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Effects of Paper Sludge Application on the Chemical
Properties of Paddy Soil and Growth of Paddy Rice

1. Effects of Paper Sludge Application on the Nitrogen Forms
and Inorganic Nutrients of Paddy Soil

Jong-Soo Heo* and Kwang-Sik Kim**

Abstract

To investigate the effects of paper sludge, by-products of paper manufactory, on the
chemical properties of paddy soil and growth of paddy rice, paper sludges were applied to
the pots at the rates of 300,600,900 and 1,200kg/10a which were either pread-justed C/N
ratio to 30 : 1 or not adjusted. The effects were compared with those of control.

Seasonal variations of various forms of soil organic nitrogen, the mineralization of organic
nitrogen and the contents of soil minerals were analyzed. The results were summarized as
follows:

1) The contents of soil organic nitrogen, especially amino sugar-N and amino acid-N, organic
matter, CEC and available Si0, were increased by application of paper sludge compared with
that of control.

2) The mineralizations of organic nitrogen after 6 weeks of incubation at 30°C were 12, 2,
12.6, 15.1, 9.7 and 15.2% in the control, 300 kg/10a sludge treatment, 300 kg/10a sludge treat-
ment (C/N ratio adjusted), 600kg/10a sludge treatment and 600 kg/10a sludge treatment(C/N
ratio adjusted), respectively.

3) Cu and Pb contents in the soil were in the range of 0~0, 2100 and 0~0, 0013 ppm, respec-
tively. Cr and Cu in the soil were not detected at all. There were no differences in the con-

tents of all the heavy metals among all the treatments in the soil.
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Table 1. Analys1s of paper sludge used

C/N P,0s K,0

Moisture pH(l 5H20) ]

(%) Fresh Dry (%) (4 ) Ratio (%) (%)
53.2 7.3 7.3 37.0 0. 20 185.0 0.20 1.54
Cal MgO Fe Mn Total carbohydrate Cellulose Lignin Total lipid

(%) (%) (ppm) (ppm) (%) (%) (%) (%)

0.23 0.38 0. 60 0. 86

30.0 25.2 9.1 0.81
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Table 2. Fatty acid composition of paper sludge used (Unit: 95)
? ? Cla:0 Cl4:1 ? ? C16:0
0. 41* 0.45 0.49 0.58 0.72 0.77 1. 00
0.27 1.65 2.72 0.06 2.08 0.92 39. 85
Cl6:1 ? ? ? Ccl8:0 Cc18:2 C18:3
1. 16 1.44 1. 59 1.83 2.03 2.65 3.54
5.99 1.68 1.29 1.01 22,81 11.94 7.73
* : Relative retention time ? : unidentified
Table 3. Physico-chemical properties of soil used
. pH T-N o.M CEC Ex.-Cation(me/100g) Ave.-P,0;
Soil texture () J5H,0) (%) (%) (me/1008) Ca Mg K (ppm)
L 6.0 0.16 2.02 9.5 4.2 2.2 0.22 58
Ave.-Si0, Ex.-Al SO~ Fet+ Mnt+ Cd Pb Cr Cu
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
102 12. 1 28.7 31 25 0 tr 0 0.15
Table 4. Experimental design
Number Treatments
1 Non fertilizer
2 NPK (20-20-15 kg/10a)
3 NPK -+ paper sludge 300 kg/10a
4 NPK -+ paper sludge 300 kg/10a -+ C/N ratio to 30 : 1 adjusted
5 NPK - paper sludge 600 kg/10a
6 NPK + paper sludge 600 kg/10a -+ C/N ratio to 30 : 1 adjusted
7 NPK -+ paper sludge 900 kg/10a
8 NPK -+ paper sludge 900 kg/10a +— C/N ratio to 30 : 1 adjusted
9 NPK +- paper sludge 1,200 kg/10a
10 NPK + paper sludge 1,200 kg/10a + C/N ratio to 30 : 1 adjusted
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Table 5. The operating conditions of GLC for
higher fatty acids analysis

e BBk KFEEFE vl A R

Column i 5% DEGS(glass ¢ 3 mm X2 mm)
Detector | Flame ionization detector
Column temp. ; 170°C

Detector temp. ; 210°C

Carrier gas N., 80 mi/min

Chart speed 5 mm/min

Table 6. Relative retention times of the authen-
tic specimens of higher fatty acids

Higher fatty acids RRT®* Higher fatty acids RRT
Ccl2:0 0.37 Ccl8:0 2.03
Cl4:0 0. 49 Ccl18:1 2.21
Cl4:1 0.58 Cl8:2 2.65
Cl16:0 1. 00" C18:3 3. 54
Cl6:1 1.16 c20:0

3.92

'Relatlve retention time
*Retention time for palmitic acid(7min) is taken
as 1,00
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Table 7. Seasonal variation of total nitrogen and NH,-N in paddy soil

Total Nitrogen(%) NH,-N(ppm)
25 Days Effec- Maximum Young Harve- 25Days Effec- Maximum Young Harve-
after tive tillering  panicle sting after tive tillering  panicle sting
Treatments trans- tiller- stage forma- time trans- tiller- stage forma- time
plant- ing tion plant~ ing tion
ing stage stage 1ng stage stage
Non fertilizer 0.13 0.12 0.13 0.11 0.09 7 6 5 2 4
NPK 0.14 0.14 n.13 0.14 0.11 41 13 7 19 3
Paper 300 0.15 0.15 0.16 G. 16 0.17 64 12 3 11 5
sludge 300(C/N) 0.14 0.17 0.17 0.16 0.19 59 54 18 19 11
600 0.16 0.15 0.16 0.17 0.18 72 25 11 10 7
600(C/N) 0.15 0.17 0.18 0.20 0.19 75 31 15 22 11
900 0.16 0.17 0.17 0.16 0.17 82 23 13 19 10
900(C/N) 0.18 0.18 0.16 0.19 0.20 30 35 17 24 7
1,200 0.17 0.18 0.17 0.18 0.19 87 36 17 17 9
1, 200(C/N) 0.19 0.18 0.19 0.19 0.21 94 46 25 33 13
Table 8. Organic forms of nitrogen in paddy soil
Growing Total Inorganic Organic nitrogen
Treatments nitrogen nitrogen Amino sugar Amino acid Unknown Total
stage N. N N
mg/100g mg/100g(%) me/1008(%) mg/1008(%) mg/100g (%) mg/1008(%)
Non fertilizer A 132 0.7¢0.5) 44(33. 6) 50(38. 2) 37(28.2) 131(99. 5)
B 132 0.5(0.3) 41(31.3) 39(29.8) 51(38.9) 131(99.7)
C 95 0.4(0.4) 36(38.3) 22(23.2) 36(38. 3) 94(99. 6)
NPK A 144 4.1(2.8) 48(34.3) 55(40. 0) 36(25.7 140(97. 2)
B 133 0.7(0.5) 41(31. 1) 37(28.0) 54(40.9) 132(99.5)
C 116 0.5(0. 4) 43(37. 4) 28(24.3) 44(38.3) 115(99. 6)
Paper A 163 7.2(4.4) 53(33.8) 44(28.0) 60(38. 2) 157(95. 6)
sludge 600 B 163 1.1(0.6) 51(31.5) 43(26. 5) 68(42.0) 162(99. 4)
C 185 0.7¢0.3) 70(38.0) 61(33.2) 53(28.8) 184(99.7)
A 152 7.5(4.9) 51(37. 4) 45(31. 3) 48(33.3) 144(95. 1)
600(C/N) B 182 1.5(0.8) 59(32.6) 50(27.6) 72(39.8) 181(99. 2)
C 192 1.1(0. 5) 77(40. 3) 67(35. 1) 47(24.6) 191(99. 5)

A: 25 days after transplanting B: Maximum tillering stage C: Harvesting time
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Table 9. Organic nitrogen mineralized after 6 weeks incubation at 39°C

Initial After o e N
Treatments 6 weeks .rganlllc Y
Total N(a) NH,-N (b) NH,-N(c) mineratize
(mg/1008) (mg/1008) (mg/1008) (%)
Non fertilizer 95 0.4 10.78 11.0
NPK 116 0.5 14. 64 12.2
Paper 300 173 0.5 22.20 12.6
sludge 300(C/N) 195 1.1 29. 88 15.1
600 185 0.7 18.62 9.7
600(C/N) 192 1.1 30. 18 15. 2
* . ¢, of organic N mineralized=—-(3):»(b)A X100
(a) — (b)
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Table 10. Seasonal variations of 0.M. contents and CEC in paddy soil

0.M. (/,, CEC(me/100g)
25days Effec- Maximum Young Harve- 25days Effec- Maximum Young Harvest
after tive tillering  panicle sting after tive tillering  panicle ing
Treatments trans- tiller- stage forma- time trans- tiller- stage forma- time
plant- ing tion plant- ing tion
ing stage stage ing stage stage
Non fertilizer 2.01 2.21 1.90 2.01 1.92 9.0 10.8 9.3 9.3 9.6
NPK 2.11 2.01 2.02 1.95 2.03 9.2 9.8 9.3 9.5 9.4
Paper 300 2.34 2.35 2.25 2.08 2.07 9.5 10.3 10.4 10.4 10. 4
sludge 300(C/N) 2.35 2.35 2.16 217 2.09  10.7 11.3 9.8 9.8 9.7
600 2,36 2.54 2.11 2.14 2.15 9.5 10.1 10.3 9.5 10.5
600(C/N) 2.31 2.34 2.31 1.98 2. 05 10.0 9.8 10.5 10.3 10.8
900 2.55 2.34 2.04 2.24 2.18 9.7 10.2 9.9 10.8 10.7
900(C/N) 2.44 2.24 2. 14 2.27 2.30 10.0 10.3 10.5 10.6 10. 3
1, 200 2.567 2. 54 2.38 2.47 2.08 10.2 10. 4 10.2 10.0 10.4
1,200(C/N) 2.50 2.35 2.45 2.42 2.03 9.6 10.3 9.5 10.0 10.0




(84) B4 5o 3] A A4 23 (1985)
Table 11. Seasonal variations of pH and EC in paddy soil
pH E.C. (mmhos/cm)
25days Effec- Maximum Young Harve- 25days Effec- Maximum Young Harve-
after tive tillering  panicle sting after tive tillering  panicle sting
Treatments trans- tiller- stage forma- time trans- tiller- stage forma- time
plant- ing tion plant- ing tion
ng stage stage g stage stage
Non fertilizer 6.8 6.9 6.8 6.8 6.6 0.32 0.33 0.31 0.31 0.27
NPK 6.8 6.7 6.8 6.8 6.7 0.89 0.25 0.37 0.26 0.37
Paper 300 6.8 6.9 6.7 6.7 6.5 1.12 0.61 0.94 1.00 1.12
sludge 300(C/N) 6.9 €.8 6.8 6.8 6.6 116 102 1.71 1.19  0.46
600 7.1 6.9 6.7 6.8 6.6 1.20 1. 05 0.77 0.95 0. 60
600(C/N) 7.1 6.8 6.9 6.9 6.6 1.30 1.10 0. 96 0.80 0.62
900 7.1 7.2 6.8 6.7 6.5 1.24 1.10 0.99 0.85 0.70
900(C/N) 6.9 6.8 6.8 6.8 6.6 .37 L27 1.00 0.88  0.80
1,200 7.2 6.9 6.9 6.8 6.5 1.73 1.20 1.18 1.34 0.47
1,200(C/N) 6.9 6.9 6.8 6.8 6.5 1.74 1.25 1.04 1.29 0. 60
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Table 12. Seasonal variations ave.-P,0; and Si0, in paddy soil (Unit : ppm)
Ave.-P;0; Ave.-Si0,
25 days Effec- Maximum Young Harve- 25days Effecc Maximum Young Harve-
after tive tillering panicle sting after tive tillering  panicle sting
Treatments trans- tiller- stage forma- time trans- tiller- stage forma- time
plant- ing tion plant- ing tion
mng stage stage ing stage stage
Non fertilizer 52 53 47 42 25 104 92 108 104 103
NP X 63 52 61 54 59 96 107 104 103 106
Paper 300 69 67 63 65 59 113 102 110 108 111
sludge 300(C/N) 62 68 62 64 67 95 112 108 122 123
600 64 63 64 63 64 116 102 110 104 116
600(C/N) 64 77 67 62 67 110 98 104 113 121
500 66 61 68 63 64 84 112 113 116 120
900(C/N) 67 68 65 b9 71 114 107 120 116 114
1, 200 73 67 69 72 58 115 96 115 113 120
1,200(C/N) 71 65 71 62 64 117 125 124 135 127
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Table 13. Seasonal variations of exchangeable K, Ca and Mg in paddy soil
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(Unit : ppm)

Table 14. Seasonal variations of Fet", Mn+*, Cu and Pb in paddy soil
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