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ABSTRACT: This research was conducted to improve availability of agricultural by-products, national natural resources
that could be used as fertilizer source, by estimating the amount of production and collecting main contents of fertilizer
substances from previous studies and data, in order to be used as basic data to investigate national resources that could
be used as alternatives for imported oil-cakes in the future. Conversion factor was used to estimate annual production
of agricultural by-products for main 34 crop types in 2018. For total agricultural by-products, rice straws accounted at
50.3% for the highest proportion, followed by 8.7% of rice husks, showing that by-products from rice harvest accounted
at 59.0% for all by-products. Further, there were listed the contents of fertilizer substances (nitrogen, phosphoric acid,
potash) in 40 types of by-products from agricultural areas. The average contents of nitrogen, phosphoric acid, and potash
in agricultural by-products were 1.43%, 0.59%, and 1.90%, respectively. As a result of estimating the annual nitrogen
supply amount from 26 agricultural by-products in 2018, it was found that it could supply 44,911 tons of nitrogen. The
investigated by-products contained fertilizer substances such as nitrogen, phosphoric acid, and potash, but the contents
were lower compared to castor oil-cake used as main component of organic fertilizer. Therefore, resource management
plan needs to be established for efficient use of by-products because time, location, and nutrient content of agricultural
by-product production were extremely different. Research on fertilizer and manure using agricultural by-products need
to be conducted to develop and distribute alternatives for imported oil-cakes.
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Table 1. Biomass Conservation Factor of Agricultural By-products

Crop By-prodcuts Biomass conversion factor Reference
. Straw 1.020
Paddy rice
Husks 0.177
Straw 1.062
Under paddy
Husks 0.236
Barley Haulm 1.230
Naked barley Haulm 0.662
Two-rowed barley Haulm 0.690
Wheat Straw 0.708
Potato Haulm 0.180
Sweet potato Haulm 0.850 i
Park et al. (2011)')
Corn Straw 1.189
Foxtail millet Haulm 1.718
Buck Wheat Haulm 1.278
Stalk 1.000
Soybean
Shell 0.417
Stalk 1.079
Red bean
shell 0.368
Stalk 1.092
Mung bean
shell 0.404
Pepper Stem 2.600
Galic stem 0.713 Lee (2013)"
Sesame Stem 5.800
Perilla seed Stem 6.140 "
Park et al. (2011)""
Stem 1.780
Peanut
Shell 0.278
Opyster mushroom spent mushroom media 8.700
Flammulina velutipes spent mushroom media 9.400 Kim et al. (2007)"
King oyster mushroom spent mushroom media 6.500
Rape Stem 4.700
Apple Branch 1.316
Persimmon Branch 0.270
Citrus fruit Branch 0.088 "
Park et al. (2011)""
Pear Branch 0.656
Grape Branch 1.562
Peach Branch 0.367
Plum Branch 0.383
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Fig. 1. Types and generation rations of agricultural by-products.
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Table 2. Estimate of Agricultural By-products Production

Cro Production Bv-products Biomass conversion  By-product total production
P (ton) yP factor (1,000 ton/year)
Straw 1.020 5,298.4
Paddy rice 5,194,548
Husks 0.177 919.4
Straw 1.062 0.9
Under rice 889
Husks 0.236 0.2
Barley 43,757 Haulm 1.230 53.8
Naked barley 76,906 Haulm 0.662 50.9
Two-rowed barley 30,738 Haulm 0.690 21.2
Wheat 25,788 Straw 0.708 18.3
Potato 548,065 Haulm 0.180 98.7
Sweet potato 305,304 Haulm 0.850 259.5
Corn 78,012 Straw 1.189 92.8
Buck Wheat 2,908 Haulm 1.278 3.7
Stalk 1.000 894
Soybean 89,410
Shell 0.417 373
Stalk 1.079 6.1
Red bean 5,640
shell 0.368 2.1
Stalk 1.092 23
Mung bean 2,083
shell 0.404 0.8
Pepper 265,254 Stem 2.600 689.7
Galic 331,741 stem 0.713 236.5
Sesame 12,727 Stem 5.800 73.8
Perilla seed 40,344 Stem 6.140 247.7
Stem 1.780 19.6
Peanut 11,002
Shell 0.278 3.1
Oyster mushroom T 53,548 spent mushroom media 8.700 465.9
Flammulina velutipes T 28,536 spent mushroom media 9.400 268.2
King oyster mushroom T 50,634 spent mushroom media 6.500 329.1
Apple 475,303 Branch 1.316 625.5
Persimmon 298,382 Branch 0.270 80.6
Citrus fruit 621,154 Branch 0.088 54.7
Pear 206,166 Branch 0.656 116.5
Grape 175,399 Branch 1.562 274.0
Peach 206,889 Branch 0.367 75.9
Plum 53,794 Branch 0.383 20.6

1 Korean Statistical Information Service, Crop Production Data (2017)

whe) LA s FaEe]

H3foF gt} Park 5

£ 99 3R A= GasAS
o B9 FeA7Nel BFE L

7t e A
(2011)2 VA

5 H|-&-8 AA|5h= v

o F AA7IA

T ZzH o7 WAEE= Ao Z JeERQoHD, =3 o
9] o} AA= 4~69ol BT I 9 FEL 9¢,

5 B

alo

735 10l Y=

MEO AL 1-3Y Alo]o

F71EA4-9s), 27(4), 2019



76 Ott5| ojAtDl Rz, o|2Z
109 S E= Aoz ZAEYTHD, 0.68~0.87%, 214HE 0.17~0.30%, Z&)= 1.42~2.18%
2 ZAE YA, o)== AAT)0.518) 2.22%, A4
3.2, 2L SYULAE 2210 HIZ M8 EM 0.533} 1.22%, ZE= 1.849F 4.84%2 4 ko] A}

FE22) o)A HPshE HAE 40F9] HlE AR
(A, 4k, 2] ek Table 300 YERAATH
U TFFAHE] B4 A= tiAlUA 9 gk
W FUE Tl FAjEe] = HEE viole
2 ALZRARE Bl Ao o] FojA gith
Park (2013)> HBlZ, &7 T 4 & T8 vpolL
]2 26%F2] HIE AR B892, Shin 5
(2011)2> ErtE, Q0] & F8 AEAlA FAkE9
AR S B sk tH?. Yoon (2014)S oUA)

o
Al el 4 Ay g g

A1

=]
o

o7} g2 AEL FAHE] Hls| Al JEstth
Kim (2019) A9 BlRoA IA=7], 3 U, <=
T e o]gstd EAS ARSI O T A
A4 0.53~1.65%, VAF 0.10~0.94%, Z-F 0.56~3.44%
o2 zol7} Y= HoZ B Y.

EF S RAR) H8L F49l0) AAY 75
2 95 ARE olgo] Thed FURAE UlH

A7} FREPon T TFALE AJEH B

By, Uy e 270 F, HAAN] s §
AFatEe] AR FFe FAY = YA

Fig. 2= s5ak=2] vIs A& g3 8%
A5 YeRITE "a AR Hito] 143%= gk
S HIFENR 4.05%, HAEHS FAEIIE 0.20%
2 UehgTh Q4 gare Wil 0.59%, Atighe

Table 3. The Contents of Total Nitrogen, Phosphate, and Potash of Agricultural By-products

P205 K,0

Crop By-products Reference
--------- % (D.W.)-mmmmmr
0.68 0.28 1.84 Lim (2000)*”
Straw 0.60 0.30 2.18 Park (2013)'®
] 0.87 0.17 1.42 Yoon (2014)"
Paddy rice - o
0.47 0.16 0.83 Lim (2000)*
Husk 0.38 0.48 0.84 Park (2013)"®
0.56 0.13 0.48 Yoon (2014)"
0.67 0.27 2.44 Lim (2000)*
Barley Haulm 0.46 0.21 1.39 Park (2013)'¢
0.93 0.25 - RDA (2017)"”
Naked barley Haulm 0.52 0.11 1.34 Park (2013)'¢
Straw 0.43 0.25 1.90 Park (2013)'¢
Wheat "
Wheat bran 2.70 225 - RDA (2017)"
1.58~1.99 0.37~0.64 7.13~8.93 Kim (2019)'¥
Potato Haulm 3
3.95 0.78 3.41 Yoon (2014)"
0.37 0.78 1.69 Park (2013)'®
Sweet potato Haulm 3
2.09 0.82 4.07 Yoon (2014)"
0.45 0.92 220 Park (2013)'®
Corn Straw 0.79~1.41 0.29-1.08 1.67-3.96 Kim (2019)"®
3.13 0.70 1.96 Yoon (2014)"
Buck Wheat Haulm 1.55 0.71 1.55 Park (2013)'¢
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Table 3. Continued
N P,0s K.0
Crop By-products Reference
--------- % (D.W.)-mmmmmm
0.90 0.30 0.67 Park (2013)'9
Stalk 0.53-1.65 0.1-0.94 0.56-3.44 Kim (2019)"®
Soybean 3
3.28 0.45 1.73 Yoon (2014)"
Shell 1.61 0.55 1.24
Stalk 1.29 0.60 1.67
Red bean 6
shell 1.68 0.73 2.05 Park (2013)'¢
Stalk 1.29 0.60 1.67
Mung bean
shell 1.68 0.73 2.05
1.48 027 1.11 Park (2013)'¢
Pepper Stem G
1.93 0.62 3.05 Yoon (2014)"
0.43 027 1.82 Park (2013)'¢
Sesame Stem G
0.74 0.76 241 Yoon (2014)"
Perilla seed Stem 1.14 0.71 2.18 Park (2013)'¢
1.74 0.48 1.94 Park (2013)'¢
Stem 13
Peanut 1.09 0.50 1.76 Yoon (2014)"
shell 1.63 0.46 -
Opyster mushroom spent mushroom media 1.68 1.08 - 19
- RDA (2017)
Flammulina velutipes spent mushroom media 1.50 0.27 -
King oyster mushroom spent mushroom media 1.44 1.03 -
Apple Branch 1.78 0.43 0.53 Yoon (2014)"
) 0.75 0.27 0.70 Park (2013)'®
Persimmon Branch 3
0.89 0.20 0.60 Yoon (2014)"
Citrus fruit Branch 0.49 0.14 0.27 Park (2013)'®
0.65 0.25 0.66 Park (2013)'®
Pear Branch 3
1.00 0.31 0.71 Yoon (2014)"
0.65 0.25 0.66 Park (2013)'9
Grape Branch 3
1.00 0.31 0.71 Yoon (2014)"
Peach Branch 0.46 0.16 0.36 6
Park (2013)'¢
Branch 0.62 0.11 0.11
Chestnut m
Peel 1.40 0.23 - RDA (2017)"
Watermelon Stem 3.00 0.82 3.81
Oriental melon Stem 2.89 1.13 3.58 Yoon (2014)
Strawberry Stem 1.50 0.67 2.21
2.22 1.22 441 Yoon (2014)"
Cucumber Stem - 7
0.51 0.53 1.84 Shin (2011)'"
Pumpkin Stem 1.74 1.29 1.88 Yoon (2014)"
3.60 1.13 3.57 Yoon (2014)"
Tomato Stem - -
0.44 0.18 1.44 Shin (2011)'"
Carrot Stem 2.51 0.83 4.49 Yoon (2014)"
) 4.05 0.29 0.46 Yoon (2014)"
Chinese cabbage Stem m
3.03 1.26 - RDA (2017)"
Cabbage Stem 3.09 0.75 3.87 Yoon (2014)"?
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Table 4. Estimation of Annual Nitrogen Supply Amount from Agricultural By-products

T8 TPFAES] At AT AAFE F
gk A= v ZTH(Table 4). 20183 71 26
AZ T2 4,752,323%
AzF AAxFEF XFZH'D”ﬁ~ 44911
=S 2017 o7k

T 7]%2& EAE 1= 7%5\_ _/,: ko
1=

2l ofN ol

o7 F4

By-product total  Moisture Dry Nitrogen Nitrogen supply
Crop By-products production content weight content amount
(1,000ton/year) (%) (ton/year) (%) (ton/year)

. Straw 5,298.4 59.9 2,127,172 0.72 15,273

Rice Husks 9194 13.0 800,367 0.47 3,759
Barley Haulm 53.8 59.9 50,553 0.65 326
Wheat Straw 18.3 59.9 7,329 0.43 32
Potato Haulm 98.7 90.1 9,786 2.85 279
Sweet potato Haulm 259.5 90.0 25,925 1.23 318
Corn Straw 92.8 72.7 25,369 1.56 395
Soybean Stalk 89.4 65.7 30,668 1.74 534
Shell 373 12.8 32,512 1.61 523
Red bean Stalk 6.1 65.7 2,087 1.29 27
shell 2.1 12.8 1,810 1.68 30
Mung bean Stalk 23 65.7 780 1.26 10
shell 0.8 12.8 734 1.43 10

Pepper Stem 689.7 79.7 139,863 1.70 2,383
Sesame Stem 73.8 154 62,464 0.59 367

Perilla seed Stem 247.7 15.4 209,614 1.14 2,390
Peanut Stem 19.6 30.7 13,575 1.41 192
Shell 3.1 12.8 2,667 1.63 43

Oyster mushroom T spent mushroom media 465.9 63.0 172,278 1.68 2,886
Flammulina velutipes T spent mushroom media 268.2 54.5 122,156 1.50 1,831

King oyster mushroomT  spent mushroom media 329.1 59.2 134,281 1.44 1,938

Apple Branch 625.5 36.5 397,192 1.78 7,070
Persimmon Branch 80.6 21.8 62,968 0.82 516
Citrus fruit Branch 54.7 32.8 36,733 0.49 180

Pear Branch 116.5 259 86,268 1.65 1,423

Grape Branch 274.0 472 144,658 1.33 1,917
Peach Branch 75.9 32.8 51,024 0.46 235

Sum 10,280.0 - 4,752,323 - 44911

T Korean Statistical Information Service, Crop Production Data (2017)
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Fig. 2. Mean contents of nitrogen, phosphate, and potash
of agricultural by-products.
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