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Calcium : An Important Nutrient in Fruit Production
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Abstract

Fruit quality can be affected by
mineral nutrients in fruit. In general Ca and
B are related to longer storage life while
N and K have the opposite results. Most
studies on mineral nutrients and fruit
quality were carried out in temperate fruits.
In tropical fruit production, the soils are
acidic with sandy texture which resulted
in low soil Ca, the studies are limited. Over
the past several years, we have investigated
the effects of soil Ca application in form of
gypsum together with Ca and/or B sprays
on mangosteen and salak fruit qualities.
The major problems of mangosteen fruit
are translucent flesh and gamboge while
necrosis and cell collapse are the main
problem in salak. Soil Ca application-with
or without foliar sprays reduced the number
of disordered fruits in both mangosteen and
salak. However, the concentration of Ca in
the flesh of both fruits was higher in the
disordered fruits than normal fruits. It was
instead found that K/Ca in disordered
fruit was higher than normal fruit which
indicated that Ca concentration alone is not
the good indicator for disordered fruit in both
mangosteen and salak. We hypothesized that
the reduction in the number of affected fruits
after the applications of Ca could be directly
correlated not to the total amount of Ca in

the flesh, but rather to a specific fraction of

Ca located in the cell wall. Analysis of cell
wall material indicated that Ca in the CDTA-
extracted fraction which represented the
amount of Ca bound inside the cell wall was
higher in the disordered-affected fruit. This
fraction was previously speculated to be low
in disorder-affected fruits. We hypothesize
that a larger proportion of Ca bound to the
cell wall may cause a reduction in apoplastic
Ca,

structure

in turn affecting plasma membrane

and function and eventually
leading to the development of translucent

flesh disorder (TFD).
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Table 1 The percentage of normal mangosteen and salak fruits in each treatment

Mangosteen fruit’ Salak fruit’
Treatment

2008 2009 2009
Control 44 8a 59.6a 36.8a
Soil Ca application 58.3b 67.6b 75.1b
Soil Ca and Ca spray 67.7b 68.1b 78.9b
Soil Ca and Ca + B spray 64.3b 75.1b 66.3b
P £0.05 * * *

¥ 91N Poovarodom and Boonplang, 2010, * 210 Phanchindawan and Kanayawongha, 2013
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Table 2 Nutrient concentration and nutrient ratio in mangosteen and salak flesh

Mangosteen fruit’ Salak®
Flesh %K ppm Ca K/Ca Flesh %K ppm K/Ca
Type | 2008 | 2009 | 2008 | 2000 | 2008 | 2009 | TYP® Ca
Normal 030a | 023a | 442a | 408a | 679a | 564a |Normal 1.74 109 160
TF¥D 0.35b | 0.33c 495 426a | 7.07a | 7.75b | Necrotic 1.82 169 108
TFD+GD ¥ | 03gc | 038d | 505b | 470b | 7.52b | 8.0%
P <005 * * * * * * T-Test * * *

¥ 97N Poovarodom and Boonplang, 2010, “ a1 Phanchindawan and Kanayawongha, 2013, ygamboge disorder (GD)
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20005;
Peryea et al, 2007) SIavmeiiFlumaanns

and Neilsen, 2002; Neilsen et al.,
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nild v a Aa 1 a
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and Boonplang, 2010; Phanchindawan and
Kanayawongha, 2013) Huang et al. (2008)
IMIANI AU WUIIMIAANULARITN 1
A z A | 1% 1% =
W 3 0% inasaenudNTuasLaa U
X A Moo v, .
Tunaduawas lilevnldmunauen  (cracking)
ana aUidadnamsensnAinanuae igums
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s (Neilsen et al, 2006) \umuedl Peryea
| I 6
et al. (2007) TR MIAENLAAITUNARD 156
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mangnas) vy (uelkdanely) vilden
FaianaunaiEesils subdermal cortical tissue
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madenulusztendsasmanang (NN IAN)
a v cil o v v v a
Sunltifasr lfanududusasuaai@anlung
P
Feaiuen

ad a 0% 6
Asnsdnwweaidusluniogad
A ch' A A a 3
LL@ﬂL%HNT%L%QLH@W%E‘WNW?D’JL@ﬁ']&ﬂﬂ
Y aa A X Y o a v
MIYID wet 1198 dry ashing LAYIAUTIDUA
389 atomic absorption spectrophotometer
(AAS) ¥381A399 inductively couple plasma
emission spectrophotometer (ICP-OES) m13
A ¢y ~aXa A ¢ ~ a
AN DI UM NLINUIIN LA AT
VIMNG (total tissue calcium) hHensnTouen e
TUNAATENDETE (free calcium) WaZEINT
i a 6
o¢/lulasss$1e (bound calcium) 16 MyAeTz
AR Hé\laﬁizﬂﬂﬁ@ HGL% selective microelectrodes
(Felle, 1989) %3 fluorescent probe (Bush
1990)
Tunriamaddeennuasifunausnnniis semi-

and Jones, AUNMTALATLALAR LT
. . . . A o v
quantitative microanalysis maumammﬂ@
l0eis X-ray electron microprobe (Chamel and
Bossy, 1981) %38 micro proton induced X-ray
emission (Wilsdorf et al., 2013) MO
a a ~a o 6 °
\FeLSannasnaai@un luntiagas ilalaans
anasalinsmuaTarmEvLTe  BaIRINTI
Aengimunadusluasazanafle (Chen and
Uemoto, 1976; Huang et al, 2005) 2usioi
maataLaadus lwnTagas lalaassazany
o @ (% 31 (% v 9: 4 a dl
mMuSIeUe 1] aiaemeshldunadusfiazay
‘Lh\léf (water soluble) 2] #aMmeay 1 M NaCl
v a A a A{ ) v
VLG]LL@ESL%HNL‘WHLW‘VI%?@LL@ﬁL"ﬁHNVI@%i%I@Nﬂ?N
(structural or wall-bound Ca) 3] aNaene
2% acetic acid (v/v) louralduamasia uay
4] afindne 06 M HCl Iduraidassansias
(calcium oxalate) Poovarodom (2010) 1147549
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Martin-Cabrejas et al., 1994)
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(Mitcham et al,
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29789 Martin-Cabrejas et al. (1994) amad@wy
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soluble pectin) 2) @iaee 0.05 M CDTA
| Fmndudisuiulanat (onically-bound pectin
%38 chelator soluble pectin) 3) &NAALE
005 M NaCO, at 4C | FnnGuisuty ester
linkages W&y hydrogen bonding 4) e
0.05 M Na CO, at 20°C &) &fiadie 1 M KOH

<.

Ay

WAy 6) @Mamae 4 M KOH (solubilizing
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(Poovarodom and Boonplang, 2010)
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1981) Huang et al. (2008) WUIHNAAUINILGN
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Mmamm (tissue calcium) LLayLLﬂaL‘ﬁHN‘naU

U

Tnitorad (cell wall calcium, CW-Ca) 783908
ﬂﬂ@wcmmw LL@]VLS\ILL@m@ﬂﬁm\‘iﬂD@ﬂUNam\lmmi

Table 3 Total tissue Ca and cell wall Ca (CW-Ca)

Wouf (TFD) vhawdlautn+enslva (TFD+GD)
TUUIYADL 63-65%  UBILARLTENTIVINADET

WITRa FOAAADITUTIEYR Bangerth (1979)

concentrations (in ug g FW) and the

percentage of cell-wall Ca (as % of total Ca) in mangosteen fruit flesh (from Poovarodom

and Phanchidawan, 2013).

. Total tissue Ca Cw-Ca Cw-Ca
Fruit type
(ug g FW) (ug o' FW) (as % of total Ca)
Normal 73 46 63.0
TFD 86 55 64.0
TFD+GD 89 58 65.2

ns

ns

ns = no significant differences among means within a column at p < 0.05

Table 4 Calcium concentrations associated with pectin fractions of mangosteen fruit flesh

(g g 'FW) (from Poovarodom and Phanchidawan, 2013).

Ca concentration in pectin fractions

Fruit type " " Total
Water CDTA NaZCO3 4C Nazcoa 20C

Normal 10.4+2.7b 2b.7+2.ba 0.59+0.2 4.38+1.6a 41.1+4.9a

TFD 3.68+1.0a 38.7¢11b 0.88£0.5 6.4210.8b 49.7+12b

TFD+GD 495+1.1a 42.6+11b 1.01+04 7.34+1.2b 55.9+13b

* *

* *

ns

Means followed by common letter are not significantly different p < 0.05 by Duncan’s Multiple Range Test.

WolkanuaaEuNeNF NTuag Ay
A (% 6 | dld :MJ 2
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=\ A dl If 1 A dl
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iley (water soluble pectin) 61 (Table 4) L6l
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a'mﬂﬁuagjﬁuwﬁwmﬁ (ionically bound pectin)
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ﬁé’uaq'ﬁu ester linkages &% hydrogen
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FERNERR  WRTNNULTRANDAULD  (THNAN
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