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Study on the Growth of Soybean and Corn in Artificial Media
Kim, Sun Joo - Yoon, Chun Gyeong - Kim, Hyung Joong - Yang, Yong Suck (Department of Agricultural Engineering, Konkuk

University, Seoul, Korea, E-mail : surjoo@kkucckonkuk ackr)

ABSTRACT : For the recycling of sludge as soil conditioner, the firing technology in pottery industry was applied to the
sludge treatment, and produced artificial media with many voids. To produce artificial media using sludge, chabazite and
lime were used as additives, and the mixture of sludge and additives was thermally treated in the firing kiln at about 80
0~1,100T for about ten minutes. The effect of mixed artificial media into upland soil was investigated through the crop
growth experiment and the physical & chemical characteristics of the mixed soils were analysed. The pH of artificial
media was higher than that of the control soils. After the plant growth experiment, artificial media plots almost
contained more CEC, OM, TN, TP and AV.P,Os than upland soil plots. From the growth analysis, growth of soybean
and com in the artificial media plots was better than that in the original upland soil plots. The yield of soybean and
corn in the artificial media plots were about 46kg/10a, 194kg/10a, respectively, which is higher than that in the control.

Heavy metals in the artificial media plots were lower than the standard regulation.

Therefore, the artificial media

produced from sludge can be mixed into farmland, and crop production can be increased additionally.
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Table 1. Characteristics of water & wastewater sludge and artificial
media

Clasification. Vater  Wastewater cy b Artificial media
sludge  shuge water  wastewater

pH 8.60 751 670 1158 1292 1§

Unit

EC 123400 2108.00. 4830 852 10960  xSicm
OM 3291 1424 101 054 07 %

CEC - - 2030 370 520  meq/100g
TN 042 332 ND ND ND %

TP 360.16 66668 52899 29407 28864  mglkg
Zn 16229 195672 7087 075 058  mglkg
cd 057 296  LI7 17903 30374  mgkg
Pb 2069 11770 1896 1764 1431  mgkg
G 5655 16573 3004 8295 8703  mgkg
Cu 78 32612 3092 4129 7623 mgkg
Hg ND 119 08 ND ND  mgke

As 3562 800 992 1126 9.64 mg/kg

Table 2. Physical characteristics of artificial media and upland
soil(control) before Ist year cultivation
Dty  Coefficient

Specific specific of

gravity gravity permeability
(@fom)  (cmjs)

Classification Soil Class

Artificial ~ water 215 127 0.024
media yastewater 216 090 0037
Control 245 133 0.005

coarse sandy loam
coarse sandy loam

fine sandy loam

Table 3. Chemical characteristics of artificial media and upland
soil(control) before Ist year cultivation

Constitvent pH EC OM TN TP AVPOs; CEC

(Uni) 15 uSfem % % mgkg mgkg meg/l00g
WSI0 841 13290 003 000 15377 639  17.22
WS20 851 19080 0.10 001 15490 673  13.88

WWS10 766 14440 020 001 22986 4.03 12.78

WWS20 801 29900 020 000 20077 474 13.02

Control 851 21330 020 001 17926 3.00 14.50
WSI0 : Water Sludge-10%, WS20 : Water Sludge-20%,

WWSI10 : WasteWater Sludge-20%,
WWS20 : WasteWater Sludge-20%,
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Table 4. pH in different treatment soils

Classifi Original ~ Ist year cultivation 2nd year cultivation
-cation  soil  com soil soybean soil com soil soybean soil
WS10 841 8.49 8.33 78 15
WS20 8.51 8.40 8.49 7.7 7.7
WWSI0  7.66 8.18 8.27 6.9 6.5
WWS20 801 8.08 827 7.1 70
Control 851 8.66 8.68 7.7 8.1

Table 5. EC in different treatment soils
(unit : ¢ Sfcm)

Classifi Original  Ist year cultivation 2nd year cultivation
-cation  soil  com soil soybean soil com soil soybean soil
WS10 1329 105.5 121.9 734 94.4
WS20 1908 124.5 161.5 89.1 1103
WWSI10 1444 1434 167.5 3L5 56.1
WWS20 2990 221.5 184.4 63.0 442
Control  213.3 117.1 125.1 71.2 83.0
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Table 6. OM concentration in different weatment soils Table 8. TN concentration in different treatment soils
(unit : %) (unit : %)
Classifi  Original Ist year cultivation 2nd year cultivation Classifi  Original Ist year cultivation  2nd year cultivation
-cation soil -cation soil

com soil soybean soil com soil soybean soil

comn soil soybean soil com soil soybean soil

WS10 003 022 0.28 0513 0331
w820 010 0.30 0.40 0513 0.729
WwSs10 020 0.08 0.13 0.480 0.695
WWS20 020 017 0.20 0.580 0.464
Control 020 025 0.38 0.811 0.331

WSI0 0000 0014 0.004 0.034 0.056
WS20 0014 0024 0.020 0.031 0.059
WWSI0 0007 0010 0.003 0.034 0.045
WWS20 0000 0013 0.005 0.031 0.056
Control 0007 0020 0.001 0.031 0.050

Table 7. CEC in different treatment soils

(unit : megq/100g)

Classifi  Original Ist year cultivation 2nd year cultivation
cation - soil o il soybean soil com soil soybean soil
ws10  17.22 960 20.20 16.0 18.5
WS20  13.88 14.60 18.20 16.3 19.2
WWSI10  12.78 16.75 21.40 18.0 209
Wws20  13.02 14.15 2040 16.5 213
Control 1450 1505 1475 15.5 14.6
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gvh £ fA8Y A%e Hi YEST v 52 AL
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Table 9. TP concentration in different treatment soils

(unit : mgkg)

Ist year cultivation 2nd year cultivation

comn soil soybean soil com soil soybean soil
WSI10 15377 59821 668.98 4964 1202.8
WS20 15490 66153 627.75 630.5 867.0
WWS10 22986 693.74 776.25 7279 947.2
WWS20 20077  756.60 866.95 715.1 11370
Control  179.26  500.69 461.79 3482 654.8

Classifi Original
-cation  soil
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Table 10. AV.P;0s concentration in different treatment soils
(unit : mg/kg)

SR ERT R

Table 12. Leaf area vanation of com and soybean
{unit : cmzfplam)

Classifi Original Ist year cultivation 2nd year cultivation
<ation  soil  om goil soybean soil com soil soybean soil
WS10 639 497 4.46 19.80 19.09
WS20 673 566 4.62 12.70 12.59
WWSI0 403 529 7.34 5.53 569
WWS20 474 917 9.23 531 594
Control 300 494 323 555 593
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Table 11. Plant height variation of com and soybean
‘ (unit : cmyplant)

Date 6/29 713 27 8/10 8/24

Classifi soy- SOy~ soy- Soy- soy-
“cation ™ bean ™ bean ™ bean ™™ bean ™ bean

WS10 1360 53.7 138.0 63.7 140.7 883 1443 101.7 148.7 1245
WS20 1340 547 2480 61.3 1483 93.3 154.8 95.3 163.0 119.2
WWS10 1340 580 2585 61.7 154.7 98.3 158.4 104.7 163.3 126.0
WWS20 139.0 550 253.7 580 1534 89.0 157.2 104.7 162.9 1240
Control 112.0 543 217.8 57.0 127.3 89.3 129.8 97.7 131.3 108.0

Date 6/29 713 727 8/10 824

Classifi S0y- S0y~ SOy- Soy- soy-
-cation ““™ bean ™™ bean ™ bean M gyan com bein

WS10

1006 961 1606 2685 1698 4682 2256 7099 2413 7549
1367 1378 1518 3354 1695 5075 2280 6408 2406 7326
WWSI0 1277 1764 1490 3518 1646 4372 2118 7083 2304 8068
WWS20 1235 1371 1442 3729 1772 4579 2598 5984 2775 6544
Control 1194 1507 1669 2092 1831 5322 2091 6877 2359 7114

WS20

230dcm’/plantg] A& AT E 2406~27BcmplantE e
U Bz REGFRYG 2 g Bad AFA AHPdMe
WWS200] 714 Ago]l Fnou, AXHoZE Egu|ZAlo|d
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Hlm7el Hlm WEGF Q1FuA Az|FeA vlxg AL
BT, 8% 2499 HF @uAL wa LEFTI} 71l4em’”/
plantol A=, AFMA MelFe B¢ WWS2004 wia HEY
7 30 AL e e Ae A9stnE 7,32%~8068cm’/plant
2 HE REFETG & gs Jei) AAFeEE AFuA A
2 7oA gHFe] & e BYch EEHET GHF Aol
€ 9% H%E 8ol skt
Ch HES

FAZRES AR F AE AEFY U A54Re
Table 135 29kt 549 A AEFL 2347 VAR
HE HEGFTY ASs A7) AA P R @€ JEle
o) 89 4949 HF AEFE JFuR ATl ulE vz F
ESFe A$7 10 ~ 133g/plant B g Bk 9 A%
AR Fole gAY AFL Holx| Yon, 8Y 24¥9
HZE AEFE WS204A 74 gko, 1 99 HeTFelMe
HR WEQFTRG 2F e g Holg § ¥R AFLT R
ol ostth. AFuiR G EFulgo] WE zole AT AFE
HolA gkt

Table 13. Dry weight variation of corn and soybean

(unit : g/plant)
Date 6/29 713 7127 8/10 824
Classifi soy- Soy- Soy- soy- 50y-
wcation “™™ bean ™ bean “°™ bean COM pean M bean

WSI0 24 87 362 140 429 229 558 540 655 685
WS20 21 86 398 200 50.1 345 63.1 584 706 746
WWSI0 31 93 485 24.3 580 438 63.6 496 688 693
WWS20 39 87 S51.0 227 547 406 647 452 778 610
Control 22 87 320 143 427 332 494 539 645 710
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Table 14. Yield of com and soybean by the treatments

Classification WS10  WS20 WWS10 WWS20 Control

vigd ©m 120 1348 1263 1490 1141
(e/102)  bean 178 231 158 187 143

1IEE 25 A7 AYede AlE 28 A ¥e A
7] Ee] AR e AREE HYT, 53] vlu LEGTF
o] A% A9 $4& @A R wA 199934 AR 2
PdEele H Ao} ABYE RFAME 33, FE AR A
g ANedr) BEd 1A Hoe AAeR 4] FN
o MR RESTMY AE4RE AT ATEE £ 9 v
BOEGTED QFMA A roA ARz A%l F
& Aor Jepdch getd JAFMAE AP LEY) TR
M-SR A S F& $0] 24E Aok dvdd

Table 15. Heavy metal concentration in different treatment soils

S8 TM

24w 19999 99 1299 F8s8ia, F& 98 BUA +
g8l 27 AT F¢H$g FA vRY B Table 14
9} st}

L5459 AL AFuA A FoME WSI100] 1240kg/10a,
WS200]  1348kg/10a, WWSI0e]  1263kg/10a, WWS200]|
14%0kg/10a8] +8%F& Ueh) vz 2ERTF9 1,141kg/10a2}
ZE AdFdM g2 5£3FE HA FY FE= WSO,
WS20, WWS10, WWS20014 ZZt  178kg/10a, 231kg/10a,
158kg/10a, 187kg/10a& VER Bl HEFT] 143kg/10a] ¥
} 28 AYTFoN & FEFE BYY. F 345 25 <
FHAE 10% EFT AT Bole 0% EF AY7M £
gl & Ao Jely,

olda Zo] AFuA EYRES ALvt vin LEFT v
Fogo] £ A0z Hol AFMANE ABAulol AHE3E

(unit : mg/kg)
Classification WS10 WS20 WWSI0  WWS20  Control  Regula-tions* CFR 503"

Original soil 2.81 3.05 1.97 2.61 0.19
Ist year com 6.80 5.66 5.16 5.81 1.05

Zn cultivation soybean 5.10 7.10 5.41 6.85 1.42 140
2nd year com 6.40 5.97 5.62 5.42 7.60
cultivation soybean 5.71 4.60 3.68 3.68 8.39
Original soil 1.56 1.07 0.53 0.39 0.01
Ist year com 0.80 0.51 0.52 0.36 1.10

Pb cultivation soybean 0.96 0.79 0.53 0.55 425 100 15
2nd year com 0.65 0.64 0.63 0.31 2.91
cultivation soybean 0.30 0.30 0.01 0.17 1.42
Original soil 0.01 0.01 0.01 0.01 0.00
Ist year com 0.04 0.02 0.02 0.02 0.01

cd cultivation soybean 0.02 0.03 0.02 0.02 0.03 4 1.9
2nd year com 0.01 0.01 0.01 0.01 0.01
cultivation soybean 0.02 0.01 0.01 0.01 0.01
Original soil 0.10 0.10 0.07 0.08 0.00
1st year comn 0.19 0.18 0.14 0.14 0.09

Cr cultivation soybean 0.18 0.16 0.15 0.02 0.37 50 150
2nd year com 0.21 0.19 0.44 042 0.23
cuitivation soybean 0.20 0.15 0.12 0.09 0.16
Original soil 0.62 0.63 0.53 0.54 0.00
Ist year com 2.03 1.73 0.97 2.67 0.52

Cu cultivation soybean 1.57 1.62 1.43 2.36 2.02 6 75
2nd year com 2.53 2.24 1.74 1.85 2.40
cultivation soybean 1.94 1.59 091 1.49 1.56
Original soil 0.44 0.65 0.74 0.70 0.70
Ist year com 0.55 0.88 0.51 0.68 0.40

As  cultivation soybean 0.60 0.72 0.89 0.54 0.28 L5 2.0
nd year com 0.48 0.41 0.04 0.10 0.71
cultivation soybean 0.05 0.09 0.09 0.11 0.15
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