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Use of Paper Mill Sludge and Briguet Ash as Root Zone Soil
Mixtures for Turfgrass Culture

Ku, Ja-Hyeong - Tae-Ill Kim - Joo-Won Ahn
Department of Horticulture, College of Agriculture,
Chungnam National University, Taejon 305-764, Korea.

SUMMARY

To determine the use of waste materials as root zone soil mixtures for turfgrass culture, the effects
of paper mill sludge and briquet ash on physical and chemical properties of soil and growth of
turfgrasses were examined. Three turfgrass species of zoysiagrass(Zoysia japonicaSteud.), Kentycky
bluegrass(Poa pratensis L. ‘Ram I') and creeping bentgrass(.dgrostis paulstris Huds ‘Penncross’) were
cultured in 32cm diameter plastic pots containing various soil mixtures, The basic ingredients used
for mixtures included sand(SD), field soil(SL), paper mill sludge(PS), sphagnum peat moss(PM)
and briquet ash{BA). Seven combinations using these ingreients were mixed in different percentage
by volume as follows: SD+SL+PM(80:10:10), SH+SL+PS(80:10:10), SD—PM(80:20), SD+PS
(80:20), SD+BA(80:20), SD+BA+PM(60:20:20) and SD+BA+PS(60:20:20).

1. Paper mill sludge showed pH of 6.6, more than 30% of organic matter content, and higher
concentrations of total N, P, K, Ca, Mg and CEC. Bulk density, fild moisture capacity and electri-
cal conductivity of soil mixtures were increased by the comlination of 10~ 20% PS by volume.

2. Briquet ash showed pH of 8.0, and higher levels of P, K, Ca and Mg than those of field soiks. Bulk
density, field moisture capacity and hardenss of soil mixtures were increased but vertical water
flow rate and electrical conductivity were decreased by the combination of 20% BA by volume.

3. Phytotoxic effects of PS and BA on growth of turfgrasses were not found. Shoot growth of all
three species was higher in soil combination of SD+BA-+PS than that of SD+SL+PM added with

fertilizer. However, root growth was better in soil mixtures combined with PM. Soil mixture
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composed of 60% SD, 20% BA and 20% PS by volume was most effective on growth of all three
species,

4. Paper mill sludge resulted in higher N level in the leaf tissue. The contents of heavy metals such
as Cd and Pb did not vary significantly among soil mixtures and species, However, the Mn level
was 2~3 times higher in plants growh in mixtures containing PM compared with others, and es-

pecially it was higher in creeping bentgrass than other species.
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Table 2. Effect of paper mill sludge and briquet ash on bulk density, field moisture capacity and verti-
cal water flow rate of soil mlxtures

B lk densxty Field m01sture Vertical water
Treatment

(g /cm?) capac1ty( flow rate cm /s

SD+SL+PM (Control) 1.24 b 25.6 cd ’ 460 X 10 a
SD+SL+PS 1.31 a 25.9d 512 x 107 a
SD+PM 1.16d 28.9 hc 544 x 107 a
SD+PS 1.21 be 30.7b 5.88 X 107%a
SD+BA 1.29 a 30.9 ab 1.84 X 107%b
SD-FBA+PM 1.19 cd 27.8 cd 4.16 X 107" a
SD+BA+PS 1.3() a 33.3a 216 x 107°b

=0/

" Means separatlon w1th1n column by Dun(.an s multlple range test, 5% level.
SD(sand), SL(field soil), PS(paper mill sludge), PM(sphagnum peat moss), BA(briquet ash)

Table 3 Effect of paper m111 udge and brlquet ash on hardness of soil rruxtures

Soil hardness (kg /Cm

Treatment Uncultivated Cultivated soil

soil Zoysiagrass Kentucky bluegrass Bentgrass
SD+SL+PM(Control) 1 (H a 1.65¢ 2.93 he 3.82¢
SD+SL+PM(Fertilizer) - 1.73 bc 2.68 bc 4.65b
SD+SL+PS 1.00 a 1.63¢ 3.18b 3.35 cd
SD+PM 0.95 a 1.25d 2.55¢ 3.58 ¢
SD+PS 0.85a 1.65 ¢ 2.63¢ 2.98d
SD+BA 0.97 a 1.70 be 2.80 be 4.95Db
SD+BA+PM 0.95 a 2.58 a 4.13 a 6.43 a
SD+BA+PS 0.95a 2.23b 3.80a 4.68 b

¢ Meanb separatlon within column by Duncan s multiple range test, )0/ leve]

vJandibiryo(N : P : K = § : 9 :9) was applied 4 times at rate of 10g /m?2.



Table 4. Effect of paper mill s udge and brxquet ash on pH of 5011 mlxtures

pH
Treatment [ ncu tlvated Lultndted aoml

soxl Zoysmgrabs Kentuckx bluegmss Bentgrass
SD+SL+PM(Control) 6. 17 e’ 6.10 ¢ 6.27 ¢ 6.17 b
SD+SL+PM(Fertilizer)* - 6.00 ¢ 612 ¢ 6.00 ¢
SD+SL+PS 6.44 d 6.30 a 6.77 a 6.43 ab
SD+PM 5.63 f 6.23 b 6.30 be 6.40 ab
SD+PS 6.24 e 6.70 a 6.60 a 6.63 a
SD+BA 7.41 a 6.57 a 6.63 a 6.03 a
SD+BA+PM 6.69 ¢ 6.33 b 6.53 ab 6.57 a
SD+BA+PS 6.89 b h /() a b 63 a 6.57 a

* Means separation within column by Duncan s multiple range test, “% lev el

¥Jandibiryo(N : P : K = 9 : 9 :9) was applied 4 times at rate of 10g /m?.

Table 5. Effect of paper mill sludge and bnquet ash on electnca COrldU(,tIVlt} of 5011 mxxtures

Electrical conduct1v1tv (/zmhos cm)

Treatment Uncultivated Cultivated 5011
soil Zovsmgrabs Kentugky bluegrd» Bentgrass

SD+SL+PM(Control) 171.0 & 223.7 £ 276.7 e 310.7d
SD+SL+PM (Fertilizer )¥ - 365.7 ¢ 139.7 ¢ 415.7 ¢
SD+SL+PS 270.7 ¢ 302.0 de 365.3d 331.3d
SD+PM 126.3 e 271.0 e 350.3d 401.3 ¢
SD+PS 485.0 b 688.7 b 705.0 b 721.3a
SD+BA 281.7 ¢ 324.3 cd 231.3 ¢ 117.0 ¢
SD+BA+PM 177.7d 734.0 a 415.7 ¢ 525.3b
SD+BA+PS 698.0 a 701 3 ab 781.3 a 675.0 a
* Means separation within column by Duncan's multlple range test level

YJandibiryo(N : P : K = 9 : 9 :9) was applied 4 times at rate of 10g /m?.
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Fig. 1. Comparison of the effects of soil mixtures on dry weight of total clippings
of zoysiagrass.
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Fig. 2. Comparison of the effects of soil mixtures on dry weight of total clippings
of Kentucky bluegrass.



Table 6. Comparxson of thn effe cts of soil mlxtures on the growth of zoysmgrass

Totdl chppmg

Treatment Shoot density -+ shoot Root
(No /1()() cm? ) Fresh wt(g /1()() cm? ) Fresh wt(g / 100 cmz)
SD+SL+PM(C0ntrol 179.3 c' Q) b 1.40 a
SD+SL+PM(Fertilizer)® 363.3b 10.60 a 3.45b
SD+SL+PS 460.00 a 11.40 a 2.05cd
SD+PM 143.0 ¢ 3.98 Db 1.43d
SD+PS 366.0 b 9.68 a 2.60 be
SD+BA 349.0 b 1.93b 2.08 cd
SD+BA+PM 278.8 be 3.78 b 2,05 cd
SD+BA+PS 453.3 a 13.23 a 3. 1 % b
Means sepjrlithn w1thm go]umn bv Duncan s multiple range test 5% level

¥ Jandibiryo(N : P : K = 9 : 9 :9) was applied 4 times at rate of 10g /m?.

Table 7. Comparxson of the effects of soil rruxtures on the growth of Kentucky bluegrasa

Total dxpplng

Treatment Shoot density -+ shoot Root
(No /10() cm? ) Fresh wt(g / 10() cmz) Fresh wt(g 10() cm? )
SD+SL+PM(Control) 706 8 ¢t 3.92 d 3.68 a
SD+SL+PM(Fertilizer)* 308.8 ab 9.12 ¢ 2.70 b
SD+SL+PS 90.5 ab 11.73 b 275 b
SD+PM 199.8 ¢ 1.07d 3.70a
SD+PS 279.3 abc 13.75a 2.18b
SD+BA 228.0 bc 4.31d 14.00 a
SD+BA+PM 263.0 abc .08 d 3 ‘)"3 a
SD+BA+PS 316.5 H 97 a 73 b
’ ’\4eans separatlon wnthm column by I)unum s mu]txple range test, w"a level,
* Jandibiryo(N : P : K = 9 : 9 :9) was applied 4 times at rate of 10g /m?.
Table 8. Compar 1son of the eifucts of 5011 mixtures on the growth of bentgrass
Total chppmg : -

Treatment Shoot density + shoot Root
- (No. /100 cm?) Fresh wt(g /100 cm?)  Fresh wt{g /100 cm?)
SD+SL+PM (Control) 608.0 be’  e45c  9%a
SD+SL+PM (Fertilizer)* 692.7 ab 11.53 b 6.98 b
SD+SL+PS 739.0 a 17.00 b 4.38 ¢
SD+PM 533.8 ¢ 7.78 ¢ 8.05b
SD+PS 779.3 a 23.68 a 313¢
SD+BA 678.5 ab 5.63 ¢ 7.40 b
SD+BA+PM 653.3 b 6.00 ¢ 8.43 ab
SD+BA+PS 7()4 ( 26.33 a

B Means separatlon thhm wlumn by Duncdn S multlplc range test, 5% level,

¥ Jandibiryo(N : P : K = 9 : 9 :9) was applied 4 times at rate of 10g /m?,
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Fig. 3. Comparison of the effects of soil mixtures on dry weight of total clippings
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Table 9. Comparison of the effects of soil mixtures on the chlorophyll contents of furfgrasses

Chlorophyll content(mg /g fresh wt)

Treatment —

Zoysiagrass Kentucky bluegrass Bentgrass
SD+SL~+PM (Control) 0.59 d’ 2,77 ab 137
SD+SL+PM/(Fertilizer)” 1.62 be 407 a 2.57 be
SD+SL+PS 2.25 ab 127 a 1.20a
SD+PM 0.90 cd 2,70 ab 1.83 ¢
SD+PS 2.74 a 3,27 ab 4.13a
SD+BA 0.44d 2.30b 1.43 ¢
SD+BA+PM 1.69 be 2.03b 2.53 be
SD+BA+PS 2. 32 ab 3 00 ab 3.40 ab

’ Medns separation within co]umn by Duncan’s multiple range test, 5% Ievel
¥ Jandibiryo(N : P : K = 9 : 9 :9) was applied 4 times at rate of 10g /m?.

Table 10. Comparison of the effects of soil mixtures on the chemlcal properties of zoy51agrass

Treatment N P.O; Ca K Mg Cd Pb Mn
(%) (%) (%) (%) (%) (ppm) (ppm) (ppm)

SD+SL+PM(Control) 1.43 102 034 142 015 0.67 57 490
SD+SL+PM(Fertilizer)* 1.70  0.61 035 110 016 083 7.1 500
SD+SL+PS 262 063 033 146 0.19 0.88 4.3 160
SD+PM 1.19 056 029 1.09 015 0.44 4.3 420
SD+PS 238 053 036 1.51 0.21 0.67 57 130
SD+BA 1.05 069 038 1.04 0.17 0.44 2.9 100
SD+BA+PM 0.84 058 044 0.8 019 067 7.1 380
SD+BA+PS 2.45  0.46 0.36 1.5t 0.22 0.88 5.7 60

? Jandibiryo(N : P : K = 9 : 9 :9) was applied 4 times at rate of 10g /m?.

Table 11. Comparison of the effects of soil mixtures on the chemical properties of Kentucky blue-

grass,
Treatment N P.0O; Ca K Mg Cd Pb Mn
(%) (%) (%) (%) ("/) ppm) ppm) (ppm)
SD+SL+PM(Control) 1.05 044 058 264 029 044 4.3 640
SD+SL+PM (Fertilizer)? 3.15 1.00 0.3 3.20 025 0.67 7.1 430
SD+SL+PS 4,34 065 0.56 244 031 067 7.1 150
SD+PM 1.75 0.41 056 1.43 029 044 57 730
SD+PS 4.55 0.64 055 228 034 08 57 140
SD+BA 1.08 036 0.87 1.16 0.27 044 4.3 230
SD+BA+PM 0.91 037 09 1.34 032 044 57 550
SD+BA+PS 4.44 058 063 336 031 067 86 130

? Jandlbxryo(N P : K =9:9:9) was applied 4 times at rate of 10g /m?.
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Table 12. Comparison of the effects of soil mixtures on the chemical propemes of bentgrass

Treatment N P O Ca K Mg Cd Pb Mn
(% (%) (%) (%) (%) (ppm) (ppm) (ppm)
SD+SL+PM/(Control) 1.36 0.65 1.02 110 030 0.44 4.3 1840
SD+SL+PM(Fertilizer)* 3.43 1.16 0.52 256 0.26  0.67 1.4 350
SD+SL+PS 2.73 0.80  0.79 206  0.28 0.44 2.9 430
SD+PM 1.33 0.53  0.89 1.04 029 0.67 7.1 1830
SD+PS 3.50 0.75 081 222 032 067 3.6 330
SD+BA 1.40 0.69 0.74 097 028 0.4 8.6 1070
SD+BA+PM 1.01 ().48 1.07  0.88 029 0.44 7.1 1550
SD+BA+PS 54 .81 245 7.1 150

%())
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