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Comparative Environmental Effects of Digestates Application to the
Rice Paddy Soil in Bioenergy Village : Field trial
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ABSTRACT

Objectives of this study were to compare the environmental effects of digestates produced in
bioenergy village on the rice paddy field for recycling. Digestates were applied to the soils and
the soil properties and the crop responses were analyzed according to the standard methods of
soil evaluation. Plant height and the number of tiller showed similar results in both the
conventional and digestate treated field, and the yield of rough rice was higher in the field
treated with digestates than that with chemical fertilizer. The amounts of nitrogen absorbed in
straw and grain were larger in the digestates—treated field than chemical fertilizer—treated one,
and efficiency of nitrogen applied was shown to be the highest in 100% treated digestate of the
pig manure. Exchangeable cation and pH increased in the soil treated with digestate after
harvesting, but salt was not accumulated. With these results, it was concluded that resource
recycling in green town can be facilitated through the securement of arable lands for the
application of digestates and the proper use of these fertilizers. Long—term effects of digestate

application on the soil environment should be sustainingly studied.
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[Table 1] Physico—chemical Properties of Digestates

7)ol et RF b E FEIISA A
A AFEAE 5 :

sHollF- 7] Aol Aok olds AR
5l olet AE E= 30 cm, 60 cm, 90 cm
Zlolofl 22k porous ceramic cup(Irrometer Co.)
= Ax ¥ 153 1o r ARESE ISk

2.3 o|atety EA & SAAE

B /\]i Al 3ol e BEE T4
AlZl % 2mm AE SAA pH ¢ ECe EY
I SRFE 152 st 717 2= (model
720A+)3} EC meter(model 145A+)& A3}
of 4%, f71=2 Turind, {FaQMiE
Lancastert], X&AA+= KjeldahlH oz A5
o} 2gAdoFol 2l IN-NH:OAc &H(pH 7.0)
o7 &y FFEL2 0.IN HCOR &8}
SrAstZal=uptagsy e A(ICP, GBC Integra
XMP)E  olgsle]  EAsiir)’. WE5%o
NO;—N+= IC(Dionex)E o]-&3s}to] A5kt

A1 EA o] A& A= micro—Kjeldahl 02 A

g
b QW el 43l R Fo g

ol

_— Lt pH EC Niot P>0s KO Ca0O MgO NaCl
Liquid fertilizer (dS/m)  ——m—m (%) ————
CD 8.02 30.6 0.38 0.04 0.18 0.08 0.01 0.3
PMD 8.03 26.2 0.41 0.14 0.10 0.13 0.06 0.1
. . Cd Cu Zn Pb Ni Cr Mn
Liquid fertilizer ~—~  ~——  — (mg/kg)ef ___________________
CD 0.08 8.4 16.0 nd 0.22 0.26 6.4
PMD 0.08 17.3 132.1 0.08 0.53 0.39 19.1

co represents co—digestate, PMD represents pig manure digestate

0.1 N HCI extractable for heavy metals.

[Table 2] Physico—chemical Properties of Soil Before Experiment

pH EC oM

P20s Ex.Ca Ex.Mg Ex.K Ex.Na

(dS/m)  (g/kg) (mg/kg) —————— (cmol*/kg) ——————
Top soil 5.99 0.36 17.3 0.09 26.14 4.57 1.54 0.48 0.17
Cd Cu Zn Pb Ni Cr Mn
———————————————————— e e ———
Top soil 0.25 5.43 20.45 8.64 0.67 0.30 136.4

0.1 N HCI extractable for heavy metals.
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[Table 3] Plant Height and Number of Tillers at the Different Growth Stages

Panicle formation stage (2010.7.7.)

Harvesting stage (2010.10.14)

Treatment ' - X ; .
Height (cm) No. of tiller Height (cm) No. of tiller
None 69.8+2.82 11£3.7 94.4+3.74 11£3.5
CIF 81.9+3.16 17+3.8 104.8+3.48 15+3.8
CD100 84.3+3.26 17+£4.7 105.9+3.26 14+3.2
CD200 84.8+2.56 17£3.1 108.9+4.27 14+3.0
PMD100 78.1+3.41 1741 103.6+3.37 14+3.9
PMD200 83.4+16.0 18+4.5 108.7+3.09 16*+4.6

TCF means chemical fertilizer, CD represents co—digestate and PMD pig manure digestate.

[Table 4] Crop Responses and Yield of Paddy Rice at the Harvesting Stage

Treatment ' Ripeness 1,000 grain weight Rough rige Harvest Index
(%) (9) (ton ha™)

None 87+7.5 23.6+0.47 3.31+0.040 65.8b
CF 89+3.9 22.3+0.22 5.03%+0.042 100a

CD100 90+1.5 23.3+0.45 5.27%0.025 104.8a
CD200 88+4.7 22.6+0.37 6.07+0.097 120.7a
PMD100 84+3.1 22.2+0.44 6.05+0.030 120.3a
PMD200 88+3.5 22.6+0.28 5.70+0.066 113.3a

"CF means chemical fertilizer, CD represents co—digestate and PMD pig manure digestate

TDMRT at 95% significant level.
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[Table 5] Efficiency of Nitrogen Absorbed and Applied by Paddy Rice at the Harvesting Stage

N amount absorbed (kg ha™')

Efficiency of Efficiency of

Treatment

straw’ grain total N absorbed” N applied”
None 27.88b 44 .01c 71.90 - -
CF 45.74ab 61.33b 107.07 48.91 19.11
CD100 54.08a 79.73a 133.81 31.66 21.78
CD200 48.69a 89.84a 138.52 41.42 15.33
PMD100 50.35a 88.61a 138.96 40.86 30.44
PMD200 51.29a 80.59a 131.89 39.84 13.28

T CF means chemical fertilizer, CD represents co—digestate and PMD pig manure digestate
T DMRT at 95% significant level
? Efficiency of N absorbed = (Yield of N applied plot — yield of control plot) / (Absorption amount

of N applied plot — absorption amount of control plot)
7 Etficiency of N applied = (Yield of N applied plot — yield of control plot) / (Amount of N applied).
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[Table 6] Contents of Exchangeable Cations and Heavy Metals in Soil at the Stage of Panicle

Formation
+ Ex.Ca Ex.Mg Ex.K Ex.Na Cd Cr Cu Ni Pb Zn
Treatment -
——————— (cmol*/kg) ~——————— ——————————— (mg/kg) ———————————
None 3.76a 1.23bc  0.39bc  0.15b 0.20a 0.38a 4.93cd 0.60a 8.15a 5.92a
CF 3.74a  1.22c 0.38c 0.15b 0.21a 0.36a 4.80d 0.59a 8.01a 4.72b
CD100 4.14a 1.41abc 0.44abc 0.15b 0.20a 0.33a 5.21bc 0.61a 8.26a 3.97b
CD200 4.10a 1.41abc 0.44abc 0.16ab 0.22a 0.37a 5.42ab 0.68a 8.25a 4.01b
PMD100 413a 1.48a 0.46a 0.17a 0.21a 0.33a 5.31b 0.64a 8.21a 4.03b
PMD200 4.02a 1.44ab 0.45ab 0.18a 0.23a 0.34a 5.68a 0.65a 8.26a 4.75b
" CF means chemical fertilizer, CD represents co—digestate and PMD pig manure digestate
* DMRT at 95% significant level.
[Table 7] Physico—chemical Properties of Paddy Soil After Harvesting
+ pH EC oM Niot P20s Ex.Ca Ex.Mg Ex.K Ex.Na
Treatment
(dS/m)  (g/kg) (%) (mg/kg) ——————-— (cmol*/kg) ———————
None 5.68a 0.19ab 18.3ab 0.27b 1.77ab 2.9b 1.2b 0.38b  0.13a
CF 5.77a 0.23a 18.1ab 0.28ab 2.07a 3.0ab 1.3b 0.41b  0.13a
CD100 5.90a 0.19ab 17.7ab 0.29ab  1.69ab 3.2ab 1.4ab 0.43ab 0.13a
CD200 6.05a 0.15b 17.1b  0.29ab 1.39b 3.2ab 1.4ab 0.45ab 0.14a
PMD100 5.96a 0.24a 16.9p 0.31a 2.21a 3.4a 1.5a 0.49a 0.15a
PMD200 5.77a 0.21ab 18.8a 0.28ab  1.90ab 3.2ab 1.4ab 0.43ab 0.14a
Cd Cr Cu Mn Ni Pb Zn
Treatment
—————————————————————— (mg/kg) T ————————
None 0.19b 0.31a 4.47a 102.43ab 0.60b 6.55a 5.24a
CF 0.21ab 0.33a 4.48a 106.62a 0.71ab 6.58a 5.02a
CD100 0.19ab 0.27a 4.81a 104.47ab 0.74ab 6.70a 5.27a
CD200 0.21ab 0.27a 4.80a 88.83b 0.73ab 6.49a 4.81a
PMD100 0.22ab 0.33a 4.64a 97.51ab 0.81a 6.86a 4.25a
PMD200 0.24a 0.33a 4.82a 110.56a 0.78ab 7.28a 4.03a
0.1 N HCI extractable for heavy metals
' CF means chemical fertilizer, CD represents co—digestate and PMD pig manure digestate
> DMRT at 95% significant level.
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[Table 8] Changes of Cumulative NO3—N Concentration in Infiltrated Water During Growth Stage of

Paddy Rice
Treatment ™
CF CD100%  CD200%  PMD 100%  PMD 200%
Ni”oge’zkt;f]:l') croplicel 90 180 90 180
o J0om 10650033 09250271 09310452 04610384 0.9210.400
o) 60cm  0.75-0.164 0.64+0.087 0.7440535 0.2440.040 0.51+0.276
90cm  0.49+0.037 0.54+0.060 01440001 0.2340.045 2.05+2.155

T NO3;—N was calculated from the cumulation of the concentration for 6 weeks at each depth.
¥ CF means chemical fertilizer, CD represents co—digestate and PMD pig manure digestate.
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