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Effects of Paper Mill Sludge-Fertilizer Application on the
Growth Performances of Tree Seedlings
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Abstract

Effects of paper mill sludge-fertilizers were investigated on the growth performances of tree seedlings
under field conditions. Two types of sludge-fertilizers applied were an organic sludge compost and a
processed sludge-pellet fertilizer strengthened with several components of organic and inorganic nutrients.
Three species of tree seedlings studied were ibota privet(Ligustrum obtusifolium) and yellow poplar(Lirio-
dendron tulipifera) of 1-0 year seedlings and also eastern white pine(Pinus strobus) of 2-2 year seedlings.

Nitrogen and phosphorus contents of plot soil treated with sludge compost+ sludge-pellet fertilizer + stu-
dge-pellet fertilizer plot were increased to 8 times and 2.6 times as those of control plot, respectively.
The growth performances of root collar diameter and seedling height were repeatedly measured up to
five times through the growing season and the results were analyzed statistically by analysis of variance
of randomized block design and Duncan’s multiple range test. The growth performances of dry weight

were measured after last fifth measurements.
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Table 1. Components and raw materials of
sludge-pellet fertilizer used in the

study.
Components Raw materials
N (5%) Urea(108g)
P (5%) Fused and Superphosphate(250g)
K (5%) K2S04 (18g)+Fly ash(360g)
B (0.1%) Na:B40-+ 10H:0(9g)
Mn (0.01%) MnSO. (3g)
Organic Matter Compost(100g) + Sludge(150g)
Binder CMC*2g)

* CMC: Carboxymethyl Cellulose
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Table 2. Effects of the sludge fertilizer application on the chemical properties of soil studied.

Application* K Ca Mg CE.C Organic
type pH(1:5) N(%) P(ppm) (me/ 100g) matter (%)
Control 6.4 0.02 60.0 0.36 5.0 1.0 6.45 0.31

A 6.7 0.07 97.3 042 5.3 19 7.98 0.78

B 6.6 0.11 128.3 044 5.5 22 8.60 0.80

C 6.5 0.16 160.3 0.52 64 25 9.46 131

D 6.4 0.05 1374 0.39 5.2 20 8.24 0.59

E 6.5 0.11 92.8 0.48 5.3 21 8.03 0.67

* Control : no fertilization, A: Sludge compost (1Kg/m?)

B : Siudge compost + Sludge—pellet fertilizer(100g/m?)

C : Sludge compost + Sludge—pellet fertilizer + Sludge—pellet fertilizer

D : Sludge—pellet fertilizer,

E : Sludge—pellet fertilizer + Sludge—pellet fertilizer
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Table 3. Changes in root collar diameter of Ligustrum obtusifolium measured through the growing

season by different fertilization type.

Fertilization
type** | A B C D E
Growing season

Duncan’s multiple
Control | F-value range test
(mm) (at .01 level)

April (1)| 224 223 222 230 219 239 | g4gns Con. D A B ¢ E
June (I1y | 2.52 291 2.94 2.96 2.85 2.46 2 75n.s. D C B E A Con
August amn | 27 445 441 400 420 257 | 13.74** B C E D A Con.
September (IV) | 2.81 4.94 5.64 4.44 504 272 | 2542** C E B D A Con.
October (V) | 293 5.43 6.31 4.82 5.55 292 | 49.03** C E B D A Con.
* Date of Field Measurement

April (1) :'91. 4. 24 ~ 4.25, June (II) : '91. 6. 22 ~ 6. 23

August (llI) : '91. 8. 6. ~ 8. 7, September (V) : '91. 9. 14 ~ 9. 15

October (V) : 91, 10. 10 ~ 10. 12
** Fertilization type : refer to Table 2 for abbreviations
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Table 4. Changes in seedling height of Ligustrum obtusifolium measured through the growing season

by different fertilization type.

Fertilization Duncan’s multiple

type A B C D E Control | F-value range test
Growing season (at .01 level)
April (I)] 1285 1358 1334 1353 1357 1320 | (.28 B E D C Con. A
June (I1) 1 1436 2224 2175 2104 2182 14.10 | 2547 B E C D A Con.
August (I | 1507 2927 3116 2474 2931 14.60 | 77.07* C E B D A Con
September (V) | 1553 31.80 3895 2662 34.77 1527 | 92.38** C E B D A Con.
October (V) | 1619 3247 4015 27.18 3579 1586 | 93.37** C E B D A Con.

Table 5. The dry weights and proportions(%) of each part of Ligustrum obtusifolium seedling were
measured after growing season by fertilization treatment,

Dry weight(g) and proportion(%)
of each part of seedling Total dry
Treatment root stem leaf Wt./Seedling(gr.)
A 1.322+ 0.093(61.5) 0.605+ 0.035(28.0) 0.225+ 0.061(10.5) 2.15
B 4.878+ 0.406(58.9) 2461+ 0.227(29.7) 0.946+ 0.080(11.4) 8.29
C 6.680+ 0.562(55.0) 3.653+ 0.246(30.1) 1.885+ 0.150(15.4) 12.22
D 3.113+ 0.201(59.0) 1.595+ 0.107(30.2) 0.570+ 0.051(10.8) 5.28
E 5.562+ 0.326(55.1) 3.395+ 0.209(33.6) 1.141+ 0.107(11.3) 10.10
Control 0.921+ 0.067(54.2) 0.584+ 0.024(34.4) 0.191+ 0.109(11.2) 1.70
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Table 6. Changes in root collar diameter of Liriodendron tulipifera measured through the growing

season by different fertilization type.

Fertilization Duncan's multiple
type A B C D E Control | F-value range test

Growing season (mm) (at .01 level)

April (I)} 3.69 3.69 3.80 344 3.75 3.24 | 0.99ns. C A B D Con.
June Iy | 3.87 4.00 4.36 4.08 4.33 345 | 1.20ns. C D B A Con.
August (I | 4.10 5.64 6.38 5.12 5.61 3.66 | 7.45** C E D A Con.
September (V) | 436 625 756 553 7.22 3.78 | 13.81** C B D A Con.
October (V) | 464 680 843 6.13 8.00 394 | 23.09** C B D A Con.

Table 7. Changes in seedling height of Liriodendron tulipifera measured through the growing season
by different fertilization type.

Fertilization Duncan’s multiple
type A B C D E Control | F-value range test

Growing season (cm) (at .01 level)

April (Iy| 7.70 7.25 742 6.90 7.90 7.19 | o57ns. E C B  Con D
June (I1) | 895 1151 1212 1114 1203 821 | 2.49ns. C B D A Con
August (m | 960 1457 1837 1325 1587 8.85 | 10.27** C B D A Con
September (IV) | 10.01 1579 2030 14.17 1934 9.09 | 25.44** C B D A Con
October (V) | 10.78 1613 2060 1467 1981 9.47 | 23.00** C B D A Con
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Table 8. The dry weights and proportions(%) of each part of Liriodendron tulipifera seedling were
measured after growing season by fertilization treatment.

Dry weight(g) and proportion{%)

of each part of seedling

Total dry

Treatment root stem leaf Wt./Seedling(gr.)
A 2.155+ 0.171(68.8) 0.620+ 0.038(19.8) 0.357+ 0.065(11.4) 3.13
B 5.704+ 0.497(70.1) 1.355+ 0.101(16.6) 1.087+ 0.117(13.3) 8.15
C 11.581+ 0.996(68.0) 2.608+ 0.191(15.3) 2.843+ 0.259(16.7) 17.03
D 5.574+ 0.476(72.6) 1315+ 0.108(17.1) 0.789+ 0.094(10.3) 7.68
E 10.809+ 0.966(70.0) 2.383+ 0.251(15.5) 2.229+ 0.204(14.5) 1542
Control 1.481+ 0.198(69.3) 0.557+ 0.029(26.1) 0.098+ 0.029( 4.6) 214

|

Table 9. Changes in root collar diameter of Pinus strobus measured through the growing season
by different fertilization type.

Fertilization Duncan’s multiple

type A B C D E Control | F-value range test
Growing season (mm) | (at .05 level) (at .1 level)
April (I)| 669 6.70 6.34 6.20 6.30 6.70 1.22n.s. B Con. A C E D
June (1) | 724 7.29 7.39 7.01 7.03 7.12 0.44n.5. C B A Con. E D
August (my | 7.60 7.92 8.05 7.34 7.68 743 0.96.s. C B E A Con. D
September (V) | 783 835 842 758 808 758 1.91ns. C B E A D Con,
October (V)| 826 877 918 821 874 806 1.48n.s. C B E A D Con
09~20.30 cm, 9.47~20.60 cm% Z i, HAXA hol Z719] HEHE 1563~26.1%, U 4.6~ 16.7%7}HA]
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Table 10.Changes in seedling height of Pinus strobus measured through the growing season by

different fertilization type.

Fertilization Duncan’s multiple

type A B C D E Control | F-value range test
Growing season (cm) (at .01 level)
April (I)| 1598 1525 1600 1511 1395 1594 1.010s. C A Con. B D E
June (II) | 1933 1901 1986 1802 1744 1800 0.62n.5. C A B D Con. E
August () | 2047 2015 21.02 1941 1875 1897 | (49ns. C A B D Con. E
September (V) | 21.08 2057 2186 2031 1962 1943 | (o470 C A B D E  Con
October (V) | 2146 2094 2244 2071 2024 20.19 | .4Qns. C A B D E Con.

Table 11. The dry weight proportions(%) of each part of Pinus strobus seedling were measured after
growing season by fertilization treatment.

Dry weight(g) and proportion(%)

of each part of seedling

Total dry

Treatment root stem leaf Wt./Seedling(gr.)
A 10.500+ 0.528(50.5) 4.549+ 0.225(21.9) 5.740+ 0.465(27.6) 20.79
B 12.203+ 0.497(51.6) 5.001+ 0.234(21.2) 6.444+ 0.408(27.2) 23.65
C 14.080+ 1.298(50.7) 5.947+ 0.576(21.4) 7.769+ 0.841(27.9) 27.80
D 12.071+ 0.798(53.6) 4.592+ 0.297(20.5) 5.834+ 0.489(25.9) 22.50
E 12.976+ 1.482(51.3) 5.269+ 0.560(20.9) 7.014+ 0.830(27.8) 25.26
Control 9.151+ 1.210(56.9) 4.390+ 0.387(27.3) 2.546+ 0.316(15.8) 16.09
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