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Development of Root Media Containing Carbonized and Expanded Rice Hull
for Container Cultivation of Horticultural Crops
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Abstract: Objective of this research was to develop root media containing expanded rice hull (ERH) and carbonized rice hull (CRH).
To achieve this, the physico-chemical properties of two materials were analysed and blended with peatmoss (PM) or coir dust
(CD) with various ratio. Based on the physical properties of the blended materials, 4 root media were selected for future experiment.
After the analysis of pH and EC of the selected root media, the kinds and amount of pre-planting nutrient charge fertilizers (PNCF)
incorporated into each root medium were varied, and then, final chemical properties of the root media were analysed. The total
porosity (TP), container capacity (CC), and air-filled porosity (AFP) were 81.3%. 39.9%, and 41.4% in ERH and 77.6%, 64.1%,
and 13.5% in CRH, respectively. The percentage of easily available water (EAW, from CC to 4.90 kPa tension) and buffering
water (BW, 4.91-9.81 kPa tension) were 11.37% and 5.27%, in ERH and 17.26% and 14.28% in CRH, respectively. The pH of
ERH was 7.1, but it was extremely high in CRH such as 11.2. The EC and CEC were 1.31 dS-m™ and 12.1 meq-100 g’ in
ERH and 6.53 dS'm™ and CEC 7.79 meq- 100 g'1 in CRH, respectively. The ranges of TP, CC and AFP in 4 selected media (PM
+ ERH, 6:4, v/v; CD + ERH, 8:2; PM + CRH, 7:3; CD+CRH 6:4) were 89.2-90.3%, 67.3-81.8%, and 8.3-21.9%, respectively. The
pHs and ECs in root media containing peatmoss such as PM + ERH (6:4) and PM + CRH (7:3) were 4.0-4.3 and 0.33-0.365
dS-m”, whereas those of CD + CRH were 7.4-7.9 and 1.282 dS-m™. The pHs and ECs, however, analysed before and after the
incorporation of PNCF in each root medium were not significant different. This result indicated that the incorporated fertilizers
in PNCF to adjust medium pH did not dissolve enough to influence medium pH, but it is very normal in root media containing
dolomitic lime and sulfur powder in adjusting pH. The Information obtained in this study may facilitate an effective formulation
of root media containing rice hulls.
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Fig. 1. Schematic diagram of procedure for root medium developments based on physical and chemical properties of materials
(physical properties: particle size distribution, total porosity, container capacity, air-filled porosity, the percentage of easily
available water and buffering water; chemical properties: pH, EC, CEC, nutrient concentrations and the amount of growth

suppression materials. ERH, expanded rice hull; CRH, composted rice hull; PM, peat moss; CD, coir dust.
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Table 1. The total porosity, container capacity, air space
porosity and bulk density of carbonized and expanded rice
hull.

Treatment” TP’ (%) CC (%) AS (%) BD (g-cm™)
ERH 81.3 39.9 41.4 0.11
CRH 77.6 64.1 13.5 0.12

“ERH, expanded rice hull; CRH, carbonized rice hull

YTP, total porosity; CC, container capacity; AS, air space; BD,
bulk density.

**'***Signiﬁcant at the P < 0.01 or 0.001 respectively, by t-test.
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Table 2. Influence of various blending ratio (in volume) of peatmoss or coir dust to expanded rice hull or carbonized rice
hull on total porosity, container capacity, air space and bulk density.

Treatment” TP (%) CC (%) AS (%) BD (g-cm™)
PM + ERH (6:4) 89.2 bed” 673 d 21.9 be 0.11 a
PM + ERH (7:3) 88.3 cd 69.7 bed 18.6 cd 0.11 a
PM + ERH (8:2) 87.1 cd 724 b 14.7 d 0.11 a
CD + ERH (6:4) 84.4 d 599 e 24.5 ab 0.11 a
CD + ERH (7:3) 89.2 bed 60.0 e 29.2 a 012 a
CD + ERH (8:2) 89.5 abcd 67.5 cd 22.0 be 012 a
PM + CRH (6:4) 94.5 ab 78.8 a 15.6 d 012 a
PM + CRH (7:3) 90.3 abc 81.8 a 84 e 0.13 a
PM + CRH (8:2) 92.3 abc 829 a 94 e 0.12 a
CD + CRH (6:4) 90.5 abc 741 b 16.4 cd 012 a
CD + CRH (7:3) 90.8 abc 72.2 be 18.5 cd 0.11 a
CD + CRH (8:2) 95.0 a 70.5 bed 24.5 ab 0.11 a

“PM, peatmoss; CD, coir dust; ERH, expanded rice hull; CRH, carbonized rice hull
YTP, total porosity; CC, container capacity; AS, air space; BD, bulk density.
*Mean separation within columns by Duncan’s multiple range test, P < 0.05.
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Table 3. pH , EC, CEC and nutrient contents of carbonized and expanded rice hull.

Z EC CEC NH4-N NOs-N PO4-P K Ca Mg Na
Treatment pH -1 R 1 PR
(dS-m™) (cmol”-kg™) (mg-L7) (cmol kg ™)

ERH 7.13 1.31 12.10 1.13 5.42 1305 0.05 0.12 0.34 0.09

CRH 11.2 6.53 7.79 0.67 1.00 688.2 0.02 0.17 0.10 0.10

Significant kkxk * kkxk NS NS kkxk kk k% kk kk

ERH _expanded rice hull; CRH, carbonized rice hull.

" N0n51gn1f1cant or significant at the P < 0.05, 0.01 and 0.001, respectively, by t-test.

Table 4. The percentage of ash contents and cold water, hot
water, and alkali extracts of expanded and carbonized rice
hull.

Ash Cold water Hot water Alkali

Treatment” contents extracts  extracts  extracts
(%)

ERH 11.33 5.53 6.50 18.83

CRH 38.50 4.83 6.67 9.00

Significant * * o *

ERH, expanded rice hull; CRH, carbonized rice hull.
" Significant at the P < 0.05 or 0.01, respectively, by t-test.
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DERA + HA9YA 6:49] CECE 81.4cmol kg o],
2| g+Ad ool FFEFS Ca 17.5, K 27.7, Mg 4.0 2 Na 32.2
cmol -kg' R, Folo] YAE + WA 82 CECY}
95.2cmol -kg'©]31, Ca 18.5, K 40.0, Mg 3.0 & Na 30.4
cmol kg’ 2 BEAE|QTh T EmA + TENT7:3)S CEC 83.1
WFA ool RS Ca 16.0, K 32.8, Mg

iui]

x& >*'

=
z=
ST

kel

cmol kg o],
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3.0 @ Na 31.3cmol kg’ $om, Folo] EAE + FEK6:4)
2 CEC 104.0cmol"-kg'0]1L, Ca 16.5, K 52.8, Mg 2.5 4
Na 32.2mg-L'2 BAgo] = B2 me= K dlefo] =09
e} 4= 9]gitHTable 5).

E?SMPE_J pH WAL 9Jal 1EAS] B $312 H7st
< 449 pHe F 57 =245 7] Ao S4% pHet
Z 2polE Holz| ¢Fkth o] Lee et al.(2001) 2 Choi
et al.2001)9] ALATE F3f o= H= ol ol
t} Lee et al.(2001)2 Z81 SHE 93l €HAF43](CaCOs)
o} JLE A 3|(CaMg(COs)) 5 thFet v &R S35 & 85
ZF pH Bzt S74% Ay} e 3]s 34 o 2 5
] pH7} oh= 2o A8 R e g &
KE A} AMgslo] oF 553 Fof 2|31 Ao =dslittal
Husiglct 0|59 W& 1T of £ A-tolA pHE
z24s}7] flsto] nEAIY 482 —?;@6} AgE o] &0]
JE pHE Bt vhE S5St Px] 351 Al
oA pH % EC7} 4= o] 7[H& Ak & Azt

= UEHHA] tohar sdsich ey 3
713 N & Ko =rt #H7lst 25 BAst
H 1LY 57}t Fof St =2

=

=iolA

Z3}t gﬂxk A==
= O

1 o)
|

AL 9= BAGAERH) 2 FHCRH)=
7] Slstel F F5 B4 e ol
L Folo] gAE(CD)S} &33F AE

lﬂlﬂ

==

o] 2] -3feHS HAslo] Holg JER At 45H =
PHEE Adsiort o] & 7H|E Hrie & S &
Aslo] TIMAFE 2R 0] Aoele w128, 27
gk Wl 7|AFEo| A ERHE 81.3%, 39.9%, 41.4% 1811

Table 5. The pH and EC of peatmoss (PM) + expanded rice hull (ERH), coir dust (CD) + expanded rice hull (ERH), peatmoss
(PM) + carbonized rice hull (CRH), coir dust (CD) + carbonized

of pre-planting fertilizer.

rice hull (CRH) media analysed at thejust after incorporation

, EC CEC NH4-N  NOs3-N PO4-P Ca K Mg Na
Treatment pH 1 + 11 E] PR
(dS'm™)  (cmol -kg™) (mg-L7) (cmol™-kg™)
PM + ERH (6:4) 43 & 295 c 814 c 57a 471 a 1401 a 175 a 277 c 40 a 322 a
CD + ERH (8:2) 570D 295 c 952 b 19b 331c 679 c 185a 400 b 3.0 bc 304 Db
PM + CRH (7:3) 4.8 ¢c 323 b 83.1 bc 52b 398b 816 b 160 a 328 bc 30D 313 b
CD + CRH (6:4) 74 a 379 a 104.0 a 04 c 264d 499 d 165 a 528 a 25 ¢ 322 a

“PM, peatmoss; CD, coir dust; ERH, expanded rice hull; CRH, carbonized rice hull.
YMean separation within columns by Duncan’s multiple range test, P < 0.05.
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CRHE 77.6%, 64.1%, 13.5%2 ZA =9t 44 o]8a
5 Qe SEEAW)T $55(BW)2] 8|82 ERH7} 212
1137% 9 527%=, CRH:= 742 13.5% 2 8.8%%c}. 3)a}
7] ExJo||A] ERH= pH 7.13, EC 1.31dS'm’”, 90| n3hg
ZKCEC) 12.1meq-100g" ]9t CRH:= pH 11.2, EC 6.53
dS-m™, 712]31 CEC 7.79meq-100g" & H-415]¢jc}h. ERHe}
CRHE PM E+= CDO} T}t vl &2 313t & o8- A
E2 Aty Bdst o) £33 AE(PM + ERH, 6:4, viv;
CD + ERH, 82; PM + CRH, 7:3; CD + CRH 6:4)2] 325,
27Tk 9 RS- 742} 89.2-90.3%, 67.3-81.8%, 12
31 8.3-21.9%9] Wolo| EatE et gy NER AT} &
3l¥] PM + ERH T PM + CRH E3MAES pH7| 4.04.3,
EC7} 0.33-0.36dS m™ & 7}4Hg B4 o]9|vl CD + CRH
AVEX pH 7.4-7.9, EC 0.814-1.282dS-m™” & pHe} EC7} =
ot kA ol AR 23 789 5 9 S st
AlA E3bslal thA] 31she EAS Bt Aot 7nE 23t
317] A3} T3k 2ol 5 Ho|X| ekgleh. a8y 7|u|E B3
H IEASY f3to] AE pHe u|x]i= gFo] vl LE]A|
UERS 133 of -3 AR ofyetal whkslgich

F7} F80] : 7IAE, M, 8718 Ve I =
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