T sludge Aol uli:2] £ o] LBt #stell viX= Rk

61

Tk sludge Al-&o] mi3e] 4HZ
o] [LERH: wiglol] u]X|= e

Uy 728 - HEF
Hifrhstn lojstn

Effects of the application of Sewage Sludge on the Growth of
Chinese Cabbage(Brassica campestris L.) and Changes in Soil Chemical Properties.

Kim Su-Young - Cho Kyung-Cheol - Cung Soon-Ju
Dept. of Hort. Coll. of Agri. Chonnam Natl Univ., Kwangju 500-757, Korea

(2 )
ABSTRACT m. Zz g 2%
1.4 « V. 3 g
I. As sl 2y AE-FH
ABSTRACT

This study was conducted to investigate the effect of sewage sludge application on
the growth of chinese cabbage and the changes of chemical properties of soil. The
experiment were set up with two different place and cultivated from Feb. 10 to June.
20 of 2000. Treatments are 0, 1.25, 2.5, 5, 10 and 20kg/3.3m* of sewage sludge
applicated into the soil and recorded the growth characteristics. Chemical properties of
soil were also analysed before and after treatment. '

The application of the sewage sludge resulted in increasing the content of EC,
cations exchange capacity, available phosphate and organic matter. And increased the
growth characteristics in terms of the number of leaves, leaf area, fresh and dry
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weight regardless of crops experiments. Optimum amount of the sewage sludge
depended on chemical properties of soil used.

This results demonstrated that application of sewage sludge in the soil attribute to
have play an important both improving soil chemical properties and promoting the crop
growth. As lowering the soil pH(pH 6) heavy metal content increased compared with
higher pH(pH 7). Feasibility was recognized in the application of sewage sludge as a
fertilizer for the growth of chinese cabbage. Detrimental effects such as heavy metal in
the soil and crop followed by the application of sewage sludge was not observed.
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712 2R,
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BZ 5)7) 4¢ oledn} Felx Adek dgsio] Yty Aot =g B A¥o) 483 &
A9 FFEe FEnR feltAls =] vl S0mg/kg, & 2mglkg, ZE 300mg/kg, T
2] 500mg/kg, 7r=W Smg/kg, & 150mg/kglict A A Jebdn @t st=ES HESA
qe Aoz BAEg

Table 1. Physico-chemical properties, Exch.-cations and heavy metals of the soil(experiment
place | ,1l) and sewage sludge before the experiment.

hsico . EC CEC OM  Avail.-P205 T-N
0, 0,
properties (mS/cm) (me/100g) (%) (ppm) (%)
Place 1 7.37 0.24 15.58 1.86 11.93 0.02
Place I 6.13 0.18 11.63 1.57 6.62 0.02
Sludge 7.06 5.64 33.66 38.50 303.28 0.472
Exch.-cations (cmol™/kg ) Heavy metals content (mg/kg)

Ca K Mg Fe Na Zn As Cd Cu Hg Pb Cr
Place T 1.03 0.07 11.55 0.03 0.05 9.68 0.54 1.81 1.40 0.8 0.8 6.25
Place T 0.81 0.08 5.94 0.01 0.02 74 1.31 1.66 1.20 0.11 1.74 538
Sludge 49.92 31.61 N.D" 0257 ND 77216 0924 ND 1929 092 ND 112.03
Y N.D : not deteced.

Z+ AgEoke] pH, EC, %ol x3L82KCEC), $71E¢H0OM), F3.14Havail.-P0s)
AAL(T-N)2| ke AygEck] 9 o|sletie] thd EA] Jelskon], vl4(As)E Ale
Folyt FFEE APE | 9 Bk =A Vbl B FF5 Tkl oA &
g vel AzA e HF 34 9P vlas £ o) Zn 15.20 Cu 3.11, 2z Pb 2.260mg
[kg B} A Jehteut Cd 0.162 , Cr 0.41mg/kgBebes ot %2 FX& Jehlgict.

ot Ng
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QRS Jehiiglssl 4 TRl sl 1290, con(21-17-17)el il 10,4507} o
o} Heizre] felxv} QAEIem A2 Foll YAAE clETol ulsh kg AE Ael7k 1
3 glo] s £eIRe) Alellel Sake] Z7)7h ARSI Y FELe] Ykl 10k/3.3
we Aeld ol 7 ol Ay Hug Wtk ol 2 S| EAFoUS b
Aol A Az F7) FA, 28, A5 2 A9 B SEeUE A% 85F Fvhe
Aeke Bush SARHl BE AE4e] s ANS Uehia o w8 YT 19
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Table 2. Growth characteristics of chinese cabbage as affected by the amount of sewage sludge
applicated into the soil at 50 days after transplanting.

Growth. No. of Leaf area Chlorophy Fresh weight (kg/plant) Dry weight (kg/plant)
characteris  leaves (@) 11 content

tics  (ea/plant) (kg/gFW) Leaf Root Total Leaf Root Total
0 52.7v"  139.0° 28.9 1.9 4.1 1.9 8.4 1.7 90.1
con 54.3° 1544 37.9 2.3 155 24 91.3 1.7 93.1
1.25 55.3°  158.5° 4.3 2.4 169 2.4 939 1.9 95.9
2.5 57.0°  161.6®  38.7 2.6 177 2.6  9%6.4 2.2 98.6
5 57.0° 168.27° 3.4 2.5 164 2.5 109.6 2.3 111.9
10 #4.7  197.4° 41.2 3.3 19.1 3.3 111.0 2.4 1134
20 60.3° 173.4°  40.7 3.0 144 3.0 1046 2.3 106.9
0 435 107.7° 2.7 1.4 18.9 1.5 63.02 2.1 65.1
con 44.0 139.5° 36.00 2.1 2.3 2.1 70.7 2.2 72.9
1.25 46.3 143.9 2.0 2.3 21.0 2.3  69.2 2.0 71.2
2.5 47.7 166.6%  33.6 2.4 2.4 24 740 2.6 76.6
5 49.0 170.7* 36.09 2.5 23.3 25 717 2.9 80.5
10 48.7 165.1% 4.7 2.3 20.0 2.3 77.1 25 79.6
20 48.0 159.0  41.6 2.0 177 2.0 745 2.3 76.8

* Mean separation within each column by DMRT at 5%.
¥ Mean separation within each column by DMRT at 5%.

Place

Place
I

a7 D2 508 ERtel uiR e Al&%E delsto] Auldt wiEe] dF4me] AAHA ¥
35 e Zlolth. diAZ dEaE SvRke AEE BAFiedl 10k/3.3m, 20kg/3.3m
o] FHAE A8 ¥ 0ng/gFWel e 9454 e B S2AE AT A+
AE 1 ko] Frkele Holglou EHAE AHelslAl B FAHTE S5y 2042 olF
Hej 540 ko] dobx oo el Uehdkerl ole 7IEERY FEol Aol &
2 ¥ AEAe] Aol o £REY] difer AgHe. 1 AHE HeolE 5o 3
ol 74k Al FAEYR A 0kg/3.3m AlETE SEANS] ALGo]l AW olF
oluf AHFHt o|F T4 Feke] Ho|7t W AL 1YY YF2E o)FolA FEA} B
ol oJall AAs] GekEAol falixle]l S| Mol A&, f71E Fol Al d&s 713 A
L& A
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Fig. 1. Chlorophyll content of chinese cabbage Fig. 2. Chlorophy!l content of chinese cabbage

as affected by the amount of sewage as affected by the amount of sewage
sludge applicated into the soil. sludge applicated into the soil.(placell)
(place |)

Table 3. Growth analysis of chinese cabbage as affected by the amount of sewage sludge
applicated at 50 days after transplanting.

T/Rz RGR NAR CGR LAI LAR RLGR

ratio(%) (g/10days) (g/dm/week) (g/m/week) (dm/m) (dm/g) (dm/week)
0 52.60 0.07 3.79 3.47 3.93 0.02 0.05
con 52.67 0.07 3.31 3.39 4.21 0.02 0.04
1.25 48.38 0.07 3.67 3.49 6.40 0.02 0.06
2.5 44.22 0.08 3.96 3.87 6.30 0.02 0.06
5 48.39 0.09 4.67 4.65 7.02 0.02 0.06
10 45.38 0.08 4.26 4.61 10.45 0.02 0.07
20 46.50 0.09 4.58 4.42 8.80 0.02 0.07
0 29.80 0.09 4.50 2.1 3.17 0.02 0.07
con 32.07 0.09 4.18 3.03 3.81 0.02 0.08
1.25 35.12 0.08 3.76 2.82 3.9 0.02 0.07
2.5 28.47 0.08 4.04 3.03 3.95 0.02 0.08
5 27.16 0.10 3.63 3.39 4.91 0.03 0.11
10 30.90 0.09 3.86 3.20 4.36 0.02 0.08
20 32.26 0.09 4.11 3.17 4.06 0.02 0.08

* T/R ratio=top/root ratio, RGR=relative growth rate, NAR=net assimilation rate, CGR=crop growth
rate, LAI=leaf area index, LAR=leaf area ratio, RLGR=relative leaf growth rate.

CGE 2wl BAF 509 Bt} Asiae Vel Zelch. T/R ratios 4HE ol
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A DSs] Edel ol ARE 19 AR Aage] A FFENgS HoiFu ko 4
HE 19 AsHE vlgol AW Ao B, H 5P sirgEiAe A geE Qinle] &
7hsto] B ETL YolRl Ao g nAEe] sludged] A4S ERFEA Al matdolgi}
I sglen, BdESE3 FEolEol oAE sludge Foll F8F collid S A EgY
HE SAAA e STHIA FEEE oA B SRR FrkEe e Hasl
ok giek. 2 Adlelli® SRlA|e] A 82 Rokgeld e MAAA 29 et Hepd Zo] %
stol 10kg/3.3m, Skg/3.3m Al§ollAe] T/R &o] &2 vlgd HU: olg A4F <9
FEF AAAE AAsle Aoz 3, wg JHH ALADZE 7B FAR 104/3.3
mt, 5kg/3.3m A&7 TESHE(NAR)o] Hobdl Aoz vebdedl ole o 43Xz
AR Az FAH

(2 3> Sludge A1&Fl W wF AFFel(EAF 50D E el Zoz 2R
15998 AAZ Gefolvt. 1L =79} 2.5k/3.3m, 10kg/3.3m AelFu] =72} 2.5
kg/3.3mll wlel 10kg/3.3m Helve W7}t A4S deE Fds] ga o FAE fo4
o] A= GFHY 77t FEle Aer ekl

A : control(21-17-17)
B :1.25t2/3.3m of sewage sludge applicated.
C : 10kg/3.3m" of sewage sludge applicated.

Fig. 3. Appearance of chinese cabbage as affected by the amount of sewage sludge
applicated into the soil at 50 days after transplanting. (Place I)

(28 LHE sludged HelsbAl 2 0kg/3.3m Xl 2F, Z8l3 5kg/3.3mZ oz
T} Fxjelqtell vlsh 5kg/3.3m AT HEUt st dex dAs gor 1 FF=
g7kl fe27) QA= g},



63 Korean Jounal of Organic Agriculture 9(March 2001) Copyright 2001 Korean Association of Organic Agriculture

B:0 k/3.3m of sewage sludge applicated.
C : 5kg/3.3m of sewage sludge applicated.

Fig. 4 Appearance of chinese cabbage as affected by the amount of sewage sludge
applicated into the soil at 50 days after transplanting. (Place 1})

3. Tk sludge? HAOR QU5 LR LB R4t

Table 4. Chemical properties of chinese cabbage in the Place | and Place!l soil affected by the
amount of sewage sludge applicated into the soil after experiment.

Experiment place Treatment pH EC CEC o.M Avail .-P:0s

(kg/3.3m) (mS/cem)  (me/100g) (%) (ppm)

0 7.63 1.20 16.21 31.17 0.77

con 7.58 1.17 16.18 28.59 0.93

Place 1 2.5 7.69 1.18 16.79 33.76 1.11
10 7.28 1.99 19.91 96.90 1.20

20 6.53 3.37 24.61 257.07 1.40

0 5.90 0.50 13.10 31.46 0.89

con 6.16 0.52 14.30 35.37 0.87

Place 1 2.5 6.23 0.65 14.65 51.4 1.01
10 5.65 1.17 14.68 69.85 1.07

20 5.78 1.73 16.32 182.08 1.13

ARZEE ¥ AR BEA As: E 49 2ot AiEcke] pHE Foizle] 4| &gk
ol ArEE Z7lslcr} sludgedkol 10kg/3.3m(AYPE 1), 5kg/3.3m(AEEN)S 27sld
&slol @Vl A} §ASA vehoyt, SERY Flog AHER] pHE F7HAIA
EAS M 4 gieh=?? maols AolslA veldel, aElu £21AE 33 Eak
EC, CEC, P0s87182 E57} sludge Al&ao] Z7H842 o, 2] 5%0] Zekaiulxell
SRS AL sto] A4, QA4 9 Ty|dfe] deko] Zvluiglels A} fARIIT

ujZ=e] AL | 2Eld-e wl slrsludge®] 5-10kg/3.3m: Aol ZEQ] FHE Tolwdie
FpEel Zog sl ot £EAe) Afow Eok] Bely MAE ¥ fr18e] Zuf,
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Eoju] 48] Zv) Soll o3t e wxkdch zelm, ApeHREel w2t pHE BIERF EC,
CEC, P:0s9] o] vk W 1 AR uiFe] o] ¥ FslAl Uepsict.

4. Tk sludge o HASZ U5t L HiF0| Wikt U020 ELR SR 2L

AAF 504 Fo| Eoke] Frlo]l 2 FFHE 5ol glol 14HES] 7ZPsludges A5
o] wobd4g Eokel AT sleist T, UEF B 1BE Fole Aoz 3 0% A
529 Aol Al 3 FFE ASOE ofdd, vk, 7l=F, THAME A F
olAE Aoz 7 579 shrgEiAg Aairt B Cdst Zn Pkl FUIEIicke AR
o} exlsigich, el FE49] §3 F3) uuld FEeifE Tt vlasigie o A
Ztol7k WAl ghe Ao uehdch 3 IARAC] B IAREE X84 Fol2e &=
o] 1AgF vlgl 2A Uehxkort Sl glolAE vlRgt TEoI.

Table 5. Exch.-cations and heavy metals content of chinese cabbage in the Place | and Placell
soil as affected by the amount of sewage sludge applicated into the soil.

Treat X Exch.-cations content Heavy metals content
reatmen (cmmol™ / kg) v (ng/ kg)

(kg/3.3m)
Ca K Mg Fe Na Zn As Cd Cu Hg Pb Cr
Sludge 49.92 3161 ND" 026 ND 772.16 092 ND 1929 092 ND 112.03
0 16.23 0.09 9.72 0.09 0.54 14.69 N.D 1.07 1.34 N.D N.D 2.87
con 16.50 0.09 10.26 0.09 0.65 15.00 N.D 1.10 1.35 N.D N.D 2.98
2.5k 17.21 0.08 10.24 0.09 0.55 15.44 N.D 1.12 1.39 N.D N.D 3.02
10k¢  17.26 0.10 10.01 0.09 0.62 15.1 0.19 1.10 1.48 0.35 N.D 2.98
Mk 17.57 0.10 10.34 0.10 0.64 16.56 1.17 1.15 1.47 0.13 N.D 3.03
0 1473 0.08 6.9 0.09 0.28 13.50 N.D 1.03 1.35 0.75 N.D 2.64
con 11.68 0.06 6.60 0.09 0.34 14.30 N.D 1.05 2.44 0.27 N.D 2.62
Place o 10 14.99 0.07 7.97 0.09 0.49 14.04 0.47 1.05 1.24 N.D 0.44 2.69
10k 13.82 0.07 6.36 0.09 0.21 12.93 2.04 0.98 1.27 N.D N.D 2.58
Mk 15.2%5 0.08 7.47 0.09 0.40 13.92 2.10 1.03 1.39 0.02 N.D 2.6l

Place

Py B o)5El 234 okg Zholhirhd Eohlz £EHUS FEES 42 |
AR TR WA gore Aoz AzEltt. AZd i FEY Fre FaE EA%M,
Eqke] pH, CEC, $71%% 9 AplahEe] Z5o uel Wlslenl’, S+ 29| pHe 4
BEAe] F3<% 278 g nx=d, B2 A AFA B3, FAS AT ¥
olAE Aoz yad v Yo B AYAAME uiE JulE olFd FIEES ¥HE 6)2
pH7} A4 (pH 5.65-6.23)¢1 1 AAFoA 84 o] B F5%& Hola Jlon, ol B
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o] pH7} Yolx] F34e] §F0] Yoju FFgo] AEANZ o]5ehr] 49d 2oz A=t
et w3 EG Fo f71eS S5 LoolEd seut BEooll fU1ES AlSEo gy
AEol i NE AZALF Yt R LA Y7 P, siEEeIAE 20-40ton/has) F
YA 718 Pakel F7h2 w9k S5 el F3E Feko] Yo e Bast &
AstAl 2 AFAAE f71E2] el WU 20kg/3.3m(TAHF)S] A &FA ofed, 7l=
', 7 9 3E FEE gl FopR A £ ek a2 £ A&
U1 Hgd FE HEFgel duAL HolA ggtod, FAERE olFtE HEHIU] wiEo
SRS HIE2A 9 0] &2 7hesiha 2

Table 6. Exch.-cations and heavy metals content in the Place ! and Placell plant as affected by
the amount of sewage sludge applicated to the soil.

Exch.-cations content Heavy metals content
Treatment (Cl’l’l O]+ / L g) (mg / kg)

(kg/3.3m) Ca K Mg Fe Na Zn As Cd Cu Hg Pb Cr
0 695 3.02 2.23 0.12 1.34 4.15 N.D 0.3 0.75 N.D 0.04 0.68
con  5.09 3.08 1.61 0.13 1.05 2.63 N.D 0.18 0.66 N.D 0.01 0.2
2.5 6.80 3.27 2.07 0.12 1.64 4.19 0.09 0.32 0.72 N.D 0.01 0.69
10 506 3.69 1.66 0.12 1.36 5.99 0.15 0.31 0.82 N.D 0.2 0.50
0 8.47 4.25 2.54 0.14 2.75 6.91 0.35 0.54 1.24 N.D 06 1.20
0 890 3.70 2.19 0.12 1.07 10.52 1.06 0.83 1.97 0.62 N.D 1.50
con 10.86 3.91 3.52 0.13 1.72 14.12 1.63 1.10 2.41 0.35 N.D 2.18
Plﬁce 2.5  9.12 5.48 2.59 0.12 2.28 15.89 1.33 1.19 2.87 0.81 N.D 2.01

10 7.60 2.81 1.93 0.12 1.50 15.58 2.08 1.19 2.83 0.48 0.03 1.92

20 7.65 2.56 2.00 0.11 1.44 14.91 1.97 1.14 2.70 0.53 0.07 1.89

Place

iAo Aoz wMiFE AuEle u) E21A el o sl e B4, FEUQA,
1E 2 IFEES BYY S STITIH B ERlA, T4, EEe et

Al s 02 Hol o] ol uixe) AMS 1 59 ZoZlE AR Uiy 19
U pHrF e 4 okl FEEe] 830] Yol FHol4e] Eool Hlal goidos B
© 23%o| AZHYIE shglott FAEE olshZ UERY Aol shhgeln] Aol AE
Moz $8% vERA o877} UL Aoz B
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skl E wlia-e] AfelAlell 0, 1.25, 2.5, 5, 10, 20kg/3.3m& 27 -EAl Algsled
Al Aat Apujeede] EC, CEC, fEU4A, /718 59 B4 3e4e /M= i
o o=, gdHA, AT 2 AEFE THITIE AeE detgeh. £ A9 A&l YloiA
+ 10kg/3.3m', Skg/3.3m(AEE1, AFEN)E A& HelFolld Fag AAg o
£kl pHoll ohE FliZAe] &20] vt F7IEeng eS| ASEE Tejstoiop &
Ao AERe. a2y 2 g2 FAEE ol ulu|dt olgleong ApuiEke] B4
< 771 AR 732 SO skreEiAls wig Al 583 vEE2A4 gl
et Aeg A7
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