Journal of Environmental Science International
33(1); 17~25: December 2024

'i) Check for updates

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JES1.2024.33.1.17

ORIGINAL ARTICLE
734 79 53 aF] vlAlE =

HHHAL" . BRSOl . 5| - 8L . ShpAL. 218k . 2|F2Y

Fo]o] Hlx| 2] Egule Fah

Effect of Coir Substrate Mixing Ratios on the Growth and Yield of
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Abstract

This study aimed to determine the most suitable coir substrate mixing ratio for optimizing the growth and yield of the
‘Ipduelkkae 1” cultivar. We comprehensively analyzed the physicochemical properties, growth, and yields of four different
substrate combinations: perlite (coir with mixing ratios of 70:30 (PC30), 50:50 (PC50), and 30:70 (PC70)) and 100% coir
(C100). The results revealed substantial differences in substrate properties. C100 exhibited the highest total porosity and
the lowest solid phase, indicating excellent air permeability. The pH levels and electrical conductivity (EC) values ranged
from 5.4-6.8 and 1.2-3.1 dS‘m’!, respectively. Leaf growth parameters, including length, width, and dry weight, showed
positive correlations with high coir ratios, except for PC30. PC70 and C100 outperformed other substrates in stem growth,
exhibiting superior stem diameter and fresh and dry weights. The quantity of marketable leaves was the highest in the C100
substrate. Furthermore, C100 comprised integrated levels of essential nutrients, such as Ca and Mg, owing to its high coir
content. In conclusion, a coir ratio of approximately 70% (v/v) should be maintained in the substrate for creating an optimal
cultivation environment. Furthermore, the selection of humidity-resistant varieties as well as precise nutrient and moisture
management for different seasons and growth stages are crucial for a successful perilla leaf hydroponic cultivation.
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42 NOs-N 14.0, NHs-N 1.0, PO4-P 3.0, K 6.0,
Ca 8.0, Mg 4.0, SO4-S 4.0me-L Y(Table 1)°]3ltt
(Park et al., 1998).

Table 1. The composition of HES” nutrient solution recommended for the cultivation of perilla leaves

Element Macro-elements(me-L™) Micro-elements(ppm)
Mineral NO3-N  NH4-N  PO4-P K Ca Mg SO4-S Fe Cu Mn Zn B Mo
content 14.0 1.0 3.0 6.0 8.0 4.0 4.0 3.00 0.02 0.50 0.05 0.05 0.01

“HES : The nutrient solution developed by the horticultural experiment station in Korea.
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Fig. 1. Daily temperature, humidity, CO; levels, and integrated solar radiation in the perilla greenhouse during the

cultivation period.
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Table 2. Physical characteristics of the substrates used in experiments for hydroponic cultivation of “Ipdeulkkae 1" perilla leaves

Substrate Solid phase(%) Liquid phase(%) Air phase(%) Total porosity(%)  Bulk density(g:cm™)
PC30” 16.90+0.75 a* 34.47+1.19b 48.6311.87 a 83.10+0.75 b 0.11£0.00 b
PC50 16.43+0.39 a 39.33+1.55 a 44.23£1.29b 83.57+0.39 b 0.11£0.00 b
PC70 15.43+1.81 a 39.50+1.34 a 45.07+0.53 ab 84.57+1.81b 0.11+0.01b
C100 11.73£1.63 b 40.20%2.11 a 48.03+3.66 ab 88.27+1.63 a 0.14%£0.02 a

YPC30: Perlite+coir dust (70:30, v/v), PC50: Perlite+coir dust (50:50), PC70: Perlite+coir dust (30:70), C100: coir dust (100). All values are

means + SD from experiments.

"Mean separation within columns by Duncan’s multiple rage test at p<0.05.
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Fig. 2. Variations in pH and EC levels of the drainage under the influence of different substrate in the hydroponic cultivation of

‘Ipdeulkkae 1" perilla. Bars indicate SD.
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Table 3. Leaf growth characteristics of “Ipdeulkkae 1" perilla hydroponically grown in different mixing ration substrates at

175 days after transplanting

Substrate Leaf length Leaf width Leajtf shape C}Ll;);fjriyn Ijeaf fresh .Leaf dry
(cm) (cm) index (SPAD value) weight (g/Leaf) weight (g/Leaf)
PC30” 10.8+1.29 ab” 8.1£1.35b 1.35£0.11 a 28.10£2.15b 2.70+0.32 a 0.28+0.03 ab
PC50 10.2+£1.94 b 7.8+1.31b 1.31+0.18 ab  30.30+2.77 ab  2.23+0.30 a 0.24+0.05 b
PC70 11.5£1.72 a 9.3+1.48 a 1.24+0.06 b 28.73+0.85 ab 2.65+0.31 a 0.29£0.03 ab
C100 11.8£1.70 a 9.6+1.61 a 1.24£0.07 b 30.51£1.32 a 2.64+0.40 a 0.33+0.04 a

YPC30: Perlite+coir dust (70:30, v/v), PC50: Perlite+coir dust (50:50), PC70: Perlite+coir dust (30:70), C100: coir dust (100). All values are

means + SD from experiments.

’Mean separation within columns by Duncan’s multiple rage test at p<0.05.

Table 4. Stem growth characteristics of “Ipdeulkkae 1” perilla hydroponically grown in different mixing ration substrates

at 175 days after transplanting

Substrate Number of Internode length Plant height Stem diameter Stem fresh Stem dry weight
nodes (cm) (cm) (mm) weight (g/Plant) (g/Plant)
PC30” 17.7+1.42 a 3.340.45 b 54.5+8.25 b 6.7£0.85b 17.88+2.19 ¢ 1.824£0.27 b
PC50 17.3£1.18 a 3.540.43 ab 54.6+6.25b 6.6+0.80 b 20.63+2.14 b 1.96+0.33 b
PC70 17.3£1.44 a 3.6£0.31 ab 58.0+3.61 ab 7.7+0.57 a 23.52+1.51 a 2.27+0.23 a
C100 17.5£1.05a 3.7£0.27 a 59.9+3.23 a 7.3+0.84 ab 24.33+0.79 a 2.09£0.11 ab

YPC30: Perlite+coir dust (70:30, v/v), PC50: Perlite+coir dust (50:50), PC70: Perlite+coir dust (30:70), C100: coir dust (100). All values are

means + SD from experiments.

"Mean separation within columns by Duncan’s multiple rage test at p<0.05.
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Table 5. Comparison of quantity of “Ipdeulkkael”

o

el

according to different mixing ratio substrates in the hydroponics culture

Leaf number Leaf yield
Substrate Total leaf Marketable rate Marketable leaf Total leaf yield ~ Marketable rate  Marketable yield
number ) number (ke/102) %) (ke/102)
(1,000 leaf/10a) (1,000 leaf/10a)
PC30” 1,264 ¢ 57 c 720 ¢ 1,959 ¢ 65¢ 1,268 ¢
PC50 1,298 bc 77b 1,001 b 2,303 b 82b 1,894 b
PC70 1,398 a 92 a 1,291 a 2,731 a 9% a 2,581 a
C100 1,409 a 97 a 1,362 a 2,854 a 98 a 2,796 a

YPC30: Perlite+coir dust (70:30, v/v), PC50: Perlite+coir dust (50:50), PC70: Perlite+coir dust (30:70), C100: coir dust (100).
"Mean separation within columns by Duncan’s multiple rage test at p<0.05.
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Fig. 3. Monthly vield of “Ipdeulkkae 1” perilla hydroponically grown in different substrate mixing ratios. Bars indicate SD.

Table 6. The inorganic mineral contents of the drained solution under different mixing ratio substrates were analyzec
weekly during the period from December 20, 2021, to April 8, 2022

Substrate NO3_ PO4» K ) Ca ) Mg ) Na ) Cu ) Fe ) Zn ) Mn»
(mg'l") (mgl) (mglh) (mgl) (mgl) (mgl) (mgl) (mgl) (mglh) (mglL?)

PC30” 182.8 a 7.7 a 230.1a 83.7 a 28.9 ab 35.8a 0.25a 1.1b 0.17 ab 0.19a
PC50 199.8 a 8.1la 227.0a 73.3 ab 30.0 ab 31.8b 0.17 a 13a 0.14b 0.11b
PC70 189.8 a 8.0a 2419 a 63.6b 32.0a 33.2 ab 0.26 a l4a 0.21 ab 0.12b
C100 1683 a 7.0a 2553 a 479 c 265b 34.4 ab 0.19a l4a 0.22a 0.10b

YPC30: Perlite+coir dust (70:30, v/v), PC50: Perlite+coir dust (50:50), PC70: Perlite+coir dust (30:70), C100: coir dust (100).
’Mean separation within columns by Duncan’s multiple rage test at p<0.05.
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Z A9 U 2] wiA o] Arda 242 PC70 (3.6
cm, 58.0 cm) ) PC50(3.5 cm, 54.6 cm) ) PC30 (3.3
cm, 54.5 cm) =22 ZopHth £7|147%2 PC70¢l
A 7.7 mm=Z C100 7.3 mm Xt 2+ =23 PC30
I} PC50< 6.6 - 6.7 mmE H|5:5tATh £712] AYA|
F AEFONAE Folo] HAE HlEo] =2 C100
(24.33 g, 2.09 @3 PC70 (23.52 g, 2.27 g)2= &
Hog =93, PC50 (20.63 g, 1.96 g3 PC30
(17.88 g, 1.82 g)= 23U}, &71/85N4+= PC70}
C100°] tr& & izl HlsiA &718 731} AFAF,
AEFNA BSFo] FooM =2 A2 Yyt
AEA o] £5FS v|wst A} (Table 5), & U4
= C100°1A4 7F¢ B9tal PC70, PC50 +=C.2 Yot
A, PC30°IA 7 At Bt AE-&olA % C100

(98%), PC70 (95%)& =X, PC30(65%)°NA 71
A Uehett 919 52 ot fARR oiElS 1.9l
=0, C1009] &40l 2,796 kg/10a= FHalo] =&
SFHHA PC302 1,268 kg/10aZ 7P Wit & ¢
S719] WA EE S ERIg A} 1295 H 1
72 9] =gl A C1000] 71 Bk, 3¢ o]¢
ofli= Ztol7t B =LA Hol Ak (Fig. 3).

Yoo et al.(2008)> 2.0] =7gAfjufjolA] Folo] T A
E(dust)¢t H(fiber)ol W2 2] £ H]&olA HAE
gl E2E o Aol =8ten, gAE
100%<t 50% HiZ|oA HEFZ A2 PG ZE
w0 & Zopxitkal HstSirh. & Shin et al.(2022)2
Q=AM A Al D5 ZE Aol A AASHE
(ZHIE 50%) ) D& ¥ ) Zolol(chip:dust=5:5) )
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T2 oS Helow AgdtolA viz|e] Rujrt A
2 ZE Ao 4] Bt HE F3 Afufell A B AE o=
of I Aol & BT ol HiA = B2 2ol
7t 411 Ao =2 weErt

AS7) A 713F Fere] ujS= vl o] Fr]o]2 ok
< Z£4%t 23} Ca, Mg, Fe, Zn, Mn 5= Tolojet H
Zfo|E &3} v ] v]& 2ol w2} f-of gk Halrt 9IS

O}, NOst= 168.3-199.8 mg-L!, POs=7.0-8.1
mg-L!, K& 227.0 - 255.3 mg-L!, CuEe 0.17 -
0.26 mg-L!' ¥$ Fo=2 iz ¥ Aol ¢l
(Table 6). B} W Ca, Na, Mn 5%+ PC30°1A] TH
Hjz] o] vlsl] 71 =2 ¥l Fe, Zna C10014] =
Utk E Ca, Mg 52 #iAlollA Sajvh2 s o] w2
T & Hol C1000MA #i#] viell &o] H A= o
ST ol = g7 A 717HE R B AE HEo] =
2 Hj2]9] Ca, Mg 5°] HAH= 2ot IA|gt}
(Lee et al., 2018).
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A Al Q=7 2] st o] e v ] of H] st
Z7ket Ao = meben), Six|9 Fojo] HAE H|&O]
=255 WU 5 vl S50t 2ol A TEll 9%t
Aall(Choi et al., 2017)7F -2 & o8 = 87| <]
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