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Influence of Fertilizing Methane Fermentation Digested Sludge to Rice Paddy on
Growth of Rice and Rice Taste

C. S Ryu C, K Lee

M. Umeda S, K, Lee

In this research, the vegetation growth and rice taste of the liquid fertilizer applied fields (LF) were compared with those
of chemical fertilizer applied fields(CF) in order to confirm the possibility of methane fermentation digested sludge as liquid

fertilizer using precision agriculture and remote sensing technology. In panicle initiation stage, the vegetation growth at LF
was 60%~80% of it at CF and there were significant difference of nitrogen contents between CF and LF. The estimation
model of nitrogen contents was established by GNDVI (R=0.607, RMSE=1.04 g/mz, n=36, p<0.01). In heading stage,
vegetation growth at LF went close to it at CF as ratio of 80%~95%. The nitrogen content estimation model was also
established (R=0.650, RMSE=1.73 g/m’, n=35, p<0.01) and there were significant difference of spatial variability between
LF and CF. There were not significant difference of rice taste and it's elements, when three samples, which were more
than twice of standard deviation, were excepted. The protein contents estimation model using GNDVI of before harvesting
(R=0.700, RMSE=0.470%, n=29, p<0.0!) were more suitable to predict the protein contents at harvesting comparing with

it of heading stage(R=0.610, RMSE=0.521%, n=29, p<0.01).

Keywords : Methane fermentation digested sludge, GNDVI, Nitrogen contents, Protein contents
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Table 1 Tendency of methane fermentation digested sludge

J. of Biosystems Eng. Vol. 34, No. 4.

(Stay 25 days at 55C) Units Sept. 15 2005 Oct. 17 2005 Nov. 13 2005
Total carbon mg/L 7600 8000 6100
Total nitrogen mg/L 5100 2600 3800

Mineralizable Nitrogen mg/kg 2100 2000 2300

Phosphorus mg/L 410 260 780
Potassium mg/L 2100 2700 1000
Electronic conductivity mS/m 1500 1800 1800
Total dissolved solid mg/L. 22000 22000 21000

Table 2 Information of fields management and amount of nitrogen fertilizer

Basal dressing Tillering dressing 1" Top dressing 2" Top dressing
No Area Amount Trans Amount Amount Amount
"| [ha ount lantin ounr ount oun
[ha] date [ke/10a] planting date [ke/102] date [ke/10a] date [ke/10z]
1 0.38 22 22
May 27 35 May 30 June 27 Tuly 26
2 033 25 25
3 0.41 1.0 June 14 1.4 July 27 2.5 Aug. 3 | 25
May 26 May 28
4 0.30 24 July 16 1.1

(Amount: Amount of nitrogen per unit area)

B Aa#E 1650 ppm 1o 9, 109 2 1199 £
Ao A= 2000~2300 ppm Ik

Zb o) Bl 2 As AuEE 20 YeRigith
BAAZ 9 o289 U 2o Brls3l0] 49 F49]
79t o|AAE A7)} v 23R WEn AL 48
T B4 lel dgtez Eulg ARZY] wiEe] 71E
AlBEE] 44%THE UAF 2 oMAFCE FoI Aa A
H| AZ&at AA Au|gtel] 2jo]7} U= olfE )] A
o] wlEhdFE A0 Bl o8 W3] wFolc)
A Ax AT 7485 kg/l0a 0.8 71F%4] 8 kg/10a

of AT

0. ST U AOIN BA
A5 ZAE 429772202 0 E47)E L5

2y ol A= 978 A-elA 2zt 659 BlE AFiste] 4
Aleteltt. AHA AE2 AdeFs S3s] Al v
7\l A3t 2712, 29700lE 43 £7] a8 ojale®
Zb2} 223 §, SEAXIE ol83te] 80 T, 48AI3F o]
Ax F 4749 AESE F9h A28 dF 21 F
Wol 23 B3 v 7k~ ARrE1E3 NC900(Sumica
Chemical Analysis Service Ltd., Tokyo, Japan)el] &J3}] A4
ETE SS9 Ryu et al., 2004b).
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o} vg AF] BFe & gl sl =P Y g

& B 15% W37} HE2E Azl o] 234
AES AT B AEAYE AA A9A RCTAT1A(Satake
Co., Hiroshima, Japan)E ©o]-83}0] opdZ A whalz] Sk
&, At 4 AuAE AESeIth E4E 9@ AR A
A 4 7|zbe]] g W] wiEel o7)ME Bl
A Qe W obdzAgl el FsAst 71ttt
(Ryu et al., 2004a).

AL 9 AnA ) fod 2 TA A8 AT ES o] SPSSI3
(SPSS Inc., Chicago, USA)2} tl-8H]| 1L t 35 (Paired Samples
ttest) & ©|g-3to] HESIGITH

B, AR EAY

ARG ZARE HE] AFEAA(ADSA0, Spectral Imaging
Co., Finland)E ©]-83}] f<=2471(79209), 25718 €
d) 2 3571(9€29)9) ABIXAE FTEY SIith B
Fo| JgS HAskP] YoM IS 28 1IN R

S AT 71% WARK(Gray panel)S AX|EISiT
FFENLE FREAY HE§ ATES ENVHITT

Visual Information Solution, Boulder, USA)E ©l-&3to] 2zt
BEARY WS T F94] BAE J1E WARY B
M-S o] 83te] Tt ol 44351 NDVI (Normalized
Difference Vegetation Index)® GNDVI (GreenNDVDE AF
Z313th(Ryu et al., 2004b).
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X= (DNX/DN —Sandard) (1)
NDVI=(NIR— Red)/(NIR+ Red) )
GreenNDVI= (NIR— Green)/ (NIR+ Green) )
RMSE= \/(i(ymeasured “ymlwbated)2)/n (4)

where, DNy = Digital Number of each band

DNx stundara = Digital Number of each band for standard
board

NIR, Red, Green = Reflectance of NIR, Red, Green

T ARATE ol83] Y] B 29719 AR
F AW Q5] Asl de3F ASED S 28]
o 2dle] Y v 2o] RMSE(Root Mean Square
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ERJjo]A]7] wiiZol] o] gh& 0~255% WSAA Zh £ H
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AEFol vE IARG Bttty dddnt. fE9717HA

Table 3 Statistics data of ground truths at panicle initiation stage

o] AlH] F3Fe] A A8 EHkg/10a)S 3|8 AlH] £
of vl 2u) ojatol o AAFLE A9t B2 38}
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7HA2] H27) 20041300 Bl 2°C o) Woky) wiole}
I A} EEKTerada et al., 2006). HH|E F&H 0 F o] &3}
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2) AMRI% I BZkO|

FARA719) ST A SR B a5t ook
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BRAZE EAA) A S A el AE
Foh AT ABA50 598 JBBAZ erhlc

W59 FFel JAgle] ZE HolEHE 45} L
2 1) 2719 ALEEE ALY A A5 dolezt 444
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o 487 dolBE ol8RE W ABALGT) A ey
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o Dry mass Nitrogen Nitrogen content
Pam(illjzlym;t;e)ltlon [g/mz] concentration [%] [g/m2]
Leaf Tiller Total Leaf Tiller Leaf Tiller Total

Liquid 1 147£17 161£21 30838 3.330.1 1.18+0.5 4.86+0.5 1.89+0.2 6.75+0.6
(n=18) 2 149+9.6 15911 307420 3.39+0.2 1.25+0.1 5.04+0.4 1.97+0.2 7.02+0.6
Chemical | 3 187492 | 2284927 | 416x14™ 3.33+0.3 1.40+0,3" 6.24+0.8™ | 3.18£0.6™ | 9.42+14™
(n=18) 4 213147 | 28919 | 502+30™ | 2.79+0.1" | 0.92£0.1" | 593:04" | 2.67:03" | 8.60+0.6"
Liqlﬁ/‘?h:jﬁcal 0.74" 0.62+ 0.67° 1124 1.04N.S. 0.83/ 0.66" 0.7

(mean + standard deviation, "
difference, N.S..: not significant difference)
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Table 4 Coefficient of correlation between ground truths and vegetation indices at panicle initiation stage

Dry mass Nitrogen Nitrogen contents
Panicle initiation [g/m’] concentration [%] [g/m’]

Leaf Stem Total Leaf Stem Leaf Stem Total

Liquid NDVI -0.085 -0.072 -0.079 0.155 0.197 0.013 0.098 0.039
(n=18) GNDVI -0.010 -0.003 -0.006 0.142 0.181 0.079 0.155 0.103
Chemical NDVI 0.557" 0.547° 0.569" -0.509" -0.471" -0.076 -0.285 0.181
(n=18) GNDVI 06117 0.647" 0.657" -0.529 0.513 -0.059 -0.280 -0.170
Total NDVI 0.791" 0.813" 0.812" -0.580%* | -0.226 0576 0.608" 0.602"
(n=36) GNDVI 0.810" 0.837" 0.834" 0595 -0.255 0.587" 0.605" 0.607"

(' : 5% of signification level , 1% of signification level)

120 —- S
100
£ * \‘é“%‘ 2,
8o f _ & &
ﬂ- 4'0;‘:, ¥ g
g o 0
€60 | ¢
8 o
£ y = 9.473 GreenNDVI + 6.262
§°4~° I r = 0607 (=36, RMSE=1.04 g/m?, p<0.01)
£
20 [ o Liquid fertilizer
= Chemical fertilizer
OAO L 1 1 1 i ]
000 005 010 015 020 025 030 035

GNDVI

Fig. 1 Estimation model of nitrogen contents at panicle initiation
stage by GNDVL
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¥ 1o, GNDVIZ o]g8t ¥3-e] F7hHolE T1d 201] Lie}
yich GNDVIE ©]83] -rEd7]9 AAR{FE 45

3 Az ARAT7E 0.607 (1% F+I95), RMSEZF 1.04
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7100 olE 2‘1%011‘: Bysh du) Ald] £33 s g

A ZAe] AR dAg 2ol Blth GNDVI #<
0]g3l0] FhHolE BAsh 7 X2 WOlASTT 4.4%,
4.1%, 4.0% 2 2.5% T VFebEth 49 E7¢] F7hdo|7} 3
AT 31 Fe) A T AJete] Aol X Uk
7] Wjiof WHo)7} A Uehstet o) Ald] ZA3 51| 3
AJH] R0 7 ProlA Aake 739 ZHz7ke) F7hHo)E 4.2
% X 3.4% o|3ich Ay} Aln] EAoA] Adegl shd
ggepe] 2po)7h Lehd 2 ) Fo) E¥o] Y 1
o] Aol Fuzo] T FAkEA] ¢Iohy] witoel| o
] AJH) o] ZzbdHolo} sleH|E Alw] ko] FZho

=
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Field 1 Field 2
Light (Not good). 2™~

' Field4
Dark(Good)

Field 3

Fig. 2 Spatial variability of vegetation growth at panicle initiation
stage by GNDVL
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Table § Statistics data of ground truths at heading stage in 2005

. Dry mass Nitrogen Nitrogen content
(I:?gdmgg) [g/mz] concentration [%)] [g/mz]
Leaf Stem Spike Total Leaf Stem Leaf Stem Total
Liquid 1 189421 378+49 92+12 66479 300404 | 0095+03 | 5.68+12 | 3.56x1.1 | 9.24423
(n=18) 2 194423 374442 10126.1° | 678467 322402 | 1.00£0.1 | 625+1.0 | 3.73:0.6 | 9.98+1.5
Chemical | 3 217435 475454 | 137416 | 838917 | 2.99+0.4 1.01203 | 6.55¢1.7 | 4.80+15 11.4+3.1
(=17) 4 196+29 477456 | 129+13™ | 828907 | 2.65+0.1'| 0.74x0.17| 522408 | 3.52:04 | 8.16+19"
Ratio of N A N
Liquid/Chemical 0.92"% 0.79 0.72 0.80 1.10%% L™ 1.01M% 0.87" 0.95™*

(mean + standard deviation, : vs. field 1, ": vs. field 2, * vs. field 3, with 5% of significant difference, " LF vs. CF with 5% of significant

difference, NS.. not significant difference
gn

Table 6 Coefficient of correlation between ground truths and vegetation indices at heading stage

Dry mass Nitrogen Nitrogen content
Heading [g/mz] concentration [%] [g/mz]

Leaf Stem Spike Total Leaf Stem Leaf Stem Total

Liquid NDVI 0.070 -0.248 0.052 -0.116 0661 | 0.665" 0.427 0476 0.465
(n=18) GNDVI 0.029 -0.266 0.054 -0.139 0.667" 0.673" 0.404 0.470" 0.449"
Chemical NDVI 0.549° 0.133 0.297 0.250 088 | 0884 | 0816 | 0858 | 0.847"
(n=17) GNDVI 0.594" 0.204 0.279 0311 0.853” | 0.830" | 0.826" | 08377 | 0843"
Total NDVI 0.453" 0.409" 0.580" | 0.479" 0.354" 0493" | 05157 | 06927 | 0617
(n=35) GNDVI 0.450" 0327 0.469" 0.399° 0455" | 05647 | 05677 | 0702”7 | 0650

(’ : 5% of signification level , ™ 1% of signification level)

25719 dn] A] 2] tigt ksl g AlH] XA A
S §897]9) 0.62~1.129) BIBA 0.72~1.102 1}
Bt g 27} 018 A & 4 glek An] Alu] £
7} gshhl g Aln] 23] AAEHF] B &2 0.95F 5
w4719 0.7790 vl8l] S7HEAT) o] dn7h H|EE FE
3] o] & Jhsdtths RS HAFE ARolth ASzI1el #
TEg7|e] Ago| g Anlgh o] AT A8
< Uehd 4 Qiohd Bt G802 duE o] 43k Alo)
JVsshdelan Badn

N

) M4 3 ZZKH0|
25719 dlelels} A8AT dATAE & 67 2k &
FEG7|9 OE2A A5F Mk dash 9 AlEfeo)
AR e AT BAE e v]29 SR/ 9%
FEE YepA] Attt x4 dlo|ElE v uge o 247
o] AEFE FFEE7IHE 5H5EHY A g1 EAE 9
7] WFol] @50 HuPS Wk ABATTE WA e
wrlka wdE oot
Z47]2] GNDVIE o] &3 Arn {3 o& 2ds 18
3¢l, GNDVIE °]&3t 739 F7dolg 1 4
ek I3 1 9 29 niwdhd frRAn g g2 dn)
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7] wigolgtar AbEEnt ofn] Aln] £33 3lehH] g A
FFOF g AF, 44 FPEC1E 3.6% 2 2.7% °1%
o} ) Aln] o] Algdo] sl g AlH] e A&
of WA= FapATE frrEgrlel vlE A5 2Pt &
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Table 7 Statistics data of rice taste elements in 2005
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Field 1
Light (Not good)tn=m >

GNDVL

Field 2 Field

3 Field4
Dark(Good)

Fig. 4 Spatial variability of vegetation growth at heading stage by

Amylose [%)]

Protein [%]

Taste [point}

o 1 18.70.9 6.46+0.9 78.0+9.3
Liquid 2 19.040.4 6.7120.4 75.844.5
‘ 3 18.80.7 6.57+0.7 77.8+7.1
Chemical 4 184£02° 6.22£02" 82.0£1.7
Ratio of Liquid/Chemical 1.02 (1.00)™* 1.03 (0.99)"* 0.96 (1.00)"™*
(mean + standard deviation, " vs. field 1, " vs. field 2, * vs. field 3, " LF vs. CF with 5% of significant difference, N3 not significant

difference)

Table 8 Correlation between rice taste elements and vegetation indices at heading stage and those at before harvesting

Heading stage (Aug. 5) Before harvesting (Sept. 2)
Amylose [%] Protein [%)] Taste [point] Amylose [%] Protein [%] Taste [point}
Liquid | NDVI | 0.741°(0.612) | 0.759'(0.632) | -0.724'(-0.574) 0.592(0.754) 0.575(0.734") -0.560(-0.724")
(=15) | GNDVI | 0.752°(0.612) | 0.763°(0.634) | -0.734'(-0.585) 0.637°(0.702") 0.624°(0.677) -0.615°(-0.677)
Chemical | NDVI 0.748" 0.730° -0.760" 0.886 0.891° -0.899"
(n=17) | GNDVI 0.736 0716 -0.743" 0.840" 0.833° -0.856"
Total | NDVI | 0.426(0.497") | 0.484°(0.565") | -0.426(-0.504") | 0.727°(0.785") 0.693°(0.737") 0.717°(-0.782%)
(0=32) | GNDVI | 0.524°(0.5547) | 0.5687(0.610") | -0.520°(-0.559") |  0.709°(0.751") 0.674°(0.700") -0.705"(-0.753"
(without " 5% of signification level, Y 1% of signification level, () : Coefficients of correlation when the 3 samples are excluded)
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Fig. 5 Estimation models of protein contents by GNDVI of heading
stage and before harvesting.
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GNDVI.
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