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Assessment of Energy Efficiency and Nutrient Balance in Organic Rice Farming Area
Geun-Hwan Gil, Jong-Gook Kang, Kyung-Do Lee, Jang-Hee Lee, Kyeong-Bo Lee, and Jae-Duk Kim (Honam
Agricultural Research Institute, NICS, RDA, lksan 570-080, Korea)

ABSTRACT: Energy efficiency and nutrient balance are good methods for environmental assessment of the
environmentally-friendly agriculture. The objectives of this study were 1) to estimate the energy efficiency
and nutrient balance of the organic rice farming, and 2) to suggest a solution to improvement the energy
efficiency and nutrient balance. The set of estimation was performed at the organic rice farming area (8.9
ha) in Wanju-gun during the paddy cultivation period from 2006 to 2007. The organic farming complex
consists of four weeding methods using 1) duck, 2) apple snail, 3) duck and apple snail and 4) hands and
machinery. Results from this estimation should that the organic rice farming area was less efficient than
conventional rice farming. The efficiency of organic farming area in 2006 was higher than in 2007. For the
calculation of the nutrient balance, the N, P and K contents of input materials (cattle manure, milk vetch,
mixed oilcake, rice bran, rice straw and bardey straw) and output (farm products) were analysed. Annual
environmental loads of N, P,Os and K;O were estimated at 4.4 kg/10a, 13.8 kg/10a and 14.5 kg/10a,
respectively. Cattle manure had the largest portion among the inputs items and nutrient concentration of
cattle manure was high. Thus energy efficiency and nutrient balance depend on cattle manure input.
Therefore it is necessary to control the manure input to improve the efficiency of organic rice farming.

Key Words: Organic rice farming, Energy efficiency, Nutrient balance, Sustainability
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Table 1. Characteristics of surveyed paddies
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Weeding Fertilization Area (ha) Farming career (yr)
methods 2006 2007 2006 2007 2006 2007
Cattle manure,
Cattle manure, Mixed oilcake,
Duck Mixed oilcake Milk vetch, 59 12 6 6
Rice bran
Cattle manure,
Cattle manure Milk vetch,
Apple snail . . ’ Rice bran, 1.8 52 4 4
Mixed oilcake .
Rice straw,
Barley straw
Duck anc‘l apple Cattle manure Cattle manure 0.7 1.5 5 6
snail
Hands and Cattle manure,
machinery Cattle manure Mixed oilcake 0.5 0.3 5 6
Conventional Chemical fertilizer Chemical fertilizer 0.2 0.3 20 21
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Table 2. Items of interview for survey of energy efficiency

Table 3. Conversion factor of input and output

Category Items Content
Labor number and sex of
. worker, work time
Direct
energy Fuel kind, quantity
Electricity quantity
Seed kind quantity
Fertilizer kind, component, quantity
Feed kind, component, quantity
I Manure kind, quantity
nput Rice straw  quantity
energy Rice bran quantity

Indirect Barley straw quantity
energy Mixed oilcake quantity

Pesticide kind, quantity

Machinery kind, weight, operation
time, expected life span

Materials kind, weight, expected life
span

Animal kind, number, weight

Rice quantity

Rice straw  quantity

Output energy gice bran  quantity
Animal quantity

Conversion factor

Category Items Unit (MJ/kg)
Labor” hr 0.8
Direct Electr1c1t2/ kWh 3.6
Energy Gasoline” kg 43.0
Diesel” kg 48.6
Machmery kg 142.7
N-fert1l1zer kg 742
P-fertilizer” kg 13.7
K-fertilizer” kg 9.7
Pesticide” kg 127.7
Seed” kg 14.4
Cattle manure'” kg 7.3
Milk vetch' kg 159
Indirect Milk vetch seed'” kg 14.0
Energy Rice straw'” kg 13.6
Rice bran'” kg 13.6
Barlely straw'” kg 13.6
Feed™ kg 13.6
Mixed oilcake'” kg 21.0
Materialsé) kg 87.0
Duck” kg 29.4
Apple snail” kg 29.4
Rice” kg 144
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Table 4. Category of input energy
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Category

Items

Nonrenewable direct energy

Electricity, Gasoline, Diesel

Nonrenewable indirect energy

Chemical fertilizer, Pesticide, Machinery, Material

Renewable direct energy Labor

Renewable indirect energy

Seed, Cattle manure, Milk vetch, Milk vetch seed, Mixed Oilcake, Rice straw,
Rice bran, Barley straw, Feed, Duck, Apple snail, Rice
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Table 5. Energy efficiency in organic rice farming area in 2006

(Energy unit: MJ/ ha/ yr)

Quantity Apple snail

Item

Duck & snail

Hand &

Duck .
machinery

Conventional

unit

Quantity Energy Quantity Energy Quantity Energy Quantity Energy Quantity Energy

Input energy

Machinery kg 0.6 84.6 0.5 66.0 0.7 93.4 0.6 924 0.5 77.3
Electricity kWh 255.2 685.3 0.0 0.0 237.7 638.2 0.0 0.0 284.4 763.7
Gasoline kg 11.4 490.4 11.5 494.7 14.6 628.0 22.8 980.8 13.6 586.6
Disel kg 505  2439.6 51.0 24618 53.1 2563.1 69.5 33538 115.1 5584.5
rergx(l)vr;_ble Material kg 8.4 731.7 10.1 878.7 10.1 878.7 54 468.0 0.3 21.8
N Fertilizer kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 109.1 80945
P Fertilizer kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1455 19927
K Fertilizer kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 364 3527
Pesticide kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 714 9117.0
labor hr 146.2 117.0 162.7 130.1 265.3 212.3 249.5 199.6 103.0 82.4
Rice seed kg 57.2 823.3 44.6 642.4 56.1 808.1 59.1 850.5 72.8 1048.7
Manure kg 5180.0 37710.7 1694 12335 69569 50646.5 2938.0 21388.5 0.0 0.0
Rice straw kg 0.0 0.0 22765 31028.7 663.6 9045.4 0.0 0.0 0.0 0.0
Renewable Rice bran kg 505.7  6892.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feed kg 0.0 0.0 380.1 5181.0 765.0 10427.3 0.0 0.0 0.0 0.0
Duck kg 0.0 0.0 922 2709.7 102.1  3002.5 0.0 0.0 0.0 0.0
Apple snail kg 50.6  1486.5 430 1265 12645 0.0 0.0 0.0 0.0 0.0
Mixed oilcake kg 456.8  9592.2 0.0 0.0 249.2 52323 1142  2397.3 0.0 0.0
Renewable 56622.8 42189.8 79374.4 24836.3 1131.2
Nonrenewable 4431.5 3901.1 4801.5 4895.0 26590.9
Total 61054.4 46090.9 841759 29731.2 27722.1
Output energy
Rice kg 39769 564721 18882 268119  4045.0 57439.0 3186.6 452502 5662.1 80402.4
Rice straw kg 59519 81124.6  2897.7 39495.6  6516.8 88823.6 44829 61101.1 72485 98796.8
Rice bran kg 1169.8 15944.1 5554 7570.0 1189.8 16217.2 9373 127758 13939 18999.4
Duck kg 0.0 0.0 1625.8 47798.7  1801.5 52964.7 0.0 0.0 0.0 0.0
Apple snail kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 153540.8 121676.2 2154444 119127.6 198198.7
Energy efficiency (Rice) 0.92 0.58 0.68 1.52 290
Energy efficiency (Total) 2.51 2.64 2.56 4.01 7.15
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Table 6. Energy efficiency in organic rice farming area in 2007

(Energy unit: MJ/ ha/ yr)

Quantity Apple snail

Item

Duck & snail

Hand &

Duck .
machinery

Conventional

unit

Quantity Energy Quantity Energy Quantity Energy Quantity Energy Quantity Energy

Input energy

Machinery kg 1.0 136.4 1.6 233.7 09 1277 1.0 136.4 1.0 1369
Electricity kWh 180.9 485.8 6519 17504 4804 1289.9 0.0 0.0 234.1 628.5
Gasoline kg 9.2 396.9 6.4 276.0 6.6 2854 317 1363.6 6.8 2933
Disel kg 81.9 39792 1462 7101.2 1447 7026.8 154.0 7477.7 71.3 34612
rerix(/)vr;-ble Material kg 8.4 731.7 10.1 878.7 10.1 8787 54 468.0 0.3 21.8
N Fertilizer kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 159.4 11827.0
P Fertilizer kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 764  1046.2
K PFertilizer kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 83.0 8054
Pesticide kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 157 1998.7
labor hr 145.6 116.4 2374 189.9 356.6  285.3 2374 174.0 178.7  143.0
Rice seed kg 61.7 888.0 69.1 994.8 59.7  860.2 54.9 790.4 60.7 8739
Manure kg 47539 346085  8010.8 58318.7 6730.3 48994.7 11473.7 83528.6 0.0 0.0
Rice straw kg 2420.2 32987.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rice bran kg 581.0 7918.6 0.0 0.0 901.5 12287.6 0.0 0.0 0.0 0.0
Renewable Feed kg 0.0 0.0 6111  8329.0 4634 6316.0 0.0 0.0 0.0 0.0
Duck kg 0.0 0.0 61.1 1796.6 46.3 1362.4 0.0 0.0 0.0 0.0
Apple snail kg 436 12822 482 14173 0.0 0.0 0.0 0.0 0.0 0.0
Mixed oilcake kg 141.0  2960.6 65.2 1368.8 795.3 16702.3 205.5 4316.5 0.0 0.0
Milk vetch seed kg 46.0 643.9 0.0 0.0 527 7372 0.0 0.0 0.0 0.0
Milk vetch kg 1216.5 19343.1 0.0 0.0 1805.9 28713.4 0.0 0.0 0.0 0.0
Barley straw kg 453.0 61699 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewable 106918.2 72415.2 116259.1 88809.6 1016.9
Nonrenewable 5730.0 10240.0 9608.6 9445.8 20219.0
Total 112648.2 82655.1 125867.6 98255.4 21235.9
Output energy
Rice kg 2779.8 40080.1  3506.9 50568.8 33425 48199.1 25883 37322.8 52914 76301.4
Rice straw kg 6287.4 85697.1 7388.2 100701.6 6400.9 87244.1 7623.5 103907.7  9111.3 124187.7
Rice bran kg 759.8 103562  1005.1 13699.5 905.1 12336.7 811.2 11056.1 1432.9 19530.2
Duck kg 0.0 0.0 4481 131749 91.0 2675.2 0.0 0.0 0.0 0.0
Apple snail kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 136133.5 178144.8 150455.2 152286.7 220019.3
Energy efficiency (Rice) 0.36 0.61 0.38 0.38 3.59
Energy efficiency (Total) 1.21 2.16 1.20 1.55 10.36
N R 03O,
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Table 7. Sustainability of used energy in organic rice farming area

Hand &

Items Year Apple snail Duck & snail Duck . Conventional
machinery

Renewable lnput energy ,06 0.37 0.35 0.37 0.21 0.01
/Total output energy '07 0.79 0.41 0.77 0.58 0.00
Nonrenewable iutput energy '06 0.03 0.03 0.02 0.04 0.13
/Total output energy '07 0.04 0.06 0.06 0.06 0.09
Sustainability '06 0.34 031 035 0.17 -0.13
of used energy ‘07 0.74 0.35 0.71 0.52 -0.09

Table 8. Weight of input nutrients in organic rice farming
area

Materials Fresh weight N P05 KO

(kg/10a) (kg/10a) (kg/10a) (kg/10a)

Cattle manure 530.1 8.1 14.5 16.7
Green manure 184.9 1.7 0.4 14
Mixed oilcake 5.1 0.2 0.8 0.04
Barley straw 11.7 0.2 0.2 1.9

Rice straw 449 0.8 0.1 0.1

Rice bran 8.0 1.0 2.0 2.5

Total input 12.0 18.0 22.6
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Table 9. Nutrient balance in organic rice farming area

Item N P,Os KO
(kg/10a) (kg/10a) (kg/10a)

Rice straw 4.6 27 7.5

Output Rice 3.0 15 0.6

Total (A) 7.6 42 8.1

Total input (B) 12.0 18.0 26

Nutrient balance (B-A) 44 13.8 14.5

Table 10. Chemical properties of soil in organic rice
farming area

Sampling OM  Av. P,Os T-N Ex. K

Cat
ACEOY  date (g/kg) (mg/kg) (g/kg) (cmol’/kg)
Mar. '07 40.6 3744 22 0.49
Average
Oct. '07 368 3219 2.6 0.36
. Mar. '07 53.8 658.0 3.0 1.16
Maximum
Oct. '07 520 816.3 3.8 0.65
o Mar. '07 232 95 1.3 0.16
Minimum
Oct. '07 242 125.5 1.6 0.15
Optimum 25 82 ) 0.25
range -30 -120 -0.30
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