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

IV. Effects of Paper Sludge Application on the Seasonal Variations of
Volatie Lower Fatty Acids in Paddy Soil

. Jong-Soo Heo* Kwang-Sik Kim** and Ho-Sung Ha*

Abstract

To investigate the effects of paper sludge on seasonal variations of volatile lower fatty acids
in paddy soil, paper sludge was applied to pots at the rate of either 300, 600, 900 or 1,200
kg/10a which was either preadjusted at a C/N ratio of 30 : 1 or not adjusted. The decomposition
rate of paper sludge, the evolution of CO, and the fractions of volatile lower fatty acids in
the soil were determined.

The results are summarized as follows:

1. Paper sludge was decomposed to 35~44%, and its C/N ratio was 55~82, respectively, at
120 days after treatment.

2. The evolution of CO, in the soil was proportional to the amount of paper sludge added.
Significant positive correlations were observed the CO, evolution was compared with the deco-
mposition rate of paper sludge, and volatile fatty acid contents in soil.

3. Acetic, propionic, butyric, i-butyric, valeric and i-valeric acids were identified in all the
soils investigated. The content of the total volatile fatty acids in the soil increased with as the
application of paper sludge increased. The formation of the acids was the highest at 25 days
after treatment, and thereafter the contents of the acids decreased as time elapsed.

4. The volatile fatty acids in the soil inhibited the growth of paddy rice in early stages. The
contents of acetic, propionic and i-valeric acids in the soil negatively, correlated with the uptake
of N, P,0;, K,0, CaQ, MgO and SiQ, in the paddy rice at 25 days after transplantation. In
addition, the uptake of P,O, and CaO in the paddy rice negatively correlated with the content
of butyric acid in the soil

5. The content of total volatile fatty acids positively correlated with the content of Fe* and
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Mn* in the soil at 25 days after transplantation. A significantly positive correlation was obs-

erved between Fe' and acetic acid contents in the soil.
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Table 1. The operating conditions of GLC for the
analysis of volatile fatty acids

Column PEG-§, 000

(glass ¢ 3mmXx2m)
Detector Flame ionization detector
Column temp. 160°C
Detector temp. 200°C

N., 60ml/min

5mm/min

Carrier gas
Chart speed

#3875 934

A7A A13(1988)
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Table 2. Relative refention times of the authentic specimens of volatile fatty acids.

volatile fatty acids RRT* volatile fatty acids RRT
Acetic acid 0.54 Butyric acid 1.62
Propionic acid 1.00® i-Valeric acid 2.22
i-Butyric acid 1.31 Valeric aced 2.95

* Relative retention time

b Retention time for propionic acid (6.5min) is taken as 1.00

Table 3. Decomrosition rate of paper sludge buried

(Unit : %)

Days after burial

Treatments
14 28 60 0 120
300 8.1 15.3 20.9 30.2 37.8
300(C/N) 12.4 18.3 24.8 34.4 41.0
600 9.0 13.9 20.4 29.6 35.4
Paper 600(C/N) 11.9 18.3 25.0 34.3 41.9
sludge 900 8.5 14.3 20.3 29.0 35.5
900(C/N) 10.6 19.6 25.9 34.9 42.2
1,200 8.3 31.4 19.7 28.5 35.2
1, 200(C/N) 10.2 19.3 26.6 £5.4 43.6
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Table 4. C/N ratio of paper sludge buried.
Days after burial
Treatments 14 28 60 90 120
C NC/N C N C/IN C N C/N C NC/N C N C/N
300 34.0 0.22 155 €1.4 0.23 137 25.0 0.25 100 23.9 0.26 91.9 20.2 0.28 72.1
300(C/N) 31.5 0.24 131 29.1 0.25 116 22.8 0.26 88 20.5 0.26 78.8 16.8 0.28 60.0
600 33.7 0.22 153 31.8 0.23 138 26.9 0.24 112 23.9 0.26 91.9 20.6 0.28 73.6
Paper 600(C/N) 30.3 0.25 121 28.1 0.23 122 23.8 0.25 95 21.5 0.26 82.7 16.5 0.28 58.9
sludge 900 33.9 0.22 154 31.8 0.23 138 25.9 0.24 108 24.3 0.26 93.5 22.8 0.28 81.4
900(C/N) 31.4 0.22 143 28.50.26 109 24.4 0.25 98 22.2 0.26 85.4 15.5 0.28 55.4
1, 200 34.0 0.22 155 32.2 0.23 140 27.0 0.24 113 25.5 0.26 98.1 22.9 0.28 81.8
1, 200(C/N) 32.7 0.28 117 30.1 0.23 133 24.2 0.27 89 22.6 0.27 83.7 17.9 0.29 61.7
C, N:%
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Table 5. Correlation coefficients between total vo-
latile fatty acid and CO, generated in
soil, and decomposion rate of paper slu-
dge in soil at various periods (r= )

Total volatile fatty acid

Days after treatment
25 34 48 62

CO, generated 0.789%% (. 908%* 0.910%** 0. 734%*
Decomposition rate 0.790%* (.785%* (. 829%*

=8 g COR4 R M#s FR 2L i
FAE B3 #HRE Table 6041 e vhobe] 4

Table 6. Correlation coefficients between CO, generated in soil and plant height, and number of tillers of

paddy rice at various periods (r= )

Plant height

Days after transplanting

25 34 48 62 84 111
CO, generated —0.759** — 0. 847** —0.691%* —0.599% —0. 264N8 0.103%s
Number of tillers
Days after transplanting
25 34 48 62 84 111
CO, generated —0.799%* —0.789%* —0. 367N —0. 3667 —0.562*% —0. 525N
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Table 7. Correlation coefficients between CO, generated and decomposition rate of paper sludge in soil at

days after treatment (r= )

Decomposition rate of paper sludge

25 days after treatment

34 days after treatment

CO, generated

0. 874**

0.617*+*

Table 8. Volatile fatty acids in paddy soil at various growing stages

(Unit : mg/ 100g)

Acetic acid

Propionic acid

—Butyrlc ac1d

25da- Youn-

. Young . Young Effe- Max-
25days Effect- Maxim- . 25days Effect- Maxim- H af- g pa-
Treatments after ivetil- um ti- pz;’;ie_ after  ivetil- um ti- I;z?g;? ter tr- (t:flll‘t’ae lgﬁlm nicle
transp- lering llering tion transp- lering llering tion ansp- ring ringe form-
lanting state  state stage lanting state  state stage lanti- state stage ation
n stage
NPK 174(54) 163(76) 66(43) 41(27) 25(8) 7(2) 1006) 19(12) 15(5) 5(2) 11(7) 12(8)
300 349(65) 314(73) 160(45) 64(33) 23(4) 19(8) 23(7)  5(3) 12(2) 12(3) 25(7) 5(3)
Paper 600  549(72) 333(62) 217(47) 85(36) 29(4) 32(6) 33(7) 29(12) 25(3) 25(5) 36(8) 21(9)
sludge 900  623(75) 521(68) 230(45) 120(36) 48(6) 23(3) 37(7) 40(12) 15(2) 41(5) 43(8) 30(9)
1,200  769(74) 486(57) 279(44) 123(31) 78(8) 69(8) 43(7) 45(11) 26(3) 53(6) 52(8) 26(7)

(J:%
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Continued
Butyric acid i-Valeric acid

Treatments  25Days af- Efictivee Maximum Young pa- zza.?tj:ryir- Effective Maximum Y;I;I;C’i
ter transp- tillering tillering  nicle form- ansplan- tillering tillering fpormati-
lanting stage stage ation stage tingp stage stage on stage

N P K 57(18) 17(8) 34(22) 41027) 39(12) 23(11) 27(18) 32(21)
300 45(8) 23(5) 69(19) 40(21) 101(19) 52(12) 58(16) 76(39)

Paper 600 88(12) 76(14) 93(20) 57(24) 73(10) 51(10) 72(16) 35(15)
sludge 900 51(6) 63(8) 97(19) 76(23) 71(9) 115(15) 80(16) 49(15)
1, 200 78(8) 122(14) 126(20) 107(27) 75(7) 81(10) 100(16) 74(19)

Valeric acid Total

Treatments 25days af- Effective Maximum Young pa- i?ti:rystr- Effective Maximum Y::;%%e
ter transp- tillering iillering nicle form- ansplan- tilllering tillering lf)orrilati-
lantng stage stage ation stage tingp stage stage on stage

N P K 10(3) tr 70 9(6) 320 215 155 154
300 5(1) 92D 21(6) 4(2) 535 429 357 195

Paper 600 tr 17(3) 14(3) 8(D 764 534 464 234
sludge 900 18(2) tr 25(5) 14(4) 827 764 512 329
1, 200 17(2) 43(5) 35(6) 20(5) 1, 042 854 634 395
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Table 9. Correlation coefficients between total volatile fatty acids in soil and number of tillers, and dry
weight of paddy rice at various growing stages (r= )

Total volatile fatty acid

2bdays after

Effective tillering Maximum tillering

Young panicle

translating stage stage formation stage
Number of tillers —0. 935%* —0. 949*+* ~0.55188 —0. 027N
Dry weight — —0. 956%* —0.926%% —0. 830**
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Tables 10. Correlation coefficients between total volatile fatty acids in soil and absorbed amounts of inor-
ganic nutrients in paddy rice at various growing stages (r= )

Growing Absorbed amount of nutrients in paddy rice

stages N P.,0; K.0 Ca0 MgO Si0,

25 days
after tran- —0. 949** —0. 956%* —0.954%* ~—0. 957** —0. 888** —0. 944%*

splating
Total Effective

yolatile llering S 0.914%F  —0.930%%  —(.g]5%x — —0. 919** —
alty stage

acid
Maximum
tillering — —0. 792%* —0.766** — —0.788%* —
stage
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Table 11. Correlation coefficients between volatile fatty acids and some other factors at 25days after tra-
nsplanting (r= )

Volatile CO* Decom- Numger Absorbed amount of nutrients in paddy rice "
fatty gener- position of Fe_ in
acid ated rate tillers N P.0s K0 Ca0l MgO Si0, soil

Acetic 0.729%% .712%% —0.929%* —(.976%* —0.978%% —0.979%% —(.979%* —(.928** —(.973** . 703%*
Propionic  0.759%* 0.663% —0.785%* —0.823%* —0.840%* —0.838%* —(.840%* —0.791%k —(.813%* (. ggo*
i-Buyric  0.208NS 0.2938S —0.039% —0.015%% —0.013NS —0.019%S —0.013NS  (.035NS —(.001NS (. 349NS
Butyric  0.622* 0.700%* —0.609% —0.544%% —0.564* —0.545NS —0.558% —0.450%S —(.540NS Q. 206NS
i-Valeric 0.771*%* 0.745%% —0.739%% —0.651% —0.663* —0.650% —0.659* —0.627*% —0.646% 0.5085S
Valeric  0.513NS 0.453%5 —0.404%S —0.302NS —0. 31588 —0. 3098 —0.299¥S —0, 200N —0. 306MS (. 123Ns

Table 12. Correlation coefficients between total volatile fatty acids and Fe*, and Mn" contents in soil at

various growing stages. (r= )
Total volatile fatty acid
2bdays after Effective Maximum Yound panicle
transplanting tillering stage illering stage formation stage
Fett content in soil 0. 703** 0. 328N 0. 499Vs —0. 323Ns

Mn* content in soil 0.560* 0. 401Ns 0. 362NS 0. 048Ns
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