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ABSTRACT

This study was conducted to establish optimal hydroponic cultivation conditions for
improving the productivity of grafted cactus by determining suitable nutrient solution
concentrations and planting densities for the Selenicereus cacti and Gymnocalycium
mihanovichii. Hydroponic cultivation with standard concentration of nutrient solution
significantly improved the growth and productivity of Selenicereus cacti compared with
soil cultivation. Economic analysis indicated that hydroponic cultivation at a planting density
of 13 X 13 cm increased net profit by approximately 53% compared with conventional soil
cultivation. For G. muhanovichii, hydroponic cultivation resulted in higher cumulative offset
production than soil cultivation, with the highest number of offsets obtained at the
standard concentration. Among the planting densities tested, 13 X 13 cm resulted in the
highest economic return. These results suggest that hydroponic cultivation using cactus
nutrient solution at a standard concentration of nutrient solution and a planting density of
13 x 13 cm is an effective method for the hydroponical production of grafted cactus.
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A3l FAFAAE Ao = A7t Ui & vl R B s A A g HA

o

2. A8 R Wy
7t Az dE A9 71e A
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5 T viAe AHEH S AR AR A stk AAE ] Aole
15emA o, AaAg = 15x13cmz st tE A2 g5 An M3} o SEISHYS
Hlwsl7] 918 pH, FEJAHAV. P.0s), ALk FA(NOs-N) 55 4313tk 3189
ARESE wfjFle M (5315 A110-1455256) AFS 2500] 3|Xsle] #F T
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L A G R AAS flE AUulgES 0.54), 108, 159, 20812 gelste] A
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As 1ufed, 1280, 1/3ufRES AREstHon, HA XA HAAH AP BTFE
13x13cm, 12x10.5cm, 10x10cm 7FA o2 A2 st A3 ZAxo] sk EAE4S
SAS(SAS Institute Inc., Cary, NC, USA) 9.4 EAZZ 18-S o] &3l A3 T
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ARG Ae) A, $o BESISHAY ®stE AT A ESFANY H¢ FE
A4HAV. P.Os)o] F7hetA o, A AMolAE FHe 571 55 ALdH 24
(NO3-N)¢} EC(Electrical conductivity)”} =LAl F7F8FATHE 1, 2). 225 dlE52] A )
W] W& A 54 A A ”ﬁZHHHOHH =2 o7y 7V A SATE B3
OSH(GE 3), 4 tEY ALk w13 FAAANA T BUATHEE 4, 2 D. A
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pH EC Aw PzOs NOs—N Kzo Ca0o MgO NagO
(1:5) (dS/m) (mg/kg) (mg/kg) (%) (%) %) (%)
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oA o) &
(FHALE: 75

=74 A vl ArE
(5_}/_:405:@_ 085 15 6.6 1.02 48 0.03 4.36 2.87 2.65 1.85

ﬂ%ﬂ]ESS) 94 1.27 931 91.04 333 296 1.32 1.59
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3 2. AH 1870d & BESSA

Eqge pH EC Av. POs NOs-N Ex. cations(cmol/kg)
= (1:5) (dS/m) (mg/kg) (mg/kg) K Ca Mg Na
3 E kx| 7.5 0.9 2,213 9.6 0.15 12.23 349 0.30

AHEHo] EgAM 77 07 2295 183 048 1040 385 0.44
Wkl 059 39 41 34 91 030 692 802 126
sy MRl LWl 39 44 287 63 035 1686 737 133
A gepey 1w 38 100 165 7280 032 2452 819 221
wWlakel 20 35 257 133 54225 123 4009 1428 503
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£ 3 AMPEE £37) FAFAAF A% B

A el EAZol (em/F) FAF GNF)  EAZm) A= (kg $3mm)
) =oA) 38.6£2.3° 3.3+13° 4.3+0.2 3.2+0.2
AEE o] BYAE  47.3+6.2° 2.8:£0.8° 4.240.1 3.3+0.3
73 A vl 52.7+15° 3.0+1.1% 4.0+0.1 3.3+0.2
‘EA el 87 Aol B

E 4 AuiEE A s A
(712 Au717E 18719)
A v 2 9cm HNEGH/F) 15cm A EGH/F) FAGHF)
3] E A ) 11.9+5.2 9.6+3.1° 21.5+2.3°
AEEF o] EFAu) 10.4+3.7 10.6+1.2° 21.0+2.8°
Z=73 A u) 14.5+5.3 15.1+2.3° 29.5+3.5
¥ 5. AuiE =54 2 2fzH] FJH|E
A v ExA ] e .
3 %:g = LL* ) A 22 A (H/102) (HY/10a)
A3 E kAl 118 - 224 342 4,398 14,844
AHBEY o] EkA u| 118 49 147 314 4,230 16,551
=73 A v - 13 147 160 1,877 17,969

SAE =FESAZE A =Y TE
H) 2 15,0004/ A17F o 11,73294/A17H2023 A9 A4S A5ALE S
D AR, AEEG o), wiA], v, FH S(GTIAMP IRl A= Edle] 5 d 7P W)

W6 AMEEE wE 2 A ey Soue
(71 AEl 717 18714)

gom UE Bem = _ 27 AQuBE wejec] T
¥ o EYn|[A] * [C-(A+B)]

XH HH tg-]ﬂ (7H/10a) (7H /10&) (;_(_] %_1/1021) (;:(:]_ ‘%]_lloa) (;:(:]_ '%1/10&) (;—(_] -°d/1()a)

B3l EFAul 294,359 367,179 19,242 51,405 183,744 117,494
AE Ed o] EHHl 327,179 96,000 20,780 51,405 177,795 109,839
73 A vl 463,590 133,538 19,846 51,405 249,436 180,062

¥ 9cm o & 250/70, 15cm o & 300 /7)

980 o 2025uE AsCGITETA



—

AeEdel B A A

I3 1 Ao mE AAFAAR A5

Mg FEo] ME S AAF HAF RS 05MAL ANG F FEof
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L5ojel, 2009 Mol =% A teht 10wl g0z Austae o Y EE
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gy = FAAollcm)  FAFOHF) FAZ(cm)  A=(kg, @3mm)
0.51H <4 49.0+3.2° 2.5+0.9 4.0+0.1 3.4%0.0

FE(1.0u1 ) 52.7+1.5% 3.0+1.1 4.0x0.1 3.3+0.2
1.590 4 61.2+10.6® 3.2+1.4 42+0.1 3.3+0.1
2.0mf <4 65.7+3.4° 3.1+1.1 42+0.1 3.2£0.2
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8. WloFe) Fmol W A thE Yar

(1= A 713 1874-4)

g = 9cm o E(AH/F) 15cm tHE(71/5) AGHIF)
0.5HH 11.7+£2.6 11.0+1.0 22.6+3.0°
3£ (1.0uH) 14.5%5.3 15.1+23 29.5£3.5°
1.5¢H 17.5%6.0 14.9+4.9 31.0£5.1%
2.0u) 17.6+1.2 16.9+4.8 34.5+£4.77
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9. ANAE S8 HLFHAR AE EA

A 21 A g (cm) 22 Z o](cm) Z2 (N5 EAE(Ccm A=kg ¢3mm)
15x13 52.7+1.5° 3.0+1.1° 4.0+0.1 3.3%+0.2
13x13 66.7+5.8° 2.6£1.0% 4.24+0.0 3.3+0.1
13x 10 58.7+4.0% 2.0+0.5 41+0.1 3.5+0.3
13x8.5 56.9+5.3% 2.4+0.8" 4.1+0.1 3.2+0.1
8.5%8.5 55.6+3.5% 2.3+0.9"™ 4.0+0.0 3.2+0.1

10, ANALE 4 O1F A
C1F: A=717E 18714)

AXA"E  FAAE SFONF) FAUE FF0N10) FEHHE AT

(cm) 9cm 15cm 9cm 15cm 9cm 15cm

15x13 14553 15.1+2.3 445,128° 463,589" 8.9+0.9"  17.0+0.6
13%x13 13.5+3.8 15.8+£3.8 480,469" 559,758 9.4+1.2% 16.8£0.5
13x10 11.7+28 14.4+23 635,289 780,084 7.4+0.5° 149=x21
13x8.5 9.2+25 10.2+04 550,000” 614,000° 8.0+1.4*  156+17
8.5x8.5 11.5+4.0 10.7%£2.7 955,015% 891,348° 8.0+1.0™  14.9+1.8
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a9 2 AYAYS BHE HAFHAY A5

13% 10cm

. v2d 2y SR 7 e AL

A4HAV. POg)o] Z7hstom Aol A o 1ujd-s A 2|34
(NOs-N)¢} EC7F FA Z7FstthE 11, 12). Aol wE ] 4=
EA 7A AT RS 2AS Ay, FAAN Al 2e FAE0] MR Ze

St AT 3 7P BUTHE 13). Hlgd AE Fxd wE mo A 5
2w A S A, Fa, AFF BFE EE oA E=A YelTi
14). AAAT ] T2 F3 A ATFE 13x13cmolA 7P Bgonw o2 10aw
FF 3kAS W= 10x10cme] A2 Aol A o] AL A7t 7HE BRth(E 15). 38t
ARt AAALYE FHA] BY T FIHe 4T 23 13x13cmzE AA 3RS o
w=oo] M E=A YERGTHE 16).
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_?L B pH EC AV.PzOs NOs—N Kzo CaO MgO NaZO
* (1:5) (dS/m) (mg/kg) mglke) %) (%) %) (%)

EGAHE &=
o e Sies 94 127 931 9l4 333 296 132 159
e WG %F 5 66 102 48 003 436 287 265 185

% 12. A6f 1871 €Y & S =384

= u pH EC Av.P,0Os NOs-N Ex. cations(cmol/kg)
* (1:5) (dS/m) (mg/kg) (mg/kg) K Ca Mg Na
EFAa(F3Y) 7.6 5.6 1615.3 13.2 1.02 9.94 5.10 0.52
E FA) Hj 7.4 5.3 2265.3 15.5 0.39 10.09 5.34 0.29
" uj okl 1/3u) 4.6 7.2 38.7 10.3 3.44 13.58 7.34 5.32
;ﬁ;‘% uj k< 1/24) 5.1 6.6 75.7 16.6 4.02 17.08 8.58 3.43
wj k<l 1n) 5 24.7 651.7 1748.3 9.90 23.83 12.05 3.89
3E 13 AujHel wE 24 AS EA 2 53 AT Y4k
A v ¥ 24 F7(mm) 2 F3(mm) AN
E kA uf(H3y) 69.5+0.4° 49.0+0.7 42.1+2.0
E kA uj 70.1+0.9° 49.9+1.6 42.8+0.8
74 A |l 72.1+£0.7% 49.6+0.6 44.0+1.5
E 14 Mgl A wxo mE 24 AS 54 2 78 AT YLk
Y v5 24 74 (mm) 24 F31(mm) AN F)
F=(1uje) 72.1£0.72 49.6+0.6% 440+1.52
1/2v) <4 68.7+0.6° 45.5+0.8 39.9+1.4°
1/3uf < 64.1+2.1° 41.4+1.5° 34.4+2.6°
£ 15, AAAG W2 24 S B 9 758 A Ay
AXAE =BFE 774 B T At A A S A
(cm) (mm) (mm) =) (F/10a) (71/10a)
13x13 71.3+1.1 52.4+1.8 58.5+1.5? 35,503 2,077,415°¢
12x10.5 73.4+1.1 51.4+0.8 50.2+3.7° 47,619 2,390,413
10x 10 72.1£0.7 49.6+0.6 44.0+1.5¢ 60,000 2,639,6232
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(1= Aui713E 18714)

A A A = ZHA8%F ZFE FYH'[A] AL AT BujYlB]  &£59[B-Al

(cm) (5+/10a) (1 €4/10a) (4 <4/10a) (A <4/10a)
13x13 35,503 71,006 103,871 32,865
12x10.5 47,619 95,238 119,521 24,283
10x10 60,000 120,000 131,981 11,981
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(NO;s-N)¢} EC(Electrical conductivity)7} ZAl Z7}Fsl stk
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RED AAF o5 ANG £ ARAoH, 590 10aT 180,062 U0 EoF
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o HES 25 QA AS 54 2 73 A AFTE Hast s wl EGA
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440702 72 At A7) 7 Bkt

2} HRH 2 A Ag e A9 10x10cmz A2)EHES w) A4t 10a% 2,639,62371
2 M gioy FH 79 TY 27 FAHIE 4

MEE =gl HlwE] RokS
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