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Executive Summary

Project Title: Reduction of translucent flesh and gamboge disorders in mangosteen by
nutrient management

Translucent flesh disorder (TFD) and gamboges disorder (GD) are the two
major causes of reduced fruit quality in mangosteen. These disorders pose the problem
that it only becomes apparent in pulp and, therefore, external visual detection is
impossible and the marketing of the affected fruits can not be avoided. Translucent
flesh usually found in large segments (carpels) but in a severe case, all segments of the
fruits became translucent. The symptoms include flesh changes from white to
translucent and texture change from soft to firm and crispy. Gamboge disorder
displays a yellow gum in the rind and/or in the flesh resulting in bitter flesh taste.
Excessive rain and water during pre-harvest period increase the number of TFD and
GD. However, TFD and GD incidences vary significantly among trees within the same
orchard that encountered the same climatic conditions, which indicated that internal
factors in the trees are also affecting TFD and GD incidences. Among all the internal
factors, tree nutrient status is the prime concern and among the mineral nutrients,
calcium is the most extensively studied. Calcium deficiency causes many physiological
disorders in various fruit species such as bitter pit in apple and blossom-end rot in
tomato. These physiological disorders have generally associated with low calcium
transport to the fruit due to immobility of Ca ions in phloem sap. Thus, it is important
to evaluate the effect of calcium application on magosteen quality with the aim to
reduce TFD and GD disorders.

Objectives:

1. To evaluate the effect of soil and fruit calcium application on the occurrence
of translucent and gamboges disorders in mangosteen fruit.

2. To establish calcium intake curve into mangosteen fruits.

3. To obtain the nutrient composition in TFD, GD and normal mangosteen
fruits.

Methodology

1. Field experiments on the effects of soil calcium sulfate application and fruit
calcium spray were carried out at a twenty-year-old mangosteen orchard in Chantaburi.
Nutrient concentrations in mangosteen fruits during the fruit development period were
monitored weekly for the first 5 weeks thereafter the fruits were sampled every 2 weeks
until harvested. The data were used to establish nutrient intake into the fruits.

2. Nutrient concentrations in fruits of different qualities (normal, TFD, GD
and TFD+GD) were analysed and correlation were established.

3. Effect of fruit bagging on fruit development, nutrient concentrations and
nutrient accumulation were investigated.



Results

1. Soil Ca application—with or without foliar sprays—significantly increased
the number of normal fruits compared with control in both seasons but the quality of
fruit was enhanced by Ca+B spray.

2. The ratio of K/Ca in the flesh was observed to be a good indicator of TFD
and TFD+GD. In the case of GD, no direct correlation with nutrient content was
observed but we suspected that both Ca and B were involved since the Ca/B ratio of the
GD peduncle was significantly higher than the normal fruit.

3. Fruit fresh weight, dry weight increased throughout the growing season in a
pattern fitted well by a single sigmoid curve.

4. Concentrations of K, Ca, Mg and B in mangosteen fruit declined sharply
during the first 5 weeks after fruit set to reach values which remained relatively
constant or decreased only gradually until they were harvested.

5. When the quantity of nutrient accumulation was calculated, it was found that
P, K, Mg, B, Cu and Zn increased linearly with time where as the movement of Ca, Fe
and Mn into fruit were lower after 7 weeks.

6. Bagging of mangosteen fruit with plastic bag reduced fruit dry weight but
had no effect on K, Ca, Mg and B concentrations in fruit.

7. Bagging lower the accumulation of Ca and B which were xylem mobile
nutrients, while no influence was found in phloem mobile nutrients such as K and Mg.
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ABSTRACT

Mangosteen (Garcinia mangostana L.) is susceptible to translucent flesh disorder (TFD)
and gamboge disorder (GD). Both are apparent only on the fruit’s flesh making external visual
inspection impossible. The importance of soil calcium application and pre-harvest Ca and B sprays
on these disorders were investigated on a twenty years old mangosteen orchard in Chantaburi
province, Eastern Thailand. The experiment was carried out in RCBD with four replications and
two mangosteen trees for each replicate. These treatments were 1) no treatment (control), 2) soil Ca
application, 3) soil Ca and Ca spray and 4) soil Ca and Ca + B spray. Soil Ca was applied as
gypsum in September 2007 and 2008. The Ca spray was applied six times using 2% CaCl,-2H,0
while B spray was applied three times using 0.25% solubor. The fruit samples were harvested in the
middle of May, 2008 and 2009. At harvest, the fruits were separated into three groups based on
their size: small (<60 g), medium (60-80 g) and large (>80 g). Then, they were classified as normal
fruits, TFD fruits, GD fruits or TFD+GD fruits. The concentrations of K, Ca, Mg and B in the
flesh, rind and peduncle were analyzed. It was found that the soil Ca application—with or without
foliar sprays—significantly increased the number of normal fruit compared with control in both
seasons. Large fruits were susceptible to both TFD and GD disorders and have a thicker rind than
small fruits. Treatments with soil Ca combined with Ca +B sprays resulted in fruits which thinner
rind, higher total soluble solid and lower % titratable acidity than the other treatments. In both
seasons, flesh P and K concentrations in TFD and TFD+GD were significantly higher than the
normal or GD only fruits. In the case of Ca, only TFD+GD flesh Ca was higher than the normal
fruit in both seasons but the results were not consistent for TFD. It was also found that when the
concentration of K in fruit increased, fruit Ca decreased. No correlation could be made between the
TFD and GD disorders with either K or Ca concentrations in fruits. Instead, it was found that the
ratio of K/Ca in the flesh could be a good indicator of TFD and TFD+GD. The study revealed that
high K/Ca ratio led to more TFD and TFD+GD in mangosteen fruits. In the case of GD, no direct
correlation with nutrient content was observed but we suspected that Ca and B were involved as
Ca/B ratio of peduncle in GD was significantly higher than the normal fruit especially in the year
2007/2008 growing season where higher percentage of GD was found. In addition, lowest number
of GD was observed in the soil Ca treatment in combined with Ca + B sprays.

Mangosteen fruit fresh weight, dry weight increased throughout the growing season in a
pattern fitted well by a single sigmoid curve and could be harvested after 12-13 weeks after fruit

set. Concentration of K, Ca, Mg and B in mangosteen fruit declined sharply during the first 5 weeks



after fruit set to reach values which remained relatively constant or decreased only gradually until
harvest. This occurred because the rate of nutrient accumulation was less than that of dry and fresh
weight accumulation during early fruit development. Calyx Ca remained constant while other
nutrients decreased. In contrast, peduncle Ca increased during fruit development but P and K did
not show any clear pattern. When the quantity of nutrient accumulation was calculated, it was
found that P, K, Mg, B, Cu and Zn increased linearly with time where as the movement of Ca, Fe
and Mn into fruit reduced after 7 weeks.

Bagging of mangosteen fruit with plastic bag one to four weeks after fruit set lower fruit
dry weight than non-bagged fruits when fruits were 12 weeks old but the time of bagging did not
affected fruit weight. Concentrations of fruit K, Ca, Mg and B were not influenced by bagging
either. In contrast, bagging lowered Ca and B in both peduncle and calyx. Furthermore, it was
found that bagging lower the accumulation of Ca and B which were xylem mobile nutrients, while

no influence was found in phloem mobile nutrients such as K and Mg.

Vi



Executive Summary
UNANED

Abstract

M3y
GREAITERERR
a3l

A
Jagisvasn
MIATINBNEAT

4 ax
ginsaiazIsNs

a L4
ARNTIINAQADIULASIVIT

a3iwamsnaaes
1PNETB1904

NARNUIN

sty

iii

vii

viii

47
49

53

vii



=
AN

10
11
12
13

14
15
16
17
18
19
20

21

AUYMIN

[

J ~ A
AUUAAUTIUNNAAAUTIIU YYUHNT B.UZVTN 2.9UNYT ﬂﬁ$ﬂﬂﬂ’)1uﬁﬂ

O 9

3 o [l
0-20 3. NVAIDEN NTNYIAN 2550 (n=8)
4 i
auliAAUaIWINAARNAIY Yaagnd 04591 9.3UNY5 ATzAunNuaEn
IS o [l
0-20 3. INVAIDEN NTNYIAN 2551 (n=8)

Y 9 = o A a A
ANNTNTURABYRI1e1M1s I ludsnaiielulieny 5, 7 uaz 9 iAoy
(namM3nTyaL In 2550/2551)

Yy 9 = o A = A
ANNNTURasYeesIge s Iuludsgaielulieny 5, 7 uaz 9 1o
(naM3RTyaL I 2551/2552)

9 9 9
BNTNAVDILIYMIHOMARDINMITNUNA (NTN) VOIHA NAVABUIDTING

€

NFIR

a a ] 1 Y 9 .
E]‘I/]‘ﬁWﬁGUEN’EJ'IEJﬂ'lﬁW’E'JWﬁG]’E'Jﬂ’J'liJHJ?JGUHGU'B\‘]ﬁW]"fJ'IW'ﬁGLUW’dﬂa‘JJ (fruit)

)

a

Y
] 1 Yy 9
NTNAVDIDYNTHONAADANNANTUYDIT 9D IMT TUNAVITEY (calyx)
Y
Aa a ] 1 Y 9 g
NTNAVDID YNNI HONAADANNAI NI UUDIT19 M3 TUTINA (peduncle)

INTNAVDIDIYNIHONAADNTALANTINDINT MIHanaN (fruit)

D

a 1

Y
BNTNAVDILIYNTHONANDNT A ANTIYOIHIT IUNAVIAY (calyx)
A
BNTNAVDILIYNTHONANDNT T ANTIYOIH1T IUTINA (peduncle)
AUMNNHANINAINYAAITUMNITNADDITINNY
AZUUUANNTULIIVRINTNADINTHALNANAIINAINNAAITUMINADDA
FIAU
dadrungumuraiinaludisuninaasnig o
anununlaeniena Hadwas) ludsumsnaasaazqunINaa 199
Total soluble solid (TSS) and % titratable acidity (%TA)
Y v

ANuuT U4 P, K, Ca, Mg uaz B luriloilinagniiinaunimuanaiany
k4 1

ANUTNTIUVDI Fe, Mn, Cu 1z Zn luiiiossnagnilnanimuanaianu

4
dadIuue3 K/Ca ttaz Ca/B TuiiloilinananIng1s 9
y 9 [ = £ Y o a o a

ANUINT UL AATIUURIFINO 1T TUNAUHBLAITUNADNIRATNAIINHE

= %

AN

4

Y v & a4 o o
ANUITUIUYDI P, K, Ca, Mg ttaz B Tunlaon nauides uazdinanine

ANNUAUMNUANA N

q

10

11

13

13
27

28
28
29
30
30
30
31
32

33
33
34
35
36
39
40

41

viii



=
AN

22

23
24
25

26

M5 YM 319 (A1)

) A a A & o
ANUAINTUVBY Fe, Mn, Cu 1182 Zn Tunlaen nau@es uaziiwaianagn
A "

NUAMANLANAIIAY
dadIuv09 K/Ca taz Ca/B lunldoniiinanmnings 9
4
dndIUYDI K/Ca 1taz Ca/B TUNALIALAIINAAUNINAN 9
9
dndIUYeI K/Ca ttaz Ca/B T InatianananIng 1 o
a tﬂy Y ‘ﬂy 14 .
AzuUUANNTUISINTIRATionnd o190 lva uaziileudr+ena lvalugisgalu

Y

ATUNITNAQDIAN 9

42

43
43
44
46



QN

=h.

il

€
@
Qo

a9

Y

YALALHIMTNINANIAATENINMINAUIVOIND

9 d‘ a % 1 o
s Tiumanlasuulaslsmasine s lunadenaseninemsiann
VYDIHD

9 A a = dy @ 1
s Tiumanlasunlaslsnasige s lunduassvesnaiinaszrig
MINAUIVDING

9 = a 09: @ 1 o
s Tdumanlasuulas/smnasige s ludmaiagaseniems s
VYOIHD
AMnasUT U190 U1 VoIHANIAATEHINMINAIVDY
M
MIALANTIADINT IUTIUAE) VOIHANIAATEHINMINAUIVOING
ANMANTIUV K 11ag Ca TumaiiananmunIna1es (a) 1 2551
(b) 1 2552
dadau K/Ca TunaiiainananIngd o

v a A = o A=
‘VI’E’]‘LHEJN‘U@QNaTJﬂmTJi‘EJ‘]J!‘I/IfJ“Uﬂ‘UNﬁ‘VIiJ’t‘JTﬂ"IifJNllﬁﬁﬂWﬂGluW'ﬁ

15

16-17

19-20

21-22

23-24

25-26
37

38
46



M

o I YA o 1 A & o
wnailuwa ldatidnenmlumsdeengs Tasmwizamagiju uazylsl Fenina
d‘ 1 [} o’/’ dy 1 o 1 1 d‘ 1 = A
ﬂmﬂﬁlv\quwa\i@@ﬂqﬂﬂﬂﬂﬂ 2 ﬁmﬂuqﬁmTi1ﬂ1mwmﬂﬁluﬁmﬂmﬂﬂizmﬁau WUssmeau w3e

' [ < ' a o I ¥ Y

ﬁamsluﬂizwlﬂwmﬂwn f]fl"l\?vlﬁﬂ@"lll Lﬂ“lem’iﬂ‘s“111mmiaWaﬁmmclﬁ"lﬂﬂmmwmmmmgﬂmmmaz
A o A ~ A a A g A £ ' 9
ATUNAIANTIYIUA Luf]\1ﬁ]Tﬂﬂﬂiyﬁnﬁﬂﬂﬂ'ﬁ!ﬂﬂluﬂuﬂﬂ Llﬁg/ﬂiﬂﬂT\ihlﬁaﬂTﬂ(luWﬁ C]N]lllﬁ'lll'ﬁﬂﬂ]lﬂ

Yo 9

A v o ) ~ s & v oA
INNYUDN (@’]ﬂ’]ilu@uﬂ?ﬁqullﬁq 't’)'ﬁ]ﬂﬂllflﬂulﬂ‘]_]']\j !L@Wﬂﬂ@@ﬂﬂﬂigﬁ‘ﬂﬂ'ﬁmqq C]f\jﬁ'lulﬂfl']ﬂiuslfjﬂﬂ

U

%

lilsnavengaaann) dauemsendua hidwisodauenld Daiiunuasnssgneemaauenun
(= =] o o 9 ' 1 9 @ '
BYNALAINAY m!,ﬂummmwa@, E]'lfﬂiEJN]‘],WEYW‘]JﬂEIUGU'NiﬂﬂI@]EJLQWT%GLuNﬁiNﬂW’UuW@GlWﬂJ DI1INY
9 =2 = o ] oy @ 1 o 1 3 Ay A
Taunda 50 %  Fawaisgavinalug (hinunnan 80 nfumewa) undesmsvesnaiagiiju
1 4 1w < [ g Y '
w?ammﬂmqﬂizmﬁﬁu 7 WINNINNAAVUIALAN i]'lﬂﬂ?i’e’f’f]“Uﬂ111iﬂﬂ‘]ﬂ’)f’fﬁlullazéiﬂ“?ﬁﬁ]ﬂ\‘]ﬂﬂWU'ﬂ

(% o

Y Y Y Y 1 3 A a =KX a = a
G]E]\‘Ii“]ﬂ')ﬁ'l‘luﬂ'liﬂﬂllflﬂﬂﬂﬂﬂll'lﬂ VI151,WVI,3J3JL'Ja'l!ﬂ‘ULﬂEJ’JWﬁNa@ UNAANTULT I IYUDINANDANTN

q

v ' 9 ]
Tﬂﬁlm‘WWz@ﬂ?ﬂﬂﬂiuﬂﬂﬂﬂﬂﬂﬂﬂﬂwﬁﬂﬂ UINWINUU NITAALINNIAA ﬂﬂﬂ@iﬁlﬂ@ﬂ’ﬂmﬂ?ﬂ@ Lﬁﬁ)\‘liﬂﬂ

Y usj A a a go Y A 9y 1Y I 1 Y a A =
winAaeeny q fnaraaa nihldidesela uad lidaeenuazldswlidunanaadusg Weiili
o 1 1 <3| AN s g o Y A a o dy .
Smhenaziwansvden viindurai lua fvziliidens msizennzgnlfasmssude (reject)

a 09/' [ QaJJ a o A = o Y 1 2 Y d? R
HONAATINNA A9y mnansoraadegantiguamd i liansodeesnnaiga ldmnniu &

o Y =} Y A d? 1 o o 9
wihliinyasnsline ldmudunazaasenenmsfaneniagaaiiig

dy ) a 1 A [ =\ Y 3
pmstileudmazens lnaszimanlugieniiduangn  wasnlanmuianniluszes
£ Y 1 Y] o < = o Y A o 1 A
niney  eimsszguusanndlduannnlugie 2-3 dlavinewiuney hlngeduidunse
a g} 3 o W a 491 Y A o
Ysmanintluaungdrvglumsinaeimsiiionns taz/miees lvaluiga
=< PR 491 Y Aa A 1 1 <3 a I 2 A
dudneimaiondvenlva smnannmsniiduangnlusisnewnumeanaw Wui
Y k4
dunan manaieudaz/miosslna luldnanumadeganivus uaziisuauuanaienuuin

1 Y % A T = @ = Y1 Y o 1 dy [l ~ Yo Aa

seninduiganegmeludiu@erny  dawdnduiligamariivzegneluaiuin lasudululFua

] ' @ 9 . = 1 a dy 9 =)
whnunay uaasniletenieluvesdu (intemnal factor) Inasemsmailynuieunuaz/mioesIna
Y H

Tuslspadesuiu luussarfladeneluiamats sigennsisinglnnudwyuiniige (Huang et
& Ao & 1 a a A ~ ' B~ 9

al., 2005) tazluusTMIIReIMIIN 16 H1gNduTuaemsnTaan Tnveaiy uAATEUUILINGITD
Y Y di’ Y d’ A = = g o A 9 Y <3 1
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AuANUAALAANIIAIUETIIN (physiological disorders) Yoawa'lsl 14 9 WA 30 ¥ilA 1YW 813
. . S Y ' A 9 ' 5 o
bitter pit, cork spot Tuuelila ovmsnunihlunzWoma doesnul uazuaaly 911501 (water
2 4 2 oo 2 4 (a : J
soaking) Falueimsnteunumglianvazla q sauntomsuanvesnanlaening 1wy o3 uas
2 4 . )
AU (Shear, 1975; Sharples, 1980; Madrid et al., 2004; Huang et al., 2005) Wudu

aulumnaagiueenitlgnlina dauluajluduniada dszneuduiiduanygn i ldinamsye

Y a 1 = ~ = a A A ~
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=R A = 1 1 = a 4 3 - 1 2 1
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Aav o o = a tﬂy Y a Y 1 1 g
HaOUITeINeIN S IUAaFeNaz MInaIMIHond) tazeslvaiides daulvapiu
= A [ 9 A o [ a dy 9 A A a dgl A a
msAnyRgINUanmnadenilgnisganumafaiiond taz/mionslva wagknaiinaduiomna
Y
pImstiiounazenslua (21383, 2539, suda, 2541, A525504, 2543, 55741, 2544, 1831101, 2544) AU
msane luisdy Tasmmzedegluuetiladivnuaziuuiunin 30 3 (Shear, 1975; Sharples,
4 v v 1
1984) naanntiu Idinmsaudilumsanyuiedny ca Tulinadu 9 wu uasly uaumgil eTrmTa
9 [ v Y P4
aud o3 uaziwdn saunaliaenInUu (Madrid et al., 2004; Huang et al., 2005; Li et al., 2001;
Maynard, 1979; Mortensen et al., 2001) wamsfnsduIngisenuasaiud dvhlaSunnadeouedis
~ o ] A ad o ' A A Y a ad X . )
INYIND %mimmmwwawammu ﬂillu'HWIN 9 AnumeINuANNEAUnANH (physiological disorder)
£ A A Yo ~ 1 ~ Y =\ 1A us.:} a = 1
anas Famsnwwee lasuunafeusdiuiivans 919deelins lanunaneay uazniawa lagmsnany
A =2 A @ ~ 9 A = IS A A A 1 :j S [
msnimsansunenueaadonluldnainn  esnnuaaFenilusginaouiluneviuiunan

F4
v @ 1

A d' :I YR A =) d' 1 A d' g' 9 [] 1
fariy aruvesisiaei laavelimsazanuaadeninn Tuvaziarveansiaeidoauluseu
A % = A d’d A 1 A d' a\ L% a
W3oMa NNITWIALATEN DIMsHauan TunsNlaonu1asy veilems o3 way uedila Unina

A dy A @ o YA Yo . v A 1
Weanudulueimagansenerasduan 113N 1850 hypo-osmotic shock WiidadNoOUIDIIN
v Y
M3UA Ca MaINTINUUTIAUVRNITUNATRELAN A48 (White and Bradley, 2003) 1m3Hiotd?
@ S a [ g [ a { % g
wazenlvaludena Ainanmenasduanuazanudulueimegs 3ainznannmsimiuradooue
BUNU
= I ~ o w 9 % 4
saaFeuusigiunumdidgulaseadne (structural role) VOIHTUTAAUAZINUILTUYO
s & ~ Y Yy Y a ~ ' 9
1%8Q (cell membrane) FauNUIMVoIAaFeNTuA U InTIadvdosnmsdsmnanaFouaoudagely
o L A q v A A A g s o S o q Y s I ' .
5¢@1 millimolar e l¥lumsweumaaunilusnilsznevveantiawaa M lvsaaudawnss (Zocchi
. . ~ v Yy Y ~ a A '
and Mignani, 1995) unumvesaadenlualasaindosmuaadonlulsmangainiiunum
= Y I ) v A 1 [ qu/ = SR A
vounagou luduuanisiaiiaod (secondary messenger) AN AU MIVIALAALTENIIT]
A A 9 o 9 9 < S 1 [ Y] VoA 1 ) 9
wansondesnuunumludulassadwvessaaduaiulng durunnauudidndu
U A o o Y a . . A a2 4
Bangerth (1976) 318911 Wodmirlvina parthenocarpic fruits Tuuzwoms uedila uazuns
1 Y [ 4 [ 4 \ <
Haa1azimsazay Ca MoonWaNaNee9auYIel (normal pollinated fruit) 11199910 WAAIY
9 a . £ o Yy A 4? oa.;l @ A A = ] Ao z
#51990n%Y (auxin) FIM IRIMTAZAN Ca VUYL UBNINUY FanuIudoTmsnanuaIsneudIns
IAAOUNDONFY (auxin transport inhibitor) UsINgIMIazauues Ca Iuwaanas ldagdldn
) 1< 1 o 4 { ) v W $ g . .
ponguilududrnnlumanaoudie Ca liina dmsudenaduilu parthenocarpic fruit (Yaacob and
Tindall, 1995) 1w 1dmandeudeuaaieylildiwarios damaliinanisvia ca ldde
Yoy ~ o Y A ~ A dq 1 4
msudtlymimsnauaadeulunaiilden osnnuaademnaouilunioii (xylem vessel)

1 3 @ oaj v A A oyd =K A = ~ 2 1 A
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duduldnamareiiniieg limaeunliiing (Bramlage, 1994) maud luilaminmsnaunadon Jsdes
= ] = d' 1 [ Y+ =) a dd‘ Yo a 1
Aanuunaon linalasaseswiums liflounadeuneau  @rmninlasuanuionunswatelu
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msaanufe uaaBounaelsa esnnianudnduvewnaFougauazsialiung msfanuld
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lanaddosdanwionaduaneg tazaaaonunateasuie lviulaiwaldsvuaadon Hesninms
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danwilenadalivinaan o lududannalasnse  uamsaanuilonavinadniiwaasenl
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1¥188nga Tuweditla Fmsfeviwduitdfianlasumseensuedaunivats uuzilndany
3 3 1 v 1 o ' 4 o a
sz 6-8 ASIAUANATUAN FIUSATINTAANUUVUAUTNININMIALAZ TANLIAGINLALSAVD
A o v 1 o A 1 dyd 9 =\ 4 Yo = 1
WY Tﬂﬂwﬂﬂagizmn 2-4% ammqammmumwﬂszTsﬁnumiwNmz”lmmmm%uqq LD
o a o q ¥Ya 9 o o Ao ~ v W =
Maneimanazi ldimalulnd  snmanaaeudosduludgaitiunyinun 6as1 2% Cacl, il
naneo mraaz 1y ausanaany 4% i ldlaely ud Tasmmziioomasouda
= Y I A & Aa Y Ao w Y @
wennuAABENNa)  Tusewdludnsguiniunumuazninnd Ay Ty s 19veaniig
s A ~ Yy o < o o = .. o .
L¥an Tagmn1zed 19y 1NeIVDINUANNUIILTIVDINTULaa IAenN158a (binding) NU pectin
. A P v 4 ) aaa a 9 @
polysaccharides Tmaqamaﬂmaumgmwmmaai}zmﬂgﬂimgﬁvwau (complex) Ny
rhamnogalacturonan II (RG-II) (Matoh et al., 1992, 1993; Hu and Brown, 1994) @031 Matoh and
a 4 1
Kobayashi (1998) ttaz Kobayashi et al. (1999) As1zHa15lsenoy B-RG-1I complex WU
U52nouAY boric acid 2 Tuana Ca 2 Tuana 1az monomeric RG-II 2 @18 (chain) 1 Ca™ 1Ay
1 [ 42
borate 310N 1v3 (cross-link) NU pectin polysaccharides NV RG-11 (580 pectin & MUN chelator-
soluble pectin 138 CDTA soluble pectin M3HONAINUVDI TUTOU UAALTHN Lag pectin 1119 pectin 11
o s A < 1 < A Ay Yo oA o s A <

miuzadiyouiulasanonazuianses  Tuiivn ldsuTuseuedraiisans miswsadazlinnuuiagg

1 @ o Y o Y o I3 d? A A
paznuaousauMeluwan (turgor pressure) 1A Msvialuseuh ldniusadvudu Taensinig

v 4 3 oA a 4 o J & v A % . £
anuyadvinaanuazlivielng  demiuradrunIy MITATEEIVEY middle lamella %9
I 1 [] Aa a [ 4

Usznoude pectin (Hudiuluajazdalnd mivenediveuraaniuend (longitudinal) HALANUNUT

4 ' A o P} I A '
YDUKAN (transverse) AAAY memqﬂmﬂaﬂuuﬂm danalraannuBaArguanad (Hu and Brown,

Y Y A Ao < v v o J A A
1994) ﬁ@ﬂﬂa@ﬂﬂ‘]_lf]"lﬂ']'islﬂﬂi‘llﬁﬂum@ﬂwsﬁmﬂﬂﬁlglwﬂ wWszazinae GLLWI']\‘]ﬂaUﬂu LFAAUDINTN

Yo = = A ll ' Y Jd o Y J @ . 9}4421
”lmﬂmauywmwaummawqu nuastsaumeluaa i1 1¥iwaave197 (expansion) Taaau
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1. Control

2. 1d caso, meau

3. 1d CaSO, M@ + Aanu CaClL M3 lutazHa

4. ld CasO, MeAY + AANY CaCl+ B M3 lutazHa

Tarulugdiala'lun 6as1 3-4 an/du Taeduiil pH 531319 4-5 1d6as1 4 an/du daudui
A 1 1o 9 1 1 a [ 1 A Y]
1A pH 11001 5 Taoas 3 ansau dau Caso, lalugiavdy Taglalwaounueiou 2550 uay 2551
= ' 1 = P Y a o W y & o o A A 9y Aa
FIINADYTENINMIMTINANUNTONAY TdTUFNIATT 3-5 NA/ANIUAVIZAY Ca TuAn ApAUNN
U5ua Cca Tu@u@InI 300 mg kg' 1d 5 nlansu USua Ca 300-400 mg kg a4 nlansu uag
UTunm Ca 11NN21 400 mg kg 1d 3 Alansu Mananu CaCl, MeluuazmasunendInenLIL Ty

1 1 [ I o QSJ} Qy QSJ} [ 1

Aanunn 2 dlanioarnnuduiu 2% CaClL2H,0 Wuswiuisdu 6 ase daumsaanu B nly

Y Yy 9 o 09/’ 9 o = ] Qg)/ A 1 4+ A [l
wazHa 1% solubor ANMMITNIY 0.25% $11UIU 3 ATINTOUAUMIAANY CaCl, ATIN 1-3 druiloou q 1d

R unnAY
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1. ﬂTﬁLﬂU?‘l?ﬂﬂW\iﬂullagﬂ”lﬁ')miWSﬁlﬁ'J@fJ'Nﬂu
3w I a 1 v < = a o Y = 3 o ' a a
1.1 1DUAIDYNAU BIWNHAUNUDYINANAANTEAUAINAN 0-20 K. Iﬂﬂm‘umamﬁﬂumnm
1 o A [ o I o 1 1
BIRIWN ﬁ}uaz 434 mﬂumm&mazﬁmm’i’mﬂmﬂu 1 m@mm@ﬁu
=)

1.2 fednaui 1diuniingey iedu pH , EC, OM, CEC, P, K, Ca, Mg, Fe, Mn, Cu, Zn

o axa Y 1
uag B ﬂ\??‘ﬁﬂllﬁﬂﬂiuﬁ151ﬂﬂﬂﬂﬁ1\1

MinTIzd CTRIGERrAY

pH tiag EC 1:1 Soil: H,O

Organic matter Walkley and Black

Cation Exchange Capacity 1 NNH,OAcpH 7.0

Available P Bray II tiag develop GRCRE Molybdenum blue
Extractable K, Ca, Mg I N NH,0Ac pH 7.0 118z 3@ 181a3 04 ICP-OES
Extractable Fe, Mn, Cu, Zn DTPA 1aziadnein3 04 ICP-OES

B Hot water 1i6i& develop #9183F curcumin

Lf:}ﬂ AU Pipette method
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2. manudegludinaazmiinensgemsluly

2.1

2.2
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24

2.5

2.6

Tugsndegauanlugey $ims tag Nefegduuenvensauiuaneenunlugufeodnu
o A 3w [l 9 &
SaumINeNIINUAI0619 14 3-4 A5
A @ A £ g A~ ) v 3w ] A a J
weluiiagaey 5, 7 uag 9 wewn Fudluszeznaimingaudmsunudloaslumens s
a S o [l % { ] a 1A
(a3 vazAuz 2547) NUedludegaanseai ag 13 Taenuanyniiaseunsavuns

4
) @ a [~ % ]
az 1 10 111y 4 naansaunuiu 1 @ee19

Y

o @ 1 d' FY [ a 1 a d‘do < "y 1 o LY @
dednlunldldlugawaraan Talunseannliiuviagauai HINAVVIE
9 a w

nealgiianms

Y o . y v v J & 2 o g
anihanuazonlulasgulu 0.1 M HC tdrdedeingu 3 ase naenniiu i ljouau

q

Y A a =
URINQUNYL 70 DRI T
o 1 4 1 <3
VARIDENAINATEIUA Wiley Cutting Mill 1HAIUALLNTIVIUIA 40 mesh (0.42 mm) LAz
Yy A a s '
AieAns1z1519 N, P, K, Ca, Mg, Fe, Mn, Cu, Zn 112z B ao 11/

M3 NAT12H N 19338 microKjeldahl tazndunil3ua NH,” luensazais d@au P, K, Ca, Mg,

a

Fe, Mn, Cu, Zn ttaz B 1933 dry ashing figaingd 550 °C udnilimsgisgeimsan 9

U

Tagl41AT99 ICP — OES (Allen, 1971)

s o 1 o 4 @ a a o
3. ﬂ'li!ﬂ‘]JG]’)E]EJNNﬁ3JQﬂﬂlﬁﬂﬁﬂ‘hﬂ@@i?ﬂ'ﬁlﬂi@tﬂﬂIﬁllﬁ%ﬂ'liﬁgﬁﬂ‘ﬁ1ﬂﬂ'lﬁ'li (‘Vﬂﬂ'liﬁﬂ'hl'lm‘W'lg

gamsnTaay ln 2550/2551)

3.1

3.2

1 { o o % 4 3 o ' ) [ [
lugrsiilinaeonaon 1M tag aoniiana tie lHnudedHad T uANYAe 11
& o o A o ¢ < o ¢ = o oa o o
NUAIBINaNInaionany 1 dad uaznunndlaisudeddendn 5 waseiniiu mu
o o ¢ o o Vo4 o | o & o w1
A10819n 2 dlaaunsgnanaiegaun (AuAswsne 11 AUATWUS 2551) 1Al0819Ha
[ Y v Y Y
1@ lUdehnnuazernlasgulu 0.1 M HCl udrdndaninau 3 ase duriiesnliuds
) a 4 1 A . { a
il Ans1gvisig laun P, K, Ca, Mg, Fe, Mn, Cu, Zn 118 B @1073 dry ashing #1gaigil 550

~ A Y ¥ 9
DIAUBAULFIANNANINULAIVINAU

4. MsAnyuNelTouis NS naveIMTHioNanoNI5 QAL TALAz M3 T2 aN5190IMIT 1ua

Ghmsfneuawz gamsnsayayla 2551/2552)

4.1

v { o o o d 3w ' ) [ '
Tugeitianaeonaon 113 tag aonliana e lHnudledunad s uAnY1Ae 11/

"o = Yy a A Yy ' ' A d
4.2 YIORAIDYNNAN tag ”hmsquwmfmﬂmm:g"hmumq Tﬂﬂwawamawaumq 1, 2, 3 1lae 4
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5. mim‘umamawamq@qmﬁmwﬂﬂmmwgmz’Jmiwwﬂimm‘ﬁmmmi

A vy 3 A 3 A o Y I Y A
5.1 LUOHALNANIBDULNULNYA Lﬂ‘]JLﬂfJ’JNﬁiJ\iﬂmLa’JLLEJﬂ’EJfJﬂL‘]J‘L! 3 YHIAAUANTUADINTITUDINAIAAND

Y
C% o

< o ) [l 1% o [ (]
PUIALEAN (<60 NTU) YUIANAN (60-80 NTU) LAY ﬁuumel,wmu (>80 NTN) MMIFUAIDYNIWND
1 o 4 V) 1 { < 09.:’ qgj o
mneluuaazymesiuay 5-10 wa @uiuswaurauaazyuand lumsmnuasaiv) ki
v o z 4 ) a 4 [
HUVIAEINU AU 3 P59 oI InTIEHAMA LA 510 M5 Ae 1)
o AN Yo A I a A a L v

5.2 watlanad Idiuruietsnnanmesnilu 4 yiade walnd warloudd waealva uaz wa

& v

ond+eneva

v = a 4 g9 L v A
5.3 Tufinanugunsesmsinailonn #avva uaz marlondr+enelna Tagldnzuuuaua

1-5 (AZUUU 1 1AADINMIToeNgA LazAZIUY 5 INABINTTULTINGA)

Y I

5.4 gu@Ingana 2-3 HageriaveIMsinailyri taznalnd (MNATINTMIATIVTOUNANEN) LD

zﬂy A Qle =S dy Y o g‘ %

e 1laen UIna Laznaved LadIwaiuln

[ a ] 4 o a 4
5.5 Jannurunvestdenusnalndidurigudna Taeldnesitiemaliloswaas 2 90

o dy 1 z:! a 4 a . . ..
5.6 Wniledunile 1Un3121m USuna total soluble solid (TSS) 118 % titratable acidity (%TA)

o 1 o Yy dy A 3 = dy a < a
5.7 hduvewatiana laun 1ile lden 1awa tagnaudes lUinsgdlsua P, K, Ca, Mg, Fe,

Aax . ~ a Y o a 7 A
Mn, Cu, Zn 118z B 1A% dry ashing Ngaingil 550 °C udnihlmsziilSinasigemslu

msazae TaglHnToa ICP — OES (Allen, 1971)

a 4 aa
6. MIVATILHNWADA
a <Y a E o < a d 1 . .
myunzrveyanadalylilsunsuduseogy SPss Taglin1zriA1  Analysis of Variance

(ANOVA) taznlssuiieunnuunna1a1ag 14335 Duncan’s Multiple Range Test (DMRT)
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ANANIINAABILAS IV

A o’/’ dycv’ 1 A =y Y 1 A = v W

139 InMInaasdnsslilluaunaaseties 2 1 enudIUNANEUALINISATING
wigal TatazMsdzausigoImsvenaiena sansuanzln 1 (qgmsnsay@dula 2550/2551)
HaZONENAVEINMTHONARDM I3 WAL TALa MI Tz aNFIN0IMTVRINANIAA  FeAnuuRmzIin 2

a Aa ] = A 3 9 A o qﬂll = A
(@aMmsIyaula 2551/2552) aIUMIANEIOY o uTeyamlounune 2 3 uaziiiennkans

3 Y a v KX o 9 3 = Yy Y
NAVDING 2 blﬂalﬂﬂﬁﬂu WHIVBYANN 21 mﬁmmhhmﬂﬂu

1. auiamaniveIan
AuAveIAUNIZAUAMUAN 0-20 By, nouduiuMINaasdlugamsTaayla 2550/2551
H 2
youaazd1sumsnaaewaad 3lumsein 1 mnmseeznud auusazdiumsnaasadiiiean
A @ A =\ va = Y o A =} I 1 1
MUY A sandy clay loam Neruiiamaniilnameany o UANMTUNTA-A1T 531N 4.63 - 4.92
d! (% [~ a 1 o 1 9J c'. A A 1 -1 A
Fadaniluaunsa mmsildihwesasazats (EC) Aoudedifeliaiszang 94.2-106 uS cm’ T
9
duUNIeIngaIe 2.19-2.38% dn0dluszauiunan di P qauinfie 366-392 mg kg HAnnuglu
&/ o A °9"‘ ' -1 Yy 9 A o Y a '
MIgaTUTZUIN (CEC) MADAIA 8.54-9.45 cmol(+)/ kg ' anuidudues K fana ldluaueogly
seau1una19fe 68.2- 101 mgkg' @I Ca (329-426 mg kg) 1A Mg (27.3-42.6 mg kg') hardald
pgluszaunoudesd dmsugasigoInis
A a a o = Ad Y a a Y
AufAveIAUNTZAUANLEAN 0-20 By, YoInUAUggMITIAYTa 2551/2552 naaelilu
{ o vaa us.:} @ 1 a | 1 3 <
msun 2 Tagildudy auddauns 2 WndiResiu nanAsauiinnuilunsa-angauantios
1 ' 1 do a3 < 1 [ 1
321N 4.73- 491 DandnimsldyuTalalusis i 3-5 nnsduiaw uaadddiviui msdsoa pH
a [ o 1 I~ 1A g I~ < J o
Tuduliannsaih ldedesias uihausgliilollu Sandy clay loam faw amsiliihwes
T 3 9 T 1 Y o A A 1 -1 Aa A o
d1sazaty (EC) gandni 1 @ndoeudiniinoud19iinslin1senang 111-189 uS cm' aun3ging
:JI 1 A A < [ 1 - J
AR 2.35-2.56% gan1N 1 @antesisuny @1 P gauinae 398-428 mg kg taziiamnuglums
[ 4 1 [ [
AaFU1529UIn (CEC) MADAIA 8.84-10.26 cmol(+)/ kg Falndifesniuif 1 anududuves K #
[ Y a 1 [} A -1 1 =) d‘ A A A 1
ana laluauedluszauihunasde 81.8-97.2 mg kg’ dau Ca gandiilii 1 fedilSumszning 518-
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' a a 1 = 09/’ dy ' A A 9
GLWH’NLL?ﬂ"llENmiLi]iﬂluLGmIWU’fNNa (Faust, 1989) uamMsAn¥IATIHNUI Ca ndouinliluwa



<R 4 ~ = Y v A ~ 1 9 a a < 1 A ~
wduAuReDwgaIMIndeunzanaslusIMeveImInIyau laimy  uaasImsmaoui
Y ) v

manethduna larieennlimsmasuiued Ca VI9EIHAIUNINDD1¥IT (Tromp and Oele, 1972) 310

NN J . A a4 o "o A A )

MIIAMANGVUDIT (water potential) UodluuazwavINAUALITY Usingdalmsnaeunveniug
[ a a A o d Aa [ I 1 Y]

T lumalugreshievesnsnsaauln (as.quns ed¥ad AaaeilumsaIudl) Lang (1990) 310971

Y Y

N ArsarianuinnuausnlumstauvrensihenULIAna1AY Hanmsnaasdindlenadny
r A v 2da A4 v (4 Loa 4

anvlureudlavmenugnimanaouives Ca W lfinasunseWununer  (Tromp, 1979;

Zavalloni et al., 2001)
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1. dnSwavesmsvonademM 3 AUIAIAZMIAZANEINB IS UK
M3ANYIINTNAvRINIIHONAABNI3 YA TAlasMIAEaNT190IMIIVOIHATIAA 11
a a ' % { [ J a
msfinyuRmzggMsaanla 2551/2552 Taevenaiiagaiiong 1,2, 3 uas 4 diamidleganardan
3w ' a s A = o J =2 A o dy
HaZNUAIBININANIIATIZHINBNANDIY 7 Loy 12 d)any mamsAnpIliael

5.1 MII Ay Inuena

1 = [ 3’ Y] 9 . zﬂ' [ 4 oy [ = dy

m'i‘wawa"lmmamemwummwmwaﬂau (fruit) o9y 7 dilai rdnnauaeg

oy o as.l‘ o’/’ o o A A oy o [} 1 [ A o o
HAasHIMUNUINANND®IEY 7 Liag 12 diland (1919 5) ﬂTiﬂu']WUﬂWﬁuliJllﬂﬂQW\iﬂuliJ'f]'f)']fg 7 diavions
A o J a a 1 Y Y A o yddy Aa 1 g} o
Lu@ﬂﬂ1ﬂ1u§$8$ 5 dilariusn ﬂ"liﬁ]iiyjm‘]_lI@ﬂl@ﬁﬂaﬂ’ﬂu‘ﬂ"ﬁﬂﬂ (E‘]J‘Vl 1) WijﬁuwuﬂﬂjﬁﬂﬁuﬁﬂHTWNﬂ
9 3’ ] v A Y A AqY 1 = J 9 ] 3 o A 1
Hod msm&mmmwamﬂzmmﬂ“lﬂ L!aszWﬁ']ﬁ@]ﬂﬂi%ﬁﬂﬂﬁﬂﬂlu']ﬂﬂﬂusll']ﬂslﬁﬂul ueﬂmﬂuumﬂuag
Y 1 Ay 1 Y A 3 % 1 Y qu‘ dy 9 ' Y v
gll!flﬂﬂ?fl 1 fl (ﬁ?!ﬁﬂﬂ@@ﬂﬂ@iﬂﬂ?ﬂ HDINNVINAINAAADUINTU 9INNITNAADUUDIAUNU I ﬂ"lllll

Y v

1 kY % 1 1A [ 4 ] A o @ Y o A (] [ =
voluaie WAaNNITIN) UALBADDY 12 gy ﬂTi‘Vii’]Na‘nﬂ@TﬂNuWﬂuﬂ!mﬂﬁWﬂ’J"ﬂﬁJ@hlll‘l/ii’)Wﬁf’]ﬁl"lﬂll

£

v o

[ v [ Y
Weddaynuada uaeigivenaliuanaei @3nn 5  lesninmsvenahlimineiivewa

Y
anad dawalimsazauinazasonsae 9 luraanaddie (Morandi et al., 2007) TudIuvednay
dy us.:’ 4! ddy d‘a 1 1 oy [ 1 9 2’ Y] 1 9 d' a a
AoaazdINagInuNAdo s mInAo Ul tazihvinAs U NAINNADADIYM TR AL Ta

~ ' = = 1 A a o a2 H =
youwa (3UN 1) mavenadelulinademsniganlavesnindu@euazadana  wan1snaaei
[ Y

A0AAABINUNMIANYIUBY Jones and Samuelson (1983) NN MIHBHANNAADIMIINAAVDINALDY

a J 9 9
Wanoui 1oy

] Y 9 Y
MINN 5 anFwavesorgmivenanetimiinuia (nSu) veawa navAsIazTINANIRA

919904 Hanaw nAWEDY iwa

HaTive 7 §anyd 12 dlend 7 §and 12 d)ad 7 At 12 d)ad
Tiiviona 10.6 18.0b 0.24 0.24 0.76 0.70

1 dlad 10.5 14.9a 0.24 0.23 0.74 0.72

2 dlad 10.6 15.0a 025 0.24 0.80 0.70

3 e 10.8 15.4a 0.23 0.23 0.74 0.67

4 dlanvd 10.9 15.1a 0.25 0.23 0.76 0.70
P=0.05 ns * ns ns ns ns

52 AnudNTuYeI51991113 TuaIua1e ) YBIwa

ANUTUTUVDIB1G K, Ca, Mg 118z B Tuma (fruit) NvodenanaIadnszyineely 1-
@ Y 1 1 o { (I 09/’ 3w ' { Y
4 dlansd luanaenuwai livens 2 91gmMsNUAI0619 (M15199 6) ABAAZEINUTIB9IUYEY Hoffman
§ 1 ' ] a ' <} ! Y 1
et al. (1999) MNUNIMIHONANZNINAIIYINTZABHTOYINAIA@ANNOUNUINGD 41, 25 wag 9 Juluiina

[ Yy 9 A 49) 1 1 ~ Yy 9 ] 1 @
ADANUUVNUUUDY Ca Twilaenuaz luiteuneanala msnanudutuves Ca GLuwa”lﬂJLL@]ﬂ@nQﬂu 913

17



A a a A T o 1 o v AA ' " o A Yy Y v
iosninmsniyay Tnveswaniuanaeiuszridisuninmsvonas luveona  asiinanudidnedu
° a ) 9 9 a & ' ' ) ~ ' Y v
luihweufernu anududuvessig K, Ca, Mg Tunduides liuanaraiu (131991 7) uaanududu
= dy ~ [ 1 A A [ o 09: < % v
¥09 B lunduidesveswai livogenimaivelionty 1 uaz 2 dilanming 2 ewgmanualedis Tums
< o 1 lel ~ A [ 4 1 A [ 4 1 [y A 1 9 ~
NUAIDE19ATIN 2 1Wp01Y 12 dla1 msveraiiionly 3 dlamuanaenuiie luvonadies (a131991 7)
1 :;I 1 1 o :JI < @ [} 4
AN NUNAMAUTUVY Ca HANAAUNT 2 01gMINUAIDE1 1Aaiiiooy 7
[ 4 ~ [ = Y 9 3 [ -1 = 1 A A Y] P
et wad luvelianududuves Ca Tudawaminy 1.27 mg kg degenimwanveoiioniy 1 dianin
= Yy 9 (Y -1 1 1 1 A A o 4 ~ A
Hanududu Ca 11D 0.92 mg kg 1@ binanasanranvoiiooy 2, 3 uag 4 dlad (A15199 8) 1o
d?’ = o 4 1 09/’ =\ d?’ A [ = Yy 9
HAOIGNINTUDY 12 da1d ANuuAnANYed Ca Tudwalinniu Taskah livelianududuves Ca
1 0 4 o ) o 1 o 4 I o 1 o 4
ganwanvolony 1 waz 2 dlend S M5 B nuanuuana AUz g UA1081 12 dilav
[ [ 1 1 4 [ 4 - 1
Tasfidnvazmloununnulu ca fiomsvenaiionty 1 danf Tanududy B (24.5 mg ke') Hoenin

q

Haf luive (27.5 mgkg') pddidodgyneana

MINN 6 DNFNAVDIDIYMIHENAADA N LT UYDIT1A0 113 Tumanaw (fruit)

RRENRN %K %Ca mg kg 'Mg mg kg B
Hafive 7dlad | 2dlaw | 7ddan | 2ddaw | 7ddewl | 2dden | 7dda | 12 ddand
liiviowa 1.21 1.32 174 156 808 789 8.75 9.21

1 ﬁ"ﬂmﬁ 1.25 1.40 144 130 850 856 7.98 8.24

2 ﬁﬂﬂ?ﬁ' 1.25 1.43 150 .140 800 900 8.05 8.56

3 ﬁﬂﬂ?ﬁl 1.25 1.32 165 143 818 838 8.21 8.37

4 ﬁ’ﬂﬂ'lﬁ/ 1.18 1.43 165 146 792 850 8.57 8.73
P=0.05 ns ns ns ns ns ns ns ns

v '
aada @ A

LYY y @ @ o @ ] 1 q'/ a,
donusnmieuiuluasduiidediu lulianuuanaialuneadanssduanuyoiv 95% Iag3s DMRT

M3 7 §m§wammmqmiﬁ6wa¢iaﬂamvffwffumaqm@mmﬂuﬂamﬁyﬂq (calyx)

019UDI %K %Ca mg kg ‘Mg mg kg B
HaTive 7dat | 2 dawi | 7ddani | 2ddani | 7ddawi | 2ddawi | 7dan | 12 ddennd
laiviona 1.35 1.40 53 53 1004 800 18.9b 23.9¢

1 dlansd 1.47 1.43 44 43 910 729 15.2a 17.6a

2 dlad 136 131 46 50 882 809 15.2a 19.7ab
3 dad 1.44 1.42 51 50 973 781 16.8ab 20.8b

4 dlad 1.35 1.49 52 51 982 789 18.6b 21.5b
P=0.05 ns ns ns ns ns ns * *

v v A A o v I @ 12 1 aad o A o an
ﬂa'e)mgimmauﬂu"luﬂaauummﬂu'luilmmgmnmﬂumnﬁawizﬂummmauu 95% 10875 DMRT
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{ a A 1 1 Y 9 usj
GﬂiNﬁ 8 E]'I/]‘ﬁWﬂﬂJEN@TQﬂ'IiWE]WﬁG]’E'Jﬂ’JWiJLeUiJﬁlJHGUE]\?‘ﬁW]"fﬂW1§GluﬁU’JN'@ (peduncle)

918U %K %Ca mg kg_]Mg mg kg_lB
Hafive 7dla | 2dla | 7ddan | 2ddawi | 7ddewl | 2dden | 7dda | 12 ddannd
liviowa 2.81 2.54 1.27b 0.90c 959 660 33.2 27.5b

1 ﬁﬂﬂWﬁ 2.99 2.66 0.92a 0.57a 836 659 31.5 24.5a

2 ﬁ"ﬂmﬁ 2.73 2.49 1.06ab 0.65ab 854 722 30.3 26.0ab

3 ﬁﬂmﬁ 2.89 2.50 1.18b 0.80bc 950 721 32.3 26.9ab
4 dalanwt 2.72 2.76 1.22b 0.88¢ 918 728 32.5 27.5b
P=0.05 ns ns * * ns ns ns *

v '
aada @ A

LYY 1 @ @ o @ ] 1 q'/ a,
donusnmieuiuluasduidediu lulianuuanaaluneadanssduanuyoiv 95% Iag3s DMRT

53 miﬁzﬁmmmmﬂuﬁ"mdn d| ﬂlﬂﬂwﬁﬁﬂﬂﬂ (Nutrient accumulation)
9
Psmusgerisnmualundazdinveswa  MUIMNRARMIZTNINANUTNTY
Y
Y0519 MIINUIIMIINNEY mansneaslsingan mIvenalioninanemsazausg Ca uaz B lu
. A 2 o oA @ SR g A & g
Hanaw (fruit) amuiIeesiiongra 12 dland Fuiluliamwanumanuie ieannsigng 2 1iims
A A ' 3’ 9 = g/ =2 9 A 1 =
nasun lune MHalMIMeINN MIdeanvad Ca tag B 39110928 (M13199 9) Tudiwvenay
dy ' 1 a ' qgj 3w ' Ay 1A ' A A
AeanUI MsveralinaneMsdzay B 19 2 81gMsinuUa10619 Tagwai livell B geniwaniotie
[ o':/’ 3 S o 1 1A 1% 4 ~ oA ' A
01g 1 1Az 2 da1fing 2 As9UeIMsINDAI0E 1 tailonay 12 dav wah luviell B geniwaive
. L :
ey 3 da1idae (13197 10)
:JI [ = dy < 9 A
MITLaNTIN01MT IudImauanaenlunataznau@euantioy Ae Miazay Ca
1 @ 3 {3 o 1 1 1 @ 4 [ 4 A [
LANANAUNT 2 91NUAIEN dIU B uanannumwizilonasy 12 dlav Tag Ca Tuwai livie
1 A A o o <} % 1 09/’ 1 1 3 A @ L
gandHanvieieny 1 d1amlumsNudledeniausn uagandimsvenaneny 1 uag 2 dlanilu
S W l QSJ‘ A 1 ~ [ 1 A A [ Jd 1 Qle ~
M3nuIed a2 ua B Tuwad luvegeniwaiiveiiiony 1 dlanimiiu (@i 11)
BNTNAVBIMIHONARDMIALAUTIADIMITAOANADINUMNSANYIVDY  Jones  and
Samuelson (1983) Wy msvewaildmsazay Ca lumaasas wazaivayudoyaneaiums
4 { { 1 ' 09} 1 qu/ o ]
inAPUNUDI Ca Az B na1191 msmeriinadomsazdy Ca wag B voana uonnniuduaas i
1 msverallonanigiios tazszeznaIMIHonauIy NonswageremsdzausIgoImsiinaounly
R E ' ' 1o q 9 a4 A A ' !
vioildun Ca waz B uamsvena lumlimsazausigonnsimaouiluneomis sy K uaz Mg

wasuulaaunogiala
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MINN 9 INTNAVDIIYNIHONAADMIALTUTI9RINIT TUManaw (fruit)

91903 mg K fruit’ mg Ca fruit’ mg Mg fruit” mg B fruit"
Hafve 7édanwd | 2dand | 7dUa | 2ddan | 7ddeni | i2ddeni | 7ddensd | 12 ddand
liviona 126 237 18.3 26.9b 8.40 14.0 92.6 164b

1 dalanyd 133 206 15.3 18.4a 9.00 12.5 85.0 121a

2 dalan¥ 134 214 16.6 20.9a 8.65 13.6 86.8 130a

3 dad 137 199 18.1 21.5a 8.98 12.6 88.8 127a

4 dland 129 215 18.4 21.3a 8.78 12.6 91.6 132a
P=0.05 ns ns ns * ns ns ns *

v o = A @ v I [ (=) 1 a
maﬂ‘usmwmuﬂuﬂluﬂaanummnu"lwmwmmnmﬂumdam

a

4 o 4 o an
N5zAUANUTONY 95% 18T DMRT

1 Y
M13°90 10 INFTNAVDIDIYNIHONAADMTALTANTIND 1M IUNALIAL (calyx)

RRENRN mg K fruit’ mg Ca fruit' mg Mg fruit” mg B fruit”
Hafive 7dlad | 2dlaw | 7ddan | 2ddaw | 7ddewl | 2dden | 7dda | 12 ddand
liiviowa 10.3 9.8 4.00 3.63 76 55 14.4¢ 16.7¢

1 ﬁﬂﬂ?ﬁ 10.6 10.2 3.23 3.03 .66 Sl 11.1a 12.6a

2 ﬁﬂﬂiﬁ' 10.5 9.1 3.65 3.48 .68 .55 12.0ab 13.7ab

3 ﬁﬂﬂ?ﬁl 10.5 9.4 3.69 3.36 .70 52 12.4abc 14.0ab
4 ﬁﬂﬂ?ﬁl 10.1 10.3 3.98 3.52 74 .55 14.0bc 15.0bc
P=0.05 ns ns ns ns ns ns * *

v o = A @ v Jda [ (=) 1 a
maﬂ‘usmwmuﬂuﬂluﬂaanummnu"lwmwmmnmﬂumdam

a

4 o 4 o an
N5ZAUANUTONY 95% 18T DMRT

] Y
AN 11 emwammmqmmawa@amiﬁzﬁmmmmﬂwﬁ’ma (peduncle)

RRENRN mg K fruit’ mg Ca fruit' mg Mg fruit” mg B fruit”
Haiive 7dlad | 2dawi | 7ddand | 2dawi | 7dda | 2dawi | 7ddand | 12 dlansd
liviowa 6.78 6.05 3.10b 2.15¢ 0.23 0.16 8.05 6.59

1 ﬁﬂﬂ?ﬁ' 7.18 5.93 2.20a 1.29a 0.20 0.15 7.51 5.51a

2 ﬁﬂﬂ?ﬁl 6.69 5.86 2.62ab 1.57ab 0.21 0.17 7.52 6.16ab

3 ﬁﬂﬂ?ﬁl 6.70 5.67 2.73ab 1.84bc 0.22 0.17 7.53 6.21ab
4 ﬁﬂﬂWﬁ’ 6.64 6.39 2.92b 2.05bc 0.23 0.17 7.96 6.38b
P=0.05 ns ns * * ns ns ns *

v v A A o v I @ 12 1 aad o A o an
maamgiﬂmu'é]uﬂusluﬂaawummnu”lumam;mfmwﬂumaﬁammzﬂummmeuu 95% 10875 DMRT
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5. AUMNVDINANINAYN
d Y 1 S o ll % ule o w 1 %
iewaenaun 1NUAIENNANIAANTT 4 MTVMINABEIWMBNVINALAZHINANIRA
A a 9 a dy 9 da' 9
olsziliuganmuaz iazuuuanuguusslumsifailywuiouds ovlva  waziioudr+erslva
v o = Y A = =
TaglnzununuAIMAA 1-5 (Azuuy 1 Ue1mIdeenga tagazuuy 5 UeIMIJuNsINige)
Y 4
wowiviannuvuvewn)asn Usuim Total soluble solid ag % Titratable acidity U5 IngHanadl

5.1 YWIAYeIHALazAUNNHANIINANE

o o A Qd = o w 09/’ = Y o A

SuRaIgaNNUANEIINYAAITUMINAania 2 Ulnamesny Ao 2,528 wa
o o A a o o A a ) A I < [ A
AN 1 uay 2,547 wadmsuli 2 Tesdwaukanueneendlu vwambn nan uag vy luili 1

o o o { . { <3
IndiReanufe 31, 38 LAz 31% MUa1AU (A13199 12) uaili 2 vavuadnanasvdeiied 19.5% uag
A I 1 [] Y A v A A A =
wavuIana1 Ny 48.4% arunavina v lndineanuili 1 Av 32.1% (M350 5) FIHAVUIANA
1 & Ay 1 1 <3
wazvina lngiunaeinsvosnaaa el szmeannnnmavIa@n
4 I~ 1 < o a 1

engnooniugumweany  Hava@IazvIana NI ILIURalnANINN

wavalng (61.4-61.9% isumeuny 54.2%) Tasmwized19ealudn 2 (sen 12) Tuila 1 wa
2 Ao A & 9 ' 1= A ' ' ) ' 1
VIAEaNIUINKaNTeIMauA11nn uatln 2 Tiuanaiedy ludivvuesnalvanuiwavina
1o v a a & g ) K v 4 o
Trgfuun Tinazimaenslva vwie eouda+ensInauinni1 drswermailonudi+o1s Inadailueims
d' a da’ Yy 9 1 [ 1 (= Y a dy Y A 1
Mnaoudadiowuiu  wwun  wavualugluud Tuszimaiiounnaz/mios lvauinniwa
Y

< o = o o ' < a
ﬂlummmmz"UMQﬂmﬂu‘m 2 ?Jﬂﬁﬂ]“:ﬂ HONIIMNUUHIINDUIN Na*llmmaﬂﬁﬂ’JWﬁqHLL‘iﬂHﬂﬁLﬂﬂﬂ’JW

a a9y 1 1 3 dy 09.:’ = Y A (% d'
mﬂﬂmu@ammamm@lmy MU ASUUUANNUTULUIIVDIN 2 ndiReenu (®M31N 13)

M13°99 12 AUMUHANINAIINNNAITUNITNABDITINAY

A SRITEITAT %nallna Yaitoud %e14 1va vaitondn +en'lva
M 2251 2552 2251 | 2552 | 2551 | 2552 | 2551 | 2552 | 2551 2552
!’Sﬂ 780 (31%) 496 (19.5%) 47.1 61.9 17.7 18.1 19.8 9.1 154 10.9

HGEN 974 (38%) 974 (48.4%) 44 4 61.4 13.1 19.9 27.6 9.2 14.9 9.5

61°I’iilull 774 (31%) 819 (32.1%) 40.3 54.2 12.3 18.2 22.4 11.7 25.1 15.9

!ﬂéﬂ 43.9 59.2 14.4 18.7 23.2 10.0 18.5 12.1

21



M3 13 ATUUUAINTUUIIVDININADINIAAUNANNTINADINNNAITUNMINAADITINAY

(ﬂzuuqumaﬁqmmiﬁl,ﬁmquuﬂ)

VUIANG !“lfﬂlli?]}? EJNVLWQ n’fauﬁ'%an”lwa
2251 2552 2551 2552 2551 2552
ian 1.27 1.48 1.10 1.19 1.71 1.88
nan 1.39 1.51 1.22 1.45 2.09 2.02
Tvigy 1.33 1.53 1.33 1.30 2.49 1.99
mae 1.33 1.51 1.22 1.32 2.10 1.97

WouenMUAITUMINAARINDI MSuUMInaaesiimsld CaSO, NAUBENRYT (T2)

A

o = ] = 1 Y A A g a 1 o w 051' =
29IUNUMIRNANU Ca (T3) Lazaanu Cat+B (T4) El“ﬁNaWa@]“I/IL‘]JL!‘]Jﬂ@Ilﬂﬂﬂ'J"IﬂTﬂJﬂ’J‘UﬂiJGlLWN 21

-

= o [ dy 9 1 A A a dy 9 1 o w ' J v 1
NANET TV ITUDINTITIUDLUNINUIN “luﬂw 1 fJ1m'immuaum“luLmazmmmm@am‘lmmnmqﬂu 159}

]
v A

o =] a dy 9 1 o U a ] = o ~
2 aN3uUNIUAY (TD 3Jﬂ1§Lﬂ@mﬂllﬂ’J‘JJ"IﬂﬂQWHi‘m/lulﬂ CaSO, NNAUDYNIAYD (T2) uagMTUN

2

]
=
A
N

Yo = 1 1 T o v A Yo = 1 ) [ dy
ulﬂ'i‘]_lﬂﬁﬂﬂwu Ca+B (T4) Lmhlll@”lﬂinﬂ@ﬁ‘]J‘Vlulﬂ'i‘]Jﬂ"liﬂﬂ‘WH Ca (T3) ﬁ”l‘l’iS‘Ui’)”lﬂﬁEJNllﬁa Uag 1uo
Y

v
v A

= d' L] 1 1Y 1 o W 1 ~ d‘ L) Y a
LLﬂ’J+fJNll1’TﬁelU‘]J‘VI 2 "lmmmwaﬂuiw'mmmmimam ualudln 1 wundsunl CaSO, nAU

1 =\ = 9 A 1 491 9 o o aA = [
DYNLAYT N@Tﬂ”ﬁﬂ"lﬂvl‘l/iau’f)ﬂ‘i/lﬁ.(ﬂ memsmmm%fm"lwammmiumimammmmﬂwu Ca llag

= ] 9 d‘ d'
nANU Cat+B WUDIMTUBINGA (M990 14)

5.2 anuruvewlasnina :

]
o/ I

< 1 1 1 %
wasnantvnaaniinldenurniwavina vy Tunnnguasnimusswalisgauaz

Qa: AR A % A da' Y A Y A ~ A ' a A A
e 2 Unanmn (®MINN 15) TﬂEmauqﬂﬂ‘nuJmuaummmﬂuumzmﬂaaﬂwmmma%uﬂau (¥\)3}

=

= = 1 o o 1 % Yo = 1 = A
WFauMeUsE IS UNMITNAAINLIN HalAaN lasuNInany Cat+B (T4) uanuvuveulasn
9 ' o o A [ A 1 A = 1 [
uegndmsumInaassoulunnnguasnmealuln 1 dwludn 2 Januuanaammizlunquwa

a ng 1 a tﬂ' [} 1 [ 1 9 1 o w =\ A d‘ d' C%
Unamniiy drunariadu il ulmmﬂﬁ"lﬁﬂuLLGINLLH’JI‘L!?J’JWI"ITU T4 mﬂaaﬂmmq@ NITNHANIAAIIN

o

A a 1 ~ A 1 A A A =\ vaa o Y L=
FUMINAaeINIMIRANY B Uiaenunennariaoy 9191109910 B Nﬂﬂ!ﬁﬂﬂ@]ﬂﬂ'ﬂﬁl“ﬁﬁaﬂﬂﬁu\l

9 9
=<

@
A 1A = [ [ Yy R . A R 1
gAvigUAvU AInTuLsInuNeluy (turgor pressure) laavu (Loomis and Durst, 1992) Wyaa )
o g % ! 1 { [ 4 % {
sufludosasrauldonldnun  anunuvesdendinelln 2 geaniidla 1 @nvies esnwatisgad
o = =~ dyd 9 v o A aa
i lulilianugnitesndwaisnananuluili 1

q
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MINN 14 dadruaun KA TuMTUMINAB0IA1 9

A15UNS VYUIA %‘]Jﬂa %!“ﬁﬂllf#ﬂl %ElNlle %n‘fauf’f%mﬂwa
LGN Wa 2551 2552 2551 2552 2551 2552 2551 2552
Tl ian 31.1 50.4 24.0 23.6 17.9 17.4 27.1 8.6
(MIUY) NaN 37.8 51.4 16.4 22.7 22.7 9.6 23.0 16.3
Twigy 33.6 49.5 11.2 21.8 24.4 11.3 30.8 17.6
mae 34.2a | 50.4a 17.2 227b | 21.7ab | 127 27.0b 14.2
T2 ian 54.6 61.9 16.0 11.7 15.6 10.2 13.8 16.3
CasSO, nan 44.8 652 13.6 17.9 24.6 8.6 17.3 8.3
N9AU Tngy 44.3 53.6 14.6 16.8 13.5 12.1 27.6 17.6
nde 479 | 60.2b 14.7 1552 | 17.9a 103 | 19.6ab | 14.0
T3 ian 58.3 67.8 8.5 18.3 23.0 4.4 10.2 9.5
(CaSO,M3AY naN 49.7 63.1 13.2 22.4 25.2 6.9 12.0 7.6
+DANY Ca) Tvigy 41.0 56.2 14.9 16.7 27.5 14.0 16.6 13.2
indy 4970 | 62.3b 122 | 19.1ab | 25.2ab 8.4 12.9a 10.1
T4 ian 51.8 69.6 13.2 9.6 245 8.9 12.9 12.0
(CaSO,N9AY nan 43.4 67.7 9.9 13.1 38.6 12.9 8.2 6.2
+aanu Ca+B) | Ing 412 62.4 7.9 14.7 23.1 11.9 27.8 1.1
e 455b | 66.6b 10.4 1252 | 28.7b 11.2 16.3a 9.8

v Fd
msnlSeumeuniadanammnzainasluaazdsumsnaasunitiy

@

v v ~ Y] o A Y] [ 1 Aaa 4 o as
Foaysnmileutuluneduiderdu ludanuuanaaluneadanssaunnudeiu 95% 1ae3s DMRT

M3199 15 anununlaeniiiga (aawes) luMsumsnaaeuazANNNHAA1)

M3y watln@ warfioud naenlvia wariioudaronalna
2551 2552 2551 2552 2551 2552 2551 2552
T1 5.70d 5.75b 5.77¢ 5.90 5.58b 5.77 5.72¢ 5.92
T2 5.46¢ 5.76b 5.54bc 5.87 5.38b 5.72 5.65¢ 5.94
T3 5.16b 5.62b 5.39b 5.77 4.93a 5.76 5.32b 591
T4 481a 5.40a 4.84a 5.62 4.82a 5.61 4.86a 5.76
P=0.05 * * * ns * ns * ns
YUIARA
@an 4.99a 5.25a 5.17a 5.38a 4.78a 5.24a 5.05a 5.51a
LAY 5.28b 5.70b 5.45b 5.80b 5.20b 5.63b 5.64b 5.83b
Tnqj 551c 5.93¢ 5.85¢ 6.10¢ 5.43¢ 5.97¢ 5.66¢ 6.18¢
P=0.05 * * * * * * * *
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5.3 Total soluble solid (TSS) and % Titratable acidity (%TA)

o o AN Yo = ] =\ .

naianaludisumanaaosi Idsumsianu Ca+tB (T4) 3 Total soluble solid (TSS)
& o g 1 o w 4 A { { [l { J
Foiauilu “Brix gandsumsnaassdu q Iaemmzedneoaluili 2 (msen 16) dwmluilin 1 m

] 1 @ A o w AN Yo (B < a 1 = A

TS lianaranu Tuvazh %TA Tudrsumanaaesi 185y ca lidnzidlumsausdiuen (12) n3o
FIAUMINANU Ca 430 Ca+B (T3 uaz T4) I %TA MnNd1suAIUAN (T1) peiidediynieana
A 1 1 H
19 2 AN Feaoandoan T8989 Embleton et al. (1973) inun divSunm K Tuluduge og
o q ¥ 73 o d y A & & 2 o o = = Y Y
mldnlesisuansaluihdumiviy Falunsnaaesil MsuMInaaeIn T3 tag T4 UANVTNTUVDI

K Tuludnndrsuniugu iesnindrsumsneassid T3 uaz T4 TuSinannududuves ca gais
a Ao v A 1~ = (= ] 1 A A A IS Y 1 A
alilniny K ien/seumeusenangtlnud A TSS vedili 2 gandiln 1 @ntes ua %TA 19 2

A A o A o = A Y oA Yy ¥ 9
Q\iﬂj']ﬂcﬂ 1 1N Lu?JQmﬂNamﬂ@ﬂunnﬁﬂ‘lelﬂuﬂmJﬂQWQfm@EJﬂﬂm‘Vl AN UAIUVNAU WANIT
s ¥ 3 v A o q9 o ad 2 oA
ﬂﬂaﬂ\‘]ﬂi\juuﬁﬂ\iﬂlﬂlﬁlrn ﬂ']ﬁﬁl‘ﬂ Ca llag B 3JWaﬂflﬁﬂmﬂqwmﬂqwaMQﬂ@ﬂﬂJUﬂ Gluﬁjuﬂaﬂﬂ']ﬂﬁli

v
=

v E4
WmJﬂmmwauazmmmmw”luﬁmmmw’nmmzmmxﬂ?ﬂﬂuﬁﬂmuﬂmmzau

@1519% 16 Total soluble solid (TSS) and % Titratable acidity (%TA)

MSumMs TSS (*Brix ) %TA
NAADY 2551 2552 2551 2552
T1 16.7 16.8a 0.54d .67¢
T2 16.8 17.2b 0.49 ¢ .65b
T3 17.0 17.1b 0.44 a .60a
T4 16.7 17.7¢ 0.46b .60a
P<0.05 ns * * *

]
g A g 9

) v o o 1 ' Aaaa { o A
wanshmieusuluneduiiderdu luianuuanaialunaadanszaunnudey 95% Iae3s DMRT

6. ANUTNTUVDIFINDIMITIUHEIINA
4 o I~ A’ ' ' a g a &
weusniageeomiilu 3 e Ae @n nane uaz vy wazuenee lsnilukallng warile
Y A 9 Y a I a 1 ~
ufa waene Ivna wagwariioudi+eralva udrdnsziilsunusigemsilsngi s1q P uaz K luwai
I da’ 9y da’ 9 1 a a L] A v o @
iWhaiteuds nazmariionna+ens lnaganinlsina p uaz K lunain@uazkasalvasdreiivedidgma
an 3 AR A 1 s 1 1 AR o
analuns 2 InfAnw (95190 17) dau Ca Tanwuanansznininaveswanazilndny Taona 'l

aa

9 ' 49’ Y = Y = A J [ A v o W o a
A INnUN Nﬁlu’ﬂllﬂ'}l-ﬂ']\‘]Ulﬂﬁullu’ﬂuiﬁ]gll Ca gINFALAZHANANDIWUUITIAYNNADA uwalna

= = =

] dy 9 1 =) = 1 a = 1 QsJ‘ o [ =
AIUNDUUBDLUNIDYNIUAYINUIY Ca Q'Qﬂ’J1Nﬁ‘]Jﬂ$ILﬂW"I$‘]_]1’I I MUY a1y Mg WU U
Yy 9 (= d‘ d‘d 1 09/’ = 1 9 d‘ o 1 a [
uUIe Mg q\iﬂ’ﬂﬂ‘ﬂ 2 “lunmumwawmm Uang 2 ‘lJ1111W‘ULlu’Jiuuﬂ%ﬂliﬂui$ﬁ?1\1°ﬁuﬂﬂmﬂ'lWﬂiJ
a = 9 A v A tﬂy 9 =\ Y 9
151 Mg Tunstlves B wuuwd Idundanummeln 2 IﬂﬂwmuﬂLLﬂ’J+EJNul1463JﬂTIML“U§J5Uu‘UfJ\1 B

1 a 4' 1 = d' ] 1 [} 1 a Y
INNWAFUADU dIU Fe, Mn, Cu LaZ Zn Tuila 1 ”lmgmﬂmaﬂu“lmmax%uﬂﬁumwa gnNIU Fe Tuwa
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~ 1 A U 1 I~
PANDN (3NN 18) ualuilil 2 nuanuuanANTZHINgUMNYoIHa laamwz lunavinadniag
dy Y =~ dy 9 = Y 9 1
na Tagwatilonny + 019 1va uazluuensdinaiionns Janududuved Fe, Mn, Cu and Zn gann
2 . = - 9 a ]
wavnAazwaea lva Wills and Scott (1981) NAABIRAA (inject) Cu taz Fe 191 11 lunaeuilaazwun
= ° Y a A A 2 ' 2 o Vo Aq Y 9 A
Unai1inAe1M15  breakdown voutominIUlUTEHINMIAUSIY uadas i lFAoudNgefD 40
! 1 v Y
umole/fruit Fuv1s1enuN lae ldudrTemanmaaz1a5y cu waz Fe wWuduluszaviiluann

as

1 A
5350ANN08 TUN1NAUAY Meheriuk and Nielsen (1991) WU waueuidlanii Cu gelinnuuiniio

=

J % 1 4 t% v o Jdo S o { 3 1 z
NN mmmuumﬁ@uﬂ%ﬁnwuﬁﬂumqmimummﬁﬁﬁu Lmﬂahlﬂllagﬂﬂ‘]ﬂﬂ"ll@\‘iﬁ1ﬂﬂ\1 2 lums

inanNuAalnfvsInade linsumiYa

v Y v
M3 17 Anududued P, K, Ca, Mg uaz B luiiloilinagniiigaunimuanaiany

] a

VYU yUA %P %K mg kg_lca mg kg_lMg mg kg_lB
Wa 2551 | 2552 | 2551 | 2552 | 2551 | 2552 | 2551 | 2552 | 2551 2552
1an 1na 0482 | .041a | 26a | .20a 468a 481a | 759 | 591a | 2.08 | 2.05ab

Lﬁi‘)!,!f%}’l .053b .057b 31b .29b 526b 534ab 754 637a 2.02 2.39b
g9 lvia .048a | .042a 26a 2la 465a 480a 782 585a 2.13 1.89a

U+ .054b | .064c 31b 37c 553b 553b 768 755b 1.97 2.85¢

mag | .050 .049 28 25 496 506 764 632 2.06 2.26
P=0.05 * * * * * * ns * ns *
nana | Und .051a .042a .30a 23a 432a 392a 760ab 630a | 2.16ab 2.09a

tifoun? .056b | .055¢c .35b 33c 487b 426ab | 712a 658a | 2.04a 2.60a
o1elva .053a | .047b 30a 27b 446a 434b 794b 654a | 2.25b 2.26a

Ui+ .060c | .064d 37c .39d 517b 493c 716a 743b | 2.09a 3.03c

maeg | 054 | 051 | .32 30 461 431 | 753 | 665 | 215 | 247
P=0.05 * x x * * x x . * «
Tvay | Unéd 054a | .043a | 35a | 27a | 430ab | 353a | 727b | 636 | 2.19 | 2.32a

rifoudn .062b | .054c 41b .36b 469b 351a 670a 680 2.11 2.48ab
019 lva .053a | .048b 33a .28a 409a 384b 748b 637 2.18 2.58ab
UA+8N4 .064b | .060d A4c 38c 462b 403b 742b 690 2.22 2.83b

mag | .058 051 38 32 439 371 727 658 2.18 2.53

P=0.05 * * * * * * * ns ns ns

v o = A @ v I 1Y (=) 1 aad @ A o an
@1’mﬂ‘ysmmJauﬂu“luﬂaauummﬂu"lzunﬂmmmnﬂwﬂuﬂwaﬂmﬁmummmauu 95% 1875 DMRT
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{ Y v { o
M3 18 ANUITUIUVDY Fe, Mn, Cu tag Zn Tuiilonina

ANNUAUMNUANA N

q

TUA wila mg kg Fe mg kg Mn mg kg Cu mg kg ' Zn
AUNIN 2551 2552 2551 2552 2551 2552 2551 2552
wn | Una 4.55 4.05b 4.71 4.43a 3.57 3.50ab 3.77 5.50b
o 5.03 420bc | 488 | 4.55ab 374 | 4.05bc 3.84 5.78b
19 lva 4.56 3.29a 4.85 4.48a 3.46 321a 3.95 4.63a
A9 5.45 4.79¢ 5.09 5.15b 3.82 4.82¢ 4.41 6.65¢
mhe | 482 4.15 4.85 4.60 3.63 3.85 3.94 5.69

P=0.05 ns * ns * ns * ns *
nae | Un@ 4462 | 427a 4.44 3.87a 3.44 34la 3.78 541a
o 456a | 476bc | 440 | 4.13ab 3.66 3.87ab 3.69 5.67a
19 lva 4.72ab | 441ab | 451 4.29bc 3.67 4.00b 4.10 5.48a
uhH+ee | 509 | 4.90c 4.62 4.59¢ 3.61 4.52¢ 432 6.40b
wde | 4.662 4.57 4.48 4.17 3.57 3.88 3.95 571

P=0.05 * * ns * ns * ns *
Tvgy | Un@ 4.89 436 4.15 3.57 3.59 3.60a 4.37 5.57
o 4.85 478 4.11 3.43 3.48 3.94a 4.08 5.57
14 1via 4.82 4.58 4.18 3.82 3.42 3.86a 4.06 5.67
A+ 5.19 4.69 4.15 3.74 3.78 4.54b 426 6.10
mae | 4.939 4.58 4.15 3.63 3.58 3.94 4.22 571

P=0.05 ns ns ns ns ns * ns ns

v @ ~ Y] o d 2 Y] [ 1 Aaa
Foavsnmileusuluneduiderdu ludanuuanaialunaanans

@

AN 1]

ANNFONY 95% 18T DMRT

i1 ] E4 ' E4
Wennsanvuaveswany Weralvialvgiu anududuves K iiniiuuaniy

1 Y v v v 1 v
Wuduves ca anas Feluwudia 2 Yddnw (@sn 17 waggln 7) Feadeduinuluneihila

v Y
(Perring, 1968) 1aze19n 1@ (Hofman, et al., 2002) DIW1TUULIUAAZTINITNU WaNTio1N151iHD

Y dy Y =\ = v I Y 1 o == [ a a dy
LN LLﬁ%LUfJL!ﬂ’J-l-EJN]leJ‘m@ K g vaeiagInuny Ca gangyuny “INVliJﬂ’Hﬂiﬂﬂ‘ﬁ‘]ﬂﬁlﬂﬁlﬂmuﬁ)

9 9 T A [ I~ [ 1 [ 1 AA dy 9
LLﬂ’JUlﬂ LLG]LiJfJﬂTL!’]ﬂ!L‘]J‘L!’t;’fﬂt’f’)uell@\1‘51@!@11415%3W1J’31ﬁﬂﬁ’)1!"11@3 K/Ca Tuwaniioimsiiannd uag

dy 9 = 1 a A J 1 =S @ 1 A d? A
u,uauﬂ%mﬂwa NﬂW’LZNﬂ’NNﬁﬂﬂﬁL!ﬁ$Nﬁmﬂuﬁﬂﬂhlﬁﬁ@EJNL@EJ’J!LQZE’(@E’(’J‘L! K/Ca GIFININVUINDHA

= ldg’ A AR 1 1 Y] 1 J dy 9 dy
MﬂJuWﬂﬁlﬁﬂJu"Uu TagluTn 2 NANBIANVUANANTEHINTATINYDY K/Ca STHINHAIHOLND Laziie

o a A o 4 { { : <3| o
ut+ensIva Muwalnd nagwaesInadedanuuiniu (15190 12 taz3di 8) %1 K/Ca iludadau

A A Y I A dy ] . . S . . .
mmﬁmmmsmuauimﬂumaawmmms bitter pit voswatola (Piestrzeniewicz and Tomala,

. o w ) & oy L 2 '
2001; Fallahi at al., 2006) TIHIUANUUYNUUUUDY P Gluwa!uﬂllﬂ’l l.!a3Lu@uﬂ'}+ﬂ’]\1ulﬁaqf\‘]i$1ﬂ'ﬂwgi

N &’f A= 4 o A 1
ﬂﬂmuazNamﬂﬁa‘lunﬂmmmmwauazm 2 UNANYT 70AARDINUTIPNUUDY Ben (1995) NMNUN
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Fruit size
Small Medium Large
—— Normal 2551 —— TFD 2551 —&— GD 2551 —@®— TFD+GD 2551
- = < - * Normal 2552 -- & - - TFD 2552 == - GD 2552 == O - - TFD+GD 2552
Y v
A 9 A 14
TED = Walloun? GD = Hagdlva TFD+GD = Hattioud+Hasd lva

5UN 8 dadiu K/Ca TumaliaganmnInea 9

U

A Aa . LA a ' Aa ) . A '
ueulaiie1ns bitter pit /31 P gandiwailnd ez Meheriuk and Nielsen (1991) 1WUI1 AW
Y ) Y Y
uuile (firmness) anawile P Auduves P luiiiogadu uauanA1991n51091UU09 Yogaratnum
_ 4 A A 2 ~ A A
and Sharples (1982) 1tag Webster and Lidster (1986) MWyl P luiiiogeeimsnailnaveueuiila
Y A dil a A ] dy A 42’ ya o [l A
vooas iesmniileneuidlalinnuuiuilo (firmness) AU AnzdIde luawnsoouTosoins
a Ao Yy 9 dy % A a a adA a dgl 9 A = 1
AadnAanuanududuves P luilediganioaiunoanuralnannaiuld esninmsanuaiu
[~ =~ 1 z 3 A [ 1 Y] 1 dy
Tnadhuieamasenunanmsnaaaun i uenvniu luiln 1 dawud dadiuves CaB Tuwarile
Y ] 1
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