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Effects of Basic Oxygen Furnace Slag Application on Soils
and Plant Growth at a Nursery and Pine Forests'
In Hyeop Park’®, Young Kwon Seo’, June Taeg Lim’ and Choong Il Lee*
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AZdgd 1] B Az o] & 7HeAdE THEHI st BREY vty HAHEE die=
Fysdct, Bxe FAE, AFEd 4, 8, 12t/ha A2 AYddod, A £FL 2uF,
A%, ZAvAE 5 P FFelde. 29 24 A9 HdPE e s FA2, AZEH2 10,
20, 40 t/ha M2 APt B2 2G5 24 A Adeda AL 674 Felle A&l
&4 pHe Ca, Mg, SiOz, Fe, Mn &% %o] A2 Frlste A¥oldct. BEARE =
ARE A 2vFe AZdEda Aol AFFe] FATRY Hood, GFL & Ao)§ BolA
shokeh, <l Age] wE A FAuAe e AdEd 2 12t/ha A2l AFFe] 3 T/RE
o] ¥ 3y REo] A=Yt Adeda ALEFA] £F Aole $Fd et A4 pH7F o
27] ¥ ez A=A, vy AdYe 25 2 pHe A2t f2A44l Aele ¢l
gdovt 27 A 2% AZEd L AG5Ee] 245 FUEke Aol Ca #F2 A &
o2 Q) zpol7} glden AAEHL A EFEe] £EFF F7HA). Si0;, Fe, Mn §3& A 7%&d
a2 AgFEe] FETE e At vy AARA A A3 SA4FS FoH
zole gt A A 10t/ha A2 FAA 7HE FL& ge Hook. 33 /FE 5] 25 2934
A& &R e ARz FAA 2elrt AU, AZEA 10t/ha A2 FAX FHE E=3%t
t}, o]AS Fgaw, AAsHaY A4 mxe ARy Bk vF pHY Ca, Si0;, Fe, Mn 33
5% F7H91e 240t dlden, B pHel S7ke 52 AZedadd FAEA Ca &332 F71
Zidste Aoz gdEch AR AR A 55 wet Aded ALEIA g AR et
Edl, olAL £Fo wel HA pHrt ch2r] dfelety A, wetd, AFd<sdae £34 FHrt
g A ESS S BESANFAR o] &Y & AFS A AU

ABSTRACT

This study was conducted to evaluate the effectiveness of basic oxygen fumace (BOF) slag as soil
conditioner in a nursery and two natural forests. The BOF slag was applied at rates of 0, 4, 8, and 12
t/ha for seedbed nursery of three tree species-Pinus densiflora, Larix leptolepis and Amorpha fruticosa,
and 0, 10, 20, and 40 t/ha for Pinus densiflora natural forests located at two sites. In case of the nursery
study, the significant increase in soil pH and contents of Ca, Mg, SiO:, Fe and Mn was noticed after
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six months of the BOF slag application. Dry weight of Pinus densiflora seedlings with BOF slag
treatments was lower compared with that of control. There were no significant differences among
treatments in dry weight of Larix leptolepis seedlings. Dry weight of Amorpha fruticosa seedlings, which
are deciduous species and grow rapidly at seedling stage, increased significantly and T/R ratio decreased
as BOF slag rate increased. The differences of effects of BOF slag application on the seedlings of tree
species may be attributed to the differences of optimum pH range of the species. In Pinus densiflora
natural forests, there were no significant differences in soil pH and contents of SiO2, Fe and Mn among
the treatments, but these values became higher as BOF slag rate increased. Contents of Ca in soil became
significantly higher as BOF slag rate increased. There were no significant differences among treatments
in net production of mature Pinus densiflora trees, but BOF slag rate of 10ton/ha showed the highest net
production. Young Pinus densiflora trees at the plots of BOF slag rate of 10 t/ha showed significantly
higher root collar diameter growth rate and twig net production than those of other treatments. It may be
given as a conclusion that BOF slag application in nursery and forest soil increased soil pH and contents
of Ca, SiO:, Fe and Mn in soil and they showed the ability of BOF slag to be used as a soil conditioner
in strongly acid soil.

Key words : chemical contents of soil, growth, net production, optimum slag application rate
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itk A7EH e F8 st E e Ca,
Fe, Si, Mg, Mne] Z7 29, 21, 5, 5, 3% =&
delA glow, wlEke)z|ut QA% (.5%, 22
I free lime Y2 CaO7} ¢ 7% 59 9l
£ Aoz d8A Ui (Rodriguez ‘o:, 1994) u}
ga AdEd e £ pH A, THEY,
MgZdd Eof NEA T2z o4 7Po"é§_- Al
Absta ik,

=FollA AAEATe 223 (Jucks, 1988) 4
29| AAddl(Koller, 1988) o] &= glon, &
YA o) gl B thafit A7} o) FR 1 )
o}, gl o]4-9 A% Pinto £(1992)2 A&
H1E CadFH, & EGNFAZA A4AA 4
Hell A 43 A7 EoF pHe F7}, 44 Al
ZA2E 7FA SR A Ak o] Fojsigdle 8
92, Formoso 5(1991) W% WA 315g9
A7sd2E 43 29 F AAe] 32% F7}

B RA YA AGEH st ek EPAGEAS) w)
ST &7 gz sk S e d4d
o] gl Y AT= BRuEA edgredd, FA
o] 89 A% dEd (1997, 199902 W}k Fo
A 2R AFEed2E ALY AS 2
pH, Ca, Fe &% o] #2AH 22 Frlsiglon
4~8t/ha A&FFAA 71 & wel T o
< 49 sdck.

2 A7 X} AvtF AdYE dgeE A
Aed o] Aol mE B Y g BE g
5 A 523F Fodgto i AM A ik A
AEe Ated2e 9494 o4 7Hed e AE
st FAo] vt

NE U U

1. Hz=d2

£ dTelA A Adsdas zgagdHet
A7-dellA AT A2 F715-84 &2 Table
13 e}, BEXHe A48 A7dEHze A

Table 1. Chemical composition of basic oxygen furnace slag.

Ca Fe Mg Si Mn

Al P Ni Cr Ti Na K

Conc.(g/kg) 283 218 53

83  25.7

13.4 9.5 0.07 0.68 3.40 0.53 0.33
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Table 2. Effect of basic oxygen furnace slag application on the soil chemical properties in the nursery.

Month of Treatment pH  Av. P:0s K Ca Mg Av.Si0: Fe Mn
sampling  (t/ha)  (1:5) (mg/ke) ____(cmol/kg)————  ————(mg/kg)————
Control 5.59 146 0.70a 3.35¢ 0.73b 36b 34.7b 26.8b
Slag 4 5.87 163 0.60ab 5.77b 0.77b 109ab 132.3a  100.9a
June Slag 8 6.53 104 0.52b 6.93ab 0.83a 164a 112.2a 105.3a
Slag 12 6.49 138 0.49b 7.40a 0.86a 187a  141.3a 113.5a
F-test NS NS 5% 1% 1% 5% 1% 1%
Control  5.38¢ 136 0.48 2.64c  0.54b 33b 40.5b 26.1b
Slag 4 6.16b 149 0.57 5.28b  0.64ab 108ab  82.8ab  69.3ab
Sept. Slag 8 6.62ab 108 0.54 6.56ab 0.67a 133ab  85.3ab 85.8a
Slag 12 6.72a 148 0.46 7.95a 0.72a 212a  131.9a 110.2a
F-test 1% NS NS 1% 5% 5% 5% 1%

* F-test indicates the level of statistical significance of the difference among the treatments.
** Means followed by the same letters are not significantly different at the 5% level as determined by

Duncan's Multiple Range Test.
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Table 3. Effect of basic oxygen furnace slag application on growth of Pinus densiflora seedlings in the

nursery.

Root collar Main root

Dry weight(g/20seedlings)

Month of Treatment Height diameter length T/R
sampling (t/ha) (cm) (mm) (cm) Needles Stem Root Total ratio
Control 3.88ab 1.18 11.38a 1.70a 0.442a 0.87 3.02a 2.45ab
Slag 4 3.97a 1.17 10.14b 1.54ab 0.42a 0.76 2.73ab  2.64a
June Slag 8 3.70b 1.16 10.30b 1.25¢ 0.33b  0.74 2.33b  2.13b
Slag 12 3.28¢ 1.05 10.92ab  1.35bc  0.33b 0.76 2.45b  2.19b
F-test 1% NS 5% 5% 1% NS 5% 5%
Control 7.03a 1.61a 15.84bc  4.3la 1.62 1.82 7.76a  3.26a
Slag 4 6.92a 1.60ab 16.94a 3.84ab 1.56 2.09 7.50ab 2.59ab
Sept. Slag 8 6.65ab 1.53bc 16.13ab  3.13bc 1.31 1.86 6.28ab 2.42b
Slag 12 6.31b 1.50¢ 15.01c 2.71lc 1.28 1.83 5.86b  2.18b
F-test 5% 1% 1% 1% NS NS 5% 5%
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Table 4. Effect of basic oxygen furnace slag application on growth of Larix leptolepis seedlings in the

nursery.
Month of Treatment Height Rqot collar Main root Dry weight(g/20seedlings) T/R
sampling  (t/ha) (cm) diameter length ratio
(mm) (cm) Needles Stem Root Total
Control 2.75a 0.78a 7.84b 0.53b  0.15ab  0.30b  0.99b 2.30
Slag 4 2.81a 0.77ab 8.79a 0.65a 0.16a 0.36a 1.18a 2.30
June Slag 8 2.60b 0.73¢c 8.54a 0.45b.  0.12¢ 0.30b  0.8%b 1.92
Slag 12 2.56b 0.75bc 7.57b . 0.55ab 0.13c 0.26b  0.95b 2.58
F-test 1% 1% 1% 5% 1% 1% 1% NS
Control 4.65b 0.84 10.66  0.56 0.37 0.58 1.53 1.66
Slag 4 4.63b 0.92 11.87 0.68 0.39 0.53 1.61 2.04
Sept. Slag 8 5.48a 0.96 11.19 0.70 0.47 0.64 1.83 1.97
Slag 12 5.56a 0.96 10.32  0.87 0.46 0.59 1.93 2.29
F-test 5% NS NS NS NS NS NS NS

Ao] WE B4 BAuAE Asd
12t/ha A2 FAA BAAFHe] BIL T/Rgo]
Ge ST B0l AA4RE Aoz ey,

o Fatd AREdL A4l BE BT
o AR 2o A FATA AAR

ZAu e BB Bt 244L 643 94
25 A7 f]A-Q 2elrt AddeKTable 5). F
A4 4, E7), %, A AFHS A% 640l
€ AT frelAd Ael7h ddevt 9dele &
Zql zel7l gl FEdE AYHe) %=

= 949 As AREd ALeEe] Forel
wel B3, 29474, F2F 2 &, €71, #e A
FF F AT AR A 2F Fobse A
golddch. AZsdAz A AL4+EQ 12t/hadl
S At A YA BF HAAE B
o T/R&e] HAXE HYozy, 3% F 29

ol M wokz, 48T Af & %
ol7b ldled, ZAmMeY As ARl
Ae|eEe Ukt @A AAAFH] Friste
Reg vehgrh, oA AAEe1e ALl w
€ E pHe Z7KTable 2)$} &% pH7l A&
Ao wlAle Q%L pHel BE "lAES] 84

Table 5. Effect of basic oxygen furnace slag application on growth of Amorpha fruticosa seedlings in
the nursery.

Root collar Main root Dry weight(g/20seedlings)

Month of Treatment Height . T/R
sampling (t/ha) (em) dl(argllit)er I(Z::]rit)h Leaves Stem Root Total ratio
Control 19.28b 2.42¢ 14.08 7.50 3.21 2.7 13.49 3.9

Slag 4 21.36a 2.57b 14.47 8.11 4.26 2.83 15.20 4.3

June Slag 8 19.76a 2.59ab  13.49 7.64 3.48 259  13.72 4.29
Slag 12 21.35a 2.71a 14.38 8.64 3.95 2.86 15.45 4.49

F-test 1% 1% NS NS NS NS NS NS

Control 65.49b 5.7lbc  29.33¢ 37.25b  67.20c 56.72b 161.17b  2.00

Slag 4 63.22b 5.44c 32.85ab 36.25b  64.46c 61.12b 161.83b 1.66

Sept. Slag 8 71.17a 6.20ab  31.31bc 46.68ab 88.61b 72.20b 207.50b 1.94
Slag 12 72.51a 6.49 35.45a  57.66a 107.33a 116.53a 281.53a 1.53

F-test 1% 1% 1% 1% 1% 1% 1% NS
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Table 6. Effect of basic oxygen furnace slag application on the soil chemical properties in natural

Pinus densiflora forest at Unpyong-ri.

Month of Treatment pH Av. P:0s K Ca Mg  Av. Si0 Fe Mn
sampling ~ (t/ha)  (1:5) (mg/ks) _ . _ _(cmol/kg)~——— ————— (mg/kg)~————
Control 5.37 7.0 0.24 1.60c 0.73 b 24.3b 53.9
Slag 10 5.45 10.3 0.25 2.76bc 0.90 58b 58.0b 80.8
June Slag 20 5.48 14.0 0.22 3.92ab 1.14 8lab 174.3ab  175.5
Slag 40 5.54 13.3 0.17 5.05a 0.98 131a 2710.8a 2044
F-test NS NS NS 5% NS 5% 5% NS
Control 5.18 8.3 0.19 1.83c 0.79 35¢ 29.4b 5.7
Slag 10 5.52 7.0 0.23 2.57c 0.97 41c 47.4b 59.2
Sept. Slag 20 5.39 11.6 0.21 3.81ab 0.98 80b 89.4b 132.0
Slag 40 5.76 13.0 0.17 4.78a 0.89 131a 173.4a  147.0
F-test NS NS NS 5% NS 1% 1% NS
Table 7. Effect of basic oxygen furnace slag application on the soil chemical properties in natural
Pinus densiflora forest at Pyongjung-ri.
Month of Treatment pH Av. P05 K Ca Mg  Av. Si0 Fe Mn
sampling (t/ha) (1:5) (mg/ke) —— ——(cmol/kg)— — —— ————— (mg/kg)—— — ——
Control 5.16 9.0 0.15 0.60b 0.55 37b 31.8b 24.27
Slag 10 5.20 9.0 0.17 1.10b 0.26 44b 40.3b  22.60
June Slag 20 5.04 15.6 0.17 1.52ab 0.25 69b 160.0ab  51.27
Slag 40 5.26 10.6 0.4 2.68a 0.27 206a 186.2a  47.83
F-test NS NS NS 5% NS 5% 5% NS
Control 4.91 6.3 0.12 0.43b 0.13 39 58.6 24.91
Slag 10 5.18 9.0 0.15 1.52a 0.26 56 74.1 22.83
Sept. Slag 20 5.31 10.6 0.13 1.80a 0.26 77 56.1 33.11
Slag 40 5.28 8.0 0.18 2.31a 0.30 84 100.6 40.01
F-test NS NS NS 5% NS NS NS NS
3 prel fEZd sldsd BE el Hd  Ad, V) 2AA7] BF Aozt f4 Ho)r}
pHE 43¢ mel chzu dibden Jd4e  daded AEdr A45de] 445 371
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o x32E 2T W, +3 wet 44 pHA} o
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= 28 A9, 270 2447 25 Azt {23
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Table 8. Effect of basic oxygen furnace slag application on growth and net production of Pinus

densiflora in natural forests.

.

Treatment (t/ha)

District
Control Stag 10 Slag 20 Slag 40 F-test
Unpyong-ri

Mean age(yr) 22.0 20.3 2.7 20.0 -
Mean DBH(cm) 12.8 13.8 13.9 12.0 -
Mean Height(m) 10.73 9.53 11.13 9.98 -
DBH growth rate* 1.60 1.70 1.39 1.4 NS
Height growth rate® 1.14 0.96 1.29 1.23 NS
Net production (g/tree/yr)

Stem and branches 1937 2221 3897 3278 NS

Twigs 1296 2318 708 573 NS

Needles 1927 2762 2311 1727 NS

Total 5160 7301 6916 5578 NS
Net assimilation rate** 2.14 2.42 2.41 2.58 NS

Pyongjung-ri

Mean age(yr) 7.8 8.2 8.0 7.4 -
Mean root collar diameter(cm) 1.7 2.1 2.0 1.8 -
Mean Height(m) 1.55 1.45 1.49 1.34 -
Root collar diameter growth rate* 1.10ab 1.70a 0.99b 0.88b 5%
Height growth rate* 1.19 2.49 2.08 1.71 NS
Net production (g/tree/yr)

Stem and branches 31 49 40 20 NS

Twigs 1lab 19a 17a 7b 5%

Needles 36 52 48 22 NS

Total 78 120 105 49 NS
Net assimilation rate** 2.10 2.30 2.18 2.21 NS

* Curtent year growth / mean annual growth during the last three years

** Total net production / needle biomass
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