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Abstract

The study of the properties of co-pelletized fuel from orphan waste (bubble wrap) and grease
waste from wastewater of an Indian restaurant (Ong Ang — Phahurat Canal) in Bangkok aimed to
investigate physical and chemical characteristics. The analysis included measuring bulk density,
moisture content, ash content, volatile matter, and heating value according to the standards of the
American Society for Testing and Materials (ASTM). The ratios of orphan waste (bubble wrap) and grease
waste were conducted are 4 : 1, 3: 2, and 2 : 3 by weight. It was found that the 2:3 ratio exhibited the
most suitable efficiency, with a density of 1.60 g/cm3, slightly friable texture, moisture content, ash

content, and volatile matter at 8%, 4 %, and 94% by weight, respectively. The heat value was 8,815

kcal’kg. The co-pelletizing fuel from orphan waste (bubble wrap) and grease waste was suitable
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according to standards, guidelines, and waste qualification criteria for processing into fuel briquette and

the interlocking block of the Department of Industrial Works.

Keywords: Orphan Waste, Grease Waste, Co-Pelletized Fuel, Renewable Energy
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Figure 1 Co-Pelletized fuel diameter 1 centimeter (orphan waste (bubble wrap) : grease waste) (a) ratio

4:1(M)ratio3:2and (c)ratio 2: 3

(3) MFIATERdNYurauTRveLtamndsauia
(3.1) MIAATIEAANRUIMULUAG (Bulk Density)

. a & o , = , a L A @ s Y |
AnuvLduUng Wudhsduvesnantwmhelsiasvessemiwiedusiinahninvevezse

Yunin1wueiussy lngludinsdansedulinaluansssum lnen1sinsnginiuuinggiu ASTM E 873-82 A

aunsi (1)

p=2
\%

aunsi (1)

g D Ao AWMLY (NF/gnuiAnlauRiuns)

v
a °

M AR Undnalegne (nSw)

Ao USuns @nuiaiiguiiuns)

(3.2) MFIATITINUSUNUAINUTY (Moisture Content)
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Table 1 Characteristics of Co-Pelletized Fuel from orphan waste (Bubble Wrap) and grease waste

Ratio Co-Pelletized Fuel
Characteristics Unit (orphan waste (Bubble Wrap) : grease waste)
4:1 3:2 2:3
Bulk Density g/cm’ 0.97 1.39 1.60
Moisture Content % by weight 2 4 8
Ash Content % by weight 16 12 4
Volatile Matter % by weight 76 84 94
Heat Value KcalZkg (by weight) 7,289 8,125 8,815
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Abstract

This study aimed to investigate the factors affecting hot carcass weight (HCW) and dressing
percentage (DP). Data were collected from smallholder farms by the livestock cooperatives in Sakon
Nakhon province. A total of 4,544 records was used in this study. Descriptive statistics analysis, analysis
of variance (ANOVA), and post-hoc analysis using Tukey’s range test were applied. The descriptive

statistics showed that means+standard deviation of HCW, DP, initial weight, final weight, and fattening
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days were 325+40.9 kg, 54.9+£2.3 %, 392.8+29.2 kg, 598+66.7 kg, and 360.5+88.7 days, respectively.
This study of factors affecting the carcass traits indicated that covariance of fattening days, and starting
weight had highly influenced HCW and DP (P<0.01). In addition, the effects of farm, sex, breed, and age
at fattening had a significant impact on the carcass traits (P<0.05). The HCW and DP of males (330.3 kg
for HCW, and 55.3 % for DP) were significantly higher than females (323.1 kg for HCW, and 54.3 % for
DP) (P<0.05). Crossbred Limousine cattle showed significantly lower HCW (316.2 kg) and DP (53.2 %)
when compared to Charolais (332.5 kg for HCW, and 56.7 % for DP), and Brahman crossbreds (328.7 kg
for HCW, and 54.8% for DP) (P<0.05). Beef cattle more than two years old had significantly superior
carcass traits compared to a one-year-old (P<0.05). No statistically significant interaction effects were
observed among farm, sex, breed, and age.

Keywords: beef cattle, hot carcass weight, dressing Percentage
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Table 1 Descriptive statistics of carcass traits and factors affecting the traits (n=4,544 records)

Traits/Factors Means Standard Minimum Maximum
deviation
Initial weight (kg) 392.8 29.2 200.0 610.0
Final weight (kg) 598.7 66.7 398.0 700.0
Fattening period (days) 360.5 88.7 60.0 500.0
Fattening age (years) 2.1 0.7 1.0 4.0
HCW (ke) 325.0 40.9 210.0 450.0
DP (%) 54.9 2.3 46.4 573

Remarks: HCW = Hot carcass weight, and DP =Dressing percentage
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Table 2 Means + standard deviation of carcass traits between sex, breed, and fattening age (n=4,544

records)
Factors Traits
HCW (kg) DP (%)
Sex
Male 330.3+39.0° 55.3+2.4°
Female 323.1+32.0° 56.3+2.3°
Crossbreds
Charolais 332.5+31.6° 56.7+2.3°
Limousine 316.2+33.4° 53.242.2°
Brahman 328.7+33.8° 54.8+2.4°
Fattening age (year)
1 312.4+37.6° 53.0+2.4°
2 337.3+39.7° 55.0+2.2°
3 334.6+40.8° 54.5+2.5°
4 333.6+39.3 54.4+2 5°

Remarks: HCW = Hot carcass weight, and DP =Dressing percentage

2 Pand € superscripts represent significant difference among rows (P<0.05).
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Abstract

This study aimed to evaluate the effects of organic fertilizer on soil nutrient dynamics, flowering
characteristics, and cocoa pod quality. A randomized complete block design was employed, with
treatments consisting of organic fertilizer applications at rates of 0, 0.5, 1.5, 2.5, and 3.5 kg/tree. Each
treatment was replicated five times, with three trees per replicate. The fertilizer was applied by
broadcasting around the canopy at two-month intervals, commencing at the pre-flowering stage and
continuing until harvest. The experiment was conducted in an organically managed cocoa plantation
of the Organic Agricultural Community Enterprise in Bua Yai Subdistrict, Na Noi District, Nan Province,
Thailand, from October 1, 2023 to September 30, 2024. The results indicated that all organic fertilizer
application rates significantly improved several soil parameters, including pH, electrical conductivity,
organic matter content, total nitrogen, available phosphorus, potassium, the carbon-to-nitrogen ratio,
the degree of organic matter decomposition, and magnesium content. Moreover, statistically
significant differences (p < 0.01) were observed among treatments with respect to key yield and
quality metrics, namely, the average pod set percentage per inflorescence, number of pods per tree,
pod width, pod length, pod weight, seed width, seed length, husk thickness, seed weight, protein
content, and fat content. In particular, the application rates of 1.5, 2.5, and 3.5 kg/tree produced the
highest values for average pod set percentage per inflorescence, number of pods per tree, pod
dimensions, pod weight, seed length, and husk thickness, and similarly resulted in the highest protein
and fat percentages. Notably, the 2.5 and 3.5 kg/tree treatments resulted in the highest yields per rai
(1,412 and 1,421 kg/rai, respectively). The results of this study provide valuable insights for optimizing
cocoa production and substantiate the efficacy of organic fertilizer in enhancing the performance of
organic cocoa cultivation systems.

Keywords: Organic agriculture, organic fertilizer, growth, cocoa, Nan Province
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Table 1 Chemical properties of high-quality organic fertilizer used in the experiment

Analysis value High-quality organic Organic fertilizer standard under the
fertilizer Fertilizer Act (2nd Edition), B.E. 2550
Acidity (pH) 8.40 -
Electrical conductivity 7.19 <10
(ms/cm)
Organic matter content (%) 23.47 > 20
Moisture content (%) 20.14 > 30
Carbon-to-nitrogen ratio (C/N) 7.58 <20:1
Nitrogen (%) 1.90 >1.0
Phosphorus (%) 4.56 > 0.5
Potassium (%) 2.41 > 05
Calcium (%) 11.07 -
Magnesium (mg/kg) 2.97 -

Remark Samples analyzed at the Quality Control and Standards Service Institute Laboratory, Maejo University
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Table 2 Chemical properties of the soil before and after the experiment

Soil Electrical Organic Total Available
Treatment
acidity  conductivity matter nitrogen  phosphorus

(pH) (ms/cm) content (%) (%) (mg/ke)

Soil before the experiment

7.20 0.20 3.46 0.20 117.25

Soil after the experiment
Organic fertilizer at 0 kg/plant 7.10 0.20 3.45 0.20 116.08
Organic fertilizer at 0.5 7.20 0.21 3.54 0.20 129.68
kg/plant
Organic fertilizer at 1.5 7.30 0.24 3.55 0.25 123.57
ke/plant
Organic fertilizer at 2.5 7.30 0.25 3.89 0.25 110.31
ke/plant
Organic fertilizer at 3.5 7.20 0.26 4.12 0.25 123.59
ke/plant

Remark Samples analyzed at the Quality Control and Standards Service Institute Laboratory, Maejo

University

Table 3 Chemical properties of the soil before and after the experiment

Potassium Carbon-to- Complete Magnesium
Treatment (mg/kg) nitrogen ratio decomposition (mg/kg)
(%)

Soil before the experiment

62.20 7:1 90.25 215.15

Soil after the experiment

Organic fertilizer at 0 kg/plant 62.45 7:1 90.01 211.10
Organic fertilizer at 0.5 kg/plant 77.12 9:1 92.12 280.41
Organic fertilizer at 1.5 kg/plant 84.03 10:1 91.28 260.50
Organic fertilizer at 2.5 kg/plant 114.82 8:1 93.77 257.97
Organic fertilizer at 3.5 kg/plant 125.85 10:1 95.86 314.85

Remark Samples analyzed at the Quality Control and Standards Service Institute Laboratory, Maejo

University
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Table 4 Influence of high- quality organic fertilizer on average number of fruits per pod, average fruit

set percentage per pod, fruit yield per tree, and yield per rai (unit of land area)

Average Average fruit Number of Yield
number of set percentage  fruits per tree (kg per rai)
Treatment
fruits per per cluster (%) (fruits)
cluster (fruits)
Organic fertilizer at 0 kg/plant 2 0.46" 14° 1,137¢
Organic fertilizer at 0.5 kg/plant 2 0.46° 15° 1,202
Organic fertilizer at 1.5 ke/plant 2 0.49° 19°° 1,302°
Organic fertilizer at 2.5 kg/plant 2 0.50° 20°° 1,412°
Organic fertilizer at 3.5 kg/plant 2 0.50° 22° 1,421°
F-test ns ** *% **
CV. (%) 2.09 1.99 4.65 2.83

Remark Identical letters in the same column indicate no statistically significant difference using
DMRT
" = Statistically significant difference at the 99% confidence level ns = No statistically
significant difference

Table 5 Influence of organic fertilizer on seed width, seed length, seed coat thickness, and seed weigh

of cocoa
Seed width Fruit weight  Seed weight
Treatment Fruit length (cm)
(cm) (9 (g)
Organic fertilizer at 0 kg/plant 6.4° 14.0° 230.4° 2.0°
Organic fertilizer at 0.5 kg/plant 7.6 16.0° 372.3 2.0°
Organic fertilizer at 1.5 kg/plant 8.5° 18.7% 477.4° 3.3°
Organic fertilizer at 2.5 kg/plant 9.3° 19.3° 528.6° 3.7°
Organic fertilizer at 3.5 kg/plant 9.5 21.2° 542.5° 4.0°
F-test % *x *x "o
C.V. (%) 3.12 5.67 6.57 6.39

Remark Identical letters in the same column indicate no statistically significant difference using DMRT
" = Statistically significant difference at the 99% confidence level

3. anwauzANINYaIWaKEAInlALazUTITMs e msTulalA
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s o o i aa I aAwv o ¥ a v & a" 1 '
Lﬂ@?L“ﬁu@ﬂ‘sﬂﬁJuuﬂ')’]MLLG\ﬂG\'N‘VVNﬁﬂG\@EJ'NlIu’ﬁ]ﬁ']ﬂmy&lﬂ (p<001) Iﬂﬁlﬂ'nllﬂ'l']ﬂLlla@llﬂ’]l,aaﬁlagigw']’m 8.7-
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a
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10.6, 11.4 uag 11.5 fadiuns aua1av) (Table 6) duanuerisdainlinlasuledunidanaiivegseni

Lo
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a




:1'1sawmwmayqﬁmmjmﬁﬂm U 2 atuti 1: 14-26 GMSA. J. Vol.2(1): 14-26

30.9 flafuns auaav) (Table 6) wazauvutdeninlinlasudedunidiiAnaduaysening 10.2-10.8
fadwns Inemsideduvid 0.5 uay 1.5 Alanusiedu silvidanuvuidienuin (10.7 wag 10.8 Jadluns

o a N 6

Aua1aU) (Table 6) Was@urlusaunlaainn1siasizvinudn Inlanlasuledunsd

]

fiesidudlusiu oy
Seming 31.2-35.7 Wosidus lnen1sijedunie 1.5, 2.5 way 3.5 Alansusiedu vhlilesitudlusiuasan
(35.3, 36.7 wag 35.6 Wasidusd nuansiu) (Table 6) d@rutUasidudlusiunuin Iﬂiﬁﬁlié’%'uq%um?ﬂﬁ
Wesidudluiu agsening 15.6 -17.8 Wesidud laenshidedunid 1.5, 2.5 uag 3.5 Alansusedu il
Woduslashu (17.6, 17.6 uar17.8 Wasidud mwddv) (Table 6) Famaannnsisuilaenndastusoanu
03 301 (2544) wuidlefiusnnteflfudfugstuasinavlidefifuilusfuasuiinalofuiuiy 3
o dumnensldsululanaunniu Ssivasldaslulammilldanmduamsivasuululasaudiie
anandundaanesidulusiuldundude venand §ams (2547) Sdldmenuinslideasdmarlid
arunsraieds aruemnalads Yintinnaads aunfaudaeds cuswiaedswesininuge
winnnimslilats vedoradunmglulnsauduesdussnouremnsnosilusing q Tseenduiifvainey

THAATITIUIINATADLI LY WazHUNUINIUNITHULYARLAELSINITV LU IAVD IR VDINY

Table 6 Influence of organic fertilizer on seed width, seed length, seed coat thickness, protein

percentage, and fat content percentage of cocoa

Seed Seed Shell
Protein Fat
Treatment width length thickness
percentage percentage
(mm) (mm) (mm)
Organic fertilizer at 0 kg/plant 8.7° 24.3° 10.2° 31.2° 15.6°
Organic fertilizer at 0.5 10.5° 25.9° 10.7° 31.3° 16.5°
ke/plant
Organic fertilizer at 1.5 10.6° 29.1° 10.8° 35.3° 17.6°
kg/plant
Organic fertilizer at 2.5 11.4° 30.9° 10.1° 35.7° 17.6°
kg/plant
Organic fertilizer at 3.5 11.5° 30.8° 10.2° 35.6° 17.8°
ke/plant
CV. (%) 3.39 2.06 3.55 0.73 1.60

Remark Identical letters in the same column indicate no statistically significant difference using DMRT
= Statistically significant difference at the 99% confidence level

o a LY VN 4 '

MNNANITIATITRANTUUSEANSandunus semIamandnsals Suiunasedy Wesidudnishnna
ALY UnnNa wazu1ninwas taedaranduiusivingu 0.8864, 0.9200, 0.8713 wax 0.8776 (Table
7) F9ad0AAdINUTI891UVDY Ahmed and Barmore (1980) lamanduniusseninmanannols Wininuna
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Table 7 The relationship between yield and yield components of cocoa treated by different levels

of high-quality organic fertilizer.

Characteristics Number of Average fruit set Fruit weight Seed
fruits per percentage per cluster weight
tree
Yield per rai 0.8864" 0.9200" 0.8713" 0.8776"

(unit of land

area)

Remark = = There was a statistically highly significant correlation (P < 0.01)
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Abstract

The purpose of this study was to investigate the population of rice pests and natural
enemies in the rice fields of Sakon Nakhon and Nakhon Phanom provinces after flooding. The aim
was to assess the extent of damage caused by changes in pest populations relative to natural enemy
populations. Three study areas were selected: Muang District, Sakon Nakhon Province, Khok Sri
Suphan District. Sakon Nakhon Province and Na Wa District Nakhon Phanom Province. In each district,
four plots were surveyed. Insect data were collected based on the rice growth stages: seedling stage,
panicle initiation stage, and maturity stage. An insect net was used to sample populations at five
diagonally distributed points per plot according to the sampling plan.

The results showed that in Mueang District, Sakon Nakhon Province, the ratio of rice insect
pests to natural enemies was 2.23:1, with an average of 69.03% pests and 30.97% natural enemies.
InKhok Si Suphan District, Sakon Nakhon Province, the ratio was 2.35:1, with an average of 70.12%
pests and 29.88% natural enemies. In Na Wa District, Nakhon Phanom Province, the ratio increased to
3.04:1, with 75.26% pests and 24.74% natural enemies. Additionally, it was found that pest
populations were highest during the panicle initiation stage, followed by the seedling stage and the
maturity stage, respectively. The results suggest that the pest-to-natural-enemy ratios in all three
study areas indicate damage levels not exceeding 25%, which is within the threshold of natural
ecological balance. This balance is attributed to the presence of predatory natural enemies capable
of controlling rice pests from the egg to adult stages across all districts studied.

Keywords: Rice; Insect pests; Economic threshold; Floods
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Table 1 Total amount of insects found in rice fields in 3 districts using a fly-by-fly survey.

The number of insects found during the growth stage of rice that Sum

were surveyed for insects (individuals)

District
Vegetation period Reproductive period Ripening period
Mueang Sakon Nakhon 32 52 33 117
Khok Sri Suphan 51 a2 a2 135
Na Wa 30 36 21 87
Mean (}) 37.67 43.33 32.00
Standart deviation (S.D.) 11.59 8.08 10.54

T 17
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Table 2 The amount of rice pests and natural enemies in rice fields in 3 districts by using a swing

survey.

Insect quantity classified by

Insect type found in each district (each)

Mueang Sakon Nakhon Khok Sri Suphan Na Wa
Natur
al
Rice Natural Rice Natural Rice enemi
Rice growth stages
enemies enemies enemies enemies enemies es
Vegetation period 22 10 32 19 25 5
Reproductive period 42 10 32 10 29 7
Ripening period 19 14 30 12 13 8
Mean ()_() 27.67 11.33 31.33 13.67 22.33 6.67
Standart deviation (S.D.) 12.50 2.31 1.15 4.73 8.33 1.53

Pnnsenundndrulesidudvenuasdnginnasdngsssurfluiuiiuimg 3 Sunenuindunedien
anauns dwinanauasiidndiunuasdnginasednssssunaaniu 2.23 whdlaenuwiasdngdnuade 69.03
Wesidud dngsssuniade 30.97 wWesitud dwdunslandianssa fminanauasiidndiunuasdngdiie

Angossuyffadu 235 widadmuinfsuasdngdioweie 70.12 Wesidud dnjsssuvifaie 29.88




a

A
MIANNBATOUNLNIA GMSA. J. Vol. 2(1): 27-36 (2025)

qulvs Uil 2 atiudl 1: 27-36 (2568)
wWosiiud wazdnauinii Jawiauasnuniidndiunuasdnginedngsssurfaadu 3.04 widlagny
wiasdngiLads 7526 wWesidud dngosumiiads 24.74 wWedidud uenanimuiilusseziidndeesd
FaduuTunavenasinginngsnindngsssuvid sesawmnldun szezdund uagszoziiuifsanuady

(Table 3)

Table 3 Percentage of rice insect pests and natural enemies in rice fields in 3 districts.

Percentage of insect types found in each district (%)

Mueang Sakon Nakhon Khok Sri Suphan Na Wa
Rice growth Rice Natural Rice Natural Rice Natural
stages enemies enemies enemies enemies enemies enemies
Vegetation period 68.75 31.25 62.75 37.25 83.33 16.67
Reproductive period ~ 80.77 19.23 76.19 23.81 80.56 19.44
Ripening period 57.58 42.42 71.43 28.57 61.9 38.1
average 69.03 30.97 70.12 29.88 75.26 24.74
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Table 4 Level of damage to rice crops caused by rice insect pests.

District area Rice pests

Level of damage

caused by insects

Note

Rice pests
Mueang Sakon Green rice leafhopper 1 The symbols 0, 1, 2, 3 have the following
Nakhon Cutworm moth 0 meanings:
Brown planthopper 1 0 = No rice pest outbreak
Black beetle 0 1 = Rice pest outbreak, low level of crop
damage (less than 15% of rice plants are
Khok Si Green rice leafhopper 1 damaged)
Suphan Cutworm moth 1 2 = Rice pest outbreak, moderate level of
Brown planthopper 1 crop damage (no more than 15 - 25% of
Black beetle 1 rice plants are damaged)
3 = Rice pest outbreak, high level of crop
Na Wa Green rice leafhopper 2 damage (more than 25% of rice plants are
Cutworm moth 1 damaged)Source: Adapted from:
Brown planthopper 2 Chaturong et al., (2006)
Black beetle 1
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Table 5 Number of rice pests, natural enemies and the role of each species.

District area

Number of rice

pests found

Characteristics of

damaged rice

Insect pests

Naturally found

Types of prey that attack

(individuals) (individuals)
Mueang Sakon  Green rice 46 Sucks sap from leaves and lady beetles 0 -
Nakhon leafhopper stems of rice, stunting rice
growth. It is also a vector of
yellow orange leaf virus
Cutworm 0 - Damselfly 9 Eats rice leaf roller butterflies and
moth other rice pest butterflies.
Brown 37 Sucking sap from the cells Pardosa 15 Eat adult brown planthoppers,
planthopper of the water pipes and cicadas, and butterflies.
food pipes, causing the rice
plants to have yellow and
dry leaves, which is called
hopperburn
Black beetle 0 - M. vittaticolis 0 -
Stal
Dragonfly 10 Eat various kinds of armyworm and
cutworm butterflies.
Khok Sri Green rice 28 Sucks sap from leaves and lady beetles 0 -
Suphan leafhopper stems of rice, stunting rice
growth. It is also a vector of
yellow orange leaf virus
Cutworm 16 Eat the rice leaves until the Damselfly 0 -
moth stalks
Brown 30 Sucking sap from the cells Pardosa 17 Eat adult brown planthoppers,
planthopper of the water pipes and cicadas, and butterflies.
food pipes, causing the rice
plants to have yellow and
dry leaves, which is called
hopperburn
Black beetle 10 Eat the tender parts of rice M. vittaticolis 8 Eat the eggs of rice stem borer
plants close to the roots. Stal moths and other rice pests.
Dragonfly 16 Eat various kinds of armyworm and
cutworm butterflies.
Na Wa Green rice 30 Sucks sap from leaves and lady beetles 2 Eats grasshoppers, leafhoppers, and
leafhopper stems of rice, stunting rice small worms, including butterfly
growth. It is also a vector of pupae.
yellow orange leaf virus
Cutworm 10 Eat the rice leaves until the Damselfly 6 Eats rice leaf roller butterflies and
moth stalks other rice pest butterflies.
Brown 15 Sucking sap from the cells Pardosa 11 Eat adult brown planthoppers,
planthopper of the water pipes and cicadas, and butterflies.
food pipes, causing the rice
plants to have yellow and
dry leaves, which is called
hopperburn
Black beetle 12 Eat the tender parts of rice M. vittaticolis 0 -

plants close to the roots.

Stal
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Dragonfly 1 Eat various kinds of armyworm and

cutworm butterflies.

Source: Adapted from: Rice Research and Development Office, Rice Department, (2016)
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Table 6 Comparison of costs and yields of wet season rice per rai in Sakon Nakhon and Nakhon

Phanom provinces.

District area Average cost of rice cultivation Average Yield Net income
(baht per rai) (kg/rai) (Baht per rai)
Standard data Average cost of rice cultivation Average yield Average purchase price of paddy rice
Equal to 4,642.33 Equal to 439.33 15 baht per kilogram
Mueang Sakon 5,200 369 5,535
Nakhon
Khok Sri Suphan 5,450 385 5,775
Na Wa 5,100 390 5,850
average 5,250 381.33 5,720

Note: The average data for each district was obtained from interviews with farmers who owned four rice fields in each district.
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Restriction Site Associated DNA Sequencing (RAD-seq)
Investigation of SNP molecular markers in the sucrose synthesis genes of

sugarcane using Restriction Site Associated DNA Sequencing (RAD-seq)
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Abstract

The development of sugarcane cultivars with desirable agronomic traits remains limited in
success, primarily due to the reliance on traditional breeding methods based on phenotypic selection.
These conventional approaches, involving hybridization of selected parental lines and visual trait
evaluation, are time-consuming and inefficient for rapid varietal improvement. The objective of this
study was to identify single nucleotide polymorphism (SNP) molecular markers for the characterization
and identification of sugarcane varieties. To enhance genetic selection, single nucleotide polymorphism
(SNP) markers generated through Restriction-site Associated DNA Sequencing (RAD-Seq) were utilized to
investigate genetic diversity and support molecular breeding. In this study, RAD-Seq was applied to
analyze 16 sugarcane accessions from the Khon Kaen Field Crops Research Center. Each accession
yielded over 1.9 million SNPs and more than 23,000 insertion-deletion (INDEL) polymorphisms.
Phylogenetic analysis of sucrose synthesis genes using the Maximum Likelihood method revealed two
major gene clusters corresponding to the commercial cane sugar (C.C.S.) values of the accessions. Group
1 comprised cultivars with C.C.S. values of 9-12, while Group 2 included those with values of 13-15.
The results demonstrate that RAD-Seq is a powerful tool not only for assessing genetic relationships
and identifying hybrids but also for providing reference-quality sequences that can facilitate future
genomic studies of important genes in sugarcane.

Keywords: sugarcane, sucrose, gene, molecular marker, SN
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szunavedlsn unasdngiiy wariladeddyBnusznismildedosiugdos mniiugdesluugnluaniniludilsl
winzau dnaronanAnuarAmaIesaen uennimnitusgesdinnuseunenieimumiusientsidvhae

voslsAarkiaIiniedes vinlinandndesnna (1530 uazaniy, 2551) feu NMsiiugdesfifaunsanauauss

a

seiufiugndeslavainrateneuanssiols nuseanIdzudwazvim aunsalineldd uazladedus 7
Weniledidesannsalvinandnliasgn uwiegdlsfiniu dwlvgnmsvsulssiugdeediaddnadauuuandu 7

saa o

fnsiveiuudiusnddnvaueiideanisuinaniu mndudnidendudessugn (F1) Ingldanwaenioueni

Us1ng) (Phenotype) dsiadldszaznanlunsdnidonagaes 8 - 10 U Seagldtusdoeiiidnvariidesns
ilulFusglovdnmamanunsuazuugiinenang (330 uazame, 2551; ddnauangnsun1ssosuaiiinia
N3y, 2558)

nsandeniuslaslddnvuzaisusniiusing (phenotype) tiudnwasd duuusldnudnina
amwaden dsliannsathunldlunissuunuazszymeiuslvgndeasiudld uadslinusioaunisly
\womneidueiioUulpmeiussoslitssduinaglasage drunsiauneiosmnefiduelnesaiu
inquuiRendastumsdnamgithmaglesadugaSufudmiumsdunieiesnefidued miuiiluld
Tunsuulgsaneiugdesliftseduihmageioluluouian egndlsfnulutlagsussliidoyasiuniiauysaives
dou unasdeyadmiunmsfnuduvesdosiiaigalu TJaqiu Ae grudeyadifuiua expressed sequence tags
(ESTS) (Vettore et al,, 2003) fn1sundduiua ESTs vasdesuldifiodnwnsuanseonvesuluieidoly
(McCormick et al., 2008) waza1au (Papini-Terz et al., 2009) Y098 08AADAIUNAMUILAIDIINEA LS ULETTN
lulasusninalas (EST-SSR) (Ukoskit et al, 2012) 1A5 841118 Intron length polymorphism (ILP) Aig
i3 osnediBuledlinsisaeunnuuandnwesnueBunseusisy §isengnlewediuelsa (Polymerase
Chain Reaction, PCR) Tngldlnsiuaifisunefuusnas nseufinseudiufinniniudunsou fesiuniaves
Sunsouaunsaviungldlaensilisuiisusswineanuiua ESTs Auaisutuailua (Yang et al,, 2007) A2
g1vosdunsauiinansznuiuszAunisuanseanvesBunarillulndludnuagessitnenda wuin nqududi
mumﬁumaumaﬂd’]ﬁizﬁ’umiu,amaaﬂsuaangﬂmmfwﬂ&jmguﬁﬁmmm%umauéu’uﬂ’h (Ren et al,, 2006) 3310
Teuved digins wasAndwad (2559) AldauiaIoming intron length polymorphism (ILP) a1n8udi
Aendesiunsdanmeiinagiasa Inglideyanin KEGG pathway uaznansinummavinuvesdudaelales
woLsd A1nTeyadisulua ESTs Y0988y 121,301 d@1suiua (42,377 sugarcane assembled sequences Wag
78,924 singleton ESTs) @ansafnLaen ESTs 17'iLﬁmﬁﬁaqﬁ’umié’ameﬁﬂfwma%ﬂmaﬁﬁu’wm 91 aAULUR LLag
oonuuulnswesimun 195 glnswed mateseilasaiasssnsdos (Saccharum spp.) nuinaTasne
ILP ansndesutseaniu 2 Userns nsanunsathluldfesegimanuduiudiussduinaglasdludosls

dmsumsitmunduiugnssuesseslulsemdlneg Sdidediadomnuinanudiuasmainvais

o
§ o o o v

eiugnssulundazaneiug Aniunisiiaiomunefdwe (DNA marker) uldlunsusdidnvagdszdiug

]
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TAENISANYIAIILUANGIMT DAIUNAINNAIENINUTNTTY (genetic diversity) VoINS NwazLTIUTUI
(quantitative trait) ¥3ednwauziBnan N (qualitative trait) Huindunsesdenfivszansnmlunsuenainy

'3

WANEA19YBINY 1587319 vliavTenieluviin (between species or within species) Usg1n3 (population) fug
(varieties) uazanefug (breeding line) I¥aesgndes Fadumsdmdenaindnuazmailu Ind (genotype) 7
foan1sanielaenss (Lo and Shaw, 2019) lnginaila Restriction site-associated DNA sequencing (RAD-seq)
fmdnmswmiloufuiu Genotyping-by-Sequencing (GBS) Wumaluladfildlunsdunieiosmnsluanaaiy
(single nucleotide polymorphism, SNP) wuuTesTuy (genome-wide SNP discovery) fmgtoulaidndinig
(restriction enzyme) sauAUNTITWALUlaE Next Generation Sequencing (NGS) (Baird et al., 2008; Lo and
Shaw, 2019) Tunsyndrsuiua waila RADseq anansafumuazdlulndaiulgludunewiien Fsanunsodum
afiuleunie 50,000 - 100,000 $L1AU991NT L0 'ﬁammmﬁwmﬂizqﬂmﬁl%’ﬁ’u?%aﬁ%imlé’nﬂaﬂ%é SdedediFan
A Lifdoyaniedlulind msduniaieamneluanaluguuuuves SNP faemalulad RAD-seq 39178
UszndaiauazanldaneldsgranndiafisufunismausuiuaitedTun (Whole genome sequencing)
uananimaiia RAD-seq defiuselomingnsdslumsimuaiudmsy 1 duedomuneluana (DNA marker)

[ s

woltuasasmneluanauildlunisAnidenans Wug (Marker-Assisted Selection %58 MAS) n15UuUTanug

o—

!

v
U s o o

dnadaanunsaldluana weSemuneiiianTiaenanualveaenug nsIaaeuaIenNusanHay N1SIATIMUNTUG

a

v
=

aWIn Adgruiugnssulndideany (Sevemn-Ellis et al,, 2020; Cumer et al., 2021) n15Anw1luAs a4

D) _

o

Inquszasdmiedesneluanaaiy (SNP) Lilensiatendnualvosaeiusiieldlunisduuniusenseld
Asnsaniung

L.asinSeuie: Andunisugndes o Audideilsvounnu 91w 16 wWug/laau loun UT17 LK92-
11 KKO7-250 KK09-0857 UT15 KK09-0939 K88-92 KKO7-599 KKO08-059 DOA-NS1 KK09-0941 DOA-KK3 DOA-
KK4 KKO7-037 KK09-0844 uag Si Samrongl Jufintoyanisiaseyiiule Wy Aues Iuiua) nandin ezl
\ad (Table 1)

2msm’maauLﬂ%‘lammaim,aqaaﬁﬂ (SNP)

afnAwe: Yiludaseny 8 e ainfouenieds CTAB (cetyltrimethylammonium ammonium
bromide) 984 Tai and Tanksley (1999) (2% CTAB, 1% PVP, 100 mM TrisHCl pH 8.0, 20 mM EDTA pH 8.0,
1.4 M NaCl, 0.2 % 2-mercaptoethanol) U3u1ns 600 lulasans ﬂwlﬂumﬁqmmﬁ 60 aeAwawea Luan 30
wiitnanlvwafu 99 udia Chloroform : Isoamyl alcohol (24:1) U3uns 800 Taulasans dnluiumiesd
12,000 rpm gaunadl 4 esrwaLTYd Yeduneunsiia Chloroform - lsoamyl alcohol 8n 2 59U N
Isopropanol 600 lslasans iteanmneufiuedimenoudiSuenis 80% Ethanol $1 2 seu Udeslnmsneus
Wueunslageuiigamgdl 60 ssrnwaldea uw 15 Wit avanemznouly TE buffer (10 mM Tris-HCL pH 8.0, 1
mM EDTA pH 8.0) 50 Tailasans uazifin RNase A (10 fadnsusiefiadans) Usums 5 lulasans tilvuwd 37
psrnialTea wWunan 30 Wl Iuasazaefidueiigaumgil 20 esmiwaiioa aunneglvnuudiInsnasy
Aan LAz wed lidisoznilsaaadidnlnslnida 1n3esaiualasllafiiues NanoDrop 2000
(Thermo Fisher Scientific, Wilmington, Delaware USA) LazASe3 Qubit® Fluorometer (Invitrogen)

nsdosiduemuoieuluifndine: tdduesoeuluddadumneiionmgl 37 ssrwadea 1y

La1UU 3 lus Wedndeneulwifndsiwvuizand nsuIluusey nTuinnseuReuLlefitaanie
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Sulwd Psti-HF wag MsPl fes1azidunsiolud 10XNEB Cut Smart Buffer 1X, Pstl 8U, Mspl 8U wag DNA 200
wlundu uasUsudsinasieth DI Uufl 37 esrmiwaded wiu 3 $alus vdmntuiul3i 4 esmwaides
M3vieusie Adapter Ligation: M3idenezuninasusynausedisuiaisimzfuasadildluns
MATULLUARIBLATEY MGISEQ-2000RS 84USE MGl vinsidensevesiiduiedesfuezuatimesTasioulesl
Invitrogen T4 DNA Ligase (Life Technologies) figavndl 23 ssmwaifoa uw 2 2l Mnuhansievled
deaudouiigamgd 65 esrneaioa w1y 10 wiit laTufidueiivsznoudefiSuevesdesuarosuatines
w1 Fehliuiavsinesuatinesindeuzdueyluasazats naenaueulusivisassinf axgnindnlulagly
Agencourt® AMPure® XP beads (Beckman Coulter, Brea, CA, USA)
mMsdiuiinafiduelasufizeniidens: iuuinamidueseslngliufisoidersussnousmediou
08 au7 i oufuezuntines wouleyl Phusion® polymerase, HF Buffer (New England Biolabs) lwsius$7i
Usznaume danauluadinigas FCA 983 MGISEQ-2000RS wag index 183 MGISEQ-2000RS
mMlAsEidIRuIUE: thaiduluaaniaies MGISEQ-2000RS iulnddeyaiuy fastq Usznousae
IWd ‘R1” wag ‘R2’ wun m1u index v03998uAazdlulnt ns1aaeuidnuiu reads vesdosusazalulnd 19 open
source softwares #1199 U fastqc, fastx trimmer (FASTXToolkit,http://hannonlab.cshl.edu/fastx_toolkit/),
Bowtie2 (Langmead and Salzberg 2012), SAMtools (Li et al., 2009), trim galore, cutadapt, minipaSNPg,
paSNPg (Fu and Dong, 2015) mumiﬁmﬁwe’?ﬁmiwﬁﬂmmwsﬁayja raw reads 83 R1 wag R2 vennitulnd
A nllnuanvangauian133anisteyalins1uiis single nucleotide polymorphism (SNPs) va1ge lag
§08 16 #a9t19gne U ULUAUULAS B9 MGISEQ-2000RS IatnafiA Restriction site Associated DNA
Sequencing (RAD-Seq) Han1s8uddulUARzgnAdlUSuBnIes MegaBOLT LitevhmsiUSeuifioudeyaiuilus
91989983908 (https://sugarcanegenome.cirad.fr) kagITYAIUUANAWNNRUFNITU AILBaNALIT Genome
Analysis Toolkit (GATK) gninanldifiosumadwsuesdessia 16 #oes ffueglugunuy Genomic Variant

Call Format (¢VCF) TneldFds CombineGVCFs wae GenotypeGVCFs

NALALIITUNANITNAADY

o

nansiiufedesfiany 10 Wew anmstuiindnuaugnnnisinens wuil Wugdseiiunnsnaiuliina

]
a a o I

nAndouTuANG1aiY Inedouiug Si Samrongl way DOANST Siwunldulinandnigeiian wiriu 18 dusiels

U q

YA RBEvRIUgoREYNTLSHANAY 13.7 dusals Wuddeeunndeiuliad@ieawnnsiaiu nudeeiug

DOA-NS1 fiandTieagsiign Wity 15.7 sesasniduiug kes-92 winfu 14.9 (Table 1)
HANTIATIZRaNTaNTIUAS I UaT AR 508 ule (ReadNum) S1uauailu (SNPs) waz 1w
INDELs ﬁwuimm'azmaﬂ’uﬁ: T,mEJﬂ'wai’m’mmaﬁmmsaa'mimué’aaﬁuim"m6’] 98 5¥NIN4 35,940,182 fi9
71,497,800 wua d1utuaily og5eni1e 1,906,670 914 2,568,358 SNPs wazd1uiu 31U3U INDELs 8g58131e
225,712 14 312,556 Song et al. (2016) laltmaiia probe hybridization capture sequencing (HCS) Tun1s
nyrvapumaindeiluiuedossiuau 12 arewus lnweaniuy probe S1uau 55,946 probes Litodufuuiiin

UNYDIWRYTINNIEU 6 LUNSLUE LAZATIINUANUNAINRANEYDIRLALsaiiy (SNPs) Uszana 1.2 ATUALALUS

@

(Table 2) nquduinertosivduasziiinaglasassivanuninuvesdeadunildludnvasdmunefiddy
yoalasansusulaiugdeslunsfinwasilfujuiulunnguuinedesiunsdunseiuduazuinialaenis
AUAUYDYAIINT1UVDYA KEGG pathway (http://www.genome jo/kegg/pathway.html) AMNHANITANYY WU

579%9 34 Bulu starch waz sucrose metabolism pathway w3auawrusvulaslulguLazAINE1ITUNTOU
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(SIL-Sugarcane Intron Length) ‘allédlélﬁ]ﬂﬂmiﬁ’nnmﬁ’lLLMIJQL%&J&MLL@%??H@WUM@U wuBuiiatos laun Alpha-
amylase/subtilisin inhibitor, Alpha% 2 Calpha-trehalose-phosphate synthase, Alpha-amylase, Beta-amylase,
Beta-D-glucosyltransferase, Beta-D-xylosidase, Beta-fructofuranosidase, Endoslucanase, ATP-dependent 6 -
phosphofructokinase, Glucose-1-phosphate adenylyl transferase, Glucose-6-phosphate 1-dehydrogenase,
Hexokinase, Pectinesterase, Phosphoglucomutase Alpha-1%2C4 Glucanphosphorylase, Sucrose-phosphate
synthase, Alpha%2Calpha-trehalose-phosphate synthase, Trehalose 6-phosphate phosphatase, UTP-glucose-
1-phosphate uridylyltransferase, 1%2C4-alpha-glucan-branching &g 4-alpha-glucanotransferase DPE2 (Table
3) S SNPs veanguiuiiisadestunisdaangiutaaziniagminadausunndulduansans
FTwwn13 (Phylogenetic tree) #1835 Maximum Likelihood method (Figure 1) aunsawusoanidu 2 nqu
vdn denndesiua C.C.S. vasaeiugdon nauil 1 Ao nguiliien C.C.S. oglutag 9-12 1 KK09-0939 KK09-
0941 KK09-0857 KK09-0844 DOA-KKA Waz KK0B059 waznguil 2 Aenquil A1 C.C.S. aglutg 13-15 leun
UT17 LK92-11 KKO7-250 UT15 K88-92 KK08-059 DOA-NS1 DOA-KK3 e Si Samrongl E’JﬂL”juﬂWEJWUﬁ: KKO7-
599 wag KKOT-037 #ifien C.C.S. ogllutag 123 uag 11.2 awandu sgslsfinumuinnguil 1 Tauumnsnamis
ftugnssussmisansiugroudguilonssuieutunduil 2 lumsfnwidiidunuiediwewusasansiugi
Wies 1 fogaseaeiug deoraliifismelunisidufunuresssuing wdeansiug esnnsiase
ArudiiusmMaTugnIsuvesaetugsessuitintsategudeys viemmidwuandiduswuuasneds 3
anuddyegmniidesdesdiduuietsluniazaeiusifiome Masdufuwmiluusazaeiudifiouily
Ainesililddeyaiiindetio gnies uazutug

114688 KK090939 L2 | 11

114702 KK020941 L2 | 12.3
114692 KK090857 L2 | 10.5
114698 KK090844 L2 | 11.9

%4 99 { 114705 TRJ04768L2 | 9.8
100 114694 KK08059 L2 10.9
114700 NSUT10.266 L2| 15.7

{ 114690 LK.9211 L2 14
7% 114686 KKO7599 L2 12.3

100

= 81 114704 KK3 L2 14.4
— 114689 UT17 L2 14 |
5 ——— 14706 KKOT037 L2 |11
50 L 114685 K8892 L2 14.9
66 114684 SiSamrong1 L2 | 137
»n 114691 KKO7250L2 |14
—wl 114687 UT15 L2 146

*C.C.S. = Commercial Cane Sugar

Figure 1 Phylogeny tree sequencing SNPs of sugarcane 16 varieties.
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Table 1 Agronomy characteristics of 16 sugarcane varieties.

GMSA. J. Vol2(1): 37-47 (2025)

Variety High (cm) Tiller Yield C.C.S. value
(ton/rai)
uT17 243 6 14.5 14.0
LK92-11 312 7 14.3 14.0
KKO7-250 258 7 139 14.0
KK09-0857 218 6 12.7 10.5
UT15 289 6 16.9 14.6
KK09-0939 152 4 9.9 11.0
K88-92 256 5 11.36 14.9
KKO7-599 246 7 14.1 12.3
KK08-059 224 7 10.4 10.9
DOA-NS1 303 7 18.0 15.7
KK09-0941 298 10 11.9 12.3
DOA-KK3 295 6 15.8 14.4
DOA-KK4 212 6 11.7 9.8
KKO7-037 253 8 11.8 11.2
KK09-0844 279 10 13.5 11.9
Si Samrongl 227 6 18.5 13.7
Average 254.06 6.75 13.70 12.82
Table 2 Number ReadNum, SNPs and INDELs of sugarcane.
Sample ReadNum (bases) SNPs INDELs
uTtly 50,200,050 2,163,821 259,881
LK92-11 64,199,132 2,390,324 288,835
KKO7-250 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
KKO7-599 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
KKO07-037 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 3 List of the 34 genes from starch and sucrose metabolism pathway and the Sugarcane Intron

Length (SIL) Cont.

Chromosomes Position (start-end) Genes
Sho1 948865 949239 Alpha-amylase/subtilisin inhibitor;
type=mRNA
Sh01 60785236 60787255 Alpha2%Calpha-trehalose-
phosphate synthase
Sh02 21717522 21720380 Alpha-amylase
43294124 43294878
Sh02 50312168 50313843 Beta-amylase
Sh06 38180 38381 Beta-fructofuranosidase
8271558 8274605
8281155 8284931
10968156 10970020
Sho1 10907135 10907790 Endoglucanase
Sh06 10965295 10965639
16074563 16077093
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Table 3 List of the 34 genes from starch and sucrose metabolism pathway and the Sugarcane Intron

Length (SIL) Cont.

Sh01 33017718 33021182 ATP-dependent 6-
phosphofructokinase

Sho1 10976303 10980647 Glucose-1-phosphate
adenylyltransferase

Sho1 44102650 44103804 Glucose-6-phosphate 1-
dehydrogenase

44103849 44105405

Sho2 28755310 28758984
Sho3 4682232 4685187 Hexokinase
34702855 34705040
Sho6 24339191 24342711
Sh01 2318654 2319250 Pectinesterase
2321374 2321988
Sh01 13233758 13239619 Phosphoglucomutase
Sho1 8630407 8636004 Alpha-1%2C4
Glucanphosphorylase;type
Sh05 8857397 8862666 Sucrose-phosphate
synthase;type
8984005 8989096
Sho1 60785236 60787255 Alpha%2Calpha-trehalose-
phosphate synthase
Sh01 46238166 46238444 Trehalose 6-phosphate
phosphatase

46238482 46239893
46267301 46268329

Sho4 1437500 1444011 UTP-glucose-1-phosphate
uridylyltransferase
Sho4 20003628 20004292 1%2C4-alpha-glucan-branching
20004748 20010175
Sh02 50241082 50248398 4-alpha-glucanotransferase
DPE2
asunan1maas

nuidsluasaiildunsnenuiduuaiinseurguiiiounsdlunasisnvesaeiugdeeiiviusul iNaudivy

filsvounnu Sruau 16 aneiugd ibiinidvaunsathdvuvanlidmsuldluaduuadnaddduns
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Anvideuinaiudu q feulsluewenaraunsathlUliienesimennudiniusiussduihmaglasaludesls
uazdoyalassaireiugnssudeniilidulsslontdmiuwuamslunsvaeguiugnssuden wisltidudeya
dmfumadadenitugo-ul dwsuadguauuasszrnaiugiu aimuusunumneiugnasy feiiel
Angruitugnssuiini1atu (Broaden genetic base) Insodeiinsuazesdnuiiumaluladanmidunts

wazdninugiudeyaiionsusulssiuglusuansely

AnAnIsuUIENA

AdeveveuuitieideluiefiRn st luanavesaudideivlsveuuwny AvielinsuiRnuidednsa

muingusvesna
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Tulnsiau 5 w31 (Geedgn w31 0, 7.5, 15, 22.5, 30 uagdeuna 1 8031 0, 9, 18, 27, 36 Alansululnsiausiels)
suuleveanesanasinuadoy 8031 3 wae 6 Alansu P,O; Way KO sials
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ATdiea uagnandniinia nislalelulasiau yndm fuavhlinanandosunsnandnimaiintu ogsswing
20.95-22.52 Fusiels uag 2.79-3.05 duTdieanisls degenitmslilladelulasiou dwiudosne 1 wuin Sufduius
semindadevanuazadesedduinunandndes nsldadelulasiaudnsneieg Inavililaaufuniazlinay
Tinandndoaunna1aiu lnglaaufiau UT15-060, UT15-094 wag UT10-044 lvinandindosgegn winiu 19.59,
19.19 way 20.95 fusals Lﬁaﬁmﬂdﬂaiuimmu 951 18, 27 wax 36 nlansululpsiausiels audsu %quﬂﬂdw
mslallaglulasiau dwmiunendnthnna mslaelulasiau §n9 18, 27 wax 36 Alansululrsioudels Snaviils
KANAAT AR 9g58Win9 2.70-2.86 Auddieassls 3geninnislilddslulnsiou Fafu M3InNsYy
Tulnsiudmiunssanlraudessiiy UT15-060, UT15-094 uag UT10-044 Tudesuan maslddelulnsiau §ms
7.5 Alansululasiaudiels suiudevleanssauavinunaden 8951 3 wag 6 Alansu P,Os war K0 fals uavludes

mo 1 mslddelulasiau w1 18 Alansululasiausiels swuduleveanesawasinuna@on gns 3 wag 6
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Abstract

Nitrogen is important for photosynthesis, stimulation of stem growth and tillering, and sugar
accumulation before the maturation stage of sugarcane, which is related to yield, sweetness and yield
components. This research aimed to study the effect of nitrogen fertilizer on yield and yield components
of promising sugarcane clones grown under irrigated and supplementary water conditions for use as a
recommendation of nitrogen fertilizer for new sugarcane variety production. The field experiment was
conducted at Suphan Buri Field Crops Research Center, Suphan Buri province from 2022 to 2024,
covering both plant cane and ratoon cane crops. The experimental design was a split plot in RCB with
four replications. The main plot comprised of five clones/varieties of sugarcane: UT15-060, UT15-094,
UT10-044, Khon Kaen 3, and LK92-11. The sub plot included five nitrogen fertilizer rates: 0, 7.5, 15,
22.5, 30 ke N/rai for plant cane and 0, 9, 18, 27, 36 kg N/rai for 1°" ratoon cane) with phosphorus and
potassium fertilizers at the rate of 3 kg P,Os/rai and 6 kg K,O/rai.

The result showed that, for plant cane, all nitrogen fertilizer rates were affected both cane yield
and sugar yield. Cane yields ranged from 20.95 to 22.52 tons/rai and suger yield ranged from 2.79 to 3.05
tonCCS/rai, which were higher than those without nitrogen application. For ratoon cane, there was
interaction between main plot and sub plot. UT15-060, UT15-094 and UT10-044 gave high cane yield
(19.59, 19.19 and 20.95 tons/rai) and high sugar yield (2.70-2.86 tonCCS/rai) when nitrogen fertilizer was
applied at the rate of 18, 27 and 36 kg N/rai. Thus, UT15-060, UT15-094 and UT10-044 production in
plant cane should be using nitrogen fertilizer at the rate of 7.5 kg N/rai with phosphorus and potassium
fertilizers at the rate of 3 kg P,Os/rai and 6 kg K,O/rai. 1% ratoon cane should be using nitrogen fertilizer at the
rate of 18 kg N/rai with phosphorus and potassium fertilizers at the rate of 3 kg P,Os/rai and 6 kg K,O/rai
that increase cane yield, sugar yield, high nitrogen uses efficiency and economic return.

Keywords: nitrogen fertilizer, promising sugarcane, cane yield, economic return
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Table 1 Yield of sugarcane clones/varieties from different nitrogen fertilizer rates at Suphan Buri

Field Crops Research Center: plant cane in 2022/23

Clones/Varieties (A) Yield (ton/rai)
UT15-060 21.15
UT15-094 20.39
UT10-044 21.77
KK3 23.76
LK92-11 20.19
CV (A) % 10.34
F-test ns
0-3-6 19.56 b
7.5-3-6 21.89 a
15-3-6 22.52 a
22.5-3-6 20.95 ab
30-3-6 2233 a
CV (B) % 10.58
F-test *

Note: A = ns, B = *, AxB = ns, ns = non-significant, * significantly different at P<0.05, means followed by
the same lowercase letter within a column is not significantly different (P<0.05) using Duncan’s new

Multiple Range Test (DMRT)

doone 1 wuth dufduiudszuintiafundnuasadosedusunanandes Tnslnaufiruusiaglaaudd
nstadelulasiauludnsisiaiu inandaunnsnsiuegnelidedidynisada (p<0.05) Inglaaw UT15-060 11
NanAndosgean 19.19 fusisls Wedlmslatelulasiausng 36 Alansululasiausiels uagliunnsinefunislade
lulasiausng 27 Alansululnsiausiels Alvinandndos 17.36 fusiels dwsulaau UT15-094 Tnandndesgean
20.95 diugiols lefinislatelulasiausnm 27 Alanfululasiausels uarliuandnsiunisladelulnsaudng
36 uay 18 Alandululasiausiels lvnandndes 20.63 uay 18.76 Ausiols auddy dmulaau UT-044 19
nanAnSeugean 19.59 fusiels Wesinslatslulnsiausam 18 Alanfululnsiaustels uazliumnsnafunisldte
lulesiaudng 27 uag 36 Alansululasiausiols waznslailalelulasiou Avinanandes 1848 uar 18.11 dusials
MUy azTfuSsuLAY 3 uay LKI2-11 Winandndoegean 21.74 uaz 17.80 dusiels wefnnslalelulasiay

8951 36 wag 18 Alansululnsausals muasu (Table 2)
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Table 2 Yield of sugarcane clones/varieties from different nitrogen fertilizer rates at Suphan Buri Field

Crops Research Center: 1% ratoon cane in 2023/24

Unit: ton/rai
Clones/Varieties (A) UT10-044 UT15-060 UT15-094 KK3 LK92-11 Mean
N-P,0s-K,O kg/ha (B) (B)
0-3-6 1461c ABC 1201c C 13.68 cBC 15.19c AB  16.51 AB 14.40
9-3-6 16.12 bc AB 1516 b B 16.24 b AB  18.69b A 16.69 AB 16.58
18-3-6 1959a A 1659 b B 1876 aAB 1859 b AB  17.80 AB 18.27
27-3-6 18.48 ab AB 17.36 ab B 2095a A 1886 b AB  17.288B 18.59
36-3-6 18.11 ab BC 19.19a ABC 20.63aAB 21.74aA 17.52 C 19.44
Mean (A) 17.38 16.06 18.05 18.61 17.16
CV (A) % 12.50 CV (B) % 8.20

Note: means followed by the same letter within a column is not significantly different (P<0.05) using
Duncan’s new Multiple Range Test (DMRT), the different between fertilizer rate is using the lowercase
letters and the difference between clone/variety is using the uppercase letters
MnuamsneaaedludesUgnuazdesne 1 vedaaufidunnlaau/iug wudl insmevaussiels lnen1s
ladelulasiauyndnsisauiunsldleneanesawazJelnuwadon dnsnua1iinsisiau vilideslnausisu
nnlaaw/iug Srandnannninsliladelulasiau Inedesugniinanined sevin 20.95-22.52 dusiels uagdaene 1
finandnogsening 16.58-19.44 fusiels 1WuienfunisAnuvesinaun uasame (2561) finuin msugndesly
yaRuiumsiay Soringnssan? Aimsladolulasaudng 15 uae 225 Alanfululasausels Tnedinislsimen

w@sunasUandes Mlvnandndeuiintusgreiltsd1agniseda Weosanlulasiauiinuddglunszuiunig

U

@

unvedduresiivunniian warfiunuimddnlunisuanne uazn1sdavesdidos (sagns wazame, 2554)
a@onndasiu Biemon and Vos (1992) Ailfs18auin Jelulnsiouiinasienisiadyivle uazsiliienugsvosity
ity Sedinavhlidosmnlaauiug Imasyiulniifuaslinandngs uenanidosusasiugaeddnumems
asriveluiiazdasoiguasdosiiuanitediu Selleudoanmstiuarsineims T mannsaluntsgan
WaEs1MBIMIT INMTANIVEY ANN1YAY UazAe (2555) WUl deeugueuniy 3 uszdnsnnnisldde
Tulasiaugeniniug LK92-11 Feenananlsidedinsldlulnsiauluvinawindiu Seeusveunnu 3 a1unsa
aeldlulnsauuarasantnldgendniug Lko2-11 fedu nmsugndoslraufiuynlaau/iug ludesUgn msd
nsladelulasiau dnen 7.5 Alansululasiausels aududeneanssauaslnunaden §n31 3 uaz 6 Alansu
P,0s Wae K0 sols uazludesne 1 msiimslddelulasiau dns1 18 Alansululasiausiels saduleveanssa
wazlnunaldon 8m31 3 wag 6 nlansu P,0s wag KO aols srdanalilinanandosuaznananiinainiy

AUAFDNITNEN

AU (ATTLR)

Fosgn wuh Liffujduiussenintladondnuasdadeses fedlaauiisu/iugdos wasnsldde
Tulmsiaudnseineg laifimnuunnsinatunsada Taoynlaaudisusiiiogsewing 11.40-13.69 vasiiudusunny 3
war LK92-11 Huwwniliulviadfeaginitlaauddunnlaauy fe 14.82 uag 14.36 dwiunislddelulasiaunndns
$iA19g5enng 13.32-13.64 (Table 3)
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Table 3 CCS of sugarcane clones/varieties from different nitrogen fertilizer rates at Suphan Buri Field Crops

Research Center: plant cane in 2022/23

Clones/Varieties (A) CCs
UT15-060 13.69
UT15-094 13.18
UT10-044 11.40
KK3 14.82
LK92-11 14.36
CV (A) % 6.58
F-test ns
0-3-6 13.65
7.5-3-6 13.46
15-3-6 13.38
22.5-3-6 13.32
30-3-6 13.64
Cv (B) % 5.49
F-test ns

Note: A = ns, B = ns, AXB = ns, ns = non-significant at P<0.05

doane 1 wuid ldufduiusseninetadundnuazdadeses nislddelulasiaudngsineg Wienddea
Tsiumnsineiu Ategsening 14.37-14.87 dwsulaaudesfiuwiaglaau wlviAddeaunnaiuegdidedAngs

mMeada Ineugueuuiu 3 iAddieagean 15.86 luunnsinsiuiiug LK 92-11 #lvie1@@iea 15.60 wiu1nnin

Y1 A 1 '

Taaufidunnlaauillirddioaogsening 12.16-15.09 (Table 4)
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Table 4 CCS of sugarcane clones/varieties from different nitrogen fertilizer rates at Suphan Buri Field Crops

Research Center: 1% ratoon cane in 2023/24

Clones/Varieties (A) CCs
UT15-060 14.69 ¢
UT15-094 12.16 d
UT10-044 15.09 b
KK3 15.86 a
LK92-11 15.60 ab
CV (A % 5.67
F-test xx
0-3-6 14.37
9-3-6 14.87
18-3-6 14.79
27-3-6 14.68
36-3-6 14.73
CV (B) % 4.96
F-test ns

Note: A = ** B = ns, AXB = ns, ns = non-significant, ** significantly different at P<0.01, means followed by
the same lowercase letter within a column is not significantly different (P<0.01) using Duncan’s new

Multiple Range Test (DMRT)
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Ianantnaegseing 2.79-3.05 fuifioarols Seganinslladelulasauilinandmiva 2.66 fuitioa

sols winslalelulasiaudng 22.5 Alansululasiausels inandanmaldunnawnsadadunsliladelulasiau

3

1Y a o @

g dauuanaisegnadliteddgvneads lnglaaudvmunnlraulinandauinng 2.40-2.86 Auddieasisls

] )

1w 6

Fedndusaeuniy 3 (3.53 fuidioansls) wilrau UT15-094 uag UT15-060 linanantingna 2.87 uay 2.79

9

o

AudFoasials BelaunnarmnsadAniuiug LK92-11 Nlinandnuinia 2.89 fud@iaasiels (Table 5)
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Table 5 Sugar yield of sugarcane clones/varieties from different nitrogen fertilizer rates at

GMSA. J. Vol 2(1): 48-62 (2025)

Suphan Buri Field Crops Research Center: plant cane in 2022/23

Clones/Varieties (A) Sugar Yield (tonCCS/rai)
UT15-060 2.79 bc
UT15-094 287b
UT10-044 2.40 c
KK3 353 a
LK92-11 289 b
CV (A % 13.18
F-test *
0-3-6 2.66 b
9-3-6 2.95 a
18-3-6 3.01 a
27-3-6 2.79 ab
36-3-6 3.05a
CV (B) % 11.96
F-test *

Note: A = * B = *, AXB = ns, * significantly different at P<0.05, means followed by the same lowercase

letter within a column is not significantly different (P<0.05) using Duncan’s new Multiple Range Test (DMRT)

dwsudeena 1 wud lddufduiussevnintadendnuasladeses lnenisladelulasiaudngsineg dna
ilinandnnaainnuwandsiueglideddgdmneads nslddelulasiaudng 36 Alansululasiausiels
Tinandnunagen 2.86 duddeasals wavliunndsiunisladelulnsiaudns 27 uag 18 Alansululnsiay

siols MV nandnena 2.72 wag 2.70 Auddieasials auddu Wusveuwiu 3 inandntinagean 2.96 duddea

siols (Table 6)
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Table 6 Sugar yield of sugarcane clones/varieties from different nitrogen fertilizer rates at Suphan Buri

Field Crops Research Center: ratoon cane in 2023/24

Clones/Varieties (A) Sugar Yield (tonCCS/rai)
UT15-060 2.37 bc
UT15-094 2.20 ¢
UT10-044 263 b
KK3 2.96 a
LK92-11 2.65b
CV (A % 11.59
F-test xx
0-3-6 2.08 c
9-3-6 244 b
18-3-6 2.70 a
27-3-6 2.72 a
36-3-6 2.86 a
CV (B) % 10.89
F-test **

Note: A = **, B = ** AxB = ns, ** significantly different at P<0.01, means followed by the same lowercase

letter within a column is not significantly different (P<0.01) using Duncan’s new Multiple Range Test (DMRT)

Uszansnmnsldlulnsiau (Agronomic Nitrogen Use Efficiency: ANUE)

goeUgn wul1 deslaaudiaAl UT15-060, UT15-094, Wugveuuiu 3 uag LK92-11 fiuseansnmnisld

lulpsiauiieasawandngsan 209, 352, 555 uay 497 Alansunandnseilansululasiau suddv Weldde

Tulpsiausnsn 7.5 Alansululasiaunals diussslaaumay UT10-044 fuseanSainnsitlulasiauiiaasis

Handngaan 109 Alansunandnsoflansululasiau wWeldlglulasiaudas 15 Alansululasiausels (Table 7)

Table 7 Nitrogen use efficiency of sugarcane clones at different nitrogen fertilizer rates

at Suphan Buri Field Crops research center: plant cane in 2022/23

Clones/Varieties (A)

ANUE (kg yield/kg N)

N-P,05-K,O ke/rai (B) UT15-060 UT15-094 UT10-044 KK3 LK92-11
0-3-6 0 0 0 0 0
7.5-3-6 209 352 -61 555 497
15-3-6 208 234 109 263 171
22.5-3-6 79 75 -50 176 28
30-3-6 62 103 80 127 89

Note: ANUE, agronomic efficiency = (yield N¢ — yield No) / N;




Msmsinunsoyginaguinles 97 2 atuil 1:48-62 (2568) GMSA. J. Vol 2(1): 48-62 (2025)

goema 1 wuil deulmau UT15-094, UT10-044 uaziiuguauuniu 3 fiusvavsnmmslglulasouiieads
NAWARgsan 350, 284 WAy 389 Alansunardnsioilaniululnsiou Weldlullasiousng 9 Alansusiels drudes
Taaufieiu UT15-060 wagiug LK92-11 fuszansammslélulnsiauiloadamandngaqn 277 uaz 72 Alan3u

wandasienlansululasiou auandv dieldlelulasaudng 18 Alansululasiausels (Table 8)

Table 8 Nitrogen use efficiency of sugarcane clones at different nitrogen fertilizer rates at Suphan Buri

Field Crops research center: 1% ratoon cane in 2023/24

Clones/Varieties (A) ANUE (kg yield/kg N)

N-P,04-K,0 kg/rai (B) UT15-060 UT15-094 UT10-044 KK3 LK92-11
0-3-6 0 0 0 0 0
9-3-6 168 350 284 389 20
18-3-6 277 254 282 189 72
27-3-6 143 198 269 136 29
36-3-6 97 199 193 182 28

Note: ANUE, agronomic efficiency = (yield Ng — yield No) / Ng

Pnwansvaaedtudesuan asiiulidn Teau/fugdesdiulngyivszdnsamnisidhulasaulunisasn
NANANGIARTISNT1 7.5 wag 15 Alandululasiauels warludesne 1 Taau/tusdesdrluajiuszavsnwnnsld
ulasiavlunsa¥nanangsgaiisns 9 waz 18 Alansululnsiausiels IngUszdnsamnisllulasiauazanas
Flofinsldlelulanauludniiintu uasdesiusvouunu 3 fussdnsnmnsgeldlulrsauiioa awands
guan denndesiunamsAnuuesanaml uasany (2555) way Tadd wazane (2555) iwudn Seevugueuuniu 3

fusgansamnisgaldlulasinuiieadanandngindideeiug LK92-11

HAABUUNUNIAUATEFAY

Fougn wuin msndndeslaaudiiu/iugses fifinslalslulnsiousng 7.5 Alansululasiausels o
T¥naneuunuaIuial (Marginal rate of return; MRR) gsdn sesasndenisladslulnsiausas 30 uaz 15
Alansululasiausiels dwsunisladelulasiaudng 22.5 Alansululasiausels luduardunisasmu
(Dominated: D) fstiu lunisuandastgn esdinislalelulasiausng 7.5 Alansululnsausdels azsilviduen

N15ANULINTGA (Table 9)
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Table 9 Analysis of marginal rate of return of sugarcane production under different nitrogen

fertilizer rates nutrient managements: plant cane in 2022/23

Treatments Yield Total cost Income Benefit MRR
(ton/rai) (bath/rai) (bath/rai) (bath/rai) (%)
Clones/Varieties
UT15-060 20,388 28,600 22,019 - 6,581 -
UT15-094 21,766 28,600 23,507 - 5,093 -
UT10-044 21,152 28,600 22,844 - 5,756 -
Khon Kaen 3 23,760 28,600 25,661 - 2,939 -
LK92-11 20,190 28,600 21,805 - 6,795 -

N-P,05-K,O kg/rai

0-3-6 19,564 361 21,129 20,768 -
7.5-3-6 21,892 632 23,643 23,012 827
15-3-6 22,520 828 24,322 23,494 246
22.5-3-6 20,948 1,024 22,624 21,599 D
30-3-6 22,332 1,221 24,119 22,898 662

Note: D = dominated treatment, price of sugarcane (10 CCS) 1.08 baht/kg (2022/2023), cost of sugarcane
production 28,600 baht/rai, price of fertilizers: urea 26.17 baht/kg, triple superphosphate 12 baht/kg,
diammonium phosphate 28.17 baht/kg, potassium chloride 28.25 baht/kg

dogse 1 WU msndndeslrauiviu/iugoss Niinslddelulasoudng 18 Alansululasausels asl
NANBULYIUEIULN Y (Marginal rate of return; MRR) RGIY ‘iaaaﬂmﬁamﬂdﬂEJVLuImmué'mﬂ 9, 36 way 27

o
(YK

Alansululasiausials dau Tunswdndesns Arsiinisldadelulasiaudns 18 Alansululasiausals asvinlv

AUAENITAIMULINTIAR (Table 10)
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Table 10 Analysis of marginal rate of return of sugarcane production under different nitrogen

fertilizer rates nutrient managements: ratoon cane in 2023/24

Treatments Yield Total cost Income Benefit MRR
(ton/rai) (bath/rai) (bath/rai) (bath/rai) (%)
Clones/Varieties
UT15-060 17,382 14,800 18,773 3,973 -
UT15-094 16,062 14,800 17,347 2,547 -
UT10-044 18,052 14,800 19,496 4,696 -
Khon Kaen 3 18,614 14,800 20,103 5,303 -
LK92-11 16,960 14,800 18,317 3,517 2

N-P,05-K,O kg/rai

0-3-6 14,400 346 20,448 20,102 -

9-3-6 16,380 629 23,260 22,630 893
18-3-6 18,266 812 25,938 25,126 1,367
27-3-6 18,586 994 26,392 25,398 149
36-3-6 19,438 1,177 27,602 26,425 563

Note: price of sugarcane (10 CCS) 1.42 baht/kg (2023/2024), cost of sugarcane production 14,800 baht/rai,
price of fertilizers: urea 20.29 baht/kg, triple superphosphate 10 baht/kg, di-ammonium phosphate 29.04
baht/kg, potassium chloride 28.10 baht/kg
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