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Growth and Mineral Composition of Young Radish in Soils Amended with Sewage

Sludge and Lime

Goo-Bok Jung, Won-l Kim, JongSik Lee, Jin-Ho Kim and Sun-Gang Yun (National Institute of Agricultural

Science and Technology, RDA, Suwon 441-707, Korea)

ABSTRACT : Growth and mineral composition of young radish in soil amended with sewage sludge (ISS)
with or without liming were investigated. Levels of EC, T-N, and micronutrients were increased in the ISS
treatment (50 Mg/ha) compared to the NPK treatment, but those of available P and exchangeable cations were
decreased. Chlorosis was appeared on the young radish leaf at the ISS treatment, but this phytotoxic symptom
was corrected with lime amendment (3 Mg/ha). Yields of young radish leaf and root in the combined
treatment of ISS and lime were increased about 29 and 48%, respectively, compared with those in the ISS
treatment. Contents of P, K, Ca, and Mg in young radish were higher in the combined treatment of ISS and
lime, whereas those contents in the ISS treatment were lower than those in the NPK treatment. Contents of
Cu, Zn, and Ni in soil and young radish leaf were positively correlated with total N content in young radish
leaf, while contents of P, K, Ca, and Mg were negatively correlated. Contents of Cu, Zn, and Ni in leaf were
negatively correlated with yield of young radish. Contents of Cu and Zn in leaf corresponding with a 5%

yield reduction of young radish were 22.4 and 349 mg/kg, respectively.

Key words: heavy metal, liming, phytotoxicity, sewage sludge, young radish.
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FANERS AZREII} HE 12%, vA}L 56%, 5 32%20
TPHEYERA B o]8}std A4S Table 13 2ok E
Fo BEdE % 01 N HA 324 Fa&T3 S2ust
gyl wEge] FFART FAY FARIEIYY. FAHER
AMERE sl Y] BlstE EAle Table 29} 2tk Itk
skreve sl A ol83lYL sy
o] e fElviel vt AlEEN|g vlmsle] Aas)
QMkgFFo] o =A UERsITE

20024 ARE W 3AFANA Hel gge] F34 §
#7)12& Cd 5, Cu 500, Zn 900, Ni 50 mg/kgo]H, FA] 3}
T2UFe Cu Zn ¥ N §go] 71&E& A8edly, 53
Cu® = EPAS] 40 CFR part 503¢] 7F4H 3494 B
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Table 1. Physico-chemical properties of soil used in the pot experiment

pH Av. Ex. Cations
Textur
edue gy M pn Y Ca Mg Na CEC Al F M G G Zn  Ni
g/ke mg/kg — ——-— cmol/kg --emremeeme- cmol/kg mg/kg

Sil 52 153 106 0.10 2.66 0.28 0.2

590 304 354 49.6 0.03 1.30 44 0.21

Table 2. Chemical properties of sewage sludge used in the pot experiment

pH

(15) OM TN PO KO &0 MgO

NaO OM/N Al Fe Mn cd Cu n Ni

— g/kg — mg/kg g/kg
60 602 561 442 24 319 50 98

mg/kg
8271 7740 378 435 610 4213 30
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Table 3. Chemical properties of soil after harvest of young radish

Treatment” (};;I) EC OM TN 1285 = CE"' Caﬁo&g —— Al F M

dS/m  —- g/kg ——  mg/kg = e cmol/Kg - s mg/kg ----—-
Control(NPK) 48 043 11.0 049 258 0.10 3.04 0.64 0.14 313 89 69
ISS 25 49 0.72 11.8 0.72 291 0.08 282 0.55 0.14 413 187 A
ISS 25+Lime 74 1.04 13.3 1.04 268 0.07 6.39 0.33 017 427 152 101
ISS 50 44 1.90 16.3 1.90 394 0.09 276 050 0.22 471 237 113
ISS 50+Lime 7.0 2.23 18.2 223 376 0.06 8.40 0.50 0.19 625 266 146

¥Control, N-P-K 280-59-154 kg/ha; 1SS 25, Industrial sewage sludge 25 Mg/ha; ISS 25+Lime, 1SS 25 + lime 3 Mg/ha; ISS 50, ISS 50

Mg/ha; IS5 50+Lime, 1SS 50 + lime 3 Mg/ha.

Table 4. Fresh weight yield and its components of young radish at the harvesting stage

Treatment” No. of Pl.ant .Root Root Fresh weight Top/ Yield Tndex
leaf height diameter length Top Root Total Root

ea/plant cm g/pot %
Control(NPK) 99 343 32 96 28 170 398 1.34 100
ISS 25 89 372 2.9 95 208 134 342 155 86
ISS 25+Lime 8.8 381 28 94 242 145 387 167 97
ISS 50 84 29.7 20 6.3 145 57 202 254 51
ISS 50+Lime 9.9 346 27 82 205 110 315 1.86 79

See Table 3 for explanation of treatments.

Y AelM Algs A18dgvt 27142 B9 pHyt @
ol 11, FslrEe] 100 Mg/ha g A 23x2E= 5
o3}z HojWrh= ZAzle} xS}k H8k Berti & Jacobs?
%} Kim §7¢ EAal42U Agoz B9 pH, §718,
FA%2 FEIN B AT Jole 5 FEAEC] BT
g Z7haa sgon Kwon S8 2gol] g
X A&o] BL4E X84 Cadt Mg ko] 7AadTiT
ale] G| gl s oA sy AR 2 A1) o
2} B3R Fawe) PHE A7) Basikn Az
Hoo| MR 4

35U AREGIA MBAE aBE 97 Yste
FE7)o] 2A Ae)d G7o] A8} SEke Table 49}
2o $37) ERe 9%, 2%, 94 2 23 2AR 4,
Aepdg okze] ol glont o AlSTA} 3849t
Hlaste] GARIAY A2e ASARS BelT, B3] sEey]
50 Mg/haTe 2T 2 the Hel7Hc AgHos e
FE A8 BYh B3] BY3 Mol ML o
& &A% sy 50 Mg/haol ] =7 veht A3 A%
o] FAIGl s 87 "R A4 15%, 24 14%, =274
%%, 2% 8% J=It Z1HE FEe) QR S 9
7 Bajo A iz HIE) B 25 Mg/ha + 43T
A el oz wge W U2 HITE QA= w
EPth 2aE o dlgou] Algold Mg 9n 4

Fo] Z7h 2Qlog ZEe AL B F Atk 53] se
Y 50 Mg/ha-pollxe M3jAgoz Y} Belo] fgko] 2z}
7+ 29%, 48%7F S8 ASE JERdth 59l o3} Bl
FHES BH AT do ulgo] Egton, E3
AdE7E R oY 50 Mg/hatollA] Qlo] wlgo] v
5 =4t 5 FEASE XYY 9 e B3 o
Asle] MEA L0 Z Ut E FEHEIF 2908 &g
3}3irh W3t Table 39] A|H$ Eoke] dehizn) Adsie] &
He o) EY pHe % 37, ECe $3tey qo=
2ggk Zlog AZEHCH

Berti and Jacobs= TAER0Y) A7)de Eok|A 3}
T Hz|go] BErE S50 T Fifo] 7H4aske]

=, 2 U EFFY S AT FE9 54 3)g}
siglen, 59 $94F B9 & =5 B Znd} Ni

o) Exo] A 43 Aow Husit). gE sHoz
Smith!s} Brallier 5'%& 3101 A8 BN E9 pHr}
obglol] wet AE ko] FRIGEH, 2 9918 Eoh)
o %H¥E Cd, Zn 2 Ni 5 3] 5349 Fa=9 Bdo)
A= Aoz ByElyth T3 Phae 592 sk0U)E Azd
Eulage] o3 9%, AFA @ wjFe] A5G gat A
€% 40 Mg/ha o]} Aol A Uehdy H3A skl
Y Az o] A EUEA, deouFe] §71E
2 FEER we} 2 2ol7} glE Ao MuET Juf?

Fig. 1& 3347t Al8E EYolA 5884 n|




% A7E - 3Ad - o5 -

ISS 50 ISS 50+Lime

1SS 50 ISS 50+Lime

Fig. 1. Effect of lime on the alleviation of young radish
damage caused by industrial sewage sludge treatment at the
harvesting siage. See Table 3 for explanation of treatments.
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Table 5. Content of inorganic components in young radish at the middle stage of growth

Treatment” TN P K Ca Na Ratio? Al Fe Mn
g/kg, DW —— mg/kg, DW

Control(NPK) 319 371 291 142 250 714 217 677 288 154

IS 25 292 420 233 135 310 1571 235 %1 o3 101

1SS 25+Lime RN1 502 191 184 239 1935 185 507 247 45

1SS 50 20 370 207 92 287 2% 279 2621 852 309

IS5 50+Lime 35 456 171 138 240 1935 225 1317 513 )

“ISee Table 3 for explanation of treatments, “Ratio of monovalent to divalent cations (K+Na/CatMg).
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Table 6. Content of inorganic components in top part of young radish at the harvesting stage

Treatment” T-N

P K Ca Mg Na Ratio” Al Fe Mn
Lo A e — mg/kg, DW -

Control(NPK) 275 29 254 190 336 7.64 148 205 232 288

1SS 25 25 238 133 98 287 1173 197 172 133 154

1SS 25+Lime 293 321 148 204 32 1545 128 14 125 48

1S 50 354 226 97 6.7 215 619 1.80 183 144 253

1SS 50+Lime 322 231 85 123 202 9.83 1.28 207 173 86
“See Table 3 for explanation of treatments, ®Ratio of monovalent to divalent cations (K+Na/Ca+Mg).

Table 7. Content of inorganic components in of young radish root at the harvesting stage

Treatment’ TN P K Ca Mg Na Ratio” Al Fe Mn

: g/kg, DW —— mg/kg, DW ———

Control(NPK) 189 297 146 164 0.62 439 840 172 108 %

1SS 25 142 347 130 168 072 1165 1027 1% 73 %

1SS 25+Lime 172 431 150 217 077 1% 917 12 65 8

1SS 50 179 29 112 168 085 9.86 832 171 66 53

1SS 50+Lime 143 428 132 241 071 1273 831 76 47 »

“See Table 3 for explanation of treatments, "Ratio of monovalent to divalent cations (K+Na/Ca+Mg)
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Table 8. Correlation coefficient between the inorganic compo-
nents and heavy metal contents in both young radish leaves
and soils at the harvesting stage (n=15)

Heavy metal Inorganic components in young radish
contents TN P K Ca Mg Ratio”
Cu 06877 644" 090" -0716" -0809" NS
Soil  Zn 0685 0654 089" 079" -0816° NS
Ni 0715 0621 081" 0713° 086 NS
Cu 079" 059 0569 0767 NS 0742°
Radish Zn 0658  -05% 0549 073" Ns 0731°
Ni 0697 058 0501 0749° NS 0769

JRatio of monovalent to divalent cations (K+Na/Ca+Mg).
" “Significant at P = 5% and 1%, respectively, NS: Not signifi-
ant.
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Table 9. Correlation coefficient between yield components
and heavy metal contents in young radish at the harvesting
stage (n=15)

Meltr?l ((:)(Llﬁents No. of  Root Root Fresh weight
reihshg leaf  diameter length Top Root Total
Cu 0617 077 069" 861" -0839" 0869
Top Zn 066 0677 064" 084" 0770° 0818
Ni 0645 0787 078" -0863" 0830 0865
Cu 0598 074" 0704 0849" 0858 0873
Root Zn 0602 076" 0706" -0874" 0836 0873
Ni 068 0734 0676 -0843" 082" 085"

" "Significant at P = 5% and 1%, respectively.
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Fig. 2. Relationship between young radish yield and heavy metal content in young radish leaf at the harvesting stage.
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