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Kanokwan Kubnop 2011: The Quality of Fresh Longan Fumigated with Sulfur Dioxide
under Vertical Forced-Air Technique. Master of Science (Agriculture), Major Field:
Horticulture, Department of Horticulture. Thesis Advisor: Professor Jingtair Siriphanich,

Ph.D. 107 pages.

An improved SO, fumigation process had been developed for longan by substituting a
horizontal forced-air with vertical forced-air technique. It can increase air flow rate in the packages of
longan, especially the commercial trapezoidal shaped-basket. The objective of this study is to evaluate
the quality of fresh longan with SO, under vertical forced-air technique. In experiment 1, two types of
baskets and vertical forced-air at 3 air flow rates of 0.6, 0.8 and 1.0 m’/s were studied. It was revealed
that the sulfite residues in the peel and pulp of longans using both rectangle and trapezoidal shaped-
baskets, in all air flow rate, were not different. The post-harvest decay and browning on longan peel
did not appear during storage at 2 "C in 95 % RH for 20 days and soluble solids content was not
different. In experiment 2, two sources of SO, gas, the direct SO, gas from a compressed tank and the
burning of sulfur powder, as well as SO, concentrations of 2,000 and 4,000 ul/l, at the end of the
process, were studied. The results revealed that the sulfite residue in the peel of longans was greater
when treated with SO, gas directly from the compressed tanks as compared to that from the burning of
sulfur powder. The sulfite residues in the pulp of longans treated with both source of SO, were alike.
The sulfite residue in the peel and pulp of longans treated with 2,000 pl/1 SO, concentration at the end
of the process was less than with 4,000 pl/l. The post-harvest decay and browning on longan peel did
not occur during storage time and soluble solids content was not different. In experiment 3, longan
treated under vertical forced-air technique and the conventional application method were compared.
As a result, the sulfite residues in the peel and pulp of longans treated under vertical forced-air
technique was less than under the conventional application. This technique was also effective in
preventing post-harvest decay and browning on longan peel similar to results obtained from a
commercial fumigation process and better than the untreated control. It is recommended that the
shipper should fumigate fresh longan in the trapezoidal shaped basket using the vertical forced-air
technique at the air flow rate 0.6 m’/s by direct SO, gas from a compressed gas tank, with a

concentration of 4,000 ul/1 SO, at the end on the process.

Student’s signature Thesis Advisor’s signature
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gn3u5veI01IMA 2 0 0 0.lns
10 71ln39nzni1xsnTuSIvese A 2 1 1 0.ns
Error 24 95 4
Total 29 100

[

Wneme A1 F N9 * vuneda aselinnuuanaeneadanszauanudoenu 95 % (F >

A
F, .50 F

ANUUANANNNADANTZAUANUADIU 95 %

426,102 F

0.05(1,24) 0.05 (2, 24)

[

=3.40) uazA F

=

N

Y =2 @ 12
ATUN Y ns UU1IDI {I%ﬂﬂul,lm
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MSWUINN D10 (71D)

3282192103
Lﬁﬂ%ﬂﬂ1 () Source df SS MS F
Treatment 5 25
sUnsaaznin 1 3 3 06mns
8035 2U8301MA 2 16 8 1.8ns
15 s1nsapznIxdnT IS0 eI 2 6 3 0.7ns
Error 24 108 5
Total 29 133
Treatment 5 10
sUnsaaznin 1 2 2 05ns
8a3u5veI01MA 2 6 3 0.7ns
20 s1nsInznIxdnT S Ive 0 I 2 2 1 03ns
Error 24 99 4
Total 29 109

[

Waneg A1 F Nawae * vuneds Jadelinnuuanaannadanssaunnudei 95 % (F >

i
=

A 1 Y = o =
Fo.os e F =4.26, Ll F = 3.40) UagA1 F NA1UA8 ns HU1YDN “ﬂi]ﬂﬂh],llll

0.05 (1, 24) 0.05 (2, 24)

aa

ANULUANANNWADA

[

NILAUANUFIU 95 %



72

d' a 3 A g/ Y a 4 o 1 ag 1
MINHUINN D11 ﬂﬁi]’]ﬂ!sll@\ulsll\iﬂagﬁ']ﬂu']llﬂ (®3FuInNey) Gllaqa1hlfJGlULLﬂa$ﬂﬁﬁu')‘ﬁi?ﬁ’nq
] o d' A a L o o @ R
ﬂ15lﬂﬂ5ﬂ‘]&l1ﬂ@ﬂ!ﬁﬂuu 2 DA AUHIE ANUFUTUNND 95 Lﬂﬂi!cﬁu@] lfl]u

FzyzIa1 20 U

ga3usIveI01Met
] 4 S A = = 2/
FZELIA JUNIIMENI (@NUANNATABIUIN) naY
3 o o
NUSIET (1) 0.6 0.8 1.0
NIITHATNANNY 18p” 18p 18p 18a
A oA oAy
0 NIITNAOUHUAT 18p 18p 19p 18a
mae' 18x 18x 18x
CV=3.9%
NIIANAGUA1INY 18p 18p 18p 18a
5 NIAMAsUHUEN 18p 18p 18p 18a
mae” 18x 18x 18x
CV=52%
NIITHATNANNY 18p 18p 18p 18a
10 NIIAMAIUHUAN 17p 17p 18p 182
mag' 17x 18x 18x
CV=57%
NIIANAGUAINY 18p 18p 18pq 18a
15 nIadmasuHuIN 17q 18pq 18p 18a
mae” 18x 18x 18x
CV=3.5%
NIIANAGUA1INY 18p 18.3p 17p 18a
20 NIaAMATUHUAN 17p 18.2p 18p 17a
mae” 17x 18.2x 18x
CV=5.8%
123 @ A Y o A A o o ' 3 o ul 1A
M) Aaunnuaee Ny simNeunu luuuafs lutaazszeznaimsnusny lull

1 aa d' = = 1 d‘ ad .
ANuuANA NN NaAlISsuNeuA1nae1aeIS Duncan’s multiple range test

(DMRT) N5£AUANUFDNU 95%
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! ) [ v v < @ 1
ﬂTi'l\‘iN‘H'Jﬂﬁ 12 ANOVA ﬁ?ﬁﬁﬂﬂ?ﬁﬂﬂﬁ@ﬂ@]gﬂ%ﬁ 2 ?jﬂﬂﬁ\iﬂﬂ@ﬂﬁWli'JﬂlﬂﬁﬂWﬂWﬁ 33%AU M0

il

=1

a < oy 1 S o { a
TFUIUUDILUIN 3@']31«!11@9]} 33143Nmimmﬂmﬁqmwgu 2 @Qﬁ']LG]fﬁLé]:)'fJﬁ

L o o e s2 o g o
ANUFUTUNND 95 Lﬂ@ﬁl“ﬁu@ !ﬂ‘lﬁgﬂgl'}a'] 20 MU

32U INT
PUSHE (1) Source df SS MS F
Treatment 5 3
sUnsemzni 1 0 0 03ns
803U IVeI0INIA 2 1 1 1.1 ns
0 1msenznIxdnT T IMA 2 1 1 13ns
Error 24 13 1
Total 29 12
Treatment 5 2
sUnsenzni 1 0 0 02ns
8035 IUeI0INIA 2 1 1 1.7ns
5 s1lnsnzaxdnIuTvese e 2 1 1 1.8ns
Error 24 8 0
Total 29 10
Treatment 5 4
sUnsenzn 1 1 1 05ns
gn3 T8I0 IMIA 2 2 1 08ns
10 s1ln3enznxdasuiiveseme 2 1 1 0.6ns
Error 24 27 1
Total 29 30

WnEIyg A1 F Nawae * vanens Jeselianuuanauanieadanszau

A
F, .50 F

ANUUANANNNADANTZAUANUADIU 95 %

426,102 F

0.05(1,24) 0.05 (2, 24)

[

=3.40) uazA F

[

=

ANUFDIY 95 % (F >

Y =2 @ 12
NATUAIY ns HUTYDN {I%ﬂﬂU]JJN



MSWUINN P12 (A1D)
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J2HLIAINT
PUSHE (1) Source df SS  MS F
Treatment 5 5
sUnsaaznii 1 1 1 12ns
803 52U8901MA 2 0 0 05ns
15 71n39nzn xSRI IMA 2 4 2 436%
Error 24 10 0
Total 29 15
Treatment 5 7
siUnsaaznin 1 1 1 07ns
8035 2U8901MA 2 1 1 05ns
20 s1nsanznIxdnTSIves0 I 2 5 3 2.15ns
Error 24 37 1
Total 29 34

[

Waneng A1 F Nawae * v Jadelinnuuanaannadanssaunudei 95 % (F >

A
F, 050 F

ANUUANANNNADANTZAUANUIYDIU 95 %

0.05(1,24) 0.05(2,24)

1 ~ Y =2 @ 12
4.26, 1lag F =3.40) (tagA1 F NA1UAEY ns HUYD {Ii]%ﬂhl,llll



NANUIN U

1 { a d aan
MINAURALAZAITNMNIAATIZHADA (ANOVA)
yosnunmnadt lelunisnaasi 2
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H a @ 4 A Aa o 1T A % o 1 A
ﬂTi'l\‘iN‘H'Jﬂﬁ v13 ﬂﬁNTﬂ!“ﬁaqV\IﬁﬂﬂﬁWQ (Nﬁaﬂﬁﬂﬂ@ﬂiaﬂﬁu} Glun.]ﬁf)ﬂWﬁﬁWqﬂiullﬂﬁSﬂiiuﬂg
1 3 o A a IS zﬂy v o J I3 4
FEUINMINUINHINGUNHY 2 DIFHATIT ANNTUANNNT 95 SIGHE NG

I ]
Wuszezal 20 T

J
ALY SO, HAIAUFANTTY

SEIETe LY sunuums 19 (luTnsans/anT) mae”
Rusam (u) S0, 2000 4000
S0, 1737p" 2177p 1957a
0 S 1414p 2013p 1713b
infe" 1575° 2094 "
CV =9.3%
SO, 1304p 1179p 1241a
5 S 1086p 1227p 1156a
Infg" 1195x 1203x
CV=14.8%
o} 1089p 1163p 1126a
10 S 945p 1180p 1063a
mae" 1017y 1171x
CV =12.8%
SO, 957p 1095p 1026a
15 S 887p 1157p 1022a
mae" 922y 1126 x
CV =6.6%
SO, 950p 1003p 976a
20 S 880p 1097p 988a
mae" 915y 1050x
CV =28.0%
e fiafiadesnysimileutulunmads luudazszoznamsiusnu hif

ANULANANINNaaaiion/Seuieua1nae1ne3d  Duncan’s multiple range test

(DMRT) N3£AUANUFONY 95%
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H a Y] 4 A Aa o 1T A (% 4 o 1 a
ﬂTi'l\‘iN‘H'Jﬂﬁ V14 ﬂﬁuwm%a"lwgmﬂﬁjn (Naaﬂiﬂﬂ@ﬂiaﬂﬁu} Glu!,ﬁawamulfﬂmmaxﬂiim%
1 3 o A a ~ zﬂy v o J I3 4
FEUINMINUINHINGUNHY 2 DIFHATIT ANNTUANNNT 95 SIGHE NG

I ]
Wuszezal 20 T

J
ATV SO, HAIAUFANTTU

32821701 sunuums 1% (luTnsdns/anT) may”
AuTIE (1) SO, 2000 4000
3/
SO, 5p 8p Ta
0 S 3p 8p 6a
may" 4y 8x
CV =32.4%

12/3 @ d' Y o oy S Gl & ' g o 1o
‘ﬁN"IfJ!‘l’WJ mmﬂmmuﬂ’waﬂyiﬂmuauﬂuiuuu’mq Elul,mazﬁzﬂznmﬂﬁmwjﬂyﬂmJ

' aa A = - ' A Aan .
'ﬂ/J’nJll@ﬂﬁ13W1Qﬁﬂﬂlualﬂjﬂﬂlﬂﬂuﬂnﬂaﬂiﬂﬂ’gﬁ Duncan’s multlple range test

(DMRT) A5£AUANMFDINY 95%
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M319WUINT ¥15 ANOVA drvisumanagoumsly So, 2 jlununazanududuues SO, e
Qy Y] 1 a 9 Y] o A o [
ﬁuq@ﬂ'ﬁﬁll 293U ﬁ@ﬂﬁu’]ﬂ!ﬂ’]ﬁﬁﬂﬂ1\ﬁl@\1“]ﬁﬁ11"l@]ﬁlulﬂa@ﬂwaa1llfl TENIN

g o d' A - L o o @ R
ﬂﬁm‘lﬁﬂququu 2 oNAUBALEYT ANUYUFAUNND 95 Lﬂﬂi!cﬁu@] lﬂu

FzyzIa1 20 U

I2ULLININIT
AuSAE (1) Source df SS MS F
Treatment 3 1342458
msld so, 1 237656 237656 8.07*
ANUANTY SO, 1 1079521 1079521 36.6*
0 M3 1% SO xAMUALAY SO, 1 25281 25281  0.9ns
Error 12 353553 29462
Total 15 1696011
Treatment 3 99849
M3l so, 1 29070 29070 0.9 ns
AU SO, 1 289 289 0.0ns
5 m314 so,xAnmdudY SO, 1 7049025 7049025 2.2ns
Error 12 382205 31850
Total 15 482055
Treatment 3 137748
m3l¥ so, 1 15876 15876 0.8 ns
AU SO, 1 95790 95790 4.8 *
10 mM314 soxANududY SO, 1 26082 26082 1.3 ns
Error 12 238099 19841
Total 15 375848

[

Waneg A1 F Nawae * vuneds Jadelinnuuanaaneadanssaunnudei 95 % (F >

1 ~ 9 = [ (=}
=4.26,0¢ F = 3.40) g1 F NONAIY ns HU1Y0 ”ﬂﬁ]i]ﬂllllll

0.05(2,24)

A
F, .50 F

0.05 (1, 24)

an

ANUUANANNWADA

[

NILAUANUFIU 95 %
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32821017
AUSAE (1) Source df SS MS F
Treatment 3 184203
msl4 so, 1 45 45 0.0ns
ANuANY SO, 1 1079521 1079521 36.1*
15 M3 1% SO xANMTNTU SO, 1 17490 17490 3.8 ns
Error 12 55424 4618
Total 15 239628
Treatment 3 99693
m3 14 so, 1 600 600  0.1ns
ALY SO, 1 72361 72361 11.9*
20 M3 14 so,xanududu so, 1 26732 26732 4.4ns
Error 12 73269 6105
Total 15 172963

[

Waeg A1 F Nawae * vuneds Jadelinnuuanaaneadanssaunnudei 95 % (F >

A
F, .50 F

ANULUANANNWADA

=4.26, las F =

0.05 (1, 24) 0.05(2,24)

aan [

1 A 9 = [ =
3.40) 11221 F NONUAY ns KUY ’ﬂ%fﬂﬂuliJN

NILAUANUFOIU 95 %
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M319WUINT ¥16 ANOVA drvisumanaaoumsly S0, 2 juuuunazanudnduves SO, Has
Qy Y] 1 a 9 Y] o zﬂy o 1
ﬁuq@ﬂ'ﬁﬁll 23U ﬁ@ﬂﬁu’]ﬂ!ﬂ’]ﬁﬂﬂﬂ%ﬁl@\i“]ﬁaqwg}ilﬂu@Waa’]llf,l JENIN

g o d' A a L o o @ R
mim‘UiﬂHQO‘WQM 2 DA AUHIT ANUVUFAUNND 95 Lﬂﬂi!%u@l lfl]u

FzyzIa1 20 U

F2OZAINT
Lﬁﬂ%ﬂﬂ1 () Source df SS MS F
Treatment 3 64
M3 1¥ SO, 1 2 2 0.7ns
ALY SO, 1 56 56 17.3%
0 M3 1% SO xAMMTNTU SO, 1 6 6 19ns
Error 12 39 4
Total 15 103

[

Wnemg A1 F Nawae * naneds Jeselianuuanaanieananszauanubonu 95 % (F >
= v

A 1 =2 [ (=
Fo 050 Fy o (1 5y = 4.26, 1102 F = 3.40) ez F Na1ud2e ns vidnens fade 1idl

0.05(2,24)

[

ANUUANANNNADANTEAUANUYIU 95 %
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d‘ [ 1 A o 1 an 1 <3 (% ~
MINNUINN V17 AANVFIN (L*) GllfNL‘lJafJﬂNaﬁ']llﬂﬁlu&ﬁaﬁﬂﬁﬁll’lﬁﬁ%‘ﬂ')']\iﬂ"li!ﬂﬂiﬂ‘]&l']‘ﬂ

A a L o o @ R o
Qﬂ!ﬁ{]ﬁJ 2 AU AULHYT ANUFUTUNND 95 Lﬂﬂi!cﬁu@] lﬂuﬁgﬂglja1 20 MU

J
AMMTUTU SO, HAIAUFANTTU

32821701 sunuums 1% (luTnsdns/ans) nae”
AuTIE () SO, 2000 4000
SO, 48p” 49p 492
0 S 49p 49p 49a
ndy" 49x 49x
CV=13%
SO, 48p 49p 48a
5 S 48p 49p 49a
Infe" 48x 49x
CV=33%
SO, 48p 48p 48a
10 S 48p 48p 47a
Infe" 48x 48x
CV=2.6%
SO, 47p 48p 47a
15 S 47p 48p 47a
e’ 47x 48x
CV =2.8%
SO, 47p 46p 47a
20 S 46p 47p 47a
e’ 47x 47x
CV =3.0%
e fiavfinudesnusimileuiulunnm ludassyeznammaiunn il

1 an d’ =) = 1 d' ady .
ﬂ’)nJLmﬂ@N‘ﬂNﬁﬂﬁliJfJL‘]J‘iEJUmEJ“]JﬂHﬂaEJIﬂEJ’J‘ﬁ Duncan’s multiple range test

(DMRT) N3£AUANUFONY 95%
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d' 1 Y = o 1 an 1 S o ~
MIWHUINN ¥ 18 AMANUUNT (C*) ‘ll’f)\‘l!,‘]_]a@ﬂwaaWulEJGlulma%ﬂﬁﬁiJ'J‘ﬁi%‘H'JNﬂ']ﬁLﬂ‘Uﬁﬂ‘HTVl

A a L o o e R o
Qﬂlﬁﬂ"u 2 AU AUHYT ANUFUTUNND 95 Lﬂﬂi!cﬁu@] lﬂuﬁgﬂglja1 20 U

F
ANUTNTU SO, HaIaUgANTTY

SEIET oY sunuums 1% (luTnsdns/ans) e
Runu (u) S0, 2000 4000
SO, 36p” 37p 36a
0 S 36p 37p 36a
ndy" 36x 37x
CV=1.8%
SO, 36p 37p 37a
5 S 36p 37p 36a
mae’ 36x 37x
CV =1.6%
SO, 37p 36q 37a
10 S 36q 36pq 36a
ndy" 37x 36x
CV=1.9%
o} 37p 37p 37a
15 S 36p 36p 36a
Infe" 36x 36x
CV=2.0%
SO, 37p 36p 37a
20 S 35p 35p 35a
infe" 36x 36x
CV=3.3%
ey Fiaviiaudesnusimieufulumngs Tundazszeznamafuinmlug

1 aa d' = = 1 d‘ A .
ANuuANA NN NadAlISsuNeuA1nae 1agds Duncan’s multiple range test

(DMRT) N5£AUANUFDNU 95%
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A

d' 1 =S o = o 1 ax 1 <3 [ ~
MINHUINN V19 AURAd (h) GUfJ\TL‘]Ja’t’JﬂNﬁa11811&&9’]@3ﬂ'iill’J‘ﬁﬁg‘W'J'NﬂWﬂﬂ‘]J'iﬂ‘]&l"l‘l’l’qmﬁﬂll

U

~ Lﬂy v o s 3 Jd I @
2 QIA BT ANUFUTUNNT 95 1Wosirua 1uszezial 20 u

J
AMTUTU SO, HAIAUFANTTU

SEIETe LY sunuums 19 (luTnsdns/ans) e
Runu (u) S0, 2000 4000
SO, 76p” 75p 76a
0 S 75p 76p 75a
mae’ 75x 76x
CV=1.2%
SO, 74p 76p 75a
5 S 75p 75p 75a
e’ 75x 76x
CV =1.6%
SO, 74p 75p 74a
10 S 74p 74p 74a
e’ 74x 74x
CV =1.8%
SO, 73p 74p 73a
15 S 73p 74p 73a
mae’ 73x 74x
CV =1.8%
SO, 73p 73p 73a
20 S 73p 73p 73a
infe" 73x 73x
CV =1.9%
ey Fiaviiaudesnusimileuiulunnm Tudassyeznamsiiuinn 1l

1 aa d' = = 1 d‘ A .
ANuuANA NN NadAleSsueua1nae 1agds Duncan’s multiple range test

(DMRT) N5£AUANUFDNU 95%
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AT NUINT V20 ANOVA ﬁWﬁ%ﬂﬂﬁﬂﬂﬁﬂUﬂﬁjﬁ? SO, 2 iﬂuummzmmﬁu%’umm SO, N
ﬁuﬁﬂﬂﬁﬁu 2 3EAU ADAIANNAIN (L*) voudenwadle s¢ ‘Vi’JNﬂ'liLﬂ‘]J

%Jﬂ‘]eﬂ“l/l@ﬂ!‘ﬁ 2 o uFaIFYe ﬂ’ﬂiJ‘“]fHﬁiJW‘Vl‘ﬁ 95 L“]Jf)i!“lfu@] L‘].]‘L!i gaLIan

20
32217013
AuFnE (u) Source df SS MS F
Treatment 3 2
m3 14 so, 1 0 0 05ns
y 9
ANUANTY SO, 1 0 0  06ns
0 m3l4 soxanududu so, 1 2 2 37ns
Error 12 S 0
Total 15 7
Treatment 3 6
m3 14 so, 1 0 0 00ns
Yy 9
ANUINIY SO, 1 6 6 22ns
5 m31¥ soxAnududy So, 1 0 0 0.0ns
Error 12 31 3
Total 15 37
Treatment 3 2
msl4 so, 1 1 1 06ns
Yy 9
ANUANTY SO, 1 1 1 04ns
10 m314 soxAnududu SO, 1 0 0 0.0ns
Error 12 20 2
Total 15 22

[

Waneg A1 F Nawae * vuneds Jadelinnuuanaaneadanssaunnudei 95 % (F >

A ~ 9 = [ (=}
Fyos 00 Fy s 1 20y = 426, 088 Fy 15 5 1= 3.40) 1A2A1 F N010&98 ns waneda ave 1l

ANUUANA NN AR AT T LA BT 95 %
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MS1WUINN V20 (719)

F2ELIAINT
AUSAET (1) Source df SS MS F
Treatment 3 2
m3 14 so, 1 0 0 0.2 ns
Yy 9
ANUUNIU SO, 1 1 1 0.7 ns
15 m3l¥ soxanududu so, 1 0 0 0.1 ns
Error 12 22 9
Total 15 24
Treatment 3 2
M3 1% SO, 1 1 1 0.4 ns
Yy 9
ANUIVVY SO, 1 1 1 0.5 ns
9 Y 9
20 M3 14 SO xANUITHAY SO, 1 0 0 0.0 ns
Error 12 25 2
Total 15 27

WNEme A1 F N90A00 * 1ueda Jatelinnuuanaeneadanszauanudeny 95 % (F >

1 a 9 = [ (=}
4.26, 108 F = 3.40) g1 F NONAIY ns HU1909 ’ﬂ%fﬂﬂ]lllll

A
Fo.os e F 0.05(2,24)

0.05(1,24)

ANUUANANNNADANTZAUANUIADIU 95 %
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AT NUINT V21 ANOVA ﬁWﬁ%ﬂﬂﬁﬂﬂﬁﬂUﬂﬁjﬁ? SO, Ziﬂxmmmzmmﬁ’fﬁmm SO, N
ﬁuﬁﬂﬂﬁﬁu 2 5¥AU ﬁ@ﬂWﬂ’JﬁJ!ﬁUﬁJﬁ (C*) vouldennadile se ‘Vi’JNﬂ'li!,ﬂ‘]J

%Jﬂ‘]eﬂ“l/l@ﬂ!‘ﬁ 2 o uFaIFYe ﬂ’ﬂiJ‘“]fHﬁiJW‘Vl‘ﬁ 95 L“]Jf)i!“lfu@] L‘].]‘L!i gaLIan

20
32H21701013
AuFnE (1) Source df SS  MS F
Treatment 3 2
M1 SO, 1 0 0  02ns
ANuANTY SO, 1 2 2 40ns
0 m3l¥ soxanududu So, 1 0 0 0.2 ns
Error 12 6 1
Total 15 8
Treatment 3 2
M3 1% SO, 1 0 0  05ns
AU SO, 1 11 3.8 ns
5 M3 14 soxANuduIY SO, 1 0 0  05ns
Error 12 4 0
Total 15 6
Treatment 3 3
m3l4 so, 1 0 0  02ns
ANuANdY SO, 1 0 0  00ns
10 m31¥ soxAnududu So, 1 2 2 09ns
Error 12 23 2
Total 15 25

[

Wneme A1 F N90a0e * e Jaselinnuuanaeneadanszauanudoenu 95 % (F >

F, 0 F = 4.26, ay F =3.40) uazA F fude ns vineia Jado 'l

0.05 (1, 24) 0.05 (2, 24)

ANULANANNWADAN ‘i ﬁ‘]Jﬂ’NiJL“IfE]iJH 95 %
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ILOLIANT
Lﬁﬂ%ﬂﬂ1 () Source df SS MS F
Treatment 3 3
M3l SO, 1 3 3 46mns
y 9
ANNYVVY SO, 1 0 0  00ns
15 m3l¥ soxanududu So, 1 1 I 10ns
Error 12 7 1
Total 15 10
Treatment 3 6
m3ld so, 1 6 6  3.6ns
Yy 9
ANV SO, 1 0 0  02ns
20 M3 14 soxanudiudiu So, 1 1 1 04ns
Error 12 18 2
Total 15 25

U A ) = v A 1 Aaas
HANLHA A1 F NAUAIY * 131899 J98lANuLANA NN NTDANS

A
F, .50 F

0.05 (1, 24)

=4.26, las F

0.05 (2, 24)

[

ANUUANA NN NADANTEAUANUAOIU 95 %

[

<Al

ANUFDIU 95 % (F >

1 A 9 = [ (=}
= 3.40) agA1 F NONAIY ns HU1909 ”ﬂ%fﬂﬂ]lllll



88

M31WUINT ¥22 ANOVA drvisumanagoumsly S0, 2 juuuunazanudnduves SO, 1as

Qy Y 1 J = ) A o 1 S o A
AUFANITIN 2 7EAU AR URNAT (h) Gllf)\i!ﬂa’f)ﬂwaﬁ'lllﬂ TEUINNITINUVINHIN

A - L o o @ 73 2 g o
Qﬂlﬁﬂ"u 2 DA ALFYE AIMUYUFAUNND 95 !ﬂ@il“ﬁu‘ﬂ L‘]JUinggna'] 20 U

I2UZ1I0INI
RuFne (Gu) Source df SS MS F
Treatment 3 2
M1 SO, 1 1 1 08ns
ANUANTY SO, 1 0 0 03ns
0 M3 1% soxanududiu So, 1 1 1 1.0ns
Error 12 10 1
Total 15 12
Treatment 3 9
m3 14 so, 1 0 0 03ns
ALY SO, 1 4 4 25ns
5 m314 so,xANududY SO, 1 4 4 28ns
Error 12 19 2
Total 15 27
Treatment 3 2
msl4 so, 1 0 0 02ns
ANuAudY SO, 1 0 0 0.0ns
10 m31¥ soxAnududu so, 1 2 2 1.0ns
Error 12 23 2
Total 15 24.5

' a 9 = v A 1 aaa
HUNLHA A1 F NAUNLY * 1131899 J9elANuLANA NN NTDANS

A
F, .50 F

426,102 F =

0.05(1,24) 0.05(2,24)

[

[

LAUANWYONY 95 % (F >

' = Y =2 @ 12
3.40) LagA1 F N8 ns HU19D “ﬂi]ﬂi]ul,llll

ANMUUANANNNADANTZAUANUADIU 95 %
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MSIWUINN V22 (71D)

32217013
Lﬁﬂ%ﬂﬂ1 () Source df SS MS F
Treatment 3 2
m3 14 so, 1 0 0 O.lns
Yy 9
ANUUNTU SO, 1 2 2 0.9 ns
15 M3 1% SO xAUUAY SO, 1 0 0 02ns
Error 12 22 2
Total 15 24
Treatment 3 2
m3 14 so, 1 0 0 00ns
Yy 9
ANUTNIY SO, 1 1 1 0.7ns
20 M3 1% SO xAMMLAY SO, 1 0 0 03ns
Error 12 21 2
Total 15 23

[

Waeng 1 F Nawae * v Jadelinnuuanaaneadanssaunnudei 95 % (F >

A
F, .0 F

0.05 (1, 24) 0.05(2,24)

1 A 9 = [ (=}
=4.26,U0¢ F = 3.40) iagA1 F NONAIY ns HU1909 ”ﬂ%fﬂﬂ]lllll

[

ANUUANA NN NADANTEAUANUIAOIU 95 %
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d' a 3 A g/ Y a 4 ° [ ax [
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1 aa d' = = 1 d‘ A .
ANuuANA NN NadAlISsuNeua1nae 1aeds Duncan’s multiple range test

(DMRT) N5£AUANUFDNU 95%



91
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m3 14 so, 1 2 2 04ns
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0 M3 1% SO xAMUALAY SO, 1 11 11 2.0ns
Error 12 70 6
Total 15 86
Treatment 3 3
m3ld so, 1 0 0  0O.lns
ANuANdY SO, 1 2 2 33ns
5 m314 so,xANmdudY SO, 1 0 0  04ns
Error 12 9 1
Total 15 12
Treatment 3 2
M1 SO, 1 0 0  08ns
ANuANdY SO, 1 0 0  0.6ns
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F2YLIAING
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ms 14 so, 1 0 0  00ns
Y 9
ANUANUY SO, 1 0 0 0.5 ns
15 M3l soxanududu so, 1 1 I 15ns
Error 12 7 1
Total 15 8
Treatment 3 5
M3l S0, 1 2 2 1.5 ns
Y 9
ANUANUY SO, 1 3 3 2.4ns
20 M3 14 so,xanududu so, 1 1 I 07ns
Error 12 13 1
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0.05 (1, 24) 0.05(2,24)
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5 Tﬁw34uﬁ&Jumﬂmmuﬁqﬁuﬂluum% 1180a Ob
335124l (Gsznoums) 1305a 15a

F-test 4 *
CV (%) 9.7 74.7

ganauan (1ildsw) 0b 0b
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nMeanawoseuneunnnas 1aes Duncan’s multiple range test (DMRT) N3zl

ANUFDIY 95%



MSWUINN A25 (710)

95

52921901 YFnada lidnndia
Ausm N335 Naansu/mnlansu)”
(Tw) Tunlden Tt
ganaunu (la'ldsw) 0b 0a
20 ’3%1414uFJwmmﬁuuuﬁqﬁuiuumsﬁ?ﬂ 1000a 0a
339121l (@sznouns) 1110a 2a
F-test * ns
CV (%) 16.4 76.4

1/ @ A Y @ A A [ 3 1 S o 12 '
HNBLTIA mmmmmmaaﬂywmmuﬂusluumm GLui%W'JNﬂTiLﬂ’U‘iﬂ‘]el'l]liJiJﬂ’J'liJLMﬂﬁN

aa A = = ' = an . = o
neaaaleeumeuntnas 1ae3s Duncan’s multiple range test (DMRT) N5l

ANMUIYOIU 95%



96

MINHUINT A26 AMANNAIN (LF), MANUTNE (C*) uazaunad (h°) vouldonmadi leluua
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mneni a1 gaanizida lid lasenledandie dautlszneude 19@ 1Uszneudas 1) round

bottom Flask 2 neck 2) air inlet tube 3) reduction adaptor 4) condenser 5) adaptor

for condenser 6) adaptor for flask 7) adaptor for tube 8) test tube with joint 9)

erlenmeyer flask 250 ml with joint
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(Y] 1 o a ] A Y A Yy 9y 9 [ Qy
MveNg MsmuIuvIUsunauna SO, lag S VlﬂgﬁlﬂﬂWWLWE)GlﬁiJﬂ'J'uJLsUﬁJGUUWaﬂﬂWﬂﬁuﬁﬂﬂWiﬁN

q

A

Yo a @ a Y J A
2,000 ppm Taglddrle 120 Alansu USuasiesy 10 gnunenas Nguvgil 30 oe

a

2
Ao uTNT U Indugan1sse 2,000 lulnsansaeans (ppm)
o w -
WNUAV0I SO, (MTN) = M+S

=(WxA)+(CxFxD)

LTI M=WxA
=120x0.73

M =87.6 N3N

2.1 S=CxFxD
= (0.2/100) x (10,000-120) x 2.575
= 50.882 N7Y
Wiin SO, =87.6+50.882 n3u.Fares laan lasd

= 138.482 nFu.aavos lavon lyg

Aa Aa o [ I'd J
= 138,482 Haansu.Famlos lneon lua

S0, 2575 mg  Nguugll 30 esAusaFod Hi3ua 1 Haaniu.Faules lavon lya
SO, 138,482 mg Ngaivail 30 ossaiFod 1151105 53,779.417 Haansu.dawles laoon lud
— 53.78 an3 1391 TTNU 54 AT

{ o o a ! o
WINATLAVANUTUTY 2,000 ppm Ao lFunalszana 54 ans vazlumsdaesunadng
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[ a a 9 1 [ =
una SO, Usua 54 aas learlumsilaseune 32.14 uin
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