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Effect of Different Liquid Manure Anaerobic Digestates on the Growth and Yield of
Rice and the Optimum Application Concentration

Ji-Eun Byeon', Hong-Ju Lee?, Jong-Won Ryoo®, and Sun-Goo Hwang®'

ABSTRACT This research examined the effects of different liquid manure based anaerobic digestate on the growth and yield of
rice compared to chemical fertilizer. The liquid manure was produced by aerobic fermentation from swine with cow or apple
pomace anaerobic digestate and treated at different concentrations. The number of grains per panicle increased in both the liquid
manure-treated and chemical fertilizer treated rice. The yield index did not vary significantly between the liquid manure and
chemical fertilizer. An increased concentration of liquid manure did not correlate with increases in unhulled rice. However, pH and
exchangeable K in the soil increased with an increase in liquid manure. In summary, we suggest a properly applied 100% liquid
manure fertilizer can replace chemical fertilizer to reduce our excessive use of inorganic fertilizer.
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Table 1. Chemical component (pH, EC, T-N, P, K) of the
different liquid manures.

pH EC (mS/em) T-N (%) P (%) K (%)

LSM 9.20 16.42 0.23 0.016  0.30
LSCM  9.26 18.08 0.26 0.012  0.28
LSAM  9.25 17.05 0.23 0.011 0.25

LSM, liquid swine manure; LSCM, liquid swine/cow manure;
LSAM, liquid swine/apple pomace manure.
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in plant height, Tiller number and SPAD using different liquid manures.

The life of rice
(After rice transplanting)

Panicle differentiation stage

(53 days)

Booting stage
(67 days)

Heading stage
(81 days)

Investigating Plant height Tiller number Plant height Tiller number Plant height Tiller number
items (om) No) SPAD (om) (No) SPAD (om) (No) SPAD
Treatments
100% 51.340.76abc* 14.742.08b  28.4+0.87bcd  61.940.50ab 15.3£0.58bc  28.040.40cde  75.9+42.42bc 17.3%1.15b  28.4+1.15de
LSM 120% 50.540.50cd  14.7£1.53b  27.940.51bcde 62.7+1.15ab 14.041.73bede 28.9+0.79abc  78.7+1.33ab  17.0+1.00b  29.7+0.97cd
140%  49.5+#1.50d  14.3+0.58b  29.3+0.15b  63.5+2.14a 12.3+1.53de  29.840.96ab  81.6£0.75a  17.740.58b  30.0+0.75bc
100% 51241.76bed 13.740.58bc  27.340.70de  64.542.20a 13.0+1.00cde 28.4%1.12bcde 78.5+3.88ab 16.0+1.00bc 30.9+1.16abe
LSCM 120% 50.840.76bed  13.7+1.15bc  29.0+0.25bc  63.741.62a 16.041.00b  28.4+0.32bcde 77.040.60bc  16.0+2.00bc 31.240.95abe
140% 50.740.76bed  14.042.00bc  27.6+1.65cde  61.4+£0.35ab 15.042.00bed 30.2+1.58a 753+2.31bc  15.740.58bc  31.7+0.79%
100% 51.0+0.50bed  10.740.58d  26.740.90ef  63.743.21a 14.0+1.00bcde 27.240.25de  75.3+3.30bc  14.042.00c  28.2+0.15¢
LSAM 120%  49.5+0.87d  12.3+1.53bcd 25.8+0.64f  63.842.99a 12.0+1.00e  28.2+0.62cde  78.5+1.47ab 15.3%1.53bc 29.8+0.15bcd
140% 523+0.76ab  11.740.58cd 27.740.38cde  63.741.22a 14.322.31bede 28.6£0.11bcd  77.8+0.20abc 16.740.58b  31.3+0.35ab
Control 53.040.00a  21.041.00a  31.9%0.38a  59.541.10b 19.0+1.00a  27.040.35e 74.4+125c 22740582 26.3+0.40f

(Chemical fertilizer)

LSM, liquid swine manure; LSCM, liquid swine/cow manure; LSAM, liquid swine/apple pomace manure.
Results are presented as the mean £SD of three independent experiments.
* Indicates separation within columns by Duncan’s new multiple range test at a 5% level of significance.
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Table 3. Yield component and yield using different liquid manures.
Investigating Panicles per Grains per Thousar.ld l.’ercc?nt Unhulled Yield
1tems hill panicle grain weight ripening rice index
Treatments (2) (%) (kg/10a)
100% 11.0+1.00b* 52.7£1.15bc 29.3+0.78a 71.3£6.93¢ 678.5+£27.99abc 89.4+22.19a
LSM 120% 9.0£1.00cde 50.3+£2.08bc 29.3+0.28a 76.9+9.21abc 677.2+40.41abc 88.6=17.93a
140% 9.7+0.58bcde 60.7+£9.87ab 29.2+0.43a 77.240.71abc 724.2+52.10ab 94.1+13.48a
100% 9.7+1.53bcde 54.7£10.21bc 29.0+0.72a 77.5+5.89abce 684.2+21.55abc 89.3£15.93a
LSCM 120% 9.7+0.58bcde 71.7+13.58a 29.0+0.36a 84.74+2.55ab 777.2466.33a 101.9+22.93a
140% 10.7+0.58bc 74.3+3.06a 29.3+0.44a 86.8+6.39a 751.8+11.41a 98.7+21.96a
100% 8.7+0.58de 71.3+10.12a 29.0+0.51a 74.4+3.25bc 609.2+28.52¢ 79.6+14.87a
LSAM 120% 8.3+0.58¢ 64.3+6.43ab 29.3+0.56a 84.9+4.40ab 633.2+£12.33bc 83.1+18.16a
140% 10.3£1.15bcd 75.3+11.15a 29.6+0.49a 82.5+7.74abc 679.2+49.88abc 88.4£13.73a
Chemical fertilizer 15.0+1.00a 42.0+7.55¢ 27.6+0.20b 76.1£7.65abc 782.8+144.14a 100.0+0.00a

LSM, liquid swine manure; LSCM, liquid swine/cow manure; LSAM, liquid swine/apple pomace manure.

Results are presented as the mean £SD of three independent experiments.

* Indicates separation within columns by Duncan’s new multiple range test at a 5% level of significance.

Yield index = when the yield index of chemical fertilizer treatment is 100, the value of yield index by different liquid manures.
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Table 4. Change in chemical composition of soil with anaerobic digestate fermentation liquefied fertilizers.

Investigating
items
Treatments

pH OM.  Avail. P,Os Ex. cation (cmol” / kg) EC Avail. SiO,
(1:3 (g / kg) (mg / kg) Ca Mg K (dS /m) (mg / kg)
100% 6.4+0.03a* 16.4+0.85abcd 76.7+1.19bc 3.7+0.35ab 0.6£0.20a 0.19+0.02b  0.44+0.04ab 67.5£7.67f
LSM 120% 6.3+0.03b 14.5+0.91d 80.7£2.77b  3.7£0.46ab 0.6+0.26a 0.20+0.03b  0.35+0.08bcde  91.8+10.18e
140% 6.3£0.02b 15.6+0.78bcd 77.4+1.87bc 4.4+0.38a 0.8+0.21a 0.25+0.03a 0.51+0.02a 109.4+14.99de
100% 6.3£0.04b 16.2+0.35abcd 74.1£1.53cd 3.9+0.21ab 0.7+£0.21a 0.17+0.02bc 0.41+0.09abcd 164.6£16.16b
LSCM 120% 6.2+£0.02¢ 17.0+1.59abc  73.9+1.63cd 3.9+0.36ab 0.7+0.17a 0.20+£0.02b  0.49+0.05a 172.8+11.76b
140% 6.4+0.04a 17.9£1.82a 74.2+1.68cd 3.3+0.40b 0.6+0.23a 0.19+0.02b  0.42+0.09abcd  142.4+10.34c¢
100% 6.4+0.02a 15.6+1.31bcd 70.4£1.96d 3.3£0.50b 0.6+0.15a 0.15+0.02cd 0.40+0.08abcde 235.4+7.04a
LSAM 120% 6.4+0.02a 17.5+1.20ab  78.8+3.26b  3.9+0.30ab 0.7+0.10a 0.17+0.02bc 0.30+0.05cde  119.4+9.97d
140% 6.4+0.03a 15.5+1.19bcd 71.4£1.75d 3.4+£0.46b 0.6+£0.10a 0.19+0.03b  0.42+0.08abc  107.3+£6.89de
Chemical fertilizer 6.3+0.01b 15.4+0.84bcd 89.3+2.46a 3.5£0.57b 0.6+0.15a 0.09+0.02¢ 0.29+0.05de 63.2+6.05f
Before treatment 6.2+0.01c 15.1£0.45cd  73.1+4.10cd 3.4+£0.44b 0.6+£0.15a 0.13+0.02d  0.28+0.07¢ 73.2+8.21f

LSM, liquid swine manure; LSCM, liquid swine/cow manure; LSAM, liquid swine/apple pomace manure.
Results are presented as the mean £SD of three independent experiments.
* Indicates separation within columns by Duncan’s new multiple range test at a 5% level of significance.

Table 5. Correlation of chemical properties in soil with yield component and yield.

Panicles per hill Grains per panicle  Percent ripening Thousand grain weight  Unhulled rice

pH -0.13 0.27 -0.05 0.37 -0.61
O.M. -0.14 0.47 0.64 0.20 0.16
Avail. P,Os 0.67 -0.82%* -0.22 -0.73* 0.42
Ex. cation Ca -0.26 -0.24 -0.06 0.11 0.12
Ex. cation Mg -0.33 0.05 0.16 0.12 0.12
Ex. cation K -0.60 0.38 0.18 0.77* -0.05
EC -0.28 0.45 0.01 0.45 0.21
Avail. SiO, -0.54 0.61 0.19 0.18 -0.32

* Statistically significant at p < 0.05, in a normal t-test with n-2 degrees of freedom.

X Zrel(Ex. cation K) BFE sshulz Azl £l el wlwsto] 4je] waou] el EopelH 51 Z7e
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) RS0 FoI S AT Bk A9 st §ATAAvL SI09E WRello] ojste
Lee e al. (2010)°] 5t 3749 (G, 29, WAl B B MBS Uehgle o A A oS
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FE BT, Ryoo 2007)] AFANHE /H5EEquE 1 g3k Zo] YT Aow Hald:

9,34, 59 A8 1 8 FIzke] A4E A2 K
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A 9% NTY TUTFY A SES 05 cmolkgo] =] BSH SHo| vo] FFTHRAGT 5, 4
W(Ryoo, 2007), A ¥ WE EOFO] A Tel@F] B4 548, A¥F) L 1Y B B8] v
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