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Effects of Ebb-and-flow System with Double-tier Bench on Growth and
Yield of Hydroponically Grown Gymnocalycium mihanovichii ‘I-Hong’
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Abstract. The Gymnocalycium mihanovichii has been an important export item of Korean flower industry for a long
time. Although there is a high demand for grafted cactus from overseas, its production for export is limited. In this
study, the growth and marketable yield characteristics of Gymnocalycium mihanovichii ‘1-Hong’ were compared
between soil culture and ebb-and-flow hydroponic system with single- or double-tier bench. As a result, hydroponic
methods with single-tier bench resulted in higher fresh weight and glove diameter compared to other cultivation
methods. In the ebb-and-flow hydroponic system, hydroponic system with double-tier bench of grafted cactus traits has
a lower growth rate than other cultivations. However, the hydroponic system with double-tier bench of grafted cactus
significantly increased the yield. In conclusion, the yield from hydroponic system with double-tier bench was better
than soil cultivation method. Although there were some differences in color depending on the cultivation method, it was
considered that there was no difference in appearance of Gymnocalycium mihanovichii ‘1-Hong’. Our results suggest
the cultivation methods to overcome production constraints, expand their exports, and improve the value-added

characteristics of grafted cactus.
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H] B QIS A1 Q1K Cactaceae) of] &35}, 419179
AR 7L op2)7} ti=-C & 2 Z0F ALl Rt S 7HA
O ol x= T2 AU 82l E3(potted plants) =
o] o] 2¥thHong 5, 2009; RDA, 2021; NIHHS, 2015).
HEA RS 49l v\ e Gymnocalycium mihanovichii
var. friedrichii) OV} AW (Chamaecereus silvestrii f. variegata)
£ o] gslal B0 7 A= Hylocereus trigonus) A1Q14;
= ol85to] oo AlEE HEAIX 2R F50]tRDA,
2021). AR HE=ANE = 57 A polv
Eo] A7k 480%t H2|(USS) ol AL F7FskaL Slrk
(RDA, 2021; KREI, 2002; MAFRA, 2022). HEA1AS
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FEo| 7k W 57 W AAREE B4 ol e
HA o] A AAHY-& w=017] fleliAl= Aui o) 7o 2 e
Sk

AR A A) k] A ALK 5717} ol g S0 8]
WLee 5, 2014; Lee 52015), T3 EAA o =AES
ek} sk o] ofRlT, B g eo] Wasit
= oAl ek, gk t57) Flol St AR gk ok
2 2l t571e] Rl WA ok Wl 0] 5 BB}
A7 Ejo] Tt o] SR Qi AgolthLee 5,
2014). o] v A QIS v S A A 57 o
OFSt A ET £ 7142 (bipolaris stem rot of cactus) THAY
o i 2 ALY S IR HIREe R =7 Al A|A =] AL
Qlck

A A TR, k], ) S choret Al
Hol Sli=t(Ko2tKim, 2019; Lee 5, 2009), 215 3H4H)
of| 4] ebb and flow A1 0]-8-3F =73 Affuf] B2 50
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S 15508 2—3cm 0] & 53t A4 A5 k30

S ™ oy
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Fig. 1. Grafted cactus (Gymmocalycium mihanovichii) cultivation method in Korea: soil culture (A), and ebb-and-flow hydroponic system with single-

(B) or double-tier bench (C).
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Fig. 2. Ebb-and-flow hydroponic system with double-tier bench for grafted cactus: appearance of hydroponic bench (A), and bench backside of

incident angle on sun (B).
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A= EX=747(texture analyzer TA.XT, SMS, UK) 2
%7 5mm probe 2 o] 85}0] T 0 = Zaigic, vlmet
A Q1AF AAES. Kim £(2011)2] 2312} Hunter(2001) 2] #H&
of w2} chromameter(CR-300, Minolta Co., Tokyo, Japan)
5 ARE5He] L* (lightness), a*(red~green), b*(yellow~blue)
£ 573}l o] & chroma #}7 hue angle 710 = $hilsto] U
EFQITh B EkAQ1&F0] ebb and flow AuftA]Ql 25 A
vl Hol| A Sleke] 2ot A= S W 31} 2% A|(light intensity
meter MT-4617, Pro's Kit™, Taepei, Taiwan)E ©]-8-5}0] A
Z1el W2 Y o) AN

57 B3 A AR A2 AE Sdgle] 3ukRo R b
B 1054 BEL AFF A%l o §H AEA
1= ebb and flow AJaH4] 2k Ak} sper = o] 412
AZ 217 ThE $IA0IA AT, Easte] S st olTh AE
ke Lee $5(2015)0) B H510] 48k A w9 WA
YA TR AREA G 245 7|05 51o] 10ad vl
ARV 4Bk, BHATBo] LERTE BAIEAE SAS (Version
9.2, SAS Inc., Cary, USA) 2 7303 3-2-5}0] B A5 O
o, Bt 7F-5-22F A4S Duncan’s multiple range test © &
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ol p <0.05 2.2 33r

H| 2R 1A 4172 BLE A ur ol A AS-71%E
S0 Zrehglon, Aol the 74e A
of w}e} 2jol2 BT Fig. 3). HIREHARIA o5& A
wo] w2t 2715 48 AjolE Bt 7] ebb and
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%Atk Ebb and flow a2 91 20 2l o] Fol55-2-ebb
and flow Auld-21 0 1ot e o) 5 SRR -7 9
oA 16 Aok 270 ekoleh Lee(2011) £
of ufet 77 217]9] Zol7h A]uk TR R TR 2 55%
oflA] o] AX= A7} Qlo] 93t FA o] Ak TR
513} Ebb and flow AulH 20k Afjufoll A 4} - shet v =
942 Zfolof mh 24 R 7740] Z7HE 7] oL ebb
and flow Ajafib2] ol A 1t Ajufjo]] vlsl F7161 A= %= A
o= Uty

Table 1-2 A 2jolol] T} 2} A| 4483} 522 o]
£ B} o] FF5 ol-8&stod, Fig. 13} o] ) EZAY
1 2}ebb and flow AuHRA]Q1 1k Zful L} 2 A a4
Ajolg wlalgick. Aol ufe A3 e Aol
Aol & Hol=Z o & ettt o] 87 of -7 Aulr o
w2} ebb and flow AfuE3A] 1 oF A 8= 33.7mm =, EZ A8
32.0mme} 27 ZfH) 2] 25.0mm E ) AYS-0] ZQtHTable 1).
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Days after planting

Fig. 3. Change in globe width of grafted cactus (Gymmocalycium
mihanovichii) ‘I-Hong’ during cultivation. Data represent the mean
+SD of 3 replicates. Some error bars are marked by the symbols.
“Refer to by cultivation method such as soil culture (A), and
ebb-and-flow hydroponic systems with single- (B) or double-tier
bench (C).
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Table 1. Growth of grafted cactus ‘I-Hong’ as affected by cultivation method at harvest.

Globe i
Cultivation method” width height fresh firmness  No. of ribs I;Z?gthf?h Market(z)i/ble Marke(:tla,lgg) e
mm)  @m)  weight @ (N 9 MO0 anion
Soil culture 3200 207a 89 a 19.7 a 89 a 283 a 85 a 462.83 b
Ebb and flow (sigle bench) 337 a 217 a 89 a 163 a 93 a 29.8 a 8l a 4410 b
Ebb and flow (double bench)  25.0 ¢ 213 a 82 a 215 a 92 a 230 b 88 a 9582 a

“Cultivation method refer to Fig. 1., and cultivation history such as grafting date at Jan. 28th, planting date at Feb. 13th, and harvest date at

Jun. 28th.

YMean values in each evaluation cultivation method with different lowercase letters are significantly different according to the Duncan’s multiple

range test (p < 0.05).

Table 2. Color characteristics of grafted cactus ‘I-Hong’ as affected by cultivation method.

Reflected color

Cultural method” L " - Chroma Hue angle (°)
Soil culture 279 a 364 a 11.0 a 380 a 168 a
Ebb and flow (sigle bench) 272 a 34.8 ab 10.6 ab 364 ab 170 a
Ebb and flow (double bench) 26.1 a 315 b 9.8 b 330 b 172 a

“Cultivation method refer to Fig. 1., and cultivation history such as grafting date at Jan. 28th, planting date at Feb. 13th, and harvest date at

Jun. 28th.

YMean values in each evaluation cultivation method with different lowercase letters are significantly different according to the Duncan’s multiple

range test (p <0.05).

MEAXHSS|X|, M32H K2= 20234

135



LERSITE Table 204 A ztolE & 4= Qli= a*3, b*gl,
chromao 4= §-23t 205 Ho|= HbH L*(lightness) 1}
hue angle( A 2h)-2 A ufi ] of] whef 2fo] & Ho| 2] ¢Fofch
Lee 5(2005)-2> =0l A AjueH of] whe) A4 Zpo| 71 Ay
Shohar 5H91 AT, Lee(2011)-2 &A1 170l A 555 7tol] 2fo]
= AR AARFA T 35— 55% $50f Zpgo] At i
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2(Fig. 2B) & 7+, ALE HSiert dekx=(Lee 5,
2016; Park¥ Kang, 1998) 4=4 x}o] & wthe] =1, Fig. 42}
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of| wpa} APYFAET} 13.2—39.4% HE 2 A wlx| 9} shct
2| efo FeFo] Zpo| & H ATk Lee(2011) = F&5A Q17
A 75% A= 2ol elaf] Stk MAto] BTt ok%l=
o], ebb and flow A1 <1 210 A ufj o] SR WlZ] 2|53 A =
= F4o A FFE & W A Y= A o' AdEk

Ebb and flow AJulje-2]Q1 2k Zjufol A g=ke] w2 F-a1
U5 Y S22 ZJo| & HolA] ggrot Ui Ak =4
FEoAds GRS T Lee(2011)= 350 w35 -
55% Rpg 27104 EA IS ASro] S4=stal o] T
S A aiiek AL sFGiT. Bl R Q1 1782 ebb and flow
A1 Q1 2 A e 7 ok Al i ok 2R 2 0 & LE)
Witk 1 Fig. Sof| A e} o] Afufr]of whE 9] -2
L1oFo] HYg o] 31 AARS IS wE7EA O] ThA| O & 9910 &
= Aol & Ho x| gttt Bk Q1] A] ebb and flow A
HEA] Q1 2k Al ol A v E g Q1A 417 FollA] Thas Z}o]
7} 1 e, Fig. 59} o] e of| A & 2o 7} LreptA] 9kok
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Fig. 4. Change in light intensity and solar shading rate of grafted cactus
(Gymmocalycivm mihanovichii) ‘1-Hong’ with ebb-and-flow hydroponic
system with double-tier bench during daylight at Apr. 4th, 2023.

Fig. 5. Appearance of grafted cactus (Gymmocalycium mihanovichii)
‘I-Hong’ as affected by cultivation method at harvest: soil culture
(A), and ebb-and-flow hydroponic systems with single- (B) or
double-tier bench (C).

Jtebb and flow sl ©W2] Q1 26k Zfulli= E5ht2 0] 2230
35}, ebb and flow 2191 1Tk Afuljale v -2 K80
=P Qe o] o o oy F Qs Ao 7 AzhE

—

H 2

IR QIS 3k Sl iRl olA S8t Fo = 3] 4
S0 WA AT SHAIZE Qlek 2 Aol A mlERh 1A
o) 7y Apel} = A ol T AR} 4 2ol 1)
SR} S} v A VN Gymnocalycium mihanovichii)
‘0] 8 o] gsto] AFsTtoll A S S o 5= A
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