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Impact of Extender pH on Motility of Bovine Sexed Semen by M-Zlex Process
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Abstract: Sperm motility is an effective indicator of sperm fertility, and environmental factors such as pH,
osmolarity, and temperature can modify the function and motility of sperm. In this study, we evaluated
the effect of different extenders pH values on the motility of bovine sexed semen. Semen samples were
divided into two parts: conventional semen (CONV) diluted with different extenders pH 6.2, 6.6, 7.0, 7.4,
and 7.8 and sexed semen by M- Zlex process (M- Zlex) that used different extenders pH 6.2, 6.6, 7.0, 7.4,
and 7.8 during the sexing process. An imaging flow cytometer was used to evaluate X-sperm ratio, and
CASA was used to analyze the motility of sperm after dilution (AD) and post-thaw semen (PT). The results
showed an average of X-sperm for 50.06% in CONV, while M-Zlex reached up to 73.89%. Moreover, CONV
exhibited the highest motility at pH 6.6 and 7.0 during the AD, stage while M- Zlex was the most motile at
only pH 6.6. The motility in PT of CONV was high in pH 6.6, 7.0, and 7.4, whereas pH 6.6 and 7.0 are suitable
for M-Zlex because weakly acidic solutions have an effect on stimulating X-sperm motility. Furthermore,

the extenders osmolarity was in an appropriate range for sperm motility.

Keywords: Extender, osmolarity, pH, sexed semen, sperm motility

Introduction a significantly higher proportion of X-sperm than

conventional semen.

Assisted reproductive  technologies Sperm motility is an important component
(ARTs), particularly sperm sexing, have developed in determining semen quality and fertilization
the cattle production industry by allowing targeted potential (Bonato et al., 2012). Environmental
production of offspring with desired sex, significantly factors, including pH, osmolarity, and temperature,
enhancing breeding efficiency and economic gains can modify the function and motility of sperm

(Orsolini et al., 2021; Yadav et al., 2017). Sexed (Contri et al., 2013). In mammals, the X-and Y-

semen is fresh semen in which the proportion of X- sperm have different motility activities under
chromosome-bearing sperm (X-sperm) and Y - different pH conditions (He et al., 2023a). Several
chromosome-bearing sperm (Y- sperm) has been studies have shown that pH affects sperm
altered from the normal ratio (50:50%) using any performance differently across species. In rabbits,
sperm sexing procedure to produce a specific sperm motility was significantly reduced under
gender (Thongkham et al., 2021). Moreover, acidic conditions without affecting the offspring sex
the immunological sexing approach with antibodies ratio (Muehleis and Long, 1976). Meanwhile,
offers low-cost, high-volume production. A previous in hamsters, mating later in estrus when vaginal pH
study demonstrated that the X- enriched fractions is higher results in smaller litters and more male
from sperm sexing using magnetic-activated cell offspring, suggesting that elevated pH may favor
sorting and scFv antibodies specific to Y-sperm Y-sperm fertilization by affecting motility or longevity
(M- Zlex) contained a high proportion of X-sperm, (Pratt et al., 1987). In humans, incubation in acidic
up to 80%. (Paitoon et al., 2024; Sringarm et al., pH increasing the X:Y ratio from 1:1 to about 1.64:1,
2022). For this reason, sexed semen contains suggesting that low pH reduces Y-sperm viability
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(Oyeyipo et al., 2017). Furthermore, in dairy goats,
semen diluted at different pH levels significantly
influenced the enrichment of X-and Y-sperm. At pH
6.2, the proportion of X- sperm in the upper sperm
layer reached 67.24%, resulting in 66.67% female
offspring, whereas at pH 7.4, the X-sperm
with  29.73%

female offspring. This indicates that slightly acidic

proportion dropped to 30.45%,

conditions enhance the motility and fertilization
capacity of X- sperm, whereas alkaline conditions
favor Y-sperm (He et al., 2021).

Therefore, this study aimed to evaluate
the effect of different extender pH levels on
the motility of bovine sexed semen (X- enriched
fractions) and to identify the pH range that is

appropriate for use with the M-Zlex sexed semen.
Materials and Methods

Animal and semen sample

Semen samples were collected using an
artificial vagina from sexually mature tropical
Holstein Friesian bulls housed individually at
the Livestock Semen Production Centre, Inthanon
Royal Project (RAGIACUC006/2564). Only fresh
semen samples that were used in the experiment
had a sperm concentration of greater than 650 x
10° cells/mL and total motility of more than 80%.
Preparation of different pH extender

The extender composition of this study
was tris (3.025% whV), citric acid (1.7% wi/v), D-fructose
(0.2% wiv), egg yolk (20.0% v/v), glycerol (8.0%
v/v), gentamicin (0.3 mg/mL), and penicillin (1000
IU/mL). To evaluate the impact of extender pH
on sperm motility, extenders with different pH of
6.2,6.6, 7.0, 7.4, and 7.8 were prepared using tris
to increase pH and citric acid to lower pH. The pH

of each extender was measured using a calibrated
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pH meter (Metronm AG, Herisau, Switzerland) at
room temperature.
Measurement of different pH extender osmolarity
by osmometer

After preparation, each extender with
different pH was measured for osmolarity.
Osmometer (Osmomat 3000-basic, Gonotec®,
Berlin, Germany) was calibrated using 300 and
850 mOsmol/kg of standard solution before
measurement. Then, 50 pL of extender was
dropped into the tubes and measured with
an osmometer (5 replicates/treatment).
Production of bovine sexed semen by M-Zlex
process

Semen samples were separated into two
groups. The first group was used to produce
conventional semen (CONV). Fresh semen was
further divided into five parts and diluted to a
final concentration of 8 x 10" cells/mL with five
extenders at pH 6.2, 6.6, 7.0, 7.4, and 7.8. The
second groups were further divided into five parts
to produce sexed semen by M- Zlex process (M-
Zlex). In the sexing process, fresh semen was
dissolved in five different extender pH (6.2, 6.6, 7.0,
7.4,and 7.8) to 1.0 x 10° cells/mL. Then, 100 mg of
PY-microbeads produced following Sringarm et al.
(2022) was added in five dissolved semen and
incubated for 15 min at 37 °C. After incubation, the
PY-microbeads were trapped in the bottom of the
tube by resting on a strong neodymium magnet for
5 min at room temperature. The unbound PY -
microbeads were removed and placed in new
tubes, which contained a high concentration of X-
sperm and were called M-Zlex sexed semen. After
that, diluted to a final concentration of 8 x 10’
cells/mL using extenders based on the pH used in
sexing. Each different extender pH of CONV and M

-Zlex semen was separated into two parts: the first
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was incubated after dilution for 30 min at 37 °C, and
the second was frozen and stored in liquid nitrogen
(196 °C) for 24 h before sperm motility evaluation.
A diagram of the steps involved in the production
of conventional and M- Zlex semen in this study is
shown in Figure 1.
Evaluation of X-sperm percentage in bovine sexed
semen by imaging flow cytometer

The percentage of the X-sperm in each
treatment from CONV and M-Zlex semen was
determined, according to Thongkham et al. (2024).
Sperm samples were diluted to 1 x 10° cells/mL
in DPBS and mixed with 1.2 pL of Hoechst 33342
(50 pg/mL). Then, incubated for 10 min at 37 °C
in the dark before analysis using imaging
flow cytometer (FlowSight, Seattle, WA, USA).
The Hoechst 33342 stain was excited by a 15 mW
405-nm laser. Histograms were created to determine
the fluorescence of X- sperm, which differs from

Y-sperm in that its density is higher.

Evaluation of sperm motility in bovine sexed semen
by CASA

The motility of sperm after dilution (AD)
and post-thaw (PT) was evaluated using computer-
assisted sperm analysis, or CASA (AndroVision
software, Minitube of America-MOFA®, Verona,
WI, USA). Before analysis, 5.5 pL of semen aliquots
were dropped on prewarmed slides and covered
with a coverslip (Hamilton 2X-CEL®, MA, USA) and
then subjected to rapid CASA. The CASA system
was operated at 30 frames per second, with at least
1,000 sperm tracked per sample and a minimum
motility threshold of 20%. The analysis parameters
were measured in this study: total sperm motility
(TM) and progressive sperm motility (PM).
Statistical analysis

The percentages of X-sperm, total sperm
motility, and progressive sperm motility in CONV
and M-Zlex semen were analyzed by one-way

ANOVA using the statistical software program
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A

\

pHé62 pHé6 pH7.0 pH74 pH7.8

0

Holstein Friesian (Bos taurus)

M-Zlex
sexing

\

dinto 2>
&€ 2,
& S

o

Semen sample

\

Semen collection by artificial vagina

i

0

dilutedto 8 x 107 cells/mL with five pH extenders

dilutedto 8 x 107 cells/mL with five pH extenders

i

pH62 pH66 PpH7.0 pH7.4 pH7.8
)

Incubate after dilution
37 °C for 30 min (AD)

i

Frozen process (PT)
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37 °C for 30 min (AD)

Frozen process (PT)

000

I
M-Zlex

Figure 1. A diagram of the steps involved in the production of conventional and M-Zlex semen using

five extenders
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SPSS version 20.0 (SPSS Inc., Chicago, IL, USA).
Duncan’s new multiple range test was used to
compare the mean between individual treatments

when the P-value was less than 0.05.
Results
Osmolarity of extender with different pH

Each

osmolarity after preparation. Five extenders with

treatment was measured for
different pH have an osmolarity of 300-335
mOsmol/kg. The osmolarity of each treatment is

shown in Table 1.

X-sperm ratio in bovine sexed semen

The patterns of X-and Y-sperm were
observed with Hoechst 33342,
frequency histograms created after Hoechst 33342

and sperm

staining exhibit distinct fluorescence peaks for
X-and Y-sperm in the CONV and M-Zlex groups,
as shown in Figure 2. The percentage of X-sperm
in different extender pH of CONV and M - Zlex
semen is shown in Figure 3. A significant difference
in the percentage of X-sperm was observed
between CONV and M-Zlex (P < 0.05). The range
of CONV was between 48.96-51.34%, while M-Zlex
was up to 73.22-74.36%.

Table 1. The osmolarity of extenders with different pH (n = 5 replicates/treatment)

Treatment pH 6.2 pH 6.6 pH 7.0 pH 7.4 pH 7.8
Osmolarity
328.60 + 3.21 30220+1.92 310.80+4.09 320.00+2.34 333.80+6.22
(mOsmol/kg)

Values are presented as mean + standard deviation

Ch01 BF

ChO07 Hoechst

Normalized Frequency
~

0

ez o4 15
Intensity_MC_Ch07 Hoechst

(€)
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(b)

]

R3

i
©

Normalized Frequenc
~

o

1e3 1e4 1e5
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Figure 2. Discrimination of the X- and Y-sperm ratios in post-thaw between CONV and M-Zlex semen.
(a) Patterns of Y-sperm were observed with Hoechst 33342; (b) Patterns of X-sperm were
observed with Hoechst 33342; (c) Sperm frequency histograms exhibit distinct fluorescence peaks
for X- and Y-sperm in CONV groups; (d) Sperm frequency histograms exhibit distinct fluorescence

peaks for X- and Y-sperm in M-Zlex groups
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Sperm maotility in bovine sexed semen

All data on sperm motility of CONV and
M-Zlex semen were obtained at various pH levels
and examined them with CASA at two time periods:
after dilution (AD) and post-thaw (PT). In this studly,
the results for total sperm motility (TM) and
progressive sperm motility (PT) in AD are shown
in Figure 4. After dilution, TM and PM of CONV in

100 1

0 O
[—=I—]
M M

= ]
(=]

pH 6.6 and 7.0 were significantly higher than other
pH levels, but only pH 6.6 of M-Zlex was the highest
(P < 0.05). Additionally, the TM and PM of sperm
diluted by extender with different pH in PT are shown
in Figure 5. In post-thaw, pH 6.6, 7.0, and 7.4 of CONV
had more TM and PM than other pH levels. However,
pH 6.6 and 7.0 provided the most TM and PM of

M-Zlex compared to other treatments (P < 0.05).
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[ LY B N
s & =

o
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—_——

pH 7.4 pH 7.8
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Figure 3. The percentage of X-sperm in CONV and M-Zlex semen

P indicates a significant difference in each treatment (P < 0.05)
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Figure 4. The total motility and progressive motility of sperm diluted by extender with different pH after

dilution (AD); (A) CONV; (B) M-Zlex

Different letters indicate a statistically significant difference in each treatment (P < 0.05)
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Figure 5. The total motility and progressive motility of sperm diluted by extender with different pH in post-thaw (PT);

(A) CONV; (B) M-Zlex

Different letters indicate a statistically significant difference in each treatment (P < 0.05)

Discussion

After

completely dependent

maturation, sperm become

on their environment
because they are no longer able to grow, divide,
repair, biosynthesize, or perform any metabolic
functions (Contri et al., 2013). For this reason,
different osmolarity and pH of the extender can
affect the quality in terms of motility of CONV and
M- Zlex semen differently due to different proportions
of X-/Y-sperm.

Our findings show that all extenders had
an osmolarity range of 300-335 mOsm/kg, which is
appropriate for bovine sperm motility. This is
consistent with a previous study by Liu et al. (1998),
who reported that bovine sperm motility was
greatest when extender osmolarity ranged between
270 and 340 mOsm/kg. Based on these findings,
osmolarity alone did not significantly affect sperm
motility and did not exert any synergistic or
interactive effects with extender pH in influencing
Therefore,

motility outcomes. osmolarity was
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confirmed as not a contributing factor to sperm
motility in this study.

Extracellular pH (pHe) has a direct
impact on the pH of the sperm cell's cytoplasm, or
intracellular pH (pHi), which is directly associated
with sperm function. Mammalian sperm under
different pH extenders shows differences in terms
of the DNA damage, sperm motility, and mitochondrial
activity (He et al., 2023a). In particular, mitochondrial
activity for ATP production was significantly
positively correlated with sperm motility (Contri
et al., 2013). In this study, we discovered that the
various pH levels of extenders clearly affected
sperm motility and that the CONV and M-Zlex
semen with different X-/Y-sperm ratios had slightly
varied suitable pH values for the greatest sperm
motility. In post-thaw, conventional semen has
excellent motility in slightly acidic to slightly basic
solutions (pH 6.6-7.4), whereas M-Zlex semen
with a higher X-sperm content has high motility in
weakly acidic to neutral conditions (pH 6.6-7.0).

Furthermore, the influence of pH on sperm motility
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becomes increasingly clear when fresh semen is
continuously exposed to that different acid or base
30
minutes). The M- Zlex semen exhibits the highest
(pH 6.6).
Conversely, CONV semen exhibits the highest

environment (after dilution, incubate for

sperm motility at slightly acidic
sperm motility between pH 6.6 and 7.0. In addition,
strongly acidic (pH < 6.2) or highly alkaline (pH >
7.8) extenders frequently cause reduced sperm
motility in both CONV and M-Zlex semen, indicating
an undesirable environment for sperm motility. The
extender pH has an impact on sperm motility
because it changes mitochondrial activity.

that

different environmental pH can affect mitochondrial

Previous studies have shown
activity of sperm. Contri et al. (2013) found that high
mitochondrial activity led to high sperm motility; for
conventional semen, solutions with pH 7.0-7.5
had the highest mitochondrial activity and sperm
motility. This is similar to our findings, which
showed that CONV semen in post-thaw had the
greatest motility at pH 6.6-7.4 and pH 6.6-7.0 after
incubation for 30 min. In addition, the researchers
investigated the association between pH and
sperm sex ratio by incubating sperm in solutions
with varying pH values to distinguish between X-
and Y-sperm. Several studies have demonstrated
that in acidic solutions (pH 6.2), the upper sperm
has a greater proportion of X-sperm, whereas the
upper sperm contains a higher percentage of Y-
sperm in alkaline solutions (pH 7.4). This is one of
the fundamental concepts of swim-up sperm
sexing, with the upper layer containing 67.24% of
X-sperm at pH 6.2 and 69.53% of Y-sperm at pH
7.4 (He et al., 2023b, 2021). This difference in
the amount of swim forward (upward) of X- and
Y-sperm indicates an optimal pH environment or

may promote sperm motility. Consistent with
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the current study, M-Zlex semen (rich in X-sperm)
proved the greatest motility in the pH 6.6 extender
after incubation for 30 min. The motility of X- and Y-
sperm differs in an acidic-alkaline environment due
to changing ATP levels. In weakly acidic conditions,
X-sperm mitochondria function better than in
alkaline conditions, in contrast to Y-sperm (He et
al., 2023b). This differential mitochondrial activity
contributes to improved motility of M-Zlex semen
(enriched with X-sperm) in slightly acidic extenders,
as enhanced mitochondrial function increases ATP
production specifically in X - sperm. Conversely,
mitochondrial activity in Y-sperm is reduced under
the same conditions, resulting in lower motility.
Meanwhile, CONV semen containing a roughly
equal proportion of X- and Y-sperm exhibits
balanced mitochondrial activity across mildly
acidic to mildly alkaline pH ranges, leading to
overall motility that is less influenced by pH
variations. Consequently, the optimal pH range for
maintaining sperm motility is broader in CONV
semen than in M-Zlex semen, reflecting the
complementary mitochondrial responses of X- and
Y-sperm to pH fluctuations. Moreover, M-Zlex
semen motility decreases at pH levels above 7.4
due to impaired mitochondrial function in X-sperm,
which reduces ATP production necessary for
movement. Therefore, using a slightly acidic
extender (pH 6.6-7.0) is beneficial for promoting
the motility of post-thaw sexed semen enriched with

X-sperm.

Conclusion

The pH of the semen extender influences
the motility of both conventional and sexed sperm.
A pH range of 6.6- 7.4 is generally optimal for

conventional semen motility. However, for M- Zlex
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sexed semen, which is enriched with X-sperm,
motility is enhanced within a slightly acidic range of
pH 6.6- 7.0. This finding suggests that X- sperm
exhibit improved motility under weakly acidic
conditions. Therefore, adjusting the extender’'s pH
o 6.6- 7.0 presents a viable approach for optimizing
the production of sex-sorted semen enriched with

X-sperm.
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Species Diversity and Abundance of Fruit-piercing Moths (Lepidoptera: Noctuidae),
Infesting Somkaew (Citrus nobilis) in Bang Sakae Subdistrict,
Bang Khonthi District, Samut Songkhram Province, Central Thailand
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Abstract: Somkaew (Citrus nobilis) is an important economic plant in Bang Khonthi district, Samut Songkhram
province, the largest somkaew producing area in Thailand. However, the infestation of fruit-piercing
moths (Lepidoptera: Noctuidae), key pest of citrus, causes significant damage to the quality and quantity of
oranges. There is still very little information of fruit-piercing moths on somkaew. Therefore, this study aimed
to determine the species diversity and abundance of fruit-piercing moths in the somkaew orchard at Bang
Sakae subdistrict, Bang Khonthi district, Samut Songkhram province, central Thailand. It was studied from
October 2019 - March 2020 and April - May 2021. The specimens were collected using moth traps baited
with pineapple. Six moth species were discovered including Artena dotata, Eudocima phalonia,
E. salaminia, Ophiusa coronata, O. tirhaca and Thyas honesta. In October 2019, the highest number of 17
moths were trapped with the diversity and evenness indexes at 1.42 and 0.28, respectively. The highest total

number of 19 trapped species belonged to O. coronata moths with abundance index at 75%.

Keywords: Species diversity, Citrus nobilis, mandarin orange, pests, insects
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LN1MINT N IFNILLNE NN AELAD N UMW a0
ualsl (Technology Chaoban, 2020) FMUaNSH 111 A
uenAuenan9 50 LUt ng Seiduniaidings

dld 1 a 2 U v 1 'S
ngoanideailasuuuaessiulududnguanang
10 WUALWAT (Figure 1A) TagdnAUAN WIAUALAL
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Auuin zgximmzﬁuﬁu 1.8 1Wm3 (Figure 1B) liduilzan
Huwmiede (Ngampongsai et al., 2005b) tnelldann
Bendudutlzsanvianduusiudasldduansresiy
An (Figure 1C) 72 81LUINTRIUARLALAN 50 LUAT
S1uau 5 U Tagusazafariinisanefusniiy
1981 3 1 AsvatiluavTUFNHaY WU EeNIUMIY
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ﬂ@ﬂ“ﬁmﬂﬁ@ﬁﬂmﬁﬂﬂ:rmxmqﬁmgmﬁmmumﬁvm
auunainsely
mﬁmmw‘%gmmﬂLﬁj/@uquumuﬂizﬂ@uﬁfJﬂ
1. frilaauvanaiingesiidenauman 1dgqns
284 Shannon-Wiener (Shannon- Wiener’s Index: H)
ANNABN1TU89 Magurran (2013)
Z (P/ In Pi)
H= mmmumnwmﬂmum
Pi = Sauilideainlarliaviksesiuy
ideRann
s = awnuailafilang e
2. AN A LENe (evenness index: E)
E = H/Hmax
E = daiiannuasniane frnegszndng 0 -1
(mmnﬁqmﬁ@ 1 ML AN FT TR U
@:mﬁmﬁmiﬂimwﬁqaﬂﬁmﬁwmu@) AN
A%n192949 Magurran (2013)
H = ArsgiiAauvaineiinaes Shannon-
Wiener
Hmax = species richness (AUIUTRALDS
ﬁl,gﬂﬁwm)
3. ﬁhﬁmﬁmqmnm (abundance index)
mmumwmﬂw (Sruaunsainuiide

x 100)/ S1uruAsaTsinnizd1a

dszifiuszauaougnguinensauiay
ALLNUIFZALAMNTINTN MNUANNI9284 Nitinarth
et al. (2022) sail

90 - 100 1leFifus TidanaumInT A
fnaugennnulAtasnnn (abundance: A)

65 - 89 wlefifiust & idennumnu Spanan
NN WULee (common: C)
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Figure 1. Size and dimension of the moth trap (lateral view) (A) The moth trap baited with pineapple (lateral

view) setting on a somkeaw tree (B) Pineapple slice hanging under the moth trap (C)

31-64 iefiius MidaNIumURAINTN
gt hunans wulsiunans (moderately common: MC)
10-30 wafidusl HidanaumuiaNgn
1 ¥ v v ¥ v
fuAaudnilas wuldrewdnadas (uncommon: UC)
1-9 wWafidfus HidaxIumUAINgNYN
v Y v
fIae wu'lsias (rare: R)

NANISVNARDILAZIANGTDL

NAMSANENLR AN AS LU
1&91"1}11/\12%1‘1 6 1A D A. dotata, E. phalonia, E. salaminia,
O. coronata, O. tirhaca wa T. honesta (Figure 2-
3) Tmﬂ@?ﬂLLuﬂmnﬁ’n‘Hm:maﬁmg’mﬁwmLL@:
Wiouifludeyasinluienansdrededail Adun
(2020), Gilligan and Passoa (2014), Pintilioaie
et al. (2014), Roychoudhury and Mishra (2021),
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Suthapradit et al. (2006), The moths of Borneo
(2025) a2 The moths of Idia (2025) Tna il sneazid e
sastelyi]

A. dotata (Figure 2A and 2D) AnHOUL1a 8N
Faauazdniidinananesuns druu (dorsal view)
2998wl (forewings) Hqm@u1aian < Tuiaadiin
uaziliduiinimangeudnuylldweudingns 2 1du
wvl,mjmuﬂu ANUANY (ventral view) mmﬂnmmu
wuammmmmLmummwmwﬂmwmmwm
arnrevuuresdnasunus lifivreuansesin
daullnguas (hindwings) AudnfiFddanas wasd
wnu@atAvegnsanasnguds Anuang (ventral
view) 1891nAuAS #3599 uarunudanalds
agRsanaNtuR i UA uLLEEITIN (The moths of
Bomeo, 2025; The moths of India, 2025) N1TULNINTZANel
184 A. dotata dann1sanulaluan weide s auns
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Figure 2. Fruit-piercing moths: Dorsal view (A-C) and ventral view (D-F):
A. dotata (A, D), E. phalonia (B, E), and E. salaminia (C, F)

Figure 3. Fruit-piercing moths: Dorsal view (A-C) and ventral view (D-F):
O. tirhaca (A, D), O. coronata (B, E), and T. honesta (C, F)
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1w filu quans wazuediilen (Kiti and Singh,
2013; The moths of Borneo, 2025) Aa1N91841484
Robinson et al. (2001) @29 FeeuresTidenIY
wINuEla A. dotata HNga 1w siungluaedana

(Combretaceae ) TneifiatAndanuLingafinuald

5ine o lutdszmalne . 40 anly gniie uazgnazay
(Muntingia calabura) WusTu (Banziger, 1982)

E. phalonia (syn. E. fullonia) (Figure 2B
and 2E) ANHUEHILAZANHAUIANALAY A9UTTaY
= £ = 1 £ alal 9; o a
adu Auunaesdngniin d8neanauns uazsindqn
Adudn o druuuiindianeidu 2 duniaanaeuin

=S = 1 ] v 1 = 1 v =
uuieaaulngns dauniuaneaastngudn Juny
al o 1 a =) =y
annaunavuuaz Iunusinunastnuazlanain
o § v o AN A A ' P v
il mleuiidadinaesetinsslauuazlanatinuin
Auuuresnguailiddu didudanlAweawinlng
LATLFNUTAUTNUAINRA NABULBALAIUAN
(dorsal and ventral view) (Arjun, 2020; Gilligan and
Passoa, 2014) N1UNINTZANLYRIELADNIUNINY
E. phalonia YuansunsanylaluianuddWn vaide
o = v 1 = a a =
Arduaaniasals 1w uiads ne au auLhe
P X A
2RALATLAL WAL MUANEANLNIBILANINT (Brou
and Zilli, 2016; Cochereau, 1977; Kawazu et al.,
2008; Roland et al., 2012; Reddy et al., 2005;
Sivasankaran et al., 2017) a1n918911284 Fay and
Halfpapp (1993) waneldLiuan E. fullonia 10U
e A Ao °o o ° = ve & o
AngiandandrAtyuazyinau@ane iy aua
= = = - a
LAy Heilee Tuneuwle a9 ULALS BRALATLAE
TugaINNUaNAAURIAUANY E. fullonia N7 A
doulunzifeanuii@aniuulnuaiia £ salaminia
11NN (Fay and Halfpapp, 1999) uanannildany
Wvinansnaiuis (Balikai et al., 2022) a1le (Tran
et al., 2019) uazidudngndAnyaasinamsenadu
(Leong and Kueh, 2011)
E. salaminia (Figure 2C and 2F) ansuy
= | Yy aa A & P & A
19 nguindA@aomas unes Auuuseslng
a a = =S
Wumnsadaasnanndatsveudnuunalnalauaeu
Ina19 anf@de9 fesd@4n (Roychoudhury and
Mishra, 2021) Tnguas H&&uuazlidudantAsee
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a o

1 =) o al

u1n vy reudnuasidnnuazqandnnansalans

=) v 1 =) 1 v a aa A
wauiln Ausdresdnguiinsnulaulnddmass

9y = g A A T ° .
& Aunudaraminagneet Tununduiaani (Arun
2020) MawastyiiLinaessad auli@eTiia £. salaminia
wiALInldRNgag MR 27 asrnuaidita usiansg
2e3AANdEazenaNd e NN RANTEUINe 15-
23 a9AgaTed IAaFaLANTEIRHLANIUNINY
E. salaminia §389708N1301A1U1TA1UIUNINLND
@mmmmnm 20 a9ATALEYE (Sands et al., 1991)
mmiumn@ Eudocima spp. ianunsanylgdusiay
LﬂumwN@iuuu@ﬁmﬂLm@uwumﬁmummm
waznuua uunn g R e uN AN T UGS
Wudaantlnananaena ldaruiauunn (Fay and
Halfpapp, 1999) Hi@anquninusiianiiidvians
naldngAyvanasiia 1w 4u anle wazdua lna

1 = al =
nuwwsnszanaluduimne Uszndlne widna au
e delu inud AadTud Bulatide Tulastide

LEWENINANY LAZBBALATIAL (Holloway, 2005)

O. tirhaca (Figure 3A and 3D) ANULILLA

=~ L Y aa A ¥ ~ a v a .
Unduitawmaesiinng d9adltnusiiueeuin
yunarasalatedn dnndaldmasandy wasd

a o \ & P a o P
anngudrauieauannann wsnulndiuaeuln

v 1 = 1 v = 1 o aa A 1
puasresdnguinnazdnguaalawmaesniu

= al 9(: 1 1 a Vo =
HiduatmaLaegau aguTonlndiulanaaeuin

v aal o 1 A dl a %; 1
il uarddnngUiremieuanmaandiiniaseu
lusuwndaineaiua uuuaesinguds (Pintiioaie
et al., 2014) Fadaunadilae O. tirhaca \ungu
A a = £ a dl | d!/ 1
wuauAvaNsonung iduaneatiandungluiaeas
(Roychoudhury and Mishra, 2021) Aetiuszezfaaal
nafudngiaesiaisegiaunaatio i luaeeiy
fdanamTla (pistachio) (Berlinger et al., 2001) dua
NN (Terminalia bellerica) FUANALBIAS (Shorea
robusta) i1UAY (Beeson,1941) TaeINs189 4N9-
WUELABNIUNINY O. tirhaca ATeusnluBas1L0a
(Berlinger et al., 2001) N1TUNTNIZANLVRIALABNAN
PINUBAZNNTEN N AN L NTUVRIRLE NI UM UT AT

:’/ 1 v = dJ v = =Y
WUASLALAFRRAUD G RANFaw Tundduaninn
aadmsian glstl luunuwmnefisidau uazielde
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iy dszinalne (Banziger, 1982) meduaan
W ReLuNere9duLAe (Kirti and Singh, 2013) LAY
Uszindlsuniile (Pintilioaie et al., 2024) 1Hufu
o & & o Na ¥ o
FalANIEa9RIARTNARN I8 UNNTIE a1 e du
TutlszmAnaiia (Forsyth, 1966) Winlneian (Schinus
molie) Tuilsziniauen (Le Pelley, 1959) AALINAWN
(Quisqualis indica) \uigsiaalszing Uszimaduims
(Gujrati et al., 1993)

O. coronata (syn. Thyas coronata) (Figure
3B and 3E) ¥uazenduinnani vieeladuuaziin
a o [y [ v = ¥ oo s °
aeiludedans Aruunaesdnutin Adda1a60
HqnAn1TAvaLanT agmIaNae (Suthapradit et al,
2006) AU dunInanvautnuudvraudnana
AU 3 1&u TnAuds Fimascuariddudniuun
Tun) 2 1&u Tnadunlnadansaaudndaanlung

\ = o s A v !
LazUUININ anaaeudnuaviaInand ANuans

= P =~ o aa A ' a a %

1asdnutiuasdnuasiawansvau Jidudinmnia
wgen agisnaslndnulaeaeutinun (Suthapradit
et al., 2006; The moths of Bormeo, 2025) WUNITHNT
nszanelu BuAe eedimside (Kirti and Singh, 2013)
A1 (Kawazu et al, 2008) wailszindlng (Suthapradit
et al., 2006) HL@afLENT8U89 O. coronata N34
lduuswauieus (Quisqualis indica) FUYNIN
(Terminalia catappa) AUATLNUI (Combretum
quadrangulare) wazanang (T, chebula) iesan
WxzansanisastytAuinues O. coronata 11N
714/ (Ngampongsai et al., 2005a) TnaiwusaLfu T
Hidnaeaesnes uazdulanuludandnasnan
(Ngampongsai et al., 2005b) a1NN1TAN =1V 24
Suthapradit et al. (2006) $184 U3 FILANTHID
I L s
Hidesiangeunududesn unndn nanaven
nrazne wardu usraufuazyALaTTNY T TIgn

T. honesta (Figure 3C and 3F) @284%12

v aal A A U
an uazieadiaunslaasisavizadanneandn anduen
UdaausniaNUIANaLAs wileufudeessuLuLea
Unguiin Hqadunmnnaseuasanidensaiuiziom
Indruaevnuuaestnaguiin dousuuuaesiing

79

WA Harunandn uaziqndauunlnatuaeuin
a9 Anuas resiinguiiuaringuasidauyandu
wazliiaamane (The moths of Borneo, 2025) NN3-
WNdnITanUestideTiad WUl Buide (Adarsha
and Ramaraju, 2016) Uszinalne (Ngampongsai
et al., 2005b) Wi WaUTud vefillan guas (Kirti
and Singh, 2013) LAY N1LALT e (Robinson et al.,
2001) Tasifaaauuas T. honesta uiNa luagAan
(Lecythidaceae) Wiy annela (Barringtonia asiatica)
wazeunsz AU (Planchonia valida) 1114614 (Robinson
et al., 2001) TngfaBndanudINIa8aeINes &u
uazdula usu (Ngampongsai et al., 2005b)

a11 Table 1 LAAYANUIUTLAUAZATUIU
Faaasiidenaunanu wudnluideunanau w.a.
2562 wumﬁmﬁ%amummmn%mﬁq 5 1in LAz
FANUIUTINNND 17 F3 AR A. dotata I1UI 4 F9,
E. phalonia a14au 3 fia, O. tirhaca a1UU 1 6,
O. coronata AU 7 A3 WAz T. honesta AU 2 69
TnaNANATRAINMAINTHA Shannon-Wiener Waz
Arfaiianangiiianegeiigal 1.42 uaz 0.28
AANATAL TABUNOAANIE W.A. 2562 wuilida
UIUNIU 4 1A Ta1uUTH 10 §a Aa E. phalonia
MU 2 F1, E. salaminia A1 1 6ia, O. coronata
QTUIU 5 A2 LAY T. honesta AU 2 5ia LAz i
WABUTUINAN W.A. 2562 NUANWIU 3 1A Ta1uau
798 11 9 AR A. dotata aVU3U 2 AA E. phalonia
AU 2 A9 Uaz O. coronata AU 7 A 1aadAN
Foiimaunanneia Shannon-Wiener Tuiaau
WOAANEL UWATHAEUSUINAL WA, 2562 71 0.95 uaz
0.91 LATANFTTANNALLENDR 0.24 Az 0.30
PN ANt TUt0UABUNNIIANUALINA RS
w.a. 2563 Tainuiideniumany uwslwien funay
W.A. 2563 WURIAENMMAN L TiAIAEn An A, dotata
AUIU 2 A7 ANATRANUANTRALAZATHAIN-
axinLaned 0.35 Ua 0.18 MU

ilesannilaananseniinisszunnaes
Covid19 uariinnsiniad vl luianansodngisoa
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Table 1 Diversity index of fruit-piecing moths in Somkaew orchard

Year Month No. of No. of moths Diversity (H) Evenness index
Species (E)
2019 October 5 17 1.42 0.28
November 4 10 0.95 0.24
December 3 1 0.91 0.30
2020 January 0 0 0 0
February 0 0 0 0
March 1 2 0.35 0.18
2021 April 0 0 0 0
May 0 0 0 0

sials Ladniseaulsun1siniunainn1sd1994
WA TULR B ULN 8 U- NG HNIAN WA, 2564
ratlsngan linuiidesauuludaanaidanann
Tngdaanisdsnguesiidenaunaull
AITNABAAADITLTEEEN19ENIBINARN LAY TIEY
ludaeinou paranDahausuanAN Inadaaedu
vsdaununluszazianslutdosimaununiiusias
Furan e lwanfauninunainananazilszanng
o & o = £ Vo
Pe9Hi@sNwuinAnuwasTuegiuscaznig
gnaesua biunndndadeau 4 (Leong and Kueh,
2011) a1N91U91891 %8289 Kumar and Lai (1983)
nan991 Tuna mmmwuﬁL?ﬁ'amummslwﬁwq@
v o , A % = oA o
waadudqannaldeentTuraiunn wiufeany
9181411999 Muddasar et al. (2021) NANHINATH
1lsza1n390H@aNI UMY 3 TR Aa E. homaena
E. phalonia wa e Eudocima maternal, 1ud 2018-
2020 WUIIN13ENLYIINNIDIRLABNIUNINUAY 3
#iinludeaheunangian aulianaunnax Tng
utdaenguald uazwuiBunugegaluinounaian
LLZ\]quﬂ@ﬂ’mu FeannndaeiunisAnmn luasil
wwumLm@muiumlumauﬁlmﬂumm@uﬁm’mu
d‘ k2 AI 1 = [ £ 1 v
Muaduuiaduun wazinudndeslugdaenquds
a S T
WasanninaduuiofunaesFuunludosnauiiuian
widnananUsuiudeandiguusn atalafinu
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1 =l = AJ 1 dl v
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ARLTNIUAY (Fay and Halfpapp 1993) WARS LAY
qn ﬂimmmmmmamwmumuﬂﬂﬂuqmmmm
ualdiduiladeuan
R1N91891U BN Jayanthi et al. (2015)

] ! YR PRSP = &
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laandnualdnldreeinau Teuivinn1s@nEninng
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ndwufimLuumiﬁ\‘i@mﬁL%MWQW@@M’]HN@W
uénlé waznaldfifsananuiegeiidenaumanld
unndnaldfifisailFan (Jayanthi et al, 2015;
Reddy et al., 2007)
aeilsfinuaInA LI sF AT IE
wﬂmﬁmmuﬁ“uﬁﬁﬁmuﬁ@ﬂﬁ@ 40 52 LAZAIUILAT
’Luﬂmﬂumfmﬂ’]\uwm 1 afasiaipeuy anavin lidass
AANALARDY muum@‘lum@mmummmmju
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ﬁmmwmﬂmm@wﬁmﬁL'gamummlu
muéfmmf; (Table 2) ANNN13617995TI9 A muqu
8 m\a wmummmmummmq “ LiNeN 4 a%a I
wmmwumﬂmm 19 fa@a O. coronata TR9AINIAY
A. dotata Waz E. phalonia WU 8 Waz 7 fia ANNAIAL
Imﬂﬂﬁ‘a‘ﬂiﬂﬂ{]"ﬂﬂﬁaLéﬂﬂﬁ%ﬂ@ﬁu%\i 3 ailm Aniilu
$0e1n 75 109n1361 TR TNLT A DN MY dnaglu
FEAUANENYNNIN waznulAUee 38989N1AD
T. honesta A7uaw 4 i Taemus 1o 2 A Anly
Faeaz 50 AL TTAUAINNTINTNLIUNAIY A1AL

v

AnvineAa E. salaminia Was O. tirhaca NUTRAAY

q
o

169 atinvay 1 A% Anluiauay 25 Anat lungs
dl =3 Yo v v
RanusonuiulaAendnetias
AU O. coronata MWLANNNNGN A. dotata

UAT E. phalonia 04 2.38 Uaz 2.71 N uALEEANWINS
AIATHANINTNN LGN HANFaeaz 75 Wil uazdl
TnlunguindArugngua iy Tauansig
q1N918911289 Ngampongsai et al. (2005b) Anuan
Tuaniunldnadadnasaan E. phalonia \dufide
NAUMNUNUNINIZANY FNTYH ATHANAIATYNIN
P (o = o o a o a &
nan winthelsfimuniusnildlunisdrsatidensu
U 1inasdrunaliTuisan nuandaniiaag

1 o li! = o £ dl Yo o :’/ t:sljd
WANFNeAY T9anatuan lduanlam1aie $elld
Aaduldlsmidunaannisidanldfaevnsie
dutlzan Wuwwtieas Hesrinuan1sAne1ANNTaL
29359LANSE O. coronata lunnsfiunaldan 6 alin
Ieun 4n nzazne nddeven dullzen azyn uazaNy
A8y Suthapradit et al. (2006) WU O. coronata a4
Aududzannnnign lnanauananssswenlantass

o P o o Ao o

aanuiandulzsaiuualiniiuilasangdrAnylunns
=® = d” ol d’j a
PagARNLAD O. coronata NINNIIRLABNIUUINUTTA
81 7] (Suthapradit et al., 2006)

Table 2 Abundance index and frequency of occurrence of fruit-piercing moth species collected in a Somkaew

orchard during October 2019 to May 2021

Abundance No. of No. of times being
Species Abundance level
index individuals caught

Artena dotata 75 % Common 8 3
Eudocima phalonia 75 % Common 7 3
Eudocima salaminia 25% Uncommon 1 1
Ophiusa tirhaca 25 % Uncommon 1 1
Ophiusa coronata 75 % Common 19 3
Thyas honesta 50 % Moderately common 2
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Abstract: This study aims to examine the adoption rate and level of Integrated Pest Management (IPM)
practices among vegetable farmers in Maha Sarakham province. Data were collected from a sample of 89
farmers during the 2023/24 crop year. Binary Logistic Regression was used to analyze the factors influencing
the decision to adopt IPM, while Multiple Regression was employed to assess the factors affecting the level
of IPM adoption. The findings indicate that the adoption rate of IPM in the study area was 74.16%. Farmers
who adopted IPM primarily utilized non-chemical pest management techniques, such as biological control,
crop rotation, and the use of botanical extracts. Additionally, the frequency of chemical pesticide uses
significantly decreased among IPM adopters. The analysis identified several significant factors influencing
IPM adoption. Positive factors included perceived benefits of IPM, non-agricultural land ownership,
the diversity of vegetable crops grown, chemical costs, and health and environmental attitudes (P < 0.05).
Conversely, age, frequency of vegetable sales, and attitudes towards institutional support and
communication were negatively associated with IPM adoption (P < 0.10). The analysis of factors affecting
the level of IPM adoption revealed that chemical costs, information received from fellow farmers, and health
and environmental attitudes positively influenced adoption intensity, while age and frequency of vegetable
sales had negative effects. The key policy recommendations include promoting IPM knowledge and training,
improving communication and information dissemination systems, and fostering farmer networks to enhance

both rate and level of adoption in the study area.
Keywords: Integrated Pest Management, vegetable farmers, technology adoption
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Number of No. of Adoption IPM Practices No. of Percentage of
Practices Farmers level (%) Farmers Farmers (%)
1 23 25.84 Cultural practices 60 67.42
2 38 42.70 Biological methods 22 24.72
3 23 25.84 Use of natural extracts 80 89.89
4 3 3.37 Mechanical methods 2 2.25

2 2.25 Use of resistant varieties 2 2.25
6 - Use of lures 2 2.25
7 - Use of growth inhibitors 2 2.25
8 - Physical methods 2 2.25
9 - Use of chemicals 23 25.84

IPM adoption rate

74.16% (61 households)
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Table 2 Characteristics of vegetable farmers in Maha Sarakham province, classified by IPM adoption

Factors/Characteristics Mean

Total Non-adopt Adopted P-value
Social factors
Age (years) 58.26 57.52 60.39 0.252
Education level (years) 7.55 7.44 7.80 0.582
Farming experience (years) 35.71 32.65 36.77 0.308
Household size (persons/household) 2.24 2.43 217 0.100
Perception of IPM benefits (scale 1-5) 4.18 3.70 4.35 0.036 "
Economic factors
Income from remittances (1000THB/year) 17.745 12.61 19.54 0.294
Non-agricultural land ownership (rai) 0.72 0.47 0.81 0.086'
Agricultural land ownership (rai) 16.02 12.89 17.11 0.121
Number of vegetable types grown (types) 4.56 4.26 4.67 0.503
Frequency of vegetable sales (times/week) 3.63 4.70 3.26 0.049"
Cost of chemicals (THB/year) 71.67 13.48 91.95  0.021
Lack of capital (scale 1-5) 4.51 4.43 4.53 0.686
Physical and communication factors
Water source for vegetable farming (1=has 0.60 0.61 0.59 0.883
Soil quality issues (1=problematic soil, 0.28 0.43 0.23 0.058
Labor shortage in household (scale 1-5) 4.52 4.57 4.50 0.796
Training on herbal extracts (1=attended, 0.33 0.26 0.35 0.446
Information from fellow farmers (1=primarily 047 043 048 0.683
from fellow farmers, O=others)
Attitudinal factors (scale 1-5)
Health and environmental attitudes 4.62 4.29 473 0.026°
Economic attitudes 3.66 3.52 3.71 0.568
Institutional and communication attitudes 4.47 4.52 4.45 0.795
Management attitudes 3.91 3.77 3.96 0.350

Note: ** statistically significant at the 0.05 level (p < 0.05), * statistically significant at the 0.10 level (p < 0.10)
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Table 3 Estimation results of factors influencing IPM adoption and the level of IPM adoption

Variables IPM adoption level of IPM adoption
Coeff. Odds Std. P- Coeff.  Std. P-

Social factors
Age -0.242 0.785 0.074 0.010 *** - 0.001 0.003 ***
Education level -0.485 0616  0.522 0.567 - 0.012 0.196
Household size -0.826 0438 0.340  0.288 - 0.014 0.620
Perception of IPM benefits 1.117 3.056  1.609 0.034 ** 0.010 0.008 0.225
Economic factors
Income from remittances 0.001 1.000  0.000 0.179 0.000 0.000 0.408
Non-agricultural land 2506 12.257 17.266 0.075 ~ 0.013 0.011 0.238
Agricultural land ownership 0.036 1.037  0.050 0.448 0.001 0.001 0.223
Number of vegetable types 0.634 1886 0.538 0.026 *™ 0.004 0.004 0.285
Frequency of vegetable sales  -0.365 0.694  0.147 0.085 * - 0.003 0.036 **
Cost of chemicals 0.019 1.020 0.010 0.044 ** 0.000 0.000 0.000 **
Lack of capital -0.537 0584 1.027  0.760 - 0.021 0.718
Physical and communication
Water source for vegetable -0.988 0.372 0.343 0.283 - 0.018 0.967
Soil quality issues -1613 0199 0.286  0.260 - 0.023 0.195
Labor shortage in household -0.916 0.400 0.645 0.570 0.003 0.020 0.868
Training on herbal extracts -0.227  0.797  1.469 0.902 - 0.023 0.870
Information from fellow 0.963 2.619 4.404 0.567 0.039 0.021 0.066 *
Attitudinal factors
Health and environmental 1401 4.060  2.901 0.050 ** 0.023 0.011 0.038 **
Economic attitudes -0.55 0577  0.275 0.249 - 0.007 0.334
Institutional and -1.379 0252  0.161 0.031 ** - 0.010 0.220
Management attitudes 0.925  2.521 1.672 0.163 - 0.012 0.792
-2 Log likelihood 45.792 F-Statistic 5.490
Prob x* 0.0001 *** Prob F 0.000 ***
Pseudo R 0.550 R-squared 0.632

Note: *** statistically significant at the 0.01 level (p < 0.01), ** statistically significant at the 0.05 level (p < 0.05), *

statistically significant at the 0.10 level (p < 0.10)
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Factors Affecting Farmers’ Needs for Promoting Vegetables Production Based
on Good Agricultural Practices, Mueang District, Angthong Province
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Abstract: This study was aimed to investigate 1) farmers of needs for the promotion of good agricultural
practices (GAP) for vegetable production of farmers 2) analyze factors affecting needs for the promotion of
GAP for vegetable production of the farmers and 3) problems of GAP for vegetable production of the farmers.
The sample group consisted of 96 farmers production GAP for vegetable in Muang district, Angthong
province. Questionnaires was used for data collection and analyzed using descriptive statistics and multiple
regression analysis. Results of the study revealed that most of the respondents had a high level of needs for
the promotion of GAP for vegetable production. Factors related to needs for the promotion of GAP for
vegetable production were a positive relationship including age, labor, and received information about GAP
vegetable production. Most problem of the GAP was climate variability and disease and pest outbreaks.
The research suggested as following: 1) modern agricultural technology and innovation should be
supported, 2) online agricultural extension methods should be utilized, 3) integrated disease and pest
management is recommended, and 4) supporting or recommending appropriate distribution channels for

agricultural products.

Keywords: Needs for agricultural promotion, Vegetables production, Good Agricultural Practices
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Table 1. General socio-economic background of farmers

General background Percentage X SD
1. Gender (female) 68.50 - -
2. Age (year) - 39.80 7.44
3. Education (senior high school) 50.20 - -
4. Number of years in school (year) - 12.30 6.62
5. Marital status (married) 52.80 - -
6. Income from GAP for vegetable production (Baht) - 205,180.00 48,563.25
7. Size of land holding (rai) - 1.50 0.98
8. Labor (number) - 2.50 1.05
9. Experiences in GAP for vegetable production (year) - 4.40 1.82
10. Training in GAP for vegetable production in year 2024 - 1.50 0.41
(times)
11. Contact with the government officials and private - 7.10 2.45
sectors in year 2024 (times)
12. Received information about GAP for vegetable - 90.50 22.36
production in year 2024 (times)
13. Received information about GAP for vegetable production 89.60 - -
from social media (times)
Table 2. Level of needs for the promotion of good agricultural practices vegetable production
Needs X SD Level
1. Production 4.04 0.56 High
2. Product management 4.34 0.28 Highest
3. Agricultural technology 4.38 0.24 Highest
4. Economics and marketing 4.58 0.10 Highest
5. Information technology 4.00 0.60 High
Total 4.28 0.32 Highest
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Table 3. Multiple regression analysis of factors affecting needs for the promotion of good agricultural

practices vegetable production

Variables Coefficient (b) t P-value
1. Age (year) 1.565 2.224 0.036*
2. Number of years in school (year) -0.144 -0.389 0.699
3. Income from good GAP vegetable production (Baht) 0.120 1.110 0.265
4. Size of land holding (rai) 0.011 0.612 0.511
5. Labor (number) 1.778 2.192 0.039*
6. Experiences in GAP for vegetable production (year) -0.020 -0.709 0.442
7. Training in GAP for vegetable production (times) -0.044 -0.602 0.528
8. Contact with the government officials and private sectors (times) -0.028 -0.230 0.824
9. Received information about GAP for vegetable production (times) 1.801 2.088 0.045*

R*=0472 F =8.321 Sig. F <0.05

The correlation is statistically significant at P < 0.05
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Selection of Advanced Lines for High Grain Anthocyanin Content and Photoperiod
Insensitivity in F, and F; Generations Between Pi-ei-su 1 and Pathum Thani 1 Rice Varieties
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Abstract: Pi-ei-su 1 (PES1) is a sticky purple rice variety, which was selected from an indigenous rice variety
in the highland of northern Thailand with a black pericarp and high grain anthocyanin content. However,
PES1 is a photoperiod sensitive and low yield variety. The growing season is limited to one a year. To improve
these agronomic characters, PES1 was crossed to Pathum Thani 1 (PTT1), a modern variety with the
photoperiod insensitivity trait and high yield. The objectives of this experiment were to evaluate and select
advanced lines with a black pericarp, high anthocyanin content, and high grain yield in F, and F, generations.
The initial trial was conducted during the off-season in experimental pots. All F, hybrid plants exhibited a
black pericarp, flowering between 91-132 days. Fifteen plants that exhibited flowering closely to the PTT1
parent and higher yield than the PEZ1 parent were selected for evaluation of their characteristics in the F,
generation. In the F, generation, fifteen plants were grown under field conditions. PES1 and PTT1 parents
yielded at 11.5 and 41.0 g/plant, respectively, while fifteen hybrid lines yielded between parental boundaries.
The hybrid lines flowered within 96 to 106 days, which was close to the PTT1 parent. Six advanced lines
produced higher anthocyanin content and yield than the PES1 parent. The amylose content of non-glutinous
advanced lines at 12.9% to 15.4%. These advanced lines will be used as a genetic material for further

improvement of premium quality rice varieties.

Keywords: Selection, anthocyanin, photoperiod insensitivity
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and parents (PES1 and PTT1)
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Table 1. Grain characteristics, anthocyanin concentrations, and agronomic traits of 6 selected plants F6 lines.

. ) Grain Days to Culm .

Selection  Anthocyanin ) . Amylose  Starch o Grain

weight flowering length Grain size
no. (mg/100g) (%) type shape

(g/plant) (days) (cm)

1 70.7 18.8 97 86 13.7 NG Extralong Slender

2 57.9 18.2 107 88 154 NG Long Slender

3 53.3 18.0 102 94 12.9 NG Extralong Slender

4 521 21.8 101 85 14.1 NG Extralong Slender

5 51.7 20.4 96 87 15.7 NG Extralong Slender

6 43.4 19.8 101 95 14.2 NG Extralong  Slender

Mean 54.9 19.5 101 89 14.3 - - -

SD 9.1 1.5 3.9 43 1.1 - - -

PES1 19.5(0.6)° 115(26) 82(5.4) 115(1.3)  4.7(0.1) G Short Bold

PTT1 0.0 41.0(02) 101(2.6) 73(4.2) 17.7(0.3) NG Extralong Slender

°*Mean and standard deviation from 3 plants, NG: non-glutinous, G: glutinous
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