Journal of Bio-Environment Control, Vol. 30, No. 4:263-270, October (2021)

DOI https://doi.org/10.12791/KSBEC.2021.30.4.263

pISSN 1229-4675
elSSN 2765-3641

27| CaCl, G§H =7} mtme|7f Zaetd, &S at et ZZo
0| x|= Fet
X TYRCE-TIERE S-S =0 Pk
CHFA LA AT ATY, CAHTFA LA AT DA, CUgsim AelAblstnt mes, A e ol gask e

Effects of Foliar Application of CaCl, on Ca Content and
Occurrence and Alleviation of Blossom-end Rot
of Paprika During High Temperature Season

Jeong Sim Oh”, Yong-Beom Leez’”, Jong Hyang Bae’, Jong Kuk Na‘, and Ki Young Choi'**

'Researcher, International Horticulture Institutue, Seoul 02024, Korea
“Director, International Horticulture Institutue, Seoul 02024, Korea
*Professor, Department of Horticulture Industry, Wonkang University, lksan 54538, Korea
*Professor, Division of Future Agriculture Convergence, Kangwon National University, Chuncheon 24341, Korea

Abstract. This experiment was carried out to determine the effect of CaCl, foliar spraying on the inhibition of
blossom-end rot (BER) in hot summer paprika (Capsicum annum L. ‘Special’) cultivation. The effect of CaCl,
application was examined by the foliar application based on different fruit size, frequency, and spraying time. Also, it
was investigated the occurrence and alleviation effect of BER symptom. Foliar application of CaCl, (Ca 0.4%) was
conducted by treating a fruit and leaf at 4 to 9 nodes above the crown flowers of each plant with 350 mL per week from
June 3 to July 1. When the CaCl, was sprayed at 7-day intervals for 4 weeks, the Ca content was the lowest in the fruit
harvested with BER symptom in 11 to 20 mm of fruit width (FW). Four different regions in both BER symptom and
normal fruits showed significant differences of Ca content, the highest was in pedicel, followed by stem-end, middle,
and blossom-end. The Ca content increased sharply in normal paprika with 31 —40 mm FW, in which Ca content was
78% higher than that of BER. Ca content in the middle and blossom-end of paprika over 21 mm in FW ranged 19.8%
to 28.8% in normal fruits and 15.7% to 18.5% in BER, respectively. The incidence of BER increased rapidly by more
than 60% in fruits with 31 —40 mm FW. While there was no difference in fruit weight among the FW treatment,
marketable yield rate was highest in the 21 — 30 mm FW, and the sugar content was high in the 11 —30mm FW. When
CaCl, was applied three times for 7 days to a paprika having a 21 — 30 mm FW, the cell wall-bound (CWB) Ca content
was the highest and the rate of BER was lowest with 6.3%. After 10 days of CaCl, foliar spray treatment, the CWB Ca
content of paprika increased by 2.9 to 3.5 times compared to the control in all treatments. At 7 days after the CaCl,
foliar spraying once a day at varying spraying time, the leaf burn observed from 9:30 a.m. to 17:00 p.m. and the proline
content increased as the spraying time was delayed. Therefore, the CaCl, foliar spraying method for reducing of BER
occurrence during paprika summer cultivation seems to be appropriate to spray 2 — 3 times at intervals of 3 days and
before 8 a.m. at the time when the FW is 21 — 30 mm.
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Ca A9 e gl ghe]7 ko] v A8tk 112
7] 738, A2 ohE AV 2, S W AL, =2 EC, &
O] 27| B, i F YEekR] & uf 5 ohekgt
2ol A AR Lee 5, 2011). T3t 2HA HITh7] 9] o
ol A= Ca =871 5P} Hel 5 53k Ca o] 22] 5=
7h b o) dhet 9= Fuli7t dZehA] oS wf v S
A2 Z7 151 (Ho2F White, 2005), -5, A8 THA|, 2har<
T A=A aQlof OfsfA e i ASa A e
tt=Z i Adams2} Ho, 1995; Lee, 2010).
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SaxA9 gt oot ZE3ihEe] QHAH|=0.5% o]
Stojl A Tof|A] Z2 o] Rojx|H(Kim 5, 2007), “CaiA)
(2.8 MBq 'mL") 31512 CaCl,, Ca(NOs),, (HCOO),Ca,
(CH3COO0),Ca] 570l w2 EvtE Qo] ¢ S8-2 4
A oA 714 =9kaL, AR AelollA 7H Wk
TF1 Song £(2006)2- H113FAT] Oh(2013)= Zr53l3HE
HAlzo| o5t upa a7} vl 23k A &-o] FA] Efof H]
31o] 10— 11% 7r2319o1, Ca(NOs)= A7H<100g ©]
3} @] ©oro ), Ca(H,PO4), = 3t I}4lof) AlH| B4
o] k] o] AHALE A A& CaCly7} Z3Fslchar Hushe)
Tk E3HYin 5(2005)-2 5% CaCl, -8-91-2 Allol] 2#] 22
5195 W Cat= A28 5-35-9] Hela} Agtste] Thghsh At
e R e R e S | A R e =g P P L
A1 90] Z 2131 A4 4K Moon 5, 1999a; Park, 1999)0]] &
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Zaden)o|™, 2011'd 24 204 ulgsho] 124 3uj7} A7) =]
LS AHEEZH(10 x 10 x 7.5¢m, UR media, Korea) ol &
715 U-type 3 0]4] $-PBG ool EC 2.3dS'm™ & A9
Trato] SmalgC) MjolS A7l I olo]
(dust:chip = 5:5, 100 x 20 x 12c¢m, Shinsung Mineral Co.,
Srilanka) B A] o] w}Z2]7} oFH E2-8-594YU 10cm x 30cm
A0 7 AAse] VAR 0 2 227] GlshH A = A 51
Ak Al 7175 a2 PBG =227} 3£ (Sonneveld
o} Straver, 1992)S AR8-5}0] EC 2.5 + 0.5dS-m”, pH 5.7 +
0.1 2 Z25k3c) AEA)| 1325} 1 3] ZHEES 100mL & 3L
2w S-S ERsl] s AseAeL 715 2o wek &
AT F} Foi7HAE 28] HiA] 3> FDR AllA]
(WT100, Miraesensor Co., Seoul, Korea)E AR&5}o] 60 —
65% W9l= Belaioict. T Hplols vEa- ST w
31 24 9J8lo] FFECES HAH 02 3.5+0.5dS-m™ 7}
A &2 WA EC 6.0+0.5dS'm™ =] =2 4L, FAATHS
=0]7] 918 5T 130mL/S/plant 2, 3+ 3155 =52 Hf
A FE260— 65% W2 sloieh 24 W 220k 5

= 25T XIA(SHT-110, Miraesensor CO., Korea) 2 10
Bujr} A28t} 699] 7] 26.0°C(21.3°C — 37.
0°C), A& =1 Bt 57.6%(38% — 84.5%) F.0H, 642
g = F 14 o qdrh 7€) et 7]2-229.2°C(23°C
—38.7°C), ANEE= 64.3%(46% — 88.7%)F o, e
4 1095 59 o Btk
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AH AEg e SRFES CaCl, 48902 CaCl
(CaCly-2H20, EC 19.3dS'm™, pH 6.13)2 S5F00f £h4135]
ot 2 2k A} 2t vk Qo] elaigich. A A A
69 39E 791 U7k Wolete)] $4-9 v Az 2}
A4S ko AER) 155 350mL A A elakick
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Fig. 1. Treatment times schedules of foliar spray of the CaCl (g
treatment day).
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CaCl, G A= 315 57| 9fafl 79 7ee= 18]
(A),23]|(B, D), 33|(C) A3Ldh=4 A 2|4 Fig. 13} o] A
sto] =21 — 30mm o] 41} 7} uje] Qo] 69 10915
B 17714 A2sigiet. A2 109317 44 spze)7=
AFsho] AT Ca Bk BASHAI, B, vAHE
2 W B ST Y-S 2AII

1271 CaCl, Y AL A7 ol 7] flaf 69 15Y @
Z 07:30, 09:30, 12:00 ¥ @3 17:300] ZFzF T}= 21—
30mm ] 7HA1z} 23} vk o] Qo] 1] B A elal k. )
F 7907 99| 94 B4 2 proline FFS LA

3. ME2|7t £ ZAL

sszelsh 3 B 2k 79 139 S 74 259 7]
75% — 80% 2] 2PHILE -25}o] T, I, AFEaks, il
A IS, v e W s A AT A
T, HiEAS T S, WS AR 15T
3= o] Zk7be) T vl g AREEl AL, HPFETHE 100g
olste] 43T, 7|9 o Baalo tEs P
(Refractometer PAL-1, Atago, Japan) 2 =743}%ch

4, mzz|7t Ca &F &4

S AR |7t b el AR et
e SAs] AP sl SRR 7] AlARE £ 75°C
of| A 1047t x5k UH5A1EAR(50% HC104-H2SOy)
of uf2t 237t F(RDA, 2000), HAE-FF A (Analyst 400,
Perkin-Elmer Co., USA)E 0|-8-5}] Ca $=2 =731t

Pedicel

Stem-end

Middle

Blossom-end

Fig. 2. Four different regions of paprika fruit for the analysis of Ca
content.
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afxze)7h Al CadtidhS Al2H Yol EASh= Caol
9] A3} Fefjof w2} Moon £{(1999a) 1} Park 7} Lee(1991) 2]
S gsto] 248tk Al A3%(Cell wall-bound,
CWB) Ca $Hke 114 50g S50l Wi 1057t 715}
o] #2314 o7}, pH 5.0} pH 3.52] 0.1M NaCloj| 4] 2zt
ankste] oIt & B AlA & SR olEE R 24
gAst ot EC R HpAA Alxd EEE FESHITE
FET A 585 40°CoA 2310 0.5g & FT + 5
A Eofiste] YA EAR Z743 Ca T2 CWB Ca
TFoz ARSI

5. mzZ2|7t ¢ Proline M

S 5 CaCl, GH A2 ARHS Fe|sto] 273t 2 A2 7
oA A A T oA RS wEsaL, AT do] WS o
Ao =5 E 4 suit] off 92 proline o1 2418 Al
T2 A3 Proline $Hg 442 Bates 5(1973) 2] {1
= 5831 A 1g& A A5 o]-85te] FEA F &
Hste] AofRl A= 0.5g01 3% sulfosalicylic acid 10mLE
73k 1087 B35} 14,000 x g 2 2057 P4l 519
t}h AR & Aozl Aglo] acid-ninhydrin} glacial
acetic acidE Z}ZF 2mLA Yol WE-S-A]A toluene-S 7|5
A2 X171 Z UV-Visible Z4Z=A(UV-2450, Shimadzu,
Japam)Z ©18510] S20nmolA FHES 2kl §2]
proline 3F& AFESHIT:

Proline(pg- g'1 -fw) =
[(ug proline/mL x mL toluene)/115.5ug umole]/(g/0.5)

c

AglofulA) g o2 39l on, Ca g, 7}
A 54, proline 1 ATH= A2je 37141 S Algelo] 3512
02 7h5sto] S5t A= 492 SAS 9.3 2T EQo]
1}|7]R|(SAS Institute, Cary, NC. USA)E A5} Duncan’s
multiple range test= 5% 3-2] =520l 4] 2} A 2] 7+ -2
A5k

It

7=lﬂ|. al

2] 1l 71 Xk

a3 2)zte] 344l 217]7} T2 Al7]o) CaCly AW RS 7
2 1A 0.2 4] el 42t h o) Ao} ukE A
3 Rsto] 2 R4 Ca TES BABHICh 344 Ca 7
2 it Aol vlske] w2ekom, pedicel >
stem-end > middle, blossom-end <=0 & FolA cl(Table 1).
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Table 1. The mean calcium content in four different regions of paprika fruit after CaCl, spray during summer cultivation. Foliar application of CaCl,
was carried at different fruit development stages in 11 to 60 mm of fruit width.

Fruit width Ca content (mg-kg']) of in paprika fruit
(mm) Pedicel  Stemend Middle Blossom-end — Total Pedicel Stem-end  Middle Blossom-end ~ Total
BER fruit Normal fruit

=20 1,306.5 d“ 6050 a 3825a 400.8 a 2,695 2,1133 ¢ 10636 ¢ 7376 cd 5203 cd 4,435
(48.5%) (22.4%)  (14.2%) (14.9%) (100%) (47.7%) 24.0%)  (16.6%) (11.7%) (100%)

1-30 2811.0 b 468.1b 2647 b 3459 ¢ 3,890 24152 bc  8435d 6599 d 4856 d 4,404
(72.3%) (12.0%)  (6.83%) (8.9%) (100%) (54.8%) (192%)  (15.0%) (11.0%) (100%)

31-40 2,583.0c 6325a 365.0a  363.0 bc 3,944 45209 a 11053 ¢ 7662 c  621.1 be 7,014
(65.5%) (16.0%)  (9.3%) (9:2%) (100%) (64.5%) (158%)  (10.9%) (8.9%) (100%)

41-50 32195a 6195a 3763 a 403.5 a 4,619 29878 b 15830 b 9355 a 9119 a 6,418
(69.7%) (13.4%)  (8.1%) (8.7%) (100%) (46.6%) 47%)  (14.6%) (14.2%) (100%)

$1-60 3,1095a 5830a 3950 a 3750 b 4,463 38982 a 1703.0a 8743 b 6738 b 7,149
(69.7%) (13.1%)  (8.9%) (8.4%) (100%) (54.5%) (23.8%)  (12.2%) (9.4%) (100%)

“Mean separation within columns by Duncan's multiple range test at p = 0.05.

() means the ratio to the total Ca content

80

BER rate (%)
3

11-20  21-30 31-40 41-50 51-60

Fruit width (mm)
Fig. 3. Incidence rate of BER in the fruit treated by CaCl, spray during

summer cultivation. Fruits were sprayed when it reached at the 11
—20,21—30,31—40, 41— 50, and 51 — 60 mm of fruit width.

WY S Tkl AT I THE 1717 ASE T Ca 3
o] Z71al 9}, THE 27]0] w2 Ca PR WEA ST}
78-F- 25 11— 20mm A 2joflA] 7H QAL I35 2 1mm o]
A}e] Z2]of| 4] middle 7} blossom-end £-$1+=15.7% — 18.5%
H e}, ERT wliEA 52 %21 — 30mm %] 2] 2] pedicel
Ca F-E& /4] pedicel ot =01tk vliE4]Sato] v s
73/t waze)7} Ca 9Fd-e 2% 31— 40mmoj|A] 551517
27514931, middleT} blossom-end 5-$] Ca 312 19.8%
— 28.8% = W55 Zartol] Hsl =2 BISS etk A4
3} 7}Z 31 — 40mm #]2]2] Ca 312K7,014mg kg ') vl
S)(3,944mg kg )ol| v]5}e] 78% =ttt
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V5 591 CaCly FHH Az A2 vhaze]7 o) il 54
V= B A2 ol A 31.3% — 72.4% WA= ITKFig. 3). Hi
TS T7} FE 11— 30mmof| A= 30% 2], 31— 40mm
A 2ol A= 58%, 51— 60mm |2l A=70% o) LAgsto]
34 31mm ool MRS} o] o2 27kt

Ca o] 22 7441 ] o]50] of2i9] T, % W Hulr} 2
A =70 & A A 9l o, EulE Ca T2 blossom-end
5217} stem-end F-9] Hr} o} 7141 0] ¢435}= blossom-end
HF-9foll A AARE AL SFIThPark Tt Lee, 1991). 2 A3
A Ca B0l 281 27155l 7= 31— 40mm A2k
Wl e o] F25] S1ek T4 A 2let A5l
3(Fig. 3), T 21mm oA} &2 of| 4] middlex} blossom—
end £-9] Ca eFo] AATH19.8% — 28.8%) 0| H|3|A] &
S| A= 15.7%-18.5% 2 FktH(Table 1). Marcelis £}
Hofman-Eijer(1995)-2 24 S+ &5 20°C 2] E7gof| A 7}
2|7 b A 71820 2 920 — S0mmof| =25}
ul, o] Al7] g} 3] FR BTk A oFH 27
K715 B o) Qpitsink R70] 1] F5RA L)
o] Z7bte MRSt ko] MlHIs|AICk Stgick
AYE oA 7| Bt 25°C o4F9] &2 = Marcelis
2} Hofman-Eijer(1995)7} 211g 74 vl 7172 o 2220
— 40mm 7} 2441 W] 247) AekCARR mAA). whebA 2} v
ool mHE Ca S @717} 0l A) kel i 83 7t
o] Ca g=F xJo|7} AXE 344 37] 30mmof =2E]7] o)A
of Ca o] 22 Aszstofof v gk Ay Ao a7t 9l
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Table 2. Characteristics of paprika after CaCl, spray during summer cultivation. Foliar CaCl, application was carried at different fruit development

stages in 11 to 60 mm of fruit width.

Fruit with (mm) No. of fruits (ea/plant) Fruit weight (g-plant'])

Marketable rate (%)

Non-Marketable rate’ (%) Sugar content (°Brix)

11-20 42 ¢ 1134 b
21-30 7.7 b 1218 a
31-40 64 c 1248 a
41-50 7.1 be 1243 a
51-60 52d 1262 a

614 a 73 a 94 a
625 a 5.5 ab 94 a
372 b 48 b 82b
344 b 23 ¢ 81b
246 ¢ 30 ¢ 81b

“Mean separation within columns by Duncan's multiple range test at p = 0.05.

*Non marketable rate excluded blossom-end rot rate.

4,000 4 (A] a b
T 3.500
¥ - b
t 3.000 A L
Z 2500 -
=
£ 2,000
g
T 1,500 4
jan) c
% 1000 A

500 4

0 d
A B C D Control
Treatment

4.000 - (B)

2,000 b ab
d

1.000 A
500 A I
0

A B C D Control
Treatment

CWHE Ca content (mg kg'!)
[+

Fig. 4. Cell wall-bound (CWB) calcium content of paprika at 10 days (A) and 17 days (B) after CaCl, treatment” at different sprayed time for 7 days.
“Mean separation within columns by Duncan's multiple range test at p = 0.05.

*See the Fig. 1.

2 Zlole} BerEigict

3} 517]'8 CaCl, G ALES 791 742 0 2 43] Helat
spzelrt S48 RARE A3 szl 8 B 1 -
20mm =7] Ao A 7 Aal, AFEIRE-S 21 —30mm
A7)\A 7 =3t (Table 2). 322]7} 22 11— 20mm
oA G AFEL SIS faste] 428t vt Ao
v, 7|93, 205 1 IRg ) T Aol kol
A 4|2 RAGSICh B3 1 3 Imm o)) Xel
oA ez} o vel 7t A A E ST
o1 60%5 ol 24 vlch 21497] Ca F ALE Helis A
2324 71 F37} gigich Hoot White(2005) = o
0] Ca @ A7} 0k 10] wE 4g7)o] Ca A
28k 4|70 % 91O, o] 4 APl T2 B ALE A
71 olok Ca A5t S - 9o, ]2} S -3
3Py F3kE S A2 5 ek stk

CaCly 911 A520] U2 74220 — 60mm Hejo] A afze]
722 Aol7 Y0B, e 7 11— 30mm Hejo]
A s£9keh. Kim3 Kim(1999).& 8192 2707k 2}

AH

R 15702 1- 33| Ca A ALESIE v A2
of| H|af| &3] =71 23] o4 A elof| A FHG A of] 25t
L7} 57k Harskick ?HH Yin 5(2005)-2 E 24|
£ F7FE CaCly 5% 8-Hof| 152 HX| A ejste] 243t &
AP 3hade] Pr}309 A RA 2ol i) S7ksg ot 7
Zoll=2o]7} §191aL, 60 Yk 90 Yol = Feof ZFo|7} gick
11549321, Moon 5{(1999b)-& A1 HA1-& B2 497 A
CaCly(1,400mg L") 43] 5 ALEEIQIS uff T4 Al 5
Fleigony, 7H84 Fmet Al Ajol7t girka Hastol
5ol n2 Ee] o] Aolstsick

U O &2 Yo 2HE0] Al e | HelAlEo] o] 2 A3lE]
6] 9J=CWB(cell wall-bound) Ca $Fe-2 <A1 3} = o
ARRRg-of st CWB Ca 2l vlgof ufet A 4/do] A4 =]
L Ao 1I(Park, 1999; Yin 5, 2005)E]o], £ 213 o]|A]
= CaCl4=8ohe ¢l AEFE 3 93z e)7} 71419 CWB Ca
kS A5 Fig. 4). TRze)7} ko] 21— 30mm Y
) 7 52t FH Al SleE defsto] A 2fskelS w, CA e
(33] ' 4F2) o) A CWB Ca g2 7P =9tk A2 10
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Table 3. Characteristics of paprika after CaCl, spray at different sprayed time for 7 days during summer cultivation.

Treatment” Marketable yield rate (%) Non marketable yield rate™ (%) BER rate (%)
A 723 & 13.6 b 151 b
B 80.0 ¢ 133 b 6.7d
C 874 a 63 e 63 e
D 89.6 b 87d 11.7 ¢
Control 6l.1 e 222 a 19.7 a

“See the Fig. 1.

*Mean separation within columns by Duncan's multiple range test at p = 0.05.

*Non marketable yield rate excluded blossom-end rot rate.

9e

15

A0
2:00

B)

Proline content (umol- g! fw)

B4
502

5

. 333

o . m , , ,

10.96

Control 7:30

9:30 12:00 17:00

Sprayed times of a day

Fig. 5. Leaf-burn symptom (A) and proline content (B) of paprika leaves at 7 days after CaCl, treatment at different spraying time during a day. Values

are mean of 3 replicates + SD(standard deviation).

A3t 1794 wpze)7h= ZH2t 34 31-40mm, 2H 45—
50mme] =953l o, CWB Ca gFe> P e B=
Ao A ]l Hlste] Frlslelch AE| & 1047
CWB Ca &= 2.9ui(AA 2]) — 3.58)(C A 2]) S7F6FA L,
2] 51744 CWB Ca g2 1.58(A % 2]) — 28](C A 2))
S 7FsFack

A A Slo] w2 v S B2 7Y B9 F 3
3] B CAH 2ol 23] B3t BA E|ol|A] 22} 6.7%, 6.3%
2 71 At Table 3). $HH CaCl, W AL 13] 22| 26
A A ohA] A 2]t DA 2](23]) of v A E> A, B
A ot F7FsHct o= 24E 21 — 30mm F7] 2] 3HA H
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7] A|aze mpio] st dPgo =3 1 07 23]
APEsh= Z10] 6Y 714 0. & 23] Abrsl= 2 W) uhxe]7t
CWB Ca 3Hhg 73] S 524 vl gk Al Z3tol| &
I7F S-S Kol Autet welsi

I-27] A TRs T AIRERS ERISHIIAL s FAL AY
o] Fe}proline TS 43 A7(Fig. 5). 27 9A] 30825
B @5 5A| 7kA] A g Ao A= Gaddide] wEE o,
HaEAFo] WAYEER] b2 A 0 2 HE 4 — 5ulr] ofef ¢]
9] proline HF-2 A 2] Al7to] o A4=E F7H=| Ik 9:30
A8 proline 312F0] 5.02umol g -FW & 7:30 2] L&
th Z71staL, AadAdo] T = Qink Ao S 3o
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27] CaCl, ¢
A A AEHYAE whom A2 53 AFE2] glutamin acid 7+
2] proline 2.2 A%} proline-> AFF2-8-1} o] Q)
o] proline &) 222 & AE | AQ} BB o] T3} QWFA]
Q1 A= o AZITHHsu 5, 2003). G 2227} 225 A]7]
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