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Taxonomic Study of Mite Family Eriophyidae in Thailand
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ABSTRACT

Eriophyid mite is a very small pest that common eyes could not be clearly observed. The
symptoms of damaged plants caused by many species of eriophyid mites are similar to other plant
pathogens. Hence, farmers tended to use improper pesticides to control them. Moreover, most of
them are known as vector of plant pathogen and some are reported by the list of plant quarantine list
in Thailand. This study aimed to survey the important eriophyid mites and their distribution in
Thailand conducted from 37 districts, 26 provinces in Thailand during October, 2013 to September,
2015. All specimens were mounted in modified Berlese’s medium and viewed under the Olympus
BX 53 phase contrast microscope while all drawings were performed via the camera lucida attached
to the microscope. The results revealed that there were 12 species of Eriophyid mite pests i.e.
Aceria aloinis (Keifer), Aceria litchii (Keifer), Aceria longana Boczek & Knihinicki, Aceria
neopaederiae Konvipasruang, et al., Aceria sandorici Nalepa, Aceria tulipae (Keifer), Abacarus
pennatus Chandrapatya, Aculops caricae Keifer, Acalitus simplex Flechtmann & Etienne,
Colomerus novahebridensis Keifer, Phyllocoptes azadirachtae Chandrapatya and Phyllocoptruta
oleivora (Ashmead). The important eriophyoid mites that caused damage to economic crops were
as follows: A. longana caused witches’s broom on longan and the outbreak occurred throughout the
longan orchard. Phyllocoptruta oleivora (Ashmead) caused russeting of leaf and fruits of several
citrus plants. A. litchii caused erineum of litchi leaf and 4. tulipae is an economic pest in garlic
that caused leaf curl symptom in the field and caused desiccation of bulb after harvested.
In addition, A. simplex and A. aloinis were found as new record mites of Thailand. The other
important eriophyid mite that transmitting the Cadang Candang disease on coconut Aceria
guerreronis Keifer was not found in Thailand but the damage on coconut found in Thailand cause by
C. novahebridensis.

Key words : eriophyid mite, phytophagous mite, taxonomy, Eriophyidae
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AN WA, 2556 D3 DUIIYU W.A. 2558 Wﬂuliﬁslﬂiu'Nﬂ Eriophyidae V]V]TiﬁW%Lﬂﬂ@?ﬂTi
A @ lunuuaa o 3149 12 BHa 1AUA Aceria aloinis (Keifer), Aceria litchii (Keifer), Aceria
longana Boczek & Knihinicki, Aceria neopaederiae Konvipasruang, et al., Aceria sandorici
Nalepa, Aceria tulipae (Keifer), Abacarus pennatus Chandrapatya, Aculops caricae Keifer, Acalitus
simplex Flechtmann & Etoemme, Colomerus novahebridensis Keifer, Phyllocoptruta azadirachtae

£
(Chandrapatya) (tes Phyllocoptruta oleivora (Ashmead) Ta EJﬁ]ﬂ“I/ﬁgﬂﬂlgﬂiuﬁmu%omuﬂ%uﬂﬂﬂfl

Key to species of eriophyid mite in Thailand
1. Female genitalia appressed to coxae, with evident ocellar gibbosities................ccoceenvinnnne.
........................................................................... Colomerus novahebridensis (Figure 1)

-- Female genitalia not appressed to or separating coxae without evident ocellar gibbosities

2. Body vermiform, annuli subequal dorsoventrally; prodorsal shield lack a frontal lobe, or with a
slight projection over gnathoSoma base..............coviviiiiiiiiiiiiiiiiis e e (3)
-- Body usually more fusiform; prodorsal shield normally with a broad-based and rigid frontal lobe
over gnathosoma; opisthosoma typically divided into broad dorsal annuli, and narrow, microtuber-
culate Ventral AnNUIL. ......ooiet e e s 9)
3. Paraxial tibial seta [ and paraxial fastigial tarsal seta on leg I present...........................Aceria (4)
-- Paraxial tibial seta /" and paraxial fastigial tarsal seta on leg [ absent.....................cooiiinne.
....................................................................................... Acalitus simplex (Figure 8)
4. Coxisternal plates smooth, solenidion straight, slightly knobbed........................ooi

v vee e Aceria neopaederiae (Figure 5)

--. Coxisternal plate with granules or short lines, solenidion curved, knobbed or unknobbed.......

....................................................................................................................... (5)
5. Empodia 4 or 5 rayed, solenidion curved, knobbed or unknobbed......................cociei (6)
-- Empodia 6 or 7 rayed, solenidion curved, unknobbed, ..., )

/,-' &
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6. Empodia 4 rayed, solenidion curved, unknobbed, opisthosomal seta /#/ absent; median and adme-
dian lines on prodorsal shield not complete, submedian line broken, arched...................cccoeeie.
............................................................................................ Aceria longana (Figure 4)

-- Empodia 4 or 5 rayed, solenidion curved, knobbed or unknobbed, opisthosomal seta 4/ present

7. Empodia 4 rayed, solenidion curved, unknobbed; genital coverflap with longitudinal ridges
arraged in @ SINEIE TOW....... .ottt e, Aceria sandorici (Figure 6)
-- Empodia 5 rayed, solenidion curved, knobbed; genital coverflap with granules basally and longi-
tudinal ridges distally.............cooii i Aceria litchii (Figure 3)
8. Empodia 6 rayed; genital coverflap with short lines basally and smooth distally; coxisternal
plates with a few granules ..o Aceria aloinis (Figure 2)
-- Empodia 7 rayed; genital coverflap with longitudinal ridges arranged with in a single; row; coxi-
sternal plates with numerous short lines.................cooiiiiiiiiiiiie, Aceria tulipae (Figure 7)
9. Scapular setae usually with well-formed, often plicate, scapular tubercles placed ahead of rear
shield margin, directing setae forward, up or centrad; if scapular tubercles and setae are near rear
shield margin, then tubercles are subcylindrical and bent forward or the alignment of their bases is
longitudinal or diagonal to the body...........o.oiiiiiii (10)
-- Scapular setae with scapular tubercles on or very near the rear shield margin, directing setae to
rear, usually divergently; scapular tubercles either subcylindrical, or the alignment of their bases is
transverse t0 the DoAY, ... .. ..., (11)
10. Opisthosoma with a wide middorsal longitudinal furrow; genital coverflap with granules
basally and longitudinal ridges distally; empodia with 5 rayed................coooiiiiiiiiiii .
vt evveveen. Phyllocoptruta oleivora (Figure 9)
-- Opisthosoma evenly rounde dorsally; genital coverflap with two transverse rows basally and
longitudinal ridges arranged in single row distally; empodia with 4 rayed..................c.cooiiie
............................................................................ Phyllocoptes azadirachtae (Figure 10)
11. Opisthosoma evenly rounded; genital coverflap with three transverse lines basally and
longitudinal ridges distally; empodia with 7 rayed............................ Aculops caricae (Figure 12)
-- Opisthosoma with 5 longitudinal ridges with spine-like tubercles; genital coverflap subtriangular
with two central and 4 diagonal striae; empodia with 6 rayed...............ooooiiiiiiiiiii e

.................................................................................... Abacarus pennatus (Figure 11)
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Family Eriophyidae Nalepa, 1898

Subfamily Cecidophyinae Keifer, 1966

Tribe Colomerini Newkirk & Keifer, 1975

Genus Colomerus Keifer, 1964

0L AU (Type species): Eriophyes gardeniella Keifer, 1964. Keifer, 1964.
Eriophyid Studies B-12 Bur. Ent., Calif. Dept. Agric. 1-20

1. Colomerus novahebridensis Keifer, 1977
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Tribe Acariini Amrine and Stasny, 1994

Genus Aceria Keifer, 1944

A0ENIA MDY (Type species): Eriophyes tulipae (Keifer, 1938); Keifer, 1938: Bull. Cal.
Depat Agr. 1. 27:181-206

2. Aceria aloinis (Keifer, 1941)

Eriophyes aloinis Keifer, 1941

Aceria aloinis (Keifer, 1941)
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3. Aceria litchii (Keifer, 1943)
Erineum sixtaliae Corda, 1840
Eriophyes chinensis O’Gara, 1916
Eriophyes litchi Keifer, 1943
ANUN WU UN V1Y (Relation to host)
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4. Aceria longana Boczek & Knihinicki, 1998
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5. Aceria neopaederiae Konvipasruang, Chandrapatya, Amrine, Ochoa, Bauchan and
Pratt,2012
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6. Aceria sandorici (Nalepa, 1914)
Eriophyes sandorici Nalepa, 1914
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7. Aceria tulipae (Keifer, 1938)
Eriophyes tulipae Keifer, 1938
Aceria tulipae (Keifer, 1938)
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8. Acalitus simplex Flechtmann & Etienne, 2002
0L AU (Type species): Acalitus ledi Keifer, 1965. Keifer, 1965. Eriophyid
Studies B-14. Bur. Ent., Calif. Dept. Agric. 1-20.
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Subfamily Phyllocoptinae Nalepa, 1892

Tribe Phyllocoptini Nalepa, 1892

Genus Phyllocoptruta Keifer, 1938.

A0ENIA UV (Type species): Typhlodomus oliioorus Ashmead, 1879; Ashmead, 1879.
Can. Entomol., 11(18):159-160

9. Phyllocoptruta oleivora (Ashmead, 1879)
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Phyllocoptes Nalepa, 1887

AENIANIIL (Type species): Phyllocoptes carpini Nalepa, 1887: Nalepa, 1887:115-165

10. Phyllocoptes azadirachtae Chandrapatya, 1992

Phyllocoptes azadirachtae Chandrapatya, 1992: Bozek & Chandrapatya, 1992
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Tribe Anthocoptini, Amrine & Stasny, 1994

Genus Abacarus Keifer, 1939

AI0ENIA UYL (Type species): Calepitrimerus acalyptus Keifer, 1939; Keifer, 1939:
Bull. Callif. Dept. Agr. VII. 28: 485-505.

11. Abacarus pennatus Chandrapatya, 1991
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Genus Aculops Keifer, 1966

Type species: Vasates populivagrans Keifer, 1953; Keifer, 1953, Bull. Calif. Dept.
Agr., XXI. 42:65-79.

12. Aculops caricae Keifer 1977
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Figure 3 Aceria litchii (Keifer) Figure 4 Aceria longana Boczek & Knihinicki
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Figure 5 Aceria neopaederiae Konvipasruang, Figure 6 Aceria sandorici (Nalepa)
Chandrapatya, Amrine, Ochoa, Bauchan

and Pratt

Figure 7 Aceria tulipae (Keifer) Figure 8 Acalitus simplex Flechtmann & Etienne
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Figure 11 Abacarus pennatus Chandrapatya Figure 12 Aculops caricae Keifer

Abbreviation
D = dorsal view of female; L= lateral view of female; CV = ventral view of cauda; ES = side skin of
structure; GF = female genitalia; IG = internal genitalia; GM = male genitalia; L1= leg I; L2 = leg II;

E = empodium; S = solenidion
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Figure 13 The damage symptoms of plant. A) whitish to brownish triangular scars of fruit on
coconut; B) inflorescence gall on Aloe vera; C) Erineum on litchi; D) Witches’brooming on

longan; E) Desiccation on garlic covest; F) Erineum on ruellias
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Development on Screening Technique for GM Papaya
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ABSTRACT

The aim of this study was to develop a screening technique in order to identify different
genetically modified (GM) papaya events by polymerase chain reaction (PCR) with specific primers.
Experiments were conducted at the laboratory of GMO detection and analysis, the department of
Agriculture from year 2012 to 2015. Nucleotide sequences of cp gene encoded the coat protein (AUS-
PRSV-CP, Hawaii-PRSV-CP, Taiwan-PRSV-CP-YK, THAI-DOA-PRSV-CP and THAI-KU-PRSV-
CP-CM2) of the papaya ring spot virus (PRSV) and glucuronidase gene (uidA) were fetched from a
genebank and compared using Blast. Three pair of specific primers (CP_F-all/CP_R-all,
CP_FTT/CP_R2, CP_FHA/CP_R2) was designed on the ¢p gene, while a pair of specific primer
(GUS_F/GUS_R) was designed on uid4. All specific primer pairs were then used to screen GM
papaya and identify its event by PCR. Felidity of the specific primers and the method were
reconfirmed by Real-time PCR. Result showed that the specific primer pair (CP_F-all/CP_R-all)
could screen all GM papaya events. The specific pair of primers (CP_FTT/CP_R2) could screen only
Thai events (PRSV-KU and PRSV-DOA), while the specific primer pair (CP_FHA/CP_R2) could
screen only one Hawaii event (PRSV HA-55-1) and the primers (GUS_F/GUS_R) could screen both
Hawaii and Thai events (PRSV HA-55-1 and PRSV-DOA). Next, surveying and sampling papaya
from farmer fields of registered good agriculture practice (GAP) and of non-registered GAP and
farmer fields of growing papaya for export were done. Papaya samples were screened and identified
with these four pairs of specific primers and the method previously described. It was found that

PRSV-KU were the most abundant which took in an account of 40.7%, while PRSV-DOA, PRSV
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HA-55-1, the hybrid of PRSV-KU x PRSV HA-55-1 and unidentified events were 13.67, 1.17, 0.08
and 46.37%, respectively. Phylogenetic analysis of ¢p sequences of all GM papaya samples and those
of all GM papaya events from the gene bank revealed that GM papaya events could be divided into
4 clades; PRSV-KU, PRSV-DOA, PRSV-YK and PRSV-Hawaii.

Key words : genetically modified papaya, screening, DNA, PCR
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Ugnuzaznouoidaioon 5T wa. 2555 D9 et 2558
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Table 1 Specific primers used for identification of different lines of genetically modified papaya

e .. vNAvestud | meuguzazne
4 .. drduiianalelnavesglnsmeidums . . oo
¥Yoq lnsneidums wuemands | daudsitugnssu
5—>3) 2 .
(bp) Fagndwwun
CP_F-all/CP_R-all | 5-GCTTTCGACTTCTATGAGGTGA-3’ PRSV-KU, PRSV-
5°-ACATCTTCCACTGTGTGTCTCT-3’ 107 DOA 118 PRSV
HA-55-1
CP_FTT/CP_R2 5’-GAGAGAGATAGAGATGTCAATGCC-3’ PRSV-KU 1oy
325
5’-CCATCCATCATCACCCAGAC-3’ PRSV-DOA
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3 g laun a1eWug PRSV HA-55-1, PRSV-DOA tiag PRSV-KU &3 l41iluanenngo149a

o Y o | v A an g 9

(dmFueneViug PRSV-YK uaz PRSV-Aus iannsanaaey laiiesnn lulidiwueduninves 2

o A T ° o 1
aMeWugil) g msweisumzne 4 g (CP_F-all/CP_R-all, CP_FTT/CP_R2, CP_FHA/CP_R2

A £ I3 o w
118z GUS_F/GUS_R) s atiui/SunasFufiiauevesdu cp y11a 170, 325, 325 awd ey uag

B uidd ¥ 409 grua ldnunaanda (Figure 2)
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Hawaii-PRSV-CP
Taiwan_PRSV— CP-YK
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AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV-CP-YK
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THAI-KU—PRSV-CP_CMZ
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AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
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THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2
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Hawaii-PRSV-CP
Taiwan_ PRSEV-CP-YK
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THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP

(119)
(192)
(201)
(142)
(138)

(169)
(242)
(251)
(192)
(188)

(219)
(292)
(301)
(242)
(238)

(269)
(342)
(351)
(292)
(288)

(319)
(392)
(401)
(342)
(338)

(369)
(442)
(451)
(392)
(388)

(418)
(491)
(500)
(442)
(437)

(468)
(541)
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--------- ATGGACAAATCTGARTCARACCAGTGCTGGTCGTAACCATCG
TCGAGAAGCACTGACAATCATCAATTAACCCGCGGCAGTAATACACATGT

ACGTCGTCRA
GTTTCACCRA

CP_FTT/CP_FHA

251

301

23




Taiwan_PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

651 700

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

751 800

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2 AGAGACACACAGTGGAAGATG'

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

AUS-PRSV-CP
Hawaii-PRSV-CP
Taiwan_ PRSV-CP-YK
THAI-DOA-PRSV-CP
THAI-KU-PRSV-CP_CM2

Figure 1 Comparison of nucleotide sequences of ¢cp among different isolates of PRSV.
1 indicates the position of the primers (CP_F-all/CP_R-all) designed.

[ indicates the position of the primers (CP_FTT/CP_R2 and CP_FHA/CP_R?2 ) designed.
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fAud 10 11 12 13 14 15 16 17 18 19

_——— e —_—— - = <+—170 frud

Handnfigenvesdulusiuvieineunaveadelifanduaseisiedlnsiwes CP_F-all/CP_R-all Tufiegrsuzazneafivuingu
AAniaUszInm 170 Aiuauadil 1 Aduennsgu ; 100+1,500 Awamduieuaniaes, wndfl 2-14 fegraurasne, uaail 15
uzarnoRnwUTuUgNIsHAIBiug PRSV HA5-1, unafl 16 uravnadnulsiugnssuanewiug PRSV-DOA, ol 17 uzaznadn

wUsiugnssuateiug PRSV-KU, waail 18 ugaznaunf, wadil 19 Uinaudiseinie

T uB S A0 =il 1233 141516 17

500

300 <—325¢qwua

200

Handnfigensvesdulusiuvierinounaveadelifanduassisedlnswes CP-FTT/CP- R2 andegweazne dvuindu
AAnialszang 325 Alaundfl 1 Adueunsgy; 100+1,500 Aiudidueuanaes, uadfl 1-12 feguzazne, waail 13
uzaznoRnwUsIugNIsHaIeiug PRSV-DOA, unifilduzaznadnulsiugnssuaneniug PRSV HA-55-1, waafl 15 wugaznadn

wUsiugNIsuaEWUg PRSV-KU, Wil 16 uvagnaunf, wadfl 17 Winauileeniae

o
1 23 456 7 8 910111213 141516 1718 19 20 21

«—325¢tud

Handniidorsvedulusiuvieviuounaventelifandunmeivneginsiues CP-FHA/CP-R2 andiedhewagne dvundy
Aanialszang 325 Auauadfl 1 AduensgIu ; 100+1,500audidueuanaes, uaifl 2-16 fegwzazne, waail 17
ugaznafaulsiugnssuaeiug PRSV-KU, waafl 18 uzagnadnuusiugnssuateiug PRSV HA-5-1, uadfl 19 uzaznodauys

WUFNTIUALIUS PRSV-DOA, Waafl 20 uzaznaund, unaf 21 Uinauileaniie

SEESE s TR0 101112 13 1415 16 17 18 19 20

409¢wua

a a

HoanAnfidensvetu uidA iduaszvidneginsued GUS_F/GUS_R 1ndetwgaznafivinndunanisUszana 409 glua
W0l ADUeIAIEIY; 100+1,500 Auuaridueuanaes, wadfl 2-14feteeazne, wanil 15-16 uzaznanauUsiugnssy
aefug PRSV HA-55-1, uaafl 17 uzarnedauUsiugnssuaiewus PRSV-DOA, uaifl 18 uraznednwdsiugnasuanenug

PRSV-KU, 40791 19 ugaznauni, ko 20 inauieeinie

Figure 2 Eletrophoresis of c¢p and uidA amplified with the four specific primers
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Table 2 Sensitivity of detection of 3 genetically modified papaya events by PCR on the lowest of

detection (LOD )
f1 LOD N15A37980UNZazNe GMOs uAazaeiug
dlwsnies PRSV-KU PRSV-DOA PRSV HA-55-1
N unN) @ unsu) @ uns)

Papain_SF/Papain_3R 0.5 0.5 0.5
CP_F-all/CP_R-all 0.5 0.5 5
CP_FTT/CP_R2 5 5 -
CP_FHA/CP_R2 - - 5
Gus_F/Gus R - 5 5
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11,135 10819 wuIwzaznoaaudsiugnssulinisuninszateodluninmile n1n

Az IURNIRBAUNIID NANZIUDBN tazAAna1d uadd lunumsuninszaelunmald manny

MIUNTNTZIUBINZAZNOAALLSTWUEFNITUNINNGARDNIANAII (Table 3) Haziifpoazvoq

yzaznoaalsHUFNTTUFWNTNTZ1008 1UIABZ 191 IR (Table 3)

Table 3 Dispersal of genetically modified papaya in different parts of Thailand during year 2012 to 2015

SMUeERATI | % feafinsi
d1aun IHIA Sunuiegaiidse | wunzaznedamls | wunzaznedaus
UENTIN UENTIN

MAe

1 AUNAUNYT 14 1 7.1

2 1389510 109 5 4.6

3 e Ina 40 1 2.5

4 A 101 5 5.0

5 | unsansA 8 6 75.0

6 | Wugylan 10 3 30.0

7 R 3 1 333
mangTueanifaaiile

8 | mwaug 1,760 24 1.4

9 UATIIVAN 33 1 3.0

10 | ynaIms 2,361 157 6.6

11| daaziny 430 275 64.0
MANANY

12| NuNNA 7 1 14.3

13| Maauys 695 76 10.9

14 FouUM 137 41 29.9

15 | uasiyw 1,541 24 1.6

16 | wumy3 74 7 9.5

17 | dnusn 686 39 5.7

18 | Uszewdsdus 673 289 429

19 | 313 276 128 46.4

20 | 91915 387 55 14.2

21 | awis 452 29 6.4

22 | A3z 296 6 2.0
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THiluaenugo190waz 11 mANUA LT NI TAIUIN1S 1A7T Poission correlation WA

Y
@]’J’é]fJ'NiJ%EWﬂﬂﬂﬂllﬂiwu‘ljﬂﬁiuu151u’3u 10 G]’J’t)fl']\iﬁflﬂ’ﬂuﬁwwugﬂﬂhgﬁgﬂ@ﬂﬂllﬂi

@

o a ¥ o
UFNITUEWWUTO1DINT 4 0WUT (Figure 3)

r KP1
I 4391
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I 5638
I 5925
5426
F PRSV-KU
I 6018
g2 F KP7
- 4980
- KP6

DOA
241 PRSV-DOA

PRSV-YK
PRSV-Hawaii

il

00 003 RE X 0
Figure 3 Phylogenetic analysis of 10 samples of genetically modified papaya with 4 reference
events of PRSV by comparison of nucleotide sequences of ¢p. Distance calculation using Poission

correction by Neibor-Joining with boot strap 1000
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Development on Saponin Extraction from Rambutan Peel and Its Efficacy Test
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ABSTRACT

Development on saponin extraction from rambutan peel and its efficacy test was carried out
aiming to gain the most effective technique for this. Hence, agricultural waste as such rambutan peel can
be utilized. The research was conducted at Chanthaburi Horticultural Research Center during September
2011 to October 2014. It was included testing and verifying of extraction techniques, identification and
quantification of saponin, and efficacy test of saponin. Two extraction techniques, soaked and reflux
extraction, using 3 solvents, 70% ethanol, 70% methanol and distilled water, were compared. The crude
extract of which rambutan peel obtained from reflux technique compared with soaked extraction technique
for nine days showed that higher the extract dry weight 44% and 33% for only nine hours.The extracts
were identified as triterpene and steroid saponin by FTIR. Spectrophotometer was used to quantify the
amount of saponin which the reflux extraction using 70% methanol yielded the highest saponin (422.05
mg/g). Therefore, it is the most effective extraction technique as it yielded more amount of saponin than
distilled water and 70% ethanol reflux methods, 23% and 14% respectively. Efficacy test indicated that
applied saponin solution at 2,000 and 4,000 mg/L to channeled apple snail (Pomacea canaliculata) could
effectively kill the snail within 12 hours. Moreover, when mixed saponin with PDA at 2,000 mg/L, it
could effectively inhibited growth of the 3 fungal pathogen, Phytophthora palmivora, Colletotrichum spp.
and Marasmius palmivorus Sharples compared to control.
Key words : crude extraction, reflux extraction, ethanol, methanol, distilled water, crude saponin,
spectrophotometer, efficacy test, Pomacea canaliculata, Phytophthora palmivora, Colletotrichum spp. and

Marasmius palmivorus Sharples
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(Hostettmann and Marston, 1995)
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NOOE I“E
L] 1 Y
L T
Ly ) Tigagenin
Triterpene class Steroid class Steroid alkaloid class

Figure 1 Chemical structures of 3 groups of saponin
a <3| LA o o = 1 a J . . =
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[ a 1 4 1<
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. . . . . . o Y <3| A~
ginsenosides Rb2, ginsenosides Re la¥ ginsenosides Rd (Gyeong ef al., 2010) ﬂﬂﬂﬁmﬂuﬁgu"lwmu

a a o v W ' Qd { I v
Yszansnmlumaiiasnelsn Taelilgnstefseniusuasie
RO~

HQ‘/T\L/Q -

21
0\~ \'\:/o\g/n\/z‘\z;,_;s
OH 0 2

OH 2

gnsercsda Rb, (1) : R = £-0-ghuo

28 ginesccsice Rb, (2) R = o4 "

gnsercsde Re (3)° R = o-L-arabinohwanosyt

gnescosca Rd (4): R=H

Figure 2 Chemical structure of ginsenosides from ginseng roots
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Figure 3 Molecular structure of Camellia oleifera abel saponin
a oA Q(Q/ é‘ o Q( 1 a a dy
A TUUNNTANUFDI dUgNT (2547) 18U T HuINNI nAdUANER S 1auHe Taa Ty
{ ' ' <]
AATOLUBY 1B Collectotrichum 1Az Phomopsis auvg lsawaniwaz linluga Tasunsn lawgiang
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2. agas Ty saponin (composition 8-25%) ta digitonin (50% TLC)
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ATTUIDN 6 ANAUVVNAY reflux 1aald 70% methanol udIazare
o v o XA 9 A A ) o
Tasns31751 2-6 1801391 MInageulpIduNeANEITZ ez ANz autay ldasanane
1531310 AuaAd 1 U Tablew NN 1 ag 2

v Y )
ANALUULY (NFTUITN 1, 3 AL 5) IABUFATIAL 3 11 3 ATI 5N 9 TU

v H v Y v Y v
AnNALLUNAY reflux (NFTNITN 2, 4 11AE 6) TANAUATIAL 3 ¥ TNI 3 ATI 5L 9 ¥ T4
ad
IEMs

=3

~ @ 1 ) A R4 ~ @ v o 3 A a o Y
1. NMILATINNIDYIY umJaE)ﬂmzWuﬂimﬂuclummmuwmiz SINULNYT 5 ﬂiaﬂiil an

El

) s g £ a A = Yy 9 ¥ 1 o v A
114@’3’8)1@ ﬁmﬂu%mmﬂ 0.5 LFUUUAT DUN 50-60 mmmamaama@ammamumﬂummmm

= ] A Y I ' A @ an
UaneLloya lL“UQl"].IﬁE]ﬂNW%“UﬂLLWQE]E]ﬂlf]_]u 6 GIU INDANATITATNUNTTUID
@ a . . o A 4 any [
2. miﬁﬂﬂﬁﬁ%ﬂﬂuu (extraction ofsaponln) %QlﬂaﬁlﬂquWﬂﬂﬁN’J‘ﬁaz 100 NN
o an [} an A "y . .
2.1 ﬁﬂﬂiﬂﬂ’)‘ﬁf‘ﬂil!ﬂf (NTTUADN 1, 3 1AL 5) UFAWA1TaLa1Y 70% ethanol distilled
Y
Aa aa [ o I [
water 8% 70% methanol lﬁ'iﬂ@]i 1,000 ¥aaaa s va1Iuae 2 AN UI1U 10 ‘1«1']‘71 Lﬂu&')ﬁ? 39U
2.2 anaTagIsMINAUULY reflux (ATTUIDN 2, 4 1AL 6) NAY reflux AIE1TALAY 70%
. A aa I o
ethanol distilled water 418 70% methanol U511015 1,000 Wanang a3 5 Tug
g’/ o { 4 @ ?,’ Z @ o
N 2.1 Lag 2.2 ‘Ll"lﬁﬁﬁ%ﬁ?ﬂﬁllﬁ}ﬂiﬂﬂﬁ?ﬂﬂi?ﬁﬂ?ﬁﬂiﬂﬂmﬂi 1 DA% 3 AT TEINYNINIETAY

a

A ~ 3 Yy v Yy A
U 40 DIA T ALYYE ITIMIUIDDNAIYADVANIDUNYUN N

U

28N ﬁ’aa rotary vacuum evaporator ‘ﬁqmwg
50-60 BeFIBATEAIULTTY Fovinansanareui 1a
o Y a a2 < . . . A = a a o @
3. M A s TUHuUS 0T (purification of saponin) tWaANIBHAYE I 11U hasdna
[ <3 3‘/ o g’; ¥ [
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Table 1 The dry weight of the dried rambutan’s peel extract 100 g extracted with solvents

Treatment Extract dry weight (g)
70% ethanol soak 42.47 be
70% ethanol reflux 51.63 a
distilled water soak 35.89 cd
distilled water reflux 28.46 d
70% methanol soak 45.91 ab
70% methanol reflux 47.74 ab
LSD 0.05 *x
CV (%) 7.98

Table 2 The dry weight of the extracts when extracted with diethyl ether and n-butanol

diethyl ether n-butanol layer water layer including % lost substance

Leeuneny layer (g) (2) (2) 3 layers (g) (2)
70% ethanol soak 0.13 10.03 ab 8.6lc 38.73 ab 8.79b
70% ethanol reflux 0.17 12.80 a 8.6lc 4737 a 8.28b
distilled water soak 0.16 8.49 be 13.69 a 29.25 be 13.10a
distilled water reflux 0.14 5.16 ¢ 12.88 b 26.32 ¢ 14.55a
70% methanol soak 0.18 8.69 be 8.64 ¢ 4242 a 7.66 b
70% methanol reflux 0.16 9.19 ab 8.64 ¢ 44.03 a 7.85b
LSD 0.05 ns *x *k * *k
CV (%) 13.04 17.95 3.08 11.47 13.34

Table 3  The height of the bubble of dried rambutan’s peel crude extract and n-butanol extract and water layer

compared with saponin and digitonin

rambutan’s peel n-butanol class water layer
Treatment

extract(cm) (cm) (cm)
70% ethanol soak 231 be 2.63 ab 1.74d
70% ethanol reflux 247D 2.45 abc 1.76 d
distilled water soak 1.76 cd 1.93 be 191¢
distilled water reflux 1.80d 1.68 ¢ 1.36 f
70% methanol soak 2.14 bed 1.67c 1.17¢g
70% methanol reflux 1.66 d 2.04 be 146 ¢
saponin 3.08a 3.08a 3.08b
digitonin 324a 324a 324a
LSD 0.05 * * *
CV (%) 11.60 15.36 1.91

/.. =
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Table 4 The extracts color of type testing of saponin by Liebermann-Burchard test

Treatment n-butanol layer water layer

70% ethanol soak green magenta
70% ethanol reflux green magenta
distilled water soak green magenta
distilled water reflux green magenta
70% methanol soak green magenta
70% methanol reflux green magenta
saponin magenta

digitonin green

Table 5 The light absorption at 550 nanometer and saponin content (ug/ml) calculated from the absorbance of

the extract concentration 1/1,000 1/500 and 1/100

Extract Abs. 550 nm Saponin content (ug/ml) abs. calculated
distilled water reflux1/1000 0.02 335,229.51
distilled water reflux1/500 0.04 389,778.69
distilled water reflux1/100 0.15 301,706.56
70% methanol reflux1/1000 0.02 456,229.51
70% methanol reflux1/500 0.04 403,663.93
70% methanol reflux 1/100 0.20 406,242.62
70% ethanol reflux 1/1000 0.02 372,918.03
70% ethanol reflux1/500 0.04 372,918.03
70% ethanol reflux 1/100 0.18 365,578.69

Table 6 The weight extract and volume of total saponin

Weight extract Total saponin Total saponin
; Weight extract )
(g/ 100 g dried (mg/ 1 g extract) (mg/ 1g dried
Treatment :
(extracted with
rambutan’s peel) rambutan’s peel )
buthanol (g))
70% ethanol reflux 40.19b 25.09 a 370.47 ab 92.95a
distilled water reflux 2424 ¢ 6.07 ¢ 34224 b 20.77 ¢
70% methanol reflux 4397 a 19.95b 422.05a 84.20b
CV (%) 0.10 0.48 8.18 5.76
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Table 7 The average diameter of fungal colonies Marasmius palmivorus, Phytophthora palmivora and
Colletotrichumat day 1, 3 and 5 on PDA mixed with crude saponin extract from dry rambutan’s peel
at various concentration

The average diameter of fungal colonies at various concentration (cm)

Concentration

Marasmius palmivorus Phytophthora palmivora Colletotrichum
1 day 3 days 5 days 1 day 3 days 5 days 1 day 3 days 5 days

0

.. 095b 537D 9.00 ¢ 1.33¢ 6.67 ¢ 9.00c 0.88Db 323¢ 4.10¢c

yaansu/ang

1,000

- .o - 0.87a 220a 3.03b 1.07b 5200 8.16 b 0.62a 1.97b 2.83b

uaanIN/ansg

2,000

. .o A 0.87 a 2.27a 2.76 a 0.90 a 413 a 7.50a 0.63a 1.73a  2.13a

yaansu/ang

CV (%) 3.27 2.82 0.78 4.46 2.61 2.70 2.84 1.24 2.88

9.00 cm. is the fungal colonies full up petri dish

Concentration Marasmius palmivorus Phytophthora palmivora Colletotrichum

0 Haansu/ans

1,000 Naansu/ans

2,000 Haan5u/ans

Figure 4 Fungal growth bioassay of Phytophthora palmivora, Colletotrichum sp. And Marasmius

palmivorus Sharples at day 3 on PDA mixed with crude saponin extract of dry rambutan’s peel at various

concentration

Figure 5 The bubble height of the crude saponin extract
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Figure 7 The FTIR spectra rambutan’s extract, saponin-AR extracted 70% Ethanol Reflux, saponin-

A extracted 70% Ethanol Soak, Digitonin-Sigma and Saponin 8-25% saponin standard

Figure 8 The FTIR spectra rambutan’s extract, saponin-WR extracted 70% Water Reflux, saponin-

W extracted 70% Water Soak, Digitonin-Sigma and Saponin 8-25% saponin standard

Figure 9 FTIR spectra rambutan’s extract, saponin-MR extracted 70% Methanol Reflux, saponin-M

extracted 70% Methanol Soak, Digitonin-Sigma and Saponin 8-25% saponin standard

Figure 10 The death of channeled apple snail when soaked in water mixed Appendix Figure 1 The reflux extraction

with saponin rate 0, 20, 40 and 80 g per 20 liter water
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Appendix Table 1 The dry weight of the dried rambutan’s peel extract 10 g extracted with 70% ethanol soak

Extract dry weight (g)
treatment
1 2 3 4 average
70% ethanol soak 1 day, 3 times 0.82 0.36 0.05 0.01 0.31
70% ethanol soak 2 days, 3 times 1.18 0.50 0.19 0.02 0.47
70% ethanol soak 3 days, 3 times 2.47 1.15 0.46 0.07 1.04
70% ethanol soak 4 days, 3 times 2.56 1.15 0.45 0.08 1.06
LSD 0.05 *x o *% *% -
CV (%) 1.10 1.46 2.14 13.07 -
Appendix Table 2 The dry weight of the dried rambutan’s peel extract 10 g extracted with 70% ethanol reflux
Extract dry weight (g)
treatment
1 2 3 4 average
70% ethanol reflux 1 hour, 3 times 0.84 0.42 0.08 0.02 0.34
70% ethanol reflux 2 hours, 3 times 1.30 0.65 0.26 0.06 0.57
70% ethanol reflux 3 hours, 3 times 2.59 1.44 0.62 0.16 1.20
70% ethanol reflux 4 hours, 3 times 2.60 1.50 0.60 0.15 1.21
70% ethanol reflux 5 hours, 3 times 2.63 1.56 0.61 0.16 1.24
A 1.01 1.90 3.03 9.96 -
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Research and Development on Suitable Tapping System for

Rubber Clone RRIT 251 in the Area of the Upper South
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ABSTRACT

Research and development onsuitabletapping systemfor rubber cloneRRIT 251in the area
ofthe Upper south Thailand has been conducted at Krabi Agricultural Research and Development
Center. The objective of this study was to investigate asuitable tapping system of rubber clone
RRIT 251.The experiment was started fromOctober 2010untilMarch 2015withrubber clone RRIT
251 eight years old (planted in 2002). RCB experimental design was used to compare the effect of
seven tapping systems:S/2 d2 (control),S/2 d1 2d/3,S/2 d1 3d/4, S/3 d1 2d/3,S/3 d1 3d/4,S/3 dl1
andS/4 d1,were conducted withthree replications.The results showed that S/2 d1 3d/4 provided the
highest yield 0f503.90kg/rai/year, followed by S/3 dl of471.53kg/ rai/year. Based on rubber
production factors: yield, tapping days, laborcosts, bark consumption areas, tapping panel dryness,
tapping age andnet income, the most suitable tapping system for RRIT 251 in the Upper South
area,with the average 131 rain day/ year, was S/3 d1 and S/4 d1.

Key words : Hevea brasiliensis, RRIT 251, Tapping system, the upper South of Thailand
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AANDY 2038 EUANAT LAZMINTAMHITUFUDIAIAY (S4) NUAURDY 15.71 KUANAT (Table 3)
d .
2.2 ANNGIVRI308N3A (height tapped cut length)
~ < o [ ~ T A A v o o
ANNFIVD9308MTA 1T UHA TABATININTINIUIUNTA (d: day) WD MIRTARAADAUNATY
(d1) BAIANUGIUDITOENIAMAEA0Y gaNga 43.05 UAATADY T9909N1AB MInTAAAADNY
(% Y é (% A A 1 [ [} 9 é (% d‘d =
AUIUAUNTITY (1 3d/4) HAZMINTAAAABNUADITUIIUNHITY (d1 2d/3) NUANNGIVDITRENIA

=

d' 1 [ % a = a L= o w d‘ = dl? [ 9
MAYNDUMINDY 38.05 UAIATADL LAY 34.76 LEUAATADL MUEIAD VULNNMTNIANUIIUNIY

=K o ISP G o

NHITY (d2) UAINNUGIVDIT0NIAMABAINGA 28.58 [EUANATABL (Table 3) AUNANNINIA

v A

a v ] U = { I A o [ = 1
Aanpnunniu Jannugeuessosns mnniiga Wunaunnnms szuunianliswauiuniane
= ) @ o [ v J ]
Vuniiued (Table 1) 1A% (2529) TIWNUNANIANEITZVUNTATINTUGWHUE RRIM 600 11 N3
= a 1 v [ s 1 ~ d‘ d' a =} A =)
N3AAAABNUNNTY UAINNUGIVDITOUNTAGINGANAY 554 IFUANATADY 5090901AD N33 A
a 1 @ @ Y - Aa G A a 1A A A 1 %
AAapNUAININIUNLIIU NTANNGIVOITBENIAMAY 41.9 IEUAATABY azMINTARAADAY
@ Y 2 o Ao =~ A a 1A A ~ 2 o Y & W
ABITUAUMHIIUNNAYINGIURITRENI ARAY 38.9 UAWATADL] YuzNMINTANHIIUIUKHLIY
A = A A a T @ = A =
HAmnugeuessosns amasiied 28,00 wuAaIAoY ¥ laena lUmsniaeianisiinnugeves
G ﬁ' 1 =1 1 o =) 1 =S a (-7
FUNTAMATADLININY 25-30 IEUAATABY (WANE, 2551)
A A 2 A A .
2.3 nunanuauasalaesn (bark consumption area)
&‘ A Qy = A I U 1 =) o
nunaNuaulasaasn HuHaTINIZHINANNEIIVBITOINTAN VAN FIVDITOY
~ 1 j‘ ~ 2 A A ~ = o Y A A 1 o [ k) =Y
A3A WU NUNANNAUYAUU 0N UDITLULNTAATIAINU/NTAAAADN U INIUNUNTIITY
S Qy = = d‘ a L= A
(S/2 d1 3d/4) umanuaulasaldenuiniga 1,203.37 M1 UANATADY 599091170
v | Yy
S2UUNTANTISIAU/NTAAAAD A UABIT U UNTIATY (S/2 d1 2d/3) Tanuaunlasailaen
A VAo o ~ & A o ¥ A a 1o )
1,020.06 M51asudaIaolldmivscuunianialudvosdidu/niadanenunniy (S/4 di)
Y 1
Hanuaunlaswldentesiiga 695.33 msraaudmasaeil (Table 3)
24 %°114’J‘1ﬁjﬂ%ﬂ(Number of tapping year)
o S A A =~ Y v 7 1 ~
U NTANT01gNITNTAVOIAUINWUF RRIT 251 1IANITNAADINDI 35VUNTA
= A o v A A T W @ A o A A A ~ A
ninluguesdidw/nsafaaenunnIu (S/4 di) Iwaulniauiniga 22.15 1 s09a9u1a0

~ ] o Y A A 1 (% @ 9 2 o G &
53‘]JUﬂiﬂ‘l’iu\i‘ILlﬁ”IEJa”I?I‘Ll/ﬂiﬂ@]ﬂ@]i’]ﬂuﬁﬂﬂﬁ]uﬁuﬁuﬂ?u (S/3 d1 d2/3), sEUUNTANHY lueaw

Haauddvivin nsudoimsinuas Uszi 2558 \t 93




voaaduw/nIaaanenuau MUY (83 dI 3d/4), szvunsantaluauveididu/nia
a 1 Y] % ~ =< o Y ~ < o 9 Y =~ =<
AaaonuNNIU (/3 d1), szUUnIanIImaw/nTArteIudunieil (32 d2) tagszuuniAnsg

]
=) 1w

Mdu/nsaaanonuan I uRUNHaTY (82 d1 2d/3) AT wlasaminu 21.76 3, 19.52 1,

] '
o W = <KX~ o Y A a

= = = = [ 9 o o
18.00 ﬂ, 16.78 U tag 14.48 Y @1wa 191 Ve NTEUVUNTANIIAIAW/NTAAANDEBIIUNIUNNIIY

= Y 9 v

(S/2 d1 3d/4) Hwanilnsadesfigarion 12.90 1 (Table 3) ATINUTIWAVI VUM IANYITZ VY

= 9

@ o J A 1 ~ 2 o v ~ 2 o 9 £ o Ao =
ﬂi@ﬁTVii"lJElNWH‘g RRIM 600 NWUIN FEUUNTAATIANNU/NTIAUIIULIUYIUIIU mmauﬂ

ATANIND 22.50 1) 59989117 TLUUNIANTIAAU/NTAAAADNUABITUAUNTIITY LAz TLU

'
[ [

nsanilsluauvesddw/niadaaenunniu s uilnsaminuie 16.00 1 diuszuunia

&< o ¥ A A 1 [ [ 9 R o A o A A T W = @
AIIAAU/NTANANDNUTTNIULIUHUIIU Il nsamny 14.50 1 (Iﬂfﬂﬂfﬂ, 2529) qUNA
?J A A o & A A

1 a a o o o v J
UILNANITMTAUIUTIUINY ATANANU ‘ﬂNil”ILlTJ'lﬁJﬂﬁﬂ‘Vllli%}ﬂWiﬁﬂBﬂuﬂNWU‘g RRIM

[ a { ) [} 4
600 1dmnizA1nugIeeseeni AN vz AT 1uIuTlniauee19Wug RRIT 251 o9
= ¥y X a A A 2 A A A & ' !
msane1luasatinsanan nunanuaulaswlasniilunaiiuszINnNUINUDIT 08
NIANUANNFIVDITOINIA

2.5 91m3t1aenuiia (Tapping paneldryness)

=2 o 9

1M 51 ADNURIVDIAUENHUF RRIT 251 9INHANITNAADINDI TTUUNIANTIAIAY/
a A T W o Y &2 o A Y A I 3 4
NIAAANDNUAINIUNIUNUIIU (S2 d1 3d4) Llﬁﬂ\‘l@Wﬂﬁlﬂﬁ@ﬂlmﬁiﬂﬂﬂ’q@ 13.33 1esigua

A ~ = o Y A A J [ [ ~ A Y
TOIANUIND i%‘U‘Uﬂ3@1’1‘1.1\111!ﬁWﬁJﬁWﬂu/ﬂiﬂﬂﬂﬁ@ﬂu‘l@ﬂ’)u (S/3 d1) NugaseMsilasnumig

s3I F a4 R oy A ) L o A ¥
8.89 1OSIFUA FIUTZVUNTAATIAIAU/NTANHIIUIUNHITU (S/2 d2) uaase1Msilasnuia

Yy A ~ P-4 Yy o = A o & A
UDINTALNYN 2.22 L‘]J'E]i&“]flm (Table 3) ﬁ@ﬂﬂﬁ'ﬁ]\iﬂ‘].li%lﬂl&ﬁﬂyWigﬂ‘]_lﬂiﬂfﬂﬂwuﬁ RRIT 251 1

Q

o

AUy
v

[

AUEITBLAZHAINTINEATATY Sunolzdou Jandiansainud szuunsanialudues
MAw/nsaaaaenuNNIY (/4 d1) nazszuunsaniluamvesdidu/niadaaenunniu (S/3
Ay A v -4 P-4 o w .
d1) HauenuaaeImsalasnuna 12.85 1lesidua taz 9.99 nloiud ama1Al (Sungnoier
A Y 3 @ a a 2 o Y
al., 2014) :msnlasnuisvesensns itudnvauzanuialndveans lnaveuiiens i ldwa
a 1 < a 9 v W ] ~ Y a 9 (R = 1
nananaasu luausanuranana e Tegiudd liamnsoagldaunginisddmiza o
[~ a a A a A A 49! a =1 1) ] I Y Y
azindluanuralnaneadTIamanmaIue NG INNa lasidatenatseduiuainssqu
] ~ o Y S 1 ¥ v J ll
U MIASANN Tny M3 lFasaiGgaie1s tazganmagon (We1d uazaug, 2542) 061913
3 o o = T A Aa o 9 A Y 9 a o
AAINWUFEII RRIT 251 daduiiugenaniisnuduenanaaieimsulasnuiaies Tagiiszay
J 1w v a J
ANuguLsatosnaz A WNINUIUE RRIM 600 (N559iN13, 2551)
3. ms3gAvInvesduenaiug RRIT 251
a a Y v d Aq Y g’; dy a A 3
M35 YA InveIRueneiug RRIT 251 71195 1unsnaasnsail Wo15annmsmuuves
' Y
ynadusounadulusovilvasninilania (girth increment) WU MINBAUVDIVLIAITUTO

9 o =

o 9 S| 4 @ Aaa 1 = = = o 9 = 2 o 9
mqamu“luiauﬂummummNﬂumﬁﬁamammuﬂmﬂty FITEUUNTAATIAIAU/NTANUIIUNIU

9 1

& o A o P § 9 ° = A = A =
HUIIU (S/2 d2) 1]'0915']ﬂ']ﬁLW?JGUusll'f)\iLﬁui@ﬂ'NaW@]u@@‘]JNWﬂV]quﬂlﬂaﬂ 2.08 L“D"L!ﬁlll@ﬁﬁ@ﬂ

94 &J Haanmddvivin nsudoimsinyas Ussi1t 2558




A =) :é = o Y ~ a 1 [ 1Y ~ = o 9
509091170 szVUNTARIIuAVIEIAW/NTARAADNUNNIY (S/4 d1), TTUUNTAAITIAIAU/
ATARARBNUAUIUIUNTIITU (S22 dI 3d4) 1Az T2UUATANTINENYBIEIAL/AIARAADA WEN T

[ ' ' Y H
AUNNIU (A3 dl 3d4) NUBAIIMINVIUVDUFUIOUNEIAUADINAY 1.86 sUANATADI,

a 1T A a L= o @ d‘ G é o Y
1.82 suamasael o 1.71 uamasael awaiay Tuvaeh ssuunsavialuainvesainu/
AsAAAABNUNNTU (S/3 d1), S2UUNIARSIa IR/ ARAADNUADITUUNIETI (S2 dI 2d3) tag
szvunsanilalumuveadidwniananenuantuduniiaiu (83 dl 2d3) 1oAIIMIHNUDa
9 o ¥ =TI ~ = a = a L= a =
usoUNaIAUaeTUpeNgamaY 1.55 IsUAMAIADL, 1.47 IsuAinsaell tag 1.42 uamasnoll

o w a a Y dy ~ YA v a a Y
MUAIRU (Table 4) MInTaal InvosduenNluanunmald Ieasmaniyauladmums
Y o ¥ ' 2 = [ a (= [ = ~
VNPVUIAVDUTUTOVNA AU NOUMTAANTANINY 8.1 - 8.5 UANATABY LagHaINdania
ud9eionTIMIes A Tamaenies 2.0 - 2.5 isuAasaell (Wende, 2551) MNAAMINABBILEA

4

<3 [ 1 o a a o
19U Awevesseonia LazANuAveIMInIa Inar limsnsyan Tnvesduenawus

Q

' X o @ [ o o J
RRIT 251 aAad Sungnoie al. (2014) 1691471 s2UUMIAAT I8 AWM ATUAUIY il enaiug RRIT

251 MIOATU3 YA T TUMIVeBILIATEUFUTOUNAIAUNINDY 1.70 IsuAmATAll 1no3z1

dzéow

AsAfAs I IdU/ATARAR B UaB T U UM AT, sTuunI anila luauvesddwi afaden uae iy

Y =2 o = &

Auniiaiy, szuunieanillumuvesdidu/niaaadenunniu wazszuumianiialuavesd iy
NIAAAABNUNNITUNAIBYEIZHIN 146 - 1.57 5UALATADL)
4. Hanan

4.1 WanaAnABATINIA

[

a 1 g ~ v J 1 =~ = o 9 G 2 W Y &
HONAAADATINTAVBIGNW UG RRIT 251 WU 32UVNIAATIEIAW/NIANTITUAIUHIIY
Y a 1 g’/ = 1 d‘ 1 A v o w aa Y a J g’/ = d'
(S22 d2) IMiHanaaAeATINIAINANTE UL I NUNBd AN NADA TaglinananaonTinIamay
Iy J 9 1 g’a = = = é o 9 a2 A 1 [ [ 9 é [
66.01 NTUNDAUABDATINTA TOIAINIAD TEUUNTAAIIAINU/NTAAAADN UT TN IUIUNTIIU (S/2 d1
v v H Y
3d/4) HAZIZVVNIAATIBIAU/ATARAABN AR UAUNHITU (S2 d1 2d3) n1HandnnenTInTa
' Y Y v
NAY 5690 NSUADAUADATINIA LAT 55.59 NSTUADAUADATINIA a1 Tuaaen szuunia
= a o ¥ A A 1 @ @ Y a 1 g}/ ~ Y ~ [ 1 9 1
niluguesdwniaaaaenunniu (/4 dl) linawanaensaniatiosnga 36.29 NTuAoAUAD
3’, ~ 1 = [ AR =) -4
A39N3A (Table 5) IFUIAYINVTIIUVD Raemlee S. (2011) NANYITEVUNTASNNWUE RRIT 251
1 ‘A o 1 ~ = o 9 = 2 o Y o Y a J Z’, ~ A
NAUGIVYHIHUBIAYI TLUUNITANTIBIAW/NIANHIUIUIY IiNanaanonsTIns Amae 46.11
@ ] [ Z’, =) = ~ = o Y A A 1 [ [ 9 2 o =
AFUADAUADATINIA TOIAINIAD SLUVUNTAATIAINL/NIAAAADN UFDIUNUNTIY, F2UUNTA

J Y @ 9 é

Assdd I A et ua UMY, sruussanilaluauvesdidwniaaanenuaes iy

=

=1 é o Y s A 1 [ [ 9 é [ Y a 1 gz ~
MUY 52UURs At I UaINUeIa 1A Y/NI AAAADA UENI U UHEIUN 1T NanannBATInI A
] Y Y Y
MAY 43.61 NTUABAUABATINIA, 42.33 ATUADAUADATINTA, 33.98 NTUADAUABATINI ALAL 33.57
% 1 9 1 3’; =) o w Y I 1 = A ] Y A =
NSUABAUADATINTA AINAIAD LA THIH NI ANEIIVITOYNIAKI ONITHUIHUINTA WKWa
1 a 9°1 d‘ Ja @ U 1 = = o o 1
Tagaseaolfsuamananiine i laimie (2551) N1 ANENMVB9TENTANANUEIAYAD

) 0 ] { 1
WARAANTN ﬁﬁiﬁ]ﬂﬂ%ﬂm’)ﬂﬁ@ﬂ“l/lﬁ]LﬂfJN%Sﬁlﬂﬂ 1/1ﬂﬁ’umwﬁagmﬂ“lumuwsm”lwaaaﬂmaauﬁq

Haauddvivin nsudoimsinuas Uszi 2558 \t 95




¥ 3 Ay 1 Y A &R Y 9 a ' a o 3 A
uwNmﬂﬂﬂuwm‘ﬁnVlnqﬂgﬂﬂ‘iﬂ G]f\?'ﬁ]gﬂ’IUGW\TGU’IN"UENiE]EJﬂiﬂllagﬂqclu:]\nﬂﬂ')ﬂﬂw'E]U’IEJ'I\TWQﬂ
A d A 9 A R

Nia ﬂﬁ'lll'liﬂhlwaﬂﬂﬂﬂﬂu']ﬂiﬂvlﬂlGIfUﬂu

421003000 150101
Y
= L} % = o

a 1 UL Y 1 1 o [ G} =
wawame"lm@ﬂ 19 NAWNANABDAIINTA X mmumumma"li X NUIUIUNTANDY 10

)Y

2L o 9 A A ~

[ 1 Y 1Y 9 : [
NITNAADINDIN 53‘]J‘]_lﬂdiﬂﬂ§ ﬁ'WIu/ﬂiﬂﬁﬂﬁﬁ]ﬂuﬁ’lﬂﬁuﬂuﬂﬁQUH (S/2 d1 3d/4) wazssuunIa

@ [

é o ¥ A A 1 [ Y a d‘ 1 1 d’ 1 A o o
wm1uﬁwuﬂjmamu/ﬂmmmaﬂuwmu (S/3 d1) “lwwammmaﬂmllimﬂwqmmmuﬂﬁmm

q g

naaaa laglimananmasas 15mny 503.90 flanfuael5aedl taz 471.53 Alanfuae 15aedl

= a 1 (% [ 9 é

ANEIAL 509091170 izuuﬁ%ﬂﬂ?qﬁﬁu/ﬂmmmﬂuﬁmmnuwuﬁu (S/2 d1 2d/3) ﬁiﬁﬂﬁ

A A Vo W A Y] T A ~ ~ =< o 9 A a 1w
HaAmALAD 151NN 437.20 D lansuae 15aell vairh szuunianilaluaudidu/niaaaneny
doviurduniladu (/3 d1 2d3) Idwandamaoae lilesNgaiiios 359.59 nlansuae 1ol

@ A o o
(Table 6) ﬁ@ﬂﬂé}@\iﬂU\ﬂuﬂﬂa@\imﬂ\‘l Raemlee S. (2011) 1/]‘VI’]ﬂ’liﬂﬂaa\?izﬂﬂﬂ'ﬁﬂdﬁﬂﬂ'l\iwuﬁ

E]

Ia o @ @ 1

RRIT 251 NgUEIT001INU0IA18 TIMIAHUBIAIGNUI 52UVNITAATISIAL/AIAAAABNA LAY
[} 9 zé [Y] 9 a d' 1 1 L% a Y] 1 L= A = .zé
Jurdunilaty Wuandamasas l5mnv 371.36 nlansuse 15ael) 50903110 sTUVATANIA
Tuauvesddu/nianagdenuauiuduniiaiy Inananmasaels 317.28 Alansuaelideil
1 ~ ] o 9 ~ & o 9 2 o Y a = 1 1 a [ 1 L=
FIUTTVVATAATIAN/MI AN U Ui Tnanaamasae'ls 269.60 nTansuae l3aell
k% = 4 YY) 4 =
5. Aunumsnsagnanaz e ldnasmnmdansa
% =
5.1 AUNUMINIAYI
Y ~ 1 = T s 9 = A
AUNUNINIABN DINNINAADINDI TLVUNIAGUAALTLUVILTAUNUMNTNIAT N
1 1] = = ~ Y a dy <3 =) = ~ ds! 9
HANANNY FIszuUnIneen ldnandaiiosrsgenszidunumsniagiangemuiulidae
9y ' ~ = o Y = a 1 % [ 9 E S 1 ~
1&un szvvaiansIadu/nNsaaaaen UaeI U UNTIIU(S/2 dl 2d/3) UATINUATABN
Ny 7,357 umae liaell uazszuunsaniisluawvesdidu/niadaaenunniu (s/3 d1) 1l
A NUTINUATAMIAY 6,884 1IN0 15001 (Table 7) aulnaimshaussnunia 1935ms
' A Y A Y Y 3 Y A A a Y, ' o a9
utiranan Taggnanaz lamdruiludosas 40 veswanaaiinialdlunaaz i tazaunindos
v o = A J =) < Aa a I Y Y
pana1gUnsal lunisniaws sanwsslumsniauazinuranannailuiosas 5539 voIdunu
Y
MSHAANIHNA (F91UT8814, 2554)
5.2 sglanas¥inadnania
Y v W 4 & 1 =] = o ¥ A A 1 o o F) = o
518 1AM aIHAAIDIINTA WU TLUVATAATIAIGU/NTAAAA N LA 1N UA UM T Ty
(S2 d1 3d4) 51 lananina1seniauInfigane 11,035 uae l5aell 509a9u1A0 52UUNIA
& o 9 2 A 1 o [ = Y [ v 9 = [
willueuvesdrdu/niaaanenunniu (83 di) i5elanawinaidenia miny 10,327 U

anliaell luvaezh szuunianilsluduesdrduniadanenunniu (4 d1) U51elanaain

' 9 G 9

AvunatooNga 7,875 uae linell (Table 7)

o6 &J Haanmddvivin nsudoimsinyas Ussi1t 2558




o [N - =] Y a = Y
mﬂwami‘ﬂﬂammmmumﬁ]m/n!,ﬂ‘uﬁ151Qﬁ‘;ﬂ"uE]‘Wmimﬂumimaﬂ%ﬁgn‘umi
~ A [ v J ndy A Y @
NIAGNNNUICTUNUNUTYI RRIT 251 Glulsllﬁwuﬂﬂ'lﬂalﬁﬁﬂuﬂu HAgIHUIEaUNUTENIN
Lﬂ‘ﬂmﬂﬂﬂamuEJNWWS”lLLazLLNmu%"JJ%}Nﬂ%EJN (Table 8) {i]'lﬂgl'li'NW‘]J'j'] ﬂ?ﬁi%}igﬂﬂﬂ%ﬂ

a 1 3

= o ¥ A A 1 [ Y] = & = o 9 =
il lumuvesddwniaaaaenunniv (3 d1) nazszuunsanilsluduesdidu/nindaaoniy
o 3 A A A o q Yt Y a 1 £
NN (84 d1) Wuszuunsafimunzauiige mazihldiae ldgniaasasiserguesdueny
MR 185,886 VA0S LAy 185,063 Uman 13 awd1ay Feiieldgninanariserguesdu
J ~ o ) ~ R o 9 ~ ) 9 < o Aa I
9N gINNIZVUNS AU (STUUnTAn AWM AN T uNiaTY; /2 d2) Amilu 29
I < 4 I < 4 o o v A A a Aa oA =
wofidua naz 28 1Wedimud awd1ay uazgeanNzuunIalineasnstenl iia (szuunia
v ° a 1w o % o a d J < 4
il luauesddw/niaaaaenuau U uniaiy; /3 di 3d/4) aadly 15 nlesisud uay 14
s 3 o o w Aan ~ A o v a X 2
lasiiud aua1ey IFMIAAANNENVBITENIAAY taiiuT N IURTavY T nauny il
A A ya A wa A A U =) d'ga o Y ~ 3 ,3
sruunsanneasnImemaldteul§ia iesnniensesnsanauasazinldmsniadietn
= v v o q ¥ ~ Y 9 A o = A &
pazansonsa lanniu i ldinwasnsiisie ldnniu (e, 2551) Feszuunianiieluda

a 1 [ [

YoIdIAN/NIAAAABNUNNTU (83 d1) wazszuunianilsludvesdiau/niaaanenunniu

'
= & 1T 9

3 g @ A o
(S/4 d1) LﬂmzUUﬂ%ﬂﬂaﬂizﬂznmmﬂdmiﬂiﬂ@@muiﬁ}ﬁum U,a$ENE‘T']3J']50LW3J§]']U'JUG%}U?J'N

A A A = g A a a 9 Y ~
NIENIANDLITINIUNTA “]NL‘]_]uﬂ’]ﬁlwuﬂﬁgfﬁﬂ‘ﬁfﬂWﬂ']uﬂ']'iﬁ]ﬂﬂ']ﬁlﬁﬂﬂ']uﬂﬁﬂfﬂﬁw']51

ajiwamnaaes
= A o @ Y4 dy ~ Y AA (A
3$‘U‘Uﬂ§'ﬂ‘ﬂLWNW%ﬁiJﬁ’]ﬁiUWH‘EEﬂQ RRIT 251 GlULGUG]WU‘VIﬂTﬂGlﬁﬁ@u‘Uu ﬂﬁJ‘iJﬁlﬂﬂl
g d‘ a A 1T A o U d' [ 1T A A =~ é
u’][}‘lulﬂﬁﬂ 2,689 llﬁﬁlllﬁ'i@]'ﬁ]ﬂ uazmu’mauﬂuﬁﬂmaﬂ 131 'Ju@]@l] o iﬁﬂﬂﬂiﬂﬁuﬁﬁluﬁWN
o v S A J [ [ =~ = A o ¥ A A 1 [ [
ﬂJﬂQﬁTﬁu/ﬂﬁﬂﬁﬂﬁﬂﬂunﬂ?u (S/3d1) LLﬁ%'ﬁ$‘1J‘]Jﬂ'ﬁﬂ?‘iu\‘iGluﬁﬂ]'ﬁ]ﬂa’lﬁu/ﬂiﬂﬁﬂﬁﬁ]ﬂunﬂﬁu (S/4
A < A Aq Y a ' v = Y
dl) Lu@ﬂﬂ’]ﬂlﬂu3$Uﬂﬂﬁﬂ‘ﬂslﬁWﬂﬁﬂﬂllﬂuqﬂﬁﬁﬁﬂﬂ%')ﬁ@184‘11@\3@11&1\1@\11/]@:{@ LI RIIIGIRN

v adaa ,il A Y
AUIDFINVDUABATNTHIAING I AN UNN A IanauDY

° Y d
msinliflglselaw
= A 9 a o @ A A (% Y4
HAMSANEIN IRINMIIVOLAHAINTZIUNS ANMINE ANADENHUE RRIT 251 T
& A v v o A o o LR
nunmalanouuu awnsolsiludeyallszneumsdadulad M uNEAINIFIAINNT NIN
o = 9 A (= KX Yo Y = A Y
MNINT A1 tazvedaIuean lunsasiues s T sdsusensame meldinuasns
A v J v Aa A ~ A A o I Yo
T IMNgneniug RRIT 251 duwnsadaauludenszuunsaesiimimngan Nezi 1 lasy
o o 9 Ay Y Y @ a o =
HagoULNUgaga wazgsenunsmihdeyai 1a s Tumswannanive Tasmsnadeuszuvnia
v o ¢ & A v . Yo o '
AUNUEe RRIT 251 Tulaanyasnsveawanunmaldaeuuudag ldduiumsae i
Wanan (Output)
Y = & o ¥ A A 1w @ = & = o
Idszuunsanilaluawesdidwni adaaenunniu ($3d1) tazszuunianialuduesd

9 A A T W o ~ o @ v J dy ~ Y
G]U/ﬂﬁﬂ@]ﬂ@aﬂunﬂ:]u (S/4 d1) T]lﬂu’lgﬁllﬁ'n/ﬁuwu‘ﬁﬂ'm RRIT 251 ELULmﬁwu%ﬂWﬂiﬁﬁ@uﬂu

Haauddvivin nsudoimsinuas Uszi 2558 \t o7




v d
Haans(Outcome)
nEATNIFIEMe NI sz uunIanisluawuesdru/niafaaenunnTu (S/3d1)
uazszuunsanilsludvesdrdu/niadaaenunniu (s/4 d) Tl i ldgniaaeati
v J Y [ 1 [ 1 o w 4
PIGUDIAUGNWUT RRIT 251 1M1 41,612 Vnae 15 ag 40,789 vnae |5 auaiay ooy
[ = o o = & o ¥ =) & o 9 = ) A
AUTLUUATAMINAIULIE (SZVVATAATIAIAU/NTANUITUTUNLATY; S2 d2) uaziile
)=} [ A A a a oa = =& o ¥ A A [ o
nFeufeunuszuunsaiineasnstenl§iia Geuvnianisluauvesdidu/niaaaaenuaiy
[ 1 9
Suduniiatu: S/3 di 3d/4) azdise ldmuay 19,946 U tag 19,123 e lsaudiay
NaNIENU (Impact)
N a v ~ o o K 4 9
FAATHND D UNBATNTIIEIUENNTNUgnenaniug RRIT 251 Tuwaniuiiaaldaouy
dy d' 1 o = :é o 9 A A 1 1Y [ = ré
WU 905,547 15 Whszuunianilsluamwvesddu/ms adaaenunnii (S3dl) tazszuunsanilalu
fvesdnumniaaaaenunniu (4 d) IWldzaunsorldwanaan lanaearieerguosdues
[y 4 A 3 a [ a [ o W 4
WUg RRIT 251 1Augeaue 1,720278,502 0 laniw uag 1,686,889,173 0 laniu mudai /o
nFeueuiuszuuns iUz GLuunIansIaIdw/nI At A uNHY; 82 d2)
a o 9 G & o ¥ A A 1 @ [ ~
Fadann ms Igszuuns anislumuvesddu/niaaaaonunniu (SAdl) LazszUunTa
é d‘ o Y =~ a 1 (% (% 1 Y dy d‘
wildludvesddwniaaaaenunniu (4 di) annsoreliinuainssmiaiuesma luuanui
Y =2 ya & E ~ o ' v
maldnouvuiisnelaniuasuluanizinmesandiad uazse 1HnEATNIFIA NN

o R & amma 1 ] @ o
mmmﬂizﬂaumﬁmmmm’mmﬁuﬂmﬁm@mmmymﬂma"l,ﬂ”l,ﬁjammuﬂmazmﬁu

AvounM

I o

YoUOUNIZAM AMATA anlyn M1y qunsawn dediios guditouas

% g a o v v
AUINITINHATAIVA AUTNVIY ‘nmmaﬁ'w ﬁuffafammzwwmﬂmﬂymma L!ﬁ%ﬂmﬂﬂyﬂi

a 0o v Aw [y A 4 A A ) dy dy 9 Y o o
DUFITIU AIUNIVYUASWAUINITINHATIVAN TFINHHIDIU ﬂ'lm’eawd’omay,a wag lvmuugiin

L) Q

1 o

ATUNTNTAGN LAZVOUDLAMANIIMINN nguITenazimu aan.nszd Asrenulfiiaau

0o < 1 = v Ao A~ o ) @ ao g
wdusega lded gameveveuguaniuidseniaiuayuaulsznudmivauitell

% a
9NA1IDINON
a Jd A [ 4 v J Y
NIIANT FIzIAUG. 2551, WanBMdaTHazWUFe13. w1 32-60. 1w enastlsznouns
HAneusudmrhnnsuInmsinbas vangasImens. daniuITess nsuIMMIINYAS.
@ Y o [ < {
TwA%e 1OUNTE. 2529. TLUVATATIUTUAIUIVLIAAN. 1TAITENNITI N 7-3: 126-136.
@ 4 a a a o [
Wi UNBUT B WHNEIFA NEINHA §ITIUINA LazauRA A1ler. 2552. MTBONTY
=1 =~ dy d' 9 [ (% Y
A TuIagnINIASIaNITIVOUAYATAT IUNUNMNA 1A 4 99179, Y11 323-335 Tu:
FIPNUNANTIVIUATNATDVU T 2552, F1NIVEUATWAUINTINHATIVUAN 7

NTUIFINITINYAT.

o8 &J Haanmddvivin nsudoimsinyas Ussi1t 2558




g
a o v

aa Y d v 4 v @ 4 a a a J
W¥a a1 yn FIUTIAANA IUNTAU NTUUN E‘N"‘Uﬁlﬂﬂ 155UUNT TusId q3ue asdall wag
o awv v 1 [ o v Aaw
91U Vl"]fflf;f’lﬁim. 2554, mm%aazunn%ﬁauwﬁfm1qszﬂuiuwu§ﬂ1qaa1uunﬂfm 251.
aou A < o v Aaw a
1u: ﬁ&lx‘ﬂl!Nﬁﬂﬁfﬁ]ﬂﬁ’ﬂx‘ll@]llﬂi%ﬁ]ﬁj 2554. A01UUIWYY N NTUIBINITINHAT.
S A =) Aa aa @ [ o aa o ~ 4 a =) [
WYY TUITUFUITUY TIVIA ITATAYY UNTAU IFAVAYY AT WADIIT NTIUNTTISINUGV
a 14 [ ] 1 a
uaz goud wiumilon. 2542, Tosaid@esnonsnszdumanaoimsnaenuialy
YWNIT. 11.!: FIMNUHANTIVHININITTL) 2546. A01UUITYEN NTUIBINITINYAS.
A o W = ~ a A A 9 9
WANY IUNVI. 2551, MTATAGNLASTAIISINGINNGIVDI HU1173-210. Ty wna1sdszneums
HnousudminNnsuImnNmsineas nangasImen. d01uIvee19 NINIFINTNBAS.
A v o ' Aa oa a o < { a v Ao
NWANY PUNN. 2556. ﬂﬁ’ﬂfﬂﬁ‘]J;]‘UGNTL!’J‘Dﬂmﬂiuiﬂgﬂﬁlﬂﬂlﬁﬂ’maWa@lfﬂ\i. ADIVUIVYYN
a 9
AIUIPINITINEAT. 64 iU

v Y =

a @ @ 4 a @ a
AU YEIINEY auos ypasal gws alsaudl guius 131a Uszawlya dulne 01561 gang

Q 9

(3 = v

dnuil gt s qassaiua wan §95¢3 wazand Fuada. 2550, msfneIMs
gonfuma TulaBmswanoemsweunuasnsluituiinialdnoudre. wih 108-148.
lu: Senumams3sonaznageutsz i 2550. duiniseuasitanmsinbasivaii 8
NIUIFIMIINHAT.
ADNTUIVEEN. 2553, VOYANNIFINTONNIT 2553, ADNTUITEEN NTHAFINTNBAT. 128 Wi
atiuATuens. 2554 AunuMIHARNLHUATYeIA VAR NI ABve sz Ine
11 2553/2554. aomiuITee1 NIWAMIMEINBAS. 11 111
ANV, 2555, VoyANIFIMFLNIF 2555, A0 NTUIT619 NFUINMINBAST. 123 1l

AT UIVBEN. 2557. %’ayjaﬁmmqusl http:/www.rubberthai.com/rubberthai/: 19 TUNAY 2557.

%

dninauAsgNIMINYAs. 2557. ToyamIHAATUAINITINYAT

Y9N3 1. http://www.oae.go.th/download/preai/farmerop/rubber.pdf: 16 FUIAY 2557.

Raemlee S. 2011. Influence of tapping system on rubber clone ; RRIT 251. /n: International Rubber
Research Conference 15—-16 December, 2011 Chang Mai, Thailand. 5 pages

Sungnoi S., P. Sopchok and P. Chantuma. 2014. Effect of tapping system and stimulation on clone
RRIT 251. In International Rubber Research Conference 24-28 November, 2014

Philippines. 7 page

Haauddvivin nsudoimsinuas Uszi 2558 \c 09




Table 1 Number of tapping day (days) from the i year tapping to the 6" year tapping of rubber clone

RRIT 251 using different tapping system

Tapping day (days/year)

Average 4 years

Tapping 1" year Tapping 2" year Tapping 3" year Tapping 4" year Tapping > " year Tapping
(May 2011 -
system (Oct2010- Apr ~ (May2011-Apr  (May2012-Apr  (May 2013 - (May 2014 -
2011) 2012) 2013) Apr 2014) Apr 2015) Apr2013)

S/2 d2 50 98 89 96 96 94.75
S/2 d1 2d/3 62 127 121 131 122 125.25
S/2 d1 3d/4 72 144 133 146 142 141.25
S/3 d1 2d/3 62 127 121 131 122 125.25
S/3 d1 3d/4 72 144 133 146 142 141.25
S/3 d1 81 174 161 175 163 168.25
S/4 d1 81 174 161 175 163 168.25

Table 2 Monthly Rainfall (mm.) and Rain day (day) in Krabi Agricultural Research and Development

Center during 2010 to 2015

i year Tapping 2" year Tapping 3¢ year Tapping 4" year Tapping 5" year Tapping  Average 5 years
(May 2010 - (May 2011 - Apr  (May 2012 - Apr  (May 2013 - Apr  (May 2014 - Apr (May 2010 -
Month Apr2011) 2012) 2013) 2014) 2015) Apr2015)
Rain Rain Rain Rain Rain Rain
Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall
day day day day day day
May 53.6 5 128.9 12 200.1 15 204.0 11 138.1 11 144.3 11
June 191 11 161.3 19 338.5 11 494.0 13 361.7 18 309.3 14
July 295.6 17 221 15 142.1 14 694.4 22 408.7 20 343.4 18
August 188.5 20 209.9 15 308.2 18 197.2 15 507.3 21 282.2 18
September 112.5 6 341.7 19 894.9 18 414.0 10 435.9 10 439.8 13
October 375.4 13 162.9 12 237 11 442.0 19 500.2 21 343.1 15
November 119.6 18 125.1 8 234.6 11 299.4 15 275.4 16 210.8 14
December 28.4 13 206.0 7 129.4 11 55.4 3 137.0 10 111.2 9
January 29.3 8 247.8 10 37.4 1 24.6 1 63.0 1 80.4 4
February 56.2 3 124.2 6 34.4 2 0.0 0 37.8 3 63.2 4
March 715.1 21 409.1 14 0.0 0 10.2 1 7.6 1 285.5 7
April 5.9 3 385.4 10 68.4 5 191.5 9 76.0 2 145.4 6
Total 2,171 138 2,723 147 2,625 117 3,027 119 2,949 134 2,689 131
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Table 3 Girth at opening tapping (cm.), Tapped cut length (cm.), Height tapped cut length (cm./year) Bark
consumption area (cm.z/year)and Number of tapping year (year) from the I year tapping to the 5" year tapping

of rubber clone RRIT 251 using different tapping system

Tapping Girth at opening Tapped cut Height tapped cut ~ Bark consumption Number of tapping Tapping
5 paneldryness
system tapping (cm.) length (cm.) length (cm./year) area (cm. /year) year (year) %
S/2 d2 58.65 30.58 28.58 873.97 16.78 2.22
S/2 d1 2d/3 59.09 29.43 34.66 1,020.06 14.48 4.44
S/2 d1 3d/4 62.11 31.56 38.13 1,203.37 12.90 13.33
S/3 d1 2d/3 61.57 20.29 34.87 707.39 21.76 6.67
S/3 d1 3d/4 59.95 20.23 37.97 767.96 19.52 4.44
S/3 dl1 62.39 20.63 41.83 862.85 18.00 8.89
S/4 dl1 61.62 15.71 44.26 695.33 22.15 6.67

Table 4 Girth (cm.) and Girth increment (cm./year) at 170 cm. level from the 1" year tapping to the 4"

year tapping of rubber clone RRIT 251 using different tapping system

Girth at 170 cm. (cm.) Girth

Tapping system Before 1" year 2" year 3" year 4" year 5" year increment*
Tapping Tapping Tapping Tapping Tapping Tapping (cm./yr.)

S/2 d2 58.65 59.57 62.23 64.38 66.24 69.03 2.08a
S/2 d1 2d/3 59.09 59.91 61.83 63.2 64.53 66.43 1.47d
S/2 d1 3d/4 62.11 62.86 63.92 65.56 67.35 71.23 1.82bc
S/3 d1 2d/3 61.57 62.26 63.97 65.46 67.27 68.69 1.42d
S/3 d1 3d/4 59.95 60.63 62.38 63.75 65.41 68.48 1.71¢
S/3.d1 62.39 62.85 64.38 65.57 67.53 69.84 1.55d
S/4 dl1 61.62 62.29 64.07 65.78 67.59 70.92 1.86b
Average 60.77 61.48 63.25 64.81 66.56 69.23 1.70

* Means in the same column followed by a common letter same type of letter are not significantly different at the 5% level by DMRT

Table 5 Yield per tapping (g./tree/tapping) from the 1" year tapping to the 5" year tapping of rubber clone
RRIT 251 using different tapping system

1" year Tapping 2 year Tapping 3" year Tapping 4" year Tapping 5" year Tapping ~ Average 4 years

Tepping (Oct 2010 - Apr (May 2011 - Apr (May 2012 - (May 2013 - (May 2014 - (May 2011 -

system 2011) 2012) Apr 2013) Apr 2014) Apr 2015) Apr 2015)
S/2 d2 46.92 a 79.25a 65.73 a 65.61 a 54.75 a 66.01 a
S/2 d1 2d/3 46.17 ab 63.67b 58.45 be 58.26b 43.07b 55.59b
S/2 d1 3d/4 46.56 a 66.30 b 63.08 ab 56.73 b 43.05b 56.90 b
S/3 d1 2d/3 3333 ¢ 53.89 ¢ 52.89 cd 49.22 ¢ 2841 ¢ 4572 ¢
S/3 d1 3d/4 42.44 ab 51.57¢ 50.84d 42.62¢ 31.77 be 43.83 ¢
S/3dl1 40.96 ab 49.20 ¢ 52.83 cd 42.64 ¢ 35.96 be 44.85¢
S/4 dl1 38.83 be 44.54d 43.38¢ 30.52d 28.25¢ 36.29d
Cv(%) 9.10 4.50 6.70 7.80 16.30 7.20

Means in the same column followed by a common letter same type of letter are not significantly different at the 5% level by DMRT

61

Nasmidoivin nsudvimsinens Ussa 2558




Table 6 Yield (kg./rai/year) from the 1" year tapping to the 5" year tapping of rubber clone RRIT 251

using different tapping system

) 1" year Tapping 2" year Tapping 3¢ year Tapping 4" year Tapping 5" year Tapping  Average 4 years

Tepping (Oct 2010 - Apr ~ (May 2011 - Apr (May 2012 - Apr (May 2013 - (May 2014 - (May 2011 -

ystem 2011) 2012) 2013) Apr2014) Apr 2015) Apr 2015)
S/2 d2 152b 505 ¢ 380 ¢ 409 cd 342 ab 392.60bc
S/2 d1 2d/3 186 a 525 be 460 b 496 ab 342 ab 437.20ab
S/2 d1 3d/4 217 a 620 a 545 a 538a 397a 503.90 a
S/3.d1 2d/3 134b 445d 416 be 419 bed 225b 359.59¢
S/3 d1 3d/4 198 a 483 cd 440 be 404 cd 293 ab 388.20bc
S/3.d1 215a 556 b 553 a 485 abc 38la 47153 a
S/4 d1 204 a 504 ¢ 454 b 347d 299 ab 381.52bc
Cv(%) 9.10 5.00 8.30 9.50 18.80 8.60

Means in the same column followed by a common letter same type of letter are not significantly different at the 5% level by DMRT

Table 7 Cost of tapping labor (baht/rai)of rubber clone RRIT 251 using different tapping system

Yield Income* Tapping day Cost of tapping** labor Net income
Tapping system (kg/rai/year) (baht/rai/year) (days) (baht/rai/year) (bath/rai/year)
S/2 d2 392.60 14,330 95 5,732 8,598
S/2 d1 2d/3 437.20 15,958 125 6,383 9,575
S/2 d1 3d/4 503.90 18,392 141 7,357 11,035
S/3 d1 2d/3 359.59 13,125 125 5,250 7,875
S/3 d1 3d/4 388.20 14,169 141 5,668 8,502
S/3 d1 471.53 17,211 168 6,884 10,327
S/4 d1 381.52 13,925 168 5,570 8,355

* Cup lump price at 11 December 2015 = 36.50 baht/kg (RRIT, 2015) ** Divide yield system is 60:40, tapping labor = 40%
p p p! g y y pping

Table 8 Effect of tapping systems on yield, tapping day, bark consumption, number of tapping year,

tapping panel dryness, labor and revenue on rubber clone RRIT 251 in the upper south of Thailand

Tapping system

Factor S/2 d2 S2d12d/3 S/2d13d/4 S/3d12d/3 S/3dl13d/4 S/3 d1 S/4 d1
Yield (kg./rai/year) 392.6 437.2 503.9 359.59 388.2 471.53 381.52
Tapping day (days/year) 95 125 141 125 141 168 168
Bark consumption area (cm.z/year) 873.97 1,020.06 1,203.37 707.39 767.96 862.85 695.33
Number of tapping year (year) 16.78 14.48 12.90 21.76 19.52 18.00 22.15
Tapping panel dryness (%) 222 4.44 13.33 6.67 4.44 8.89 6.67
Income (baht/rai/year) 14,330 15,958 18,392 13,125 14,169 17,211 13,925
Cost of tapping labor (baht/rai/year) 5,732 6,383 7,357 5,250 5,668 6,884 5,570
Net income (baht/rai/year) 8,598 9,575 11,035 7,875 8,501 10,327 8,355
Net income per life (baht/rai/life) 144,274 138,646 142,352 171,360 165,940 185,886 185,063
Percentage from control(%) 100 96 99 119 115 129 128
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Response of Cassava to Nutrient Management on Loamy Soil : Huai Pong Series
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ABSTRACT

To increase cassava production in present situation of costly chemical fertilizer, perform
good nutrient management which is specified to production area should be determined. Therefore,
the response of cassava to nutrient management in loamy soil in eastern part of Thailand had been
investigated. This research was aimed to get the most effectively recommendation of fertilizer
application for cassava grown in loamy soil. The experiment was conducted on Huai Pong Soil
Series (Hp) loamy soil, at Muang District, Rayong Province during 2011 to 2013. The experimental
design was a split-plot with three replications. Main plot consisted of three cassava varieties:
Rayong 9, Rayong 11 and CMR46-47-137. Sub-plot was implemented with ten procedures of
fertilizer application: 0-0-0, 16-8-16, 16-8-0 , 0-8-16, 16-0-16, 16-8-8, 8-8-16, 24-8-16 , 16-8-24
and 16-16-16 kg (N-P,05-K,0)/rai. Results showed that variety and fertilizer were significantly
affected on cassava yield. Rayong 9 gave the highest yield at 6,274 fresh weight kg/rai and 1,970
starch kg/rai followed by CMR46-47-137 provided 5,982 fresh weight kg/rai and 1,792 starch
kg/rai. While, Rayong 11 gave the lowest yield at 5,941 fresh weight kg/rai and 1,777 starch
kg/rai. Using fertilizer of 16-8-24 kg (N-P,0,-K,O)/rai gave the most benefit and net income
(13,586 baht/rai), suited for economic return. All three cassava varieties showed potassium uptake
higher than nitrogen and phosphorus uptake. Rayong 11 showed the highest nitrogen and potassium
uptake. Generally, cassava production at yield 6,065 kg/rai has been required 4.47, 5.56 and 17.07
of N-P-K (kg/rai) uptake or input fertilizer at 4.47, 12.73 and 20.48 of N-P,0,-K,O (kg/rai).

Key worlds : Cassava, nutrient management, loamy soil and Huai Pong Soil Series (Hp)
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Figure 1 10 days rainfall(mm.) in 2011/2012 (9th March 2011-29" February 2012), 1,721.7 mm.
in 2012/2013 (9" March 2012 - 7" March 2013), 1,660.4 mm.

Source : Meteorological Station. Agriculture Huay Pong, Rayong.

Table 1 Characteristics of Huai Pong soil series at Rayong Province before planting Cassava in 2011/2012.

Soil depth le 5 Avai.p’ Exch.K' Texture’
OM™ (%)
(cm) (soil: water 1:1) (mg/kg) (mg/kg)
0-20 4.5 1.00 100 44 Loamy sand
20-50 4.7 0.95 105 46 Loamy sand
'Peech (1965) soil : water = 1:1 : Walkley and Black (1965)
: Bray and Kurtz (1945) ¢ Schollenberger and Simon (1945) : Hydrometer method
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Table 2 Characteristics of Huai Pong soil Series at Rayong Province after planting Cassava in 2012/2013.

1 2

Treatments Soil depth pH OM Avai.P’ ExchK'

(cm) (soil:water 1:1) (%) (mg/kg) (mg/kg)

Varieties (V)

Rayong 9 0-20 4.7 1.02 57 22
20-50 4.5 0.68 46 17
Rayong 11 0-20 4.7 0.91 80 20
20-50 4.6 0.64 51 18
CMR46-47-137 0-20 4.9 0.97 98 22
20-50 4.9 0.73 62 20
Average 0-20 4.8 0.97 78 21
20-50 4.6 0.68 53 18

N-P,0,K,0 (F)

0-0-0 0-20 4.8 1.00 85 19
20-50 4.6 0.65 66 19
0-8-16 0-20 47 0.94 101 26
20-50 45 0.71 53 17
8-8-16 0-20 4.8 0.99 77 21
20-50 4.6 0.66 63 18
16-8-16 0-20 4.8 0.96 88 21
20-50 45 0.69 49 23
24-8-16 0-20 4.7 1.03 79 25
20-50 4.7 0.64 57 19
16-0-16 0-20 4.7 0.97 50 23
20-50 4.8 0.70 35 19
16-16-16 0-20 4.7 0.91 65 21
20-50 4.5 0.67 53 18
16-8-0 0-20 4.8 0.96 103 15
20-50 4.8 0.71 62 13
16-8-8 0-20 4.8 0.98 74 19
20-50 4.6 0.65 44 16
16-8-24 0-20 4.8 0.92 61 23
20-50 4.8 0.73 45 21
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Table 3 Height of Cassava varieties on Huai Pong (Hp), in rainy season 2011/2012 —2012/2013

Fertilizer Varieties (CM)

Average
(kg.N-P,0,-K,O/rai) Rayong 9 Rayong 11 CMR46-47-137
0-0-0 163 168 173 168 f
0-8-16 213 196 184 197 e
8-8-16 221 191 196 203 de
16-8-16 224 222 215 220 be
24-8-16 242 211 249 234 ab
16-0-16 222 208 214 215cd
16-16-16 243 215 228 229 abc
16-8-0 202 191 187 193 e
16-8-8 224 206 220 217 cd
16-8-24 236 225 255 239a
Average 219 A 203 B 212 A 211

A=* B=** AxB =NS CV(@=100% CV(0b)=25%

Remark : Means followed by the same letter within a column are not significantly different at 5% level of probability

using Duncan Multiple Range Test (DMRT), ** : Significant at 1% level of probability, NS: Not significant

Table 4 Fresh Yield of Cassava varieties on Huai Pong (Hp), in rainy season 2011/2012 —2012/2013

Fertilizer Varieties (Kg/rai)

Average
(kg.N-P,0,-K,O/rai) Rayong 9 Rayong 11 CMR46-47-137
0-0-0 4,120 3,596 3,999 3,905 ¢
0-8-16 5,543 4,614 5,417 5,191d
8-8-16 6,421 5,365 5,940 5,909 be
16-8-16 6,786 7,082 6,535 6,801 a
24-8-16 7,298 7,347 6,951 7,199 a
16-0-16 5,883 6,360 6,326 6,190 b
16-16-16 7,196 6,863 6,294 6,784 a
16-8-0 5,958 5,219 5,307 5,495 cd
16-8-8 6,086 5,823 6,292 6,067 b
16-8-24 7,449 7,137 7,061 7,216 a
Average 6,274 A 5,941 B 5,982 B 6,065

A=** B=* AxB=NS CV(a)=87% CV()=93%

Remark : Means followed by the same letter within a column are not significantly different at 5% level of probability

using Duncan Multiple Range Test (DMRT), *, ** : Significant at 5, 1% level of probability, NS: Not significant

Haauddvivin nsudoimsinuas Uszi 2558 \c 5




Table 5 Starch of Cassava varieties on Huai Pong (Hp),in rainy season 2011/2012 —2012/2013

Fertilizer Varieties (%)
Average

(kg.N-P,O,-K O/rai) Rayong 9 Rayong 11 CMR46-47-137

0-0-0 30.8 30.5 29.3 30.2
0-8-16 31.6 30.6 30.3 30.8
8-8-16 31.2 29.8 29.5 30.2
16-8-16 31.1 30.0 29.5 30.2
24-8-16 31.4 29.5 29.4 30.1
16-0-16 31.6 30.6 313 31.2
16-16-16 31.9 29.1 29.2 30.0
16-8-0 31.2 29.6 28.4 29.8
16-8-8 31.7 30.3 29.9 30.6
16-8-24 31.1 29.8 30.8 30.6
Average 314 A 30.0B 29.8 B 30.3

A=* B=NS,AxB =NS CV(@=49% CV(b)=22%

Remark : Means followed by the same letter within a column are not significantly different at 5% level of probability

using Duncan Multiple Range Test (DMRT), ** : Significantat 1% level of probability, N'S: Not significant

Table 6 Starch Yield of Cassava varieties on Huai Pong (Hp), in rainy season 2011/2012 -2012/2013

Fertilizer Varieties (Kg/rai)

Average
(kg.N-P,0,-K O/rai) Rayong 9 Rayong 11 CMR46-47-137
0-0-0 1,458d 1,099 ¢ 1,204 ¢ 1,254 ¢
0-8-16 1,749 cd 1,412d 1,636 cd 1,599 d
8-8-16 2,003 abc 1,601 cd 1,752 bed 1,785 ¢
16-8-16 2,112 ab 2,122 a 1,933 abc 2,056 ab
24-8-16 2,297 a 2,160 a 2,048 ab 2,168 a
16-0-16 1,856 be 1,945 ab 1,900 abc 1,900 be
16-16-16 2,296 a 2,001 ab 1,841 be 2,046 ab
16-8-0 1,759 cd 1,544 cd 1,524d 1,609 d
16-8-8 2,039 abc 1,762 be 1,892 abc 1,897 be
16-8-24 2,318 a 2,127 a 2,184 a 2,209 a
Average 1,990 A 1,777 B 1,791 B 1,846

A=* B=* AxB =NS CV(@=113% CV(b)=93%

Remark : Means followed by the same letter within a column are not significantly different at 5% level of probability

using Duncan Multiple Range Test (DMRT), ** : Significantat 1% level of probability, N'S: Not significant
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Table 7 Nutrients uptake (kg nutrient/rai) by cassava at 12 months on Huai Pong (Hp) Loamy sand soil in

rainy season 2011/2012-2012/2013

Leaf (kg nutrient/rai) Stem (kg nutrient/rai) Stalk (kg nutrient/rai)
Treatments

N P K N P K N P K
Rayong 9 7.19 0.95 1.73 4.26 1.05 2.01 3.14 1.14 3.14
Rayong 11 7.55 1.23 1.82 3.18 1.18 1.84 2.89 1.08 3.62
CMR46-47-137 7.04 0.92 1.64 3.68 1.48 1.94 2.86 1.19 3.35
Average 7.26 1.03 1.73 3.70 1.24 1.93 2.96 1.14 3.37
N-P,0.-K,0 (F)
0-8-16 5.87 0.9 1.64 2.8 1.17 1.86 2.29 1.02 3.26
8-8-16 6.62 0.97 1.57 3.12 1.26 1.81 2.71 1.14 3.12
16-8-16 7.85 1.22 1.89 3.8 1.5 2.12 3.07 1.22 3.59
24-8-16 8.58 1.16 2.08 4.72 1.1 2.21 3.28 1.12 3.67
16-0-16 6.81 0.9 1.68 3.18 1.11 2.08 2.93 1.14 3.86
16-16-16 7.27 1.08 1.68 4.13 1.17 1.88 3.41 1.21 3.48
16-8-0 7.75 1.14 1.61 3.44 1.51 1.28 3.12 1.11 2.18
16-8-8 6.5 0.88 1.33 3.54 1.05 1.39 2.74 1.04 2.83
16-8-24 8.06 1.03 2.08 4.59 1.25 2.72 3.26 1.27 4.35
Uptake (%) 72.46 10.28 17.27 53.86 18.05 28.09 39.63 15.26 45.11

Table 8 Nutrients uptake (kg nutrient/rai) by cassava at 12 months on Huai Pong (Hp) Loamy sand soil in

rainy season 2011/2012-2012/2013

Root Total uptake Yield

Treatments (kg nutrient/rai) (kg nutrient/rai) (kg/rai)
N P K N P K

Rayong 9 291 5.30 16.29 17.48 (2.79) 8.41(1.34) 24.96 (3.98) 6,274 A
Rayong 11 3.48 5.51 18.29 17.08 (3.16) 8.99 (1.52) 24.54 (4.13) 5941 B
CMR46-47-137 1.78 5.86 17.12 15.33 (2.57) 9.41 (1.58) 22.90 (3.83) 5,982 B
Average 2.72 5.56 17.07 18.4 8.94 24.13 6,065
N-P,0.-K,0 (F)
0-8-16 2.47 4.89 16.22 13.44 (2.59) 7.99 (1.54) 22.89 (4.41) 5,191 e
8-8-16 2.82 5.57 17.23 15.26 (2.59) 8.93 (1.52) 23.84 (4.04) 5,909 ¢
16-8-16 5.47 6.11 19.42 20.17 (2.97) 9.81 (1.45) 26.76 (3.94) 6,801 ab
24-8-16 4.64 6.18 19.5 21.25(2.96) 9.55(1.33) 27.67(3.85) 7,199 a
16-0-16 6.16 5.21 16.9 19.04 (3.13) 8.31(1.37) 24.50 (4.02) 6,190 be
16-16-16 4.75 5.75 18.23 19.56 (2.89) 9.06 (1.34) 25.90 (3.82) 6,784 ab
16-8-0 43 4.81 11.01 18.62 (3.39) 8.80 (1.61) 16.09 (2.93) 5,495d
16-8-8 4.93 5.37 13.98 17.69 (2.92) 8.33 (1.38) 19.51 (3.22) 6,067 be
16-8-24 4.66 6.18 20.93 20.56 (2.92) 9.71 (1.38) 30.06 (4.26) 7,216 a
Uptake (%) 16.49 20.52 62.99 35.75 17.37 46.88

() = Nutrient uptake Kg/ton yield
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Table 9 Nutrients used efficiency (kg nutrient/rai) by cassava at 12 months on Huai Pong (Hp) Loamy
sand soil in rainy season 2011/2012-2012/2013

Yield Total uptake (kg nutrient/rai) Nutrients used efficiency (kg nutrient/rai)

Treatments

N P K N P K
Rayong 9 6,274 A 17.48 8.41 24.96 359 746 271
Rayong 11 5,941 B 17.08 8.99 24.54 348 661 242
CMR46-47-137 5,982 B 15.33 9.41 22.90 390 636 249
Average 6,065 18.4 8.94 24.13 330 678 254
N-P,0.-K,0 (F)
0-8-16 5,191d 13.44 7.99 22.89 386 650 227
8-8-16 5,909 be 15.26 8.93 23.84 387 662 248
16-8-16 6,801 a 20.17 9.81 26.76 337 693 254
24-8-16 7,199 a 21.25) 9.55 27.67 339 754 260
16-0-16 6,190 b 19.04 8.31 24.50 325 745 253
16-16-16 6,784 a 19.56 9.06 25.90 347 749 262
16-8-0 5,495 cd 18.62 8.80 16.09 295 624 342
16-8-8 6,067 b 17.69 8.33 19.51 343 728 311
16-8-24 7,216 a 20.56 9.71 30.06 351 743 240
Uptake (%) 35.75 17.37 46.88

() = Nutrient uptake Kg/ton yield

Table 10 Analysis of marginal rate of return of cassava production under different nutrient managements

on Huai Pong (Hp) in rainy season 2011/2012-2012/2013

Treatments Yield (Kg/rai) Total cost (Bath/rai) Benefit (Bath/rai) MRR (%)
Rayong 9 6,274 2,805 10,372 -
Rayong 11 5,941 2,805 9,671 -
CMR46-47-137 5,982 2,805 9,757 -
N-P,0,-K,0

16-8-0 5,191d 755 10,546 -
0-8-16 5,909 be 944 9,957 D
16-0-16 6,801 a 1,031 11,763 441
16-8-8 7,199 a 1,039 11,701 D
8-8-16 6,190 b 1,068 11,341 D
16-8-16 6,784 a 1,303 12,979 447
24-8-16 5,495 cd 1,551 13,565 236
16-8-24 6,067 b 1,567 13,586 131
16-16-16 7,216 a 1,594 12,653 D

D is dominated treatment.

2011-2012 cassava price 2.10 baht/kg.

The fertilizer plant and the maintenance of 2,805 baht/rai.

46-0-0 fertilizer price 11.80 baht/kg 18-46-0 fertilizer price 20.00 baht/kg
0-46-0 fertilizer price 27.00 baht/kg  0-0-60 fertilizer price 18.30 baht/kg
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Hybrid Sweet Corn Variety: Chai Nat 2
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ABSTRACT

A new hybrid sweet corn variety, Chai Nat 2 was conducted to aim at breeding single-cross
sweet corn hybrid for high yield good eating quality and resistance to northern corn leaf blight by
means of being developed from inbred no. 75 x no.66 by Chai Nat, Field Crops Research Centre,
Field Crops Research Institute, Department of Agriculture since 2006. The average ear with husk
yield over 18 locations showed that Chai Nat 2 produced 2,897 kg/rai which was higher than
commercial sweet corn hybrid, Chai Nat 86-1 and Hibrix 3 by 4% and 8%, respectively. Ear
without husk yield of Chai Nat 2 was 1,965 kg/rai whereas Chai Nat 86-1 and Hibrix 3 yielded
1,805 and 1,751 kg/rai, respectively. Chai Nat 2 gave sweetness of 13.4° brix, 46% of cut kernel
and the yellow cylindrical ear was 18 cm length and 4.8 cm ear diameter with good tenderness and
flavor. In addition, Chai Nat 2 was moderately resistant to northern corn leaf blight. The spacing
of 75x20 cm and nitrogen fertilizer applied at, 40 kg N/rai were maximized yield. Moreover,
Chai Nat 2 was well adapted to varying environmental conditions.

Key words : sweet corn, Chai Nat 2, breeding, hybrid
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Year Season

2006 dry Hibrix 4 (S)-9 CN-SSW 59 (S)-11
v v
2006 rainy Hibrix 4 (S)-9-1 CN-SSW 59 (S)-11-1
2007 dry Hibrix 4 (S)-9-1-B CN-SSW 59 (S)-11-1-B
2008 dry Hibrix 4 (S)-9-1-B-B CN-SSW 59 (S)-11-1-B-B
2009 dry Hibrix 4 (S)-9-1-B-B-B CN-SSW 59 (S)-11-1-B-B-B
2010 dry Hibrix 4 (S)-9-1-B-B-B-B CN-SSW 59 (S)-11-1-B-B-B-B
Inbred line No.75 X Inbred line No.66
Chai Nat 2

2010 rainy Preliminary yield trial over 2 locations
2011 rainy Standard yield trial over 7 locations

rainy Evaluation for Resistance to Downy Mildew Disease
2012 rainy Regional yield trial over 6 locations
2013 rainy Evaluation for Resistance to Northern Corn Leaf Blight Disease

Rainy Farm trial over 3 locations

Effect of plant spacing on yield of Chai Nat 2
Effect of nitrogen fertilizer on yield of Chai Nat 2
2014 Purify parent seed of Chai Nat 2

2015 Registration

Figure 1 Breeding scheme for single-cross sweet corn hybrid, Chai Nat 2 that had been developed at

Chai Nat Field Crops Research Center, Chai Nat province during 2006-2015.
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v Y a & _a 73 Y J EI) 73 Lo 1 o .
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. o @ 9 1 oA o (% 9
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Table 1 Average weight of ear with husk of sweet corn hybrid, Chai Nat 2, Chai Nat 86-1 and

Hibrix 3 over locations in the dry and rainy seasons during 2010-2013

Ear with husk weight (kg/rai)

Variety ! 5 ] ,

PYT SYT RYT FYT

Chai Nat 2 2,972 3,020 3,115 2,123
Chai Nat 86-1 2,936 2,768 3,059 2,143
Hibrix 3 2,283 2,673 3,036 2,211

" PYT (preliminary yield trial); average weight over two locations (Vayuparp et al., 2011)

? SYT (standard yield trial); average weight over seven locations (Vayuparp et al., 2012)

> RYT (regional yield trial); average weight over six locations (Jomsa-ngawong et al., 2013)

4

FYT (farmer yield trial); average weight over three locations (Mongkol et al., 2014)

Table 2 Average weight of ear without husk of sweet corn hybrid, Chai Nat 2, Chai Nat 86-1 and

Hibrix 3 over locations in the dry and rainy seasons during 2010-2013

Ear without husk weight (kg/rai)

Variety ; > 3 ;

PYT SYT RYT FYT

Chai Nat 2 2,154 1,926 2,175 1,515
Chai Nat 86-1 2,007 1,627 2,096 1,505
Hibrix 3 1,558 1,668 2,066 1,441

"PYT (preliminary yield trial); average weight over two locations (Vayuparp et al., 2011)

? SYT (standard yield trial); average weight over seven locations (Vayuparp et al., 2012)

> RYT (regional yield trial); average weight over six locations (Jomsa-ngawong et al., 2013)

YFYT (farmer yield trial); average weight over three locations (Mongkol et al., 2014)

Table 3 Ear with husk weight, regression coefficient, deviation from regression of sweet corn

hybrid yield trials at Charoen Pokphand Produce Co., Ltd., Sukhothai province, Chai Nat Field

Crops Research Center, Chai Nat province, Pacific Seeds Co., Ltd., Lopburi province, Sweet seeds

Co., Ltd., Saraburi province, East-West Seed Co., Ltd., Suphanburi province and Seed Asia Co.,

Ltd., Nakhon Sawan province, in the rainy season 2012

Ear with husk weight )
Variety b;* s
(kg/rai)
Chai Nat 2 3,115 1.025 ns 4655.30 ns
Chai Nat 86-1 3,059 1.102 ns 9160.26 ns
Hibrix 3 3,036 1.430 ns 85623.75 ns
Average 2,724

* Ho:b,= 1, ** Ho: Szd,. =0, ns = non-significant
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Table 4 Infection percentage and reaction of sweet corn hybrids, Chai Nat 2 and Hibrix 3, to downy
mildew disease at farmer field, Uthai Thani province in the 2011 rainy season and northern corn leaf

blight disease at Chiang Mai Field Crops Research Center, Chiang Mai province in the dry season 2013.

Northern corn leaf blight disease
Downy mildew disease

28 days after planting 55 days after planting
Variety
Infected Disease Leaf area Disease Leaf area Disease
plants1 (%) reaction’  infected' (%) reaction’  infected' (%) reaction’
Chai Nat 2 62.9a S 6.9a R 25.0a MR
Hibrix 3 90.0 b HS 7.1a R 39.2b MS
CV (%) 24.8 - 17.6 - 24.3 -

' Mean followed by a common letter are not different at P<0.05 level by DMRT. Data are transformed by Arcsine
(Sqr(x/100)).

® Disease reactions: 0% infection (no symptom) = highly resistant (HR), 1-10% infection = resistant (R), 11-25%
infection = moderately resistant (MR), 26-50% infection = moderately susceptible (MS), 51-75% infection =

susceptible (S) and 76-100% infection = highly susceptible (HS) (Phruetthithep et al., 2011, 2014)

Table 5 Effect of plant spacing on ear with and without husk weight for Chai Nat 2 at Chai Nat

Field Crops Research Center, Chai Nat province, in the rainy season 2013

Plant spacing Ear with husk weight Ear without husk weight
(cm) (kg/rai)1 (kg/rai)1
75x 20 3,100 a 2,126 a
75 x 25 2,867 b 1,987 b
75 x 30 2,507 ¢ 1,656 ¢
75x 35 2,337d 1,516d
CV (%) 7.20 7.10

' Mean followed by a common letter are not different at P<0.05 level by DMRT. (Phoomthaisong et al., 2014)
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Table 6 Effect of nitrogen fertilizer on ear with and without husk weight for Chai Nat 2 at Chai Nat

Field Crops Research Center, Chai Nat province, in the rainy season 2013

N fertilizer rates Ear with husk weight Ear without husk weight
(kg N/rai) (kg/lrai)1 (kg/rai)1
0 455d 407 e
10 909 ¢ 659d
20 1,381 b 964 ¢
30 1,731 a 1,231 b
40 1,982 a 1,454 a
CV (%) 7.10 7.40

' Mean followed by a common letter are not different at P<0.05 level by DMRT. (Phoomthaisong et al., 2014)

Table 7 Satisfaction test of sweetness, tenderness and favor on hybrid sweet corn varieties

Satisfaction test’

Test' Chai Nat 2 Hibrix 3
1 2 3 4 5 1 2 3 4 5
Sweetness - 27 57 11 5 - 20 48 28 4
Tenderness - 22 24 46 8 - 12 28 52 8
Favor - 10 28 54 8 - - 23 53 24

' Testing scores: Sweetness = 1 - 5 (not sweet-most sweet) Tenderness = 1 - 5 (non tender-most tender)
Favor=1 - 5 (no favors-most favor)

*From 35 participants

Table 8 Average of ear with husk and without husk weight, cut kernel and sweetness of Chai

Nat 2, Chai Nat 86-1 and Hibrix 3 during 2010-2013

Ear with husk weight1 Ear without husk weight1 Cutkernel’  Sweetness

Variety
(kg/rai) (kg/rai) (%) (° brix)
Chai Nat 2 2,897 1,965 46 13.4
Chai Nat 86-1 2,779 1,805 42 13.6
Hibrix 3 2,673 1,751 41 14.5

] Average over 18 locations

* Kernel weight per ear with husk weight
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Table 9 Agronomic characteristics of Chai Nat 2, Chai Nat 86-1 and Hibrix 3

Characteristics Chai Nat 2 Chai Nat 86-1 Hibrix 3
Taste sweet and tenderness sweet and tenderness sweet and tenderness
Ear shape cylindrical cylindrical cylindrical
Ear size (cm) 4.8x18.0 5.0x18.0 5.0x 18.5
Number of kernel rows 16-18 16-18 16-18
Days to tasseling 50 50 49
Days to silking 50 52 50
Plant height (cm) 220 220 210
Ear height (cm) 115 120 120

2500

y =38.76x + 516.4
2000 — R?=0.9858
:g & Ear with husk weight
8o 1500
) m Ear without husk weight
=
)
'S 1000
= Yy =26.66x + 409.8
2
o R2=10.9976
= 500
0 \ \ \ \ \
0 10 20 30 40 50

N fertilizer rates

Figure 2 Effect of nitrogen fertilizer on ear with and without husk weight for Chai Nat 2 at Chai

Nat Field Crops Research Center, Chai Nat province, in the rainy season 2013
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Figure 3 Plant type and ear shape of sweet corn hybrid variety: Chai Nat 2
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Breeding of Sweet Potato (Ipomoea batatas L.) for Fresh Consumption
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Penchan Suthanukul” Tatsanai Permsat’ Phanphaka Ratanakosol’

ABSTRACT

Sukhothai Horticultural Research Center and Phichit Agriculture Research and
Development Center conducted a breeding program of sweet potato in order to select new varieties
which have good quality for fresh consumption and high yield. Crossing between local cultivars and
introduced cultivars has been done. The hybrid lines were evaluated and were compared to the local
cultivars. Six hybrid lines were selected and were tested under three different locations. Three
promising lines, ST03, ST10 and ST18, were selected and were tested in six farmer plots. The
results showed that ST03 and ST18 were suitable lines for fresh consumption. ST03 had high
growth rate and was faster enable to cover the ground which prevented from weed. It was also the
most tolerate to sweet potato weevil. ST03 had white skin, yellow fresh and good eating quality.
Yields of STO3 in regional trial and farmer plot were 3,884 and 1,619 kg/rai, respectively. ST18 had
red skin, yellow fresh and good eating quality. It contained high beta carotene at 480 ug and high
protein at 1.2 g per 100g/g FW. Yields of ST18 in regional trial and farmer plot were 2,900 and
1,727 kg/rai, respectively. In conclusion, both ST03 and ST18 lines are suitable for recommended
to farmers.

Key words : Sweet potato, breeding program, sweet potato weevil, beta carotene
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Table 1 Yield comparison and quality of Sweet potato (Kg/Rai) at Sukhothai Horticultural

Research Center in 2011-2012

Variety Yield 2011 Yield 2012 Average Skin color Fresh color Taste Acceptable
(Kg/rai) (Kg/rai) score (1-10)

ST.01 2,948" 2,540 2,744 1A Haudy iHioBouLy ADUTIILRY TAHIU 6

ST.02 2,672° 2,120 " 2,396 1A dumdoq iosouyn luvanu 7

ST.03 3,524 3,940 " 3,732 Y1) maeudy  Hemileny v 8

ST.04 2,568 " 2,360 ™ 2,464 1A maewuiie  ilemtienjy 7
b ab ) A v A a ' )

ST 05 2,340 3,660 3,000 Rt masaludy  ilemilenjy wawanios 7

! 2.

ST.06 3,104° 2,480 " 2,792 1A maesdy  ilemileaseutiy 7
. . . 2, ,

ST.07 1,440 4,480 2,810 1HAIBDU Ma0q oo lunau 6
) . PR

ST.08 1,776 ° 2,800 " 2,288 1A maening  iileseun luvanu 6

ST.09 1,280 ¢ 1,900 % 1,590 Rt afurnn deudls auge liva 6

ST.10 1,820 4,800 " 3,310 Rt halumdes  rlemilenjy vanuanioo 6

ST.11 716° 2,080 1,398 1A M Wontuuge luva 5
c a ' Ao

ST.12 1,180 3,520 2,350 m madeseen  ilemileny v 7
) R

ST.13 2,284 " - 2,284 1A Ma0q iemilenu vwanties 7
. ; , 2 . ,

ST 14 1,188 1,120 1,154 M MouNN tileuds auge livau 6

ST.15 2,524" 3,040° 2,782 1A ahumdes  iemiuude Tiwu 5

ST.16 2,976" 2,080 ™ 2,528 ! 124 ilomtlonjy $auep waaniieo 6

ST.17 3,264° 2,900° 3,082 1A maeudy  Hemitlenu v 7
o a , Ao

ST.18 3,680 3460° 3,570 1A tlumdes  emfieny v 8

. 2 . ,
ST.19 3,056 " 3,200" 3,128 m midosgou  rilendis e T 5
’ Z .,

ST.20 3,380° 2,160" 2,770 yeudy  mdesendy  1HeseulN W 7

ST.21 1,472° 1,260 ¢ 1,366 Y1IONNI vluwing iemiuude Tiwu 5

ST.22 2,240 - 2,240 1A maeaue  ilemilenjy Tidulewn Tivam 6

ST.23 4,560 " 3,400° 3,980 uauTY maealuing  rileseumileniy vamudniies 6.5
. ’ . 2 ,

ST.24 2,240" 2,000" 2,120 AT v rilesauge livau 6
. ; , P

ST.25 5,020 3,920 4,470 UAA urandes  ilemiieny v 7
d . . P

ST.26 3,660 " 4,220 3,940 1A maeseen  ilemiieny v 7

ST.27 2,800° 2,520 " 2,660 1A M09 Hemienda v 7

ST.28 3,050° 2,980° 3,015 1A 1Ma04 iipgouny nuantioo 7

CV (%) 38 32

Mean in the same column, followed by a common letter are not significantly different at 5% level by DMRT
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Table 2 The productivity of sweet potato (Kg/Rai) grown at 3 location in 2014

Location
Lines Average
Sukhothai Phichit Phetchabun
ST.03 3,403 a 2,207 ab 6,042 a 3,884
ST.10 4,238 a 2,653 a 6,800 a 4,564
ST.18 4,108 a 1,580 be 3,011b 2,900
ST 23 3,210 ab 907 ¢ 833 ¢ 1,650
ST.25 3,395 ab 1,873 b 4,000 b 3,089
ST 26 3,270 ab 1,167 ¢ 3,338b 2,592
Local 2,018 b 973 ¢ 3,500 b 2,164
CV% 20 23 22
Mean in the same column, followed by a common letter are not significantly different at 5% level by DMRT
1 Rai = 0.16 Hectar
Table 3 The quality of sweet potato and popularity among consumers
Lines % destruction by sweet Texture Fiber Sweetness Acceptance
potato weevil (%)
ST.03 5 Mii8) az108a 1y unan Wnuiloy 7
ST.10 15 GRITENT unang NI 7
ST.18 12 milen az1oen oo U 8
ST 23 6 Milen azidoa oo nutley 7
ST.25 18 wuu vitien 1hunan Wutiey 5
ST 26 10 (ACTRRIEY wn RiT] 8
Local 10 Y e Voo WU 8
Texture 1@y azidoa BoULN TIUYE i UG
Fiber il 1l 1hunas 1n
Sweetness T wautdes wu
Acceptance AZUUUAN 10 AZUUY
1 =Less
10 = More

104 &J Nasmddoiiin nsudvimsineas Usza 2558




Table 4 The analysis of the nutritional value of sweet potato varieties

(Central Laboratory)

Schedule Unit ST.03 ST.10 ST.18 ST 23 ST.25 ST 26
Anthocyanin mg/Kg <0.10 7.32 1.26 <0.10 12.82 0.36
Ash g/100g 0.84 0.68 0.75 0.81 0.71 0.86
Bata-carotene ng/100g <200 <200 481.70 <400 <400 <200
Calories Kcal/100g 136.28 90.80 130.47 112.78 99.32 129.07
Calories from Fat Kcal/100g 1.80 1.80 1.35 1.62 1.80 1.71
Carbohydrate g/100g 32.80 21.56 31.08 26.95 23.58 30.73
Cholesterol mg/100g <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Fat g/100g 0.20 0.20 0.15 0.18 0.20 0.19
Moisture g/100g 65.34 76.87 66.82 71.22 74.71 67.11
Protein (% N x 6.25) g/100g 0.82 0.69 1.20 0.84 0.80 1.11
Saturated fat g/100g 0.06 0.06 0.04 0.06 0.06 0.06
Sugar g/100g 3.06 5.81 8.65 3.10 8.44 3.38
Dietary Fiber g/100g 2.16 2.63 2.65 1.85 2.08 2.23
Vitamin A ng/100g <7.00 <7.00 <7.00 <7.00 <7.00 <7.00
Vitamin Bl mg/100g <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Vitamin B2 mg/100g <0.025 <0.025 <0.025 <0.025 <0.025 <0.025
Calcium (Ca) mg/100g 13.16 12.02 19.18 7.20 6.21 8.79
Iron (Fe) mg/100g 0.49 0.48 0.51 0.40 0.40 0.55
Sodium (Na) mg/100g 7.07 13.37 6.99 7.44 22.68 3291

Table 5 The productivity of sweet potato was grown at 6 locations in 2015
Sukhothai Pichit Phetchabum
Variety

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2
ST.03 1,808 a 1,886 a 2,107 b 1,536 a 1,215 ab 1,163 a
ST.10 941 b 1,736 a 2,490 a 1,387 b 1,291 a 1,242 a
ST.18 2,218 a 2,181 a 2,235 ab 1,571 a 894 b 1,264 a
Local 1,000 b 1,032 b 1,813 ¢ 1,387 b 1,309 a 1,236 a
CV% 29.4 18.4 28.0 243 26.1 11.4

Mean in the same column, followed by a common letter are not significantly different at 5% level by DMRT

1 Rai = 0.16 Hectar
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Figure 2 Characterization of ST. 18
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Study on Chinda Chili Field Trial

Y Ay v o A A o gy ) ¢S a o 2/

IUNU I"lfﬂWW“]fu BAIVBY UUNNITAU ANaNy 958¥Y

o a 3/ A A 4/ v W a a g

11w dszaSyagu Nralaa 513140 inde AIUITAIN
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ABSTRACT

The breeding program to improve yield and quality of ‘Chinda’ chilli was initiated at
Sisaket Horticultural Research Center in order to produce high quality seed at cheap price for
farmers and enable them to keep chilli seeds for next season. Field trials were conducted at 3
Research Centers, namely Sisaket, Chaiyapoom and Kanchanaburi, during 2010 harvesting season.
Thirteen lines were tested and evaluated. The criteria for selection composed of fruit color, fruit
length and width and peduncle length. Four lines (PJ 054, PJ 045, SK 24 and SK 20) were selected
for testing in farmer plot in 5 locations (Sisaket, Sukothai, Trang, Kanchanaburi and
Nakornratchasima) for 2 seasons (dry and rainy season) in 2013-2014. The experimental design was
RCB with 6 treatments (PJ 054, PJ 045, SK 24 and SK 20 compared with local cultivar and
‘Supperhot’ cultivar) and 4 replications. SK 24 adapted well and produced high yield during dry
season in Norteatern and Middle of Thailand. Sisaket (1,352.4 KG./rai) and Kanchanaburi (642.1
KG./rai). PJ 054 was produced high yield in Nortren of Thailand. Sukothai (1,873.6 KG./rai). In
rainy season, yield of all cultivars decreased more than 40% compared with dry season, except at
Kanchanaburi where SK 24 produced 13% higher yield in rainy season than dry season. These 2
cultivars were also tolerated to Collectotrichum spp. when planting in Sisaket and Kanchanaburi.
They were in the process of registration at Depatment of Agriculture for recommended variety.

Key words : Chinda chili, hot pepper, Superhot, Collectotrichum spp, tolerance
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Figure 1 Disease diagrams of anthracnose symptom ranging from score 0 to 9 on ‘Chinda’

representing large fruit Khee noo chilli type.
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Table 1 Yeild comparison of fresh weight Chinda chili (Kg. per Rai) in dry season
(October-April) in 2013

Dry Season
Variety " N
SSK SUK TRA KAN NOON
PJ 054 1,026.4 a 1,873.6 a 1,565.4 ¢ 3339b ND
SK 24 1,3524a 1,783.2 a 1,508.5 ¢ 642.1a ND
PJ 045 9169 a 1,601.6 a 2,056.7 ab 1184 ¢ ND
SK 20 8599 a 1,480.0 a 1,835.6 abc 1899 ¢ ND
Local 9629 a 1,698.4 a 2,232.1a 1824 ¢ ND
Superhot 1,009.3 a 1,526.4 a 1,720.1 be 223.4 be ND
CV. 25.8 20.2 17.0 30.0 -

Mean in the same column, followed by a common letter are not significantly different at 5% level by DMRT
" Commercial for comparison in Trang Province (Chindadum Variety)

z Noonsung in Nakornratchasima Province. Unable to cultivated in dry season

Table 2 Yeild comparison of dry weight Chinda chili (Kg. per Rai) in dry season
(October-April) in 2013

Dry Season
Variety ” >
SSK SUK TRA KAN NOON
PJ 054 3099 a 344.0a 397.1¢ 5340 ND
SK 24 450.0 a 3923 a 479.7 be 102.7 a ND
PJ 045 2899 a 413.1a 671.7 ab 189¢ ND
SK 20 3292 a 3725a 529.0 be 304 ¢ ND
Local 340.0a 420.8 a 707.5a 29.1¢ ND
Superhot 3798 a 3715a 299.8 ¢ 35.8 be ND
CV. 272 18.7 19.0 29.9 -

Mean in the same column, followed by a common letter are not significantly different at 5% level by DMRT

" Commercial for comparison in Trang Province (Chindadum Variety)

. Noonsung in Nakornratchasima Province. Unable to cultivated in dry season
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Table 3 Yeild comparison of fresh weight Chinda chili (Kg. per Rai) in rainy season (May-

September) in 2014

Rainy Season

Variety "

SSK SUK TRA KAN NOON
PJ 054 540.6 a 507.0 a ND 295.1¢ 701.5a
SK 24 641.6a 466.7 ab ND 744.0 a 503.2 ab
PJ 045 7299 a 294.5 ab ND 329.5¢ 23990
SK 20 636.8 a 348.7 ab ND - 5772 a
Local 514.4a 240.0 b ND 516.4 bc 463.7 ab
Superhot 536.6 a 202.5b ND 663.2 ab 396.1b

CV. 20.3 38.1 - 36.0 40.3

Mean in the same column, followed by a common letter are not significantly different at 5% level by DMRT

/ . . L
! Trang Province. Unable to cultivate in rainy season

Table 4 Yeild comparison of dry weight Chinda chili (Kg. per Rai) in rainy season (May-

September) in 2014

Rainy Season

Variety »

SSK SUK TRA KAN NOON
PJ 054 76.8 a 107.5a ND 563 ¢ 169.7 a
SK 24 58.8a 122.6 a ND 1248 a 118.1 be
PJ 045 63.0a 129.1 a ND 56.0c 52.6¢
SK 20 659a 1164 a ND - 135.7 ab
Local 89.6 a 1315a ND 88.6 ab 122.6 be
Superhot 68.2a 1162 a ND 112.0 ab 80.8 ¢'

CV. 22.7 20.0 - 254 38.7

Mean in the same column, followed by a common letter are not significantly different at 5% level by DMRT

/ . . S
! Trang Province. Unable to cultivate in rainy season
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Table 5 Adoptation of farmer in fruit size colour and harvesting of chinda variety at Sisaket Province

and Trang Province in 2014

Dry Season
Variety »
SSK SUK TRA KAN NOON

PJ 054 3.9 - 3.2 - -
SK 24 3.9 - 34 - -
PJ 045 3.6 - 3.6 - -
SK 20 2.9 - 2.2 - -
Local 3.4 - 3.6 - -
Superhot 3.5 - 1.2 - -

Acceptance score (score 0-4) 0= less 4= Most

" Chindadum Variety

Table 6 Antracnose disease index, %DI (Collectotrichum spp.) on Chinda chili fruit at Sisaket
and Kanchanaburi in 2014

Sisaket Kanchanaburi
Variety
%DI Resistance level %DI Resistance level

PJ 054 19.3 R 28.4 R
SK 24 21.3 R 253 R
PJ 045 21.5 R 232 R
SK 20 27.4 R 353 MR
Local 27.5 R 214 R
Superhot 23.4 R 23.3 R
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Figure 2 Characterization of PJ 054

Figgure 3 Characterization of SK 24
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Value-added Creation from Stalks of Dahla (Etlingera elatior (Jack) R.M. Smith)
for Textile Industry in Narathiwat Province
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ABSTRACT

Dahla (Etlingera elatior (Jack) R.M. Smith) is normally intercropped with staple crops in
Narathiwat Province. Moreover, it can be created value-added by using stalk part as fiber for
Textile Industry. The purpose of this project was to develop and transfer the technology of
extracted fiber from stalk part of Dahla for privatization to create more value in Narathiwat
province. This project consisted of 3 research activities namely the survey of potential crops,
developing the technology of extracted fiber and transferring the technology to farmers were
conducted at the Center of Agricultural Research and Development at Rueso, Narathiwat province
during 2011 — 2015. The results showed that all parts of Dahla stalk could be extracted fiber by
soaking with extracted soluble for 6 days and the quality of its fiber was suitable for the
entrepreneurs fabrics production. Furthermore, it was found that the core of stalk gave a good
quality of extracted fiber for Textile industry. Finally, transfer the technology through on-the-job
training on the trainer to Dahla growers should be promoted and set up the farmer group for
producing extracted fiber for the entrepreneurs fabrics production.

Key words : Dahla (Etlingera elatior (Jack) R M. Smith), stalk, fiber extracting, Narathiwat province
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"Rueso Agricultural Research and Development Center, Narathiwat province
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? Office of Agricultural Research and Development Region 8, Songkhla province
Y quiitonazannmanyasussng

¥ Narathiwat Agricultural Research and Development Center, Narathiwat province
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Table 2 Average dry weight of the fibers from Dahla stalk under different time of soaking in 2012

Treatment Fiber dry weight (g).
1. Soak extract soluble for 4 days 467.38
2. Soak extract soluble for 5 days 472.75
3. Soak extract soluble for 6 days 566.37
4. Soak extract soluble for 7 days 533.38
5. Soak extract soluble for 8 days 446.13
F-test ns

Remarks: Fiber fresh weight at 10 kg was used for each sample.

Table 3 The properties of the fibers from Dahla stalk under different time of soaking in 2012

Treatment Average strength

Tenacity (g./den.) Elongation while lacking (%)

1. Soak extract soluble for 4 days 1.64 6.61
2. Soak extract soluble for 5 days 1.63 6.32
3. Soak extract soluble for 6 days 1.62 5.96
4. Soak extract soluble for 7 days 1.52 5.97
5. Soak extract soluble for 8 days 1.44 6.11
F-test ns ns
Remarks:

- The average property in the criteria that can be used as raw material in the textile fabric. The
length of stem at 25 cm was used for each sample.

- Strength testing standards ASTM D 3822 : 2001 (TENSILE TESTING MACHINE (INSTROL MODEL 5566)
Speed Test : 10% Elongation Per Mininute, 25 mm long test) A fiber test standard BASED ON ASTM D 1059 :
2001,CV (%) 23.01

Table 4 Average dry weight of the fibers from Dahla stalk under different plant parts in 2015

Treatmet Fiber dry weight (g).
1. extracted from total of stalk 52237
2. extracted from the outer peel of stalk 525.78
3. extracted from the stunt of stalk 521.87
4. extracted from the tip of stalk 52533
F-test ns

Remarks: Fiber fresh weight at 10 kg was used for each sample.
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Table 5 The properties of the fibers from Dahla stalk under different plant parts in 2015

Treatment Average strength

Tenacity (g./den.)  Elongation while lacking (%)

1. extracted from total of stalk 373.93 9.46

2. extracted from the outer peel of stalk 286.52 12.02

3. extracted from the stunt of stalk 380.01 9.02

4. extracted from the tip of stalk 399.31 10.01

F-test ns ns
Remarks:

- The average property in the criteria that can be used as raw material in the textile fabric. The
length of stem at 25 cm was used for each sample.

- Strength testing standards ASTM D 3822 : 2001 (TENSILE TESTING MACHINE (INSTROL MODEL
5566) Speed Test : 10% Elongation Per Mininute, 25 mm long test) A fiber test standard BASED ON ASTM
D 1059 : 2001,CV (%) 23.01

Figure 2 Dahla Fiber and a cover cloth made from textile with a mixture of Dahla
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Figure 3 Training on the trainer of Dahla grower for extracted fiber from Dahla stalk in

Narathiwat province

Figure 4 The exhibition display works of a fabric series made from textile with a mixture

of Dahla fiber
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Figure 5 The exhibition display works of a fabric series made from textile with a mixture

of Dahla fiber in 2015

Figure 6 Examples of textile from natural fibers manufacture at various products
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Using Integrated Technology for Controlling Fruit Fly in Rose Apple, Guava

and Jumbo jujube in Ratchaburi, Nakhon Pathom and Samut Sakhon Provinces
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ABSTRACT

The project of integrated technology for controlling oriental fruit fly in rose apple, guava and
jumbo jujube was aimed to produce safety yield without oriental fruit fly infestation. The integrated
technology for controlling fruit fly was used with clean up the plot, thinning, wrap fruits with plastic
bag, insect trap and poison bait during pre-harvesting period and treated with recommended
management for logistic and grading inside nylon net at parking house under GMP certification. This
project was conducted in Ratchaburi, Nakhon Pathom and Samut Sakhon Provinces during October
2012 to March 2015. The results showed that 60 farmers occupied 262 rai in 2013/2014 and 50
farmers occupied 226 rai in 2014/2015 were selected as smart farmers. Furthermore it was different on
the average number of oriental fruit fly which found in treated plot less than those of untreated plot.
In regard to good yield percentage of rose apple, guava and jumbo jujube selected inside the nylon net
at packing house point of Ratchaburi Agricultural Research and Development Center were 99.2, 98.6
and 99.7% in 2013/2014 and 100, 98.8 and 100% in 2014/2015 respectively. Good yield percentage
of rose apple and guava of Nakhon Pathom Agricultural Research and Development Center in
2013/2014 were 97.4 and 98.1% whereas in 2014/2015 was 98.8 and 100% respectively. For the
export of rose apple to China, adjusted technology in 2014/2015 about timing period of fruit set and

DOA'’s special type bag was utilized according to agreement between Thailand and Republic of
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"dnindtouaz Wannmsineasuai 5 Muat1aias suneasINe1 19MIATUUIN Office of Research and development, agricultural Region 5
TAninaderiaun13e15n Y 19A99 50T NTUNNNNIUAT Plant Protection Research and Development Office, Department of Agriculture
Tdninniuguilsuaz Tagmsinyas AIYINT NFUNNUNIUAT Agricultural Regulatory Office

Y quiitouaziannmanuas i Muanueine §10e Tns151 §913519J3 Rachaburi Agriculture Research and Development Center

* quéitouaziannmsineasuaslgy Muanaune Sunemumanay 591 3auasgy Nakhon pathom Agriculture Research and Development Center
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China. Suspended command of export from Malaysia (on August 1, 2012) and China (during January
1, 2015- January 31, 2016) was cancelled due to good production system management. Consequently,
total products of 204 lots with 338.10 ton -weight and 18.76 million baht were succeeded to export.

Key words : rose apple, guava, jumbo jujube, integrated technology, controlling fruit fly
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Table 1 Number of participated in project for controlling oriental fruit fiy in Ratchaburi, Samut Sakhon

and Nakhon Pathom provinces during 2013 to 2014

Rose Apple Guava Jumbo jujube
Year Year Year Year Year Year
Provinces District
2013/2014 | 2014/2015 | 2013/2014 2014/2015 2013/2014 2014/2015
Unit (Rai) | Unit (Rai) Unit (Rai) Unit (Rai) Unit (Rai) Unit (Rai)
Damnoen Saduak 20(100) 21(105) 9(27) 5(15) - -
Ratchaburi Bang phae 7(35) 6(30) - - - -
Muang 1(5) 1(5) - - - -
Ban phaeo - - - - 2(10) 1(5)
Samut Sakhon
Muang - - - - 1(5) -
Nakhon Pathom Sam phran 10(50) 9(50) 10(30) 7(21) - -
Total 38(190) 37(185) 19(57) 12(36) 3(15) 1(5)
Table 2 Percentage of quality of rose apple from model when packed at 2 system of packaging in 3
provinces during 2013/2014
Close System Open System
Provinees Rose Apple Guava Jumbo Jujube Rose Apple Guava Jumbo Jujube
Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield
Ratchaburi 9.2 08 986 14 986 14 9718 22
Nakhon Pathom 974 29 9.1 19 953 47 948 52
Samut Sakhon 9.7 03 9.7 13
Table 3 Percentage of quality of rose apple from model when packed at 2 system of packaging in 3
provinces during 2014/2015
Close System Open System
Provinces Red Apple Guava Jumbo Jujube Red Apple Guava Jumbo Jujube
Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield | Good yield | Damage yield
Ratchaburi 100 0 98.8 12 99.6 04 984 1.6
Nakhon Pathom 98.8 12 100 0 99.7 03 100 0
Samut Sakhon 100 0 100 0
Table 4 List of resource person
Planting Planting
No. Name Moo District Amphoe Province
area area
1 Mr.somporn BoonLam 8 167 6 Phaengphuai Damnoen Saduak | Ratchaburi
2 Mr. Manoch Lim-im 10 308 7 Don Kruai Damnoen Saduak Ratchaburi
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Table 5 List of packing house in the project

No. Name Moo District Amphoe Province
1 NTS Fruits Ltd. 6 Don Kruai Damnoen Saduak Ratchaburi
Table 6 List of leader group/network
Planting
No. Name Moo District Amphoe Province
area
1 Miss Savitri Sanguanreuang 25 6 Don Kruai Damnoen Saduak Ratchaburi
2 Mr. Dejpriwan pleumchai 10 10 Hua Pho Bang Phae Ratchaburi
3 Mr. Somyos Inklai 5 9 Phaengphuai Damnoen Saduak Ratchaburi
4 Mr. pra-yoon vesutpaisaan 80 2 Wat Kaeo Bang Phae Ratchaburi
5 Mr. Nattapong Watanamaneekul - 7 Don Kruai Damnoen Saduak Ratchaburi
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Figure 1 A1l Average numbers of oriental fruit fly found in trap in Rose apple plots of Ratchaburi during 2013 to 2015

150

A2 Average numbers of 2 species of oriental fruit fly found in trap in Rose apple plots of Ratchaburi during

2013 to 2015
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Figure 2 B1 Average numbers of oriental fruit fly found in trap in Rose apple plots of Nakhon Pathom during 2013 to 2015
B2 Average numbers of 2 species of oriental fruit fly found in trap in Rose apple plots of Nakhon Pathom
during 2013 to 2015
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Figure 3 C1 Average numbers of oriental fruit fly found in trap in rose Guava of Ratchaburi during 2013 to 2015

C2 Average numbers of 2 species of oriental fruit fly found in trap in Guava plots of Ratchaburi during 2013 to
2015
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Figure 4 D1 Average numbers of oriental fruit fly found in trap in rose Guava of Nakhon Pathom during 2013 to 2015
D2 Average numbers of 2 species of oriental fruit fly found in trap in Guava plots of Nakhon Pathom

during 2013 to 2015
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Figure 5 E1 Average numbers of oriental fruit fly found in trap in Jumbo Jujube of SamutSahon during 2013 to 2015
E2 Average numbers of 2 species of oriental fruit fly found in trap in Jumbo Jujube of SamutSahon during

2013 to 2015
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Research and Development on Pummelo cv. Tub Tim Siam Production

Technologies In the Upper Southern
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Abstract

Research and development on pummelo cv. Tub Tim Siam production technology have
been done in the upper South. The purpose of this work was to conduct an integration orchard
management research and post-harvest handling as well as transfer of technology to growers. The
experiments were been conducted during 2010-2015 in Nakhon Si Thammarat province. The
growing test results of pummelo using a proper planting and cropping system found that the plant
growth was well accepted by growers and can be used to introduce farmers to be grown pummelo
cv. Tub Tim Siam in the area. The result revealed that recommended method gave yield more than
farmer methods 31-35 fruits per plant and benefit cost ratio (BCR) were two times higher than
farmer method. This research has also developed an orchard management technology based on the
relationship between the development of a pummelo plant, environment and pests as a calendar
period to guide orchard management in specific areas. The study also led to extension to farmer by
20 demonstration farms and training course to produce the suitable technologies for pummelo cv.
Tub Tim Siam production in the main growing areas.

Key words : Pummelo cv. Tub Tim Siam, Orchard management, the Upper Southern of Thailand
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Table 1 Growth and yield of pummelo cv. Tub Tim Siam at 5 pummelo orchard, Klong-Noi sub-district, Pak Phanang district,

Nakhon Si Thammart Province during 2010 - 2014

Growers Planting Height (cm.) Diameter of Diameter of Yield

Date Canopy (cm.) Stem (cm.) (fruit/tree)

2012 2014 2012 2014 2012 2014

1. Mr. Serm Khedung Oct 2010 200.6 313.5 95.8 210.5 20.3 31.3 40.9
2. Ms. Khrueafa Tidkaew Jun 2011 164.5 288.6 78.8 173.1 14.7 25.1 31.1
3. Mr.JJumnong Chantongkaew  Jun 2011 199.8 300.1 86.2 181.4 19.2 29.5 249
4. Mr. Thiang Cheetanom Jan 2011 185.7 321.3 97.1 199.8 19.9 30.2 31.7
5. Mrs. Amporn Sawadsuk May 2011 142.1 301.2 63.9 192.9 17.6 28.6 30.3

Average 178.5 303.9 84.4 191.5 18.3 28.9 31.8

Table 2 Yield of pummelo cv. Tub Tim Siam between DOA and Farmer in 10 farms during 2012 and 2013

Year Yield (fruit/tree)
DOA (Size) Farmer (Size)
Yield Gap
1 2 3 Mix Total 1 2 3 Mix Total
2012 23.4 442 34.6 26.8 129.0 12.2 24.8 42.1 19.0 98.0 31.0
2013 46.8 53.9 21.2 13.0 135.0 15.5 27.4 40.2 17.0 100.0 35.0
Average  35.1 49.1 27.9 19.9 132.0 13.8 26.1 41.1 18.0 99.0 33.0
Table 3 Cost and revenue between DOA and farmers in 10 farms during 2012 and 2013
Year 2012 2013

Technology DOA Farmer DOA Farmer
Yield (fruit/tree) 129 98 135 100
Revenue (baht/tree) 12,922 9,113 20,318 13,471
Cost of Production (baht/tree) 534 857 730 860

Pruning 26 - 30 -

Pest labor 26 26 30 30

Chemical 12 12 13 13

Organic fertilizer and labor 45 67 48 72

Chemical fertilizer and labor 425 751 607 743
Net income (baht/tree) 12,388 8,257 19,587 12,611
Benefit Cost Ratio (BCR) 24.2 10.6 27.8 15.7
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Table 4 Total yield, yield grading and price (THB) of 10 farms in 2014

Growers Total Grade 1 Grade 2 Grade 3

Mixed Grade

Yield % Price % Price % Price

(fruits) yield (THB) yield (THB) yield (THB)

% Price

yield  (THB)

Mrs. Nirat Longtong 1,750 37.1 200 28.6 140 20.0 120 14.3 100
Mrs. Amporn Sawadsuk 2,700 44.4 250 37.0 200 18.5 150 0.0 -
Mr. Bunma Suktanum 1,800 41.7 250 27.8 130 13.9 100 16.7 80
Mr. Patiwat uma 985 329 220 9.2 110 11.9 100 46.0 90
Mr. Ahmad Anuntakhan 2,960 39.2 240 33.8 230 16.9 120 10.1 100
Mrs.Panee Sangwiman 2,720 47.8 240 294 220 4.4 100 18.4 80
Mr.Sanan Nakkarm 1,768 100.0 130 0.0 - 0.0 - 0.0 -
Mr. Sunyaa Sangwiman 1,500 0.0 - 100.0 150 0.0 - 0.0 -
Mrs. Ubon Chantongkeaw 900 0.0 - 55.6 120 44.4 100 0.0 -
Mr. Seree Penbucha 1,210 72.7 140 14.7 120 7.6 100 5.0 80
Average 41.6 208.8 33.6 157.8 13.8 111.3 11.1 88.3
Table 5 Total yield, yield grading and price (THB) of 10 farms during January-June in 2015
Growers Total Grade 1 Grade 2 Grade 3 Mixed Grade
Yield % Price % Price % Price % Price

(fruits) yield (THB)  yield (THB)  yield (THB)

yield  (THB)

Mrs. Nirat Longtong 1,020 47.1 200 52.9 180 0.0 - 0.0 -
Mrs. Amporn Sawadsuk 1,730 54.9 300 45.1 250 0.0 - 0.0 -
Mr. Bunma Suktanum 1,300 48.5 250 24.6 180 19.2 130 7.7 100
Mr. Patiwat uma 535 26.9 240 43.2 180 28.0 120 1.9 100
Mr. Ahmad Anuntakhan 1,466 58.0 240 42.0 230 0.0 - 0.0 -
Mrs.Panee Sangwiman 1,740 56.3 240 43.7 220 0.0 - 0.0 -
Mr.Sanan Nakkarm 830 100.0 250 0.0 - 0.0 - 0.0 -
Mr. Sunyaa Sangwiman 760 46.1 250 54.0 180 0.0 — 0.0 —
Mrs. Ubon Chantongkeaw 330 0.0 - 60.6 180 39.4 120 0.0 -
Mr. Seree Penbucha 642 32.7 240 67.3 180 0.0 - 0.0 -

Average 47.0 245.6 43.3 197.8 8.7 123.33 1.0 100
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Table 6 Development stage of pummelo cv. Tub Tim Siam and pests’ incidence

Growth Stage Pests

Shoo

Leaf-miner (Phyllocnistis citrella Stainton)
Chili thrips (Scirtothrips dorsalis Hood)

ts and young leaves
Broad mite (Polyphagotarsonemus latus Banks)

Leaf eating caterpillar (Papilio demoleus malayanus Wallace)

California red scale (Aonidiella aurantii Maskell
Mature leaves African red mite (Eutetranychus africanus Tucker)

Citrus rust mite (Phyllocoptruta oleivora Ashmead)

Flowering Chili thrips (Scirtothrips dorsalis Hood)

Chili thrips (Scirtothrips dorsalis Hood)

Broad mite (Polyphagotarsonemus latus Banks)

California red scale (donidiella aurantii Maskell)
Young fruits

Citrus rind borer (Prays citri Millierer)

Pummelo fruit-borer (Citripestris sagittiferella Moore)

African red mite (Eutetranychus africanus Tucker)

California red scale (donidiella aurantii Maskell)
Mature fruits Pummelo fruit-borer (Citripestris sagittiferella Moore)

Citrus rust mite (Phyllocoptruta oleivora Ashmead)

Table 7 Planting area, number of growers, yielding area and yield of Pummelo cv. Tub Tim Siam in 2013/2014

Planting Area Yielding Area

Number of Yield (fruits)

Sub-district
growers Area Number of Area Number of 2011/12
(rai) Trees (trees) (rai) Trees (trees)

Klong Noi 225 1,208 42,528 398.25 13,143 1,682,208
Koh Thoud 10 83 2,437 21 955 78,320
Klong Krabua 7 27 1,080 27 1,080 118,800
West Pak Pa Nang 4 31 1,360 4 200 22,000
East Pak Pa Nang 2 65 1,500 0 0 0
Ban Peang 2 7 180 0.25 8 880
Total 250 1,420 46,860 568 18,761 2,397,233
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Table 8 Soil Analysis Result from 10 grower plantations

Growers pH EC oM P K Ca Mg Soil
1. Mr. Ahmad Anuntakhan 7.1 0.3 0.8 88 464 3,142 2,012 Clay
2. Mr. Vichit Saiiper 7.0 0.3 2.4 83 394 2,559 1,367 Clay
3. Mr. Serm Khedung 8.0 0.3 2.5 88 648 3,412 1,552 Clay
4. Mrs. Amporn Sawadsuk 7.3 0.2 2.8 170 569 3,681 1,392 Clay
5. Mr. Supachart Suthiprapa 7.9 0.4 1.8 62 468 4,130 2,166 Clay
6. Mr. Sumret Gulkong 7.1 0.3 2.3 166 636 3,053 2,176 Clay
7. Mr. Sunyaa Madsalae 7.1 0.3 2.9 81 350 2,334 1,703 Clay
8. Mr. Padit Srikeawkong 7.3 0.3 3.8 104 437 4,983 1,433 Clay
9. Mr.Sanan Nakkarm 7.7 0.3 1.5 48 199 3,861 1,999 Clay
10. Mr.Somkid Isoun 7.0 0.2 2.7 60 463 3,950 2,267 Clay
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Crop Specing for Pummelo CV. Tub Tim Siam in Pak Phanang River Basin

single row with a spacing of 8X6 m

m width

groove

Crop specing for Pummelo CV. Tub Tim Siam in Pak Phanang river basin

double row with a spacing of X6 m

<3m re—— 8m —>a3m > ; ~—— 8m —»
H H H . H H

16 m

16 m

Troov

Figure 1 Planting specing of pummelo cv. Tub Tim Siam
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Design and Development Air-Condition and Refrigeration System for Seed Storage
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ABSTRACT

Thailand has strong potential of seed production in Asian due to the supportive
environment and quality standard of detection for export. At present, Seed Production Agriculturist
group does not have cold room for the storage because the import humidity control and refrigeration
technology is expensive and also use high power consumption. Agricultural Engineering Research
Institute, Department of Agriculture has created and developed air-condition and refrigeration
system of seed storage, it was aimed to reduce cost and maintain high quality. The refrigeration
system could control temperature and relative humidity, operated by condensing and heat up by hot
gas from refrigerant for suitable environment of seed storage. The size of cold storage room’s
prototype is 2.2x4.0x2.2 m (width x length x height). Used polyurethane foam (thickness 50 mm) as
wall gain insulation, R-22 for Refrigerant. Compressor has motor 4 hp (380V/3Ph/50Hz) and
cooling capacity 5.85 kW. Fan of unit cooler has air mass flow rate at 0.6 kg.sec—l. The heating coil
capacity 6 kW was installed for dehumidification. The coefficient of performance testing was
determine low pressure of refrigerant to constant at 50 psi and high pressure have 3 level i.e. at

190-220 psi, 220-250 psi and 250-280 psi. Based on the testing has COP,_. was 4.02, 3.13 and 2.87
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respectively and electric power consumption was 0.46, 1.12 and 2.17 kW/hours respectively. The
results showed that the high pressure of refrigerant at 190-220 psi was the optimum pressure while
the average temperature and average relative humidity was 14.95+0.55 °C and 45.81+0.82 %RH
respectively. This prototype of cold room for seed storage can reduce machine cost and save
energy consumption of the dehumidifier. In addition, the cool room prototype is designed to be easily
transported from one location to another. Therefore, this machine is suitable for community
enterprises, agricultural cooperatives and private sectors, where high quality seed production and
cost reduction are required.

Key words : Refrigeration System, Dehumidifying, Seed
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Tablel Calculation load of refrigeration system

No. List Detail Refrigeration Load (Watts)

1 Wall Gain Load Polyurethane (50 mm) 596

2 Product Load (Seed 6,000 kg, 600 kg/day) 1347.2

3 Air Change Load 11.6 kJ/kg/24 hr 746.3
4 Personnel Load Number of personnel = 2 140
5 Lighting Load 15 Watts/m’ 44
6 Fan Motor Load Motor 0.3 kW x 2 878

Safety Factor 10% 450.2

Total Cooling Load 4,952

Arr Cooled

Congensing Ung—

Cooler Unit -
wth Exparsion Velve

= Remote

Control Panel

Figure 3 3D drawing design for Container
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Figure 4 Piping diagram of refrigeration system




Figure 5 (A) Structure (B) Insulation (C) Cooler unit

(D) Refrigeration system (E) Prototype’s container
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Table 2 The result of refrigeration performance testing.

Low High Relative Coefficient of Power
Temperature
pressure pressure Humidity Performance Consumption
co*

(PSIG) (PSIG) (%RH)* (COP) (kWh)
50 190-220 14.95+0.55 45.81+0.82 4.02 0.46
50 220-250 14.38+0.49 48.33+0.79 3.13 1.12
50 250-280 14.37+0.48 49.910.43 2.87 2.17

*Mean + SD
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Table 3 The result of power consumption testing between Container and Seed lab

ElL power of ElL power of
Room Sizing  Compressor Relative Total
Temperature Refrigeration Dehumidifying
Room (WxLxH) (380/3/50) Humidity El Power
O system system
m HP (%RH) (Amp.)

(Amp.) (Amp.)

Container 2.2x4.0x2.2 4 15.10+0.51 46.23+0.94 6.31 - 6.31

Seed Lab 2.9x4.8x2.8 4 14.76+0.23 47.34+0.95 6.5 53 11.8

*Mean + SD
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Figure 8 Refrigeration and Dehumidify system of Seed lab
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Table 8

Figure 9 (A) Storage at Container (B) Storage at Seed lab

Table 4 The germination percentage of soybean seed were analysis of variance Table § The germination percentage of rice seed were analysis of variance

with 3x8 factorial experiment in CRD. with 3x8 factorial experiment in CRD.
Source of Type ITI Sum of Source of Type III Sum of
df  Mean Square F Sig. df  Mean Square F Sig.

Variation Squares Variation Squares
Storage room (4) 19998.397 2 9999.198 1450.050  .000 Storage room (4) 10951.679 2 5475.840 217.860  .000
Time to storage (B) 7342170 7 1048.881 152109 000 Time to storage (B) 20017.574 7 2859.653 113773 .000
A*B 4182328 14 298.738 43323 000 A*B 14334.071 14 1023.862 40.735 000
Esror 661975 9 6.896 Egor 2412925 9% 25.135
Total 32184.870 119 Total 47716.249 119

Table 6 The gemination percentage of morning glory seed were analysis of variance Table 7 The germination percentage of sesame seed were analysis of variance

with 3x8 factonial expeniment in CRD. with 3x8 factorial experiment in CRD.
Source of Type III Sum of Source of Type III Sum of Mean
df Mean Square F Sig. daf F Sig.
Variation Squares Variation Squares Square
Storage room (A) 2936.649 b | 419.521 34368  .000 Storage room (A) 87.632 2 43816 6.593 .002
Time to storage (B) 148.632 2 74316 6.088 003 Time to storage (B) 593216 7 §4.745 12751 .000
A*B 728718 14 52,051 4264 .000 A*B 830.876 14 59.348 8930  .000
Error 1171.850 96 12207 Esror 638.025 96 6.646
Total 4985.849 119 Total 2145.749 119

Table 8 The germination percentage of mung bean seed wese analysis of

variance with 3x8 factorial experiment in CRD.

Source of Type III Sum of
daf Mean Square F Sig.

Variation Squares
Storage room (A) 4288 2 2144 278 758
Time to storage (B) 244398 7 34914 4534 000
A*B 188.746 14 13.482 1751 058
Etror 739.175 96 7.700
Total 1176.606 19
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Figure 12 Germination (%) of rice seed and storage period.
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Figure 16 Container testing at Ni KhomLansak Cooperatives
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Development of Pineapple Transplanter Attached with Tractor
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ABSTRACT

The objective of this study was to research and development pineapple transplanter
attached with a four-wheel tractor (39-50 hp) for small scale farmers in north-east region of
Thailand. The pineapple transplanter was design and fabricate for transplanting the pineapple
suckers with double row planting distance of 50 cm and the targeted planting distance of 45-50 cm.
The pineapple suckers were cut to uniform 30-50 cm length and the average weight of each sucker
was 300-500 g. There are two containers which each container was carried 200 pineapple suckers.
The 4 inch diameter PVC feeders were driven by fifth wheel and gear transmission. A pineapple
sucker was dropped after the soil opened by furrow opener and it was buried by buried component.
Two men operation were required for feeding the pineapple suckers into the PVC feeders. Testing
results indicated that the field capacity were 0.63 rai/h at travelling speed of 0.28 m/s and fuel
consumption was 2.10 liter/rai Planting efficiency was about 96.05% with sucker inclined 72.02
degree from the ground and average depth of planting was 16.20 cm. Planting distance of 34.80 cm
double row spacing with distance between row was 105 cm. The economic analysis indicated that
the break-even area of the pineapple transplanter that caused the operating cost of the pineapple
transplanter to be equal to that of manual planting will be 58.47 rai/year for assumed service life of
7 years. In case of the farmers having annual land utilization 150 rai, the operating cost will be
730.83 Baht/rai. It was cheaper 149.17 Baht/rai.

Key words : Pineapple Transplanter, Pineapple Planting, Tractor
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Figure 1 Pineapple Transplanter (Seree, 1998)
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Figure 6 Pineapple transplanter attached with tractor 45 Hp

Testing performance at Nong Khai
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Figure 7 Pineapple transplanter attached with tractor 39 Hp

Testing performance at Khon Kaen
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Figure 8 Pineapple transplanter attached with tractor 50 Hp

Testing performance at Phetchaburi
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Figure 12 Pineapple Cultivation double rows in a row spacing of about 1 meter
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Figure 14 Research team Farmers and Operators joined a the demonstration at the Testing.
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Development Maize snapper two rows type
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ABSTRACT

This research has designed the corn harvester two rows type which can to removes the ears
of corn from the stalk and transports it on a groove that it has a 0.4 m for width and a 2.5 m for
length get down the storage tanks which has 2 m’. The one cylinder and 16 horsepower diesel
engine is used be the power. The performance of the corn harvester two rows type is the 2 rai per
hour, 1.2 kilometer per hour for the forward speed 2,400 round per minute for the engine cycle,
73% for the recessive performance and 2 lite per hour for the fuel consumption that it uses the two
workers for the practice.

Key words : Maize snapper, Maize
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Fig.1 Maize Snapper two rows type
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Table 1 Percent loss of Maize snapper two rows type

1 2 3 4 Rate revolution speed of Engine
valid | loss | valid loss | valid loss | valid loss About 1,500 rpm
75% | 25% 85% | 15% | 65% | 35% | 70% | 30% Linear Velocity 0.8 km./hr. )

1 2 3 4 Rate revolution speed of Engine
valid loss | valid loss | valid loss | valid loss About 1,800 rpm
80% | 20% | 95% 5% 85% | 15% | 85% | 15% Linear Velocity 1 km./hr. )

1 2 3 4 Rate revolution speed of Engine
valid | loss | valid loss | valid loss | valid loss About 2,400 rpm
65% | 35% | 85% | 15% | 80% | 20% | 90% | 10% Linear Velocity 1.2 km./hr. )

Fig.2 Test efficiency work Maize Snapper
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Fig.3 Level head Maize snapper for work
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Control Scheme for the Export of Longan from Thailand to P.R. China
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ABSTRACT

In 2013, P.R. China ordered import suspension on 11 Thai longan exporters due to the
interceptions of sulfur dioxide residue in fruit aril greater than 50 mg/kg which was not conformed to
the protocol. It was found that excessive use of sulfur dioxide by fumigation facilities is to prolong
shelf life during transportation, as well as shelf display, and to prevent discoloration so that produce
will still be accepted by Chinese consumers. The Department of Agriculture therefore revised the
control scheme as to improve production standard of exported longan and to strengthen the control
system to ensure safe and quality product to trading partners. In addition, the Department aimed to
resume the longan export for those suspended by building food safety awareness and providing trade
impact information to facilities. It was agreed and concluded after public-private meetings that capacity
building of facilities to conform to the Code of Practice for Sulfur Dioxide Fumigation of Fresh Fruits
(TAS 1004-2557) shall be carried out. Strengthening knowledge and skills of inspectors, increase
control level and monitoring frequency, and enforcement were planned and implemented. At present
(2016), there are 145 fumigation facilities certified to TAS 1004-2557. Investigation and follow up on
corrective actions finally resulted in resuming the longan export for those suspended facilities.

Key words : longan export, sulfur dioxide
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Figure 2 System audit carried out by General Administration of Quality Supervision Inspection and Quarantine

of the People’s Republic of China: (AQSIQ) officials at a packing house
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Figure 3 Training of Sulfur dioxide fumigation plant Auditors
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Figure 4 Training on Standard Operating Procedure (SOP) for Sulfur dioxide fumigation operators
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Figure 6 System audit carried out by General Administration of Quality Supervision Inspection and Quarantine

of the People’s Republic of China: (AQSIQ) officials at a packing house
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Table 1 Sulfur Dioxide residue in Longan fruit aril by the monitoring of fumigation plants during

July 2013 — November 2015

Sulfur Dioxide (SO,) residue mg/kg

Year No. of Less than 50* More than 50** Remark
sample No. of Percentage No. of Percentage
sample sample
2013 349 321 92.0 28 8.0 * Not Detected — 10.7 mg/kg

**53.1-404.41 mg/kg

2014 628 604 96.2 24 3.8 * Not Detected — 10.7 mg/kg

**50.6 — 330.3 mg/kg

2015 225 224 99.5 1 0.5 * Not Detected — 45.47 mg/kg

** 53.52 mg/kg

Source: Plant Standard and Certification Division and Office of Agricultural Research and Development Region 1, 2, 6
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Table 2 Sulfur Dioxide residue in longan fruit aril from the monitoring of recognized laboratory during

January 2013- November 2015

Sulfur Dioxide (SO,) residue mg/kg

No. of Less than 50* More than 50** Remark
Year
sample ~ No.of Percentage No.of Percentage
sample sample
2013 171 165 95.9 7 4.1 * Not Detected — 39.5 mg/kg
**52.6 —94.3 mg/kg
2014 76 72 94.7 4 5.3 * Not Detected — 31.5 mg/kg
**59.5—97.44 mg/kg
2015 130 128 98.5 2 1.5 * Not Detected — 47.5 mg/kg

**55.9 —82.9 mg/kg

Source: Plant Standard and Certification Division

Table 3  Sulfur Dioxide residue in longan fruit aril prior to export during January 2013-November
2015 from north and east production areas
Sulfur Dioxide (SO,) residue mg/kg
No. of sample Less than 50* More tham 50%*
Year No. of sample Percentage No. of sample Percentage Remark
North East North East North East North East North East
*10.1 —49.8 mg/kg
2013 5,625 4,501 5,498 4,315 97.85 95.9 127 186 2.3 4.1
**51.0 - 160.1 mg/kg
*10.1 —49.8 mg/kg
2014 3,027 3,346 2,932 3,053 96.86 91.2 95 293 3.1 8.8
**50.3 — 345.0 mg/kg
5015 1,837 2,851 1,798 2,721 97.9 95.4 39 130 2.1 4.6 *1.21-49.08 mg/kg

**51.1 —72.4 mg/kg

Sources: 1. 2013 - 2015 analysis was carried out by the Central Laboratory ( Thailand) Ltd. Chiang Mai

2.2013 and 2015 analysis was carried out by the Central Laboratory ( Thailand) Ltd. Chachoengsao

3. 2015 analysis by was carried out by Office of Agricultural Research and Development Region 6
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