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

. Effects of Paper Sludge Application on the Growth of Paddy Rice.

Jong-Soo Heo*, Kwang-Sik Kim** and He-Sung Ha*

Abstract

To investigate the effects of paper sludge on the growth response of paddy rice, paper sludge
was applied to pots at the rate of either 300, 600, 900 or 1,200 kg/10a which was either pread-
justed at a C/N ratio of 30 : 1 or not adjusted. The effects were compared with those of the
control.

1. Plant heights, number of tillers and dry weight were significantly reduced with the incr-
easing application of paper sludge in the early stages of rice growth, whereas opposite results
were observed after the heading stage when treated with C/N ratio preadjusted paper sludge.

2. The uptake of N, P.0;, K;O and SiO, by rice plants grown in paper sludge treated soil was
significantly reduced in the early stages of rice growth. Conversely, uptake was enhanced in
the C/N ratio preadjusted plot in the young panicle formation stage.

3. Zn,Cu and Cd content in rice straw was in the range of 39~101, 0~0.11 and 0.03~0. 14
ppm, respectively, and Pb and Cr in rice straw were not detected at all. However, there was

no difference in the content of all these heavy metals in rice straw irrespective of treatment,
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Table 1. Growth status of paddyjrice.
Plant heights(cm) Number
25days . . Young 25days .
Treatments after tr- }tEiflfeefit:]ve hﬁﬁi})élrrir;lum panicle  Heading Harvest- after tr- Eflfgf itI;VE
ansplan- t g ¢ € formation stage ing time ansplan- + g
ting stage stage stage {ing stage
Non fertilizer 36.8 39.8 45.8 54.5 64.0 63.0 2.5 3.3
N P K 43.3 57.3 61.3 67.5 80.5 81.0 9.0 20.3
300 41.8 54.3 59.3 66.3 83.3 82.0 6.3 15.0
300(C/N) 44.0 55.3 62.8 65.5 82.5 82.8 6.3 15.3
600 40.8 50.5 56.5 66.5 82.0 82.3 6.3 12.8
Paper  600(C/N) 41.0 50.8 61.3 66.5 85.3 85.0 5.8 15.8
sludge 900 35.5 47.3 54.0 63.5 80.0 80.5 4.0 9.3
900(C/N) 38.5 50. 3 57.5 65.8 88.5 86.5 5.0 10.8
1, 200 34.0 45. 8 51.3 62.0 83.3 83.8 3.8 7.8
1,200(C/N) 35.0 46.0 55.0 65.5 80.5 83.8 3.3 8.3
LSD % 3.8 3.3 3.6 3.5 4.6 — 1.6 3.1
1% 5.1 4.3 4.8 — — — 1 4.1
of tillers Dry weight(g/pot)
. Young . . Young
Treatments I\t/li?l}élr%‘;m panicle  Heading Harvest- Ef}fgfitéve I\t/Ii?fé".r;um panicle  Harvest-
’ stage formation stage ing time stage g sta rel £ formation ing time
g stage g g stage
Non fertilizer 3.0 3.2 3.3 3.0 4.8 13.2 18.8 11.6
N P K 18.3 17.0 23.8 14.5 55.2 86.0 94.0 92.0
300 16.0 21.8 21.0 13.5 37.6 57.2 112. 8 85.2
300(C/N) 16.8 21.3 21.3 14.5 40.0 69.6 123.2 105.2
600 13.8 24.0 22.0 14.0 34.4 56.4 73.6 92.0
Paper  600(C/N) 19.3 22.3 25.0 16.0 34.4 57.6 82.4 111.6
sludge 900 17.8 23.0 23.3 16.5 19.2 43.6 59.6 89.6
900( C/N) 24.3 27.0 27.8 19.0 29.2 48.8 96.4 137.2
1, 200 13.0 21.8 22.3 16.0 16.8 23.6 50.0 86.0
1, 200(C/N) 24.3 30.5 27.0 13.3 21.6 61.2 87.0 147.6
LSD 5% 4.4 4.7 4.6 2.8
1% 5.9 6.2 6.1 3.8
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Table 2. Heading and harvesting time of paddy rice at the various treatments.

Treatments Heading time Harvesting time

Non fertilizer August, 29 October, 10
N P K August, 31 October, 10
300 August, 2 Qctober, 10

300(C/N) August, 2 October, 10

600 August, 2 QOctober, 10

Paper sludge 600(C/N) August, 2 October, 10
900 August, 4 October, 19

900(C/N) August, 13 October, 19

1, 200 August, 13 October, 19

1, 200(C/N) August, 15 October, 19
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Table 3. Yield and yield components of paddy rice.

Grain yield No. of No. of Percent Weight

restments Weght — Tndex [OOSR, MM Canice gran . greihe(®

Non fertilizer 7.4 15.3 3.0 82 81.8 20.9
N PK 48.3 100. 0 14.5 141 77.5 22.0
300 46.5 96.3 13.5 138 84.3 22.0
300(C/N) 50. 2 103.9 14.5 137 82.0 22.0
600 43.1 89.2 14.0 140 79.0 22.0
Paper 600(C/N) 54.6 113.0 16.0 143 78.8 21.9
sludge 900 49.6 102.7 16.5 142 81.3 21.7
900(C/N) 54.3 112.4 19.0 145 77.5 21.8
1, 200 50. 2 103.9 16.0 136 80.3 21.7
1,200(C/N) 60.5 125.3 13.3 155 77.0 21.4
LSD % — 2.8 18 — .3
1% — 3.8 — — 0.4
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Table 4. Nitrogen and P,0; contents of rice straw at various growing stages.
(Unit : %)

Nitrogen P,Os
. . Young - . . Young
Treatments Effective Maximum panicle  Harvest- Effective Maximum panicle  Harvest-
tillering tillering formation ing time tillering tillering formation ing time
stage stage stage stage stage stage
Non fertilizer 2.21 1.51 0.97 0.38 0.65 0.54 0.40 0.18
.11 (0.20) (0.18) (0.04) (0.03) (0.07) (0.08) (0.02)
N P K 2.72 1.87 1.34 0.51 0.78 0.65 0.45 0.21
(1.50) (1.61) (1.26) (0.47) (0.43) (0.56) (0.42) 0.19)
300 2.58 1.83 1.40 0.58 0.74 0.63 0.46 0.24
(0.97) (1.05) (1.58) (0.49) (0.28) (0.36) 0.52) (0. 20)
300(C/N) 2.62 1.92 1.47 0.63 0.74 0.64 0.48 0.25
(1.05) 1.39) (1.81) (0. 66) (0. 30) (0.45) (0.59) (0. 26)
600 2.56 1.82 1.42 0.62 0.72 0.62 0.48 0.25
(0.88) (1.03) (1.05) (0.57) (0.25) (0.35) (0.35) (0.23>
Paper  600(C/N) 2.61 2.00 1.59 0.62 0.74 0.64 0.48 0.25
sludge 0900 (.15  (1.31)  (0.69) 0.25)  (0.37)  (0.40)  (0.28)
900 2.51 1.80 1.46 0.63 0.71 0.60 0.49 0.26
(0.48) (0.78) (0.87) (0.56) (0.14) (0.26) (0.29) (0.23)
900(C/N) 2.53 2.07 1.67 0.64 0.71 0.62 0.48 0.27
.70 (1.0 (1.61) (0.88) (0.21) (0.30) (0.46) (0.37)
1, 200 2.34 1.82 1.42 0.64 0.66 0.58 0.48 0.27
(0-39) (0.43) .71 (0.55) .1D (0.14) 0.24) (0.23)
1,200(C/N) 2.39 2.25 1.72 0.68 0.68 0.58 0.50 0.27

(0.52) (1.38) (1.50) (1.00) 0.15) (0. 35) 0.24) (0.40)

( ) : Absorbed amount of nutrients(g/pot)
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Table 5. K,O and Si0. contents of rice straw at various growing stages.

(Unit : %)
K,0 SiO,
e . “Young . . Young
et e hrma” panicle Harvest. (LI MESIUM panicle  Harvest
stage stage fsczgr;l:tlon ing time stage stage g;r;l:tlon ing time
Non fertilizer 1.98 1.76 1.77 1.32 4.23 4.31 5.41 6.14
(0.10) (0.23) (0.33) (0.15) (0. 20) (.57 1.02) (7.12)
N P K 3.01 3.55 3.14 2.84 5.20 5.22 6.70 8.12
(1.66) (3.05) (2.95) (2.61) (2.87) (4.49) (6.30) (7.47)
300 2.88 3.36 3.20 2.85 5.10 5.20 6.81 8.10
(1.08) (1.92) (2.61) (2.43) (1.92) (2.97) (7.68) (6.90)
300(C/N) 2.92 3.48 3.24  2.85 5.17 5.21 6.78 8.12
(1-17) (2.42) (3.99) (3.00) (2.07) (3.63) (8.35) (8.54)
600 2.83 3.25 3.22 2.87 5. 06 5.19 6.75 8.10
(.97 (1.83) 2.3 (2.64) 1.74) (2.93) .97 (7.45)
Paper  600(C/N) 2.94 3.52 3.26 2.90 5. 21 5.25 6.82 8.15
sludge (1.0D (2.03) (2.69) (3.24) (1.79) (3.02) (5.62) (9.10)
900 2.75 3.20 3.27 2.93 5. 06 5. 20 6.79 7.89
(0.53) (1.40) (1.95) (2.83) (0.97) .27 (4.05) (7.07)
900(C/N) 2.88 3.50 3.30 2.95 5.17 5.20 6.65 8.25
(0. 84) (1.7D (3.18) (4.05) (1.5D) (2.54) (6.41) (11.32)
1, 200 2.65 3.17 3.41 2.90 5. 10 5.19 6.75 8.20
(0-45) (0.75) (1.71) (2.49) (0. 86) (1.22) (3.38) (7.05)
1,200(C/N) 2.85 3.49 3.42 2.92 5.18 5. 30 6.89 8.21
0.62) (2.1 (2.98) (4.31) (1.12) (3.24) (5.9 (12.12)

( ) : Absorbed amount of nutrients(g/pot)
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Table 6. Ca0 and MgO

contents of rice straw at various growing stages.
(Unit : %)

(31)

Ca0 MgO
- : . Young : . Young
Treatments - Effective Maximum panitle arvest. Bifective Mexioum poiche prorvest
stage stage g(igrgl.l:tlon mg time stage stage f;gr;l:.tlon ing time
Non fertilizer 0.65 0.60 0.55 0.42 0.35 0.30 0.27 0.23
0.03)  (0.08) .10 (0.05)  (0.02) 0.04)  (0.15) 0. 03)
N P K 0.75 0.68 0.63 0.58 0.44 0.38 0.33 0.31
(0.41) (0.58) (0.59) (0.53) (0.24) (0.33) (0.31) (0.29)
300 0.74 0.67 0.64 0.60 0.45 0.37 0.33 0.32
(0.28) (0. 38) 0.72) €0.51) .17 0.21) (0.37) (.27
300(C/N) 0.72 0.68 0.65 0.60 0.42 0.38 0.34 0.32
0.29)  (0.47) 0. 0) (0.63)  (0.17)  (0.26)  (0.42) (0.34)
600 0.74 0.68 0.65 0.64 0.43 0.38 0.34 0.34
(0. 25) (0. 38) (0.48) (0.59) (0.15) 0.2 (0.25) (0.3
Paper 600(C/N) 0.74 0.68 0.65 0.62 0.43 0.38 0.34 0.32
sludge (0.25) (0.39) (0.54) (0.69) (0. 15) (0.22) (0.28) (0. 36)
900 0.73 0.68 0.65 0.62 0.43 0.38 0.34 0.32
(0.14) (0.30) (0.39) (0.56) (0. 08) .17 (0.20) (0.29)
900(C/N) 0.75 0.66 0.64 0. 62 0.44 0.38 0.33 0.32
(0.22) (0.32) (0.62) (0.85) (0.13) (0.19) (0.32) (0.44)
1, 200 0.74 0.66 0.65 0.63 0.43 0.36 0.34 0.33
(0.12) (0.16) (0.33) (0.54) (0.07) (0.08) 0.17) (0. 28)
1,200(C/N) 0.75 0.68 0.65 0.61 0.42 0.38 0.34 0.32
(0.16) (0.42) €0.57) (0.90) (0.09) (0.23) (0. 30) (0.47)
( ) : Absobed amount of nutrients(g/pot).
Table 7. Fe, Mn, Zn, Cu and Cd contents of rice straw at various growing stages.
(Unit : %)
Fe Mn 7n
_ Maxi- Young . Maxi- Young Maxi-
Treatments ]%fefeﬁf mum  panicle Harve- F\;fefi?lt mum  panicle Harve- Eff‘ic.lt' mum
ierin tilleri- forma- sting lerin tilleri- forma- sting 1]ve' 1 tilleri-
sta eg ng st- tion time sta eg ng st- tion time ::rmg ng st-
g age stage g age stage stage age
Non fertilizer 636 477 354 311 621 677 625 504 84 62
N P K 578 425 371 337 762 652 602 527 84 73
300 546 402 355 332 745 621 577 473 82 72
300(C/N) 564 412 370 317 763 623 575 472 76 70
600 556 415 366 341 762 652 610 505 94 65
Paper  600(C/N) 572 420 380 328 773 603 553 467 54 74
sludge 900 544 405 370 339 748 655 608 469 86 73
900(C/N) 562 410 335 318 769 606 549 509 87 70
1, 200 563 421 370 331 765 612 573 462 65 59
1,200(C/N) 564 420 371 337 760 604 568 477 92 69
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Cu Cd
Treatments g;rlllilé%e Harve- ]E)\;fefet(ﬁ gﬁﬁ: gﬁ#i?:lge Harve- ﬁ]fefiflt rl\r/[u.a:r}l(ll ngxllli?:%e Harve-
forma- sting lering tilleri- forma- sting lering tilleri- forma- sting
tion time stage ng st- tion time stage ng st- tion time
stage age stage age stage
Non fertilizer 66 52 0.05 0.03 tr 0.11 0.13 0.09 0.11 0.07
N P K 69 50 0.03 0.05 0.03 tr 0.12 0.08 0.14 0.11
300 68 48 0.07 0.08 0.06 0.04 0.05 0.12 0.11 0.07
300(C/N) 64 50 0.10 0.11 0.10 0.05 0.14 0.09 0.10 0.11
600 59 50 0.05 0.10 0.07 0.06 0.11 0.08 0.10 0.08
Paper  600(C/N) 87 45 0.04 0.07 0.05 0.07 0.10 0.11 0.11 0.07
sludge 900 66 39 0.03 0.05 0.03 0. 05 0.08 0.10 0.07 0.05
900(C/N) 101 54 0.03 0.03 0.04 0.07 0.12 0.13 0.08 0.03
1, 200 68 53 0.02 0.04 0.07 0.01 0.13 0.07 0.05 0.04
1,200(C/N) 65 50 0.01 0.07 0.08 0.12 0.14 0.12 0.11 0.13
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