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Study on the Growth of Corn and Soybean in Artificial Soil
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Kim, Hae Do : Yang, Yong Suck
Abstract

Sludge 15 generated in the process of water and wastewater treatment, and it has been
causing various environmental problems, From this point of view, recyclng of sludge
appears to be the best way. The firing technology in poitery industry is applied to the
sludge treatment, and the final product is called artificial soil. The effect of mixed arlificial
soil with upland soil was investigated through the crep growth experiment and the
physical & chemical characteristics of the mixed scils were analysed. After the growth
experiment, mixed sol plots contained more CEC, OM, TN, TP than upland soil plots.
This result shows that the artificial soil produced from sludge can be mixed with upland

soll, and crop production can be increased.

From the growth analysis, growth of soybean and corn in the mixed soil plots was
belter than that in the original upland soill plots. Heavy metals contents in the mixed sal

plots were within the quality standard, This 18 a prormsing result since i most cases

heavy melals are the most concern in the application of sludge producl to farmland.
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Table 1. Characteristics of water & wastewater sludge and artificial seil

rWater Wastewater Acificial sol
Classification Ut sludge sludge Chabazite Using water —[Usmg wastewater
sludge sludge
Spectfic - - - 208 234
gravity
Coefflclept of /s - _ _ 0.02 0.03
permeability
Sol - - - f dv | f dy 1
classification ine sandy loam | fine sandy loam
pH 1: 5 860 |  7Al 8.70 12.78 12.76
EC £ S/em 1234.00 2108.00 48.30 8,160 8,260
OM % 32.91 1424 1.01 3.16 12,49
CEC meq/100g - - 20.30 13.40 16.30
TN % 42 3.32 NI 0.21 0.95
TP me/kg 360.16 6668.68 528.9% 217.34 24563
Zn mg/kg 162.25 1856.72 70.87 0.59 1.48
Cd mg'kg 057 2.96 1.17 121.22 BB84.47
Pb mg/kg 26,69 117,70 1896 14.38 44 22
Cr mg/keg 56.55 165.73 30,04 4520 40,96
Cu mg/kg 34.78 326.12 30.92 27.00 145.43
Hg mg/kg ND 115 087 ND 0,30
As melke 35.62 L 800 9.92 1251 416
Table 2. Characteristics of mixed soil and wupland 2l 17kgs 71F22 Fo AP 29 &gz, I
soil (control) before_lft vear cultivation pot®) ALE 10a% A& 18ke, 94 15ke, #He
Constituent | pH EC |OM| TN | TP CEC 15kgs 7|ZFo 2 &d AA A& 7--gd7]6 2
(Unt) | (15} | (# Sfem) | (%) | (%) |(me/ke)| (mea/100g) AEZ WA= A ZuE st 718 A
W3 10 328 | 25180 }EED 007 | 23948 1558 A= 22w A W) EaE
WS 20 | 824 | H0900 | 123 O f 2420 | 1830
WW3L 827 | 2T 11031 010 21TL VK 3 Z‘?’%ﬁ:’ >Ct;|. B
WWSA0 819 | 20200 | 209 | 020 | 20393 1810
Conrel | 831 | 21320 | 020 | 001 | 17926 | 1450 ZrEe] AREE 73 G E pols 23 R
WS10 *© Water sludge arlificial sal-10% FHE AddEte 2 EPuge oiE 3lEoz
WS20  Water sludge artificial sol-20%, ¥ AAMEgEE, HA AlgEA]M =z
WWS10  WasleWaler shudge artificial soil-20%, 2 o)adle]l HEs 2L 293dct old A
WWS20 ~ WasteWater sludge artificial soil-20%, 4 W Aol Y= EEL pot 274 A
&1 FR A@ALE zA stgrt E2AS3 o
e A AEA JdEs AAFAL 231599 .

H) AReAE FRAN BRATLHEE 5,

1973)¢) w2t 25
5 pold AL

potell Aulsbaich AW g2 &
10a% #A4 7.2kg 12+ 30.2ke,
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Society of Agronomy [American, 1992)¢l 273k
of BAHGY, Fedr FANE W0gs AL
Hale] 100ml ASEGAFd 23 gGakEd
(D.IN) S50mLE @7t ¥ ARIE At 1
A2 AE od qHRE ALl A7 §
95 Jobin-lvon ICPE47]715 AMS-sted 573
Gt

14 A AudyPes A Fo d=FE Y
st} @A RS ¥Ea 23, Table 3% 2o 2&
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Table 3. Changes of the grain size distribution after
Ist year cultivation

(Unit . %)
Classificalion Gravel | Sand Sile or
Clay
. Onginal sol 49 44 7
WS 10 -
Afler 1st year culbvation 3 58 7
Origimal soul 47 41 12
WS 20
After Ist year cullivalion 12 83 25
WWS10 Criginal sol 29 65 &
Afler 1st year culbvation [ 13 61 26
WWS20 Origmal soil 5 15 i0
! After ist vear cullivation | 15 &5 20

_6‘2_



qAder Zrbste A4S Btk o$h 2o
PE7 HBDP AL ALETUY FHAEH
o Sl o8] AFEYS PAT DA HAY JEL

2 Azt

Zpal 2 (p)E Y282 A$ Table 45
Zro] g§2~850|2th 1A AERAE F AFE
of Aal7e] pHE 76~82 A=A 47 243
gon 23 FEALE Fells 7178 AERE
o 7AaHdd oy @ 2 A% S gs)
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Table 4. pH in different treatment soils

Classf Afleré ls‘E vear After .an year Ongmal
culivailon cultivation
cation Corn | Soybean | Com Soybean sol
WS 10| F70 757 74 78 829
WS 2p| BB 300 78 15 §.24
Wwslo| 814 755 h 71 8.27
Wws20| 812 819 75 73 819
Control | 866 868 (i 8.1 851

HA7)HMEEZ(EC)E Table 58 Zo] AR89
A% WSlodlHE 2518xS/cm, WS2091 M E
300.0u5/cm, WWS10MAE 252 7p8/em, WWS20
o A3 262 0xS/cmP =, HE AW FAls HA
Hog gaste AiE BRIt 2AdEdE
692¢S/em~155.20S/cmB A BE A 7oA 9
ANE JEEc W g JeEt ¥a iE
ol M E 2133xS/emel® FHel 2abdEel«+
71288/cm, 83.0mS/cml.E HolEth ol EYW
22 957 Y2HE A& ulse, pHY vk
A2 BN el 2E GFs SEHUA G

oz AzhEny webd 9% BEA % 4E
A% FAE @ ASE SEED W
Fo| A4E ECTH gAHom Pas: A%
wgich Aviapgelvt £ ol uhe ECe| W3
oA YHd AR WY F AAH

Table 5. EC in different treatment soils
{unit #S/cm)

" After st vear After Znd vear )

Classif cultivation culbivation Original
catton Corn | Soybean Corn Soybean wl
Ws 10| 312 318 1098 155.2 18
WS 20| 718 70,0 1188 1441 309.0
WWSi0 [ 1662 1354 942 63.2 2527
WWsz0 [ 2165 2091 482 901 2520

Contral | 1171 1251 712 83.0 2133

H71E({OM)2 Table 6% 7ol QA8 7
089% ~200% A=, 1AEEE ABE X
k7] wWEe] o R Ede (653%~1.76%
24 ORE f2dtE ATS BREnh 2apdid]

A& #5197 A&l 095%~220% 2 57
FraFe) oAl Srbske AEE Bilen, dFE
% 109 E%d HEguds 20% £8§ A
Ao T OMo| h:gb;]_ a]:r,iok_‘l &
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N
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Table 8. OM concentration in different treatment
soils

(umit - %)

After 1st vear Affer 2nd vear .
?Iaisu‘t cultivation cultrvation Ongllnul
B0 o Soybean ; Corn | Soybean o
WS 10] 063 (.63 1.308 0.554 .89

WS &) 103 124 1573 1.490 123

WWS10| 124 1.0 1474 1158 1.03

WWS20|  1sd 176 Z2202 1954 209

Control | 025 0.36 0811 0331 0.20
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Table 7. CEC in different treatment soils

{(uul : meq/100g}

After 1st vear Afler Ind year
Classif cultivation cullivahion Ongmnal
eallon ool | Soybean | Corn | Soybean | P
WS 10| 1450 18.90 175 138 13,58
WS 20| 1955 2520 185 7l 18.30
WWS10| 1565 19.83 195 195 1744
Wws20| 1710 19.35 183 201 1810
Control | 1505 14,75 155 145 1450
Table 8 TN concentration in different treatment
soils
(unit * %)
After 1st year After 2nd year
Clagsifl cultrvation cultvation Onginal
elion oo | Sopbesn | Com | Soybean |
WS 10| 0060 0.045 0.062 {.085 (.070
W5 20| 0081 0.073 Q064 0.081 0112
WWS10| 0085 0.078 0.073 (076 1,008
WWs20| 0132 0134 0,081 0,160 (195
Control | 0020 0,001 0,031 {050 0.007

FEA(TNE ¥A59 4% Table 81 o] 9
FEY HZFdME 007~020% A% ASHY
cHl, S A E Azke] Aagd o
A& Fhaste F%E 22 T Aujo
A= ATEY ARTAMT dFEE LA EA
HgfA 2date] FHigls AL AP o
TNe| =& F5H7] dELE Aztge, o
X EEFTY A ATEY AT Ho @2
e Ry

1 (TP)E Table 9% 2o} 13Pdx=e 29
= greA AR €& TP 2o
7tE| 9k, TP7 ®el Zn 2HEFS g27= 4
Ao sl= A E o ks vHs
A4 e A2 4#HA dn)k FFE£ 4
3} Table 128} 7o) BE HapeA Znd oj-
Ax ’F}wsh ﬂL Roz Eof g2 oo 2
b Zn BAEE stet dak2 flE ez #g
Ho}, TP#t ’“?I- AR FHX fgov 2ok
of Fobdld &EA e #t{-Eo] nlAE o5 B
g =] B FaA YahE) d 2 ?&7114 s
Foll 23] S2HA ¥2 Zo 3hie e
Azt ZEAFE Fm diREs] gl *é%%
IRZE Ecke] 2AHo] AA7) @2 233
fRE Frhatsion, Hm YEGgHAE FE
& AgTED FE L el

m‘nﬁ w2 = o H

L rlo i
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Table 9. TP concentration in different treatment soils
{umit -~ mg/kg}

After 1st year Affar 2nd year
cullivation cultivation
-eation e T Soybean | Com Soybean sol

WS 10| 64387 | TIV3R 47 4 962.5 230,48
WS 20| 68618 | 740.54 8249 8053 214,20
WWS10( 104166 | 101994 | 887.2 12585 241N
WWS20| 109640 | 128138 | 12637 | 11911 203.83
Conlral | 50068 | 46179 3482 654.8 170.26

Classift Criginal

19689 1aF ZEA AP M E A AnE
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Table 10. Least significant different test table at the maximum growing stage

Corn Soybean
Clzesification Pl:-.mt Leaf an' Plant Leaf Dr}{
height ares weight height aresd weight
(cm/plant) | {em¥plant) | {g/plant) | (em/plant) | {em®/plant) | (g/plant)
mean 150.5 1679.7 487 923 5331.0 429
Ws 10
L5 o5 SD sD 5D sSb sD sD
WS 20 mean 137.1 19654 447 857 5306.0 87
LSDiaos NS Sn SD N3 NS MS
mean 1443 1600,8 449 100.3 57210 h3d
WWSI10
LSDygos) SD NS NS NS 5D Sh
mean 1486 2238 4 535 89.0 5220.0 348
WWS20
LSDipos Sh Sh SD NS 5D 5D
Conlrol 1195 1669.2 320 89.3 5322.0 332
B4 ol A& ASAtel st £ goks @R 2ol & Ao etk Fo AE A wy
ByolAs 1909de 23 AEAVAEARTE & Agl7A 0101] frelde] fddeh &4 AL
7EA A RS ST = A7 dF ZE 2ANAEL Hl Ad
vla] Fe] A+ 79 13958 7Y 2749 Aold
hE 1 FARA ARR el 2 EAolgn T
FAEE A3 F 2] He5s £ E%Y EHl&d 0 24438 sleld= o
p2) A% Fig 1o o] Mz gEgas 9F
B Azt Arigle] AH z2Fe] & AFL 1
80
ﬁ—i‘li’-, 7%'9‘] /\é 201-0] %E% 8% 24%9‘] i'&}'q]}"] ’E e RGN A= WEAl - WASIC
= HE RES] vE JFES T FA) 3 1s0] T
=
T 174cm, 2A% 360cmE @e apo]l2 Byrh 2 r/
=140
 AYFY JPEOR YL YARAA WEel
F4e BRI A3l 24 AT T 2w /
et LSDH0.05) testE HAIT A3}, Tahls 10 &

el WS208 Az Feie] s
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[ »ﬂ%&o} T2 AoE Uyt & JEES
o] HAapzE A ZleEd I olfe 9F
Eialge] 10%, 20%24 H2 dojm
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Fig. 1. Average plant height variation of corn
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Fie. 2. Average plant height variation of sovbean
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Fig. 3. Average leaf area variation of corn
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Fiz. 4. Average leaf area variation of soybean
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Fig. 4. Average dry weight variation of corn
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Fig. f. Average dry weight variation of soybean
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Table 11. Growth analysis of corn and sovhean

during the vegetative growth stage
RGR LAR

glaldwk cm"",fg

Sovbear; Corn {Saybean

0063 3992 14217
0.036 | 3550 13008
0021 137.26 | 11849
0.024 3714 10,02

00652 | 5438 16343
0046 (4618 | 143.86
0038 [43.33] 11933
0012 |35.60] 10421

0,058 14026 14644
0050 13400 12154
0011 | 34,60 108.47
0010 {3308 10071

Q062 4720 13887
0016 | 30401 14435
0032 3878 12331
0016 [3404| 9042

0035 3356 | 15776
D060 | 47.14 | 16400
0035 | 4260 | 14205
09 138401 11467

CGR
e/m’ 2wk
Soybean

11206
13945
12133
20072

55,64
15235
220.88
12517
12333
23262
7247
142 47
13508
53.25
16388
5188 | 14164

85821 4611
8756 15537
9045 17019
124,35 14109

Clasgify
Pericc

~cation
Corn

12682
12600
arg2
9023

14000
16,74
10047
110,35

7549
7851
7302
11447
14325
7658
ES.05

Corn

0,027
0020
0407
0.008
0,034
0003
0017
0.015

(016
0013
0011
0,014

0.0
!
0,003
0.006

0.028
00z
0010
0018

§29~7 13
713~727
727~810
8.10~824

629~713
T13~727
7.27~810
810~824
6.20~7.13
713~757
F2i~810
gi0~s24
626~713
T13~727
7.27~810
810~824

620~713
713~727
727~810
810~824
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Table 12. Heavy metal contents in different treatment

soils
(umit. mg/kg)
. WWS | WWS Regula-t| CFR
i 9 n
Classification | WS10 | WS20 10 %0 Contral o | 50

Original sol| 558 | 202 | 216 | 166 | 019
Zn|Com SIT V220 | A | B0 | TE0 140
Soybean 560 ) 3806 [ IBM | 28 | 8B
Ongmal sl 034 [ 002 | 025 [ 0g2 [ o0l
Pb|Com 032 | 048 | 063 | 087 241 100 15
Soybean 040 | 043 | 015 | 46 142
Criginal seil] 001 ] 002 [ 001 | 001 | (00
Cd|Corn O01 | 001 | 004 [ 005 001 4 18
Soybean 000 1001 | 003 | 04 001
Oripmal sol| 008 | 003 | Q05 | 002 | 000
Cr|Corn 068 | 003 1 021 | 012 | 023 50 150
Sovbean 014 | 004 | 021 | 021 | 016
Orlginal soi| 040 [ 015 | 036 | 010 | 000
Cu|Com 070 | 016 | 785 | 454 | 240 b 7
Sovbean 150 | 083 4 562 | 53 | 15
Orgnal sal| 048 | 027 | 054 | 0M 070
As|Com 007 | 003 | 004 | 062 071 15 20
Soybean 016 ) 010 [ 013 | 015 015

*EFL YA EE gAY 2AEE s B
FodxHE] 7V Ao gF AY

** 40 CFR 503 % “Annual Loading Rate"®] 2%t
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