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Growth of Bioenergy Crop Miscanthus sacchariflorus cv. Geodae 1 on Barren
Reclaimed Land Applied with Solidified Sewage Sludge in Landfill Sites

Gi Hong AnT, Yun-Hui Jang, Kyoung Ran Um, Gyeong—Dan Yu, Ji-Eun Lee, Young-Lok Cha,
Yun—-Ho Moon, and Jong Woong Ahn

Bioenergy Crop Research Institute, National Institute of Crop Science, RDA, 199 Muan-ro,
Cheonggye, Muan, 534-833, Korea

ABSTRACT This study firstly provides basic data for selection
of cultivatable bioenergy grass in barren reclaimed lands
applied with solidified sewage sludge. The experimental plots
consisted of a plot containing reclaimed land mixed with
solidified sewage sludge (MSS 50), a plot covered by solidified
sewage sludge (CSS 100), and an original reclaimed soil
plot (ORS). The growth, biomass production of bioenergy
grasses and soil chemical properties were investigated in
each experimental plot for 5 years. The organic matter (OM)
and total nitrogen (T-N) content in both MSS 50 and CSS
100 were considerably higher than those in ORS. In bioenergy
grasses, M. sacchariflorus cv. Geodae 1 showed an excellent
growth and adaptability on reclaimed land applied with solidified
sewage sludge. The application of solidified sewage sludge
may provided soil nutrition in the reclaimed land due to
the fact that bioenergy crops grew better in soils applied
with solidified sewage sludge than in untreated soils, and
treated soils had higher OM and T-N content than untreated
soils. This study suggests that M. sacchariflorus cv. Geodae
1 is the most suitable biomass feedstock crop for biomass
production and that solidified sewage sludge may be used
as a soil material for cultivation of bioenergy grass on
reclaimed lands.

Keywords : cellulosic bioenergy grass, barren reclaimed land,
biomass production, Miscanthus sacchariflorus
cv. Geodae 1, soil cover material
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Plant height of bioenergy crops grown at the mixing
with solidified sewage sludge plot (MSS 50), the covering
with solidified sewage sludge plot (CSS 100), and the
original reclaimed soil (ORS) for 2012. Black, gray,
and light gray bars indicate Miscanthus sacchariflorus
cv. Geodae 1, native M. sacchariflorus, and native
Pharagmites australis, respectively (a, MSS 50; b, CSS
100; ¢, ORS). Means with same letter are not significantly
different at p < 0.05.

Table 1. Mean of soil chemical properties in each experimental plot for 5 years (2010-2014).

Plot pH EC oM T-N Av. P,Os Exchangeable cation (cmol/kg)
(1:5) (dS/m) (g/kg) (%) (mg/kg) K Ca Mg Na
MSS 50 8.0 3.75 35.9 0.2 145 0.8 39.8 2.0 1.0
CSS 100 8.0 4.19 70.3 0.5 45 0.9 71.2 2.2 1.4
ORS 8.4 6.01 9.5 0.0 68 0.8 43 43 4.8
Dec.” Dec. Inc. Inc. Inc. - Inc. Dec. Dec.

"Dec. and Inc. indicated the decreases or increases of chemical properties by application of solidified sewage sludge compared

with original reclaimed soil (ORS).
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7HA] 3AzE Ajeiekel o Aul 3 3R 2Afgh A3b= Fig. 1
B gy ZF skeE YA dkEs A Edh AIEHMSS 50,
CSS 100) & HA|HFE(ORS)o| A 7H A58 S-S Hol
= MYUARES A 13 o]glow, A 157} & 2%
9] uto] Qo YA Z-FH( A A 9 A Aol Hlste] &
ol o7 Ago] -3t AE I An er al. (2011a,
2012b)e]l oJaf HarE Auf 1d@zF 9 2\ zte] A A ute]
M= YepRol At 15= Auf 3dAt = o2 o7
Zgof vgte] 423t S-S Bt T} YANHE A
O AL, Al 125 ALstar Ay E9M = il 1L
ARSEAL g0l A skl o, A ] H9- AJE&2
2 AAe ARt AF A FRlof Aot AHHEEE H
A5k fA7} ot 2 Ate] Al AER HEo] E7Fs 5t
ZAbO A A= A h(Fig. 1c). ZF AlFTHE 2 | A2z
2 249 BAREA A3 UAAEY 2L skes
A2 13HE A2 7HF=6.86, P=0.0013) % o x|2t& 2t
(F=63.87, P<0.0001)o] EA "oz 903t Aoz el
CHTable 2).

steselA] 13HE A ES W 1HH 2] YA E A 7}
2 9 458 el Ad 159 5zt A8& =
ARgt A3b= Fig. 29 At kg efA] 133 A 2gt A
FH(MSS 50, CSS 100)2] At 159 P& 597 2|4
Ao g F7kehe Aot Ee st A 13HE A
THEE CSS 100049 A 12 Z2Fo] 7 7o
MSS 500X % AQ| vt AEFS UERHTE CSS 1009
A 135 7|08 24 F7H2 A4 33dA(20129)%}
42013 )0l 20.1%= 7P Flow, 4] 49 o|FEE= X
] F7HE 1.3%= A9 Y% A o= UEyith Fernando
et al. (2008)0] &Jsto] R 1E Miscanthus * gigateus®] 3
7 A3 Zof vlo] Quf A AARF mEoA] wid Z]&H 0
2 AGeFo] Frkst 3-59 o)A} npolemjA A F7HE
7|t g 4= okl skl BhH ORLYA ] Al 15= &
A1 1A (20108)2F 2@ (2011 0) ol = A5o] A £35H%S
U, A4 3UARE Ago] SHEY shpdeA] 1sHES
Aegt & A ALY Al 15 S vegh =202 A
S5}3lh

7+ BoF AJ@Ato A A7 A 15 AgRe] B4R
(N, P) ®lo]& E43gt Aul= Fig. 304 Hi= vpel g2t
ZF AAGEE A 15 ZJAEe] AAgeF2 CSS 100 >

Table 2. ANOVA results for the effects of plot and energy
crop on stem height.

Stem height (cm)

df F value P value
Plot 2 6.86 0.0013%*
Bioenergy crop 4 63.87 < 0.0001%**

** represents statistical significance at 1% level.
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Fig. 2. Plant height of Miscanthus sacchariflorus cv. Geodae
1 for 5 years (2010-2014). The marks of black diamond,
dark gray square, and light gray triangle indicate the
mixing with solidified sewage sludge plot (MSS 50),
the covering with solidified sewage sludge plot (CSS
100), and the original reclaimed soil (ORS), respectively.
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Fig. 3. Change of mineral nutrition content in shoot of Miscanthus
sacchariflorus cv. Geodae 1 grown at each experimental
plot. The marks of black diamond, dark gray square, and
light gray triangle indicate the mixing with solidified
sewage sludge plot (MSS 50), the covering with solidified
sewage sludge plot (CSS 100), and the original reclaimed
soil (ORS), respectively.
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20 | . 7k Aol Al A AT 15.9] vhol 2| Sake )
. . d olao] eI 11970] BuAT AhEe 58
£ X ’3}04 1 nEE7|eEe 2ARSHATHFig. 4). vhol e Ak
o a < 5AZF 2ARE 23}, ol ASH 0 R vlo] e ujATo] %
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e IR E Rt 9l @ 4 ATk ABFERE 43U
10| v L sieselx) mekEE Aeid £ AT fold Aol
5 | b 7F o, A4 4, 5ERl= CSS 1000]|A] BFo] mfj A
0 b, . . . ol fojHor b wokon, 1 thoRE MSS 50,
2010 2011 2012 2013 2014 ORS ¢o|3lth 53], A4 sdAbo= st efA] 1L3kEs
Al A ~ 30l v
Fig. 4. Biomass of Miscanthus sacchariflorus cv. Geodae 1 for AeRh Aol A 27.5~32.7 tonhad] At 12.9] wpolL

5 years (2010-2014). Black, dark gray, and light gray
bars indicate the mixing with solidified sewage sludge
plot (MSS 50), the covering with solidified sewage
sludge plot (CSS 100), and the original reclaimed soil
(ORS), respectively. Means with same letter are not
significantly different at p < 0.05.
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Fig. 5% 812 18k Ae] ABTCSS 100), HAA
AAULE(ORS) B HFo] 2.0 U A AT A(Muan)ol 4
Hi g Ad] 159] ALARS vlagt A3to|ct CSS 1000 A]
ARt At 13.9] ¢ 27%o] 311.7 em °]len 4=
g 37.770, B7HA B4 HF 4.770 2 el tH(Table
3, Fig. 5a). HFH ORS%} Muanof| A Aulist Ad) 159 %
A2 288.7 em@} 289.7 cmo|gloH, Ha4= Ht 13.0719

147702 Uepton, 271x)e] e §lSith Table 3, Fig,
5b, c). 0|2} o] CSS 1000]49] elA] AARE e 5

o] vske] TS Ao & el glrh. E3F CSS 1002
Muan®| EFa}eh4]S Hwgh 23, CSS 1009 E4F 771

BY U AYL G| 3w} ol BE AR Uehgo

Table 3. Growth of the aboveground of Miscanthus sacchariflorus cv. Geodae 1 cultivated at the covering with solidified sewage
sludge plot (CSS 100), the original reclaimed soil (ORS), and Bioenergy Crop Research Institute (Muan).

Stem height

Stem diameter

No. of leave No. of side branch

(cm) (mm) (per plant) (per plant)

CSS 100 311.7+ 3.8 10.8 £ 0.5 37.7+ 2.1 47+ 0.6
ORS 288.7 + 6.7 8.1+ 0.6 13.0 £ 0.0 0.0+ 0.0
Muan 289.7 + 2.5 11.1+ 0.5 14.7 £ 0.6 0.0+ 0.0
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Fig. 5. Comparison of Miscanthus sacchariflorus cv. Geodae 1 grown at the covering with solidified sewage sludge plot (a,
CSS 100), the original reclaimed soil (b, ORS), and Bioenergy Crop Research Institute, National Institute of Crop Science

(c, Muan).

Table 4. Mean of soil chemical properties in the covering with solidified sewage sludge plot (CSS 100) and rhizosphere soil
of Miscanthus sacchariflorus cv. Geodae 1 grown in Bioenergy Crop Research Institute in Muan.

Plot pH EC oM T-N Av. P,0s Exchangeable cation (cmol/kg)
(1:5) (dS/m) (g/kg) (%) (mg/kg) K Ca Mg Na
CSS 100 8.0 4.19 70.3 0.5 0.9 71.2 22 1.4
Muan 7.3 0.43 24.6 0.1 224 0.5 6.1 2.2 0.2
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