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The use of biochar instead of peat moss in easter lily cultivation
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Various soil materials are used in a wide range of cultivation processes
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The use of soil improvement material according to the intended use and purpose is needed



to_ I‘:EX Peat moss
TIEFEEIE., RKE-RIEMZRET SEREDEM

Acidity material that softens soil and improves water retention and fertilizer retention.
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Mix, drain and dry soil
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peat land peat moss

https://www.pthorticulture.com/
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seeding of vegetable and flower/container cultivation
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blueberry cultivation
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Seedling cultivation soil for cell-type seedlings
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Peat moss is the essential soil improvement material for horticultural crop
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Problem): Peat land cannot be regenerated
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Growing interest in developing alternatives to reduce or stop using peat moss


http://www.imcg.net/

to = I\:EZ 0) 1% -*é ﬁ *j- 1@'—&*ﬁ Candidate alternative material for peat moss
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Various soil material have been listed as alternative candidate, but many disadvantage
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Coco peat

7879 % — bamboo powder

http://takemori.org/?page_id=143 https://basilist.jp/basilog/cocopeat.html
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Nowadays “biochar” has been attracting attention.
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Produced by pyrolyzing biomass
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Suggested availability of biochar in greenhouse production of horticultural crops
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It was not possible to produce by replacing biochar with a high proportion of peat moss in horticultural crops.
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Overview of biochar: characteristics
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Evaluation of biochar efficiency on easter lilies green house cultivation
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Current situation around biochar




Efﬂ?ﬁ;ﬁ How to produce biochar
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Biochar production is also effective in aspects other than agriculture




Torrefaction and biochar production
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WET BIOMASS
30% mc. - 1285 kg/hr Syngas to produce
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%*4 Material of biochar

Table 1. Summary of the feedstock, production condition and properties of the biochars used in container substrates.

. . CEC
Biochar Production o o o BD (g EC (dS o o o o o Ca Mg o
Feedstock Temp (°C) CC (%) AS(%) TP (%) em—3) pH m-1) Lc;n_(;l) N (%) C (%) P (%) K (%) Na (%) (%) (%) S (%) Reference
Citruswood?  n n n n n | 76 | 16 n 06 70.6 0.0008  0.37 0.32 002 001 007  [54]
Coir (coconut 45, 64 3 97 0.14 82 10 153 13 n 0.17 1.89 483 033 073 n [21]
husk fiber)

Conifer wood 450 n n 92 0.64 8.5 0.4 n n n n n n n n [53]
Crab shell 2 200-250 n n n n 8.8 0.005 n 36 287 0.03 0.61 0.04 018  0.08 n [50]
Eucalyptus

saligna wood 550 n i n n 8.8 0.2 n 03 83.6 0.02 0.24 n 243 0.11 0.05 [51]
chip

Forest waste n n n n n 9.6 0.7 n 0.7 59.5 0.08 0.87 0.04 2.90 0.24 0.07 [46,47]
Green waste 550 n n n n 7.7 n 250 03 77.5 n n n n n 0.00 [58]
Green waste

(willow, n 27 2 49 0.44 8.0 09 n 12 50.4 0.01 047 n n n n [18]
pagoda tree

and poplar)

Greenvaste opy n 28 n 0.13 104 33 524 n 50 n n n n n n [59]
(tomato crop)

Harticod 5 i i i 038 80 11 g 5 i 00005 004 0001 002 0002 n 5]
pellets

Holm oak 650 51 29 80 0.32 93 05 n 09 n 0.18 0.77 n 376 040 n [52]
Mixed

hardwiood (Gaks 455 n n n 028 n n n n n 0.29 3.59 0.02 3828 097 n [60]
elm, and

hickory)

Mixed n 60 24 85 0.15 112 20 n 02 n 0.05 0.64 0.01 275 013 002  [61]
hardwood

Mixed 800 n i n n 109 05 19 - n 002 n i - - - [62]
softwood ¥ : : .

Oak chip 200-250 n n n n | 5.1 | 03 n 0.1 522 0.09 0.10 0.06 103 0.08 n [50]
8;‘;’:9““” 500 n n n n 9.7 92 n 06 59.5 0.90 6.42 0.05 340 061 017  [47]
Pine chip * 200-250 n n n n 6.4 0.03 n 03 537 0.05 0.65 0.05 023  0.08 n [50]

Lan Huang and Mengmeng Gu(2019)
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The physical / chemical properties of biochar vary depending on the materials
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increase soil CEC—increase fertility natural to basic(don’t need pH adjustment)
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Improve fertility Don’t need pH adjustment
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Biochar improve soil physical/chemical properties
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Warnock et al. (2007)
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change of pH, increase of the amount of available water, nutrient inflow into biomass
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Activate microbial population and increase microbial biomass

Soil steri- Material *:.’ ; 4 \ ‘ 8 ‘- ; 4 i:
lization Grinding s A Y o .
" - - [ \‘ : b
d O+ = s' ‘ . A '. 3 ':,
- + ; : 7 : BN
2 + + o s Yavis %
b & -~ B T o
I ‘v p Q!i%. X ‘ "s
Perlite Kanumatsuchi Vermiculite Charcoal Contro} .:’: el Na % g ;. S\“..‘Q:\:. -]
Ezawa ot al. (2002) D S MR A
NMARERESELTETCAMEREOIO=—(EAFTLEIETRLOND NAFRIZRAT HAMERE
60
50 -
2 [ Control
e = B-1.5
s 40 N B-225
% a Bl -0
= a
g 30 -
Z b
: AT B OBIEHEED MBI R H AR
220}
g2
2
wk ¢ b & &
I m
l Chengrong et al. (2018)

Bacteria Actinomyceles

AT RIFTEMEDZEMSESD

Biochar increase soil microbe
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biomass biochar
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soil improve material
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4 Experiment construct

1. NMARDEREE
Mixture rate of biochar
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Mixture rate of biochar
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\%u /f split-plot design

200mg-L/N 2[ElIZ1[EIfEAE once every twice
0% 20% 40% 60% 80%

200mg-L/N 3[ElZ1[EfEAR once every three times
0% 20% 40% 60% 80%
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biochar

B8

FoBa

300mg-L/N 2[alIZ1[E AR once every twice

peat moss mixture 0, 20,40,60,80%

0% 20% 40% 60% 80%

300mg-L/N 3[ElIZ1[EIfEAE once every three times

0% 20% 40% 60% 80%




5]?:% E E 0) % IE E"J 1:% E‘Z Physical components of the mixtures

Table 2. Root substrate physical properties (total porosity, TP;
container capacity, CC; air space, AS; and bulk density, BD) of
Sunshine Mix #1 amended with six different percentages of
biochar (by volume).
TP ° cC*  ASY  BD'  BD'at CC
Biochar percentage (% vol) (% vol) (% vol) (g cm™) (g cm™)

0% 842 ab® 628a 215d 0.10e 073a
20% 61.5a 249c¢ 011d 072a
40% 798 bcd 558b 240c 0.12c¢ 68 b
60% 753d  463c 290b 0.14b p60d
80% 785cd 472 ¢ 0.16a  D.63 ¢
Suitable Range' 50-85 45-65 10-30 0.19-0.7 0.64-0.96

? Means within a column under each main factor followed by the same
letter are not significantly different according to Student-Newman-
Keuls multiple comparison at P = 0.05.

® Total porosity is equal to container capacity + air space. * Container
capacity is calculated as: (wet weight — dry weight)/volume of the
sample. “ Air space is the volume of water drained from the sample/
volume of the sample. “ Bulk density after oven drying at 80°C for one
week. ¥ Bulk density immediately after watering at container capacity.
Recommended physical properties of container substrate by Yeager
et al. (2007) and suggested acceptable range for bulk density imme-
diately after watering at container capacity by Nelson (2012).

NAFREEEEOYEMBRIET YR ) FIEITEL TS

The physical structure of biochar mix soil is suitable for easter lily cultivation
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Table 3. Electrical conductivity at Week 5, 8, 11, 14 and 16 of Easter lily grown in Sunshine Mix #1 amended with five different
percentages of biochar and fertilised with four fertigation regimes.

Electrical Conductivity (mS cm™)

Treatment Wk 5 Wk 8 Wk 11 Wk 14 Wk 16
Fertigation
200 mg L™'/3 watering events 10 ¢ 04 c 04d 03¢ 0.6 d
300 mg L™'/3 watering events 10 c 0.4 c 0.6 ¢ 04 c 08 c
200 mg L’ 16 b 14b 16b 16 b 21b
300 mg L™ 25a 20 a 26a 25a 33a
Biochar
0% 18 a 10a 14 a 13a 1.8 ab
20% 16 a 1.1a 14 a 13 a 19a
40% 16 a 1.1a 13a 12 a 1.8 ab
60% 13b 10a 12 a 1.1b 16b
80% Tl 0.7 a 07 b 0.6 ¢ 09 c
Significance
Fertigation *%xY *HX *RH *HK *H%
Biochar e NS e o e
Biochar x Fertigation NS NS NS NS NS

®Means within a column under each main factor followed by the same letter are not significantly different according to Student-Newman-Keuls multiple
comparison at P = 0.05. ¥ NS (nonsignificant) or significant at P < 0.01 (**), or 0.001 (***).

ECITEKE-BEIZNCTEW NAFRIFBO%DIHZEDHARENADNT=

EC increases as the amount and frequency of liquid fertilizer increases / only 80% biochar shows a significant difference

INATRDEIEH60%FTIXECICHEELGEEZEZ ML)
No significant effect on EC with 20-60% biochar



E’é ':’—i'i%)?g% Effects on lily’s growing

Table 4. Plant height (from the substrate surface to the top of plants) of Easter lily grown in Sunshine Mix #1 amended with five
different percentages of biochar and fertigated at four regimes, from week 6 to week 18. Flower buds emerged after week 14.

Height (cm)

Treatment Wk 6 Wk 8 Wk 10 Wk 12 Wk 14 Wk 16 Wk18
Biochar

0% 8.2 b* 144 b 18.0 a 226 a 27.8 ab 353 a 410 a

20% 89 a 158 a 195 a 23.7 a 295 a 36.2 a 426 a

40% 85 ab 15.0 ab 192 a 23.7 a 294 a 363 a 430a

60% 7.9 bc 141 b 184 a 228 a 279 ab 354 a 415a

80% 74 c 129 ¢ 16.6 b 204 b 260 b 339 a 39.8 a
Significance

Fertigation NS NS NS NS NS NS NS

Biochar 2 o b ol i NS NS

Biochar x Fertigation NS NS NS NS NS NS NS

? Means within a column followed by the same letter are not significantly different according to Student-Newman-Keuls multiple comparison at
P = 0.05. ¥ NS (nonsignificant) or significant at P < 0.001 (**¥).

EBEORIATEHNAMFTROESICHIDOLT HEMADBESICHEEZE TR

No significant difference in plant height in the late growth stage with any rates of biochar

HAEECORH-TEME - EFEZRE- 21— MNZEEL T EIERXXICT—28ELL)
No change in the number of days until flowering, pollen, dry petal weight, and dry weight of all shoots
(data not described in the paper)

NFTRDENIEZEDHTHLEBICEZEILZL
No bad effects on growing with higher rate of biochar



E’é ':’—i‘i%)?;%‘gﬁ Effects on lily’s growing

Table 5. Analysis of variance (ANOVA) table showing, leaf dry weight (LDW), total stem length (TSL), length of stem with brown
leaf (LSB), length of stem with yellow leaf (LSY), the sum of LSB and LSY, the ratio of length of stem with green leaf (LSG) to TSL,
LSG/TSL, and SPAD reading at week 15, 16, and 17 of Easter lily grown in substrate amended with five different percentages of
biochar and fertigated at four different regimes. Data were collected with 8 replications, data analysis as split-plot design with
fertigation regimes as the main plot and biochar amendment percentages as the subplot.

SPAD
LSB+ LSG/ Wk Wk Wk
LDW TSL LSB LSY LSY TSL 15 16 17
Fertigation i NS bt xR NS NS LLid R E
Biochar NS L A A AEE L. NS NS NS
Biochar x Fertigation NS NS NS NS NS NS NS NS NS

NS (nonsignificant) or significant at P < 0.01 (**), or 0.001 (***)

XLDW: ERZIEE

Table 6. Total stem length (TSL), length of stem with brown leaf (LSB), length of stem with yellow leaf (LSY), the sum of LSB and
LSY, the ratio of length of stem with green leaf (LSG) to TSL, LSG/TSL, the leaf dry weight (LDW) of Easter lily grown in Sunshine
Mix #1 amended with five different percentages of biochar and fertigated at four regimes. All data were collected at 18 weeks
after bulbs were potted.

Treatment TSL LSB LSY LSB+LSY LSG/TSL (%) LDW (g)
Fertigation

200 mg L7'/3 26.1 a° 6.0 a 47 b 10.7 a 589 a 3.7b°

watering events

300 mg L7'/3 258 a 57a 45b 10.1 a 603 a 38b

watering events

200 mg L™’ 274 a 48 b 6.7 a 115a 580 a 42a

300 mg L™ 27.7 a 47b 6.8 a 15a 586 a 43 a
Biochar

0% 26.7 ab 5.6 ab 53 ab 109 ab 58.6 abc

20% 27.7 a 59a 6.4 a 123 a 54.8 ¢

40% 275a 5.5ab 6.6 a 121 a 59.1 be

60% 26.5 ab 45c 5.5 ab 10.0 bc 623 ab

80% 246 b 4.9 bc 38 b 8.7 c 64.4 a

? Means within a column under each main factor followed by the same letter are not significantly different according to Student-Newman-Keuls
multiple comparison at P = 0.05.

BRIEDE-RERFREZREICEET O, N MFT DI IEFEELLEN

The amount and frequency of liquid fertilizer affect on LDW but not in biochar rate
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Foliage chlorosis is a primary factor affecting Easter lily quality—The problem is chlorophyll content in leaves

Table 5. Analysis of variance (ANOVA) table showing, leaf dry weight (LDW), total stem length (TSL), length of stem with brown
leaf (LSB), length of stem with yellow leaf (LSY), the sum of LSB and LSY, the ratio of length of stem with green leaf (LSG) to TSL,
LSG/TSL, and SPAD reading at week 15, 16, and 17 of Easter lily grown in substrate amended with five different percentages of
biochar and fertigated at four different regimes. Data were collected with 8 replications, data analysis as split-plot design with
fertigation regimes as the main plot and biochar amendment percentages as the subplot.

SPAD
LSB+ LSG/ Wk Wk Wk
LDW TSL LSB LSY LSY TSL 15 16 17
Fertigation Lo NS i R NS NS EEE RN b
Biochar NS L e * ek b | NS NS NS
Biochar x Fertigation NS NS NS NS NS NS NS NS NS

NS (nonsignificant) or significant at P < 0.01 (**), or 0.001 (**¥)

Table 7. SPAD reading at Week 15, 16, and 17 of Easter lily grown
in Sunshine Mix #1 amended with five different percentages of
biochar and fertilised at four fertigation regimes.

SPAD
Treatment Wk 15 Wk 16 Wk 17
Fertigation
200 mg L7'/3 487 b* 540 c 521 ¢
watenng events
300mg L7'/3 50.7 ab 55.2 bc 558 b
watering events
200 mg L™’ 525a 56.7 ab 587 a
300 mg L’ 524 a 58.1 a 59.7 a

? Means within a column followed by the same letter are not significantly
different according to Student-Newman-Keuls multiple comparison at

Basallote et al., (2008)
P = 0.05.

BRIEDE - AEIISPADIEIZHE T 2NN\ AFRDEIGFEZELEL

SPAD value increases as the amount and frequency of liquid fertilizer increases



[ ol e — B2 %8B
AR ﬁ '~5Z 5'/%‘1 Effects on lily’s quality

Table 6. Total stem length (TSL), length of stem with brown leaf (LSB), length of stem with yellow leaf (LSY), the sum of LSB and
LSY, the ratio of length of stem with green leaf (LSG) to TSL, LSG/TSL, the leaf dry weight (LDW) of Easter lily grown in Sunshine
Mix #1 amended with five different percentages of biochar and fertigated at four regimes. All data were collected at 18 weeks
after bulbs were potted.

Treatment TSL LSB LSY LSB+LSY LSG/TSL (%) LDW (g)
Fertigation

200 mg L7'/3 26.1 a° 6.0 a 47 b 10.7 a 589 a 3.7b°

watering events

300 mg L7'/3 258 a 57a 45b 10.1 a 60.3 a 38b

watering events

200 mg L 274 a 48b 6.7 a 115a 580 a 42 a

300 mg L 27.7 a 47b 6.8 a 115a 58.6 a 43 a
Biochar

0% 26.7 ab 5.6 ab 53 ab 10.9 ab 58.6 abc

20% 277 a 59a 6.4 a 123 a 54.8 ¢

40% 275a 5.5 ab 6.6 a 121 a 59.1 bc

60% 265 ab 45c 5.5 ab 10.0 b 62.3 ab

80% 246 b 4.9 bc 38b 8.7 ¢ 64.4 a

? Means within a column under each main factor followed by the same letter are not significantly different according to Student-Newman-Keuls
multiple comparison at P = 0.05.

X TSL: 8% K, LSB: XBREMNDULVEEER ,LSY: ZERENDUVEEERE ,LSG: FEMDULVE

iﬁﬂ(ﬁﬁ'/ = 7Ld~l./

No special effects on phenotype

0% 20% 40% 60% 80%

AT EDBMEERITHRMICIE =54

The rate of biochar does not affect on plant quality
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Mixture rate of biochar

FNE%80%ICLTEHTYRY Y DAEF-REICITFEELGL

No bad effect on lily’s growth and quality even if biochar rate is 80%

2. BHBSEH

fertigation condition

BIEDSEEAHREBBUTICELSE—HOET -HEMNET

Reducing the frequency of liquid fertilizer reduces some growth and quality

NAFTROFAICLDRIELESIFEELAL

Liquid fertilizer requirement does not change due to the use of biochar

FuRe 1 FETE—FERRE RELTONAAF HFI AN EE AT !

It is possible to use biochar as a substitute for peat moss in easter lily cultivation
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ERRET: FXFBYIZRALT B DN is it economically viable?

E—~EX3kg 500M N1 7 3kg 333~3800H
R DINAA I RIKTF

The price depends on raw material biomass

FURLTHERNEONDEMH DR N BE

It is necessary to consider raw materials that are cheaper and more effective

n% 2 L‘ﬂ /\0)5'/ = The effect on the environment

4 EBIE TCO-CO2iTHFtHEN DA, AL T ECERERHLHEE
ZEI NILED LA EE

Although CO/CO2 emission in production process, it is possible to reduce them considering the carbonization
method and temperature condition

[ERBEE FZERALERROHEHIRETIZ]

EYHRKOERZREIE LTHRPTI L, BEARBIRALT - LTLLEHLN
TW30DT, WELARZMBHCLEY, BRET I BRICRKBRCKRGEDH R %
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20204
DEFEEOTOCIIMER @J-IL Dy hIED X RIZENM
New project collaborated with government and academia Became subject to j-credit system
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Spread practical experiment of biochar on farm land Possibility for cultivator to obtain subsidy by using biochar



ZF E 0) 3’:' &&) Conclusion
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Alternative materials instead of peat moss have attention in horticultural crops because of the environmental problem

TiE
effect on sail
BRI RKEDR L

improve breathability and water retaining

HEMDEFWRINER £

improve nutrition absorb efficiency

AEXEDR L

improve fertility

MEM/NAATZADIEM

increase microbe biomass

INAFRDF A

Biochar

ERY)

effect on plant

80%MDENETET - MEICMHEELZL
no bad effect on growing and quality with 80 %
biochar

BIELEEDRATRL

normal usage of liquid fertilizer is enough

(TR l))

RN ARG OERZFEYDEHER

IR

effect on the environment

INAATZDF

use of biomass

TIEFDCO2[ETE fE

CO2 fixation ability in soil

Search other horticultural crops which can be use biochar instead of peat moss
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TR D60-70%(FHEEL TLVELY

60-70% of peat land does not recover

e DUNFEE T HBASFEIC K> THFDIERMIZEBF0.05%Y DiEd

Peat land in the world decrease 0.05% every year due to harvest and land development

EYSHREDET/REDRARBHEEM

Decrease biodiversity/Increase green house gas

UNFCCCIFIE R EIRERE

fossil fuel

MENRARBHE ly

https://japan.wetlands.org/ja

E—rEADFEREZRSI ori I =OITRBRZNDEIDLMEA-TLD

Growing interest in developing alternatives to reduce or stop using peat moss


https://japan.wetlands.org/ja/%E7%A7%81%E3%81%9F%E3%81%A1%E3%81%AE%E5%8F%96%E3%82%8A%E7%B5%84%E3%81%BF/%E3%81%8B%E3%81%91%E3%81%8C%E3%81%88%E3%81%AE%E3%81%AA%E3%81%84%E6%B3%A5%E7%82%AD%E5%9C%B0/#read-more

tl:% IE#“:?E"]'EE Physical/chemical properties

DIRTE Physical properties
TEHER-ZIBRBEOD LR SEIHE-FAKELASL

Increase air space and container capacity and Highly breathable and water-retaining

P
H samgicrpit ~ 88 pHE RO M ELL 1)

natural to basic(don’t need pH adjustment)

A EREICPHMRFE->BHROpHIZEHhE TAEREE

pH depends on production temperature and can be produced according to target pH

(b) (c)
e = 2~ 100+ & < 1009 gpeat
EC(EE,m‘fz:-’?JE) Electronic conductance . % m Vermiculite
= = 1 c 1 iochar
HIEQECEEASH B ENNDESRREOR L § 2
increase soil EC— Improve nutrient absorption rate of plants g 60+ be E 60
~ z
2 404 o 40+
CEC(B%’(T.‘/X*@@%) Cation-exchange capacity g 201 e g 20 . © e
TEPDCECERALSEREEE DS § o § ol celiin
Pre-Experiment Pre-Experiment

increase soil CEC—increase fertility

AT RISETIZEOYENLEEZRLIES

Biochar improve soil physical/chemical properties

William et al. (2013)



