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Abstract

The research aim to determine the suitable plant density and plant material of the Srivijaya pineapple
under intercropping with young oil palm. The result showed that Srivijaya pineapple had big challenges of
waterlogging during the rainy season. Srivijaya pineapple at plant density 21,687 plants per hectare reached 18 cm
plant height and plant material from 2.0 mg/L BA gave the highest plant height. The widest plant width was 90.31
cm using 1.0 mg/L BA followed by 89.10 cm using 2.0 mg/L BA. The total fruit weight at plant density 21,687
plants per hectare gave higher total fruit weight (679.29 grams), fruit weight (612.93 grams) and smaller core (2.30
cm). Plant material used 1.5 mg/L BA gave the highest average of total fruit (695.42 grams) and 629.05 grams for
average fruit weight. TSS of plant materials from 1.5 mg/L BA was 17.89 °Brix. The yield production was 14.73 tons
per hectare at a density of 21,687 plants per hectare which higher 2.86 tons compared to plant density 19,275
plants per hectare. Plant material sourced from 1.5 mg/L BA was the highest yield which reached 14.30 tones.
Srivijaya pineapple production decreased 39 to 45.2% due to the waterlogging. Planting materials from tissue
culture were 99% free disease on the growth stage of pineapple and had less than 12% of disease severity on
post-growth stage.

Keywords: intercropping plant density, plant material, Srivijaya pineapple

Introduction

Pineapple (Ananas comosus (L.) Merr.) is an important tropical plant widely grown commercial tropical
fruit in the world (Carlier et al., 2007). Srivijaya hybrid pineapple having good quality and disease resistance such
as heart rot, and root rot as well as wilt diseases was bred by Sripaoraya (2009). The fruit quality characters;
antioxidant activity 88.52 9%, protein 4.84 %, fiber 3.86 % and bromelain 6,332.85 mg/ml were reported
(Department of Agriculture, 2021). Freshly ripened pineapple fruit contains bromelain, it is useful for anti-
inflammatory reasons and lowering swelling in inflammatory diseases (Hossain et al., 2015).

There is open space in the field for intercropping crops during oil palm under 4 years. Farmers were

obliged to spend their money on other agricultural tasks like weeding even though they had no income yet
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(Tonye et al., 2004). According to Valentina et al. (2023), Srivijaya pineapple is a suitable and profitable intercrop
with young oil palm (Krualee et al., 2021). Moreover, cultivation management is a prime factor for pineapple
plantations. Plant density and plant material were the keys to gain high production and fruit quality. However, BA
application on tissue culture may affect growth, and suckers in pineapples and it may affect yield (Valentina et al,
2023).

In addition, environmental factors are necessary for optimal growth and vyield. Srivijaya pineapple plants
were sensitive to some conditions, for instance flooding and waterlogging. Waterlogging has an impact on
insufficient supply of oxygen. Root respiration becomes less extensive so that the absorption of nutrients needed
by the plant is inhibited. Prolonged water logging conditions and poorly aerated soils induce stress on the plants
and reduce yield (Haque et al, 2020). Therefore, it is critical to determine the best plant density and plant

material for growth and yield on the Srivijaya variety production intercropping with young oil palm.

Materials and Methods

The experiment was conducted in a one-year oil palm field in Thung Yai district, Nakhon Si Thammarat
Province, Thailand. It is a hills area with coordinates 8°17'48"N 99°22'30"E 500 meters above sea level (Wikipedia,
2023). The plant material was ‘Srivijaya’ pineapple plantlets from tissue culture propagation. Srivijaya pineapple
plant materials were fed with MS+BA 1.0 mg/L, MS+BA 1.5 mg/L, and MS+BA 2.0 mg/L in tissue culture system.
‘Srivijaya’ pineapple plantlets were moved to a greenhouse and media containing soil, coconut peat, and rice
husk charcoal in a ratio of 1:1:1. Plant materials were healthy and uniform based on age (one year) and plant
height size (30 cm). A nine-meter triangular oil palm planting pattern was used. The pineapple planting pattern
was used in the double and triple rows for the field experiment. A double row of 50 cm x 50 cm x 100 cm was
used for 19,275 plants per hectare, and a triple row of 50 cm x 50 cm x 50 cm x 100 cm, for 21,687 plants per
hectare. NPK 15-15-15 and NPK 0-0-60 were used to fertilize pineapple plants for growth and fruit, respectively. 15
grams per plant NPK fertilizer were applied per plant per fertilize period. 200 grams per plant of chicken manure
were applied 4 months after planting. Herbicide used to suppress weeds at 3, 6, and 8 months after planting.

Pineapple plants were watering automatically by an irrigation system powered by solar cells if there was no rain.

Experimental research design

This research used a split plot design in a randomized complete block with four replications. The main-
plot was plant density having two densities; 19,275 and 21,687 plants per hectare. The sub-plot was plant
materials sourced from plantlets that were produced by tissue culture using MS medium in three different BA
concentrations (1.0 mg/L, 1.5 mg/L, and 2.0 mg/L). It used 200 and 300 plantlets per treatment for 19,275 and
21,687 plant densities, respectively. Ten plants per treatment in each replication were sampled for data recording.
The variables growth data measured were D-leaf length and width, plant height and plant width, average of new
suckers and slip. Diseases data including heart rot, root rot and wilt disease. Yield data including total fruit weight,

fruit weight, crown weight, fruit width and length, core width, eye depth and TSS (total soluble solid). Data on D-
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3
leaf length and width was recorded using a caliper and a ruler from the most recently longest and widest leaf of
pineapple. Yield data for weight used balance and for length and width used ruler. TSS used refractometer. Heart
rot and root rot were identified by the leaf color changes to yellow; stunted growth and death. Wilt disease was
identified by wilt in the leaves of pineapple; the leaf color changes to orange from the tip part, and the leaf
texture is soft. Data was collected and analyzed using analysis of variance (ANOVA). The Duncan Multiple Range

Test was used for the mean difference analysis at 5 % and 1 % levels.

Results and Discussion
Pineapple plants were grown under intercropping with young oil palms. However, it faced the problem of

waterlogging during the rainy season and it decreased the growth performance of Srivijaya pineapple.

D-leaf length and D-leaf width of Srivijaya pineapple

Plant density and plant material gave no significant impact on d-leaf length and increasing D-leaf length.
The average D-leaf length was higher at denser densities of Srivijaya pineapple than 19,275 plants/ha (Table 1).
Plant material from the tissue culture system using 2.0 mg/L BA was also the longest D-leaf per 3 weeks observed.
The D-leaf width was higher at a higher plant density (21,687 plants/ha) than 19,275 plants/ha. Plantlets from
tissue culture using 2.0 mg/L BA gave the longest D-leaf width every 3 weeks. Data showed that the pineapple's D-
leaf width increased less than 1 cm after three weeks and six weeks of fertilizing at 31 WAP (Table 2). This study
was agreed by Hotegni (2014) who reported that the highest proportion of heterogeneity in fruit weight was

explained by the number of functional leaves (NL) x D-Leaf, which is best related to leaf areas.

Table 1 Effect of plant density and plant material on D-leaf length of Srivijaya pineapple at 31-37 WAP
in Thung Yai district

Factors D-leaf length (cm) Increasing D-leaf length (cm)

31 WAP 34 WAP 37 WAP 34 WAP 37 WAP

Plant density (D)

19,275 plants/ha 36.18 37.26 38.25 1.08 0.99

21,687 plants/ha 38.49 39.82 40.80 1.32 0.99
Plant material

1.0 mg/L BA 36.26 37.46 38.45 1.20 0.99

1.5 mg/L BA 36.45 37.62 38.55 1.17 0.93

2.0 mg/L BA 39.30 40.53 41.58 1.23 1.05
D ns ns ns ns ns
M ns ns ns ns ns
D XM ns ns ns ns ns
CV (%) 10.43 10.97 10.23 70.76 38.86

ns = no significant according to Duncan’s multiple range test, p<0.05
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Table 2 Effect of plant density and plant material on D-leaf width of Srivijaya pineapple at 31-37 WAP in
Thung Yai district

Factors D-leaf width (cm) Increasing D-leaf width (cm)

31 WAP 34 WAP 37 WAP 34 WAP 37 WAP

Plant density (D)

19,275 plants/ha 2.35 2.40 247 0.053 0.065

21,687 plants/ha 2.53 2.59 2.69 0.062 0.100
Plant material (M)

1.0 mg/L 248 2.54 2.63 0.060 0.100

1.5 meg/L 2.34 2.39 2.47 0.055 0.074

2.0 mg/L 2.50 2.56 2.64 0.058 0.074
D ns ns ns ns ns
M ns ns ns ns ns
DXM * * ns ns ns
CV (%) 12.23 11.79 11.82 61.59 63.36

ns = no significant; *significant at p<0.05; means in the same column followed by the same letter were not significantly different

according to Duncan’s multiple range test, p<0.05

Plant height and increasing of plant height Srivijaya pineapple

The study reveals that the plant height of Srivijaya pineapples reached 15.70 cm to 18.83 cm after one
year after planting (Table 3). The highest plant height was observed with plant material containing 2.0 mg/L BA
and 1.0 mg/L BA at every time of data collection. The increase in plant height reached 7 cm to 9 cm after 49
weeks after planting (Table 4). The pineapple plant's stem performance is evident, with rapidly expanding leaves
providing a natural shield for fruits, reducing evaporative loss, producing shade, and preventing weed growth
Assumi et al. (2021). The plant height was higher in higher density, with plant density with 21,687 plants/ha
resulting in 18.04 cm, or 2.59 cm higher than pineapple grown with 19,275 plants/ha.
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Table 3 Effect of plant density and plant material on plant height of Srivijaya pineapple at 31-49 WAP in
Thung Yai district

Factors Plant height (cm)
31 WAP 34 WAP 37 WAP 40 WAP 43 WAP 46 WAP 49 WAP

Plant density (D)

19,275 plants/ha 8.91 9.92 11.70 12.87 14.09 15.49 16.23

21,687 plants/ha 9.82 11.58 13.22 14.47 15.87 17.83 18.82
Plant material (M)

1.0 mg/L 9.78" 11160 1308 1445 15.54° 17.24° 18.04°

1.5 mg/L 8.13" 944"  1088°  11.88° 1305  14.96 15.70°

2.0 mg/L 10.19° 1164 1343 14.68° 16.35° 17.79° 18.83°
D ns ns ns ns ns ns ns
M x x x wx wx « «
DXM ns ns ns ns ns ns ns
CV (%) 15.65 17.23 16.77 17.44 16.31 14.78 15.70

ns = no significant; *significant at p<0.05; **significant at p<0.01; means in the same column followed by the same letter were not

significantly different according to Duncan’s multiple range test, p<0.05

Table 4 Effect of plant density and plant material on increasing of plant height of Srivijaya pineapple at
34-49 WAP in Thung Yai district

Factors Increasing of plant height (cm)
34 WAP 37 WAP 40 WAP 43 WAP 46 WAP 49 WAP  Total
Plant density (D)
19,275 plants/ha 1.01 1.78 1.17 1.23 1.40 0.73 7.32
21,687 plants/ha 1.76 1.64 1.25 1.40 1.97 0.98 9.00
Plant material (M)
1.0 mg/L 1.39 1.91 1.38 1.09 1.70 0.80 7.58
1.5 mg/L 1.31 1.44 1.00 1.18 191 0.74 8.26
2.0 mg/L 1.45 1.79 1.25 1.68 1.44 1.04 8.64
D ns ns ns ns ns ns ns
M ns ns ns ns ns ns ns
D XM ns ns ns ns ns ns ns
CV (%) 35.45 27.72 35.19 44.79 28.15 28.53 21.85

ns = no significant according to Duncan’s multiple range test, p<0.05
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Plant width and increasing of plant width of Srivijaya pineapple

Compared to plant material sourced by BA concentrations, 1.0 mg/L BA was the best to support plant
width growth following 2.0 mg/L BA and giving 90.31 cm and 89.10 cm respectively a year after planting (Table 5).
Both different plant density and plant material did not significantly impact the increasing plant width. Growth of
Srivijaya pineapple was sluggish throughout the 49 WAP of increasing plant height (Table 6). This was consistent
with the sigmoid curve, which shows that early growth goes slowly. The plant density has no discernible effect on
the pineapple's width. One of the many advantages of high-density planting is the overlapping of the basal leaves,
which produces shade and reduces evaporative loss as well as weed growth. As a result of the high plant density,
the quickly expanding leaves tended to twist and grow straight, providing the fruits with a natural shield from

sunburn and resulting in glossy, uniformly colored fruits (Assumi et al., 2021).

Table 5 Effect of plant density and plant material on plant width of Srivijaya pineapple at 31-49 WAP in
Thung Yai district

Factors Plant width (cm)
31 WAP 34 WAP 37TWAP 40 WAP  43WAP 46 WAP 49 WAP

Plant density (D)

19,275 plants/ha 69.42 72.62 75.75 77.87 80.75 83.97 85.81

21,687 plants/ha 75.23 79.01 81.61 83.73 85.33 88.17 90.51
Plant material (M)

1.0 mg/L 75.23° 78.73° 81.23° 82.75a 84.68" 88.29" 90.31°

1.5 me/L 6733 7086°  74.59°  77.33b 80.15" 83.05" 85.06"

2.0 mg/L 74.43° 77.85° 80.23° 82.31a 84.30" 86.86" 89.10"
D ns ns ns ns ns ns ns
M « « « * ns * *
DXM ns ns ns ns ns ns ns
Vv (%) 12.10 11.01 9.30 8.87 7.04 6.45 6.18

ns = no significant; *significant at p<0.05; means in the same column followed by the same letter were not significantly different

according to Duncan’s multiple range test, p<0.05
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Table 6 Effect of plant density and plant material on increasing of plant width of Srivijaya pineapple at 34-

49 WAP in Thung Yai district, Nakhon Si Thammarat

Factors Increasing of plant width (cm)

34 WAP 37 WAP 40 WAP 43 WAP 46 WAP 49 WAP  Total

Plant density (D)

19,275 plants/ha 3.20 3.13 212 2.88 3.22 1.84 16.39

21,687 plants/ha 3.78 2.60 212 1.61 2.83 2.34 15.28
Plant material (M)

1.0 mg/L 3.50 2.50 1.53 1.93 3.61 2.03 15.09

1.5 mg/L 3.54 3.73 2.74 2.83 2.90 2.01 17.74

2.0 mg/L 3.43 2.38 2.09 1.99 2.56 2.24 14.68
D ns ns ns ns ns ns ns
M ns ns ns ns ns ns ns
DXM ns ns ns ns ns ns ns
CV (%) 31.26 45.63 40.47 46.64 23.27 29.53 36.19

ns = no significant according to Duncan’s multiple range test, p<0.05

Average of new suckers and slips of Srivijaya pineapple plants

Plant density and material factors significantly influence the total number of suckers in Srivijaya pineapple
plants (Table 7). Higher plant density (21,687 plants/ha) led to more suckers than 19,275 plants/ha during the
growing period. Plant material also had a significant impact on suckers. The growth stage showed the most
significant increase in suckers, with BA 2 mg/L producing 0.94 suckers at 49 WAP. Growth regulators (BA) in tissue
culture regulate stem elongation and apical dominance, and many suckers develop when pineapple is replanted
in the field. Higher plant density and higher BA concentrations induce more suckers in pineapple plants,
potentially due to larger plants in an area. It was confirmed that the effect of higher BA from tissue culture
induced more new shoots until the cultivation on field (Valentina et al., 2020). Excessive suckers before flowering
can impact the quantity and quality of fruit. Zhang et al. (2016) found that tissue culture plant material produced
7.75 suckers, larger than 0.75 suckers from sucker material. Tissue culture systems and growth regulators help
produce a large number of shoots, but excessive suckers before fruit is ready to flower can decrease fruit
diameter due to the sharing of nutrients between pineapple and suckers (Markos, 2014; Valentina et al., 2019).
New suckers continue to grow slowly in the growth stage, with an average of 1-2 suckers after the flowering phase.
The average slip in the growth phase was less than one sucker per plant. Normally, commercial pineapple
varieties such as Phuket or Pattavia varieties have no slip. Slips also occur more at the pineapple plant growth
period. Srivijaya pineapple variety showed an average less than one slip which was a performance that is a

suitable trait.
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Table 7 Effect of plant density and plant material on average of new suckers of Srivijaya pineapple in

Thung Yai district

Factors Average of new suckers (sucker)
Week after planting Before flowering After flowering
31 34 37 a0 43 a6 49
Plant density (D)
19,275 plants/ha 004 015 020 022" 040° 044”053 1.88
21,687 plants/ha 009 024" 035 043 065 = 069 0.78 1.60
Plant material (M)
1.0 me/L 006 015" 018" 023  036c 043 049 2.18
1.5 mg/L 004 014° 022" 025 04lb 043" 055 1.47
2.0 mg/L 011 030" 043 051" 082 084 0.94 1.58
D ns * * * * * ns ns
M ns * * * * * ns ns
DXM ns ns ns ns ns ns ns ns

ns = no significant; *significant at p<0.05; means in the same column followed by the same letter were not significantly different

according to Duncan’s multiple range test, p<0.05

The yield of Srivijaya pineapple affected by plant material and plant density

Srivijaya pineapple plant includes the fruit shown in Figure 2. The average of total fruit weight from
planting density 21,687 plants per hectare was 679.29 grams which was 63 grams more than from 19,275 plants
per hectare (Table 8). It demonstrated that the total fruit weight did not decrease when planting density was
increased at higher density. Plant material fed by 1.5 mg/l BA was the biggest fruit giving 695.42 grams although
was not significant. The result was agreed with previous reports that pineapple fruit quality characteristics were
not significantly impacted by planting density. The fruit weight of Srivijaya pineapple was less than the common
characteristics of Srivijaya which reached 1.120 kilograms per fruit (Sripaoraya et al., 2023). Although the size of the
fruits was reduced, higher planting densities boosted the overall fruit output (Assumi et al., 2021). The width of
the pineapple core, fruit diameter, fruit height, fruit weight, ripening period, and harvest duration all had a positive
correlation with pineapple yield. It implies that the pineapple's core width increases as yield rises. In addition, the
fruit's diameter, height, weight, ripening period, and harvest period all lengthen (Wiangsamut, and Koolpluksee,
2018).

The small crown of Srivijaya pineapple was less than 100 grams and ranging between 60 to 66 grams. The
average crown weight per plant on single factor was used in 21,687 plants per hectare (57.65 grams), plant
material fed by 1.0 mg/L BA (53.33 grams) gave effect on smaller crowns. Plant density, plant material and
interaction had no significant effect on the core of Srivijaya pineapple. The core of Srivijaya pineapple was a

variety in the range of 2.2 to 2.4 cm. The core of Srivijaya pineapple on single factor was used in 21,687 plants per
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hectare (2.30 cm), using plant material 2 mg/L BA (2.31 cm) gave smaller core. The eye depth in 19,275 plants per
hectare gave 0.74 cm and plant material BA 2 mg/L gave 0.82 cm which showed smaller eye depth than others.

Average of TSS at 19,275 plants/ha (17.99°Brix) was higher than at 21,687 plants/ha (17.40°Brix). Plant
material 1.5 mg/L BA (17.89 cm) gave higher TSS although no significantly different effect. It showed that both in
higher density or different plant material can be used depending on which one can improve the production. This
study found that the sweetness level of Srivijaya pineapple under intercropping with young oil palm gave close
TSS performance to Srivijaya pineapple that had TSS 17.80 °Brix (Sripaoraya et al., 2023). According to the
Department of Agriculture (2021), Srivijaya pineapple fruit has 17.80 °Brix. This study found the average of TSS was
17.40-17.99°Brix. The Srivijaya pineapple has a sweet taste similar to the previous report of Department of
Agriculture (2021). This study found that TSS of Srivijaya pineapple was higher than the parent materials, Phuket
variety was 16°Brix (Chainark et al., 2018) and Pattavia was 12.6°Brix (Chuenboonngarm et al., 2007). Compared to
another cultivar, the total soluble solids content of Srivijaya pineapple was higher than Ananas comosus L. Merr.
cv. Sarawak which has 12.7 °Brix (George et al., 2016).

The study found that planting density and yield had a direct proportional relationship. Yield rose as the
number of plants per unit area increased. Yield production was 14.73 tons per hectare at a density of 21,687
plants per hectare was 2.68 tons higher compared to 19,275 plants/ha. Plant material sourced from 1.5 mg/L BA
was the highest yield reaching 14.30 tones. It means that a higher BA (2.0 mg/L BA) did not mean a higher yield.
Srivijaya pineapple production decreased 39 to 45.2% compared to common production due to the waterlogging.
Stress from waterlogging has a negative impact on vegetative and reproductive growth, which can result in harvest

failure or yield loss (Pan et al., 2021).

(0 (d)
Figure 2. Srivijaya pineapple (a) leaves (b) flower (c) fruit (d) ripe fruit
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Table 8 Effect of plant density and plant material on yield and production of Srivijaya pineapple in Thung
Yai district

Factors Yield and production

Fruit Fruit Crown Fruit Fruit Core Eye TSS Producti
weight weight weight width length width depth  (°Brix) on (ton)
total (g) (9 (9 (cm) (cm) (cm)  (cm)

Plant density (D)
19,275 plants/ha  615.80 558.15  57.65 9.44 11.57 2.38 0.74 17.99 11.87
21,687 plants/ha  679.29 612.93  66.37 9.59 11.19 2.30 1.47 17.40 14.73
Plant material (M)

1.0 mg/L BA 603.08 549.76  53.33 9.35 11.95 2.38 1.61 17.57 12.36
1.5 mg/L BA 695.42 629.05  66.37 9.78 10.88 2.33 0.88 17.89 14.30
2.0 mg/L BA 644.14 583.53  60.61 9.43 11.31 2.31 0.82 17.63 13.24
D ns ns ns ns ns ns ns ns ns
M ns ns ns ns ns ns ns ns ns
D XM ns ns ns ns x> ns ns ns ns
CV (%) 17.34 18.74 44.22 7.37 14.04 1181 13220 1035 17.34

ns = no significant; **significant at p<0.01; means in the same column followed by the same letter were not significantly different

according to Duncan’s multiple range test, p<0.05

Disease of Srivijaya pineapple

The study found that Srivijaya pineapple plants were completely free of disease from 28 WAP to 46 WAP,
with only 0.13% cases of heart rot, 0% cases of root rot, and 0% cases of wilt disease during the growth stage.
This indicates that heart rot, root rot, and wilt diseases are not harmful to 99.87% of the plants. This is consistent
with previous research by Jackson et al. (2016) and Valentina et al. (2023), which found that clean plant materials
produced by tissue culture systems. However, at 49 WAP, only 0.13% and 0.06% of heart rot and Phytophthora
cases were infected, indicating a 99% resilience of the plants to these diseases. This result is similar to study from
Valentina et al. (2023) showed 100% resistance to diseases at the growth phase of Srivijaya pineapple. Wilt
disease in Srivijaya pineapple increased during the post-harvest phase, with a higher incidence at planting density
of 21,687 plants per hectare compared to 7.9% at planting density of 19,275 plants per hectare. The study found
that Srivijaya pineapple is resistant to wilt disease, with disease severity being less than 12%. Waterlogging
conditions in the soil can lead to adverse effects on Pythium and Phytophthora root rot. Plant growth and
productivity are affected by their sensitivity to waterlogging, and in extreme cases, plants may even die (Dayalan

et al., 2021). The disease severity in the harvesting phase was higher than in the growth phase, but the increase in
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disease diversity was still low at less than 9%, indicating that Srivijaya pineapple is classified as a strong variety.
The factor contributing to increased wilt disease is the larger colony of mealybugs, which grow quickly when

pineapple plants have fruit (Dey et al., 2018).

Conclusions

Srivijaya pineapples have grown under intercropping with young oil palm and estimated yield higher three
tons at 21,687 plants/ha compared to plant density (19,275 plants/ha). Plant materials from micro-propagation
fed by 1.5 mg/L BA was the highest yield by producing an estimated 14.30 tons per hectare. Srivijaya pineapple
was sensitive to waterlogging and it decreased production compared to original characteristics of Srivijaya
pineapple. Srivijaya pineapples were more than 99% resistant to disease in growth phase and disease severity was

less than 12% or lightly disease category on post-growth.
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Abstract

Cannabis is plant in the Cannabaceae family, and is generally divided into two categories: marijuana and
hemp. Marijuana has a tetrahydrocannabinol (THC) content of more than 0.3% per plant dry weight, while hemp
has a THC content of less than 0.3% per plant dry weight, which is a quantity within legal limits. Therefore, hemp
is suitable for both medical and industrial applications in the health sector. However, distinguishing between
marijuana and hemp, particularly during the plant's srowth stages, is challenging due to their genetic and
morphological similarities. Using Inter-Simple Sequence Repeats (ISSR) molecular marker techniques can quickly
and accurately find the genetic diversity and tell the difference between hemp and marijuana plants. This
research aims to analyze the differences between marijuana and hemp strains, specifically 12 strains, using a set
of primers targeting the ISSR region. Utilizing polymerase chain reaction (PCR) techniques and analyzing the
generated DNA patterns on Polyacrylamide gel, it was found that the DNA patterns generated from the 11 ISSR
primers yielded a total of 230 bands, comprising 8.26% monomorphic bands (19 bands) and 91.74% polymorphic
bands (211 bands). Genetic relationship analysis using the Unweighted Pair-group Method Arithmetic average
(UPGMA) method revealed that ISSR markers could distinctly separate between Thai marijuana-hemp cultivars
(Foithong, Hangkrarok, RPF1, and RPF2). Additionally, ISSR markers were able to differentiate between Thai
marijuana and hemp strains. Hence, these ISSR markers serve as fundamental data for verifying marijuana and
hemp plant groups in various hybrid strains and as foundational data for future plant breeding improvements.

Keywords: Cannabis, marijuana, hemp, ISSR marker.
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Introductions

Cannabis plants, classified under the Cannabaceae family, hold significant medicinal and industrial value.
These plants are generally categorized into two main types: medicinal cannabis, containing cannabidiol (CBD)
levels below 0.3% and A9-tetrahydrocannabinol (THC) levels above 0.3%, and fiber hemp, with THC levels below
0.3% (Hesami et al., 2020). Medicinal cannabis is utilized for various medical purposes, including pain relief and
sleep aids, while hemp serves a multitude of commercial applications, such as textiles, paper, pharmaceuticals,
food, and animal feed (Rehman et al., 2021).

Current cannabis strains are available with high THC levels for medicinal use and high CBD levels for
industrial hemp, extracted from the flower buds (Zhang et al., 2018). Differentiating between these strains can be
challenging but is achievable through methods such as physiological characteristics, chemical compounds, and
DNA molecular markers. Each method has its strengths and limitations: morphological isolation allows for easy
visual differentiation; cannabinoid profiling is useful when the plant is not visible; and DNA molecular markers can
identify the desired cannabis strain at the seedling stage.

Genetic variations at the DNA level are detectable using molecular markers like restriction fragment
length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), amplified fragment length
polymorphism (AFLP), and inter-simple sequence repeat (ISSR) (Liu et al., 2008). ISSRs, regions in the genome
surrounded by microsatellite sequences, can serve as a dominant multi-locus marker system for studying genetic
variation (Ng & Tan, 2015).

Poolsawat et al. utilized the ISSR and ISSR-RGA techniques to detect powdery mildew resistance genes by
analyzing a cross between a susceptible strain (CN72) and a resistant strain (V4718) of mung beans, identifying 5
ISSR and 3 ISSR-RGA markers associated with resistance, which are useful for breeding PM-resistant mung bean
cultivars (Poolsawat et al., 2017). In another study, Rout and Aparajita used ISSR markers to study 23 Ficus
accessions, producing unique fingerprint profiles for each accession, detecting 30 species-specific bands, and
evaluating genetic relationships using the UPGMA dendrogram (Rout & Aparajita, 2009). Additionally, Lata et al.
evaluated the genetic stability of Cannabis sativa using ISSR markers, confirming genetic stability between clones
and parent plants (Lata et al., 2009).

This research aims to use DNA markers to identify THC and CBD dominance in cannabis strains early in
the seedling stage, thus accelerating the selection process during breeding. Among the available DNA marker
methods, this study focuses on ISSRs due to their suitability for non-plant models like cannabis, low cost, ease of
use, and applicability without prior DNA sequence data (Barth et al., 2002). The goal is to differentiate between

Thai and foreign cannabis strains, enhancing agricultural applications in Thailand.
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Materials and Methods
Plant material
The DNA was obtained from the leaves of 12 different cannabis strains collected from "SUT Cannabis
Farm" located in Suranaree University of Technology, Suranaree, Mueang, Nakhon Ratchasima, 30000 (Table 1).
The cannabis DNA were extracted using the cetyltrimethylammonium bromide (CTAB) method, and the DNA from
each sample was diluted to 50 ng/uL for PCR amplification.

Table 1 The cannabis information

Name of cannabis groups

Thai cultivars foreign cultivars Thai cultivars foreign cultivars

Foithong Blue Venom RPF1 Baox

Hangkalok Golden Tiger RPF2 Cannafuel
Orange Valley Charlotte's Angle
West Slope Charlotte's Web

ISSR primers selection
A total of 38 ISSR primers referenced from research of mung bean because the absence of a cannabis-specific
ISSR marker. The 11 ISSR primers with clear and reproducible bands were selected to amplify all cannabis strains

(Table 2).

Table 2 ISSR primers selection

Primer cods Sequences Annealing temperature (°C)
ISSR 810 (GA)BT 55
ISSR 811 (GA)8C 55
ISSR 825 (AC)8T 53
ISSR 834 (GABYT 53
ISSR 841 (GA)BYC 48
ISSR 844 (CT)8RC 53
ISSR 880 (GGAGA)3 48
ISSR 888 BDB (CA)7 55
ISSR 891 HVH (TG)7 55
ISSR 895 (AG)2TTGGTAG (CT)2TGATC 48
ISSR 899 CATG(GT)2TGGT CATTGTTCCA 48

B=CG,T;N=AG,C;Y = pyrimidines (C, T); D = A, G, T;R = purines (A, G); H=A, C,T;V=A C, G (Poolsawat et al., 2017)
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ISSR amplification and detection of DNA bands.

Approximately 50 ng of template DNA was added to a 10-pL PCR mix containing 1x DreamTaq PCR Master
Mix, 0.2 mM dNTPs, 1 mM primers, and 1.25 units of DreamTag DNA Polymerase. The amplification program were
consist of an initial denaturation at 94°C for 4 minutes, followed by 35 cycles of denaturation at 94°C for 20
seconds, annealing at a temperature dependent on the primer for 50 seconds, and extension at 69°C for 1
minute. The entire reaction was carried out in the BioRAD S1000 Thermal cycler. The PCR product quality was
checked in a 1.0% agarose gel, using 3 ulL of the PCR reaction and the remaining reaction was then subjected to
electrophoresis on a 3% polyacrylamide gel, consisting of 40% acrylamide/bis-acrylamide, 19:1 (5% crosslinker)
solution) 3.6 mL, 10xTAE 2.4 mL, TEMED 16 uL, 10% APS (ammonium peroxydisulfate, Biosharp) 160 uL, and
ddH,O to a total volume of 24 mL. Electrophoresis was carried out in 1XTAE buffer at 220 U for 30 min. Gels were
stained with 0.2% silver nitrate following a chromogenic reaction with 2% Na,COs; (including 0.2% formaldehyde).
This method, adapted from (Ji et al., 2007), was optimized for my work, and the DNA pattern was finally observed

under the "Molecular Imager Gel Doc XR System".

DNA pattern scoring.

Eleven markers were used to analyze the relationship of cannabis strains. The allelic data were converted
into a binary matrix using the scores 1 and 0 for the presence and absence of the allele, respectively. Diversity
patterns were represented in the form of a dendrogram, which was generated by subjecting the genetic similarity
matrix to Unweighted Pair-group Method Arithmetic average (UPGMA) cluster analysis using the software NTSYS-pc,
Version 2.0. (Rohlf, 1988).

Results and Discussion
ISSR primers selection and amplification

Thirty-eight ISSR primers were screened to identify polymorphic DNA bands among 12 cannabis strains, 19
ISSR primers successfully generated DNA bands. However, only 11 ISSR primers produced clear, reproducible, and
polymorphic DNA bands. Consequently, these 11 ISSR primers were selected for further cannabis strain screening.
These primers exhibited wide variation between strains, with optimal annealing temperatures of 55°C, 53°C, and
48°C (Table 2.). In total, these 11 primers amplified 230 scoreable DNA bands, ranging from 18 bands to 22 bands
per primer, with an average of 20.9 bands per primer, comprising 8.26% monomorphic bands (19 bands) and

91.74% polymorphic bands (211 bands).
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Table 3 Information of 11 ISSR primers

Total number of Number of Percentage of

Primers Primer sequences
fragments Polymorphic Polymorphism
ISSR 810 GAGAGAGAGAGAGAGAT 150-3000 19 89.47
ISSR 811 GAGAGAGAGAGAGAGAC 150-3000 20 90.00
ISSR 825 ACACACACACACACACT 250-3000 18 88.89
ISSR 834 GAGAGAGAGAGAGAGAYT 250-3000 18 88.89
ISSR 841 (GA)BYC 150-3000 22 95.45
ISSR 844 (CT)8RC 250-3000 18 88.89
ISSR 880 (GGAGA)3 250-3000 21 90.48
ISSR 888 BDB (CA)7 150-3000 21 95.24
ISSR 891 HVH (TG)7 350-3000 20 90.00
ISSR 895 GAGATTGGTAGCTCTTGATC 300-3000 17 88.24
ISSR 899 CATG(GT)2TGGT CATTGTTCCA 300-3000 17 94.12
Total 211

The high polymorphism rate observed in this study was consistent with findings in other plant species
where ISSR markers have been used to assess genetic diversity. Shahabzadeh et al. (2019) found significant
genetic diversity in Tall festuca populations using ISSR markers, demonstrating their utility in distinguishing genetic

variations within species (Shahabzadeh et al., 2020).
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Figure 1 DNA pattern of 12 cannabis strains using ISSR markers observe in polyacrylamide gels
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Genetic Diversity
The DNA pattern was observed in polyacrylamide gel and scored, then used UPGMA to generate relationship
among 12 cannabis strains. The dendrogram showed coefficient of similarity length 0.62 to 0.81 and it revealed
that the cannabis strains could be segregated into two main clusters: Cluster 1 comprised nine cannabis strains:
FoiThong, Hangkarok, Charlotte’s Angel, Cannafuel, West Slop, Charlotte’s Web, Orange Valley, BaOx, and Golden

Tiger, while Cluster 2 consisted of three cannabis strains: Blue Venom, RPF1 and RPF2.
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Figure 2 Dendrogram illustrating the genetic relationship analysis of 12 cannabis strains

Genetic relationship analysis using the UPGMA method revealed that ISSR markers could distinctly
separate 12 cannabis strains. Additionally, ISSR markers were able to differentiate between Thai marijuana and
hemp cultivars. Using the UPGMA method for genetic relationship analysis, this study successfully distinguished
between Thai marijuana-hemp cultivars. This distinct separation aligns with the findings of Gao et al. (2014), who
employed SSR markers to reveal significant genetic variation among cannabis samples, thus supporting the
reliability of molecular markers in genetic differentiation (Gao et al., 2014)

This study further demonstrated that ISSR markers could differentiate between Thai marijuana and hemp
strains. This capability was crucial for plant verification and breeding programs. The genetic distinctions observed
in this study provide foundational data for verifying cannabis plant groups and improving breeding strategies.
These findings were corroborated by previous studies on various plant species, including cannabis, where
molecular markers have been successfully used to identify and differentiate between cultivars and strains

(Nurhasanah et al., 2023)

Conclusions

The significant polymorphism rate revealed by ISSR markers in this study underscores their effectiveness
in detecting genetic diversity among cannabis strains. This demonstrates the utility of ISSR markers in cannabis
research, offering valuable data for verifying plant groups within hybrid strains and establishing a foundation for

future advancements in plant breedinsg.
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Abstract

The ready-mixed concrete manufacturing industry from 2021 to 2023 is expected to grow at a rate of
4.0-5.0% per year, with an annual volume of 16 million cubic meters. However, the production process
generates a significant amount of cement dust, which primarily contains calcium (Ca) or a combination of Ca
and magnesium (Mg). This research aims to understand the chemical and physical properties of the samples
and analyze their applicability according to the standards for agricultural lime materials. The quality of the
samples was tested for chemical and physical properties, including mineral composition using X-Ray
Diffractometer (XRD) and X-ray fluorescence Spectrometer (XRF), pH level, moisture content, and Calcium
Carbonate Equivalent (CCE). Physical properties were assessed by particle size distribution for agricultural lime.
The samples were collected from stone mills. The study results showed that the CCE value was 95%, Calcium
Oxide (Ca0) content was 49.17%, pH was 9.0, particle size passing through 8 mesh and 80 mesh sieves was
100%, and moisture content was 0.4%. These properties indicated that the lime materials derived from the
ready-mixed concrete production process meet the standards for agricultural applications, such as soil pH
adjustment and providing essential nutrients for plant growth. Additionally, utilizing these materials can help
reduce dust emissions from stone mills.

Keywords: lime, agriculture, ready-mixed concrete, dust

Introduction

The production of ready-mixed concrete is a cornerstone of modern construction, underpinning
infrastructure development across the globe. This industry, value for its efficiency and product durability,
produced approximately 16 million cubic meters annually over the past few years, witnessing a growth rate of
4.0-5.0% per annum from 2021 to 2023 (Grand View Research, 2023; Allied Market Research, 2023). Despite its
significant contributions to construction, the industry is also a source of considerable environmental concern,
primarily due to the emission of cement dust during manufacturing processes. This dust, predominantly
composed of Ca or a combination of Ca and Mg, poses risks to environmental health and occupational safety
(Adeyanju & Okeke, 2019). However, these by-products also present potential opportunities for beneficial
reuse, particularly in agriculture.

Agricultural lime, a critical amendment in agriculture, is used to increase soil pH levels, improve soil
structure, and augment nutrients availability in acid soil to plants. Traditionally sourced from natural
limestone, the feasibility of substituting this material with by-products from industrial processes such as

cement dust could not only provide a sustainable disposal pathway but also reduce the environmental
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footprint of both industries (Akash Nevel, et al. 2024). This research aims to rigorously evaluate the chemical
and physical properties of cement dust generated from the ready-mixed concrete industry, assessing its
suitability as a substitute for traditional agricultural lime.

This paper presents an extensive analysis of the mineral composition, pH levels, moisture content,
and CCE of the cement dust. Employing advanced analytical techniques such as XRD and XRF alongside
standard physical property assessments, this study provides a comprehensive evaluation aligned with the
standards set by the Land Development Department (LDD) (LDD, 2010). The implications of using this by-
product in agricultural settings are discussed, with an emphasis on environmental sustainability and economic
viability. Through this investigation, the study aims to bridee the gap between industrial by-product
management and agricultural enhancement, contributing to the circular economy model in industrial

practices.

Materials and Methods

1. Sample Collection

Cement dust samples were systematically collected from stone mills involved in the production of
ready-mixed concrete.

2. Chemical Analysis

2.1 Calcium Carbonate Equivalence (CCE)

The CCE was determined to evaluate the purity of the liming material, which is critical in
assessing its effectiveness in agriculture. A CCE of 100% indicates equivalence to pure calcium carbonate,
which is ideal for soil amendment.

2.2 Mineral Composition Analysis

1) X-Ray Diffractometer (XRD): This technique was utilized to determine the atomic
and molecular structure of the samples. The process involves irradiating the material with X-rays and
measuring the scattering angles and intensities of the reflected beams. The data obtained helps in identifying
the crystalline structure and detecting any structural deviations or defects.

2) X-ray Fluorescence Spectrometer (XRF): To ascertain the elemental composition
of the samples, XRF analysis was employed. This method uses the fluorescence produced by a material when
bombarded with X-rays to identify and quantify the elements present. Each element emits a unique spectral
fingerprint, making XRF a powerful tool for qualitative and quantitative assessments.

2.3 pH Level Determination

The pH of the cement dust was measured by adapting the method typically used for soil pH
testing. Approximately 10 ¢ of dust was mixed with 50ml of distilled water to create a 1:5 dilution (w/v). The
mixture was agitated for 2-3 minutes and allowed to settle for 2 minutes before the pH of the supernatant
was measured using a digital pH meter.

3. Physical Analysis

3.1 Particle Size Distribution
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Physical properties, particularly particle size, were assessed using sieving methods. Samples
were passed through 8 mesh and 80 mesh sieves to determine the distribution of particle sizes. This method
helps in evaluating the suitability of the material for agricultural use by ensuring the particles are within the
desired size range for effective soil modification.

3.2 Moisture Content Assessment

Moisture content was quantified by the mass of water relative to the solid mass of the
sample, expressed as a percentage. The standard procedure involved drying a known weight of the sample at

110 + 5°C and calculating the percentage of moisture content ([ ) using the formula:

M,.() = ( )x 100 ()

where W is the initial wet weight

d is the dry weight after heating
Results

The analysis of cement dust samples collected from stone mills aimed to evaluate their suitability as

a substitute for traditional agricultural lime. The result from the study shows in Table 1.

Table 1 Analysis of properties according to product standards for agricultural lime

Properties Standards criteria Results
Calcium Carbonate Equivalent (CCE, %) > 85 95
Calcium Oxide (CaO, %) > 40 49.17
pH Level > 8.0 9.0
Particle Size Passing Through 8 Mesh (%) > 85 100
Particle Size Passing Through 80 Mesh (%) > 50 100

Note: The standards criteria by the LDD for agricultural lime (LDD, 2010).

Table 1 demonstrates that the cement dust exceeds standard values in all listed categories, making it
an exceptional candidate for agricultural lime applications. The results from the study are as follows:

1. Calcium Carbonate Equivalence (CCE)

The CCE is a key parameter used to assess the quality and effectiveness of liming materials. A CCE of
95% indicates that the cement dust has nearly the same neutralizing power as pure calcium carbonate, which
is considered the standard for agricultural lime due to its high efficacy in soil pH adjustment. This high
percentage means that the dust is predominantly composed of materials that react similarly to calcium
carbonate when interacting with acidic soils.

The significance of a 95% CCE is substantial in the context of agriculture. It suggests that the cement

dust can effectively raise soil pH, thus helping to ameliorate acidic soils and make them more suitable for
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crop cultivation. By increasing the pH, the availability of essential nutrients to plants is improved, and toxic
elements in the soil can become less available, thereby promoting healthier crop growth.

2. Calcium Oxide (CaO)
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Figure 1 The elemental concentration by X-ray Fluorescence (XRF)

The Figure 1 clearly shows the concentrations of various elements in the sample:

1) Primary Elements

The graph prominently features Oxygen (O) at 47.728%, Calcium (Ca) at 35.14% and Carbon (C) at
10.895%, making them the most significant constituents of the sample. These elements are crucial for
confirming the presence of CaCOs, which is consistent with the high CCE of 95%.

2) Minor Elements

Silicon (Si), Aluminum (AL, Magnesium (Mg), Iron (Fe), and Potassium (K) appear in smaller percentages
but are significant for the overall mineral matrix of the cement dust. These elements contribute to the

physical and chemical properties of the dust.
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Figure 2 The X-Ray Diffraction (XRD) pattern from a sample of cement dust from stone mill
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The Figure 2 shows the most significant peak occurs around the 2Theta value of approximately 29.4°,
which is indicative of Calcite (CaCOs). Calcite is the primary phase and is responsible for the cement dust’s
capacity to neutralize acid in soil, correlating to its high CCE.

The guantitative and qualitative analyses of the cement dust using XRD and XRF techniques revealed
significant insights into its chemical and mineralogical composition, particularly concerning the CaO content.
XRD analysis successfully identified the crystalline forms of CaO present in the sample, confirming the
mineral's existence alongside other compounds such as calcium carbonate. These results are crucial as they
indicate that the CaO is likely available in a reactive form suitable for soil amendment purposes.

Simultaneously, XRF analysis provided a precise quantification of the elemental calcium present in
the dust, measured at 35.14%. Using the stoichiometric conversion of elemental calcium to CaO, based on

their respective molar masses, the CaO content was calculated to be approximately 49.17% as follows:

Molar mass of CaO
Molar mass of Ca

Ca0(%) = ( )xCa (% from XRF) 2)

Where Molar mass of CaO = 56.077 g¢/mol

Molar mass of Ca = 40.078 g/mol
Ca (from XRF) = 35.14%

Figure 2 not only underscores the richness of the dust in terms of lime content but also corroborates
its potential efficacy as a soil amendment agent. The high percentage of CaO is instrumental in enhancing the
material's property to neutralize soil acidity, thereby improving soil health and agricultural productivity.

3. pH Level

The study results indicating a pH of 9.0 for the cement dust are notably above the standard
threshold of greater than 8.0. This indicates a higher alkalinity than the minimum required for effective
agricultural lime applications. In agricultural practices, lime is frequently utilized to increase soil pH to a more
neutral level, which is crucial for optimal plant growth and nutrient uptake (Miller, 2019). The pH level of 9.0
not only meets but exceeds the standard, suggesting enhanced potential for soil amendment.

4. Particle Size Distribution

The results of our study demonstrate that the particle size distribution of cement dust is
exceptionally fine, with 100% of the particles successfully passing through both 8 mesh and 80 mesh sieves.
This level of fineness significantly surpasses the established industry standards, which mandate that only more
than 85% of particles should pass through an 8 mesh sieve and more than 50% through an 80 mesh sieve.
The comprehensive passage of cement dust particles through these sieves confirms its superior quality and
uniformity compared to typical agricultural lime products. The fine particle size is crucial, as it ensures
enhanced reactivity and more homogeneous soil amendment capabilities, promoting more consistent pH
modification and nutrient distribution within treated soils.

5. Moisture Content (%)

Table 2 provided in the study details the moisture content measurements for cement dust samples.

Three samples were weighed, with weights recorded as 5.023, 5.053 and 5.041 g, respectively. The respective
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moisture contents were 0.39%, 0.43%, and 0.37%. These individual measurements were used to calculate an
average moisture content of 0.40%, with a standard deviation (SD) of 0.03% and a percent relative standard
deviation (RSD) of 7.70%. The %RSD indicates the degree of variance in relation to the average, providing
insight into the consistency of the moisture content across different samples. Therefore, the moisture content
of the cement dust was found to be 0.4% + 0.03%, which is significantly lower than the standard. This
indicates exceptional quality control in the production or processing of the cement dust, ensuring that it

remains dry and free from excess moisture that could complicate its use in agricultural settings.

Table 2 The moisture content analyses for cement dust samples

Name weight sample (g) Moisture (%) Average SD %RSD
5.023 0.39
Cement dust 5.053 0.43 0.40 0.03 7.70
5.041 0.37
Discussion

The utilization of industrial by-products in agriculture has been explored in several studies,
highlighting both potential benefits and concerns. The CCE of 95% indicates a highly effective neutralizing
power, surpassing the standard requirement of 85%. This hish CCE means the soil amendment can more
effectively counteract soil acidity, improving soil health and fertility. Research shows that materials with higher
CCE values provide better pH adjustments, which is crucial for optimal plant growth (Olego et al., 2021). With
a CaO content of 49.17%, this soil amendment exceeds the typical standard of 40%. Higher CaO levels
enhance the soil's structure by increasing its calcium content, which can help in flocculating clay particles,
thereby improving soil aeration and water infiltration. Studies confirm that elevated CaO levels in soil
amendments contribute to better soil physical properties and nutrient availability. A pH of 9.0 significantly
exceeds the standard threshold of 8.0, indicating the amendment's strong alkalinity, which is beneficial for
raising soil pH and reducing soil acidity, the toxicity of Fe and Al to plant growth grown in acid soils. This
change in pH can create a more favorable environment for nutrients uptake by plants. The effectiveness of
liming materials in adjusting soil pH is well-documented, and higher pH levels can improve microbial activity
and nutrient availability (Yu et al.,, 2023). The fact that 100% of the particles pass through both 8 and 80 mesh
sieves ensures a fine particle size, which is crucial for the rapid and uniform distribution in the soil. Finer
particles increase the surface area exposed to soil acidity, enhancing the speed and uniformity of the pH
adjustment. Research emphasizes the importance of particle fineness for the effectiveness of lime in
neutralizing soil acidity (Mamo, et al., 2009). A moisture content of 0.4 is well below the maximum standard of
5%, ensuring that the soil amendment is stable and easy to handle. Low moisture content prevents clumping
and ensures consistent application. Stability and ease of handling are critical for practical agricultural use,
ensuring that the material can be spread evenly across fields without issues. Therefore, cement dust from
stone mill can be used for soil amendment in agricultural applications. For example, using cement dust from

stone mills as a soil amendment offers substantial benefits for agricultural applications, particularly in
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improving acid soils. Its high CCE, elevated CaO content, strong alkalinity, fine particle size, and low moisture
content collectively contribute to enhancing soil health and fertility, leading to better crop growth and
productivity (Guyer, 2017). This research underscores the potential of industrial by-products in sustainable

agriculture, providing a cost-effective solution for soil improvement and environmental management.

Conclusions

The comprehensive evaluation of cement dust for potential agricultural applications revealed that it
significantly exceeds the established quality standards for agricultural lime, according to criteria set by the
Land Development Department. With a CCE of 95% and a CaO content of 49.17%, the dust demonstrates
exceptional neutralizing power, comparable to pure calcium carbonate. This ensures its efficacy in increasing
soil pH well above the standard minimum of 8.0, as evidenced by the measured pH of 9.0. Moreover, the
particle size analysis showed that 100% of the dust passed through both 8 mesh and 80 mesh sieves,
surpassing the standard requirements of >85% and >50% respectively, which guarantees a fine particle
distribution for even soil amendment. The remarkably low moisture content of 0.4% also highlights the dust’s
suitability for storage and ease of application, preventing caking and ensuring stability. Collectively, these
results not only validate the use of cement dust as a high-quality, effective alternative to traditional
agricultural lime but also underscore its role in promoting sustainable agricultural practices through the
repurposing of industrial by-products. This study advocates for the expanded use of cement dust in
agriculture, aiming to enhance soil health, increase crop productivity, and contribute to environmental

sustainability.

References

Adeyanju, E., Okeke, C.A. 2019. Exposure effect to cement dust pollution: a mini review. SN Appl. Sci. 1.

Akash Nevel, R., Dinesh Kumar, R., Surendar, M. 2024. Review on Partially Replacement of Cement with
Industrial Waste in Manufacturing of Concrete and Bricks. In Sustainable Innovations in Construction
Management. ICC IDEA 2023. Lecture Notes in Civil Engineering (eds. Gencel, O., Balasubramanian, M.,
Palanisamy, T.) Vol 388. Springer: Singapore.

Allied Market Research. 2024. Ready-Mix Concrete Market Size, Trends, Forecast 2030. Available from:
https://www.alliedmarketresearch.com/ready-mix-concrete-market-A06028 [accessed on 5 June 2024].

Grand View Research. 2024. Ready-mix Concrete Market Size and Share Report, 2030. Available from:
https://www.grandviewresearch.com/industry-analysis/ready-mix-concrete-market [accessed on 5 June
2024].

Guyer, J. P. 2017. An Introduction to Soil Stabilization with Portland Cement. NJ: Continuing Education and
Development, Inc.

LDD. 2010. The standards criteria for agricultural lime. Available from: Available from: http://
ord101.1dd.go.th/webmordin/asfns/mslitagyuiilensinums%20lunisusulaiu.pdf [accessed on 5
June 2024].

Mamo, M., Wortmann, C. S., Shapiro, C. A. 2009. Lime Use for Soil Acidity Management. Available from:
https://extensionpubs.unl.edu/publication/g1504/html/view [accessed on 5 June 2024].

d t
The 3° National and 1" International Conference on Agricultural Innovation and Natural Resources



ANy

28

Miller, L. 2019. Lime and liming — managing soil health. Available from: https://erdc.com.au/resources-and-
publications/grdc-update-papers/tab-content/grdc-update-papers/2019/02/lime-and-liming-managing-
soil-health [accessed on 5 June 2024].

Olego, MA., Quiroga, M.J., Mendafna-Cuervo, C., Cara-Jiménez, J., Lopez, R., Garzon-Jimeno, E. 2021. Long-Term
Effects of Calcium-Based Liming Materials on Soil Fertility Sustainability and Rye Production as Soil
Quality Indicators on a Typic Palexerult. Processes 9: 1181.

Yu, X., Keitel, C. & Dijkstra, F.A. 2023. Ameliorating soil acidity with calcium carbonate and calcium hydroxide:
effects on carbon, nitrogen, and phosphorus dynamics. J Soil Sci Plant Nutr 23: 5270-5278.

d t
The 3° National and 1" International Conference on Agricultural Innovation and Natural Resources



ANRr

29

Production and Purification Recombinant Vago1 Protein for Antibody Generation
Aunkam, P. 1, Seabkongseng, T.l, Limkul, S.l, Suwantit, R.l, Phiwthong, T.l, and Boonchuen, p."

" School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology, Nakhon Ratchasima, Thailand
30000

*Corresponding author: pakpoom.b@sut.ac.th
Abstract

Vagol belongs to the family of single domain von Willebrand factor type C (SYWC) proteins, which are
crucial for the innate immunological defense systems of a variety of invertebrates. In the case of white shrimp
Vagot, it has been reported that the system is infected with WSSV. Therefore, this research aims to produce
and purify recombinant Vago1 protein for implementing in the context of biological functions. Firstly, the
polymerase chain reaction (PCR) technique was employed to amplify Vago1 and the PCR product was ligated
to expression plasmids using restriction enzyme digestion and DNA ligation techniques. The constructed
plasmids were then transformed into expression bacteria to overexpress Vago1 protein. Protein purification
was conducted by utilizing an affinity chromatography (Ni-NTA column). According to the outcomes of the
experiment, the recombinant Vago1 protein can be successfully produced and purified, which could be used
in further research topics to clarify our understanding of the role of Vagol in the immune systems of
invertebrates against pathogens.

Keywords: Vagol, Recombinant protein production, Protein purification

Introduction

Single domain von Willebrand factor type C (SYWC) proteins represent a diverse family of proteins
characterized by a VWC domain. These proteins are predominantly found in invertebrates such as arthropods
and mollusks, where they play crucial roles in various biological processes, including immune responses.
Among these SVWC proteins, Vagol has emerged as a significant player in the innate immune system of
crustaceans, particularly in the Pacific white shrimp (Penaeus vannamei). Initially identified in Drosophila
melanogaster, Vagol shares functional similarities with mammalian interferons, acting through conserved
signaling pathways like the JAK/STAT pathway to combat viral infections (Chen et al., 2014); (Liu et al., 2014).

In Penaeus vannamei, Vagol serves as a critical component of the shrimp's defense against viral
pathogens, notably the white spot syndrome virus (WSSV). Studies have demonstrated that Vagol expression
is regulated by interferon regulatory factors (IRFs), which modulate its levels in response to viral challenges.
This regulatory mechanism highlights Vagol's pivotal role in coordinating the shrimp's antiviral responses, like
immune responses observed in vertebrates (Li & Xiang, 2013); (He et al., 2019)

The implications of Vagol extend beyond fundamental immunology to practical applications in
shrimp farming. Given the economic importance of Penaeus vannamei aquaculture and the persistent

challenges posed by diseases like WSSV, understanding Vagol's immune functions opens avenues for
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enhancing disease resistance in farmed shrimp. Strategies aimed at manipulating Vagol expression through
dietary supplements or genetic approaches hold promise for improving shrimp health and reducing mortality
rates, thereby supporting sustainable aquaculture practices (Shi et al., 2021); (Ma et al., 2008)

This study aims to produce and purify recombinant Vagol protein for antibody generation, focusing
on its application in shrimp farming. The Vagol gene was amplified using PCR, cloned into expression
plasmids, and then transformed into bacterial hosts for protein expression. Purification was conducted using
affinity chromatography with a Ni-NTA column, ensuring the isolation of high-quality Vagol protein. This
purified protein was then used to generate antibodies, which hold promise for enhancing shrimp immune
responses against viral pathogens like white spot syndrome virus (WSSV). These findings contribute to
developing biotechnological tools that could potentially improve disease management practices and

sustainability in shrimp aquaculture.

Materials and Methods
Cloning and Amplification of LvVagol for Expression

For the construction of expression vectors harboring LvWago1, specific primer sets were designed for
PCR amplification. The forward primer (5-CATCCATGGGCAGTTCTTGCTGATTGCTTGCTT-3") included an Ncol
restriction site at its 5' terminus to facilitate directional cloning, while the reverse primer (5-
GATGGATCCTTAATGATGATGATGATGATGATGATGAGCAGTTCCTGGTGCTGCCTGTGG-3")  incorporated a  BamHI
restriction site and a 6x His-tag at its 3' end for subsequent affinity purification of the recombinant protein.
PCR ampilification was conducted under optimal thermal cycling conditions: an initial denaturation step at
95°C, followed by 35 cycles of denaturation at 95°C for 30 seconds, annealing at 60°C for 30 seconds, and
extension at 72°C for 30 seconds, with a final extension at 72°C for 10 minutes. Purification of the PCR
products was carried out using the FavorPrep Gel/PCR Purification Mini Kit (Favorgen) to ensure the removal of
contaminants and obtain pure DNA fragments. The purified PCR products were then digested with Ncol and
BamHI restriction enzymes, ligated into the pET-22b vector, and subsequently transformed into competent

cells for further expression analysis.

Expression of pET-22b/LvVagol proteins in Escherichia coli strains

The pET-22b/LvWagol expression vectors were transformed into Escherichia coli strains BL21 (DE3),
BL21(DE3)-CodonPlus, and Rosetta (DE3) for protein expression. Cultures were cultivated until reaching an
optical density at 600 nm (OD600) of approximately 0.4-0.6. Subsequently, isopropyl [-D-1-
thiogalactopyranoside (IPTG) was added to a final concentration of 1 mM to induce protein expression, which
continued for 4 hours at 37°C with agitation at 250 rpm. Following induction, cellular lysates were subjected

to centrifugation at 10,000 g for 15 minutes at 4°C. The resulting pellets were collected and stored at -80°C.

Purification and quantification of recombinant LvVago1 proteins
The Cells were harvested and resuspended in a binding buffer (6 M urea in 1xPBS pH 7.4 and 1% SDS
in 1xPBS pH 7.4). Sonication was then performed, and inclusion bodies were collected and solubilized in a

binding buffer supplemented with 6 M urea and 1% SDS. The mixture, containing 1% SDS in 1x PBS (pH 7.4),

d t
The 3° National and 1" International Conference on Agricultural Innovation and Natural Resources



ANRr

31
was incubated on ice for 30 minutes before centrifugation to precipitate the SDS. The recombinant LvWagol
proteins were purified by the Ni-NTA agarose bead (GoldBio) column. Elution was performed using a buffer of
6 M urea and 1% SDS in 1x PBS (pH 7.4) with varying imidazole concentrations. Fractions containing the
recombinant proteins were pooled and dialyzed. Protein concentration was determined using the Bradford

assay(Bradford, 1976).

Confirmation of purified recombinant LvVagol protein by western blot analysis

E. coli BL21-CodonPlus (DE3) strains harboring Lwagol and recombinant LvWagol protein were
subjected to electrophoresis on a 12% SDS-PAGE gel. The resolved proteins were then transferred onto a
nitrocellulose membrane using a semi-dry blotting technique (Amersham, Biosciences). The membrane was
subsequently blocked with a 2% skim milk solution at room temperature for 1 hour. Following blocking, the
membrane underwent five washes in 1x PBS containing 0.1% Tween 20. It was then incubated with mouse
anti-His-Tag monoclonal antibody (ABclonal), diluted at a ratio of 1:5,000 in 2% skim milk with 0.05% Tween
20. After antibody incubation, the membrane underwent an additional five washes in 1x PBS with 0.1% Tween
20 and was subsequently incubated for 1 hour at room temperature with HRP-conjugated goat anti-mouse 1gG
(ABclonal), diluted at a ratio of 1:5,000 in 1x PBS containing 2% skim milk and 0.1% Tween 20. The membrane
was then washed three times in 1x PBS with 0.1% Tween 20 for 5 minutes per wash. Chemiluminescent

signals were detected using clarity Western ECL Substrate (Bio-Rad).

Results
Amplification and Cloning of LvWagol Gene into pET22b Vector

The process of constructing the pET22b-LvVagol plasmid begins with the PCR amplification of the
LvWagol gene, resulting in a specific PCR product (Figure 1A). This product is then ligated into the pET22b
vector to create the recombinant pET22b-LvVagol plasmid (Figure 1B). Following transformation into bacterial
cells, the plasmid is extracted and purified. Verification of successful cloning is conducted by performing PCR
colony screening on 10 selected colonies (Figure 1C). Additionally, the recombinant plasmid undergoes
double digestion with Ncol and BamHI restriction enzymes, and the resulting digestion products are analyzed
by electrophoresis on a 1% agarose gel to confirm the presence and accurate insertion of the LvWagol gene
(Figure 1D). It was found that successfully cloned the pET22b-LwWagol plasmid, especially with a specific site
size of 543 bp.
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Figure 1 Amplification of LvWagol gene and construction of pET22b-LvVago1l plasmid. (A) PCR product
of LvWagol gene, (B) pET22b- LvVagol plasmid extraction result, (C): Select 10 colonies for PCR colony
testing, (D): double digestion of recombinant pET22b-LvVagol by Ncol and BamHIl. Products were

electrophoresed on 1% agarose gel.

Escherichia coli strains BL21 (DE3), BL21(DE3)-CodonPlus, and Rosetta (DE3) transformed with
sequence-verified LvVagol produced a 19 kDa protein after induction with IPTG

Following successful cloning of the pET22b-LvWagol plasmid, which confirmed a 543 bp sequence
(Figure 1), Escherichia coli strains BL21(DE3)-CodonPlus, BL21(DE3), and Rosetta (DE3) were transformed for
protein expression studies. Induction with IPTG revealed robust production of the 19 kDa Lwagol protein in
both inclusion bodies and the soluble fraction specifically in BL21(DE3)-CodonPlus (Figure 2B). Conversely,
BL21(DE3) and Rosetta (DE3) exhibited no detectable Lwagol expression (Figure 2A and C). Consequently,
BL21(DE3)-CodonPlus was identified as the optimal strain for subsequent LwWagol protein expression
investigations. The next phase of this research will involve optimizing binding buffers to enhance the efficiency

of Lwago1 protein purification.
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Figure 2 The SDS-PAGE analysis of recombinant LvVagol expression. The expected molecular mass for
recombinant LvWago1l is 19 kDa. (1-4h: after adding 1 mM IPTG, lland I2: inclusion bodies, Sland S2:

soluble fraction)

Purification and Immunoblotting of Recombinant LvVago1 Protein

To optimize binding buffers for enhanced Lwagol protein purification, recombinant LvVagol was
expressed in an E. coli system, and the inclusion body proteins were purified using Ni-NTA agarose beads
(GoldBio). The purified LvWagol, with an expected size of approximately 19 kDa (Figure 2B), was eluted using
buffers containing either 6 M urea or 1% SDS in 1x PBS (pH 7.4) with various imidazole concentrations (20 mM,
50 mM, 100 mM, and 150 mM). It was observed that the elution buffer with 6 M urea and 150 mM imidazole
in 1x PBS (pH 7.4) effectively eluted the Lwagol protein, as indicated by the bands on the Western Blot
(Figure 3B). In contrast, the buffer with 1% SDS in 1x PBS (pH 7.4) failed to elute LwWagol protein at all tested

imidazole concentrations, as shown by the absence of bands (Figure 3A).

d
The 3° National and 15t International Conference on Agricultural Innovation and Natural Resources



AiNEr

34

A N
\xséc}o‘?$@\¢"¢b<'y

BL21(DE3)-CodonPlus

kDa
116.0—
450—
250=— =
18.4=— = <€ 19 kDa
144 — ==
X
8
°~o\
B &q,‘ & ;}é
R SR SR s B s N4
. BL21(DE3)-CodonPlus
a
116.0 — s
—e == a
450— o _'_'
J—
25.0 = ——
- €L
18.4— -— 19 kDa
14.4 — w—

Figure 3 Protein purification with Ni-NTA agarose resin and Western blot analysis of expressed LvVagol
using mouse anti-His-Tag monoclonal antibody (ABclonal) with HRP-conjugated goat anti-mouse IgG
(ABclonal). The predicted weight of recombinant LvVagol is 19 kDa. (F: flow-through, W: wash, E1-E4:

different imidazole concentrations including 20mM, 50mM, 100mM, and 150mM of elution.)

Discussions

The successful cloning of the LvwWagol gene into the pET22b vector was confirmed through restriction
enzyme digestion and PCR colony screening, demonstrating the efficacy of the cloning protocol (Figure 1). The
primers were designed with Ncol and BamHI restriction sites, which facilitated the directional cloning of
LwWagol, ensuring the gene was inserted correctly into the vector. This precision in cloning is critical for
maintaining the integrity of the gene sequence and ensuring successful downstream applications. The
inclusion of a His-tag in the reverse primer was a strategic choice to aid in the purification process, highlighting
the importance of thoughtful primer design in molecular cloninsg.

Expression analysis in various E. coli strains identified BL21(DE3)-CodonPlus as the most suitable host
for the production of the 19 kDa LvVagol protein (Figure 2). This strain, optimized for rare codon usage, likely
enhanced the translation efficiency of Lwago1l, which was not achieved in BL21(DE3) and Rosetta (DE3). The

significant expression of LvWagol in BL21(DE3)-CodonPlus emphasizes the importance of host strain selection
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in recombinant protein expression. Host strains that are engineered to enhance the expression of proteins
with rare codons can significantly improve yield and solubility, which are critical factors for successful protein
production.

The purification of Lvwagol was optimized using Ni-NTA agarose beads, leveraging the His-tag for
affinity purification(Figure 3). The study evaluated different binding buffers, with the buffer containing 6 M urea
and 150 mM imidazole proving most effective for eluting the LvwWagol protein, as verified by Western blot
analysis. Buffers containing 1% SDS failed to elute the protein, indicating that urea was essential for
maintaining the solubility and stability of LvWagol during purification. This finding underscores the importance
of optimizing buffer compositions in purification protocols, particularly for proteins that form inclusion bodies.

Effective buffer selection is crucial for maximizing the recovery and purity of recombinant proteins.

Conclusions

In summary, this study successfully cloned, expressed, and purified the Lwagol protein,
demonstrating that the BL21(DE3)-CodonPlus strain is the optimal host for its production. The use of strategic
primer design, incorporating Ncol and BamHI restriction sites and a His-tag, facilitated accurate cloning and
efficient purification via Ni-NTA agarose affinity chromatography. Optimization of binding buffers revealed that
6 M urea with 150 mM imidazole was most effective in eluting the recombinant protein, highlighting the
critical role of buffer composition in purification protocols. These findings provide a robust methodological
framework for future research on the functional characterization of LvVagol and its role in invertebrate

immune responses, potentially informing new approaches in biotechnology
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Abstract

sVP28 is a part of the VP28 gene found in a circular RNA derived from White Spot Syndrome Virus
(WSSV), which is one of pathogens that affects the aquaculture of shrimp globally. sVP28 is found to play an
important role in the shrimp immune response. According to previous studies, VP28 protein is one of WSSV
capsid proteins being utilized to produce antibodies able to detect the infection of WSSV in shrimp. However,
no report has established the antibody against the sVP28 protein. Therefore, this study wanted to produce
and purify recombinant sVP28 protein to generate antibodies that are specific to the sVP28 protein. The
protein was overexpressed using bacteria, which was then purified using the protein purification from
polyacrylamide gel instead and the highly purified protein was attainable via this technique. The purified
protein can, hence, be used to generate antibodies, which are able to thoroughly examine the role of the
sVP28 protein, as well as develop new methods to prevent and treat diseases caused by WSSV, which could
reduce its impact on the shrimp farming industry.

Keywords: sVP28, Recombinant protein, affinity chromatography, protein purification

Introduction

White Spot Syndrome Virus (WSSV) is a significant pathogen in the global aquaculture industry,
particularly affecting shrimp farming (Lightner, 2011). The economic impact of WSSV outbreaks can be
devastating, with shrimp mortality rates reaching up to 100% within 3 to 5 days post-infection. WSSV is a large,
enveloped double-stranded DNA virus associated with the genus Whispovirus within the virus family
Nimaviridae. It has a wide host range among crustaceans (Pradeep et al., 2012; Sanchez-Paz, 2010).

One of the viral proteins, VP28, is a major structural protein that has been extensively studied for its
role in the virus's infection mechanism and its potential as a target for diagnostic tools and vaccines (van
Hulten et al., 2001). Previous studies have demonstrated that VP28 can induce protective immunity in shrimp.
The recombinant VP28 expressed in insect cells conferred significant protection against WSSV in shrimp
(Kumar et al., 2008). Furthermore, silencing of the VP28 gene using RNA interference (RNAI) has shown promise
in reducing viral loads and improving survival rates in infected shrimp (Westenberg et al., 2005). Antibodies
against the VP28 protein can effectively detect WSSV infections in shrimp, facilitating early diagnosis and
management of the disease (Chaivisuthangkura et al.,, 2004; Hou et al., 2011). sVP28 is a part of the VP28 gene
found in a circular RNA derived from the WSSV, plays an important role in the shrimp's immune response.

Despite its potential significance, there has been no report to date of antibodies developed specifically against
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the sVP28 protein. The availability of sVP28-specific antibodies will facilitate in-depth studies on the role of
sVP28 in the shrimp immune response and its interaction with WSSV. Additionally, these antibodies could lead
to the development of novel diagnostic methods and therapeutic interventions aimed at reducing the impact
of WSSV on shrimp farming.

This research aimed to produce and purify the recombinant sVP28 protein to generate antibodies
specifically targeting the sVP28 protein. To achieve this, the protein was overexpressed in bacterial systems.
Following overexpression, the protein underwent a purification process using polyacrylamide gel
electrophoresis. This method proved effective in isolating the sVP28 protein to a high degree of purity. The
successfully purified sVP28 protein can be utilized to produce antibodies. These antibodies will play a crucial
role in detailed studies of the sVP28 protein's function. Additionally, they can be instrumental in the
development of novel strategies for the prevention and treatment of diseases caused by the White Spot

Syndrome Virus (WSSV).

Materials and Methods
Expression of recombinant sVP28 protein

To produce the sVP28 protein, the expression vector pET21a+/sVP28 was transformed into
Escherichia coli BL21 (DE3)-CodonPlus and Escherichia coli Rosetta (DE3) strain, which served as the host strain
for protein synthesis. These transformed cells were then cultured in an LB medium until they reached an
optical density (OD600) between 0.4 and 0.6, which is optimal for protein expression. 1 M isopropyl B-D-1-
thiogalactopyranoside (IPTG) was added to a final concentration of 1 mM, the induction was carried out under
controlled conditions, maintaining the cultures at 30°C and shaking at 250 rpm 4 h. After the induction period,
the cells were collected by centrifugation to separate them from the culture medium. The harvested cells
were then stored at -80°C to preserve the protein and maintain the cells' integrity for further downstream
processing and analysis
Purification of recombinant sVP28 protein

To purify the recombinant protein, cells were harvested and resuspended in binding buffer (1XPBS pH
7.4). The cells were then disrupted using sonication, and the inclusion bodies were harvested and dissolved in
binding buffer supplemented with 1XPBS pH 7.4. The recombinant sVP28 proteins were subsequently purified
using a Ni-NTA agarose bead column (GoldBio). The protein was eluted using elution buffer containing
different concentrations of imidazole (50 mM, 150 mM, and 250 mM). Protein purity was assessed using SDS-
PAGE.
Recombinant protein production of sVP28

The purification process of the recombinant sVP28 protein involved initial observation using SDS-
PAGE. After the electrophoresis, the protein bands of interest were carefully cut out from the gel using a razor
blade. These excised gel pieces were then washed three times, each for 5 minutes of 1XPBS pH 7.4. The gel
slices were then finely chopped into small pieces of 2-5 mm. Subsequently, 1X PBS pH 7.4, containing 0.1%
SDS, was added to the gel fragments to achieve a buffer-to-gel volume ratio of about 2:1. The mixture was

then sonicated for 3 minutes in an ice bath. The sonicated gel fragments were separated from the extraction
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buffer, the sample was applied to a filter column and centrifuged at 500¢ for 10 minutes. The purity of the
isolated protein was again assessed using SDS-PAGE.

Next, the recombinant sVP28 proteins were purified using a Ni-NTA agarose column (GoldBio). The
proteins were subjected to washing and elution steps, first with 50 mM imidazole in PBS pH 7.4 and then with
250 mM imidazole in 1XPBS pH 7.4, respectively. The fractions containing the recombinant proteins were
combined and subjected to dialysis against a solution of 1XPBS pH 7.4. The protein concentration was then
determined using the BCA method.

Confirmation and detection of sVP28 protein

To confirm and detect the sVP28 protein, the recombinant sVP28 protein was first separated using
SDS-PAGE and subsequently transferred to a membrane. The membrane was then blocked with 5% skim milk
in 1X PBS containing 0.1% Tween 20 for 1 hour at room temperature to prevent non-specific binding.
Following this, the membrane was incubated for 1 hour at room temperature with a VP28 antibody (diluted
1:10,000), prepared according to the method described by Tsai et al. (2006) (Tsai et al., 2006), The membrane
was washed three times with 1X PBS with 0.1% Tween 20. Next, an HRP-conjugated goat anti-rabbit IgG
(diluted 1:10,000) from Abbkine was used as the secondary antibody, followed by three additional washes
with 1X PBS containing 0.1% Tween 20. The chemiluminescent signal was detected using the Amersham ECL

Prime Western blotting detection reagent substrate from Cytiva.

Results
Expression and Extraction of recombinant sVP28 protein

To produce recombinant sVP28 protein, we utilized the E. coli expression system with strains
including E. coli BL21(DE3)-CodonPlus and E. coli BL21 Rosetta (DE3). The protein was successfully
overexpressed in E. coli BL21(DE3)-CodonPlus, demonstrating the expected size of approximately 19.5 kDa
(Figure 1). However, consistent overexpression was not achieved in £. coli BL21 Rosetta (DE3). Following
expression, the recombinant sVP28 proteins in £. coli BL21(DE3)-CodonPlus were subsequently purified using a

Ni-NTA agarose bead column (GoldBio).
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Figure 1 The expression of recombinant sVP28 protein. The expected size of approximately 19.5 kDa.

(Oh: befor adding 1 mM IPTG, 4h: after adding 1 mM IPTG, In: inclusion bodies, Sol: soluble)

Protein Purification from affinity chromatography

For the purification of recombinant sVP28 protein, E. coli BL21(DE3)-CodonPlus was employed for
protein expression. Initially, the inclusion bodies were purified using a Ni-NTA agarose bead column (GoldBio).
The protein was initially eluted using elution buffers containing different concentrations of imidazole (50 mM,
150 mM, and 250 mM) (Figure 2). However, proteins eluted from the column effectively only at 250 mM
imidazole, suggesting the presence of some contaminants. Further purification was carried out using

polyacrylamide gels via sonication extraction.

Imidazole concentration

in elution buffer

Crude FT 50 150 250
116.0 = w——
66.2 =
45.0m 4 p—
_——
35.0mm M S
25.0 mm s—
- - sVp28

18.4mm

14.4 wwemmm.

Figure 2 Recombinant sVP28 protein using Ni-NTA agarose bead column (GoldBio). The expected size of

approximately 19.5 kDa. (F: flow-throug, 50-250: imidazole concentration in elution buffer)

Purification from Polyacrylamide Gels by Sonication Extraction and Confirmation of sVP28 protein
To confirmation and detection for enhanced recombinant sVP28 protein, protein was purified from

polyacrylamide gels using sonication extraction, indicating some impurities persisted (Figure 3A). This
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necessitated further purification using Ni-NTA agarose bead column (GoldBio) led to (Figure 3B), where only a
characteristic molecular weight band of 19.5 kDa was observed on SDS-PAGE analysis. The Western Blot

analysis of recombinant sVP28 protein shows two major immunoreactive bands with appare 19.5 kDa.

A
66.2m  ‘umm—
45.0mm
35.0m
25.0m —
18.0m  — sVP28
B
kDa
140 =
75 = w—
60 = «
45 =
35 =
25 = -
20 =
s sVP28
15=
10 =

Figure 3 Protein purification from Polyacrylamide Gels by Sonication Extraction and Western blot
analysis of recombinant sVP28 protein. (A) The purified sVP28 proteins extracted from polyacrylamide
gels using sonication were analyzed by SDS-PAGE. (B) Western blot analysis confirmed the presence of

a band corresponding to sVP28.

Discussion

To produce and purify recombinant sVP28 protein from White Spot Syndrome Virus (WSSV) to
generate specific antibodies, a significant step towards understanding its role in shrimp immunity and
developing diagnostic and therapeutic tools against WSSV. The successful expression and purification of sVP28
were achieved using both affinity chromatography and polyacrylamide gel extraction techniques, confirming

its purity and specificity through SDS-PAGE and Western blot analysis.
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The expression of sVP28 in Escherichia coli strains BL21 (DE3))-CodonPlus and Rosetta (DE3) yielded
differing results, with optimal expression observed in E. coli BL21 (DE3))}-CodonPlus (Figure 1). This variation
underscores the importance of host strain selection in recombinant protein expression, aligning with previous
studies that highlighted the influence of host genetic background on protein yield and quality (Shevchenko et
al., 1996).

Affinity chromatography using Ni-NTA agarose beads initially provided purification, although at 250
mM imidazole concentration (Figure 2), indicating some impurities persisted. This necessitated further
purification using polyacrylamide gel extraction via sonication, which improved purity as evidenced by the
absence of non-specific bands on SDS-PAGE (Figure 3A-B). The use of sonication extraction from
polyacrylamide gels has been reported as effective in isolating proteins from complex mixtures (Retamal et
al,, 1999; Shevchenko et al., 1996), supporting its application in this study. Western blot analysis confirmed the
presence of sVP28 protein at approximately 19.5 kDa, consistent with the expected molecular weight,
validating the purification methods used. The successful generation of antibodies specific to sVP28 opens
avenues for exploring its immunological function in shrimp, potentially enhancing diagnostic accuracy and
therapeutic efficacy against WSSV infections in aquaculture.

This research contributes to the broader understanding of WSSV pathogenesis and host immune
response mechanisms, offering insights into how sVP28 interacts with shrimp immunity. Future studies could
focus on elucidating the precise role of sVP28 in WSSV infection dynamics and evaluating its potential as a

vaccine candidate or diagnostic marker.

Conclusions

In conclusion, this study successfully expressed and purified recombinant sVP8 protein from
Escherichia coli using both affinity chromatography and polyacrylamide gel extraction techniques. The results
indicate that polyacrylamide gel extraction techniques demonstrating its purity and specificity as evidenced by
confirmed through SDS-PAGE and Western blot analysis. This achievement lays the groundwork for further
research into the role of sVP28 in shrimp immune response and its potential applications in diagnostics and
therapeutics for WSSV. By generating antibodies specific to sVP28, this study opens avenues for developing

novel strategies to mitigate the impact of WSSV outbreaks on shrimp farming.
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Abstract

Improving sugarcane varieties to meet desirable characteristics has not yet achieved as much
concrete success as it should. For the most part, sugarcane breeding still relies on traditional techniques,
where parent plants with desired characteristics are crossbred. This conventional breeding method focuses on
selecting external traits, which is a time-consuming process. To develop sugarcane varieties with desirable
agricultural traits that can be recommended to and adopted by farmers, more efficient methods are needed.
One such method is the validation of SNP molecular markers with RAD-seq technology. These markers can be

used to determine species identity, check hybrid strains, and classify organisms with similar genetic
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backgrounds. Using SNP molecular markers and RAD-seq technology to analyze 16 sugarcane species, it was
found that each species had more than 1,900,000 SNPs and 23,000 INDELs, respectively. Phylogenetic analysis
related to the sucrose synthesis gene group, using the Maximum Likelihood method, revealed that the gene
grouping is divided into two large clusters. These clusters correspond to the commercially extractable sucrose
(CCS) values of the sugarcane species. Group 1 includes species with CCS values ranging from 9-12, while
Group 2 includes species with CCS values ranging from 13-15. Additionally, the sequence data obtained from
RAD-seq technology, besides identifying sucrose synthesis genes, can also be used as a reference sequence
for future research on other gene regions of interest.

Keywords: Sugarcane, RAD-Seq, Restriction site Associated DNA Sequencing, Breeding program
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*C.C.S. = Commercial Cane Sugar
Figure 1 Phylogeny tree sequencing SNPs of sugarcane 16 varieties.
Table 1 Number ReadNum, SNPs and INDELs of sugarcane
Sample ReadNum (bases) SNPs INDELs
uT17 50,200,050 2,163,821 259,881
LK92-11 64,199,132 2,390,324 288,835
KKO07-250 35,940,182 1,906,670 225,712
KK09-0857 43,645,164 2,114,304 251,321
uT15 35,948,986 1,940,103 231,231
KK09-0939 49,919,122 2,300,068 281,294
K88-92 71,497,800 2,534,352 308,661
KKO07-599 83,713,076 2,568,358 312,556
KK08-059 56,921,340 2,321,335 279,877
DOA-NS1 37,383,570 1,988,632 236,475
KK09-0941 41,832,808 2,099,884 247,962
DOA-KK3 61,532,888 2,351,068 278,781
DOA-KK4 51,282,918 2,313,781 282,214
KKO7-037 63,065,864 2,256,548 266,033
KK09-0844 47,322,548 2,180,618 260,928
Si Samrongl 51,042,900 1,976,452 235,028
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Table 2 List of the 34 genes from starch and sucrose metabolism pathway and the Sugarcane Intron
Length (SIL).

Chromosomes Position (start-end) Genes
Sh03 4682232 4685187 Hexokinase
48987626 48987898
34702506 34702853
34702855 34705040

Sh06 24339191 24342711
Sh01 2318654 2319250 Pectinesterase
2321374 2321988
Sho1 13233758 13239619 Phosphoglucomutase
Sho1 8630407 8636004 Alpha-1%2C4 glucanphosphorylase;type
Sh05 8857397 8862666 Sucrose-phosphate synthase;type
8984005 8989096
Sh01 60785236 60787255 Alpha%2Calpha-trehalose-phosphate synthase
Sho1 46238166 46238444 Trehalose 6-phosphate phosphatase

46238482 46239893
46267301 46268329

Shod 1437500 1444011 UTP--glucose-1-phosphate uridylyltransferase
Shod 20003628 20004292 19%2C4d-alpha-glucan-branching
20004748 20010175
Sh02 50241082 50248398 4-alpha-glucanotransferase DPE2
Sho1 948865 949239 alpha-amylase/subtilisininhibitor;type=mRNA
Sho1 60785236 60787255 Alpha%2Calpha-trehalose-phosphate synthase
Sh02 21717522 21720380 Alpha-amylase
43294124 43294878
Sh02 50312168 50313843 Beta-amylase
Sh03 52740094 52740886 beta-D-glucosyltransferase
Sho4 28898400 28902485 Beta-D-xylosidase
Sho6 38180 38381 beta-fructofuranosidase
8271558 8274605
8281155 8284931
10968156 10970020
Sho1 10907135 10907790 Endoglucanase
Sho6 10965295 10965639
16074563 16077093
Sho1 33017718 33021182 ATP-dependent 6-phosphofructokinase
Sh01 10976303 10980647 Glucose-1-phosphate adenylyltransferase
Sh01 44102650 44103804 Glucose-6-phosphate 1-dehydrogenase
44103849 44105405
Sho2 28755310 28758984
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Effect of Silicon Fertilizer on Growth and Physiological Characteristics of Dok Pa Yom Rice
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7.0 n3u/nszans Tnglvidensiu wdeufuneutgn edniieny 40 Yundsugn satudunan 7 fu 99nmmeaes wut
nsldueadondainainailiiminanuaziininuis ganiredsdidodrdynaadasuinilildunadondans
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AdAey: N15asaydule Dalsiiuiies Jeddnaw an1zviat
Abstract

Silicon fertilizer is a beneficial nutrient that is widely used in rice because silicon contributes to high level
of photosynthesis and the content of nitrogen. Silicon also improves the drought resistance of plants. The aim of
this study was to study the effect of silicon on growth and physiology characteristics of Dok Pa Yom rice under
water deficiency. The experiment was undertaken in completely randomized design 3 replicates, dividing the
experiment into 3 groups, including adding calcium silicate at doses of 0.0 3.5 and 7.0 ¢/pot by fertilizing the soil
along with planting. When the rice was 40 days after planting, water was abstained for 7 days. The result showed
that the use of calcium silicate statistically increased the fresh and dry weight compared to those without calcium
silicate. Results of the study of relative water content and leaf greenness showed that statistical differences were
not detected among rice plants treated with different levels of calcium silicate. According to the study, calcium
silicate at 3.5 and 7.0 g alleviated the effects of water deficiency in rice.

Keywords: Growth, Local rice varieties, Silicon fertilizer, Water deficiency
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2.3 wuians Tdas Tunaenlalasfind Jaldainuazmnisdaiminanegresngs wdrdseretudnlululdluamaain
(plastic petri dish) fihnduusiaann losauusuns 10 fadans Yanwalundildsukasnuaaasngoelsaiud
Huan 4 dalus delfluimgaiedrafufinniuldunfuavtvanlunsaaunssauiivgiieduihiifalueonuani
Fudluldamaenlulasing waniiewhludomnimines (tureid weight; TW) mﬂ5uﬁw%udau1u1ﬂauiﬁuﬁﬂuﬁaULﬂwam
Sou ﬁqmmﬁ 70 perwadod Wunan 24 Faluswdufuna thluFamiminuie (dry weight; DW) funaimusinasi
duvins (RWC) 1nams %RWC

. Thinan — e
Relative water content [%] = —— — x 100
dhadndudasieul —dmdnuis

4. NMSAATIZANANGEDA
AedeNlauIATIERANLUTUTIU (ANOVA) LagluSauliisunnuunnsuesaade ¢es least significant

difference N1s¥AUAINULTDAU 95%

WA LALITUNANITNAADY
NNSEIAUABE9RUTITLUIASIEY wansAAuanTRnILalivasiE@nd (Table 1) wuin YSunau@dnauiniey

° vl Y 1Y N aaa Ao a v o a ' 1
lUldladiawindu 8.774 me/kg Mstitawiilusssumidanewlusnfifvsuna \ududvaessosainesndiauusdiulng
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Wwareglugunivliaunsathulduselowils Aunldlunisvaassnselifiviunusinddneuluguiivlulele dies 8.774

mezke Buduuiunaditedns (Camargo et al,, 2021)

Table 1. Chemical and physical properties of experimental soil

Properties Values/ Description Methods

Texture Sandy clay loam Hydrometer

pH a4.76 pH meter, soil/water = 1:5

Electrical conductivity (ds/mfl) 0.303 EC meter, soil/water = 1:5

Total N (g/kg ) 0.10 Kjeldahl method

Available P (mg/kgfl) 1.806 Bray Il, molybdenum blue method

Extractable K(mg/kg) 95.45 1 M-NH4OAc (pH7) atomic
absorption spectrophotomrtry

Extractable Mg (cmol/kg ) 0.020 1 M-NH,OAc (pH7) atomic
absorption spectrophotomrtry

Extractable Ca (cmol/kg ) 0.034 1 M-NH4OAc (pH7) atomic
absorption spectrophotomrtry

Available Si (mg/kg”) 8.774 Yellow molybdenum blue
method

nsnaasandbitiuil Mafuweadenddinaldlivinlmfnauwandrsnnisasyivlavesdilsiugaen

v
a o

wreon uadlefinisanu 7 Tu udufudeyadnass avdiuinislduna@enddinaiiihminasuasiminuiunnsaiu

o

ogiituddymaaditugaauau (P<0.05) TnefudniildsuuaaiBondanaiions 35 wag 7 nfw/nszans futnan
wazthwidnusts innnddudnililduueaifendting annsfinvazuandiifufueafondbing aunsataeliiuin
Wigiulsluannzesealdini (Table 2.) donndoifun1smaaniwes Singh wazAnz (2005) finuindaneutisiiuaiy
awasdy tudnuis anfenssuvesufisensendinduinlidndininatyiuln uasiimnudumusieaniisaiensingg
1nPu uaznIIMAaBIBY Cassol et al. (2021) isuin mslddaneu teiutminuiwosdiu WAEIINVBIT1IHUG
IRGA 424 Rl waw Guri INTA CL nglfiannzanminldidefisusugnnugu

n5AnwIvRY Maisura wawany (2014) wuhmswadwesinavdmadenszuiunmsduamesisouamesity Sas
nsaeth madaliavesinly nswandsufing CO, uagnszurunmsdaAseidenas (Kumar et al., 2014; Wang et

al., 2019) Fafluadenisaiunavesivtiansainlimenistaivtnuis msliganeuliiuiivasheinwaunavestily

a

iy menisauaunnUalnvesuinty wWunsen wazdseansamnsldunvesity (Hattori et al., 2008) wenangad
nsvinuveseulesinldlunsruiunisduaseiiieuas waziiudssdnsamlunisannisifin eyyadaseneluadiiy

Faneudwvduadulvifiniinsgadusigermsndndu Weiuanuamnsalunsasydule (ssgws, 2552)
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Table 2. Effect of silicon on the fresh weight and dry weight of 40 days after planting Dok Pa Yom rice

(Before stress) and after abstaining from water for 7 days (After stress)

Before stress After stress
Ca,Si0, Fresh weight Dry weight Fresh Dry weight
(¢/pot) (9) (9 weight (g) (g)
0.0 10.2+1.8 5.55+0.23 7.4+1.2a 5.71+0.64a
3.5 11.0£2.7 5.93+1.33 8.4+0.8b 6.54+0.70b
7.0 10.4+1.7 5.42+1.15 8.6+1.0b 6.37+0.94b
F-test ns ns * *

ns; non-significant
* Significant at P < 0.05

Means in the same columns with different letters are significant (P<0.05) determined by LSD

o

NNTNAABINUIN Nstauaalfouddinaludnariiliusunatinduing wagaudsluwnnateiuegisditdedfey

s ial

PN9EDR VINBU LALNAINITINUT IenUINaRInUTTUSI I EUnSagN 91.21% Tuvaridnnlasukaaideudamnni

Y

5 <

991 3.5 uar 7 n¥u flrogl 89.04% uay 93.4% sudiy Wevhmssetdunan 7 $u U%mm‘fwammLﬁmmnﬁ%qmtﬁa
1h AwesUiinasidinsndannniath 7 Yu vesiudnildsuneadendang 0 3.5 uay 7 897l 64.5% 63.5% way 66.2%
audIdu (Table 3. sinefunis@nwies Surapompiboon et al. (2008) fidnwinavesdanausedny Tuan1izuiouds
Tutnld 4 stug senuiuiievgndnlasiaiudanouluasarasmzdes axdwaliuiinauduivsluludifiudu
dlewssuilsufudnitldldasudaneuluaisazanemizides Wuideafunisvaaswwes Maghsoud et al. (2021) #ild

FeUPFENeUAINIATIBNUTIMNdTnsTusudnadnegnelianznSeandeuds WelUSeuieuduwuulaly

o

Faneu wartieliiununumuienisuImihvesivy livsinunnududuivseglusedugs (Lobato et al., 2009) Wiile1a

v ¢

Wumsziustanldnseiindu insiziustinidinasnousuiairdusing (Suraporpiboon et al, 2008) wava1aazidu

WsEsrezantunsInndnuly
TuazRgINUAIANNLY L UTINEY BarndwntNlUTAULANA1INI9EDR (Table 3.) @efuiunISANY V89
Lobato et al. (2009) Ales1891u71 Tuan1izvinindanaulunuimsenistiesnudinanandudanssuiunsduasIzyiae

saa

was bawn Aaelsilad 1o aaelsiladd uavwalsfiuesandegluninld ilosnnddneusnlasiinadivusuugslasaiiawes

U

paslswand vilitigananudsmgliiuesruseneundifglunisduasizimenas wu aaslsilaad (Parida et al., 2007)

Mallanmnenamsiedn fudnfiens 40 Ju anudervedudtlilaiuln wasunnaegiaiui viluddlivuiannuunnsng
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Table 3. Effect of silicon on the relative water content and leaf greenness of 40 days after planting Dok Pa

Yom rice (Before stress) and after refraining from water for 7 days (After stress)

Before stress After stress
Ca,Si0, (g/pot)  Relative water Greenness Relative water  Greenness
content (%) content (%)
0.0 91.21+10.82 55.5+4.2 64.5+6.2 57.5+6.3
35 89.04+12.07 53.3+5.3 63.5+7.8 55.3+4.4
7.0 93.4+11.71 54.2+4.1 66.2+8.6 56.2+5.2
F-test ns ns ns ns

ns; non-significant
* Significant at P < 0.05

Means in the same columns with different letters are significant (P<0.05) determined by LSD

dyuna

msldunadondaneludns 3.5 waz 7 ndw/nsvane derumsei 7 Su dwwansiaseyavlavestale
wusaennzeeniuanduzuves thwiinan waztmdnus geninegralideddymeatiatuyaaiuny dulinanhduing
Tlu uavmuiderlunui weaiBeuddinalidnarilfusinaniuly wazaruderluumnmstunmeadn ainanismeaes

o ' L 1% o sal a = 1% ‘:4' A & &1 v
Aaname1vvzwanaiuludaeiugdu wagmsiimsfnuludnssezdu Weludsslevisenisussandldsialy

AvBUAN

VDUBUNTEAMN AMENTNYINTTTTUYIR unInedeawaruniuns Midaieanundmiurinisugnnaaes uaz

'
fa o =

nuiTeildsunuatuayunisive Mnguditeanuludanalulad@inimnens wasning1nssssuyf szoed

ABIENSNYINTTITUYIR UWINYNGUEVAUATUNS

LONHIT1D9
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naldaniwandeuiny
Yield Potential of the Promising Sugarcane Clone NSUT13-313 in Loam, Clay-Loam, and
Clay Soils under Rainfed Conditions
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AdAey: 9oy USuUTIug Handings Tiea
Abstract

The changing weather conditions and fluctuations in sugar prices in the global market are among the
key factors affecting sugarcane production and farmers' decisions in choosing crops that provide better
returns. This leads to inconsistent and insufficient sugarcane quantities in Thailand to meet the demands of
the sugarcane and sugar industry. Therefore, to ensure the production stability of Thailand's sugarcane and
sugar industry, one approach to address this issue is to use high-yielding and high-sugar content varieties
suitable for the specific area. Sugarcane varieties are considered a low-cost factor compared to other factors
in the production process. Farmers who choose sugarcane varieties suitable for their areas can increase
productivity and returns. Thus, developing and selecting new sugarcane varieties with high productivity and
adaptability to environmental conditions in sugarcane-growing areas are the main objectives of the sugarcane
breeding program in Thailand. Nakhon Sawan Field Crop Research Center has developed a promising
sugarcane clone, NSUT13-313, which is a hybrid derived from Q85 and DOA U-Thong8 and suitable for loam,
clay-loam, and clay, soils under rainfed conditions during 2013-2024. NSUT13-313 exhibited high vyields,
surpassing the notable varieties, DOA Khon Kaen 3 (DOA KK3) and LK92-11, across 23 environments in plant
cane, the 1" and 2™ ratoon crops. NSUT13-313 yielded an average of 18.0 tons/rai, higher than DOA KK3
(15.8 tons/rai) and LK92-11 (14.3 tons/rai) by 14% and 267%, respectively. Its sugar yield of 2.51 tons CCS /rai
was also higher than DOA KK3 (2.22 tons CCS /rai) and LK92-11 (1.97 tons CCS /rai) by 13% and 28%,
respectively. Additionally, it had a CCS value of 14.2, which was not significantly different from DOA KK3
(14.2 CCS) and LK92-11 (13.8 CCS). Furthermore, it exhibited moderate resistance to red rot and wilt diseases
under artificial inoculation. NSUT13-313 is being considered for release as a new sugarcane variety, expected
to enhance cane growers' profitability, particularly in the central and northern regions. This improved
sugarcane is a valuable contribution and meets the needs of Thailand's sugarcane industry and related
sectors.

Keywords: Sugarcane, Breeding, High yield, CCS
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#1838 wound plug method udsugnidie 2 ieu Ussiuufitenannisanaruvendeludidos Suunseduany
ULSs MuABNSTIFALYAtIN Kalaimani (2000) daulsaudi Ussdiuufisendelsaudd@afnarnide Ustilago
scitaminea Tuanutamnaes T 2561-2562 TnstgnielngiBudviouiusluatesuviuaes arududu 5x10° aved/
fiadans uiu 30 Wit Uuld 1 Au anduiluvgn asaaeunediiulsn waznsatusiuiuudsenann 2 dUa
Uszillunmsiinlsaudinludesuan wazse 1 Suunufjisendelsaudin nuisnisves Junild uazane (2534)

5. tuindnwagnemainens sudunsludureunssisuiisudestu uesgrunarlulsinuains augieo
nstuiindeyanuideiivlsuasfianaunundsny (@anduideivlsuasionaunundsu, 2562) uasdnvue 19
ngnumans sudumsladuneumsiisuiiieuanessiu mussidsuamaaeuiusilvivesdos @rfndunsestugi,
2566)

6. MTUATNVYaNITIATIETOLAN19ENA

AATIERAINLUTUTIU (Analysis of Variance: ANOVA) TuusiazanIudl Ins1eauuUsusinsan (Combine
analysis) waziUSeuifieuAadelngds Duncan's Multiple Range Test (DMRT) nslyinananuasdnuaisniansinuns

melUsWNIUIATILIN9EDRA Statistix 8

NAN1INARDY WazIaNTalna

nsmuilAaudes NSUT13-313 Usenaulusienssuiunisuiuugeiug taun niswauiug nsdaien way
miﬂimﬁuﬁuﬂuﬁmmawém ANUNIUY (Commercial Cane Sugar, CCS) LLasmamém‘fnma Iu‘Uz‘u@E]Uﬂ’]iL‘lJ%‘EJULﬁEJU
Dowiu nasuifleunasg warnsisuifieululsinensns S 23 ammwandon Tudesugn ael uazno2
AMTIAATILRANULUTUTIUIIHENNLING DN LarAULUTUTIUTIY Wudwﬂ’uﬁ:ﬁmimauauaaﬁLLmﬂshaﬁ’u Yonaniis

wuhiufduiusseninanmuindeuwasiuioesludnvasnandndes AN WagNanant1n1a (Table 1-3)
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2.1 NsAnEeNTuM 1
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v o
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(2.80 fudioasials) Sovar 10 walidunnena91niiug LK92-11 (3.06 Auddieanels) (ging uazmne, 2561)
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auas1951d lithwandauusadiu WeswnUszaududwin ldawisaiuiiemmandald drunqudifeuasiuu
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NSNEAsUATIITENNTIANKUTUTINE SeldUsedliudasna 2 990 3 anmwanden Ae Audidefialsunsaissd qudide
filsgwssaiy? uazudannwmsns 2. doum wuindeslaau NSUT13-313 inandniade 18.3 dusiels gandniug nan.
YouLAY 3 (15.9 dusels) wag LK92-11 (14.2 diusials) Sevar 15 uay 29 auddu IA1uminu 14.4 §ea) windu
us NN veuLAY 3 ustgendniug LKo2-11 (13.9 Tdea) Yevnw 4 wasdinandmiena 2.63 duidioaals a9
UG NanaukiY 3 (2.30 Auddioasials) uag LK92-11 (1.97 duddiea sials) fosas 14 uay 33 aud1diu (Table
2) Tnefidnuasmangnumanidatlanu NSUT13-313 (Figure 1) nasnansnss nulufuddunansniunans a
vespondey Ade dnvuzUdemsnizuen dnvarUdesdnuininay nsiesiivesldesdeudiange fluiivdos
Uunans Audeuiledesuasdirundouder uandolifewaniumdeuvdouden fseaundondu Lifisesunnvos
Udes Fvenaaiydedeasdile 2edySsuniiduldes msBesvesgaiidanlifuszidou mnuniiswens
snUunans fsly mdnvaryusunay duvisseaniniuinaiy Liflvuiinn nsdudmusentunss Janslulds
asuiiveuluiites dulunsanatsiteonn vareiFerunauia 2 $1e ylureuduuenaiumasuvounssuain

yluveusnululuvendu asluanumdeuyiess dvespsludleieuna lifivuiiniulu (lgdns uazmne, 2564)

3.3 msslSeuisululsinensns

d
The 3° National and 1" International Conference on Agricultural Innovation and Natural Resources



ey
63

¥ 2565 Aliunns 5 anuil wazd 2566 Audunisifiudn 3 anudl uAilsineasnsdmiauass1vdun uas
Y3Tudimnunlsunugldliidmandnunusuidiusn Ingludesdan Useiliunandnain 6 anmwindeu Aslsinunsns
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Table 1 Cane yield, CCS, and sugar yield of NSUT1013-313 compared to DOA KK3 and LK92-11 in preliminary

trial for plant cane ratoon crops at Nakhon Sawan Field Crops Research Center during 2017-2018

Clone/Variety Plant cane 1 Ratoon Average % Relative to

DOA KK3 LK92-11

Cane Yield (tons/rai)

NSUT13-313 30.1 a 15.0 22.6 112 110
DOA KK3 26.6 b 13.7 20.2 100 -
LK92-11 249 b 16.2 20.6 - 100

F-test * ns
CV. (%) 6.63 15.04
CcCs

NSUT13-313 122 b 16.4 14.3 101 95
DOA KK3 13.2 ab 15.2 14.2 100 -
LK92-11 139 a 16.3 15.1 - 100

F-test * ns
CV. (%) 7.28 4.88

Sugar Yield (tons/rai)

NSUT13-313 3.68 2.46 ab 3.07 110 100
DOA KK3 3.50 209b 2.80 100 -
LK92-11 3.47 2.65a 3.06 - 100

F-test ns *
CV. (%) 8.16 15.8

Mean in the same column followed by the same letter are not significantly different by DMRT at P<05

ns = non-significant * = Significant at P<05
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Table 2 Cane yield, CCS, and sugar yield of NSUT1013-313 compared to DOA Khon Kaen 3 and LK92-11 in standard trial for plant cane, 1* and 2™ ratoon

crops in 5 environments during 2018-2021

Clone/ Plant cane 1 Ratoon 2" Ratoon Mean % Relative to
Variety NSFCRC SPFCRC CNFARM NMARDC UBFCRC NSFCRC SPFCRC CNFARM NMARDC UBFCRC NSFCRC SPFCRC CNFARM DOA KK3 LK92-11
Cane Yield (tons/rai)

NSUT13-313 12.1 220a 237a 220a 19.1 a 184 192a 168a 17.6 16.9 14.0 234 a 14.8 18.3 115 129
DOA KK3 10.5 16.2a 19.1bc 219a 17.1ab 16.0 13.7b 149b 16.9 16.7 14.6 185 b 12.1 159 100 -
LK92-11 12.6 116 b 166¢C 126b 142bDb 15.8 138b 143b 15.1 15.7 14.5 14.6 c 13.3 14.2 - 100

F-test ns * * * * ns * * ns ns ns * ns
CV. (%) 17.5 253 8.64 16.7 12.5 12.7 17.6 7.47 15.1 13.5 12.6 10.4 11.8
CCs

NSUT13-313 12.5 14.1 11.2bc 149a 158ab 15.1 151a 148a 165b 156a 13.3 14.1 14.6 14.4 100 104
DOA KK3 12.6 12.9 13.5a 15.1 a 14.7 c 14.0 ld4a 147a 176 a 144b 13.8 14.8 14.8 14.4 100 -
LK92-11 13.3 122 129ab 140b 151 bc 15.1 133b 135b 16.1b 148b 13.5 13.3 13.8 13.9 - 100

F-test ns ns * * * ns * * * * ns ns ns
CV. (%) 9.64 11.2 9.71 4.36 4.44 6.33 6.00 4.53 3.84 3.75 6.16 6.90 5.79
Sugar Yield (tons/rai)

NSUT13-313 1.52 311a 2.63 327a 301a 2.77 288a 2493 291 2.65 1.87 330a 2.16 2.63 114 133
DOA KK3 134 210ab 257 330a 252ab 2.25 1.98b 220ab 297 241 2.02 274 b 1.79 2.30 100 -
LK92-11 169 143bc 213 1.76 b 2.16 bc 2.37 184b 193b 243 2.33 1.95 1.94 c 1.83 1.97 - 100

F-test ns * ns * * ns * * ns ns ns * ns
CV. (%) 19.8 34.0 15.3 17.8 13.8 14.1 17.0 8.85 15.9 13.4 14.5 12.4 13.3

Mean in the same column followed by the same letter are not significantly different by DMRT at P<05

ns = non-significant

NSFCRC = Nakhon Dawan Field Crops Research Center

CNFARM = Chainat's Farm

* = Significant at P<05

NMARDC= Nakhon Ratchasima Agricultural Research and Development Center

SPFCRC = Suphanburi Field Crops Research Center

UBFCRC = Ubonratchathani Field Crops Research Center

d
The 3% National and 1" International Conference on Agricultural Innovation and Natural Resources



68
Table 3  Cane yield, CCS, and sugar yield of NSUT1013-313 compared to DOA Khon Kaen 3 and LK92-11 in farm trial for plant cane and 1" ratoon crops

in 8 environments during 2022-2024

Clone/Variety Plant cane 1 Ratoon Mean % Relative to
NSWFLD KPTFLD CPMFLD ESCMIL RPLMIL KTISMIL NSWFLD KPTFLD DOA KK3 LK92-11
Cane Yield (tons/rai)
NSUT13-313 269 a 123 a 14.1 a 26.5 ab 11.1 17.2 ab 159 a 15.1a 17.38 111 133
DOA KK3 25.2 ab 11.7 a 11.7 a 23.4 bc 11.1 19.5a 11.6 b 114 b 15.71 100 -
LK92-11 224 b 721b 550b 19.2 ¢ 9.7 154 b 13.7 ab 11.5b 13.08 - 100
F-test * * * * ns * * *
CV. (%) 9.87 23.1 23.8 14.0 16.0 12.7 17.77 16.9
CGCs
NSUT13-313 13.6 16.1 16.5 a 10.0 12.8 9.1 12.4 14.3 13.10 100 99
DOA KK3 14.0 16.1 18.1 a 9.3 10.5 10.2 12.4 14.7 13.16 100 -
LK92-11 14.2 15.8 154 b 9.7 12.5 10.2 13.5 14.5 13.22 - 100
F-test ns ns * ns ns ns ns ns
CV. (%) 7.80 2.90 7.17 14.5 6.3 11.1 12.6 8.33
Sugar Yield (tons/rai)
NSUT13-313 3.61 1.96 a 237 a 2.61 ab 1.42 1.54 b 1.95 2.14 2.20 111 132
DOA KK3 3.50 1.88 a 2.12 a 2.11 bc 1.18 1.99 a 1.45 1.67 1.99 100 -
LK92-11 3.17 1.14 b 0.84 b 1.85c 1.21 1.56 b 1.87 1.67 1.66 - 100
F-test ns x * x ns x ns ns
CV. (%) 8.34 22.3 26.4 16.85 18.15 16.07 26.7 18.0
Mean in the same column followed by the same letter are not significantly different by DMRT at P<05
ns = non-significant * = Significant at P<05
NSWFLD = Nakhon Sawan Farmer’s Field KPTFLD =Kampaengphet Farmer’s Field CPMFLD = Chaiyaphum Farmer’s Field ESCMIL = Eastern Cane and Sugar Mill
RPLMIL = Ruampol Sugar Mill KTISMIL = Kaset Thai Sugar Mill
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Table 4 Mean cane yield, CCS, and sugar yield of NSUT13-313 compared to DOA KK3 and LK92-11

across 23 environments in plant cane, 1™ and 2™ ratoon crops during 2017-2023

Clone/Variety Plant cane 1% Ratoon 2™ Ratoon Mean % Relative to

DOA KK3 LK92-11

Cane Yield (tons/rai)

NSUT13-313 19.8 16.9 17.4 18.0 114 126
DOA KK3 17.8 14.4 15.1 15.8 100 -
LK92-11 14.3 14.5 14.1 14.3 - 100

CCs

NSUT13-313 13.2 15.0 14.0 14.1 100 102
DOA KK3 13.3 14.7 14.5 14.2 100 -
LK92-11 13.3 14.6 13.5 13.8 - 100

Sugar Yield (tons/rai)

NSUT13-313 2.56 253 244 2,51 113 128
DOA KK3 234 2.13 2.19 222 100 -
LK92-11 1.87 2.14 1.91 1.97 - 100

Table 5 Number of invaded internode and reaction of NSUT13-313 to red rot and wilt diseases

under artificial inoculation during 2017-2018

Number of invaded internodes

Clone/Variety Mean Reaction
2017 2018
NSUT13-313 2.30 2.78 2.54 Moderately Resistant (MR)
LK92-11 1.50 1.67 1.59 Resistant (R)
DOA KK3 1.90 1.44 1.67 Resistant (R)
DOA U-Thong84-10 1.99 1.33 1.66 Resistant (R)
NSS08-52-4-2 8.59 6.19 7.39 Highly Susceptible (HS)

Table 6 Percentage of disease incidence and the reaction of NSUT13-313 to smut disease under

artificial inoculation during 2018-2019

% disease incidence
Clone/Variety < Mean Severity Grade Reaction
Plant cane 1 Ratoon

NSUT13-313 38.6 42.2 40.4 3 8 Susceptible (S)
LK92-11 15.8 15.6 15.7 3 6 Moderately Susceptible (MS)

DOA U-Thongl 14.1 55.2 34.6 3 8 Susceptible (S)

Marcos 51.9 60.4 56.2 3 9 Susceptible (S)
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Figure 1 Botanical characteristics of sugarcane clone NSUT13-313 (A-))

A: Stool growth habit B: Dewlap shape

w)

(o)
T

: Ligule shape : Hair on the margin

: Internode cross-section  E: Internode alignment

C: Bud shape and tip position

E: Inner and outer auricle shape

I: Leaf sheath adherence

J: Internode shape

Table 7 Mean of some agronomic traits of NSUT1013-313 compared to DOA KK3 and LK92-11 on

d
preliminary, standard, and farm trials in plant cane, ISt and 2™ ratoon Crops across 23

environments during 2014-2023

Traits Clone/Variety

NSUT13-313 DOA KK3 LK92-11
Stalk diameter (cm) 2.90 2.79 271
Number of Internode/stalk 26.7 274 26.6
Internode length (cm) 10.3 9.85 8.27
Stalk length (cm) 274 270 220
Plant height (cm) 333 312 295

d
The 3° National and 1 International Conference on Agricultural Innovation and Natural Resources



71
N133UTILALARLTINEEAUNTE YA luLrEUgn

Collection and Selection of Kaempferia parviflora Clones in the Planting Area

1* 2 2 3 3 3
¢

WV AU WEUNS yyBums  vaSwn wawiwa  Taewn dlu wdl¥ed Aused  uae InsAs anaed
1= 2 2 3 3 3
Chimnak, V. , Boonin, M. , Saentumpon, C. , Seeno, M. Rujinarong, M. and Tawong, K.

' diinideuagiaunnmaineas lwadl 2 nsidninisinues duaties sunetmes dminfivalan 65130

! Office of Agricultural Research and Development Region 2, Department of Agriculture, Wang-thong sub-district, Wang-thong
district, Phitsanulok, 65130

? quéidoinunsiiganusysal antuideiivanu nsuminisinuas fuaaziansns sunslnde Ssiamsysal 62720

? Phetchabun Highland  Agricultural  Research Center, Horticulture Research Institute, Department of Agriculture, Sado Phong
sub-district, Khaokho district, Phetchabun, 67270

’ ADILHUITULAZITINTT NTUIVINTTNEAT LUNAINED L‘Umﬁl(ﬂﬁ’ﬂi NILNN 10900

’ Planing and Technical Division, Department of Agriculture, Lat Yao, Chatuchak, Bangkok 10900

*Corresponding author: vanidchaya@gmail.com

UNANED

¢ A

NITIVUTIWUAE ARG onaneRunseneatulmrasgn Andiunist 2565-2566 dingussasdiiodndonalesiu
N3z Ui sd@idygs nundslgnnienisenluiiundmdafivalan mesysal lag uazweien anilunig
Andenanerunseveivianguluamazlul@en 91uiu 10 undwgn Tnasianuauysalvesiunsevealuiuas &

s a v

Tuwagnssmuaneius In1sdanisuainizmediid waghinunisszuiavedsaiion lnefinuasnsidivesudasd
dusufadenansfunssmemanvaziy waztihuiugndaden a uameassesquiideinunsiigunysysal
g1LnvLuIAe Jainnysysal 91uu 50 anedu Juiindnuasnnamgnumansveinsenen uasdeyan1siasayiiule
A uunnszesiiuild $1um 3 ndy muenasm$ Ae 1) mauelug) hwdnainnd 200 ) 2) wih
yana (Wil 100 - 200 n$u) wae 3) wwuadn Gwdndesndt 100 n3u) wagdiiunsUgniuisuidisuas
sufidnidonidand 2565 luanmudasgnivanzautuiiuiivgn $1uau 10 aedu wuaesunssmemdausiuau 5
anedu lun 1) @efu PY-1 2.z 2) @efu LH-5 Wy 8.61ud1e 9.188 3) @18y PB4 Wndoy o.191f0
2.unvsysal 4) ey PH-1 Faethly o.uaslne @ fivalon wag 5) anesfu LS-1 uasnn o.u1wih 2.ae iasauivle
Auuagisnunandnmirsunniig

[ o s

Adfiny: NsEnee @edu  unaslgn  MsAmdeniiug n1sTIuTINLg

Abstract

Collection and selection of Kaempferia parviflora clones in the planting area were carried out in
2022-2023. The objective is to select Kaempferia parviflora clones with high amounts of important
substances. From commercial planting areas in Phitsanulok, Phetchabun, Loei, and Phayao provinces, the
selection of Kaempferia parviflora clones, both red and green leaf groups, totalled 10 planting areas, using
criteria for the maturity of Kaempferia parviflora clones in the plot. The colour of the leaves and heads
corresponds to the species has good management and no outbreak of Wilt disease was found. The farmers

who owned the plots participated in selecting Kaempferia parviflora plants with outstanding characteristics.
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And were planted and selected at the trial plot of the Phetchabun Highland Agricultural Research Center,
Khao Kho District, Phetchabun Province, totalling 50 clones. Record the botanical characteristics of
Kaempferia parviflora and growth information harvested. Kaempferia parviflora clones can be classified into 3
groups according to the size of the rhizomes: 1) large (weight more than 200 g), 2) medium-sized (weight 100 -
200 ¢) and 3) small (weight less than 100 grams) and proceeded to plant and compare the selected lines from
2022 in planting conditions suitable for the planting area, totaling 10 clones. Found 5 outstanding Kaempferia
parviflora clones, including the PY-1 clone, the LH-5 clone, PB-4 clone, PH-1 clone and LH-1 clone had
outstanding growth and had the highest total yield production.

Keywords: Kaempferia parviflora, clones, planting area, collection and selection
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Figure 2 Selected plots of Kaempferia parviflora in the planting area (2023) at Phetchabun Highland

Agricultural Research Center, Khao Kho District, Phetchabun Province
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Table 1 Productivity of selected Kaempferia parviflora in 2022

Groups Clone Weight of Kaempferia parviflora (grams)

1 LP-3 247.03
(> 200 grams) PB-4 228.10
LP-4 212.29

PK-5 208.59

2 PK-4 193.86
(100-200 grams) LP-1 180.07
LP-2 178.27

LP-5 154.41

PB-3 154.27

PY-1 151.79

LS-5 145.05

PH-1 142.01

PP-5 134.83

LH-5 131.51

LS-1 127.01

PY-4 123.46

LH-3 118.45

PB-5 115.85

LS-3 112.03

PP-1 111.18

LH-2 109.82

LN-4 109.58
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Table 1 Cont.

Groups Clone Weight of Kaempferia parviflora (grams)
2 PP-4 108.82
(100-200 grams) LS-4 109.41
PP-2 106.91
LN-5 106.07
PH-4 105.34
3 LN-1 96.02
(< 100 grams) PY-3 95.97
LH-4 89.69
PH-3 82.68
PP-3 79.64
PB-2 78.37
PY-2 76.93
LS-2 75.84
LH-1 72.01
PR-5 68.43
PR-3 67.60
PB-1 67.05
PR-2 66.74
PK-2 66.43
LN-3 65.28
PY-5 65.25
PK-3 60.80
LN-2 59.19
PH-5 55.69
PR-4 52.03
PK-1 48.96
PR-1 45.82
PH-2 24.85
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Table 2 Kaempferia parviflora clones in 2022

Kaempferia parviflora clones (> 200 grams)

PB-4 LP-3 LP-4 PK-5

Kaempferia parviflora clones (100 - 200 grams)

PB-3 PB-5 LH-2 LH-3

LH-5 LP-1 LP-2 LP-5

LN-4 LN-5 LS-1 LS-3

L )

LS-4 LS-5 PP-1 PP-2
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Table 2 Cont.

Kaempferia parviflora clones (100 - 200 grams)

LH-4

PK-4 PY-1 PY-4

Kaempferia parviflora clones (< 100 grams)

PB-1 PB-2 LH-1 LH-4

LN-1 LN-2 LN-3 LS-2
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Table 2 Cont.

Kaempferia parviflora clones (< 100 grams)

PP-3 PR-1 PR-2 PR-3

PR-4 PR-5 PH-2 PH-3

PK-3

PY-2 PY-3 PY-5
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Table 2 Information on the growth of the Kaempferia parviflora clones in 2023
Clones  Plant height Mean number Mean Leaf color Total weight Flesh color Total flavonoids
(centimeter) tillers/plant number (grams) content
leaf/plant (mg/100 mg)
1. PB4 39.17 19.06 43.56 Y-G146A/ Y-G1468B 2,230.56 V-G83-A / V-G83-C 0.77
2.LP-2 34.48 13.33 32.67 Y-G146A/ Y-G146B/ Y-G147A 581.77 V-G83-A 0.67
3.LP-3 37.56 18.67 36.22 Y-G146A/ Y-G146B/ Y-G147A 812.58 V-G83-A / V-G83-C 0.63
4. LpP-4 41.00 27.00 52.00 Y-G1468B 91.17 V-G83-C 0.72
5. PK-4 39.85 20.09 42.64 Y-G146A/ Y-G1468B 923.97 V-G83-A / V-G83-C 0.75
6. PK-5 40.13 22.88 47.13 Y-G146A/ Y-G146B/ Y-G147A 846.11 V-G83-A 0.86
7. PY-1 41.23 25.67 58.56 Y-G146A/ Y-G146B/ Y-G147A 3,271.62 V-G83-A 0.71
8. PH-1 36.50 16.50 37.33 Y-G146A/ Y-G146B/ Y-G146C 1,282.62 V-G83-A / V-G83-C 0.69
9. LH-5 40.00 24.72 54.83 Y-G146A/ Y-G146B 3,260.55 V-G83-A 0.66
10. LS-1 38.18 13.69 31.00 Y-G146A/ Y-G1468 1,080.54 V-G83-A / V-G83-C 0.79
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The Eighth Variety Comparison of 12 Clones Robusta Coffee (Phase 2)
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Abstract

Robusta coffee production in Thailand has a relatively low average yield of 100 kg per rai. Most
farmers are still in short supply of high-yielding Robusta coffee trees and a large bean’s size and its quality.
Chumphon Horticultural Research Center continued to develop Robusta coffee clones are required to obtain
the best clones with high yield stability which can the released to farmers in the future. The experimental
design using a randomized complete block design (RCB) with 3 replications of 12 clones; FRT107, FRT137,
PPO1, PPO5, SCO5, SKEO1, SKE06, SC12, PA03, TSTO7 and TSTO8 in compared with Chumphon 2 at spacings of 3
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x 3 m was carried out at Chumphon Horticultural Research Center during October 2016 - September 2023.
The results showed that TST08, TSTO7 and SC12 had the highest productivity in the first four cropping. The
average bean yields were 307.97, 306.27 and 284.54 kg/rai/year respectively more than the Chumphon 2 bean
yield which was 224.23 kg/rai/year. The percentage caffeine of clones ranged from 1.45 - 2.27 %. SCO5 clone
was the lowest percentage of caffeine. Weight of 100-bean showed that PPO1 clones was the highest
100-bean weight 25.67 gram.  TSTO8 clones had the most out-turn rate, at 22.98 % followed by PPO5 clones
was 22.23 %. Premium-sized beans showed PP01, PPO5, SC05, SKEO1, SC12, TSTO7 and TST08 which were in
the range of numbers 16-20. TSTO7, PA03, TST08 and PPO5 clones were the best growing, which was a good
and strong stem relative to the high yield of Robusta coffee trees. Good seed quality Can be a recommended
variety for farmers.

Keywords: Robusta coffee, Variety comparison, high-yield
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wianusliadogafianvindu 343.90 Alanfudels TndiAssduaneiug TST07 Tinandnudnniuiadeindy
321.43 Alan3usiels s09aan o anewus SC12 Winandnudaniuiodswiity 289.17 Alanfusels annismaass
ansadndenaeiugieulddinu 3 aetus Useneuse aeiiug TSTOS anestug TSTO7 wazanesiug SC12 Bslw
wananannuiliade 5 U gefiga wiifu 307.97 306.27 uag 284.54 Alan3usels mud1dy mnninfugyuns 2
(Control) T¥nanAndnniuvliadewinty 224.23 Alansusiols (ns1eil 1) 9ndeyaludil 1 vesnslvuandn nuiy
Tnednlngjmunusiazaneiugaslvinandntion Wosnluli 1 (2562/63) Tlunnludsiinennuiuiuluieusuey
Fadudrenisesnmenyalugjuesniun dwaronisuaunasuaznisanuatiosas (anioniouinerad, 2564) S
Famumatwinasvesenineranuliandndemeuszanm 0.5 Wesifudvesnandaaun 1 sanuuasniu
Tn&iAedlaldfinafuiimandn Snauisinadiu dealiAnnsszuiavesmoniigianiun nmsvaaosiause
unandnldedrereiiios uszeviaan 5 9 Wosmnnunaglinandniuiidosuiiony 4 9 uazangadaaiudeya
wawdnlaitfosnin 4 Yeidleatuly (Carvalho, et al,, 1969; Cilas, et al,, 2003) tieliudaneusuanadngnmnnslina
wanlFogadufinaeseiiies dmsunsuiuussiuduardnaiuaeiusniunlstandy AITNaNAngINdT 250 Alansu

pols A UANYULN AR UMAEITDITUNISITRARES WU SIUIUAITRANE F1UIUNARDAY N1SNaRAALSIwaz AL LELe

Table 1 Average bean yield of 12 clones Robusta coffee

Average bean yield (kilogram per rai)
Clones Robusta

Year 1 Year 2 Year 3 Year 4 Year 5 Average
coffee (2019/20) (2020/21) (2021/22) (2022/23) (2023/24)
FRT107 58.63 b 142.54 cd 138.61 d 169.86 bc 146.15 d 131.16 ¢
FRT137 73.49 b 110.05d 114.34 d 161.95 ¢ 132.69 d 118.50 ¢
PPO1 91.42 ab 236.30 a-d 220.19 bcd 242.42 bc 280.59 abc 21418 b
PPO5 89.97 ab 274.41 abc  260.61 abc 267.72 bc 189.75 cd 216.49 b
SCO5 81.05 ab 196.83 bcd 183.89 cd 193.03 bc 139.84 d 158.93 bc
SKEO1 97.54 ab 193.02 bcd  187.92 bcd 211.72 bc 217.84 bcd 181.61 bc
SKEO06 63.99 b 164.91 bcd 147.67 d 263.39 bc 191.47 cd 166.29 bc
SC12 150.78 a 305.37 ab 294.62 ab 382.75 a 289.17 abc 284.54 a
PAO3 83.81 ab 147.51 cd 144.15d 177.94 bc 161.77 d 143.04 ¢
TSTO7 132.68 ab 359.58 a 339.18 a 378.47 a 321.43 ab 306.27 a
TSTO8 118.50 ab 356.43 a 346.00 a 375.03 a 343.90 a 307.97 a
Chumphon 2
(Control) 94.93 ab 27550 abc  257.74 abc 27133 b 221.63 224.23 b
CV (%) 26.04 32.60 26.20 21.70 26.00 17.20
F-test " o o o o o

2. wWasiudauldy (Percentage caffeine) wlothdieganiulansveusdavaneiug aefudas 1 faegns

nsvadeuievesidusianndu 1ne35 In - house method TM-CH-030 based on AOAC (2019) 980.14
Yoz 1 a5a luszeaiian 2 U wud aneudgene dandesidudauduniesgsening 1.45 - 2.27 Weosdud aneudng

Wesidudanduadetesiian laun aieud SCo5 danveiiduinundy 145 wuziiiudilSeuiieuiivesidud
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AU 2.27 Wesidud (15190 2) FsunanerudiindesidudannButiosnitauinsgi Flaedinulngudan

Wesidwinwduvesnuwnlsaniegsening 1.6 - 2.4 (Wintgens, 2004)

Table 2 The percentage caffeine of 12 clones Robusta coffee

Percentage caffeine 1st Percentage caffeine 2nd
Clones Robusta coffee Average
(percentage) (percentage)
FRT107 1.77 1.65 1.71
FRT137 1.77 1.69 1.73
PPO1 2.22 1.96 2.09
PPO5 1.75 1.63 1.69
SC05 1.49 1.40 1.45
SKEO1 2.01 1.73 1.87
SKEO6 1.91 1.75 1.83
SC12 2.17 2.05 2.11
PAO3 1.76 1.63 1.70
TSTO7 2.02 1.82 1.92
TSTO8 1.60 1.59 1.60
Chumphon 2 (Control) 2.39 2.14 2.27

3. dntn 100 WAAWI (100 - bean weight) 91nNstuiindeya 5 Y wudn dwtdn 100 waauis A
wanssfunisadfedsfiduddydmnt nnaneiugivminudalduasgiuanavenuilsvandimdnegsening
12-15 n¥u (Wintgens, 2004) laguwiin 100 waa wade 5 U wudn aeiug PPO1 Jumidn 100 whawdeuiniian

Winiu 25.67 n3u 5098931 Laln @neug SCO5 wirfiu

Table 3 100 - bean weight of 12 clones Robusta coffee

100 - bean weight (gram)

Clones Robusta coffee Year 1 Year 2 Year 3 Year 4 Year 5 Average
(2019/20) (2020/21) (2021/22) (2022/23) (2023/24)
FRT107 14.36 ¢ 1321 f 14.38 ¢ 1592d 14.35d 14.44 ¢
FRT137 14.19 ¢ 1385 f 14.99 ¢ 18.48 cd 14.01d 15.10 ¢
PPO1 21.23 a 23.39 a 2711 a 31.17 a 25.45a 25.67 a
PP0O5 18.10 b 17.76 cde 19.23 ef 19.50 bcd 18.58 bc 18.63 de
SC05 20.06 a 22.28 a 25.09 ab 28.47 a 21.71b 2352 b
SKEO1 15.27 ¢ 17.11 cde 17.81 ef 20.36 bc 18.56 bc 1782 e
SKEQ06 15.63 ¢ 16.70 de 18.73 ef 22.27 bc 17.89 c 18.24 e
SC12 21.64 a 18.54 bc 24.00 bc 2342 b 20.16 bc 2155 e
PAO3 1543 ¢ 19.71 b 22.03 cd 21.36 bc 20.11 bc 19.73 d
TSTO7 17.69 b 18.06 bcd 20.33 de 21.37 bc 17.07 cd 18.90 de
TSTO8 1771 b 17.46 cde 19.22 ef 20.64 bc 19.31 bc 18.87 de
Chumphon 2 (Control) 14.82 c 16.10 e 16.82 fg 20.69 bc 14.19 d 16.52 f
CV (%) 5.50 5.50 7.10 9.30 10.20 3.80
F-test *% *% *% *% *% *%
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4. dadrunadnsdaiuianiunans (Percentage Outturn)  91nnsUuiindeya 5 Y wudn dndrunadnsie

waanunansvesnunlsvanlnediuluajedssning 20-25 Wosidud (Wintgens, 2004) Tl 5 dndunaanse

Y

wannunasiinuuanatsiunsaifegeddedfy dusudadiunadanemaaniunansiade 5 Y wsaznssuis

fimnuuanansiunisadfednsiveddeyds wudn anewug TST08 fdndrunadnsdaiudnniunalsgeiian windu

U q
s

22.98 1Wasidud sosasun laun aneug PPO5 fidndrunaanseiuanniunens windu 22.23 wWasidud duasiug

q

SKEO6 fidndunaansoiminniunans sfign windu 20.01 1Wesidud winfidadrunadnmnowdnniunansan nuneis

P '

Juaneiunldenvemanunnianeiugdu Sfununisiiuiesewdauis 1 Alanfugaindtaneiugdu (m1319i 4)

Table 4 Out-turn rate of 12 clones Robusta coffee

Out-turn rate (percentage Out-turn)
Clones Robusta

coffee Year 1 Year 2 Year 3 Year 4 Year 5 Average
(2019/20) (2020/21) (2021/22) (2022/23) (2023/24)

FRT107 19.90 23.48 22.43 abc 21.80 b 21.63 ab 21.85 abc
FRT137 20.88 20.25 20.92 bc 2272 b 22.59 ab 21.47 bcd
PPO1 20.46 22.73 22.47 ab 23.17b 2197 ab 22.16 ab
PPO5 20.34 20.46 23.50 bc 23.03 b 2380 a 22.23 ab
SC05 21.05 20.48 20.13 bc 2030 b 2380 a 21.21 b-e
SKEO1 19.68 20.19 20.00 ¢ 20.17b 20.04 b 20.01f
SKEO06 18.95 21.22 20.10 bc 20.19b 20.09 b 20.11 ef
SC12 20.13 20.18 20.63 bc 21.33 b 20.03 b 20.46 def
PAO3 20.05 20.03 20.13 bc 20.50 b 20.07 b 20.16 ef
TSTO7 19.99 21.32 20.07 bc 20.70 b 20.10 b 20.04 ef
TSTO8 20.64 23.54 2353 a 26.83 a 20.37b 2298 a

Chumphon 2

(Control) 20.92 20.04 22.00 abc 21.83 b 20.00 b 20.96 e-f
CV (%) 8.60 9.60 5.80 7.00 7.10 2.90
F-test ns ns *x xx * xx

5. auinfaniul (Bean size) mswunwdnniul Tnstnudeluansuunzunsstuuugn Jasuda e
2-3 afs winikuazun s Bz Lnsuariuiidvueladstududlngan Guvuan) wfadnga Gudisga)
Tngvunnnzunss freasdon foil azunsaued 20 Sdukiugudnanag Ussinas 8.00 uu. azunsaues 19 Mdusi
AUENA193 Useannd 7.50 axl. axunsaues 18 Siduruaudnansg Ussana 7.10 da. azunsaues 17 didusiigudnag
3 Useana 6.70 1y, Azunsuues 16 didudiuaudnaney Ussunn 6.30 uu. azunsaues 15 didudiugudnaiss
Uszanal 6.00 1y, azunsaues 14 idurugudnansg Ussana 5.60 ui. azunsaues 13 Sidurugudnaieg Useunn
5.00 13, LASAZLATAUDT 12 ﬁLé’umuﬂuéﬂmag Useaay 4.75 13, 9INNITNARDI WU maﬁ'uﬁjﬁm 9 YuIALIAAINg
AS¥aANY Imamjuﬁl,mﬁmﬁsuumimg Usenaudig a@efug PPO1, PPO5, SCO5, SKEOL, SC12, TSTO7 wag TSTO8 wu1n
wandnlnahdunsanddlon (wianuniitouadaudiues 16 Tulv) agluranues 16-20 @duruaudnansgnsunss

-

Uszanas 6.30- 8.00 1) ilesniluiugiidadenunaniiuiios Jsainanddeiiiuunuinvnawdaiuginefiudies

o

agfluginues 18-20 (a35nu wazAme, 2555) dauaneug FRT107 wazaieug FRT137 Wuaeiugindiuiain
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ilszne awndadiulvgegluginues 14-15 @durugudnansgnsunssszuna 5.60 - 6.00 1u.) Juuniuan
3 o < v = ] W e = o ) s Ny
WnnIAnsgIuantey wazlivuwiadadnndtiugyuns 2 (Control) Fednlngjeglutinues 15-16 (Hidunnu

AUINAN93AZUNTIUTEUIN 6.00 - 6.30 113L.) (5199 5)

Table 5 Bean size of 12 clones Robusta coffee

Clones Percentage

Robusta lower than  number number number number number number number number number Premium
coffee number 12 12 13 14 15 16 17 18 19 20 grade
FRT107 2.1 3.2 24.1 33.6 12.4 11.0 7.6 4.4 1.6 0.0 24.6
FRT137 0.0 3.5 253 36.5 17.3 10.1 3.9 2.0 1.1 0.3 174
PPO1 0.0 0.1 2.1 7.5 44 14.2 17.2 16.2 20.3 18.0 859
PPO5 0.0 0.8 7.0 21.8 5.6 27.3 19.6 10.3 5.4 2.2 64.8
SCO05 0.2 0.6 4.4 10.3 4.9 14.6 21.3 19.5 17.2 7.0 79.6
SKEO1 0.0 0.3 5.5 15.3 3.5 18.1 238 17.1 12.0 44 75.4
SKEO6 0.0 4.0 3.2 18.2 20.1 18.1 16.3 11.0 6.6 2.5 54.5
SC12 0.0 0.1 2.0 8.1 2.8 13.6 21.4 21.0 20.2 10.8 87.0
PAO3 0.0 0.7 7.0 24.2 7.9 26.8 18.0 9.7 a.7 1.0 60.2
TSTO7 0.1 0.3 6.4 18.8 5.0 21.6 22.1 14.6 8.3 2.8 69.4
TSTO8 0.0 0.3 3.6 13.2 44 16.7 22.7 19.7 15.1 4.3 78.5

Chumphon

0.0 1.7 10.1 21.8 29.8 16.3 10.5 5.2 3.1 1.5 36.6

2 (Control)

°

6. IUIUNINLTNARBAIMEN U 5 VUBINISHIKANER WU I1UIUNITLANANARADNINEN TAULANAITY

vaadAegefiddyddunnd enviu 97 1 lifmuuandrstufumneada Tagludi 5 vesnsliuanan wuin aeviug
PPO5 mm’sumﬂumawamLaasmmmam Wity 32.89 A summwuﬁszmwa? 2 (Control) fliiies 32.00 A (mimﬁ 6)

7. auenis lugis 5 Yveanislinandn wudn anuenis fenuuenestunadfededideddayd Q’Lu‘vgﬂi
Tnelulfl 5 vesnslinandn wui aetiug PAO3 mmmm’mma&mmwam WU 105.96 wuRiang vausd UgYUNT
2 (Control) fimusmAaads Wiy 88.50 wufwns (AN31971 6)

8. PUUTBNAANARBNT b 5 VYBINISHIRAKNER WU INUIUTBNAANAABNT LAIULANAIAUNIIEDADENS

a ¢

TilfodndnyBsluyn® oncu T4 1 uasi 5 iflanuuandnsfiufumaada Ineludil 5 veanslsinanan wudn aneus
T5T08 fis1uiudeiiinnasiofnaduanniian windu 12.69 4o vaziiudyuns 2 (Control) Hfwiudefidauasenaade
Wiy 10.63 9 (M31971 6)

9. mmendle Tuthe 5 Yueansliinandn wuin ynlianuendelifimnuunnsiisfiumaada lngluli 5 vesnis
Tinandn nudn areus PPOs faugndeladevesdian indy 3.31 wufuns vnziusyuns 2 (Control)
fimnugndeiade 3.73 lwufiuas (15190 7)

10. $ununadede Turae 5 Yveanslinandn wuin Sruaunadieds fanuusniefumadfedelidoddnds

Tunn® oniiu Ui 1 fenuusnsnsiunsadedisiidodie Tagludi 5 vesnsliuanan wuin areug TSTO8 fiduau

Nasiate LlaAvinTian Winfu 18.88 Ha vaszdiiugeams 2 (Control) T uiunasedende winiu 13.12 wa (M3afl 7)
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11. FuauNannd Ture 5 YuaenIsiNanan wull S1uuNanany dannuuanansiunisainegsldedAy

Tunn? legluln 5 vesmslinands wud a1eiug TSTO8 d9uiunasansadeuIniian Wiy 166.56 na vasfinu

2o

N3 2 (Control) dmunasiefsaie Wiy 93.54 Ha (15199 7)
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Table 6 Number of Primary branches Branch length and Number of node per branch of 12 clones Robusta coffee

Clones Number of primary branches (branch) Branch length (centimeter) Number of node per branch (node)
Robusta coffee Year 1 Year 2 Year 3 Year 4 Year 5 Year 1 Year 2 Year 3 Year 4 Year 5 Year 1 Year 2 Year 3 Year 4 Year 5
FRT107 33.64 29.71 gh 27.27 fg 28.31d 26.05 b 88.28 cd 89.21 de 83.28 fg 82.33 ¢ 74.46 de 14.92 14.02 bcd 13.31 def  12.47 de 11.63
FRT137 25.70 26.53 h 24.62 g 22.15 e 20.17 c 65.35 e 76.28 f 70.33 i 67.22d 68.08 e 13.47 1272 d 12.20 f 1137 e 10.50
PPO1 30.81 35.37 ef 3221 de 33.84 bc 30.18 ab 80.03 de 79.96 ef 75.73 h 87.53 ¢ 78.86 cde 12.58 13.40 cd 12.31 f 11.96 de 10.79
PP05 27.54 43.69 ab 40.10 b 33.18 bc 32.89 a 94.18 bcd 98.40 bcd 89.64 de 85.48 c 78.56 cde 14.91 15.55 ab 13.45 def 13.03 d 12.56
SCO05 24.23 38.55 cde 35.57 cd 40.03 a 31.28 a 96.40 bcd 96.93 bcd 90.76 cd 91.13 bc 98.19 ab 14.07 15.19 abc 14.02 cde 12.87 d 11.39
SKEO1 24.49 36.88 c-f 32.83 de 31.25 cd 28.62 ab 88.89 cd 95.69 cd 86.11 ef 85.46 ¢ 95.88 ab 14.50 1591 ab 14.38 bcd 13.18 d 11.89
SKEO6 24.04 32.04 fg 30.70 ef 32.38 bcd 30.88 ab 87.26 cd 89.48 de 83.19 fg 88.66 ¢ 96.71 ab 12.57 13.05 d 12.63 ef 12.90 d 10.74
SC12 32.33 35.93 def 31.80 de 31.85 cd 3191 a 100.76 bc 103.71 bc 95.27 b 98.45ab  84.84 bcd 14.96 15.60ab 14.42 bcd  15.09 bc 10.82
PAO3 34.13 46.41 a 44.36 a 35.51 bc 31.68 a 119.57 a 12535 a 109.87 a 105.80 a 105.96 a 13.00 16.22 a 15.57 ab 14.50 ¢ 11.37
TSTO7 29.05 41.61 bc 37.40 bc 37.15ab 31.62 a 106.72 bc 107.80 b 94.52 bc 98.47ab  93.51 abc 14.91 15.78 ab 15.35abc  16.03 ab 12.19
TSTO8 43.68 32.55 fg 30.73 ef 35.67 abc 30.39 ab 102.23 bc 106.21 bc 94.29 bc 100.43 a 92.82 abc 15.39 16.07 ab 15.89 a 16.41 a 12.69

Chumphon 2
(Contrl 31.75 40.71 bcd 37.42 bc 37.08 ab 32.00 a 94.45 bcd 87.95 de 80.33 ¢ 85.57 ¢ 88.50 bcd 13.16 12.90d 12.06 f 12.19 de 10.63
CV (%) 39.9 7.2 6.6 7.3 8.7 9.7 6.2 2.7 53 9.9 10.4 7.6 5.5 4.9 8.9

F-test ns *% *% *% *% *% *% *% *% *% ns *% *% *% ns
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Table 7 Length of node Number of fruit per node and Number of fruit per primary branch of 12 clones Robusta coffee
Clones Robusta Length of node (centimeter) Number of fruit per node (fruits ) Number of fruit per primary branch (fruits )
coffee Year 1 Year 2 Year 3 Year 4 Year 5 Year 1 Year 2 Year 3 Year 4 Year 5 Year 1 Year 2 Year 3 Year 4 Year 5
FRT107 5.34 a.27 3.46 3.49 3.40 13.82 ab 14.41 d 14.53 bc 1293 cd 12.30 cd 83.60 a-d 103.32 d 95.39 ef 87.89 d 81.41d
FRT137 4.81 3.75 3.51 3.69 3.67 12.04 bc 14.46 d 1235 c 12.16 d 13.38 bcd 83.70 a-d 107.18 d 100.07 def 93.57d 86.83 cd
PPO1 4.73 3.02 3.17 3.53 3.43 10.74 c 16.22cd 1548 bc 1486 cd  16.09 abc 57.15 de 142.23 bc 105.93 c-f 108.57 cd 108.92 bcd
PPO5 4.83 3.39 3.19 3.32 331 13.33 ab 15.37 d 1529 bc  1405cd  14.25 bcd 81.91 a-d 126.69 cd 123.83 cd 110.56 cd 105.39 bcd
SC05 4.56 3.26 3.10 3.43 3.62 12.56 bc 15.77 d 1491 bc  13.48 cd 16.34 ab 60.43 de 98.45d 99.11 def 94.40 d 100.36 bcd
SKEO1 4.78 3.26 3.23 3.50 3.65 12.77 bc 14.54 d 14.06 c 12.82 d 12.18 d 70.97 b-e 110.69 d 90.14 f 87.79d 107.83 bcd
SKEO6 4.88 3.69 3.25 3.44 3.80 12.36 bc 14.79 d 15.07 bc  19.22 ab 12.25 cd 68.14 cde 100.35 d 94.20 ef 132.44 ¢ 100.71 bcd
SC12 5.03 3.50 3.20 3.76 3.56 13.89 ab 18.77 bc 19.36 a 19.10 ab  16.15 abc 95.87 ab 166.02 b 130.11 c 163.45 b 120.72 bc
PAO3 4.63 3.24 3.22 3.80 3.80 13.00 abc 15.03 d 14.41 bc 1657 bc  15.04 bcd 54.68 e 125.50 cd 118.54 cde 107.30 cd 107.65 bcd
TSTO7 a.77 3.14 3.01 3.46 3.65 13.42 ab 19.44 b 17.69 ab 1953 ab  16.15 abc 91.79 abc 16232 b 15791 b 179.68 ab 131.12 b
TSTO8 4.61 3.19 3.16 3.56 3.46 15.21 a 2339 a 20.40 a 20.89 a 18.88 a 102.82 a 24545 a 192.49 a 192.76 a 164.54 a
uns 2 (Control) 4.78 3.68 3.37 3.40 3.73 13.47 ab 15.39 d 13.90 ¢ 1442 cd  13.12 bcd 62.52 de 121.64 cd 103.49 def 111.94 cd 93.54 cd
CV (%) 9.3 12.2 54 7.5 6.0 9.6 10.0 11.2 12.2 13.7 18.3 11.9 11.6 13.10 16.9
F_test ns ns ns ns ns * *% *% *% *% *% *% *% *% *%
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Selection of Native Coconut Line from Various Plantations that Produce High Yields and Good Quality
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Abstract

Chumphon Horticultural Research Center has continuously developed coconut varieties. Especially

hybrid coconut varieties that have been certified by the Department of Agriculture and received satisfaction
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from coconut farmers in changing the original varieties that gave not high yields, productivity is slow. But it can
adapt well to the environment because it is a native coconut variety. therefore, the center has surveyed,
selected, and collected native coconut varieties from various planting areas that have potential. and good
agricultural characteristics they were planted and collected in germplasm conservation plots. for selecting
coconut palms that produce high yields and good quality, that is, yield not less than 70 nuts/palm/year.
productive age not more than 4 years. nut size not less than 1,100 grams/nut, the weight of copra not less
than 225 grams/of nut and oil content of copra not less than 50 percent to develop at least 100 coconut
lines for use as parent palm with outstanding agricultural characteristics for the development of hybrid
coconut varieties. Operations begin in October 2021 and end in September 2023 at the Chumphon
Horticultural Research Center, Sawi District, Chumphon Province. from a survey, of 17 species of native
coconuts, 500 palms lines were collected and planted to progeny test without statistical planning. The results
of the work revealed that the varieties /line was obtained. that have outstanding agricultural characteristics,
11 varieties, 125 lines, divided into 2 sets, set 1, coconut varieties that are 72 months old, and set 2, coconut
varieties that are 60 months old, In set 1 selected 8 coconut varieties and 101 lines were selected as follows:
1) Sai Bua variety selected and evaluated were 37 lines 2) Tuen Dok variety selected and evaluated were 25
lines 3) Hua Ling variety selected and evaluated were 15 lines. 4) Kon Chuk variety selected and evaluated
were 6 lines 5) Thoeng Bong variety selected and evaluated 4 lines 6) Plueak Wan variety selected and
evaluated were 8 lines 7) Thanan variety selected and evaluated were 3 lines and 8) So Samutsongkhram
variety selected and evaluated were 3 lines. set 2 selected 3 coconut varieties and 24 lines were selected as
follows: 1) Thung Khlet variety selected and evaluated were 20 lines 2) Pakchok Phrathong variety selected
and evaluated were 2 lines and 3) Thai Phangan variety selected and evaluated were 2 lines, respectively.
This selected coconut line were used as the genetic database for use as parent plants with good agricultural
characteristics to further develop the variety for coconut breeding researchers.

Keywords: Native coconut line, High yield, Copra, Oil content of copra
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Figure 1 productivity and fruit component analysis of Figure 2 productivity and fruit component analysis of

Sai Bua variety Tuen Dok variety

Figure 3 productivity and fruit component analysis of Figure 4 productivity and fruit component analysis of

Hua Ling variety Kon Chuk variety

Figure 5 productivity and fruit component analysis of Figure 6 productivity and fruit component analysis of
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Figure 7 productivity and fruit component analysis of Figure 8 productivity and fruit component analysis of

Thanan variety So Samutsongkhram variety

Figure 9 productivity and fruit component analysis of Thung Khlet variety

Table 1 Average age of palm producing, yield and fruit component analysis of Coconut variety/line,

Set 1 totaling 8 varieties 101 lines at the age of 72 months in 2022-2023

Age of palm Yield
Variety/Line producing Nut yield Weight of whole nut Copra yield Oil content v

(years) (nuts/palm/year) (g/nut) (g/nut) (%) Fav
SB0101 29 67 1,240 294 42 0.5
SB0102 26 58 1,260 302 44 0.5
SB0103 29 63 1,400 280 45 0.4
SB0104 28 74 1,600 200 a4 0.4
SB0105 27 65 1,370 314 44 0.6
SB0201 27 60 1,400 300 a3 0.5
SB0204 26 89 1,310 306 a7 0.5
SB0205 29 80 1,405 188 a6 0.5
SB0206 30 7 1,300 210 a5 0.5
SB0207 31 85 2,150 210 42 0.5
SB0301 25 113 1,200 290 41 0.4
SB0302 27 73 1,630 320 48 0.6
SB0304 27 92 1,500 350 a6 0.6
SB0305 26 67 1,300 240 46 0.3
SB0306 28 78 1,800 250 41 0.6
SB0307 30 67 1,200 290 41 0.4
SB0401 32 81 1,500 300 a7 0.6
SB0402 25 90 1,630 320 a8 0.6
SB0403 27 64 1,500 350 a6 0.6
SB0404 26 73 1,255 330 a5 0.6
SB0405 28 69 1,320 185 a5 0.5
SB0406 28 83 1,280 205 a7 0.5
SB0501 29 121 1,000 210 41 0.6
SB0502 25 101 1,150 243 a7 0.4

d
The 3 National and 1” International Conference on Agricultural Innovation and Natural Resources



100
Age of palm Yield
Variety/Line producing Nut yield Weight of whole nut Copra yield Oil content v

(years) (nuts/palm/year) (g/nut) (g/nut) (%) Fav
SB0503 29 69 1,300 202 46 0.4
SB0504 33 61 1,100 232 42 0.5
SB0505 26 73 1,170 220 45 0.4
SB0506 28 62 1,200 220 48 0.3
SB0507 28 75 1,430 189 a7 0.4
SB0601 29 63 1,620 300 42 0.4
SB0603 31 76 1,000 225 a5 0.5
SB0604 27 78 1,455 291 45 0.4
SB0605 35 52 1,500 290 50 0.5
SB0606 33 70 1,500 360 a5 0.5
SB0702 32 75 1,350 250 46 0.5
SBO704 30 56 1,290 261 a5 0.4
SBO708 33 63 1,400 255 44 0.4
Average 29 75 1,379 264 45 0.5
TD0801 25 7 1,500 270 48 0.3
TD0802 28 84 1,450 320 44 0.5
TD0803 35 76 1,400 230 a6 0.3
TD0805 26 7 1,650 296 43 0.5
TD0806 30 61 1,870 295 a6 0.5
TD0808 32 86 1,500 290 a9 0.5
TD0903 32 56 1,500 280 43 0.5
TD0904 30 63 1,600 250 a2 0.4
TD0905 26 79 1,600 280 46 0.4
TD0906 22 69 1,970 300 a5 0.5
TD1002 23 67 2,300 350 45 0.4
TD1003 25 97 1,400 260 40 0.4
TD1004 28 69 1,300 225 ar 0.3
TD1102 29 66 1,400 300 48 0.5
TD1104 27 91 1,600 280 a4 0.3
TD1105 29 81 1,200 220 43 0.4
TD1106 30 70 2,100 300 ar 0.4
TD1107 33 54 1,250 200 a3 0.4
TD1204 23 7 1,900 225 49 0.3
TD1205 34 63 2,480 300 40 0.4
TD1207 26 66 1,250 200 43 0.4
TD1208 27 66 1,350 220 a3 0.3
TD1301 33 85 1,500 300 48 0.5
TD1303 25 94 1,880 300 a7 0.4
TD1306 36 75 1,550 300 a4 0.5
Average 29 74 1,620 272 45 0.4
HL1401 30 60 1,380 220 54 0.5
HL1403 29 57 1,500 260 57 0.6
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Age of palm Yield
Variety/Line producing Nut yield Weight of whole nut Copra yield Oil content v

(years) (nuts/palm/year) (g/nut) (g/nut) (%) Fav
HL1407 29 72 1,900 260 53 0.5
HL1505 32 70 1,800 250 52 0.4
HL1508 28 73 1,420 240 51 0.4
HL1602 30 67 2,050 223 49 0.4
HL1605 30 68 2,000 250 51 0.5
HL1702 27 88 1,300 265 52 0.5
HL1705 28 62 1,540 260 54 0.3
HL1803 28 a9 1,800 210 53 0.5
HL1805 29 69 2,100 220 55 0.5
HL1810 33 80 2,100 200 52 0.6
HL1902 31 62 2,000 225 a7 0.4
HL1907 28 83 1,220 260 54 0.4
HL1908 30 65 1,350 260 48 0.4
Average 29 68 1,697 240 52 0.5
KJ2105 28 77 1,470 260 59 0.4
KJ2109 30 59 1,350 270 56 0.3
KJ2204 29 65 1,380 260 a9 0.3
KJ2206 25 51 1,880 300 51 0.4
KJ2401 28 a6 2,000 245 52 0.4
KJ2402 31 53 1,400 230 62 0.4
Average 29 59 1,580 261 55 0.4
TB2503 a5 79 1,310 230 54 0.5
TB2508 48 69 1,300 270 51 0.3
TB3001 43 53 1,380 250 a5 0.4
TB3002 42 104 1,300 255 51 0.4
Average 45 76 1,323 251 50 0.4
PW3103 a7 a6 1,690 310 a7 0.3
PW3304 45 64 1,590 240 46 0.5
PW3405 43 a8 1,900 290 41 0.4
PW3505 49 66 1,800 225 45 0.5
PW3605 50 a5 1,550 200 a6 0.4
PW3606 43 60 1,840 200 a5 0.5
PW3608 45 83 1,900 370 a4 0.5
PW3709 a5 ar 1,400 280 a6 0.5
Average a7 57 1,709 264 45.0 0.4
TN3907 a7 7 1,450 235 42 0.4
TN4001 46 45 1,330 255 41 0.3
TN4108 a7 a4 1,650 230 44 0.4
Average a7 55 1,477 240 42 0.4
754708 49 63 1,500 300 43 0.5
754709 a7 66 2,300 210 51 0.4
754710 45 75 2,200 420 44 0.5
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Age of palm Yield
Variety/Line producing Nut yield Weight of whole nut Copra yield Oil content v
(years) (nuts/palm/year) (g/nut) (g/nut) (%) Fav
Average a7 68 2,000 310 46 0.4

Y standards for coconut hybrid selection: Fruit quality value (FQV) = meat/whole nut-water

Table 2 Average age of palm producing, yield and fruit component analysis of Coconut variety/ line,

Set 2 totaling 3 varieties 24 lines at the age of 60 months in 2022-2023

Age of palm Yield
Variety/Line producing Nut yield Weight of whole nut Copra yield Oil content v
(years) (nuts/palm/year) (g/nut) (g/nut) (%) Fav
TK6803 28 72 970 160 40 0.6
TK6805 24 60 820 130 40 0.4
TK6806 27 71 900 120 42 0.4
TKé807 25 63 950 150 42 0.4
TK6812 25 66 820 115 41 0.2
TK6813 26 57 1,010 185 43 0.3
TK6815 25 45 970 130 43 0.3
TK6816 26 a9 1,140 155 41 0.4
TK6904 25 96 900 145 43 0.4
TK6905 25 62 850 125 a4 0.4
TK6906 31 100 930 120 a3 0.4
TKé6907 26 63 1,050 120 38 0.4
TK6908 27 66 980 100 a6 0.4
TK6912 27 63 1,150 115 43 0.4
TK7002 25 57 830 111 43 0.4
TK7004 32 52 1,080 138 40 0.4
TK7005 25 51 1,180 100 42 0.4
TK7006 27 76 1,090 135 a0 0.3
TK7007 25 108 1,090 130 42 0.4
TK7009 27 50 1,110 110 43 0.4
Average 26 66 991 130 42 0.4
PJ4809 43 55
PJag810 46 47
Average a7 51
Tw5214 51 72
TW5303 50 52
Average 51 62

Y standards for coconut hybrid selection: Fruit quality value (FQV) = meat/whole nut-water
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Selection of Guava Hybrid with High Yields and Vitamin C Content Suitable

for Fresh Consumption
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Abstract

Crossing guava for use in selection for fresh consumption with high vitamin C content was conducted
at the Loei Horticultural Research Center during 2022-2024. Preliminary criteria selection revealed that at least
for 7 lines. Contain vitamin C higher than 300 milligram per 100 gram fruit weight (gFP), 5 lines include
301-402-14, 301-402-3, 301-402-19, 401-1081-138 and 501-303-2 had an average of vitamin C of 323.8, 323.3,
309.6, 308.1 and 303.5 milligram/100 gFP, respectively. Three lines, e.g. 209-101-2, 401-1081-138 and
402-203-66 had fresh fruit weight higher than 300 gram (486.1, 479.2 and 387.6 gFW, respectively). Four lines,
e.g. 301-402-3, 501-303-2, 301-402-14 and 401-1081-138 had average sweetness at 12.5, 11.1, 11.0 and 10.8
°brix, respectively (higher than 10 “brix). Time required for the first flowering after planting was 1.2-1.4 years
and the production 9-40 fruits per plant.

Keywords: Guava, Selection, Vitamin C, Fresh fruit consumption
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nsLasiule wudt anewud 301-002-3 Tewnaduseunlauduinniian 12.6 wuRluns sesasnAeangwug
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Table 1 Growth data of selection guava hybrid

Lines Height of stem Circumference stem Canopy size (cm)
(cm) (cm) North- South East-West
209-101-2 200.0 10.0 170.0 230.0
301-402-14 192.0 12.0 160.0 211.0
301-402-3 182.0 12.6 138.0 143.0
301-402-19 200.0 12.0 195.0 198.0
401-1081-138 195.0 11.5 180.0 160.0
402-203-66 200.0 10.0 150.0 180.0
501-303-2 187.0 10.5 110.0 120.0

Note growth data in June 2024
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aeriug annsaifusadsignaanddluiiesgivinainiui inedifouasimuiineinsmdnisiiuifeuazuussy
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(Ainay PT x KJ) 2) 301-402-14 3) 301-402-3 4) 301-402-19 (finey TY x KD) 5) 401-1081-138 (guast KD x KJ) 6)
402-203-66 (AHas KD x PT) Uag 7) 501-303-2 (Auas KK x TY) wud Uinadndudreidenaan 100 n3u luaneiug
301-402-14 fredvanndign 323.8 fadn3u sesasunfoanewug 301-402-3 301-402-19 401-1081-138 501-303-2
209-101-2 uag 402-203-66 fUSuadnfiudiode 323.3 309.6 308.1 303.5 279.1 uay 277.0 FaAn3u AU
hndnua wud anefug 209-101-2 fApdABanTign 486.1 n3u TesamNAoaesiug 401-1081-138 402-203-66
301-402-14 301-402-19 501-303-2 way 301-402-3 fhiwirinuawade 479.2 387.6 286.5 280.7 244.6 uay 218.9
n$u MU dauATL WUT aneviug 301-002-3 fiAuadugean 12.5 8aruIng sesasnAsaneiug 501-303-2
301-402-14 401-1081-138 209-101-2 301-802-19 uax 402-203-66 fiAuvuIade 11.1 11.0 10.8 6.2 6.2
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LAz 5.7 83AUING mudiy SruauiuiiGueennenusnudamizidn wuin aneus 209-101-2 401-1081-138 uaz
102-203-66 paNABNUINLIATIEN 1.2 1.2 uay 1.2 U aud1fu sesasunfeatsiug 301-402-14 301-402-3
301-602-19 Wag 501-303-2 fdnufuiisusennenusnudaniziuda 13 1.3 1.4 uaz 1.4 U pwddu dmdunandn
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402-203-66 301-402-19 401-1081-138 way 209-101-2 Iiduiunadedu 22 21 19 13 wag 9 WadeAu AINEIAY
(Table 2, Figurel)

Table 2 Preliminary yield and quality of guava hybrid after planting at the Loei Horticultural Research
Center from 2022 to 2024

Lines Time to first Number of Weight of fruit Sweetness Vitamin C
flower fruits/plant (gram) (brix) content
(years) (fruit) (ml/100 gFW)
209-101-2 1.2 9 486.7 6.2 279.1
301-402-14 1.3 40 286.5 11.0 323.8
301-402-3 1.3 40 218.9 12.5 323.3
301-402-19 1.4 19 280.7 6.2 309.6
401-1081-138 1.2 13 479.2 10.8 308.1
402-203-66 1.2 21 387.6 5.7 277.0
501-303-2 1.4 22 244.7 1.1 303.5

Figure 1Characteristics of selected guava hybrid fruit: (A) 209-101-2 (B) 301-402-14 (C) 301-402-3 (D)
401-1081-138 (E) 402-203-66 (F) 501-303-2
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Abstract

Local rice varieties in the southern region are distinctive and beneficial genetic resources. They are
important genetic resources for improving rice varieties to cope with changing environmental conditions. This
study aims to assess the genetic structure and diversity of 21 local rice varieties in the southern region using
morphological and agricultural characteristics, consisting of 16 traits. These traits include plant height ranging

from 130 to 182 centimeters, number of tillers per hill ranging from 6 to 21, leaf blade length ranging from
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13.2 to 30.0 millimeters, leaf blade width ranging from 55.4 to 79.2 centimeters, leaf blade thickness ranging
from 1.0 to 4.1 centimeters, stem diameter ranging from 5.0 to 8.0 millimeters, panicle length ranging from
24.0 to 35.6 centimeters, 100-seed weight ranging from 2.0 to 3.9 grams, leaf pubescence, leaf blade color,
leaf sheath color, ligule color, lisule shape, auricle color, collar leaf color and number of secondary branches.
Using the UPGMA (Unweighted Pair-Group Method with Arithmetic Averages) group method, the rice varieties
were grouped into 5 groups. Group 1 comprised 3 varieties including Nahng Mah, Gan Tang, and Chaw Khao.
Cluster 2 had the highest number of varieties, with 6 varieties including Chawng Nahng, Jam Pah, Sahn Suay,
Mae Yae, Nah Tawee, and Ruang Ngahm. This was followed by group 3 with 5 varieties including Look Pueng,
Sai Chaw, Je Li, Meuang Sai, and Look Krahd. Group 4 consisted of 2 varieties including Chaw Tah Ni rice. and
Gue Se Khao, while group 5 comprised 5 varieties including Glib Mek, Khao Suraj, Pah Di Gay Ga, Khao Pom,
and Gram Grai. This data provides valuable foundational information for rice breed improvement and
conservation efforts in the future.

Keywords: Local rice varieties, Classification, Morphological traits
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Table 1 List of 21 local rice varieties and their source

No. Name Sources
1 Gan Tang Phatthalung Rice Research Center
2 Chaw Khao Phatthalung Rice Research Center
3 Nahng Mah Phatthalung Rice Research Center
4 Chawng Nahng Phatthalung Rice Research Center
5 Jam Pah Phatthalung Rice Research Center
6 Sahn Suay Phatthalung Rice Research Center
7 Nah Tawee Phatthalung Rice Research Center
8 Mae Yae Phatthalung Rice Research Center
9 Ruang Ngahm Phatthalung Rice Research Center
10 Look Pueng Phatthalung Rice Research Center
11 Je li Phatthalung Rice Research Center
12 Sai Chaw Phatthalung Rice Research Center
13 Meuang Sai Phatthalung Rice Research Center
14 Look Krad Phatthalung Rice Research Center
15 Chaw Tah Ni Phatthalung Rice Research Center
16 Geu Se Khao Phatthalung Rice Research Center
17 Khao Pom Phatthalung Rice Research Center
18 Gram Grai Phatthalung Rice Research Center
19 Pah Di Gay Ga Phatthalung Rice Research Center
20 Glib Mek Phatthalung Rice Research Center
21 Khao Suraj Phatthalung Rice Research Center

Table 2 List of qualities evaluated for local rice varieties

Descriptor Classifications/Unit

leaf pubescence 1= high, 2= medium

leaf blade color 1= green, 2= dark green, 3= light green

Leaf sheath color 1= green, 2= green with purple line, 3= dark green
lisule color 1= white

lisule shape 1= acute, 2= absent, 3= 2-spilt

Auricle color 1= green, 2= white

Collar color 1= light green

AN5AIAsIERTaua Taaurainvatgnieluslege neldadviininunainratevas Shannon-Weaver

diversity index (H') TunmsliaszviauvainatslagmuinaIngns
N

H = —Zpi In pi

i=1
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Wefi 7= Sunudneagiinuanuuandig
s = suriaanuwanensdfinuludnvasiiduiin
pi = ni /N = Fnduvessusiaiinuludnuaedu 9 (ni) sesuaushegaaun (V)

lnedsusuumsduundseiandwsudviianuvainuaieves Shannon-Wiener (Coracero et al., 2020)

Table 3 Classification scheme for the Shannon Diversity Index

Relative values Shannon-Wiener diversity index (H')
Very High 3.50 and above

High 3.00 - 3.49

Moderate 2.50 - 2.99

Low 20-249

Very Low 1.99 and below
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o 1%
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Table 4 The calculated Shannon-Wiener diversity indices (H") for each descriptor using morphological

characters
Name Plant Number Leaf Leaf leaf Stem Leaf
height of tillers blade blade blade dimeter pubescence
(cm) per hill length width  thickness  (mm)
(mm) (cm) (cm)

Gan Tang 145 7 19.6 55.4 1.3 6.2 2
Chaw Khao 134 6 13.2 69 1.5 8 1
Nahng Mah 147 8 16.4 57.6 4.1 5.6 2
Chawng Nahng 151 8 23.4 67 1 6 2
Jam Pah 130 10 18 57.2 1.3 6 1
Sahn Suay 130 7 24.4 65.2 1.4 6 1
Nah Tawee 162 8 18.6 65.4 1.6 6 1
Mae Yae 161 9 31.6 67.6 1.3 6 2
Ruang Ngahm 137 9 18.6 69.8 1.4 6.5 2
Look Pueng 127 21 254 71.4 1.6 6.5 1
Je i 136 8 23.8 69.8 1.22 6 2
Sai Chaw 140 8 30 60 1.7 7 1
Meuang Sai 132 10 21 73.6 1.2 5 1
Look Krad 137 9 21.2 64 1.3 6 2
Chaw Tah Ni 174 10 29.8 71.4 1.5 6 2
Gue Sor Khao 82 2 0 5 1.1 5.8 1
Khao Pom 130 12 15.6 65.6 1.3 5 2
Gram Grai 141 9 18 57.8 1.2 5 2
Pah Di Gay Ga 57 0 5 7.8 1.1 5 1
Glib Mek 160 8 17.6 58.8 1.5 6 1
Khao Suraj 166 9 22.8 79.2 1.2 6 1
Average (H') 3.04 3.00 3.02 3.04 2.98 3.038 2.99
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Table 4 (cont.)

Name leaf Leaf sheath ligule color ligule Auricle Collar leaf
blade color shape color color
color

Gan Tang 1 1 1 3 1 1
Chaw Khao 1 1 1 3 1 1
Nahng Mah 1 1 1 3 1 1
Chawng Nahng 1 1 1 3 1 1
Jam Pah 1 2 1 3 2 1
Sahn Suay 1 1 1 3 2 1
Nah Tawee 2 1 1 3 1 1
Mae Yae 1 1 1 3 1 1
Ruang Ngahm 2 1 1 3 1 1
Look Pueng 2 1 1 3 1 1
Jeli 1 1 1 2 1 1
Sai Chaw 2 3 1 3 1 1
Meuang Sai 1 1 1 3 1 1
Look Krad 1 1 1 3 1 1
Chaw Tah Ni 1 1 1 3 1 1
Gue Sor Khao 1 1 1 3 1 1
Khao Pom 1 1 1 3 1 1
Gram Grai 1 1 1 3 1 1
Pah Di Gay Ga 1 2 1 1 1 1
Glib Mek 2 2 1 3 1 1
Khao Suraj 3 1 1 3 1 1
Average (H') 3.03 297 3.04 3.03 3.01 3.04
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Table 5 The calculated Shannon-Wiener diversity indices (H") for each descriptor using agronomic traits

Name Panicle length Number of 100-seed weight
(cm) secondary
branches
Gan Tang 31.4 1 3.9
Chaw Khao 31 1 2.4
Nahng Mah 35.6 1 3.2
Chawng Nahng 33 1 2.2
Jam Pah 28.2 1 2.4
Name Panicle length Number of 100-seed weight
(cm) secondary
branches
Sahn Suay 33 1 24
Nah Tawee 34.2 1 3.1
Mae Yae 37.4 1 3.2
Ruang Ngahm 35 2 2.8
Look Pueng 31.8 2 2.6
Je li 32.8 2 2.9
Sai Chaw 24 1 2.2
Meuang Sai 31 1 3.4
Look Krad 32.6 1 2
Chaw Tah Ni 35.6 1 2.5
Gue Sor Khao 35 2 32
Khao Pom 32 1 3.6
Gram Grai 34 1 2.8
Pah Di Gay Ga 34.2 1 3.8
Glib Mek 29 1 2.6
Khao Suraj 34.8 1 2.7
Average (H') 3.04 3.00 3.03
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Abstract

Stevia (Stevia rebaudiana Bertoni) is a plant which high sweetness, but non-caloric. Now, stevioside
has been used incorporate it in numerous food products for conscious consumers and commonly grown in
the North of Thailand. This study was investigated genetic relationship, yields, biochemical characteristics such
as stevioside and antioxidant of stevia 3 clones; SMOL2 SMOL3and SMOL4. The experiments were designed to
RCBD with 7 replications under 2 locations 1) farmer's field in Samoeng district (700 meters above sea level)
and Chiang Mai Royal Agricultural Research Centre (Khun Wang at 1,300 meters above sea level) Chiang Mai
Province. Genetic relationship was analyzed by Random Amplification of Polymorphic DNA (RAPD) technique;

the result showed all of stevia 3 clones have been closely related genetic relationship but not the same
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clone. Clone SMOL3 has higher genetic similarity with SMOL4 than SMOL2. Yield and biochemical
characteristics were evaluated; the results showed fresh and dry weight of all stevia clones at 700 meters
above sea level was not significantly different. However, clones SMOL3 showed the highest fresh weight and
dry weight, but SMOL2 gave the highest of stevioside and antioxidant at 7.59 ¢/100g and 50.96 mg Trolox/g,
respectively and significant differences from other clones. While at 1300 meters above sea level, fresh and dry
weights and stevioside were not significantly different. SMOL2 showed high fresh weight at 618.84 kg/rai, dry
weight at 117.10 kg/rai, and steviside at 7.06 g/100g, but SMOL3 gave the highest antioxidant and significant
differences from other clones.

Keywords: stevia, yield, biochemical characteristics, stevioside
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aneugianuaruandsiueaniy wu awinvedly szegiiainisesnnen waraududuvesaiiosalnalaled sauds
USinaansusenouftueatin siltuegiudnuaenailulng waranmuandondiugn annsnsaienatsdiunisinu
%aﬂ,da‘wNéﬁumimwmmaamﬁﬂmﬂﬂulmﬁuﬁﬂawm R qz:qué way aued (2560) WAnwnavesnsinvanendiine
N3 YLAULA LASNANAATDING 1ML WU miéfmiamami’wmuﬂaaﬂ%ﬂﬁqmﬁmnﬁmLﬁuimmaé"]éfu QUPTERIY
hwiindu Tuwazsrnuianniian @ muilildinisiatenensen dnsasyifivln uaznsazaumiinuis
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nmsdsrannamiensuuulul 2559 awnsauendnvuranuuandeiunsdugiuinenls 4 ngudnuae fie 1) ngu
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Polymorphic DNA (RAPD) affafiuenamanuia 3 anedudeds PVP extraction method (USuldann Kim et al.,
1997) winvSinaiiduelagldinaiia Polymerase Chain Reaction (PCR) #ae tnsiues RAPD s1uau 11 lwsied
(Table 1) ndurhdiduefldluifiuyiinudediiongnlanodiuedisa Usznou fe 3 Junou (Table 2) udn
psRFevIInTURS weiRniinallddeBidnTnsTridal flaenlsanudutu 1.5 % Annesitoyanuduiug
yomguusiazanesu Tagthnandaiildannafinufinueusseufitongnlsweawedisa uiuisuifisuany
aduadlusziuugnssy Tnemsdasigidaelusunsu NTSYS 2.11a antumeanuduiusida iaunislngadns
wnunIAulillagds Neighbor-joining (NJ) fielusunsu Unweighted Pair Group Method with Arithmetic average
(UPGMA)

Table 1 RAPD primers used for amplification of Stevia genomic DNA in this study

No. Primer name Sequence
1 OPA-01 CAGGCCCTTC
2 OPA-02 TGCCGAGCTG
3 OPA-14 CTCGTGCTGG
a4 OPB-08 GTCCACACGG
5 OPB-12 CCTTGACGCA
6 OPD-18 GAGAGCCAAC
7 OPA-03 AGTCAGCCAC
8 OPB-10 CTGCTGGGAC
9 OPB-15 GGAGGGTGTT
10 OPD-09 CTCTGGAGAC
11 OPD-20 ACCCGGTCAC

Table 2 Optimized conditions for PCR amplifications

Steps involved (temperature °C) Time No. of cycles
Initial denaturation (94 °C) 5 min 1
Denaturation (94 °C) 30s 39
Annealing (34 °C) 40 s
Extension (72 °C) 1min 155
Final extension (72 °C) 7 min 1

2. Ugnviadoundi vy S1uau 3 @1esiu ldud aedu SMOL2 SMOL3 uay SMOL4 Tudwm¥adedlual #ufl
Sunoaniiis finmgs 700 was nseRu ML wazquitoinunvalaiaegesyuag fnngs 1,300 g
afiunsnegeuluginfounguniau 2566 f weuiiuau 2567 MNUNITIAABIMUUUABNdNANYSal (Randomized
Complete Block Design : RCB) $1uau 3 n3913% (anedw) n3suiiay 7 81 9 az 144 fu (S1u3u 4 uad 9 a2 36 fu)
fuilfuifer 8 msnawns seosUgn 25 x 25 lwuRwns (nsudvnsinees, 2565) Weflveny 135 Yundagn
sdunmaiutoyanandn Tiun dvinaandsluan uaztdmiinaendeluws

3. mIeEiUTInumsaRileludieiaiedasunnnnilveavaranssausge wisudog1siauUannis

283 Woelwer-Rieck uazamz (2010) Felungimnuuisnualunsazidenin 0.5 n5u adlunasaluuen (centrifuge
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tube) WU 10 Taddns uadnUIUTIAIINleBau (deionized water) 8 fiaddns nawnduilUwglugeaiunu

v
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Y

)

fiasaseu 3,500 sousieundl Hunan 10 Wi nyssasazatediegeiildfenszatunsenuesd 1 aduriausu
USnnsaunn 25 fiadans afasuuuinsn 2 ase Usulsumslviasu 25 fadans metiusiranlessy anndunses
ansazaneiiegesy nylon filtter vuaauazden 0.45 lulasuns udrhasiilaludnsesiseedadasulnnsil
youmaassuzas lngldredun C-18 vun 4.6 x 150 fadums 5 lunsou (Sunfire C18 , Waters) figaumgdl 36 o3
wadealunisuenans niata Mendewnsiatariialnlalalonense (Photodiode Array) finuenandu 210 wily
RS wimwnnUsinuasamlebed euivaisazarsuinsgiuaniteles Tugasamududy 5 - 100 lulasniuse
fadans Inszvliinuailolonluiiegang 1mnuuis lunihesesay (g/100g DW)

4. MAAnTEnvEFuoyLadaTEiIE38 DPPH (DPPH antioxidant assay) afnlungmufauuasainisves
Prommajak wazaay (2014) nedamsiegrslungunuiiunasdenundegnsay 0.5 n3u adlunaenfidUavuin 50
1addns Wnasanaleniueaiutuiesas 50 U3uns 25 adans mmfuﬁ’]lﬂLL‘ﬂué’Nﬂ’JUﬂquﬁQﬁ figaumad 50
ssrwadea WJunan 1 $alus wdnsesansazanefild srenszaunseaues 1 wavihansazaneiiatnldlussieauuia
felAdaanduszveuUUAYAINIA (rotary  evaporator)  Wagaraftuansafnue1uieasazals DMSO Usuns
5 faddns mnﬁumaauqménwéﬁuawaﬁaizﬁw%%ﬁﬁﬁLasu (DPPH radical scavenging) fintiasn1a1niseas Singh
wazAue (2002) lnainsenansazateiingsansanalunaulntiananuiduty 0.1-0.8 Jadnudeliaddns fae DMSO
waziAnasazane DPPH  wudu 0.1 adluans Usuias 3 Haddns waulidniu waswleuaisazateniunulagly
DMSO U3anms 0.1 fiadans uazifinansazans DPPH wusienfufiuansazanedogne denslsluiite Wunan 30 wiil
nduthansazaneidenld intadinsganduuasiininuenadu 515 uilues foadninslnlsfines teins
@@ﬂﬁuu,mﬁ"lﬁmﬁwmm%'asJasmié'J’Ué'?a FaNnS

%DPPH radical scavenging activity = {(Ay - Agmpte)/Actd X100
do A Ao Minsgandulasuesasaniua

Apmpie D AINIAANTUANYDIENTALAIUAIBEN
Y

5. MIBATIENTRYE

NTiATIENdeyaNaNan eI IMIULAREANEAUlAEN1TIATIEANLUTUTIY (analysis of variance;
ANOVA) ansn13Mnaadwuy Randomized Complete Block Design (RCB) W3suiflsuninuuansneseninsaniadeves
WiiaznIIUITEETT Least significant difference (LSD) wazn1simsevideyausunuasaiileled uazasiueyya
dasy 1AenN151ATIENAULUTUTIU (analysis of variance; ANOVA) snumsnaaeswuuguauysal (Completely
Randomized Design; CRD) \US8UMIEUAILLANANITE I 19ARRET0IWAAZNT5UIEETS Least significant difference

(LSD)

NawazINTalNanINAaD Y

o

dlerhuauiiduevemamnui 3 aedu uiesviezuamaded Tnenstwaildandunounisin
PCR uniiAstvimnuduiusmsiugnssy ieaaduunugiaudusiusmaiugnssy (dendrogram) wudndian
é’uﬂixﬁwémﬁﬂﬂé’%maﬁluﬂw 0.43 - 0.64 lngvig)muangdu SMOL2 dewdaulnddniunisiugnssuivanesu
SMOL3 i 0.43 wazfedudanalnddadufuatesdu SMOLA 7 0.55 Turueiivgvinuanedu SMOL3 Sensudaiu
TndBavmaitugnssufivanediu SMOLA 7 0.62 (Table 3 and Figure 1) wansliiudmgauie 3 aeduiiaanalnddn
aiugnssy ualdliiugideniu wasnavnuaesiu SMOL3 danulndgaveiugnssuivanesiu SMOLA annndtany

fi SMOL2 &sgionaaeafiun1sfinunuad guaisaia wavame (2563) Nd151anasAnwdnyaen1edugIuing1veamg
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wuldsenuhaunsasenansagauuanaRiumsdugvInetls ¢ ngudnvue uagldfnwianuduiusiieinu

WUINTIUVDMYINNIUTILIU 4 NG WUT TANULANARAUMITUINTTUTIIVLA

Table 3 Similarity matrix table of S. rebaudiana 3 samples

Samples SMOL2 SMOL3 SMOL4
SMOL2 1
SMOL3 0.428 1
SMOL4 0.547 0.642 1
SMOL2
SMOL3
SMOL4

r T T T J
0.49 053 0.57 0.60 0.64
Similarity Coefficient

Figure 1 Dendrogram shows the results of DNA band analysis of 3 Stevia using NTSYSpc version 2.11a
program
warAnTILTiuiesiuu 5 adt lutafeungadnieu 2566-Feufiuia 2567 wasUiinuatsadileledues

a

mﬁmmumaﬂ’uﬁ:ﬁmLaaﬂﬂqﬂﬁﬁsﬁummqﬂmﬂisﬁuﬁwmLa 700 wns wud1 wandnthunluaauagtmin
Tuuvissiols llunndnafunsedid Tnofingmauaedu SMOL3 finandnluansdelsundian fe 1,178.70 Alandusels
F9989UAD @1UAU SMOL2 waganemu SMOLA fp 1,145.40 waz 1,139.90 Alansussls auanu wazne minuansdu
SMOL3 THnanntniinuisselsunniigaifieioudisuivaiedudu q Augnlufiuiiieltu sesasn e anedu
SMOL4 wag SMOL2 #p 178.94, 172.61 way 170.00 Alansusals ﬁﬂﬁ%ﬂ?ﬁ’ﬂﬂﬁwﬁuﬁ:ﬁﬂﬁaﬂﬁzﬂ 3 @unu JUsune

aa v ¥

ansaiiloladuansnsiumsadia Tngvavmiuanodu SMOL2 fiusinaansnniigauas liunndsfunisadffung
WuEedy SMOL3 e 7.59 waz 7.26 ndusetmidnuste 100 n3u audisu luvaisfingmauanedu SMOL4
fUuvesansaiileladtosiign ualiuandrafumsadffuaiedu SMOL3 Ao 7.01 n¥usevnuiinuiis 100 n3u
(Table 4) uazUSnauansduayyadassaomamIui 3 aefuitinTesidaeds DPPH Tnsansdu SMOL2 fU3una
asiueyyadaszuniigauananafunnsainodsdidoddy sesaamnfe anediu SMOL3 way SMOLA FsiiuSunmans
éﬁuaq;ﬁaﬁaizﬁ 50.96, 45.77 way 37.49 mg Trolox/g (Table 4)

nanAnTwTIAUAE w5 At ludaadeungainieu 2566-feuiiuiay 2567 Uumansaiileles uaz
Uhinumsiusyyadaszvemiduuaeiuiindendgnitsriuaugaain seduiimeia 1,300 wes Wi wandn
Yrotinan dhainusts uarUSinaansaiilelasuomanmnuia 3 aedu liunnsnafunieadd Tnefiaedu sMoL2 1
NANAALIETNAR wazkanAAL MU sgeTian fo 618.84 wag 117.10 Alanfudels sesasunfie ndhmuaedy
SMOLA uaz SMOL3 #iliinandsluand 506.74 uaz 464.50 Alanfusiels nudiy wasnandmimiinuiadl 106.41 way
98.70 Alan3usiols mudiy drutBinaansailoled wud1 vamauanedy SMOL2 TUSinuansaiilelusuniian
#i9 7.06 n¥usla 100 n¥utwmtinuia sesasnAeansdiu SMOLA way SMOL3 fiflunaansaiileled 7.00 wag 6.80
n¥usia 100 n¥utminuts auddy lurmefivsinuansiueyyadaseia 3 aeduuansisiunisedn Tnsanody

a v [ o v

SMOL3 #Usunaugenanuansaiunaiiegrsldedidey fuatedudy q Ae TUsuiuaisdueyyadasy 48.88 mg
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Trolox/g 5898911A® @efu SMOLA taz SMOL2 fg 39.59 uag 17.63 mg Trolox/g mua16u (Table 4) 31nA1T
yaaey wui Uinamesansaiileledlundvniuis 3 anedu fvgnluiiufigannseduimea 700 was T
ansamleledinnniiufigennssiudmeia 1,300 wes weiidlesanuinmuansaiilelediavaululungviutuey
fuaeius Taouas gungll uasUius e sz uenaniuudadewisuifisuilefifuinugadevenimin
WU HenAmvesemd gl 1,300 wesanszduimeia Sesdudmsgyidedosnimdmiuiiugn
Tududl 700 wasnsgduimeia Wesandunaveduuasaududuresiinuansiuegfuanmindenlunis
WigAule nsdamsuaznisquainu (Pal et al. 2015)  Kang uax Lee (1981) na1791 anmgilenniainasienis
WigAulauazn1sasanieivem M fiufl 1,300 wnsainszdutinzg flgamgfisinin dawalsinisazay
o dndnuiedsgeand uesiilesmnudmmuduiifuduiiitasiinged 13-14 $alus endmnuegly
anmiuiitugniazdamalifunaveslunasUiinaasaiiloledifiuanntu lumafeatu Guerrero waganiz (2018)
nai Vinaansaiiesalnalalesvemamiuiivgn 2 undausndnaiu lusagiinisiedyivlauastaweansiiu

eI liuansiney

Table 4 Total fresh leaves and dry leaves weight per rai which harvesting 5 times and Content of
stevioside and DPPH in three promising stevia clones cultivated in Chiang Mai province at 700 and 1,300

meters above sea level.

Yield/rai (kg) Stevioside content Antioxidant capacity
Fresh leaves Dry leaves (g/100g DW) (mg Trolox/g)
Promising line
1,300
700 m. 1,300 m. 700 m. 1,300 m. 700 m. 700 m. 1,300 m.
m.
SMOL2 11454 61884 170.00 117.10 7.59° 7.06 50.96"  17.63
SMOL3 1178.7 464.50 178.94 98.70 7.26ab 6.80 45.77b 48.88"
SMOL4 1139.9 506.74 172.61 106.41 7.01b 7.00 37.49° 39.59b
CV. (%) 12.86 33.58 11.57 39.69 3.73 6.24 0.70 8.26

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT.
dyuna
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mnfosnavgmuiifiuiinuansiueyyadassaduiufiganssduimen 1,300 wes nud aredu SMOL3
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Abstract

Etlingera is a genus of herbaceous perennial plants belonging to the Zingiberaceae family. Several
species of Etlingera have been used as foods and folk medicines. However, many species do not know their
therapeutic properties and application widely. Hence, the volatile oil compositions of two Etlingera species
including E. pauciflora and E. littoralis, which were collected from Satun province, were studied. The essential
oils of leaves and stems of plant samples were extracted using the hydrodistillation method and then
analyzed by Gas Chromatography-Mass Spectrometry (GC-MS). The E. pauciflora essential oil contained
B-pinene (68.21%) and a-pinene (16.34%) as major components, whereas the dominant constituents detected
in E. littoralis volatile oil were 1,8-cineole (20.55%), B-pinene (18.42%), a-pinene (15.65%), and sabinene
(13.69%). These identified compounds would relate to the therapeutic attributes of Etlingera species.
However, the bioactivities of their volatile oils need to be further investigated to prove their medicinal
properties before being promoted to their application in the future.

Keywords: Etlingera, Zingiberaceae, Satun Province, Gas Chromatography-Mass Spectrometry
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Figure 1 Leafy shoots and leaves of E. pauciflora (A) and E. littoralis (B) collected from their native

habitat in the lower part of southern Thailand (C)
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Figure 2 GC-MS chromatograms of the essential oils extracted from E. pauciflora (A) and E. littoralis (B)
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Table 1 Essential oil constituents (% of total) of E. pauciflora and E. littoralis collected from Satun

province
% Constituent in each species
No RT  Compounds - - -
E. pauciflora E. littoralis
1 635 a-pinene 16.34 15.65
2 747 sabinene - 13.69
3 757 B-pinene 68.21 18.42
4 793 B-myrcene 0.65 2.02
5 835 a-phellandrene - 4.37
6 872 a-terpinene - 0.66
7 897 p-cymene - 1.01
8 9.10 limonene 2.16 3.63
9 9.29 18-cineole 6.50 20.55
10 10.06 vy-terpinene - 1.47
11 11.02 o-terpinolene - 0.74
12 11.52 linalool - 0.32
13 14.14 terpinene-4-ol 0.85 3.41
14 14.62 o-terpineol 2.62 2.27
15 2198 trans-caryophyllene 0.61 3.35
16 23.07 d-humulene - 0.72
others 3.95 10.05
¢-pinene p-pinene sabinene ¢-phellandrene
&
limonene 1,8-cineole ¢-terpineol

Figure 3 Structures of top five components identified from the volatile oils of E. pauciflora and E.

littoralis
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M9 TAns 99nsAne wudn duds 7S Suszansamgslunisszysialuad Seanmsadiuunlnadioonain
nszilefiana (Z spectabile) waznseiie (Z. zerumbet) Tuanizishuma 1ps16 Tianansaldlunisindwunlnan waz
nszfioeenainiuls ‘i]’]ﬂﬂ’]i’JLﬂ‘i”l”WJ’JWU’]misﬁ’]G\WHS‘UEJWHLL‘WIN ITS 93U rpsl6 lvflauidertu wazay
‘UfﬂL"\]iﬂ,umiiuUﬁm(ﬂW‘lﬂuﬁﬂasu\ﬂ,ﬂLW&J&J’Iﬂ"UL! uaﬂmﬂumwwmmauwuﬁmnmmmi%ﬂ,wammmuﬂ,ﬂamm
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Abstract

Phlai Dam (Zingiber ottensii) is a high-value medicinal plant that popular cultivated in the southemn
Thailand. Species identification of Zingiber genera have been difficult based on morphological characters
alone, especially in immature stage or herbal raw materials. The objective of this study is to test the efficiency
of DNA barcode loci for species identification and investigate on the phylogenetic relationships between Z
ottensii and other species within genus Zingiber. Two DNA loci of /TS and rps16 were chosen for phylogenetic
analysis. The /TS locus showed a high efficiency for identifying Z. ottensii species which could be separated Z
ottensii from Z. spectabile and Z. zerumbet. While the rps16 locus could not separate Z ottensii from Z.
zerumbet. Phylogenetic analysis based on combination of /TS and rps16 regions made confident and clear
identification of the species. In addition, the phylogenetic relationship of Z. ottensii was more closely related
to Z. zerumbet than Z. spectabile. Similar result was obtained from morphological characters of inflorescence
and rhizome.

Keywords: Zingiber ottensii, DNA barcoding, identification, phylogenetic relationship
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Azildnwazadepdsiunsziie (Zingiber zerumbet (L.) Smith) (Larsen et al., 1999) LuammLmuimaumﬁua“uaﬂwmv
aneiu laglwacdadudunaduiazinindidiaemeudnani (Malek et al., 2005) Lma&m"l,ﬁﬂmuaﬂwmummmmu
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Ushadindvauazraslsnaafduisnisideuthunldlunisinsuunsinvesitunonratssin (Kress et al,, 2005)
Immﬂ%ﬁamamﬁﬂuLaﬂamﬂﬁnmﬁLﬁuwmﬁé’mﬁ'mmvauﬁumﬁmﬁﬁuﬁwﬁ"umﬂ%’é’wmvmﬁé’mmﬁw‘&m]wu'wslﬁ
mmmﬁmmLLuﬂﬁjumwsﬂmamammm mmumiﬂﬂmwuﬁﬂiiﬂu‘ﬁvmuammmmmmiwamﬂuﬂivmﬂlmmmwm
ASANYIABUTNLDY muuiumsﬂﬂmmwﬁ]qmm"di anmwammaauﬂi SAvEnNasREuou TR TinzauTunig
dndunlnasi (Zingiber ottensii) aaﬂmﬂwszjaﬂamau 7 AldnwaradugineadeadstulagAnwaruduiug
Beiianmssenindlwadn (Zingiber ottensii) uazitvanads (Zingiber) wilagi1e 9 Lwamwmmﬂummauwuﬁmq
WugnIsuvaslna aﬂmmmummauau,ayLﬂmﬁmsmmﬂﬂi’ﬂumﬁwmLLuﬂﬂuumlwam (Zingiber ottensii) \ian1s
vawam (Zingiber ottensii) VLUI%UiuIEJ‘II‘LJVIOﬂGIEN

gunsaluazdsnns
nﬁstﬁuﬁaaeiﬁalwaﬁﬂu,a"miﬁnmé'nwm”maqumaﬂ%
mumamﬂ,wammﬂLmawmuwmﬂsuﬂiviwuLﬂuwszjauulwmmmmmmq q manaldvesUssinalneg
LLauwmanaﬂuwuaﬂwmyiﬂammmlwam mﬂuummamwﬂ,mmﬂmaﬂwmquamﬁwmwmLLauLﬂiaumwﬂmﬂ
TsmesirurazsiaiioliuszneuntsmageulsansnmlunisdasuunlagldaEuunldnuazesuismuduriudis
Iun1s (Table 1)

Table 1 Species and sample locations of Zingiber ottensii and related species used in this study

Scientific name ID Local name Location
Zingiber ottensii Valeton Z2 hlai Dam Sai Buri district, Pattani province
Zingiber ottensii Valeton Z3  Phlai Dam Sai Buri district, Pattani province
Zingiber ottensii Valeton Z9  Phlai Dam Saba Yoi district, Songkhla province
Zingiber ottensii Valeton Z14  Phlai Dam Sawi district, Chumphon province
Zingiber ottensii Valeton KT8  Phlai Dam Srinagarindra district, Phatthalung province
Zingiber cf. fragile S.Q.Tong 716 - Mueang Nakhon Nayok district, Nakhon Nayok province
Zingiber cf. fragile S.Q.Tong Z17 - Mueang Prachin Buri district, Prachin Buri province
Zingiber parishii Hook.f. Z19  Khing Phu Phan  Phu Ruea district, Loei province
Zingiber spectabile Griff. KT1  Kratue Philad Srinagarindra district, Phatthalung province
Zingiber spectabile Griff. KT2  Kratue Philad Yan Ta Khao district, Trang province
Zingiber zerumbet (L.) Smith  KT3  Kratue Thai Mueang district, Phang Nga province
Zingiber zerumbet (L.) Smith  KT10  Kratue Yan Ta Khao district, Trang province

nsanadlulindaidule
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0.1 lulpsdng (USIn8U ITS uae rps16) Ineusiindu 175 Tdelnsiwes ITS1 (TCCGTAGGTGAACCTGCGG) Way ITS4
(TCCTCCGCTTATTGATATGC) (White et al., 1990) uazusiidu rps16 ldalnsiues rpsk (GTGGTAGAAAGCAACGT
GCGACTT) Uag rpsR2 (TCGGGATCGAAC@TCAATFGyCAAC) (Oxelman et al., 1997) Mntuselsunsunmsrnuees
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‘Ummmzﬂﬂmﬂiu jModelTest v.2.1.4 (Darriba et al., 2012) 591U Akaike Information Criterion (AIC) mimmam
Vlafﬂam‘iumnm ITS waz ITS 591U rps16 Av General Time Reversible + gamma distribution (GTR+G) model
v rps16 Ae General Time Reversible (GTR) model Imwm%m%mLauwmﬁﬂmLLaqumammmmmaaﬂ
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U3 TwnsRRuresiaweusIAnMuALY ITS rps16 wag ITS 59U rps16 Wuin Aduleulsianmums
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< 70 Wesidus mudnu (Figure 2A) Tuvaug @A Buousidniunis rps16 lifiusgansamlunisdnduunadnsening
lwadn (Z ottensii) wagnseiia (Z zerumbet) usanunsaldlunisssyrlinvesnseiiofiana (2 spectabil e) 1
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FIUNUS /TS 53R rps16 wu@mnsadIndunatnszwinglwan (Z. ottensii) nsziie (Z. zerumbet) wagnsziiofiand
(Z. spectabile) Imammmauuauuauuw 95 \Wadidud 89 Weosidus way 99 Wosidud auddu (Figure 3) Fslvien
mmL%auuauuauuam’nmﬂﬁummemamamﬁmmwm ITS %39 rps16 WgsAnuaaelun1TInTILUnNn
uaﬂmﬂuaa‘wmwmwuauwuﬁmmmmmimaﬁwam (Z. ottensii) daulnddadunsedie (Z. zerumbet) uInNNI
nsydloWand (Z spectabile) Im834m’maamﬂaENmJaﬂwmumﬁammmw‘&maqmmumau w3 wazaenen (Figure 1)
finnundeadstunnlnsnnzegnbduszezdunduazni Judusee wmﬂmu'ﬂ,ﬁummummammmuauulwa s
BENANULANANTZIININAAT (Z. ottensi) nsz#ie (Z. zerumbet) uay ﬂsuwa‘wma (Z. spectabile) e[,usu YLAINAIL
maaiwaﬂawuuuiﬁliuﬂWiﬂaﬂLLa ﬁ’liJ’]iﬂU’llﬂi‘UﬂiﬂEﬁUﬁlﬂ@EJNOﬂG]ENiﬂﬂ?Ju

Figure 1 Morphological characters of Zingiber species that related to Z. ottensii. (A-C) Z. ottensii:
(A) pseudostem, (B) rhizome, and (C) Inflorescence; (D-F) Z. spectabile: (A) pseudostem, (B) rhizome and (C) Inflorescence; (G-I) Z

zerumbet: (A) pseudostem, (B) rhizome and (C) Inflorescence. Scale bar = 5 cm.
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Figure 2 Molecular phylogeny of Z. ottensii and Zingiber species based on maximum likelihood using
each DNA barcode loci of ITS (A), rps16 (B) and ITS + rps16 (C). The bootstrap values 270% is given
above the branches.
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Figure 3 Molecular phylogeny of Z. ottensii and Zingiber species based on maximum likelihood using
two DNA barcode loci ITS and rps16. The bootstrap values 270% is given above the branches.
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Study of DNA barcoding in Piper nigrum L. var. Chanthaburi
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winlneugiunydnsotugusadidunsnlveiugiuiewsdmiaduny3daduidevesfuilan Jagdunis

szyitufiedinlddnvazmedugudeinldenn owideitagusrasiiednwnisadeiiBueuildaveminlneiug
Funy3FaeBu roct nan FITenuIn MsiinUamBued s rbet IiRBuevuIa 700 giua Wedaszsiany
willoufugiudeya GenBank wuinfianunilaududu rocl vesiivana Piper louf Piper nigrum L. (EF450315.1),
P. laetispicum (EF591353.1) uaeg P. austrosinense (EF450305.1) 7 £ value 0.0 way Homology identity 99.43
Woesidud nturhnisdnumanuannsalumadufidueviiléndelusunsy DNA Subway Safufivana Piper
savan 15 via wuirdduiedlelnduisdmtu ool vemdnlnetusiunyitanunieusudu ool vosiivana

Piper 8¢19g1 InediA1 Homology identity @sfls 98.26-99.43 wWesidus Inedldranuunnsiwesainuilndlolnddie

%%
a v aa

FAuIuAY K2P distance 71 0.008 @enadpsiuunugianuduiusmaiugnssudaifauinis msideldliiuinddu
fndlolndvesdu roct fauawnsadismelunsduiidueuislan Judayadnanawisalfidudoyaiiugiulu
nsenwvsednduuniivluana Piper 1

o

Ardnfsy: Winlne AduweunslAn wunlinugnssy
Abstract

Chanthaburi or Prang-Thee pepper is a native variety in Chanthaburi province. It is identifying plant
varieties based on morphological characteristics, which can be difficult. This research aims to study the
development of DNA barcodes for the identification Chanthaburi pepper using the rbcL gene. The results
found that the rbcL gene of Chanthaburi pepper is 700 bp. For alignment analyzed asgainst the GenBank
database, it was found that there is a similarity with the rbclL gene in Piper nigrum L. (EF450315.1), P.
laetispicum (EF591353.1) and P. austrosinense (EF450305.1) with E value of 0.0 and a homology identity of
99.43%. Subsequently, the capability to be a DNA barcode was studied using the DNA Subway program with
all 15 species of the Piper genus. It was found that high similarity with the rbcL gene of the Pjper genus, with
homology identity ranging from 98.26% to 99.43%. The nucleotide sequence divergence, calculated by K2P
distance at 0.008, aligns with the phylogenetic relationship diagram in evolutionary genetics. This research
indicates that the rbcL gene sequence could be used as a DNA barcode which is basic information for
studying or classifying plants in the Piper genus.

Keywords: Pepper, DNA barcoding, Phylogenetic tree
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a . . ) pRpy 1 | a o w aa o | a
winlne (Pepper, Piper nigrum L.) \luayulnsnddnsnn nuindunieanadiAgyidanudndu wazd

¥ '

Anunanstdlugnamnssiemsuazenayulng Inenuiniuiivgnndnineyszanuiosas 95 vesiunilgninuseme
agfdanindunys anunsaadeeldnnnisdseenliiulssinalazdununnniduiuiiuteuasluiivasvgiaves
manziusen Winlenugdunyinseiudusadiluninlnetugiudewedwmindunyiivgniuuuiu ldsuany

o

fewnnduilaadioniwdalvguazsadada (Faa wuizassn, 2564) winlneffdeudgnlulszmelved 4 sug fe

q

v o N o

Wug  Fasu ugusmdsu Musuad wasiugiunys Suneldanimwindeuniuand1aiuaziinasoUsunansaifay

o o A s w o

wagBuduareiugdosennasliasdfgydsuuvasly lunisiuunaeiudvietusazdesordedoua 3 du fe

ounawisnulunisusnidudeaiu Snvasmaed asdidyviesdusznounined uazdnuvasmaiugnssy e

windlafifeaninliludagiufenmsvhAdueunsldn
AdueuslEnduisnmamaiainessdulianaldgnitmundunifielflunsseyslinnienduuosaeddie

melunadusiag Bnstiondendnnsiaszigiduiindlelnsvesaefidueluuinaiidonin “Adueuinsgiu”

¥
=~ o oA

Fegumartiluvinasusnvluiivauisadwunsiaiuglagerdenisiianisnareiuduisdiunds n1svifidute

vislanAenslddiuuavesdidueyisdu q (short genetic loci) Aiflaruduudsgs wdenzddTinunasyinled

[

1 & | A’ ] v Sy & v I3 I A’ A o . .
pg197In57 tnedsbuefazliduusisaduisalutismidueidunsanasazeeniu (standardized genetic

o '
o ' N =<

loci) Iduuslanesddidiniu 9 nanfe awnsaszyriavesddidia Jddunisufdfenafinisiinuamunia

(locus)  Adulonnsgiuuinnit 1 Grdmdulddufiduouildn iWemudssansawlunssuundaldinl
gndesuindetu FelutlagduiidrsdiBuefiarunsoldiduuisidadmduianaisdasiaeiu 10879 Wy
Ribulose-bisphosphate carboxylase (rbcl), MaturaseK (matK), Nuclear ribosomal interal transcribed spacers
(ITS) region, psbA-trnH intergenic spacer Wag trnL-trnF intergenic spacer sy

81 rbct laifidunseou (intron) Wuduluaaslsnaradlunfivianinfinenswaoulesl 1,5-bisphosphate
carboxylase/oxygenase (Rubisco) Luminegesvuialng (Large subunit) Anse1vesdu rock tneiludauens
\2d8 1,400 Awa (Ford et al., 2009) agm@iu‘ﬁ'ﬁu rbcl. ﬁﬁauﬁﬁmﬁwLﬁuﬁLé‘uLamﬂﬁW%aﬁLSuLammgmﬁa Ay
Junaspuanauazligsuiandlelvadnunmaun (ained umen, 2558) :annsfinwinuinfinsidu rocl uay
moct wldlunssmuniieluana Piper fuduayulnsfituluuouuinumeuniiovesssimauiaids (Darlina and
Mahboob, 2020) uenaniifisiinstihdu rbcl, ITS way psbA-trnH wldlunsfinwidueunsifnuazasiawnugiinig

#ugNIIUVDY P. longum (Sneha and Jenifer, 2023) fatiun153deiidalaiinsunennaiafiduauislanuildlunis

a =

a¥aendnwalniaiugnssureminlneiugiunys Fnsvifdueuisidaveminlveszdeliaiusadwunnie

3 3
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naaauiaudninlng n1seysnvaneiuininine Midisvlevdsensdnumassngumisenlusuanladndiy
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Hnaaas MIENADUBLALNINTIVFBUARATN

Wusegdlugaundnlveiugdunys neldsuanuemasizianiamvisgusundnlvenvadvg unamiu
gunounsiiew Ymindunys wadefdue lngldyaadnfduiediiazu Tiangen (Tiangen Biotech (Beijing) Co.,
Ltd) namifle iutmes LP1 U3u1n5 200 lalasdnswanliidniundaia RNase A 6 llasang deidliflgnigiivioadu
a1 10wt nduiin LP2 USinns 130 Tulasans weadlsidndu tudes un 5 uit gedwlanaeslnd dudiives
LP3 U393 1.5 whoessdrlaganaslsidnfui wiidheas c83 wiluthumies wiu 30 3undt indrulaiiedammusy
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LoANDZDdUI 3 WIT LlousuLIUTULAY Y13 elute MBulosedines EB U3uns 50-100 lulaséns asradey
A Az USRS uLeTiadaldfeiaies Nano-spectrophotometer Waglaasznlsanandudu 1 wWesidud v
fhoghatiBuefifinaunlin - 20 ssmwaiBea Wevimsfnyiluduneudaly

nsiiuUSnafiduetivune rocl remadaiidens

vhnsiisUiinadiduer e Susnsgiu roct TnsmsihAduendnlnefusfunyFuinuiinudisy
iewmalafidend lneldlnfwesfoonuuuunlisnumiefuursdriuvesduinsigiu rbel 16un rbcl-F
ATGTCACCACAAACAGAGACTAAAGC Hag rbcl-R CGTTCACCTTCTAGTTTACCTACAACAGT (Hasebe et al., 1994) 1y
nsuaudweninlneiuddunyidunuuaududy 50 uiluniu, 1x PCR buffer, 0.25 uM rbel primer, 0.1 mM
dNTPs, 2 mM MgCl, taz 1 U Tag DNA polymerase (ThermoScientific, U.S.A) i luldiedeadinusunaens
Wugn3su (Thermal cycle, VWR®XT96 Useinalgasiiu) Tnoftwunduneuuazszazina il 1) initial denaturation 7
gaumdl 95 ssrniwalTua u 3 Wil 2) denaturation figaumgdl 95 BswaIya UL 3 UTFl 3) annealing figangi
50 pereaiTea uu 30 Uit 4) extension figaungdl 72 ssriwaLia WU 1 Wil e tunouil 2-4 $1uau 30 SOV
uag 5) final extension figaumndl 72 s waldea w1y 5 Uil nsadouHandnfitensTlifIBaenlsadidalnsiv
33a (Agarose gel electrophoresis) lngn1suaulaasg A lsandudy 1 Wosidud AuaisdoudAdue SYBR® Safe
DNA Gel Stain (Invitrogen) ¥n 1skensandnfidersilfiisudufidutoninsngiu 100 bp DNA ladder (Thermo
scientific™) Tngl¥nszualiiing 100 Taad uiu 30 wrdl anduinisasavdevsauiiduefildnislduas Blue-ight
converter kazUunAIwW ﬁwm%adwmwwa (celONE Gel Documentation, Cleaver Scientific, UK) ﬁﬂ'ﬁﬂgLLaUa
Buowdhmnevesdu rbcl swauszana 700 giua ¥ims recovery Tufiduiodmingseninainiaesnilsa uazh
Trusavslngldymuonarinduiagu TIAN quick Midi Purification Kit a1sazanefiduedilidsluiinmeidiuionalelnd
(DNA sequencing) MMuN35:3584UTEM Integrated DNA Technologies, IDS Usgimeanigaiasni

nsAneAdueUIlankazuNugIANUAIRUEIN TN T IwIn lneWugIunys

iduiandlelnaildunuieuiisufudfuivavesdu rocl veandinlnauarfivailadu 9 Jnsizvniny
wiltouseTusunsy BLAST fugiutesa GenBank AinsizsianudulendnuaivesBunnsgiu rbcl 52 Sequence
Similarity A281Usunsa DNA subway (https://dnasubway.cyverse.org/) f\]’mﬁ?uﬁmammizSzﬁﬂdwﬁﬁﬁuqmm
(Genetic distance) sgninmdnlneugiumBuasivdu 4 luana Piper felusunsudu3agy MEGA version 11 lng
NsAUIMLagLUSEUA Kimura 2-parameter (K2P) distance vn1sasnaunuiiauduiusidediauinis lngAuiu
NLUAATANGULUY UPGMA (unweighted pair-group mean average) lagfinvuaf1 Bootstrap i 1,000 59U 8

TUswnsy MEGA version 11

NALALIITUNANITNAADY

=

nsAneAdueunslanvaaninineugunys

9

a

nnsnaassdlevihnisadafiduaintuseuninlneiugiunys wulinnududu 44.10 ulunsuselulasins
$1A1 O.D 50280 WINAU 1.85 (Figure 1) wansindufidweiniinunmiuazinnuuigvsgs anusathuildlunisfing
euduendnualliiduegned Fsnsldfibueniinnuuigdindnwasilildaduinedlelnavsenanisinssia
I v A I o X ' < a A = ) L aa
WueuslAnudugnnIu anAutnagidunvzulanainannsvuideunienisuaniinuesgumoue (Meyer and
Paulay, 2005) 31nMIANUTHIUEIVDIEY rebl veaminingiugdunysmeamaiafi@ons wuitanunsowiuyIuu
Aweld Fufdwedivuin 700 Auua (Figure 1) Inefloumandnfidons (PCR product) luiaszsiasuiiaalelneg
Wisuieuiiuguteyalu GenBank wud1 wudndianulndidesiuiivluana Piper laun P. nigrum L. (EF450315.1), P.

laetispicum (EF591353.1) wag P. austrosinense (EF450305.1) 7 E value 0.0 wa Homology identity 99.43
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Wodidud Fetuirdmnalndifssiugenn pnifurinisfnyauamsalunadufidueuilda densinmei
AMIUiiou (Alignment) vasarnuiiandlolnamelusunsy DNA Subway wuinarnuiiapdlelnaunsdiudu rbcl vos
wWinlveiugIumysiianumeutuiu rocl vesiiwana Piper a819as InefiAnAnamilounse Homology identity a4iis
98.26-99.43 Wasifud wansidiuiandlelndildannisiiuunaseuisdimuuesdu bl vemdnlngtusunys
firnuwilouduiu roct vesiivana Piper du 4 fifinsAnwannewnthi (Table 1)

idefiansunvuinvesdu rbel Aldarnfinuinauasinszidiuinalelnd wuirdvuin 700 giua
aeandosfiunismaanswesiian aihidu (2562) Aldwaunidueusidavendeliseaiuiideiu el wullvug
700 fuua wwiferiu Ssauemifisngadlumsiuisdiuyeadu oot aldadafidueusldnazeniious 500-700
Alua (Qlined unad, 2550) yenaniinisiidifuiinndlelndvosursdrudu rocl vosmdnlnetugunyiday
wiflouduBu rbcl vesitvdu 4 lugiuteya GenBank guila 98.26-99.43 Wedidusidu uandidiuinfiuefiadaldd
AN ING annsthalidnuiiBueunsideldodsivssansam uasdadunssdhbu roct Sanuannsold
udidutounfldaluninlneld 910 Table 1 Wevritvana Piver §1uru 14 vila 16un P. nigrum (EF450315.1), P.
laetispicum (EF591353.1), P. austrosinense (EF450305.1), P. chinense (EF450314.1), P. arborescensribulose
(AY572253.1), P. hancei (EF591358.1), P. sarmentosum (EF591364.1), P. macropiper (FJ976159.1), P. betle
(EF450311.1), P. longum (MH287276.1), P. pseudopothifolium (MG718198.1), P. cernuum (MG718196.1), P.

gaudichaudianum (MG718197.1) wag P. aduncum (AY572252.1) 413LAS1% %A1 similarity homology SV

winlnewugdunys drelusunsyu DNA Subway A18n1531A518% Determine Sequence Relationship wuiniid1eg
5893 98.50-100 Woiidud Wunsusasamuiioundelnddnturesdiduiinadlndvestu rocl Gsdu roct 1udu
fnvlupaslsnaraddluniiviniifioeasiaieuley 1,5-bisphosphate carboxylase/oxygenase (Rubisco) Fafinrini
HumisaufAzeanissausves RuBP fu €O, Tuipdnsaiaiu uasluduivmzauiunlidufidueinsgiunie
vsldnitlesanniitannnmsvesiidule uazdasnisunuiivesiidulereudnegs sivliiuszansamlunssuunuas
Funisvesials (UssAnus neuoy o agse uazae, 2565)

NIANBIUAUNTINUTNTTUVRININ BN UTIUNYS

Tunsfinwimnuwanavesaiduiindlelndluduviswesdu roct Tunsnlneiugiunyisiuiudduiianile
Indvasiivana Piper sremsiiasgiuisuiisuaauunnsisiefladdu Kimura 2-parameter (K2P) distance #g
TUsunY MEGA version 11 wuinifleviinisduimmianuunninswesdduinadlelndsenirsviafivluana Piper
$1uau 15 9lin 28 K2P distance Insnsiudsuifisuadaay 1 g (nefie1 K2p distance Huagiiigegaiiniu 1.00
Hunsusiidsuinadlelnduesgiufiaanuuandnatu 100 Wesidus) wulidsewing 0.000-0.017 vieiade 0.008
TagAn K2P distance 5511314 P. betle Wag P. aduncum Sidmnniign Ao 0.017 uidefinnuunnsrsvesdifuiiangle
Indvesdu roct wnnflaatiuies luvaziidwuianalelnduesdu rbel fifldn K2P distance toedignde 0.000 wiadl
muvilouvesdduianalelndunniian léun drvuiiaealelnduesdu rbcl 521319 P. nigrum var. Chanthaburi - P.
austrosinense, P. nigrum Wag P. laetispicum WUuLABAA U P. sarmentosum - P. longum wag P. cernuum - P.
pseudopothifolium (Table 2) lun1itAs1eAMULANA1ITENINTIAR D IVALALAIUIUTL B INITAIUINITTENING
awindlelnd Ineldmssumumulig K2 distance duiliunsiunussesvinwesdsuiindlelnsanausigu
gufingduinaalelndita 4 via 8ammsunuiluuy transition ua transversion Tudadauilaivindy Se35daealy
TunsAnwIANEIR LS Tauns9esddiTinuarlinszianuuaniesdiuiina lolndsynineia (Kimura,
1980) Tunswmmdueuildndielflun1sfinuiifauints anuduiusmetusnssundonisustiondnuainig
fugnasn TN uunaeiusEumaUIeufisussssianaiugnssy (Genetic distance) anansalddusasgiu

1 vila v3ouNNINNoN1TTMUNNTALIULINEITY AUNT ety wazan (2561) WudnsIg8uNInTgIu rocl was
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matk Saufuanansaduunnéslifussearunildfninslitunespudendaien d8unnsgu oo duiinn
wanzaannsaliiduedesmnglunsinwiiusnssusesdu single locus Iiduegsd (Patric et al,, 2016)

PNATATURUNTANUFURUTITUGNTTNBATMUINTVRINYANS Piper Wagn3nlnedunys d1uu 15
wila AlFandiemgsidduinadlelnddumiadu el wuihannsaueniivana Piper sanldidu 2 naulve) Aongud 1
ﬂizﬂauﬁwﬁmaqa Piper 377U 11 %l 19un P. arborescens, P. macropiper, P. sarmentosum, P. longum, P.
hancei, P. chinense, P. austrosinense, P. nigrum, P. nigrum var. Chanthaburi, P. laetispicum Wa g P. betle g
w3inlneWugdunys P. nigrum var Chanthaburi 3neglungueasifaaiyu P. nigrum, P. laetispicum wag P.
austrosinense (Figure 2) WaA331dAMUINATANIBTUFNTTUAUBLIWIN ADAARBITUNANITIATIENTLELU1INI
Wannmsszarinsaeiedlelndideduindaean k2p distance iusinglu Table 2 Tasfiwana Piper nqudasiiny
Huisiiddnuusdulidesvieliouasifusdnluuavieide Tusneiiflunduil 2 Ussnoudefivana Piper
1w 4 via laun P. aduncum, P. gaudichaudianum, P. cernuum wag P. pseudopothifolium ﬁ"]’mﬂuﬂejuﬁl,l,aﬂ

v 3

a18ifmuiniseenuiainfivvidndu 9 91ndeyaveseddns The Royal Botanic Gardens
(https://powo.science kew.org) Wui1 Wana Piper i 4 siedfilauiuinlusovewisninats nsAnwAUELITLS
maiugnssdaaunslaensligduinnalelndluaded annsndiwaivayuuasdusunnuaonadesddnume
nMeduguiveuasnsnszanedivesiivana Pper 1w faluananinlne P. laetispicum wag P. austrosinense \Uu
fidiasivlnfinoniou-fdou faurudalulssmaiuunsindinamievesUssmealng aduidnvasiuniuasd
d35MAVN9E1 (Konexaisavath et al., 2020) Wiy P. nigrum var. Chanthaburi g19lsfinnu luns@nyiidelu
adsiinuingiiuianalelnduesiiu roct ilssegrafeadlianusaueniiniodnsana Piper enunoonainldoeis
Faiau lagianig P. nigrum, P. nigrum var Chanthaburi, P. laetispicum way P. austrosinense Fedunisyndu

WNTPIUYTADY ) 19U /TS, matK, rpoB, rpoCl wat trH-psbA 11ATIENTAUILAINT0ATIUNUN TN WS TN

ANUALNTALUASI LN ARSI

dyuna
= awv g e s a =~ A = o s 5 v a Y Ny A
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Figure 1 Agarose gel electrophoresis of P. nigrum L. var. Chanthaburi A) genomic DNA B) PCR product of

rbclL gene

AY572253.1|P. arborescens

8 F1976159.1|P. macropiper

EF591364.1|P. sarmentosum

60 2 MH287276.1|P. longum

EF591358.1|P. hancei

41

EF450314.1|P. chinense

EF450305.1|P. austrosinenseum

EF450315.1|P. nigrum

63

57/ ————— P. nigrum var Chanthaburi

3L EF591353.1|P. laetispicum

EF450311.1|P. betle

AY572252.1|P. aduncum

87

MGT18197.1|P. gaudichaudianu

87
MGT18196.1|P. cernuum

MGT18198.1|P. pseudopothifolium

Figure 2 Phylogenetic relationship between different Piper species differentiated based on rbcL gene.
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Table 1 Statistical simulation of BLAST Sequence homology with rbcL gene belonging to P. nigrum L.

var. Chanthaburi using DNA Subway Database

No.

Scientific name and details

Accession

number

E

value

Homology Mis-match

identity

P. nigrum ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds

EF450315.1

0.0

99.43 1

P. laetispicum ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

EF591353.1

0.0

99.43 1

P. austrosinense ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds - chloroplast

EF450305.1

0.0

99.43 1

P. chinense ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds

EF450314.1

0.0

99.15 3

P. arborescensribulose ribulose -1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

AY572253.1

0.0

99.15 3

P. hancei ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

EF591358.1

0.0

99.15 3

P. sarmentosum ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

EF591364.1

0.0

99.15 3

P. macropiper ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit (rbcl) gene,

partial cds

FJ976159.1

0.0

99.41 3

P. betle ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit gene,

complete cds

EF450311.1

0.0

99.00 4

10

P. longum voucher QRI 507
ribulose-1,5-biphosphate carboxylase/oxygenase

large subunit (rbcl) gene, partial cds

MH287276.1

0.0

99.15 3

11

P. pseudopothifolium isolate PECB185
ribulose-1,5-bisphosphate carboxylase/oxygenase

large subunit (rbcl) gene, partial cds

MG718198.1

0.0

98.41 8
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No. Scientific name and details Accession E Homology Mis-match
number value identity
12 P. cernuum isolate PECB182 MG718196.1 0.0 98.26 9
ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) gene, partial cds
13 P. gaudichaudianum isolate PECB184 MG718197.1 0.0 98.28 9
ribulose-1,5-bisphosphate carboxylase/oxygenase
large subunit (rbcL) gene, partial cds
14 P. aduncum ribulose-1,5-bisphosphate AY572252.1 0.0 98.39 10

carboxylase/oxygenase large subunit (rbcl) gene,

partial cds - chloroplast

*rocL = ribulose-1,5-biphosphate carboxylase/oxygenase large subunit
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Table 2 Pairwise genetic distance matrix of rbcL gene sequence among of genus Piper

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. P. aduncum

2. P. arborescens 0.015

3. P. nigrum var. Chanthaburi 0.015 0.003

4. P. austrosinense 0.015 0.003 0.000

5. P. betle 0.017 0.005 0.005 0.005

6. P. chinense 0.015 0.003 0.003 0.003 0.005

7. P. nigrum 0.015 0.003 0.000 0.000 0.005 0.003

8. P. laetispicum 0.015 0.003 0.000 0.000 0.005 0.003 0.000

9. P. hancei 0.015 0.003 0.003 0.003 0.005 0.003 0.003 0.003

10. P. sarmentosum 0.015 0.003 0.003 0.003 0.005 0.003 0.003 0.003 0.003

11. P. macropiper 0.015 0.000 0.003 0.003 0.005 0.003 0.003 0.003 0.003 0.003

12. P. cernuum 0.012 0.012 0.012 0012 0.014 0.012 0.012 0012 0009 0.012 0.012

13. P. gaudichaudianum 0.008 0.014 0.014 0014 0.015 0.014 0.014 0014 0014 0.014 0.014 0.011

14. P. pseudopothifolium 0.012 0.012 0012 0012 0.014 0.012 0.012 0.012 0009 0012 0.012 0.000 0.011
15. P. longum 0.015 0.003 0.003 0.003 0.005 0.003 0.003 0.003 0.003 0.000 0.003 0.012 0.014 0.012

Average 0.008
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Effects of Variety, Planting Distance, and Organic Fertilizer on Growth
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Abstract

Rough Giant Bamboo is a type of bamboo with large rhizomes. Bamboo stalks are used in
construction, furniture, and basketry. The shoots are popularly used for consumption. Therefore, it is widely
popular to grow bamboo. It can be your main occupation, or an additional occupation that can increase
income for the family. The objective of this research was to study the effect of variety, planting distance, and
type of organic fertilizer on growth of Rough Giant Bamboo. A completely randomized design (CRD) of 8
treatments with 5 replicates was designed. Two varieties of Rough Giant Bamboo are planted: Pai Tong Dam
and Pai Tong Khiao. There were 2 planting distances (6x6 m and 6x8 m) and 2 types of organic fertilizer (cow
manure and powdered bio-organic fertilizer) were applied. The results found that the highest survival rate
(100%) was found in the planting Pai Tong Khiao both distances and two types of fertilizer applications. There
was also promoted better growth in the number of branches per clump and clump height in the Pai Tong
Khiao than Pai Tong Dam. This result indicates that these treatments could be used as a guideline for the
further production of organic bamboo.

Keywords: powdered bio-organic fertilizer, cow manure, Pai Tong dam, Pai Tong khiao
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Duncan’s Multiple Range Test (DMRT)

NANTINADY

1. suvAvasleduniduazAudgn

¥
a A v oW

nnsUszlivandAvesodunid wud Jeduvsddinmuuunsidiinian dilledudarout1aziden A

'
v o

pH 8.2 AsuUunans Te1 EC agfl 3,340.00 lulasTiuud/iwufiuns dusunadunseingegiisedui 1.5 Wesidud 1
Usinalulasiauluguuenludessduiiunans 6-15  fadndw/Alansy  waslifilulasiaulugulunse dudsunu

Weaneadaseaugunn 10-12 Tadnsu/Mlansu wazUSunalnunaguusyauliunans 40-80 dadnfu/flansu (Table 1)

' '
1l (YRR

duyaty wud fen pH 7.57 aadintdes fifn EC 8?1 923.67 lulastuud/wufiuns Tusinadurseingegfissaus

Y
1.5 wWesidud dusunalulasiauluguuenlunilesziusi 1-5 fadndu/Alaniy wazdlulasaulugUlumsaszausun
1-10 fadnu/Alaniu dwdSunuveanesaszAugann 10-12 fadnsu/Alansy wazUSunalnunadeusyauliunans
40-80 fadn3u/Alan3u (Table 1) dwmsvautfvesiulunlasuan wuin ieRudufusiuvunse (sandy loam) laed

'
v o

Usunadunieingegfiszausiunn 1.0 Wesidud de1 pH gl 5.13 nsadn fien EC agil 34.79 lulpsuud/ufiuns

L)

fusnalulasiaulugdueululiessdud 0-10 fadndu/Alansy YSinalulasiaulsgdlunsnsedui 1-10 Sadnsw/

Alansu YSuauneanasaseausi 1-3 Jaansu/Alansy wasUSunalwuna@eusyaun 0-40 fadnsu/Alansy (Table 1)
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Table 1 Chemical properties of bio-organic fertilizers and soil before planting
substrate pH EC Organic N (mg/kg) P K
(uS/cm) matter NH," NO, (mg/kg)  (mgske)

(%)
Powdered bio-organic fertilizer 8.27  3,340.00 1.5 6-15 0 10-12 40-80

L (M) (VH) (M)
COW manure 757  923.67 1.5 1-5 1-10 10-12 40-80

L (®) (VL) (VH) (M)
Soil (sandy loam) 5.13 34.79 1.0 0-10 0-10 1-3 0-40

(VL) L) L) (L) (L)

Note: L= Low, VL= Very Low, M = Medium, VH = Very High

duarudulufuiieny 2 Weu videdneugn Huthsgaiuuasanmluslamaasaduiufiguirlfiiadiwiauds
Faldanusatnenduld dauarudulufuiiony 4 Weu ndsheugn wui linaden szevlgn 6x8 s + yata i
AratugsTianagil 22.08 wWesidust daulinei1 seozUgn 6x6 Wes + JedunieTanmuuune waglkne svesUgn

6x8 w3 + JeBunigTanmuuuns Sanudutiosanegf 0.0 Wesidus (Table 2)

Table 2 Soil moisture content in the plot at 4 months after transplanting

Treatments Soil moisture (%)
Pai Tong khiao + 6x6 m + powdered bio-organic fertilizer 6.43 cd
Pai Tong khiao + 6x6 m + cow manure 4.75 cd
Pai Tong dam + 6x6 m + powdered bio-organic fertilizer 0.00d
Pai Tong dam + 6x6 m + cow manure 6.75 cd
Pai Tong khiao + 6x8 m + powdered powdered bio-organic fertilizer 16.30 ab
Pai Tong khiao + 6x8 m + cow manure 22.08 a
Pai Tong dam + 6x8 m + powdered powdered bio-organic fertilizer 0.00d
Pai Tong dam + 6x8 m + cow manure 11.05 bc
F-test xx
CV. (%) 11.1

Different letters were significantly different by DMRT; ** = significant at P<0.01

2. M3asyiulnvasleing

'
v a a

susaufmadeUgnidune 2 Wew wud Lbinaden svezuan 6x8 wns + yat Tdwiuisgedianeg

a

4.00 fssiana d@ulnmnenn sveeUgn 6x6 Wwns + JeBunidTininuwuund I9wiufadesiianag 0.50 Assiena ey 4

]

'
= 1

fiou ndsdheugn wuin linaden szezugn 6x8 was + Jeduv3sTinmuuuns ddwiuisgeiianegd 4.50 Asiene
dliined seezUan 6x6 wns + JeBun3ddnnuuuns uazlingin szazUan 6x8 wns + JeBuvsgdinimuuuns 3
Suudafosdignegi 0.00 Asdene (Table 3) Tudunugeneieny 2 ndsireugn wui linaden szezdgn 6x6
wns + yat Trrwgenegsiianegil 1.60 was dnlinai1 szozuan 6x6 wns + yada finnugeaosiigaegil 0.51
lwas wazdleny 4 1fou ndsdetgn nudn inader szezuan 6x6 wns + wata dAnuganogefigneg 1.70 wns

dleinasn szapugn 6x6 wns + Jeduvsdvinimuuung waylinam svezdgn 6x8 s + Jeduniddin nuuuna &
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Anugenetieniianati 0.00 was (Table 3) Tusueudealulinaiieny 2 ndsreugn wuin nndameasslsifiaaiy
wansinemeainegluyae 24.43-45.50 SPAD  Unit wazleingeny 4 wwieu ndsdreugn wuidn lieaded ssevdan 6x6
was + yah farenandenlugaiiansgil 46.99 SPAD Unit dalsinasi szezuan 6x6 ing + Jeduv3ddanimuuuns
uazlsinasi szezUan 6x8 wins + JoBunistanmuuuns faeudedluosdigaegil 0.00 SPAD Unit (Table 4) 113
senmevedlinaiiony 2 vdsdhougn wuin linaden szezugn 6x6 s + JeBun3stanmuuuns, linaden sees
Ugn 6x6 wns + yady, madled szevdan 6x8 wns + JeduvsdTanmuuuns, Linaded sserdgn 6x8 s + yaia
uazlsinasi szevUgn 6x8 Wwing + Jeduv3sTinmuuuns fivediduinissenmegaiign 100.00 wWesidud dnlinash
sxezUgn 6x6 AT + UeBuvddTanmuuuns fedidudnissenmetosiignegi 50.00 wWesidud daulinsiieny 4
wasdngugn wudn linaden ssezUgn 6x6 WS + JeBun3dtinmuuuns, IWnaded szesdgn 6x6 wns + 4add, lung

=

Je7 szezUan 6x8 Wns + YeBuv3dTanmuuun warlinaded svezdgn 6x8 was + yady Gwesidudinssennieas

a

igm 100.00 Wasidud drulinai svazlgn 6x6 was + UedunidTaninuwuuns uazlimnae ssezuan 6x8 wns + o

9 Y

BunsgTrinmuuuns fiesiduinissenmetiosiignagi 0.00 lWesidus (Table 4; Figure 2, and 3)

Table 3 Number of branches and Height of Rough Giant Bamboo at 2 and 4 months after transplanting

Number of branches Height of clump
(branch/clump) (m)
Treatments
2 4 2 4
months months months months
Pai Tong khiao + 6x6 m + powdered bio-organic fertilizer 1.75b 2.50 ab 1.26 1.38 ab
Pai Tong khiao + 6x6 m + cow manure 2.25ab 275 ab 1.60 1.70 a
Pai Tong dam + 6x6 m + powdered bio-organic fertilizer 050 b 0.00 b 0.73 0.00 b
Pai Tong dam + 6x6 m + cow manure 0.75b 1.75ab 0.51 0.71 ab
Pai Tong khiao + 6x8 m + powdered bio-organic fertilizer 2.50 ab 4.50 a 1.54 1.58 a
Pai Tong khiao + 6x8 m + cow manure 4.00 a 4.00 a 1.20 1.36 ab
Pai Tong dam + 6x8 m + powdered bio-organic fertilizer 2.50 ab 0.00 b 1.38 0.00 b
Pai Tong dam + 6x8 m + cow manure 2.00 ab 2.25ab 1.56 1.55a
F-test ** ** ns x*
CV. (%) 18.46 19.79 16.78 19.79

Different letters were significantly different by DMRT; ns = not significant at P>0.05; ** = significant at P<0.01

Table 4 Leaf greenness and survival of Rough Giant Bamboo at 2 and 4 months after transplanting

Leaf greenness Survival

(SPAD unit) (%)
Treatments

2 4 2 4

months  months months months

Pai Tong khiao + 6x6 m + powdered bio-organic fertilizer 36.35 46.84 a 100.00 a 100.00 a
Pai Tong khiao + 6x6 m + cow manure 39.78 46.99 a 100.00 a 100.00 a
Pai Tong dam + 6x6 m + powdered bio-organic fertilizer 24.43 0.00 b 50.00 c 0.00 b
Pai Tong dam + 6x6 m + cow manure 33.60 34.47 a 75.00 b 75.00 a
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Pai Tong khiao + 6x8 m + powdered bio-organic fertilizer 41.20 40.87 a 100.00 a 100.00 a
Pai Tong khiao + 6x8 m + cow manure 34.93 40.25 a 100.00 a 100.00 a
Pai Tong dam + 6x8 m + powdered bio-organic fertilizer 45.50 0.00 b 100.00 a 0.00 b
Pai Tong dam + 6x8 m + cow manure 38.88 34.04 a 75.00 b 75.00 a
F-test ns ** x> **
CV. (%) 14.89 12.37 16.89 16.36

P<0.01

el

ey

Giant Bamboo plot at a planting distance of 6x8 m in 4 months after

Figure 3 Condition of Rough

transplanting
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Effects of Chemical Fertilizer Types on Yield Quality of Commercial Cherry Tomato
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Abstract

The research objective was to study the effect of chemical fertilizer types on the yield quality of
commercial cherry tomatoes. The experimental design was Factorial in CRD and consisted of 2 factors: 1) 2
commercial cherry tomato varieties, including Reddy, and Red star, 2) chemical fertilizers consisted of
15-15-15, 0-0-60, and 13-0-46, 5 replicates per experiment (1 replicate/1 plant). It was found that the
commercial cherry tomatoes had the quantity and quality of the yield, which are not statistically different and
except for the red value (a*) of the fruit skin of Red Star variety, which had 26.58, higher than the Reddy
variety. For the type of chemical fertilizer, it was found that the chemical fertilizer 13-0-46 had the number of
fruits 68.2 fruits per plant, fruit weight 12.12 g, total fruit weight 229.02 ¢, fruit width and length 24.46 and
34.93 mm, flesh thickness 2.46 cm, and a very high a* value of 27.13 by the highest values were statistically
significantly different (p<0.05) when compared to other experiments, and the chemical fertilizers 13-0-46 and
0-0-60 had the highest amount of soluble solids equal to 5.59 and 5.54 ° Brix was a significantly different
statistical difference (p<0.01) that compared to the chemical fertilizer 15-15-15 and the Ready cherry
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tomatoes responded the most to the chemical fertilizer 13-0-46. Fruit weight was 12.81 ¢/fruit, fruit length was
35.47 mm, and flesh thickness was 2.49 cm. They were statistically significantly different (p<0.01).

Keywords: cherry tomato, potassium chloride, potassium nitrate, fruit quality
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using different chemical fertilizers.

No. of fruits Fruit weight Total fruit weight
Treatment

(fruit/plant) (9) (9)
Commercial varieties  Reddy 50.53+22.08 11.53+1.61 177.54+82.04
) Red star 58.12+28.10 10.94+1.22 184.81+75.28
F-test ns ns ns
Chemical fertilizer 15-15-15 59.10+17.48ab"” 10.93+1.46b 199.24+64.52a
(B) 0-0-60 35.70+10.46b 10.67+1.32b 115.27+44.35b

13-0-46 68.20+31.53a 12.12+1.21a 229.02+£73.95a

F-test *x * x*
A*B ns x> ns
CV (%) 40.26 10.08 34.37

162

Table 1 Number of fruits, fruit weight, and total fruit weight of commercial cherry tomato varieties

Note : ns = not statistically different, * = significantly different (p<0.05), ** = very significantly different (p<0.01) and

" Mean value followed by different letters in the same column are significantly different at p<0.05 using DMRT.

chemical fertilizers.

Fruit width Fruit length Flesh thickness
Treatment
(mm) (mm) (cm)
Commercial varieties  Reddy 23.76+1.04 33.57+2.39 2.38+0.13
(A) Red star 23.37+1.24 34.08+1.38 2.36+0.10
F-test ns ns ns
Chemical fertilizer 15-15-15 22.96:1.00b" 33.56+1.65ab 2.33+0.09b
) 0-0-60 23.28+1.09b 32.99+2.23b 2.31+0.10b
13-0-46 24.46+0.82a 34.93+1.48a 2.46+0.08a
CV (%) 3.89 4.52 3.47

Table 2 Fruit width, fruit length, and flesh thickness of commercial cherry tomatoes using different

Note : ns = not statistically different, * = significantly different (p<0.05), ** = very significantly different (p<0.01) and

" Mean value followed by different letters in the same column are significantly different at p<0.05 using DMRT.
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Table 3 Total soluble solid and titratable acid of commercial cherry tomato varieties using different

chemical fertilizers.

Total soluble solid Titratable acid
Treatment o
(" Brix) (%)
Commercial varieties Reddy 5.40+0.35 0.066+0.003
(A) Red star 5.45+0.29 0.067+0.003
F-test ns ns
Chemical fertilizer 15-15-15 5.13+0.36b" 0.066+0.002
(B) 0-0-60 5.54+0.13a 0.066+0.002
13-0-46 5.59+0.18a 0.068+0.004
F-test x> ns
A*B ns ns
CV (%) a7 4.48

Note : ns = not statistically different, * = significantly different (p<0.05), ** = very significantly different (p<0.01) and

" Mean value followed by different letters in the same column are significantly different at p<0.05 using DMRT.

Table 4 Changes in color value of commercial cherry tomatoes using different chemical fertilizers.

Changes in color value

Treatment 5 : E

L a b
Commercial varieties Reddy 13.44+0.42 25.64+1.19b" 27.51+£0.72
(A) Red star 13.65+0.49 26.58+1.37a 27.94+0.64

F-test ns * ns
Chemical fertilizer 15-15-15 13.68+0.45 25.74+1.03b 27.92+0.62
(B) 0-0-60 13.29+0.21 25.46+1.30b 27.40+0.51
13-0-46 13.68+0.58 27.13+1.14a 27.86+0.87

F-test ns * ns

A*B ns ns ns

CV (%) 3.00 4.11 2.38

Note : ns = not statistically different, * = significantly different (p<0.05), ** = very significantly different (p<0.01) and

" Mean value followed by different letters in the same column are significantly different at p<0.05 using DMRT.
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Phytotoxicity of photosynthesis inhibiting herbicides

(ametryn, amicarbazone and diuron) in Musa (AAA) ‘Kluai Hom Thong’

1* 2 1 1 1 1
. o g N a

niny syves ATy Yugnn Ansivyn Rseweddys UTuyn tenfu weansd unned uaz quald Juana
1* 2 1 1 1 1
Tanutong, A. , Pinsupa, J. , Rujirapongchai, P. , Ekkathin, P. , Mahawong, T. and Chindakul, A.

" naaAdeTuity diindderiannnisensnunity naafninisnens ngamme 50 auunaledu WIeaIAET LWAINENT NIV 10900

! Weed Science Group Plant, Plant Protection Research and Development office, Department of Agriculture, 50 Phaholyothin Road,
Ladyao, Chatuchak, Bangkok 10900

z NguIBINIT an1vuideiivlsuaranaunundsny nsudvinisinens NFUNN 50 DUUNVALEEU WUNAINETI LWAINTNT NFIVN 10900

? Academic Group, Field and Renewable Energy Crops Research Institute, Department of Agriculture, 50 Phaholyothin Road, Ladyao,
Chatuchak, Bangkok 10900

*Corresponding author: akekarat.t@gmail.com
UNANED

@

a0 X
J1U398U

o

nuszasdfioRnwmmdufivrosnstinivinguiidudsnssuiunmsdaaseiiouadundeveumos
ANTIUNITNAGDY  B1LNBLITBY TINTALNYTUT NUNUNITNAABILUY RCB 91U 5 41 4 N335 Usznaudae nssuiswy
a13ndn v ametryn 50% SC, amicarbazone 70% WG wag diuron 80% SC 97151 400, 168 wag 400 ﬂ%/uﬂ’ﬁ@aﬂi]%%‘
fals mua1u WSsuieuiunssudtlanuansidndvile nan1snaaeanuln @135n3n iy ametryn, amicarbazone uag
diuron faandufiuguuss 71 3 Fundmiuans lasluseufithuuuudfuarluiidudaaaasuduiinisomm uiuluus
warlndiinnuinaveuludmidunandlu 7 7 Sundsiuans avuufivanasegluszauliunans Tnelugoufidhuuuudi
wsaivlaldund Tuit 3 wivludsududtna uwhwaslug widulu Mol weedduiionfiddeorund wasdiszes 15

TUNRINUES AunTeveNauTasAvlalanuUng

v
o o w v o o '3

Addsy: ndreneuvias pmuduiivseiy ansidaisivnguidudinssuiunmsdunziisuas
Abstract

This research aim to study the phytotoxicity of photosynthesis inhibiting herbicides in Musa (AAA) ‘Kluai
Hom Thong’. The experiment was conducted at Mueang Phetchaburi district, Phetchaburi province. The
experimental design was arranged in a RCB with five replications and four treatments including ametryn 50% SC,
amicarbazone 70% WG and diuron 80% SC at 400, 168 and 400 g ai/rai respectively. compare with nontreated.
The results showed that ametryn, amicarbazone and diuron is severely toxic at 3 days after application. The cigar

leaf and other leaves exposed to herbicides changes to grayish brown. The leaf blade necrosis from margin
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approaches midrib. Then there is moderately toxic at 7 days after application. The cigar leaf can then grow
normally. The leaf Il changes to brown, necrosis, but the petiole, leaf sheath and pseudostem are still green.
Musa (AAA) ‘Kluai Hom Thong’ can then grow normally 15 days after application.

Keywords: Musa (AAA) ‘Kluai Hom Thong’, phytotoxicity, photosynthesis inhibiting herbicides

unin

néaeviennes (Musa (AAA) ‘Kluai Hom Thong’) iududinunsdseendivhselddusewealnelasnatedosdnuum
ndayal 2566 Uszimelnedseanndienenlugunaanussun 8,136 du Aaluyan 183 auum (@1nauasugia
ManeRg, 2567) M3dnnsTeivlunlandreneuugnlvsifanud iy Tnsamzlurisindreveniiony 1-3 iioundsgn
desndusseziindevendesnmannutiugs Jaduaimalinisudsturesisfinfntugs msvdesliivfniuutedudy
n&evousaud FuUgn dwalinisatgiulaveandeventssin sunassuniu Sniaiviindaduflegorduvesdngfiadun
(Wt 2540; nqude T, 2560) nsmvanviviivae s wu Tduswuau \A30sinsna weeldansinadnTuite s?iﬂﬁa'«qﬁu
NeRINTUTEaUTymAIINTILE LasYIALARULTIY \nunsnsssienldansidntuivivanntu lnvansidnsuited
flowld fie a3 paraquat WRefUYsEwABeamsELTiTns A daTeRty paraquat 8051 250 niuaseengudels
wleddntuiivlundas (Tony, 2016) uludagiuusumdlnelfenidnnsldansidntuity paraquat Faustuiil quieu
2563 1losniiealivasndodeinunsnsgld fuslan uardswandon (Uszmansgnsisgnamnss, 2563) Mndym
msendnnisldansidn i paraquat 41y dmalinunsnsinglilaunsaldansidnfofiefnaldsndely fau

¥

NAITelTdlinguszasdiiefnwinnuluiivwesasidnisiivnquitdudinssuiuntsdaunsieiseuas laun ametryn,

q

amicarbazone uag diuron lundleveunss dwsuilumadenunumsldansidntviie paraquat unineasns weld

U v oA

mMandvialundasignnaeveunss

aunsaluazIsns
nagauauiufivressstdnfuivnguiidudinszuumsdaaneifsuaomanigiulnvaindevey
wantanUgndssenausy Aulazlonen (yatd) ludnsndan 3 de 1 adlunseugdausivun 50 x 50 lwuRLNg
uazUgnnénevien S1uu 1 nesenszuz laslimiendevesifiawanysaiuarindiAssiu ndsanugnndevendsuna
2 iy (@dwaily 4-5 Tu) vhnsviuansidndsiivaunssuisnismaass Taswuasuuluveandievien feia3esmiuans
Madntviivwuuagnenas (knapsack sprayer) nuwuuguia (flat fan) 1¥8msii 80 Anseols MIUHLNSNARBILUY

RCB 91U7U 5 91 4 n55170 Usenaunie

N3IUTBN 1 Wuans ametryn 50% SC dn3nsld 400 nSuanseangwsrels
N33UAN 2 Wua"s amicarbazone 70% WG dnsnslY 168 niuanseongnonals
N33UT59 3 Wuans diuron 80% SC dn3nsld 400 nSuanseangwsrels

553357 4 TdwuansrindaSaite (control)

nsUuiindeya

1) pudufivrosundroven fiszey 3, 7, 15, 30, 60 way 90 Junmdwuans InelAzuuuainnIsUseiugie
mammmﬁﬂwmzﬁﬂﬁﬂg ausEEUATIUL Fal 0 = lhdufiv, 1-3 = Wufiwdniies, 4-6 = WuRwlunans, 7-9 = Hufie

JULSY, 10 = Aydgneng (on3nil FUNDI WazAMY, 2567)
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FTAUAZUUY dnwmziiusng
0 frUanliuwantoinisiiniiy anansaasadulalanuunfiguieaiu control
1 Tudsudusnaveululifanadly wigdulalduni
2 Tudeudueduudldriutily wiadulplauni
3 Tudsudnaluudlaivhiu wiadulalaund
4 Tuasudiduudlaiviaiu vielufingd viefienslniuinameululifanandy

Tulmiasydulaldund uasldwddeasing 60% ieifisudu control

5 Tuasudiduudlaiviiu vielufingd sideluludiunsdiuuslsiiaily Wulniesydulldund
wazfldn@iTenUsing 50% wlewfisuiu control

6 TuiAsudisluuslaiviasu vielufiagy vielulwiiidlu Wlniasgdulsldund uasilduiiden

U57n4) 40% aiguiiu control

v

7 Tundeud videluiingy videlulnivisdu uilldw@iBorusing 30% dewivuiu control
8 Tuwasud vizelufingy sifeluludiaiu udfidwdiTeng 209% waiteuitu control
9 Tuideud videlufingd sidelulnieiu uwilidudientsing 10% weileuiu control
10 fiugnaettan

2) AuEvRIAUNIEvieN Miszee 0, 30, 60 kag 90 Junawmiuans InginanndadumileAuaniuauidauiuly
‘ﬂ' d‘ v
Ya9lUNARDBNLAD
3) SuUlUBaIWILNLE Tiszey 0, 30, 60 kAL 90 TUNAINUATS
4) Uwitinan (Tertnandiuafumnilefuyeinalsvion) kasurinuiwesnunaleviod (UlidIua1nunilony

VBINMEVBNTNRUIH 60 BIMTATYE I1UIU 120 TIL9) Nszey 90 TUNAINUENS

NaLALITAUNANITNAADY
AMUTUNEYE1IAR BN YABNA8IaN
nnsUsERuA U uRYIRtaNsAn Trirsanateauseaten tneSeuieutunssaasidnuasidntuiiv

(Table 1 way Figure 1-4) WU @15A19n 3Ny ametryn, amicarbazone Wag diuron ﬁmwmﬂuﬁmﬁuma (AEWUUYINAY 8,

v o A

7 uag 7) enaievied Nsvey 3 Yundaiuans laglugeunisiiuuuudnn (cigar leaf) wagluidudaansidn v laowdy

Faaeum Weluwiswazlul (necrosis) e1n1stusiinainusaveuludmidunatslu (midrb) wanulu (petiole)

v '
U aa ' o a

nulu (leaf sheath) uaganduiiien (pseudostem) §afidiTeeg ntunissey 7 Tundmuas anuduiivanaseglussdiu

kYl
a a

Uunan (Azluuwingu 4, 4 wag 5) nslugauithukuudnasaiulaleungd Tuseuldsududivdos wisaylndusiinu

o

' v
a [ o

voululaiFenanslu Tufl 3 (leaf ) urivlu (leaf blade) Waswdudtna wisaglnd Uiavauiulu (petiole margins)

wWasuludiman wiwaylnd widiulu nulu wasdrduiiendf@desed Weddhdssey 15 Tundanuans dundreneu
Wigdulalanuund (Azuuuwiniv 0) esnansidaiuiiy ametryn eglundu Triazines anansaihgaunalanimisly
wagnne3n wsansazidinialulaisaunn Jaszdurziunanuduiivads 8 asuuu Weasidndivudinzindouderiiuni
A A o a H 1% a a . . a a o v o & .

WaLERAaLALIUT (xylem) LLm"L‘tJasauummagmaify (growing point) Yoy TuvagasiIdnieiy amicarbazone

aglunay Triazolinone wavansmaniviy diuron aglungu Ureas anunsaiingauianiaszuusn lnsindsuderiumia
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Wedeadvsuanaaounau (upward) Wagauusnuadurazluvesiiv visdarsmiaisisnsnainiinalnnisvinaigie
Tnedudenseuiunsaaaszimsuasluszuulas | vesie a1sagluiduiu specific site Tunaslsilaa silvinvliaunsaasis

ATP uaz NADPH @sdnlusenisiasgiivlavesiie) dwalifivuansonnisludamies (chlorosis) 3nntiuaguanionisiu

A A A

wisuazlngd (necrosis) luilleiafivfionguinazuansanisuinninieideiiviiongos (Auzunneaanslsmeruia

NUIBUR WPINeFLUARE @uéﬂﬁwmswm’%uﬁ, 2567; nena, 2560; Shaner et al., 2014)

Table 1 Phytotoxicity of Musa (AAA) ‘Kluai Hom Thong’ at 3, 7, 15, 30, 60 and 90 days after application.

Rates Phytotoxicity
Treatments 7
(g ai/rai) 3 DAA 7DAA 15DAA 30DAA 60 DAA 90 DAA
ametryn 50% SC 400 g” 4 0 0 0 0
amicarbazone 70% WG 168 7 4 0 0 0 0
diuron 80% SC 400 7 5 0 0 0 0
control - 0 0 0 0 0 0

Note: ”/ DAA = Days after application
v Phytotoxicity was assessed by visual rate from 0-10; 0 = normal, 1-3 = slightly toxic, 4-6 = moderately toxic, 7-9 = severely toxic,

10 = completely killed

nssysiulnvaIndeon

NAURIA1IANIATYNY ametryn, amicarbazone Way diuron Aan1siasyLAvlnvesnalued (Table 2-3) wWuan
AugauesundevenfistazAeusiuanslunnnsssiiailiunnssiunsada Tnofnnugegsening 42.8-03.6 lwufiuns
mntundrevesiieugeanaudiolduasiintafiennnesiiunnisiunsadfossddedddlefieutunsaiBliviuas
Toefisvey 90 Tundawivans nsaEviuan AR TuNyAsnaNIANGeETENIN 74.6-77.6 LWURALIAT Tuvnuefingsuislivivans
finugs 116.8 iwufiuns Wudeatuiatinaawesiutnuisisses 90 Sundauans Famuiansdintaiionnnssiss
fmﬁfﬂamLLawfmﬂﬂLLﬁqamaﬂanszdN 3,780.0-4,070.0 waz 286.4-310.2 n§u uaneafunsadfedafituddyiofeu
FunssAsliviuansfiiimtinanuasimiinuse 5.405.0 wag 441.6 n3u dwsusiwaulufisvezaeunuans 30, 60 uay 90
Fundsiuens luynnssuisdabiwinsniumeadia Ineidnunuluegsening 4.6-5.4, 9.2-9.6, 14.8-15.0 uay 17.0-17.8 lusiasiu
AUAIRY drusuIunievendlenen nuii fisseriounuaisuayseey 30 Sundmivans ndrevendalufinisunnue
deithgszes 60 uaz 90 Sundsiuans ynnssuAstianliunndietumea Ineddiuiunesgsening 3.4-3.8 uaz 3.6-4.0
niasionuy mﬂ%a;gahjLLmﬂﬁiNLLuxﬁﬂﬁﬁﬂLfmaL‘TﬁluﬂiﬂwmzﬂaULﬁammamiﬁﬂm

hnssuTaNuans s e i ametryn, amicarbazone Wwag diuron dn1sATYAUlANIAILAINES Smitnan
waztmtnuisvesiundenesliunnmiaiy uiuansaiunssitlinuasidauiie iewen nssuiEnuansindn ity
Fandrmuanudufiviun fiszey 3 Sundmiuans lagluiidudaansmia v douduiimasumn deluukuaslngd
feansrndataivdnandnalnnmahaefitlaesudinssuiunsdaesgidouaduszuuuas | vesity ludedefiviiony
mﬂ%LLammmimmiﬂLﬁal,?iaﬁ%ﬁmqﬁaa (MAwa, 2560; Shaner et al, 2014) dwalilundrevieuiiadadulndud 3
Aoundsainse1ms (source)  vosiingnyinansly Fshifansomnsudearsdaunszidlianaisdaasgsidouas

(photosynthate) widenefiavdsluifasludiuvesdrfuiisnuazinin Yareunasldvseunasivazaune1ms (sink) vasila
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(yufinw, 2549) yilindrevenveinmsasydulaluszesusn WeaifisuiunssuiBliviuansidniviiviindrevenanunsa
WiAulaldnuund Wwudertuemuddoves wendml (2558) Aldfnviundsaisuasunddldonmsvemediiiu Tngnuin
dlednsinsdansgisouaarBiiugatu dwaliiinanimariomn Uiinauds uagnisasambminuiseduiidngu
asndiludindug mnduilesnmnsduangidsuasavidaanas dwmalidadiuvessiainanmualuluiasdu
Usinaudls waznsazaudiwiinuisesdumiioduliuuTiuanastuiu luvaeiivsuaninaimuslusonen Uiiuuds
wazmsazaniminuidludnlifuddnduingiuogaeiion uandleeglutimesnisiing nediuiidaduresuiina
thmaviaan Uinmuds uasmsavauiminuiwesdnldtuilndifestu
nntudledgszes 15 Yundaiuans linuanuduiviondieven ndrevenanunsnaigiiulnldaudnd
ufrtuamiadoues lendm wazeni (2566) AldAnwUszavEamasidnfuiiwionismuauivitluulandoveumes
WU @15 ametryn, diuron, glufosinate Waz topramezone @nsaniuaniviiglanuinnit 70 Wesidud aufissyes 30
Sundaiuans tnelddwmansznudenisiyfivinvesndieney WwudsrtutunareUssmeanidainisldansidnfuie
ametryn, aromatic oll, atrazine, dalapon, diuron Wag paraquat LU @nsgowsNT Lavdude L‘ﬁaﬁw%’m%ﬁﬂul,l,ﬂaﬂﬂqﬂﬂé’w
Geamnsamunuiaivldd lidufiviondas Sndslidusunmenededidin uaraunssioglufu (Romanowski et al.,
1967; Choudhury et al., 2016; Shivashenkaramurthy et al., 2020) 8¢ Rana and Rana (2016) MA@ UNELENTAR TN
Uszinmnuneuwazvasiyitesen taud alachlor, ametryn, diuron wag simazine wui1 aunsanIuanisiivluwlandae

Iadusyeziiauu waylifinansenudenmsiasaivlnvesnals
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Table 2 Effect of herbicides on growths of Musa (AAA) ‘Kluai Hom Thong’ at 0, 30, 60 and 90 days after application.

Growths of Musa (AAA) ‘Kluai Hom Thong’

Treatments Ra.tes. Plant height (cm) Fresh weight (g) Dry weight (g)

g ai/rai 0 DAA” 30 DAA 60 DAA 90 DAA 90 DAA 90 DAA
ametryn 50% SC 400 43.4 54.8 b 66.4 b 77.6 b 4,070.0 b 310.2 b
amicarbazone 70% WG 168 43.6 53.6 b 63.2b 746 b 3,780.0 b 286.4 b
diuron 80% SC 400 42.8 53.4 b 64.0 b 74.8 b 3910.0b 2924 b
control - 43.6 714 a 97.4 a 116.8 a 5,405.0 a 441.6 a

F-test ns * * * * *
CV. (%) 4.6 7.5 53 10.7 14.4 19.0

Note: " DAA = Days after application
* = significant at p <0.05  ns = not significant

Means within the same column followed by the same letter are not signification different by Duncan Multiple Range Test at p< 0.05

Table 3 Effect of herbicides on Number of Leaves and Number of Suckers of Musa (AAA) ‘Kluai Hom Thong’ at 0, 30, 60 and 90 days after application.

Growths of Musa (AAA) ‘Kluai Hom Thong’

Treatments Ra-tes. Number of Leaves (Leaves/plant) Number of Suckers (Suckers/plant)
(g ai/rai 0 DAA" 30 DAA 60 DAA 90 DAA 0 DAA 30 DAA 60 DAA 90 DAA

ametryn 50% SC 400 4.8 9.6 14.8 17.6 0.0 0.0 3.4 3.6
amicarbazone 70% WG 168 5.0 9.4 14.8 17.0 0.0 0.0 3.4 3.6
diuron 80% SC 400 54 9.2 15.0 17.4 0.0 0.0 3.4 3.6
control - 4.6 9.3 15.0 17.8 0.0 0.0 3.8 4.0
F-test ns ns ns ns ns ns

CV. (%) 20.6 9.5 8.8 8.5 239 19.0

Note:  DAA = Days after application
* = significant at p <0.05 ns = not significant

Means within the same column followed by the same letter are not signification different by Duncan Multiple Range Test at p< 0.05
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ametryn 50% SC amicarbazone 70% WG diuron 80% SC control

Figure 1 Effect of ametryn 50% SC, amicarbazone 70% WG, diuron 80% SC and control on phytotoxicity of Musa (AAA) ‘Kluai Hom Thong’
at 3 days after application (DAA).

ametryn 50% SC amicarbazone 70% WG diuron 80% SC control

Figure 2 Effect of ametryn 50% SC, amicarbazone 70% WG, diuron 80% SC and control on plant height 30 days after application.
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ametryn 50% SC amicarbazone 70% WG diuron 80% SC control

Figure 3 Effect of ametryn 50% SC, amicarbazone 70% WG, diuron 80% SC and control on plant height 60 days after application.

ametryn 50% SC amicarbazone 70% WG diuron 80% SC control

Figure 4 Effect of ametryn 50% SC, amicarbazone 70% WG, diuron 80% SC and control on plant height 90 days after application.
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Robusta Coffee Plants were Intercropped with Rubber by Adjusting
the Spacing of Rubber Planting
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nMsaINsUgnnusINeem s lugueenisssuulud dndunside o ulaununsns suneazindesy
Fminasvan FeoonuuuszezUgnoramsszuulu 3 x 12 was wagdgnnunlstanssninauad 1 - 3 uad lagvin
n1sduiinteyanisiasoyiulauaznandnveniunlsdant senitufounaiad 2565 s fug1ey 2566 Wil 13
Wiivlmvesununiivgnimensnsrszuuingd frneanuenssulaudidulnefnnniufuiinnugs 10 wufiues
MsUgNNIUIIA 1 w07 2 uan wag 3 uan dvuinseulaududl 28.20, 27.70 way 25.50 iwufiung mudIFy Tanugediu
Tutis 230.90 - 257.50 wufiuns Dvuiansewuiedslurag 216,53 - 241.17 lwudiuns Inglifanuuandaiumeeda
Tudruvoanananniui TsUann wuan ﬁaﬂ’wmuﬁamLLWﬁiﬁmamamﬁUQﬂé’mmﬂmﬁ 1, 2 Az 3 a7 91UIU 65.38, 72.13
uay 86.33 As aud1dy finnue1ifsegluting 96.02 - 102.10 lwuRwng Aue1Teaglutis 6.04 - 6.16 LauRluns
Sruudedinnnen 10.08 - 11.83 48 Juunasiedesylulig 5.78 - 6.67 na uazlinandnsasiu 8.71, 7.66 uar 9.60
Alansu anuddiv Taglaidanuwansianeada wandiiudt nsugnniudlsdant §1u3u 1 - 3 uad saueansity
szuulnal anunsaUgnldlaglidsansenusenisiasayiulawaynislinandsvasniunllsdan

Ardnaey: nunllsdann, e19wns, fivsau
Abstract

Development of coffee cultivation with rubber in a new rubber plantation system. This experiment
was carried out at a farmer's plot in Saba Yoi District, Songkhla Province, which designed a method for planting
rubber using a planting spacing of 3 x 12 meters and planting Robusta coffee between 1-3 rows by recording
data on the growth and yield of Robusta coffee during October 2022 and September 2023, it was found that
the growth of coffee trees planted with the new rubber system. The girth of the base of the plant is 10
centimeters from the ground. Coffee plantings in 1 row, 2 rows, and 3 rows have girth of 28.20, 27.70 and
25.50 centimeters, respectively. The height of the plant is in the range of 230.90-257.50 centimeters. Canopy
width ranged from 216.53 - 241.17 centimeters and canopy width (north-south) ranged from 243.17 - 262.99
centimeters, without statistical difference. In terms of Robusta coffee production, it was found that there were

65.38, 72.13 and 86.33 branches that yield from 1-3 rows of co-planting coffee with rubber, respectively, with
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branch lengths in the range of 96.02-102.10 centimeters, node lengths in the range of 6.04-6.16 centimeters,
the number of flowering nodes is 10.08-11.83, the number of fruits per node is 5.78-6.67 fruits, and the yield
per plant was 8.71, 7.66 and 9.60 kilograms, with no statistical difference. It shows that planting 1-3 rows of
coffee with rubber in the new system can be grown without affecting the growth and yield of Robusta coffee.

Keywords: Robusta coffee, Rubber tree, Intercrop
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Anugeddununlstan wudn lunisugnniun 1 uad fnnugeduniunlsdangeanil 257.50 wufiuns
sesasnAensUgnnuml 2 uad Srwgedl 247.80 wuRang drunisugnaum 3 uaa feugsiunulsian 230.90
wuAluas Tanugedunulsdaniesiigauarliifinnuuaneiunised (Table 1)

nvemsunulsUan ldandunisifivdeyavuinveamsausiuniunlsdan wuin uiaveamnsaum
nunlstant GirnzJusan-nziuan) lunisugnaiun 1, 2 uay 3 wa fvuinvemsmudununlsdanii 241.17,
216.53 uag 231.79 WwuAluns nua1au waglddnnuuandeiun1eeadis (Table 1)

Table 1 Growth of Robusta coffee planted with rubber in Songkhla Province in 2023

Growth
Treatment Girth Height Canopy width
(cm) (cm) (cm)
1 Row of Robusta coffee 28.20 257.50 241.17
2 Row of Robusta coffee 27.70 247.80 216.53
3 Row of Robusta coffee 25.50 230.90 231.79
F-Test ns ns ns
CV (%) 9.00 10.60 7.76

ns = laifimnuuanaatunisedia
NANAANTLN
innaivfeyanandnvosiuniunlstan 1, 2 uaz 3 wan ﬁﬂqﬂiammmiﬁwﬂmjﬁ WU SUUATILE
nandnvowunulsTan T uudsiilinandalunisugnniun 3 und gegail 86.33 As sesaaNMUgNNIUN 2 U
72.13 A dhumsugnniul 1 um Sdwuieiliinandnd 65.38 As Fshifianuuanseiunnsedia (Table 2)
AugRlsinananvedununlstant wudt Tunsugnniun 3 un Fanuefsiununlstanigegnd
102.10 wufwAs 5998911115UanNH 1 4ad §A911813 100.20 @udiung LLazﬁaaﬁqmiumiﬂqﬂmuw 2 unn
flaueAed 96.02 wufiwns FlifruunnsistunieeEda (Table 2)
Audevesisilinandnvesdiuntunlsiani nuin mmma%’amaﬂﬁﬂumiﬂqﬂmuw 2 U7 dAnue?
498M 6.25 LWUAWLAT 593983911N15UgNNTN 3 e flaruedl 6.16 wuRuns dunisugnniwd 1 wan dauenide

q U

vodioeigni 6.04 WwURWAT BellAuwAneeiuMeads (Table 2)
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Table 2 Number of Primary branches, Branch length and Length of nod of Robusta coffee planted with rubber
in Songkhla Province in 2023

Number Branch length Length of nod
Treatment
of Primary branches (cm) (cm)
1 Row of Robusta coffee 65.38 100.20 6.04°
2 Row of Robusta coffee 72.13 96.02 6.25°
3 Row of Robusta coffee 86.33 102.10 6.16
F-Test ns ns *
CV (%) 2572 5.57 1.91

ns = Liflpnuuanesiuneadia

aaa

* = fianuusnansniusgeitdodAgnieadan P <005
fsnusnundinguiaiidnmeiulunsadisiudauuaneiumeainlagds LsD

Swnudefifanondefsesiunulstan daruaenadostutuiuiunarieto uasiminuandasodu wud
Tunnsugnniun 3 uan fuunlidunslinandngaiian Tnefisuaudediannen (Tosiofe) Srurunadede (wasedo) uaz
hwiinnandnsiedu (Rlandudedu) geanil 11.83 , 6.67 way 9.60 musFusasasndunisugnnium 1 um Fedidiuay
fofifnnendens (osafia) Srurunasiade (arede) uastdmiinuandnsosu (Rlansusedu) 7 10.97,5.85 uas 871
mudu drnlunmsugnnun 2 uas uwaliunslinanantosiigaiisnudeiinnnen (fesens) dnunasete (wase
fi0) wagrhwiinuanndesiu (Alansused) geandl 10.08, 5.78uaz 7.66 AuEIU (Table 3)

Table 3 Number of flowering node per primary branch Number of fruit per node and Yield per plant of

Robusta coffee planted with rubber in Songkhla Province in 2023

Number of flowering Number of fruit per node Yield per plant
Treatment
node per primary branch (fruits) (kg)
1 Row of Robusta coffee 10.97 5.85 8.71
2 Row of Robusta coffee 10.08 5.78 7.66
3 Row of Robusta coffee 11.83 6.67 9.60
F-Test ns ns ns
CV (%) 9.80 15.93 23.39

ns = Wifinnnuuanesiumseadia
N19193eYLAUTAVDIAULIINIG

yunsoulAufuEmIT nsinfianugs 150 wuRtums wuin vuneseulauddunamsiilifnnsgnsau
nulsanilunaseulaudiugsgail 46.89 wufwns uazsesaaidunisgnsiunium 1, 2 uaz 3 un laefivuna

5aUlANAIAUYIINISIN 45.57, 43.57 Lag 41.20 WURLIAT AUEINU
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Table 4 Growth of Rubber planted with Robusta coffee in Songkhla Province in 2023
Treatment Girth (cm)
Without Robusta coffee 46.89
1 Row of Robusta coffee 45.57
2 Row of Robusta coffee 43.57
3 Row of Robusta coffee 41.20
F-Test ns
Vv (%) 6.87

ns = lifianuuansnatunEta
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The Inspection of Weed Seeds Contamination in Celery Seeds Imported from Italian Republic and

United Mexican States
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Abstract

Celery (Apium graveolens) seeds imported from Italy and Mexico in 2022-2023 with total 28,897.50
and 24,986 kilograms, respectively. Twenty one samples were randomly sampled to primary examined the
contaminated of weed seeds and identified specie of weeds. Fifteen samples of seeds from lItaly were
sampled. The result showed that seeds samples were contaminated of three weed species namely
Chenopodium album, Helminthotheca echioides and Solanum ptychanthum. Five weed species were
detected in six samples from Mexico namely, Amaranthus viridis, Chenopodium murale,Echinochloa colona,
Melilotus indicus and Polysonum sp. As a result, four weed species ar