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Reduction of translucent flesh and gamboge disorders in mangosteen
by calcium and boron management and correlation between cell wall

calcium and boron with mangosteen fruit quality

ya v

A v
¥ ;I8

1. 5A.05.g0031 9I)3aN

N v

2. Ha.H3 uiﬁum’aﬁm

lasvpuativaidsnntunegldlszdidulszaina 2553
anzmAlagMsINYns

aontimnalulagnszaanaudnuMmIaanziie



d' (Y] =S d' &’ Y w
¥olasams MsdamsupaBaunazluseueanaIMseuinazendlyaluing
v w d s o
nazANNENRUS sz wRadeunazluseuluniasadiue1ms
AalnAvaswaisna

Reduction of translucent flesh and gamboge disorders in mangosteen by
calcium and boron management and correlation between cell wall
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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. To understand these disorders, an experiment was set up with the following objectives 1)
to investigate mangosteen fruit growth and nutrient accumulation in fruit 2) to evaluate the importance
of soil calcium application and pre-harvest Ca and B sprays on TFD and GD incidences and 3)
establish the relationship between Ca and B in cell wall material (CWM) of mangosteen fruit and the
occurrence of physiological disorders. The experiment was carried out at a twenty two years old
mangosteen orchard in Chantaburi, Eastern Thailand. The design was RCBD with four replications
and two mangosteen trees for each replicate. These treatments were 1) no treatment (control), 2) soil
Ca only, 3) soil Ca and Ca spray and 4) soil Ca and Ca + B spray. Soil Ca was applied as gypsum in
September 2009. The Ca spray was applied six times using 2% CaCl,-2H,O while B spray was applied
three times each using 0.25% solubor. The fruit samples were harvested in the middle of May of 2010.
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. Cell wall
material (CWM) in form of alcohol insoluble solid (AIS) of flesh and rind was extracted and analyzed
for pectin fractions by sequentially solubilized in 1) water 2) CDTA 3) Na,CO, at 4 and 20°C and 4)
KOH 1M and 4M. Calcium was also determined in each fractions of pectin.

It was found that the soil Ca application with foliar sprays of Ca+B significantly increased the
number of normal fruit compared to other three treatment. Large fruits are susceptible to both TFD
and GD disorders and has thicker rind than small fruits. Treatments with soil Ca combined with Ca +B
sprays resulted in fruit with thinner rind, higher total soluble solid and lower % titratable acidity than
other treatments. Flesh K, Ca and B concentrations in TFD and TFD+GD were significantly higher
than normal or GD fruits. Rind Ca and B were lower in fruits with TFD and TFD+GD. In contrast,
calyx Ca and B were similar among all fruit quality but K and Mg were lower in TFD and TFD+GD
fruits. In case of peduncle, Mg and B were higher in both TFD and GD compared to normal fruits.

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 remains constant while other nutrients
decreased.

No different were detected in the amount of CWM from mangosteen flesh of all four fruit
categories but rind CWM of normal fruit was significantly higher than both TFD and TFD+GD. All
nutrient concentrations in CWM calculated as cell wall dry weight in both flesh and rind were not
significantly difference. Similarly, all pectin fractions of CWM form both flesh and rind were the same
except flesh water soluble (WS) and Na,CO, at 4 °C fractions. The pectin of WS in normal and GD
were higher but the Na,CO, at 4 °C fraction was lower than TFD and TFD+GD resulted in similar
amount of total pectin. Non the less, pectin of TFD rind was slightly lower than normal fruit.

Calcium content in WS fraction of both TFD and TFD+GD flesh was lower than normal
fruits. The lower WS in disorder fruits coincided with the increased in CDTA-Ca which is considered
wall bound. The harder flesh tissue of TFD was due to higher wall bound Ca which was not
solubilized during ripening. In contrast, rind Ca in both WS and CDTA fractions was lower in TFD
and TFD+GD. In addition, the ratios of WS-pectin to Ca in both flesh and rind were 2.3 times higher
than normal fruits. We postulated that TFD and GD disorders were both due to Ca deficiency in cell
wall tissues. In TFD, the weak cell wall of flesh was disrupted by high pressure from water uptake.
Solute then leak out and fill the air space between cells. The TFD+GD being a more advance stage of
Ca deficiency were caused by the swollen flesh from high water uptake at the stage where fruit growth
and expansion ceased. The yellow latex from broken vessels in the rind is then released onto the flesh
and hardening. The sticky gum pulled away part of the inner rind when the fruit was opened resulted in
TFD with GD symptoms. The lower Ca in various fractions of TFD+GD may not enough to support a

strong cell wall of the latex vessel.
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2. M3anNA CDTA soluble pectin
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6. IAMMIANAUNAINANLENAAY 520 nm  HEUAUEITAZAIIATIIY

polygalacturonic AANUTNTY 0-50 ug/ml
a 4 ana
NITAUAIICHNNADA

a 79y a ) o < a Lol . .
m3aazideyanadaldlsunsuduiogl SPSS lasdin1ena1 Analysis of Variance

(ANOVA) tazif3suiieuanuuana1e1as1435 Duncan’s Multiple Range Test (DMRT)
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M40 1 ANLAVDIAUNINA D.ULVIN . TUNYT udedeiud 1 AAIAN 2552 finuan 20 w1, (n=8)
pH(1:1) | EC(1:1) oM P CEC K Ca Mg Fe Mn Cu Zn B Texture
My N 1%’1 uSem’ % mgkg' | cmol (+) kg’ Extractable (mg kg)

Tl Mean | 471 81.9 2.47 317 8.84 36.8 386 434 100 3.71 8.13 4.05 0.30 sCL
SD 0.09 2.82 0.28 85.1 115 2.30 32.1 6.52 11.4 0.98 0.75 1.02 0.06

T2 | Mean | 486 110 2.49 302 8.73 27.9 434 52.1 92.3 2.86 7.96 3.34 0.22 SCL
SD 0.22 16.8 0.13 50.5 0.47 2.93 83.5 14.9 0.79 0.50 0.50 0.90 0.06

T3 | Mean | 484 111 2.57 313 9.28 29.7 433 517 99.7 2.62 8.06 2.52 0.27 SCL
SD 0.27 203 0.20 353 0.59 3.34 120 14.5 9.39 0.29 0.90 0.15 0.08

T4 | Mean | 4.73 105 2.58 328 10.3 29.9 434 46.4 117 2.77 6.79 3.09 0.51 SCL
SD 0.12 5.59 0.19 319 121 234 66.5 6.47 17.4 0.55 0.30 0.87 0.04
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FATTNN 2 ﬂ’J’llJ!fUlJGU‘L!!ﬂaﬂﬂl@ﬁﬁW@q\@WﬁTﬁiuiUMﬂﬂﬂ LiJf]Gl‘UiJfﬂq 5T 70U (ﬂﬂﬂ’limﬁi}}&@]ﬂiﬁ

2552/2553)
3y % mg kg’

N P K Ca Mg Fe Mn Cu Zn B
T1 1.17 0.08 0.95b 1.25a 0.15b 15.8 144 9.27 19.6ab 48.4a
T2 1.13 0.07 0.84a 1.48b 0.13a 14.9 151 9.68 18.1a 49.1a
T3 1.15 0.08 0.93b 1.64c 0.13a 174 148 10.0 20.5b 52.9a
T4 1.14 0.08 0.84a 1.59¢ 0.13a 18.1 157 7.96 18.7a 71.1b
ma'ﬂ 1.15 0.08 0.89 1.49 0.14 16.6 150 9.23 19.2 55.4

P<0.05 ns ns * * * ns ns ns * *
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méﬂ 1.84 1.30 2.19
P=0.05 ns * ns

o o A A o v Jda 9 ' ' aad o A ¢ e~
Gl’JﬂﬂH5‘Vlmili’)uﬂuﬂluﬂﬂﬁllumEl’muvlilllﬂ’ﬂmmﬂmﬂu‘ﬂNfc'fﬂﬁﬂizﬂ‘]_lﬂ’ﬂlll,‘vi’)llu 95% Iﬂﬂjﬁ DMRT

MINTN 6 ATUUUANINFULIIVBRINIINADINIAAUNANNINADINNAMTUNIINAADITINAY

(AZUUUGINNBDIDIMINUAAFULTI)

YUIANA doufn 149 1va iouarenva
i@n 1.85 1.35 2.02a
na 1.87 1.25 2.15ab
Tvigy 1.79 1.28 2.38b
nag 1.84 1.29 2.18
P=0.05 ns ns *

(Y @

A Y v I o = 1 aaa y ¢ an
A ﬂE3Wlﬂﬁﬂuﬂuiuﬂ@ai\lumU?ﬂuvlllﬂﬂ'nuufﬂﬂ@l’]\?clu‘ﬂ1\1ﬁ‘ﬂ@]ﬂ§$ﬂﬂﬂ')’]ﬂl%ﬂﬂu 95% Iﬂﬂ’;‘:ﬁ DMRT

5.2 anunuveutldoniiina

o Aa A = ' <3 '
wammﬂmumiwm}mﬂaaﬂﬁmmmammmammzﬂma Glunﬂﬂquﬂmmwmm

q

~ o A ,i’ F) =\ A A U A dy Y A
WA (B9 19N 7) Tﬂawammﬂmﬂmumm%mﬂwa Hlaenrunga aruranleINIsiienn? ¥ie

q q

dauwallnatin/aenuiiga  Wenlfeueunaazngy

Q

1 = IS A Y A %
EINVlWﬁ’E)EJNLﬂEl’JllL‘l]'ﬁ’f]ﬂ’ﬁllflﬂﬁLﬂEJ\?ﬂH

=) [ U ad A Y A dy Y =~
ﬂmmwiuwamummamuwum waﬂﬂ@mmmwuwmgﬂa’e‘)ﬂuaamjﬂ uazwmuaummn"lwan

ANNMUIYDUABNINNGAT 1T UANUIANANTZHINMSUNMINABEINDI  WatInan 1d5ums

¥

= 1 =\ A 9 1 o o A 1 a A Y
Aanu CatB (T4) Tanunuvestldentoonidisuminaassoulunquralnduazmariionsa
U dy k) 1 1 @ ~ ~ @ o W A
daunaenslva tazitiouda+o19 Iva liuanananu (@15199 8) MmaeaisgaIndsunInaaseii
=) 1 = A 1 | A = wad o Y = A 1 dfg =3
msaanu B Tildenunaniiwayiiadu 01aiiesnin B Tauauianildsadinnudanguaiu 3
Y
o o I~ 1o &
ansasunsasunely (turgor pressure) 1aAYY (Loomis and Durst, 1992) W4 lusududesais

nlaonldvun

34



M3NN 7 ANuruIldeniine Madmas)uenauuuiang

VAN natlnd Heudn 19 v doufrenalva
i@an 5.70a 5.72a 5.97 6.10a
AN 5.97b 6.16b 6.04 6.36ab
Tviny 6.17b 6.52¢ 6.33 6.60b
e 5.98 6.15 6.14 6.43
P=0.05 ns ns ns *

v A oA o v I ) 1o ' aad o A ¢ an
@]'}]ﬂﬂ]&li‘ﬂlwN@uﬂurluﬂﬂauulﬂﬂjﬂulllluﬂj1nl!ﬂﬂﬁ131“7‘1@ﬁﬂ@ﬂ53@uﬂ’nul%@uu 95% Tﬂﬂ?ﬁ DMRT

Meh 8 aAnunulaeniina @aawanlumsuminaasaazgunnnanie

MSUNITNAADY wayna doufn 19 lva deudaendlna
T1 6.29¢ 6.30b 6.36 6.49
T2 6.07b 6.36b 6.14 6.36
T3 5.91ab 6.16ab 5.77 6.50
T4 5.77a 5.83a 6.24 6.37
!‘ﬂéﬂ 5.98 6.15 6.14 6.43
P=0.05 * * ns ns

Gl'Jﬁ]ﬂBﬁV]EWIJE]L!ﬂuGluﬂﬂﬁﬂumﬂ?ﬂullﬂllﬂ’ﬂlllmﬂGIN{luVI'Nﬁ 5 ﬁﬂﬂ’ﬂlll%@ij/u 95% Iﬂfﬁ% DMRT
5.3 Total soluble solid (TSS) and % Titratable acidity (%TA)
o o w AN Yo = ' = . 2 o

naanaludsumananosi 1d5umsfAani Ca (T3) I Total soluble solid (TSS) 43a
I~ o . 1 o w 1 1 1 o v AN Yo a ] = A o w
111 *Brix gan1d15uaInau (T1) ua liuanannndsunlasy Ca nedued 1R (T2) Hiomsy
Aa = v A v . g o o Ay Yo =
NMsAanY CatB (T4) (MTWN 9) @I % titrable acidity (TA) VoI5 uUMInaansn ldsunsia
WU Ca+B Timdin @1 unsnaaesdued 1 liiod iy Nena F900Ana09nUT1891UU9 Embleton

{ ' o 4 3 4 X 4
et al. (1973) imu sdifsuna K luluduge sgshlddesidudnsalumhdunniu dslumsnaass
dy o w A = Yy 9 o ' o w A o w =
U esumanaaedn T4 Ianuiuduves K luludnidsuaiuay iesnndsuninaaes T4 1

a a d v g =4 < '

Psmnmanududuves Ca gevunal§ilneny K wamsnaassnisiinaasldiviua msld cauaz B

=~ o Y @ dd’! g’u U ~ a a A 9
MWﬁﬂWiﬂﬂmﬂWWﬂlﬂQWﬁNﬂﬂﬂﬂﬂlu Vlﬁsluﬁﬂuﬂﬁﬂ’é)']ﬂ'liWW]JﬂGIGU'ENNﬁllﬁglJWiJﬂﬂ!ﬂ']Wslu@'luﬂT]iJ

q

g U 1 d'

mmuazmmuﬁ'miummumwmxﬁu
A I U 1 A dy Y A 1 ° 1
LiJE]LLEJﬂLﬂuﬂQSJﬂmﬂWW(’U’ENWﬁW‘lJ’ﬂ wammmmumm%ma‘lwaum TSS 10N

Hasiiaoueg e lisdngnana daudn 3 nguganw luuanaieany TuvkhueuReany %TA vona

u

'
' o

I { ] @ 1 1 1 an o a 4 1
Luﬂllﬂ’J-i-EJNllﬁﬁﬂ mmﬁqm%uﬂu LW]hlmmﬂﬁﬁﬂﬁﬁﬂﬁﬂﬂwﬁ%’uﬂﬁu 9 (GﬂiNﬁ 10)

35



@139 9 Total soluble solid (TSS) and % Titratable acidity (%TA) Tutaazimsun1snaae

MTUMINAADI TSS (‘Brix ) %TA
T1 17.0a .67¢c
T2 17.8a .65b
T3 17.9b .60a
T4 17.4ab .60a
mae 17.5 0.61
P<0.05 ns *

v @

A Y v I o = ' aaa y ¢ an
A ﬂE3WlﬂﬁﬂuﬂucluﬂaallumU'Jﬂuvllluﬂ?'lﬂuﬁﬂ@]’]\ﬂiﬁ’]1\1ﬁﬂ@]ﬂ§$ﬂﬂﬂ?’]ﬂl%ﬂﬂu 95% Iﬂﬂ?ﬁ DMRT

#1519% 10 Total soluble solid (TSS) and % Titratable acidity (%TA) HENANTHAVDINE

¥UAND TSS (“Brix ) %TA
nailna 17.8b 0.62
o 17.9b 0.61
#14'lma 17.7b 0.63
A
Waunarens va 16.6a 0.59
1nay 17.5 0.61
P<0.05 * ns

(Y @

A Y v I o = 1 aaa y ¢ an
A ﬂE3WlﬂﬁﬂuﬂucluﬂaallumU'Jﬂuvlllﬂﬂ'nullfﬂﬂ@l’]\ﬂu‘ﬂ13ﬁﬂ@]ﬂ§$ﬂﬂﬂj’]ﬂl%ﬂﬂu 95% Iﬂﬂ?ﬁ DMRT

6. ANMAINTUVDITIADINIFIUININA
dy (-7
6.1 111911379
A o 3 A 2 ' ' ~A d A
ienenianaoenidlu 3 vuia Ao @n nan uazlvy wazuenas ludnitluwailng
XA 9 X 9 Y a ¢ \
natilouda waens Ina wagkariiond+eelva udrinszilfinasigemsdsing 51g K luwa
A d dy k4 dy ) 1 a 1 A v o w
ndwiloudn wazwaiioun+onsnaganiniSua K luwalndnazwasalvasgniiisdvgni
aa A o = @ 9y Y A< dy Y tﬂy Y
aaalu @5190 1) luwshueudedny anuuduves Ca Tumanidluiionn wazwaiiondi+e1d
1 a 1 (Y] = 1 dy Y = d'
lvageniwalnanazwaslvauny) lunsdives B wulwaiioun+enslvalifSum B gei
1 1 1 @ dy Y v =) < 2'_, dy 9 o =
gaua liuanannuratiiounednuder luraviadn  mamsnaaesluasstiagionunamstnen
VOIFUAT AZAUY (2552)
A a A ~ 2 Y Y A 2 1
HOWNTUVUIAYDIHANDN Wonatuialna iy ANuduIuYos K Wuauue
Y 9 4 4 . Y o A a .
ANMTUTUYDY Ca anad (M50 11 tazgilh 3) Fendrenuiwnluueiila (Perring, 1968) tazo

Y A ' ' A A Y &K Y
Tamla (Hofman, et al., 2002) DINITULYNLAASTIAICWU I WANUBINITIUBINT LAZIUBLUNI+

= = v I ) [ o & ] Aa a dy Y 9 A
fJNllﬁﬁiJ‘ﬁ']ﬁ] K g3 vusaginuny Ca guaaigyuny “]NlliJﬁﬁJﬁﬂf]‘ﬁ‘]ﬂfJﬂﬁlﬂﬂluf]LLﬂ’Jllﬂ UALND

36



° I [ 1wt { { {
uaniludadiuvessigennisznundadiuued K/Ca lunailiomatiiouda wag riloud+

A ' A A d ' = o 1 A 2 A =
Eﬂ\‘]ulﬁa Nﬂ']g\iﬂj’lwaﬂﬂﬁllazWaﬂlﬂuﬂ']\‘lulﬁa@El’l\uﬂfnllagﬁﬂﬁju K/Ca ﬂQQQMWﬂWULN@W'ﬁM

[

1 3 [ 1 <3 [} 1 o @ -
inalngau Taedadiuuedk/Ca voawavina@n nan uaz vy Iammuduasil 7.61, 9.91

dy k) dy k) 1 = = 1 ~ A
nag 11.861@&1wmuaum+mq”lwa LAZHNALUDLUNIDYTUAIINTATIUVDI K/Ca q\iﬂﬁﬂ (®15 1N 11)

)

I~ A o 1 < ~ AR dy Y 9 Ao 1 = a
Wumihduna Tuggnumes 2553 NANEIY ANUABTUYEI Ca TuraliawinINsANYIve gl
! 9 J = ~ dy 1 9y 9 ' [ -1

A31 uazAwE (2552) ABUYININ na1Ae IuTMmANUINIY Ca TuNaoYI21913 312-381 mg kg
1 d M H - o v
Tuvmzigenuined 2551 taz 2552 Tanududu Ca luwamae 465 uag 436 mg kg’ MNAIAY

e dy A a a = 9y 9 Y ' A 9
TNUBDTVUDIIN f]ﬂﬂTiﬁ]iiym‘UIﬁ 2553 YOIMATOULASLHILAINDT 2 YNAIUIN (Gllﬂﬁaljaﬁ]"lﬂ .07

A A o J a 13 U @ o Y ¥ A A Y 9 o Y
FUNT SI¥BINQY mﬂﬁmﬂumsmum) ‘V]”IiﬁﬂﬁﬂWEJuT“U@QW“HLﬂﬂ"lﬂuﬂﬂ fNWﬂi"Villﬂﬁﬁgﬁll Ca

L)

a9 Y A

< 4 A4 A9 A 1 3 oy oA '
VDIWANUBYDIAIY HBINN Ca L‘]Ju‘ﬁ"lﬁ]‘ﬂLﬂﬁ@u‘ﬂLEU"I"l‘ﬂiu'WG]fI@IEJN"IHﬂ"IiﬂTEJu"I f]"IWGIfllﬂJﬁ"lllTiﬂ
¥ Y A Y Y v 9 a ~ dyd.
f’nfluflﬂ NIALAY Ca VDINHILAAAIAIY (Bangert, 1979) ﬁaﬂﬂamﬂm@gawawaﬁiuﬂ 2553 UN

1 a Y 1A ] v a
WU %raillna (39.2%) Hoon1y 2551 (43.9%) wag 2552 (59.2%) DYNFALIU (q’i\lﬁlﬁ o AU

2552) MINVANUIUTUYDI Ca anadluvazin K 1ndiRsany 2 Jarundamddadiuune K/Ca

= dy 1 g’/ ara 9 dyd o 9 A
ﬂuqamw 12 Ynmunaneg NAN1TNANDIUIUIUUDYAVDI Poovarodom and Boonplang (2010) 1

v ¥ T
wunludatiomsialndvesnain USuna Ca Tuwavzd uazdadiuves K/Ca Tuiiipazga &9

< YA { a < 4 dyl a
K/Ca Wludadiuvessigomsitenldiunsoddieerns  biter  pit  vewwaueiiila

(Piestrzeniewicz and Tomala, 2001; Fallahi at al., 2006)
Wesuiudadinuues Ca/B WuMHAvIAERNIFAdI Ca/B gINTIHATLIANAIAE

[l o 1 o W [ 1 { Y
E]Ju']ﬂslwmu Tﬂ&lﬁﬁ‘ﬂﬁ"auﬂlm Ca/B f14Ua1UUDIHavUIARN NAN llagﬁlﬂﬂlulﬂaﬂlw']ﬂﬂ 142.7, 117.9

[

A A 3 A J 1 P~ ' Yy 9 9 4
Hag 107.6 (MITNWN 11) (UDINNNAVUIAANY Ca E;wawaﬂjumiwmmmanmummmu 5\13)]

=

a I a J A dy Y = 9 Ao o
Wmimuﬂmﬂmmmwawum NANUBDINITIUDLIND +EJ']\111W'@3JLLH'JIHSJ1/] sUFAFIUUDY Ca/B ¢

Y Y
A Y A

A Y @ =< ~ 1 1 = A 1 9

‘Vlij;fﬂ ﬁ@ﬂﬂﬁﬁ]\?ﬂﬂﬂﬁﬂ?iﬁﬂ'ﬂﬂuﬂ 2552 ummmwmﬂﬂ 2551 MNUINAQALUDUNILASIUBDLNIFHYN
A o ~ a = I A o v o a a

lnalidadauves Ca/B geliga (qiias wazame 2552) 39 B ilusigiduiuinueimsiailng

1% bitter pit, cork spot wazwauan luteilamsuny (Shear, 1975; Shorrocks and Nicholson, 1980)

WeHANNULIANITIUIUTIWAUMUNGUANATMNDT  ANUTNTUYDIB 1901113 Tuua

Y 1 [
azﬂauwaﬁﬂamu@ﬂmﬂﬂuwmuumﬁu Tagmwizdadiuued K/Ca c?iwaﬁﬁmmﬁwﬂﬂﬂﬂgmm

Q

=

¥ ) 1 { 1 1 :, 1 { g
e (@msiilouda+e1alva) A1 K/Ca ganga ualisn Ca/B mnga (15199 12) doyaiinaasld

q

< '

Lg Y 2 d a a &’ o 1 Aa [ 1 ~ 1
WMUN f]']ﬂWﬁLu’fJLLﬂ’JGlf\‘]l,ﬂu@1ﬂ15ﬂﬂ‘ﬂﬂ@]GUENIfL!ﬂuﬂﬂﬂu1ﬂglﬂﬂ‘ﬂ1ﬂﬁﬂﬁ’luﬂlﬂﬂ K/Ca T]ulﬂJlfViiﬂ%ﬁiJ

#7U B 11aziununilesnn

37



a3 11 ﬂ”ﬂﬁJLﬁlgljﬁJ"lslIu"llEN‘EWJE]Tlfi‘Ti@]l’e]‘H"Ljﬁﬂﬁ1ﬁﬁﬂLlﬁjﬂuLﬁ@ﬁﬂﬂﬂ@ﬂﬁﬁﬂmﬂw\umﬂGI'NfTu
VYUIANA ¥iia %K %Mg | mgkg'Ca | mgkg B K/Ca Ca/B
ian Un@d 0.25a 0.069 337a 221a 7.42 152.5
L‘f‘i’ﬂuﬁ}’l 0.36b 0.070 442b 3.05bc 8.14 144.9
19 1va 0.25a 0.067 315a 2.57ab 7.94 122.6
UA+E4 0.35b 0.077 443b 3.46¢ 7.90 128.0
!ﬂéﬁ 0.29 0.070 381 2.67 7.61 142.7

P=0.05 * ns * * ns ns
na Und 0.28a 0.073 313a 2.49 8.95a 125.7
L‘f‘i’ﬂuﬁ}’l 0.39b 0.072 375b 3.03b 10.40bc 123.8
g1 lvia 0.29a 0.072 303a 2.68ab 9.57ab 113.1
A+ 0.43b 0.077 388b 3.69¢ 11.08¢ 105.1
!ﬂéﬁ 0.34 0.073 343 291 9.91 117.9

P=0.05 * ns * * * ns
Tviny na 0.32a 0.072 291a 2.54a 11.00a 114.6
L‘f‘i’ﬂuﬁ}’l 0.41b 0.073 315b 2.81b 13.02b 112.1
19 1na 0.33a 0.070 292a 2.56a 11.30a 114.1
A+ 0.45b 0.072 349D 3.66b 12.89b 95.4
!ﬂéﬁ 0.37 0.072 312 2.90 11.86 107.6

P=0.05 * ns * * * ns
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= Y 9 ! ' 2 @ Y A = dy g @ A
AN 13 ANUETNIUVDI0MITADH T NUY Tuaen nav@es HASUINANAATNNY

Q

AUNINUANAIINY
dIUveINa yHAveINa %K %Ca %Mg mg kg B
ilaen Und 1.45 0.116¢ 0.062 9.5b
ilonih 1.43 0.107b 0.063 9.0a
owlna 1.38 0.106b 0.063 9.3ab
uirong 1.47 0.097a 0.061 8.9a
e 1.44 0.108 0.063 9.30
P=0.05 ns * ns *
nuides Un@ 1.43a 0.55 0.069a 28.1
iloni 1.51bc 0.54 0.75b 27.8
owlna 1.45ab 0.52 0.071ab 26.1
uAI+e1 1.55¢ 0.52 0.073ab 27.7
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P=0.05 * ns * ns
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oud+e13'na 15.2b 2.98b 539 109a 188 184
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7. US3nau Cell wall material (CWM)
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P=0.05 ns *
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8. mqmmﬂu cell wall material (CW- nutrient concentration)
[ o 1 { a o a 4
Cell wall material Hana’la i ligesngaungil 550 °C udnilamszilSinusigers
= o A Y £
K, Ca, Mg, ttaz B waminaaoauaad 13lumsei 16 asil anududuvessigennsluilonay
A . e R ' " o aa = Y Y v X
nlaeniianans 4 sigiane liuanasnunedda 091 anududuues K lu CWM vouilona
a o 1 A Y 9 < A
UnAuazwas nadinwatiounliaoudunnay  o1iesnnlsnusgemsly - CWM
HANANAULINTZHINAI0619 T U UREINY 518 Ca, Mg t1az B hutanaenuauny nsieis
J A A o = ' ] ) g 14 A A A
wanvouilotazildeniigalisineis liuanasnuen hilsasiimilennumeanuie  iesnn
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A o A ' v
nlasniiagagnnuUAINIANAINY

A IUVBINA ¥HAYDIHA K Ca Mg B
tiio Una 224 417 151 8.36
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o lna 293 459 148 12.85
ufa+e1 417 506 154 8.69

P=0.05 ns ns ns ns
nlaen Una 744 195 51.8 1.14
ilonds 760 197 54.4 1.27
onlva 691 176 54.6 1.17
uir+ond 763 195 49.4 1.26

P=0.05 ns ns ns ns
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mnauiludivlszneudiayvesniusan  uazlunummihnvanaieluny  Tagmwig
1 A I 1 4 Y] 4
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= a < @ o Y ?,’
secondary cell wall (Aunsu1erila) az plasma membrane Taena1d missaadszneudlenn 60%
1 = a I 4 .
1182 polymer 40% IUAIUVD polymer UnnAwtuosndsenoulszua 20-35% (Javis, 1982) Iag
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2 o q ¥a = . ¥ o v o &R a .
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@ o a o o ] a ]
Aodamivyaanogaanud 13drenu delsvounnan (pectin chain) amsanednilu gel-like
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auaauluasan 17

AN 17 srdvvesmsazaenlFlumsanauas fractions YDUNAAUN 16

Treatment Fraction solubilized

Water Water soluble pectin

CDTA Chelator soluble pectin (Calcium bound pectin)

Na,CO,, 4°C Carbonate soluble pectins (pectin bound by ester linkage and hydrogen
bonding)

Na,CO,, Carbonate soluble pectins (pectin bound by ester linkage and hydrogen

20°C bonding)

1M KOH Pectin and hemicellulose

4M KOH Hemicellulose
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g a d’ ' o o’d’ ] . f dl
aza (solubilize) mnaufioglumisaaah liazarelu CDTA (Javis et al., 1981) 1@ Na,CO,N
gauigil 20 °C huuanaianu Tuhues@ernu mnauiiazatelu KoH 1M Tiuanaanu uadiuh

Y
azanelu KOH 4M lia1n5039'ld (not detectable, ND) &5 1Tanaunn@aunanua (total pectin)
= vy o a ' U [ = v aa I Ao A a
Falannmsiumnauuaazduunswnu iflianusanannudda Wuiidunainiesauwna
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Tndifeenu (2.19-2.33 mg/gFW) FedoandesnttSinaumnausiunasutielnaifeeiu

! . 2 . g o 1
A1519% 18 Fraction Yo4tnnAY 11 Cell wall material (mg/gFW) YDUUDUINA AUNINAN )

yUAND WS CDTA Na,CO, KOH Total
4°C 20°C M 4M

na 1.1240.13b | 0.7240.13 | 0.35+0.07a | 0.068+0.01 | 0.09+0.01 - 2.34%0.15

o 0.762028a | 0.90+0.42 | 0.56+0.14b | 0.085+0.01 | 0.12+0.02 - 2.43+0.49

o19lva 1.2440.15b | 0.78£0.09 | 0.31£0.04a | 0.082+0.03 | 0.09+0.05 - 2.50+0.22

doufatenalia | 08040192 | 0.84£0.18 | 0.61£021b | 0.084£0.02 | 0.1140.03 - 2.45+0.22

P=0.05 * ns * ns ns ns
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