). Lodging in rice may be classified
into three types: culm bending, culm breaking,
and root lodging (Kono, 1995). Culm bending
is caused due to heavy panicles or due to the
occurrence of rain and wind during crop
maturation (Kashiwagi et al., 2007). Culm
breaking generally occurs at the lower
internodes due to excessive bending moment
of the upper part of plants (Islam et al., 2007).
Root lodging occurs in the upland rice or upon
direct sowing when the roots fail to attach
securely to the soil (Watanabe, 1997).
Lodging often occurs during the grain filling
stage due to several biotic and abiotic factors.
In terms of culm breaking, the primary
influencing factors of lodging are stem
diameter, culm wall thickness, leaf sheath,
plumpness, dry density, vascular bundles,
internode length, plant height, height of the
center of gravity, rigidity of the lower portion,
weight of the upper portion (Fang Liu, et al.,
2018; M. Sirajul Islam, et al., 2017; Jun Zhang,
et al., 2014; Zhao, D. D., et al., 20121).
Previous studies have mostly reported
transplanted rice lodging primarily occurring at
the basal internodes, including the third and
fourth internodes beginning from the top of the
plants (Hoshikawa et al., 1990; Islam et al.,
2007). Later studies on transplanted rice also
reported that lodging tolerance capability is
influenced by various traits, such as plant
height and weight, length of the basal
internodes, panicle length, leaf sheath
plumpness, and diameter and thickness of the
basal internodes (Kashiwagi et al., 2008;
Ookawa T. etal., 2010; Wang & Li, 2005;
Zhang et al., 2014; Xiaoyun Luo et al., 2022).
Growth conditions, such as heavy nitrogen
fertilization, high soil fertility, sheath blight
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attacks, and high planting density often lead to
weak, long, and thin basal internodes,
ultimately leading to lodging (Duy et al., 2004;
Mobasser et al., 2009; Wu etal., 2012). A
study on comparison of yield in a set of
genotypes under DS and TP at four growing
conditions in northeast Thailand (Hayashi et
al., 2007), suggested that large panicle
number is important for better yield for TP
while spikelet per panicle is important for DS.

However, there is no evidence available on
plant morphological characteristics associated
with lodging in direct seeded rice. In Cambodia,
despite the DS rice in rainfed lowland area

remarkedly increased from 25% in 2009 to 81%

in 2014 (CARDI, 2020), the -cultivar
requirement for wet season in rainfed lowlands
has not been studied in detail. A key question
being asked in the present study is whether
variety requirement for DS is the same as TP.
This has implications for the re-focusing
varietal development and testing program of
the rice breeding program in Cambodia.

The objectives of this paper were (1) to
determine if cultivar requirements for DS are
similar for TP in rainfed lowlands so that
appropriate selection strategies for the
breeding program can be developed to
develop cultivars suitable for DS for this
ecosystem and (2) to identify characters that
are suitable for cultivar adaptation in DS.
Weed competition and lodging tolerance

associated with stem diameter and inter-node
length were investigated.

Materials and methods

Eight experiments were conducted with 34
genotypes (33 genotypes in 2018) under
broadcasting (further referred as direct
seeding, DS) and transplanting (TP) in wet
seasons during 2015-2018 under rainfed
lowland conditions. Varietal differences in
competitiveness with weeds, lodging and stem
characteristics were also studied in these
experiments. In 2015-2017, the genotypic
yield performance was investigated under DS
and TP. In 2015 and 2016, the experiments
were conducted at Cambodian Agriculture
Research and Development Institute (CARDI)
in Phnom Penh, and Battambang (Northwest)
while in 2017, Kampong Thom was added.
The details of these locations are presented in
Table 1. However, Battambang experiment
was damaged by flood in 2015. In 2015 and
2016 experiments, the area was treated with
herbicide to control weeds. In 2017, no
herbicide was applied to examine genotypic
performance under different weed control
conditions. Each plot was divided into two
subplots one with hand weeding at 30 days
after sowing (DAS) and the other 60 DAS. In
2018, experiments were conducted under DS
only at CARDI, with hand weed control at 35
and 60 DAS and without weed control.

Table 1. Summary of direct seeding (DS) and transplanting (TP) experiments from 2015 to 2018.

Year Experiment Location Number of lines

2015 DS and TP (yield comparison) CARDI, Battambang? 34

2016 DS and TP (yield comparison, CARDI, Battambang 34
lodging, and stem characters)

2017 DS and TP (yield comparison, CARDI, Battambang, 34
lodging, stem characters, and weed Kampong Thom
competition)

2018 Only DS (yield comparison with and CARDI 33

without weeds, lodging, and stem
characters)

@Flood damage caused crop failure
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Genotypes

Thirty-four  genotypes, including local
landraces, improved cultivars from CARDI’s
breeding program, Thai-ACIAR populations
(IR66327, IR66367, and IR66368) and IRRI
(IR 66, IR57514-PMI-5-B-1-2, and IR66331-
PMI-32), were used for the experiment. These
genotypes were randomly sampled for wide
variation in grain yield, flowering date, and
grain quality characters. The Thai-ACIAR
genotypes were tested in Northeast Thailand

and showed some degree of drought
adaptation. The local landraces were collected
from different rice growing regions in
Cambodia and are being used for pure line
selection or as parent materials in the national
rice breeding program. All the CAR cultivars
are pure lines selected from the local
landraces. There was a group of local
landraces selected from rural areas where the
aromatic character is predominant.

Hence, the 34 genotypes can be considered
as a random population (Table 2).

Table 2. List of genotypes and their sources used in experiments from 2015 to 2018.

Years tested
No. [Genotype Source
2000-02 | 2003
1 |CAR1 x x CARDI pure line selection
2 [CAR3 x x CARDI pure line selection
3 |CAR4 x X CARDI pure line selection
4 |CARG6 X x CARDI pure line selection
5 |CAR8 x x CARDI pure line selection
6 |CAR9 X X CARDI pure line selection
7 |CAR11 X - CARDI pure line selection
8 |Phka Rumchang X CARDI pure line selection, aromatic
9 |Phka Rumchek X x CARDI pure line selection, aromatic
10 [Riang Chey X X CARDI pure line selection
11 [Santepheap 3 X x CARDI pure line selection
12 (IR66 X X IRRI'introduction
13 [IR46331-PMI-32-2-1-1(P1) X X IRRIintroduction
14 |IR57514-PMI-5-B-1-2 X X IRRI introduction
15 [IR66327-KKN-25-P1-3R-0 x x Thai- ACIAR population
16 [Somaly X X Local landrace, aromatic
17 |IR66367-CPA-18-P1-3R-0 X X Thai- ACIAR population
18 [IR66368-CPA-84-P1-3R-0 x x Thai- ACIAR population
19 [IR66327-KKN-54-P1-3R-0 x x Thai- ACIAR population
20 (IR66327-KKN-8-P1-3R-0 X X Thai- ACIAR population
21 [Bang Kuy (acc. 2865) x X Local landrace
22 |IR66327-KKN-10-P1-3R-0 x x Thai- ACIAR population
23 |CIR158-B-B-SB-8-3-2 X X CARDI’s breeding line,
24 |Khpor Daung X X Local landrace
25 |Chhma Prum X X Local landrace
26 [Mrum X x Local landrace
27 [Sroov Kraham X X Local landrace
28 |Phka Khnei X X Local landrace
29 |[Krachak Chab X x Local landrace
30 [Sar Chhmar x x Local landrace
31 [Neang Minh X x Local landrace
32 [Neang Kong x x Local landrace
33 [Neang Minh Tonn x x Local landrace
34 |Angkrang x x Local landrace
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Cultural conditions
DS was done at the time of seedbed

establishment for TP experiments. Sowing
dates varied from early-June to mid-August
across years and locations. The August seed
sowing occurred only at CARDI. Pre-soaked
seeds (overnight) at the rate of 100 kg ha’
(dried seed) were broadcast evenly in an area
of 5 m x 2 m. Fertilizer was applied as a basal
application of 30 kg N ha, 30 kg P.Osha™ and
30 kg K20 ha™ and as a top dressing of 30 kg
N ha” prior to flowering at all locations. All
experiments were grown under normal rainfed
conditions  without any supplementary
irrigation.

For TP treatment, nursery beds were prepared
at the time of land preparation for DS.
Saturated soil moisture condition was
maintained for the seed beds. Adequate basal
nutrients (N, P, K) were applied to avoid any
nutrient deficiency in young seedlings. Pulling
and TP was done when seedlings were 30
days old. Two to three seedlings were
transplanted by hand with the spacing of 20 x
20 cm in the experimental plots. Fertilizer was
applied as a basal application of 30 kg N ha™,
30 kg P20sha™ and 30 kg K.O ha' and as a
top dressing of 30 kg N ha™ prior to flowering
at all locations. Plant density for DS and TP
was not unique at all the time.

Data collection

The tiller count was taken from random 10 hills
taken from the three middle rows of each plot
in TP experiment while from two sampling
areas (each of 0.5 m x 0.5 m) from the middle
plot in DS experiment. Plant height, stem
diameter of internodes, and length of
internodes were measured from 10 main tillers
that were randomly taken from the three
middle rows (TP) or 0.5 m? area (DS). Grain
yields were measured and adjusted to 14%
moisture content and days to flower (DTF)
measured as the time from seeding to when
approximately 50% of the plants (main culm)
in a plot had flowered. Plants were harvested
from a 7.36 m? area from the middle of the plot.
The level of free water in the experimental
paddies was measured relative to the soil

surface once or twice a week using 60 cm long
PVC tubes that were embedded in the ground.
The lowest measurable water level was 50 cm
below the soil surface. This measurement
ensured that there was no water stress at any
time of the growth.

Genotype differences in lodging were
recorded at 8-9 rice stage (INGER, 1996)
under both DS and TP at CARDI in 2016 and
at CARDI, Battambang, and Kampong Thom
in 2017. Genotype differences for stem
diameters of the 3™ internode of 10 main
culms were tested under DS and TP at CARDI
in 2016 and only under DS at CARDI,
Kampong Thom, and Battambang in 2017. In
the 2018 experiment, length of 1-6 internodes
and plant height of 10 main culms at maturity
were measured in non-weeded and weeded
(weeding after 35 days of sowing) treatments
to test against percentage of plant lodging.

Analyses of variance

Each trial was conducted as randomized
complete block design with three replications.
Analyses of variance were conducted for
individual experiments as well as in
combinations of establishment method, weed
control, location, and year. For combined
analysis, year and location were treated as
fixed effects while genotypes as random. The
differences among genotypes, planting
methods, weed control treatments and stem
characteristics alone with their interactions
were statistically tested. To investigate the
genotype differences for weed competition the
data from 2017 and 2018 experiments were
analyzed separately by partitioning total
variation among replications, genotypes, weed
effects within genotype and error in the
analysis of variance. The data on internode
length of genotypes in DS 2018 experiments
were also statistically analyzed and the
relationship between lodging and internode
lengths in weed experiments were also
analyzed.
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Results
Genotypic performance in DS and TP

flowering (75-145 days) was broader than that
at Battambang (85-140 days). The genotype

IR66 flowered 10 days earlier at CARDI than
Battambang. The TP experiment at CARDI
flowered about 4 days later than that of DS
experiment.

There was a significant variation among
locations for days to flowering (data not
shown). At CARDI, genotypic variation for

Table 3. Comparison of grain yield (t ha™) for DS and TP at three locations in three years

Establishment Direct seeding Transplanting

Yea'r/ Battambang CARDI Kampong Mean | Battambang CARDI Kampong Mean
Location Thom Thom

2015 - 2.76 (0.50) - 2.76 - 2.39(0.11) - 2.39
2016 1.30(2.53) 2.60(0.15) - 195 | 3.16(0.24)  2.39(0.97) - 2.77
2017 3.88(0.21) 2.78(1.30) 1.50(3.04) 2.72 | 3.16(0.49) 2.14(0.97) 2.35(1.10) 2.55
Mean 2.59 2.71 1.50 248 3.16 2.27 2.35 2.57

Planting method (PM) ns

Genotype (G) **

GxPM ns

G x PM x location-year

* %

Number in parenthesis indicates dry weed biomass in t ha'

There were generally no differences in grain
yield between TP and DS experiments (Table
3). The combined analysis of the data from the
three locations in three years showed that
there were no effect of planting methods and
genotype-by-planting method interaction, but
there was a significant genotype-by-planting
method-by-location/year interaction for grain
yield due to some generally high vyielding
genotypes performed very poorly at the DS
experiment at Battambang in 2016 and
Kampong Thom in 2017.

At CARDI in 2015, the transplanted crop was
shorter stature and under flood for a few days
during the early growth stage. Therefore, the
yield and total dry matter in the TP experiment
were slightly lower (2.39 t ha™') than those of
DS (2.76 t ha™") experiments. Some CAR and
Thai-ACIAR genotypes had high yield under
both establishment methods while several
genotypes showed some differences across
the two establishment methods (Figure 1a).
The DS experiment at Battambang in 2016
was heavily infected with weeds and water
stress at the late vegetative and early
flowering stages. Grain yield of the DS
experiment (1.30 t ha'') was about 41% of the

TP crop (3.16 t ha™') (Table 3) and genotypic
variation was also smaller (Figure 1b). At
CARDI in 2016, there were no severe weed or
drought problems in the DS experiment and
most genotypes produced similar or higher
yield compared with the TP experiment (Table
3). Though, two high vyielding lines IR66327-
KKN-8-P1-3R-0 and IR66327-KKN-54-P1-3R-
0 had a 67% vyield reduction under DS
compared to TP, there was no significant
genotype-by-planting method interaction for
grain yield (Figure 1c). Severe lodging in DS
experiment caused yield reduction in
particularly those flowered late genotypes. In
contrast, early flowering genotypes
(Santepheap 3 and IR66327-KKN-25-P1-3R-0)
produced similarly high yields under both
planting systems. The DS experiment at
CARDI flowered about 4 days before the TP
experiment.

Battambang in 2017 produced the highest
grain yield among all DS and TP experiments
in all years. Most genotypes had a higher grain
yield when DS (3.88 t ha') compared to TP
(3.16 t ha") (Table 3). Although the genotypic
variation in yield was higher in the TP
experiment there was no genotype-by-planting
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method interaction for grain
Battambang in 2017 (Figure 1d).
The grain yield at CARDI in 2017 was similar
to the yield in 2015 under DS with 2.78 t ha,
being slightly higher than that under TP (2.14
t ha') (Table 3). There was a strong
correlation between the grain yields of DS and
TP experiments (R?=0.35**; Figure 1e).

yield at

] . a
6 CARDI 2015 s
5 R® = 0.48** o7

7
7
4 e
R Ve

o0 0% ~”
3 7 ;ﬁa

7
2 1 e ©

/@9
1 //
7
Ve
0 .
0 1 2 3 4 5 6

5 R®=0.25%*

Grain yield (t ha'1) Direct seeded

6 | CARDI 2002 e
r? 0.35% Pl
//
51 -
7
Ve
4 o e
o e
o e
3 o ag%/g,/
5 0%
7
2 o
7
//
1 e
7
7

0 ; ; ; ; ; ;

0 1 2 3 4 5 6

The DS experiment at Kampong Thom in 2017
had about 64% of the grain yield of TP
experiment (2.35tha™) (Table 3). As observed
in the 2016 experiment at Battambang, severe
weed growth mainly caused the vyield
reduction in this experiment. However, there
was a strong association (R?=0.37**; Figure 1f)
between grain yield of DS and TP experiments.
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Figure 1. The relationship between transplanted and direct seeded establishment methods for
grain yield at a) CARDI 2015, b) Battambang 2016, c) CARDI 2016, d) Battambang 2017,

e) CARDI 2017 and f) Kampong Thom 2017.
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Table 4. The mean days to flower (DTF), plant height, total biomass, harvest index and grain yield
of 34 genotypes that were direct seeded and where weeds controlled at 30 and 60 days after
sowing at Battambang, CARDI and Kampong Thom in 2017.

Description Weeding 30 DAS Weeding 60 DAS  Significance (5%)
a) Battambang
DTF (day) 112 113 ns
Plant height (cm) 150 149 ns
Biomass (t/ha) 13.32 12.76 0.52
HI (%) 32 28 2
Grain yield (t/ha) 4.19 3.57 0.25
b) CARDI
DTF (day) 96 96 ns
Plant height (cm) 122 121 ns
Biomass (t/ha) 9.73 9.39 ns
HI (%) 30 30 ns
Grain yield (t/ha) 2.83 2.73 ns
¢) Kampong Thom
DTF (day) 114 114 ns
Plant height (cm) 117 116 ns
Biomass (t/ha) 4.26 4.28 ns
HI (%) 33 31 1.9
Grain yield (t/ha) 1.58 1.42 0.13

Table 5. Grain yield (t ha™) of 6 high yielding genotypes under weed control at 30 and 60 days
after sowing at Battambang, CARDI and Kampong Thom in 2017.

Genotypes Battambang CARDI Kampong Thom Mean
30DAS 60DAS 30DAS 60DAS 30DAS 60DAS 30DAS 60DAS

IR57514-PMI (14) 4.5 33 2.9 2.5 2.9 2.6 3.5 2.8
IR66327-10- (22) 5.2 3.8 2.8 2.9 33 1.9 3.8 2.8
IR66327-KKN-25-(15) 4.4 3.8 3.6 2.8 3.7 3.2 3.9 33
IR66368-84- (18) 5.0 4.8 3.5 3.0 3.4 2.2 3.9 3.4
IR66327-KKN-54-(19) 4.5 3.6 3.6 2.2 3.8 3.8 3.9 3.2
Santepheap3 (11) 5.8 5.3 4.6 3.2 1.9 1.7 4.1 34
Mean of 34 4.2 3.6 2.8 2.7 1.6 1.4 2.9 2.6
Significance at 5% 0.25* ns 0.13* 0.18*

Number in parentheses indicates sequencing number of genotypes in Table 2.

Weed competition and genotypic variation weeding times were treated in DS experiment
in DS at all three locations.

2017 experiments: At Battambang, weeding
at 30 DAS significantly increased total
biomass by 4.4%, harvest index by 14%, and
grain yield by 28.6% compared to weeding at
60 DAS (Table 4). There was no weed effect

Early weed competition was a problem for the
DS experiment at Battambang 2016 and
contributed to vyield reduction of 58%
compared to TP. In 2017 and 2018, two
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on yield components measured at CARDI,
which may be related to a low incidence of
weeds. Despite yields being generally low at
Kampong Thom, harvest index and grain yield
were increased by 6.5% and 11%,
respectively following early weeding. However,
in these experiments total biomass was similar
with most differences in grain yield being
related to variation in harvest index.

At all three locations there were highly
significant genotype differences for all
measurements but no significant weed control
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measure by genotype interaction. The grain
yields of 6 high-yielding lines are shown (Table
5).

2018 Experiment: Only DS experiment was
conducted at CARDI. Unlike 2017
experiments, there was no weed effect on
yield components measured in this experiment
which may relate to low incidence of weed
growth in 2018. There were highly significant
genotypic differences for all measurements
but no significant  genotype-by-weed
interaction (data not shown).
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Figure 2. Relationship between lodging under direct seeding and transplanting in 2017 and
between lodging in 2017 and 2018 under direct seeding.
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Variation in lodgings

2016 Experiment at CARDI: There were
genotype differences in lodging for both
planting methods, but not their interaction.
Genotype variation in lodging under DS (59 +
41%, 0 — 100%) was higher than those in TP
(2 £ 3%, 0 — 13%) and their association was
strongly significance (y = 0.037x — 0.014; R2 =
0.39*).

2017 Experiments: Genotype differences in
lodging were significant under both DS and TP
at all three locations, but there were no effect
of  genotype-by-planting  method and
genotype-by-planting method-by-location

interactions for lodging. The association
between DS and TP for lodging were strongly
significance (CARDI: R? = 0.82**, Figure 2a;
Battambang: R? = 0.73**, Figure 2c; and
Kampong Thom: R? = 68**, Figure 2e).

2018 Experiment: There were genotype
differences for lodging under DS. The
genotype performance in lodging under DS at
CARDI 2018 experiment was strongly
associated with lodging under DS at CARDI
2017 (R? = 0.90**; Figure 2b), Battambang
2017 (R? = 0.79**; Figure 2d), and Kampong
Thom 2017 (R? 0.57**; Figure 2f)
experiments.

Table 6. The coefficient of determination (R?) between the 3™ stem diameter and other
measurements at each of the three locations and for all locations for direct seeded in 2017.

Variable CARDI Battambang Kampong Thom Mean
DTF 0.74** 0.69** 0.66** 0.77**
Plant height 0.79** 0.71** 0.48 0.69**
Biomass 0.69** 0.70** -0.47 0.4
Harvest index -0.72** 0.35 -0.24 -0.3
Lodging 0.57 0.59 0.5 0.52
Yield 0.24 0.62* f -0.44 0.35
Genotypes 34 34 34 102

Variation in stem characteristics
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Figure 3. Stem diameter variation of the 3™
internode among 34 genotypes tested under
transplanted (TP) and direct seeded (DS) at
CARDI in 2016.

2016 Experiment: The stem diameter data of
the 3™ internode was obtained from the
transplanted and direct seeded experiments at
CARDI. The genotypic variation in the 3™
internode stem diameter is significantly
difference in this experiment. The diameter
comparison between DS and TP showed that
there is a consistent variation among
genotypes (R?=0.46**) (Figure 3). The mean
stem diameter (3@ internode) of TP
experiment was larger (0.51cm) than the
diameter of DS experiment (0.47 cm) (P<0.05).
However, genotypic variation was smaller in
DS than the TP experiment. Though there was
no genotype-by-planting methods interaction
for the stem diameter, some genotypes were
able to maintain larger diameters under DS.
Some CAR varieties (CAR 8 and CAR 11),
Thai- ACIAR introductions (IR66327-84-P1-
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3R-0) generally showed larger stem diameter
under DS than in TP, while majority of the
improved genotypes showed significant
reduction in stem diameter when they grow
under DS. There was no relationship between
the 3 stem diameter and lodging in both DS
and TP.

2017 Experiments: There was highly
significant genotypic variation for the 3™ stem
diameter for DS. The correlation between the
3 stem diameter and days to flower was
positive and significant for all three locations,
suggesting that late-maturing genotypes have
thicker 3™ stem diameter than the early
maturing genotypes (Table 6). The correlation

between the 3™ stem diameter and both plant
height and biomass were also significant in
CARDI and Battambang. The 39 stem
diameter was correlated with the grain yield at
Battambang (R?=0.62*), but not at CARDI and
Kampong Thom, indicating that the late-
maturing varieties had high yield potential and
produced a higher vyield at Battambang
compared to the other two locations. There
was no relationship between the 3™ stem
diameter and lodging at all locations. The
genotypic consistency of the 3™ stem diameter
was observed only between CARDI and
Kampong Thom (R?=0.64**).

Table 7. Length of internodes (IL, cm) of seven lodging (LOD, %) tolerant and seven lodging
susceptible genotypes in CARDI 2018 DS experiment.

Genotype IL1 IL2 IL3 IL4 IL5 IL6 PH LOD
Riang Chey 1.2 4.2 7.3 12.9 20.1 27.1 98 0.0
IR66367-CPA-18-P1-3R-0 1.5 4.4 5.6 11.0 21.0 30.5 88 0.0
IR66368-CPA-84-P1-3R-0 1.5 3.5 9.4 36.1 28.1 31.5 79 0.0
IR 66 1.5 4.1 4.9 8.6 14.6 26.0 97 0.0
IR57514-PMI-5-B-1-2 1.7 4.1 7.6 15.6 26.4 36.3 111 0.0
Santepheap 3 1.8 4.7 6.9 13.7 28.4  33.0 93 0.0
IR66327-KKN-25-P1-3R-0 2.0 3.8 8.8 13.1 26.2 32,5 104 0.0
IR46331-PM|-32-2-1-1(P1) 3.5 8.9 11.5 18.0 27.5 34.9 134 63.3
CAR 6 4.8 6.4 8.6 13.0 22.2 36.1 116 80.0
CAR 11 3.4 8.2 12.1 19.0 25.3 324 136 85.0
IR66327-KKN-10-P1-3R-0 5.4 8.3 13.3 23.2 38.6 31.7 128 85.0
CAR 4 3.6 6.3 11.0 160 243 29.9 126 90.0
Phka Rumchek 3.7 7.6 11.7 183 280 334 121 93.3
Mrum 5.0 8.8 13.1 158 233 26.8 130  100.0
Mean 2.9 6.5 10.8 17.2 26.3 315 118 36.3
Weed management (WM) ns ns ns ns ns ns ns
Genotype (G) 3.6%* 2.9%% 3 7*¥x go¥* g p** ns 12%*

G x WM ns ns ns ns ns ns ns

2018 Experiment: In the 2018 DS experiment
at CARDI, there were significances among the
genotypes for all internode length except the
6" internode (Table 7), but there was no effect
of weed management and their interaction
with genotypes for weed biomass and grain
yield (data not shown). The relationship
between lodging under weeded and non-

weeded was very strong (y = 0.95x + 1.16; R?
= 0.85**). Genotypes with shorter length of 15!
and 2" internodes tended to tolerant to
lodging (Figure 4). There was no relationship
between the lengths of 39, 4" 5" and 6%
internodes and lodging percentage for the
tested genotypes (R?2= 0.18", R?= 0.17", R?
= 0.06", R2= 0.00", relatively). Lodging was
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also correlated with plant height, but this
correlation was about half of those 1%t and 2"
internode length (R? = 0.3**).
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Figure 4. Relationship between percentage of
lodging and the length of the 1st internode (Closed
circle), and the 2 internode (Opened circle).

Discussion and Conclusion

The current study confirmed the yield in DS is
comparable with TP rice in wet season
provided the weed and other conditions in the
fields are similar. Under favorable conditions
and with good weed control, yield from DS was
often slightly higher than the TP. These results
are consistent with the previous reports in
Thailand, and Laos (Sipaseuth et al., 2002 and
Mitchell et al.,2004). The vyield relationship
between DS and TP was significant on five
location-year experiments when the external
conditions are similar in both establishment
methods indicating consistency of variety
performance across planting methods. The
genotypes tested in the current experiments
had a wider range of maturity, biomass
production and plant height. However, those
varieties performed similar under both DS and
TP, showing generally no interaction between
genotypes and planting methods. These
results suggested that better cultivars with
high yield potential under TP are also suitable
for DS and hence, a different selection
program is not required for cultivar
development for DS in rainfed lowland of
Cambodia. Some semi-dwarf genotypes used
in these experiments do not commonly have
strong vigor in early establishment, but some
genotypes are vigorous and appear to be
promising as they also have high yield
potential.

When there was excessive weed growth or
other field variation, the association between

DS and TP yields could be insignificant. This
was the case observed at Battambang in 2016.
While genotype-by-planting method was not
significant, the three-way interaction of
genotype-by-planting method-by-location/year
was significant. Thus, there were not
favourable environments where genotypes
performed differently between DS and TP.
Hayashi et al., 2007, reported a significant
interaction between genotypes and planting
methods for grain yield under contrasting
water conditions on the lower topo-sequences
positions in rainfed lowlands in SE Thailand. In
areas of weedy lands, agronomic measures
may be taken first. The effect of higher seed
rates on suppressing weed growth was
investigated in Laos and found that seed rates
at 100-150 kg ha™ could reduce the adverse
effect of weeds in DS (Sipaseuth et al., 2002,
Basnayake et al., 2006). Phuong et al., 2005,
reported that suitable method of establishment
and rate of seeding can significantly suppress
weeds in direct-seeded lowland rice in
Philippines. In this study, a minimum 100 kg
ha"' seed rate was also used at Battambang in
2016, where weed was excessive. In this case,
there might be opportunities to increase seed
rate and identify cultivars with early vigour and
canopy development that suppress weed
growth as part of the selection strategy.

In addition, more attention will be placed on
lodging in the breeding program. Our study
indicated genotype differences in lodging was
higher under DS than TP, which is consistent
to Duy et al., 2004; Mobasser et al., 2009; Wu
et al., 2012; Hayashi et al., 2007, but their
relationship was strong (CARDI 2016, R? =
0.39**; CARDI 2017, R?= 0.82**; Battambang
2017, R? = 0.73**; and Kampong Thom 2017,
R? = 0.68**) as no interaction between lodging
and planting method. CARDI 2016 experiment
showed stem diameter at the 3™ internode in
DS strongly associated with those under TP
(R% = 0.46™*), but not associated with lodging.
DS experiments in 2017 at CARDI,
Battambang, and Kampong Thom also
confirmed this result. Fang Liu, et al., 2018; M.
Sirajul Islam, et al., 2017; Jun Zhang et al,,
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2014; Zhao, D. D., et al., 2021 reported stem
diameter is one of the factors contributing to
lodging, but their studies focused on irrigated
rice genotypes with TP only, where our study
focusing on rainfed lowland with randomly and
widely genotypes. As stem diameter had no
effect on lodging, we continued to investigate
the length of internodes as reported by
previous studies. Hoshikawa and Wang, et al.,
1990; and Islam et al., 2007 reported lodging
occur on 3rd and 4th basal internodes
beginning from the top of the plants.
Kashiwagi et al., 2008; Ookawa T. et al., 2010;
Wang & Li, 2005; Zhang et al., 2014; and
Xiaoyun Luo et al, 2022 suggested that
lodging tolerance capability is influenced by
the length of the basal internodes, but they did
not indicate which internodes are. CARDI
2018 DS experiment showed the strong
correlation between the length of the 1st and
2nd internodes from the bottom of the plants
and lodging (R2 = 0.62** and R2 = 0.59**,
respectively) and relationship between plant
heigh and lodging (R2 = 0.3*) was about half
of those internodes, while lodging relationship
between weeding and non-weeding was very
strong (R2 = 0.85*%).

In conclusion, for rainfed lowland rice breeding
program of Cambodia, cultivar requirement in
DS is generally like that in TP, except for
lodging prone areas. In lodging prone areas,
provided with weed control, TP may be more
suitable for selecting yield potential and some
agronomic measures, but selection of short
length of the 15t and 2™ internodes with
intermediate plant type under DS should be
added for lodging tolerance.
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Abstract

Fresh fish contains many types of bacteria, among which the most frequently found and
noticeable are Vibrio spp. and Aeromonas spp. The number of colonies of these two bacteria can
cause diseases in humans such as liver disease, stomach problems, diarrhea, fever, and
intestinal problems, and in cases of high colony concentration, it can cause death. The lack of
research and responsibility in the use of antimicrobial drugs prompted a study to detect the
presence and evaluate the susceptibility of Vibrio spp. and Aeromonas spp. to antimicrobial drugs
taken from fresh fish at a retail market in Siem Reap Province. A total of 30 fish samples were
collected from three markets: Samaki Market, Leu Thom Thmei Market, and Domdek Market in
Siem Reap Province, which were packed in tightly sealed bags in cold containers during
transportation. The experiment was conducted at the Microbiology Laboratory of the Faculty of
Agro-Industry, Royal University of Agriculture. The presence of these two bacteria was detected
using special media (selective medium) such as TCBS agar and MacConkey agar. The purified
colonies were then characterized by Gram stain and biochemical tests and identified using the
API 20E and API 20NE Version 5.0 systems. After identification, the bacteria were further tested
for susceptibility to seven types of Antimicrobials. Overall, the results showed that the total
presence of Vibrio parahaemolyticus (n=12) and Aeromonas hydrophila (n=14) bacteria was
approximately 40 percent and 46.67 percent, respectively, of the total samples taken from fresh
Pangasius in the three markets in Siem Reap Province. The antimicrobial AMP and CL were not
highly effective (resistant) against these two bacteria, but the antimicrobial FFC, SXT, and OT
were highly effective (sensitive) against both bacteria.

Keyword: Aeromonas spp., Vibrio spp., Pangasius, Identification, Antimicrobial Resistance
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UMz Resistance (R), Intermediate (1), Sensitive (S), n A& S &I AMANIY
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ﬁLQﬁLUmgmmmU(Intermed|ate)182
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t"j‘fnﬂﬁhmgﬁmﬁms uineEMiRIAEaUR g
“mzfu (Sensitive
1918 huiAs AT
N8GSS omMAIWw BURRIBING FFC 18
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§ob R S R R R S S
§og I S R S R S S
Gk R S R R R R R
6Ly R I S S R S S
d0g R R R I R S S
due R S S S R S S

mumnhiL msupmingiut 181§uo
Sufue 2usuRuInAlIAg AMP 8% CL
MSUREMN (Resistance) IIWRSIURHR
I¥INA FFC, E, OT, CIP 8§31 SXT 11SABAUN§
(Sensitive)  TFISHMAIRT
parahaemolyticusq §U ¢ 2698 AMP, OT 81 CL
ms[ugmn GinnAna s
[URRIYINA FFC, E, CIP 8§31 SXT MSA[BA[UN ¢
(Sensitve)  1FISMMATRT
parahaemolyticus 4 §U§ 90 2EUB[URINIYINA E,
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(Resistance) GIANAR2G FFC $SADH
R gMNAU (Intermediate ) IWIWA NG E, OT,
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2B URIkiEIARInSANNG Egfmaing
[UIASMAIATIS S NSMNINWe ummnaiSh
R UBIURNIBINANMZ: Y

MNNG.G UGRUISIYUNTURIMAIRT Vibrio parahaemolyticus 1§18 1 30 SIUBRIUING

' o 0 o Multidrug
[yunu JHUEIAMA (n=91) AtUG{UMBIYINA 0§82:s _
Resistance
o AMP, E, OT, CL, CIP,
G9 Goc 46uvh 5 v
SXT

Gl Gou AMP, E, OT, CL, CIP e y
¢m Goh AMP, E, OT, CL G v
Ga Suvg AMP, FFC, E, CL G v
Gel 35 AMP, OT, CL m y
3s) §90 E, OT, CL m y
Gl G9 Gom GV ShGveE | AMP, CL 1G] X
X Goeg E, CL 1G] X

fUmMNIe v ¢ At Multidrug resistance x ¢ 5815 S Multidrug resistance
Multidrug resistance AR{UIASUUNUISDARTRUBISMN AN SR 2usiusuinabah ViUIAg

muiw:mnag.c¢ aRbnsuinmA gRis
[UUNUIRUDAATNSMNINWE G uth §ime

78

aligiShdwsueinivinavnsiuéss o
[N ShywmEhiti 1siadyundo wis



CJA: Volume 15, Issue 01

Duk et al., 2025

2euB{URIlEIng S8 D{UIRSHTI AMP, E
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MAIRTUIRS Vibrio parahaemolyticus Tia fi
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§ﬁmﬁiﬁ?LU 108G Aeromonas hydrophila (n=
9G) 14384 GO, DAMAIW IS UAMANIUIR U
WHG vﬁLﬁLmnﬁwyithtﬁtzntmjenUﬂ
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