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Calcium concentration in tomato fruits grown in water culture in relation to incidence of blossom-

end rot.
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(Millikan & 1971), D &) LA EAIIZBITS
BN b OGAEEED S, Z U THIEREERAS
BEDOFMANAR > TRETHZ Ehb, RER
RO LETH L, 5612, TXTHLF
FEEDA NI T L EELIINT T LOFHTiER
{, HERNIZBBHREIDRL LALERER D5
WAV ETHD, DEOHFZBLERIIIN
F TR SN TV, RERIIFICHIBIER
PHNLUEIOREOGIICEREBE, JUEI
W b BENS LT LAEEEOBEBYHL 2
CTHZERHMWME L

KBRMERU T

SRR

et REEE & L 51 R
KEERAN FICBH L, BEFMGHEERED 2
5o 1 OERER (LLF, BHLE50% B & 1
T) THH L7z BHHIITHEIZEFN LI ZF A
1oV E R, B0 v VDTS AF v 2RO
PHEEEIC 1 r—ADH7- ) 2HROFETERM L.
FR6HTDE Lice MIBNEISEE LTI
BX E LT, BEEILIT50% iR T 12 2000ppm 1
b b LMK (NaCl X), BERLA
50%MFEH % I ERFETWMET v T2 T 41T
W LR (NHNO:X), MIRICHET €=
LZEHE LXK ((NH)SO1X) % EkiT7e T
NOX L RFIREIX120ppm & L7z, BERMLE
50% iR E T THIE T ARBMM AKX & NaCl [KiZ 5
1EERAEHD 5 Baih S, NHLNO: Xixg 148
ERAE2S (NHNO- 1K), dHWVIIHE2TE
BREM2 S (NHINOx- T [X), (NH:):SO«XIZ%
2 TEREBHAEIA D & MLIR % BHAR U 7o BERERIZ I
UL, 1HEEZRW LIOR B CEIL 7,
BEIINELT R T TITo72. BIKENL
R 23EHBL IO L, REOKERTRT D
2 b b= 10045 A FRIE (PCPA 15ppm) 27E

ﬁi - BRAE— -
4

7o B IR ER - 6 RBEAD 9
ERERN NI Y LEE L DB

RS ML, HEL1985FE 4 A6 7 AL
PIFC, REFEBBOF T ANT ANTIT -7,
HEORI

EITLICREOEEN Lem > 54.5em
BEOKESORL L, FUBHERDH THRVE
FERERW L7, L AR EIZEZEDS. 0cm FKil
O /NE, 3.0em Lh 4. 5em KOl &
LCHMEL 7o RERNE, REREMEEIZT
DIIEI L, EBICHHEEER IS, ST
TWiow BEEL, PPV TwE R RE
HipE Ui, B, RERIITEMN, <D
BT Lz, BB AER DB 7o 8 b [Ekk
IR LA R T o700 B L723D ) b4 H D
FED S ZREDRIMETOLEVE L, B
NREOFERERD/,
LR AV 2 7 A EEOEERE

BB IR E ¥ B Ttk S HICHERT
B OR L7, BHRHA500mg 122 FK50m] &
mz, 100ml =75 223 T2EEIEESMBL
720 ¥RE S 1%, 1500G T5 oM LEEL, LFE
WERPW L7z FROBRET 2 mEEFEZITVED
R 2 KRS m & Lo REWEZLT, NHIZIN
WALF U AEW, 2 $EEEE, 0.6N HEEE TR
BeOFE: TR L, BElRS W, IEERS WO
3, IWE M A I2M & L, D Eogmkid
AN EETE (1963) DFEERERIC, —HEEL
2bDTHbH, IV T ADERBETENE
(BEE T/ 7 L — L5596 6EEET AA-630)
& DT -7

X B &R

RBRRORAR S 1 R, 31T
DFIENEEEAETE NHINOs- T [XA%89% &, AL
XPnbidARED 72 BFEATXA31% TS
XA 5725 NaCl X, NHNOs- I X, (NH4) 2SO0«
RORBHRERBERIIEN o7z, &b, HR

Table 1. The rate of BER affected tomato fruits.

Rate of BER (%)

Treatment
1st truss 2nd truss 3rd truss Average

50% 'balanced 17 64 23 31
nutrient soln

NaCl 53 60 42 52
NH:NOs- T 85 83 100 89
NH:NQOs- I 37 55 86 56
(NH¢) 280« 50 60 67 56
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WD 2EFETI6A% LW RERER LI,
AIBNIERPFHER L& EDREDERE L 2
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FITRT, HBNERBREOREDEREIL,
NHiINOs- [ KAV BHITANES L, BEOKE I

Table 2. The size of BER affected tomato fruits.

Diameter (cm)

Treatment
1st truss 2nd truss 3rd truss
50% balanced 4.540.7° 4.1£0.6 3.0£0.9
nutrient soln
NaCl 3.9+0.4 4.0£0.3 4.0+0.4
NH:iNOs- T 2.4+0.4 1.7£0.5 1.3£0.5
NH:NOs- I 4.1£0.6 3.9%0.5 2.7£0.5
(NH+) 2SO 3.0+0.5 3.610.7 1.8°

a Meanzt (0.05) - SE

b Number of sample was not enough for statistical analysis.

AR L, MORXTRB L Z3.0cm 5
4.5cm OFFITHBETHERE S TH ST,

INE, R EE D 3 {6 T O(LERRER 7 v
Y LEREEIRIIRT, EFR (REHIER

Table 3. The content of calcium compounds in healthy and BER affected tomato fruits.

Ca content (% of dry matter)

Treatment Fruit
F.X water F. IN NaCl F.2% CH:COOH F. 0. 6N HCl Total
50% balanced HY 0.023/0.014* 0.045/0.014 0.030/0.011 0.009/0.001 0.107/0.040
nutrient soln B 0.114/0.005 0.036/0.012 0.020/0.009 0.013/0.005 0.083/0.031
NaCl H 0.028/0.013 0.037/0.017 0.022/0.014 0.002/0.003 0.089/0.046
B 0.021/0.005 0.024/0.014 0.014/0.014 0.002/0.003 0.061/0.036
NH«NOs- T H 0.011/0.001 0.018/0.009 0.015/0.014 0.001/0.001 0.046/0.025
B 0.008/0.001 0.022/0.011 0.015/0.015 0.001/0.001 0.046/0.028
NH4NOs- [ H 0.023/0.013 0.033/0.015 0.020/0.011 0.003/0.003 0.079/0.042
B 0.014/0.006 0.021/0.013 0.014/0.013 0.003/0.003 0.052/0.035
(NHi) 2S04 H 0.020/0.009 0.029/0.011 0.022/0.014 0.005/0.004 0.076/0.038
B 0.015/0.003 0.020/0.012 0.017/0.016 0.005/0.004 0.057/0.035

X : Fraction, Y : H (Healthy), B (BER),

PHEI TR WEE), RBEIEL &IV
T AERIGBEERBOHTVRERT LN DS
oo BEHEIEDOHI N7 AERIIEELILOH 4
5T olze NHINO:- T X Tld, EFEREREN
BROEH NI AERITIZEN D 72,
EERELFBREOS VL 9 A EE LR
ANICHE B &, KA, NaCl 43, FElEs b
TR OBIN B E RERED, REERE R
BB TP Lo T, SRS TIER AR,
WEHIE HITIEHESE, REILEE OB TR AN
Y LERICER Ao EHERREEROE
SW DS EEIIKSEA24~32%, NaCl 5HiAs
38~42%, MEEESHIAT25~35% T, WTAhDK D

Z : Calyx half/Blossom half

NaCl S EDEEHBVWHIEAE D o720 FUBENE
REIIDSRE LKW AT ~34%, NaCl 5
W A%35~48%, EEMESHIA23~33% T, IEEHRE
WL CRELREEEIh o7

BFEDE 1 ED/NETIEFEROICERER S
W AERTE IR T, RFEEWTIEIIE
NEBEREDE WIT LK, NaCl @O 7 v
T AERASD R GEIA A LN, RETEIT
BRBNEBEROB WX EKSBOH IV
LGBV L WHERID A LN, MRTIEFHED
7 b £ FBAER DIV LR £ 0
MR E S 4 RIRT, REFEFH 0K,
NaCl FHE DA N7 A EBEFIGHERERL
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Treatment
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Fig. 1 Calcium concentration in 1st truss tomato
fruit grown in various solutions.
Fraction 1. water, 2. IN NaCl,
CHsCOOH, 4.0.6N HCI

3. 2%

Table 4. Coefficients of correlations relating rate
of BER to calcium contents.

X Coefficient
Fraction
Calyx half Blossom half
water —0, 72 —0, 75%
IN NaCl =0, 77 =), 61*
2% CH:COOH —0.37 —0..38
0.6N HC1 —0.24 —0.22
Total —0.82% —0.65%

X Significant in 0.05% level
XX Significant in 0.01% level

0.11-
0.10F
0.05r
sH MH MB sH MH MB sn MH
— Ist truss —— ——— 2nd truss — — 3rd trusx —
[ Fraction 1 B&H Fraction 3
N Fraction 2 Il Fraction 4
Fig. 2 Difference of calcium concentration of

healthy and BER-affected tomato fruit
grown in 50% balanced nutrient solution
added with 2000ppm NaCl.

S : small size, M : middle size

H: healthy fruit, B: BER-affected fruit
Other details are as described in Fig. 1.

N IERHE, R OIER Y & PR O LU L
DHNY Y LEme L7 DEE 2 MITRT,
Z Ot NaCl KOFERE/RL72H DT, DX
TEUB RO ST L T3.0em %> H4.5cm
DFREDKREETH 72 (2K, TOKES
DORFED I 27 Ak IEH /g, IEW2h
/Lc‘:kt'\f%x%t?ue DKW D F V77

A, FERA BN THR I OO N v

Af’?-vﬁﬂhk’) LzbnEBbhi:,

% =

Cerda & (1979) iZ NaCl TH MWD IZER T
DU VERLTAIEIZE ST, M FORE
RIS s2HErHRE L, COEE, ERL
BT L2 IE'--%%O)ﬁJD/ﬁA"”ciiﬁﬁdi
DRBEBRT Vv WITWBEA SN o720 IV
T A DRI L IER R E DB &
DOREITHEO LN, B NaCl it Ex < T 5
CEIE o TEF IR SN DS, EEOH VD
7 A id NaCl 5B (S Wi EE T2 IR D 13 &
AEEDLLRWEN M7 PTHREINTYS (K
11960, 1961) o, NaCl (& 41 )V 3 w7 2 DL % H )
THHS, HEAH VD L ERIIEEE I
WeiE2b, L2L, NaCl KOREILIED H v
T AR R O R E R Th L o
720 PUFT (1982) b NaCl Dbz & b fHEHO
AN I LEGEPMETTAHIEEROTWD,
AN L 72 NaCl 2SR 7 v 2 7 & il
aES %ﬂd§“i0$%ktﬂtfﬁ<ﬁhé
EEZLND, BRI, Ty EoTRESEHREY
LA, IV A e OINT A ER:
LD WD TREVHEDN Pl & (1978) DF
WDLHOENTH B, ERND A IV 2T LAFEIR
e 2ERh DA N Ty LG TaHlid 5 2 & 24k
L {, Barke & Menary (1971) dIENH L

LI L DU TSI & OB & 2 B C &

BWERRTNS,
:ni’ﬂ‘iﬁ*éht R EDUENRD AV
nm%&’(&%& 1§1J,U;tIE.,,7t:O.O7°o,

/Ll{m N H0.04% (Maynard & 1957), IE %% %
0.08%, B H0.02~0.07% (Ward 1973) 7¢
93 Ho TN Evans & Troxler (1953)
OMIEZIETH0.17%, bUBNH0.10~0.13% &5
vy, F 72, Spurr (1959) (XIEWHEBUBNAE
DETHAN T T AERIEETRD LD o720 KFE
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AAN o sE&RE, PIZITHET 2 REORHL
BERsoEY (AR L FH 1980), REOEV
(Greenleaf & Adams 1969, Maynard & 1957)
TRLZHBIEPHOLATEY, KLV 5
TRIEFEDE Y, NaClRT7 Vv EZTHEED
BOBEKA ML REWV S RBNERE T &k
CTERDEWIZI->THELLILNTREEN
o UBNRTIHFICHMBEE 2501, EOMHAEL
BOREZHETIPEVIETHD, HE2”T
MU ) WCRIBNERS - R ETIE, 1 3IEH
UBBEBRDEFED b F N & ) AR ED
BORBLIEH R & T 2 L FETES K S WO
AN T LEEFHOMPIID L ->Twnh, i
BREOHI NS LEBIRERICBRIT B &
PEZONDD, RBNEOREERE LTO
RENIN Y Y LEE L KD D 7-DICIFEIRIH
BUHOREER G TEI EHNLETH D,
RBNERVBEN L REOKE S BB ESR
ERFBFARAIS R AEONEH 572, LAL,
RS XE 2 EEDRAE N RREERIIAS EE
WEER R L-DIZ, RPN REDOKE ST
NHiNOs- I RIZHNTKE H 572 NHiINO:- T X

8405

DHBHERITHL <, ERIEELBRICRSY
ENEH o7, BHEOEECTHRETIFRIEN R
WEOT VE_TREBRES A LHEIRETS
BUBNAE 572K F—DSDTHDBdE ) R
BhHb, TVEZT LA OFEWNE M= FOJ
EHEEIR & OB D WTHRET 5 4805 5,

Maynard (1975) ZRBHIREDOFA D RETHL
DANY 7 LEREHEEINFEVERXTNWS, K
EBROBRTIIREERL ) SREXLOI LY
T AEERDAVHRBNERE L BVHEEIFH L 2
LS L A 577, Millikan & (1971) EIEE
RERBREDOHI N T AEBOENEREELT
BRDLNTREELTHOONS Lik<TWn 3,
RBWREOEEICEHTARY, REERL ) L
EREEOFTAAN T T LEFEREL L GRLTY
BEEZBNS,

AN T LOEBERTHO,IT L0, &
HRDOH N L2 bEREIIIERETHI &8
f1bhiz, bAWETIEA ACETAHHE (1967a,
b), AHS& (1970a, b, 1975) DL L,
KHES (1970a) OF DB N 2D5HF
FREFREEE S RISRT, ANV w a3k

Table 5. Method of fractional analysis of calcium and main form of cal-
cium compounds in plnt tissues.

Extraction solvent

Form of calcium compound

80% ethanol

inorganic salt (ex. nitrate chloride)

H=0 water soluble organic acid salt

1IN NaCl
2% CH:COOH
0.6N HCI

calcium pectate, caicium carbonate
calcium phosphate
calcium oxalate

—_— silicate salt ?

ECREICKEEAREE L LT, NaCl 5B T
BEICNRTFUOBEE LTHEET L EEZONS,
AEBRTIIBO% LY 7/ —VHEDH VT LidK
SEOPICETN TS, LoT, HEED L
3R R EOEREDILERELFOI VDY
LRASEPRICEINLI LR, TOHER
WA A D REQOHI VS Y AHFEETHEEZLD
Nb, NaCl BEIL K FRET BT F A BH N
T 23 HEE (middle lamella) DRI H T H
S TWh, BV ADORE LSRR
BTk, BEEERMBEHBEOHE (Marinos
1962), WHE WL OFEHE (Marschner &

Gianther 1964), B0 E &M% DO KX (Van Goor
1968) Z EDPHRI BT EPHEIN TS, D
XA H Ny Mo, & ICEEEED
R & B HERRIC L S TR CEERFE TR L
T v % (Van Stevenick 1965, Hecht-Buchholz
1979) AN U ALBRZEZT H L, Hiir DOEYIC
0l L CHEROEIRASTED SN 5, MEROIEIENT
EDEHIZLTHNY Y LADRZIZE T &
C3INBDOIPTHIIERBEHIR TR WA, A
T LARZIE > THIN OO 2 v LEEFEDS
HENBZEICERXHAHLEEZONRTWD
(Collier, G, F. 1982), /K43l & NaCl % i=
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Sumarry

Relationship between incidence of blossom-
end rot and Ca content in tomato (Lycopersicon
esculentum Mill. cv. Ohgata-fukujyu) fruits
was studied. Incidence of blossom-end rot was
secured by adding NaCl to, or raising ammo-
nium-N concentration in the nutrient solution
in which the tomato plants were grown. Young
fruits were harvested prior to appearance of
the symptom, divided into blossom- and calyx-
halves, and freeze-dried. Ca was extracted for
analysis from each fruit sample, with water or
NaCl, acetic acid or hydrochloric acid solu-
tions.

High negative correlation was recognized

between the incidence of blossom-end rot and
Ca content of the water- and the NaCl-
fractions in the calyx half. High negative cor-
relation was also recognized between the inci-
dence of blossom-end rot and Ca content of the
water-fraction in the blososom-half.

The fruits showing the symptom had lower
Ca content in the blossom-half, than did the
healthy fruits of approximately the same size
and on the same truss. It was suggested that
Ca content in the water-fraction begins to de-
crease in the blossom-half after the symptom
has appeared.
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