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Summary

These studies were carried out for the elucidation of liming effect on the growth of
rice seedlings and the chemical characteristics of an acid sulphate paddy that shows not

only extremely high acidity of soil but also poor growth of rice plants, consequently

low yield. Thus the liming effect on the changes of acidity, oxidation-reduction potential,
and the contents of iron, aluminium, sulphate, and phosphorus fractions in the soil was
investigated under the waterlogging and drying condition. The. reclaimable or inhibitory
effect of phosphorus, iron and aluminium on the growth of rice seedlings was also
investigated under liming.

The results are summarized as follows:

1. After liming, the pH of the acid sulphate subsoil decreased again on drying.

2. The oxidation-reduction potential reached a minimum after 5 days of flooding and
greatly decreased on liming but increased after drying.

3. The contents of ferrous iron soluble in water-and Morgan’s solution reached a maxi-
mum after 15 days of flooding and only the content of water soluble ferrous iron was
greatly decreased.

4. The content of aluminium soluble in water-and Morgan’s solution decreased by
flooding and liming, and showed a tendency to increase on drying.

5. In the limed acid sulphate soil, the content of water soluble calcium showed a
highly significant negative correlation with the content of sulphate and liming decreased

sulphate content in the soil.
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6. The contents of total phosphorus was 496.3 ppm in the acid sulphate topsoil and

387.5 ppm in the subsoil.

The content of each phosphorus fraction was in the order of

Fe-P>0cc. Fe-P>Ca-P>0cc. Al-P>Al-P and Fe-P content in the soil was the highest

fraction among them.

7. Lime application increased greatly Ca-P and Al—P and Occ. Fe-P and Occ. Al-P
only slightly, but decreased Fe-P differently in each soil.

8. Effect of phosphorus on the dry maiter yield of rice seedlings was great The

optimum amount of phosphorus to produce maximum dry matter yield of rice seedlings

appeared to be 6.8% of maximum absorption (absorption coefficient) without liming and

10.0% with liming.

9. In rice seedlings liming increased the content and uptake of calcium and silica

but decreased those of iron and aluminium. Phosphorus application increased the

content and uptake

iron and aluminium increased their contents and uptaké but

phosphorus.

of phosphorus and decreased

iron while the application of
decreased those of

10. Liming greatly alleviated such toxicity of iron and aluminium.

11. When phosphorus was applied, the dry matter yield of rice seedlings showed highly

significant positive

correlations with uptake of phosphorus, calcium and silica each.

When iron and aluminium were applied, dry matter yields indicated significant positive

correlations with the contents or uptake of calcium and silica each, but significant nega-

tive correlations with the content or uptake of iron and aluminium.

12 Under the application of phosphorus and lime, dry matter yields showed significant

positive correlations with pH and Morgan’s extractable calcium each of the soil samples

after harvest.

Under the application of lime, iron and aluminium, dry matter yields

showed significant positive correlations with pH, calcium and silica each, but negative

correlations with iron and aluminium contents each of the soil samples after harvest.
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Phospho
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H Orga- | Avai- Availal Active'Easily | Avail-] Exch-| absorp-
PH nic  [lable . C.E.C|-ble | red. |able [|angea-|tion
Soil tterl P.O (m.e/100gr) ble |coeffici-
matter) Tat%s Si0, | Fe | Mn | SO | Al e(xg:o
H0 , ~ (m.e/ (me/ 2-5
(T%3)] ) |oomo{ca | M| & | Mo (G5l copmd| (26> | copm copmolEncty el
Acid . }
sulphate : .
topsoil 5.0 4.7 27 3. 36|3. 38 0.720 0.26| 9.4 107 1.71 1.2 1, 150’ 1.17) - 937
subsoil 3.9 3.3| 19 1.622.50| 0.47| 0.22] 10.6 | 177 1.58 1.2 1, 725 3.100 968
Normal , v
tapsoil 5.5 3.0 81 |3. 13|2‘44 0.42) 0.07] 10.8 | 61 1.15 18.2 175/ 0.62 635
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Fig. 2. Change of redox potential in the soils.
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Table 2. Content of phosphorus fractions in the soils.

i P (ppm)
Soil W-P Al-P Fe- . Occ. Occ. _ 5
e-P - | Ca-P Fo-P I Al-P ‘ O;g. P ]Total P
Acid sulphate topsoil 0.07 2.7 141.0 22.4 45.0 11.4 273.7 496.3
subsoil|  0.08 1.0 101.5 15.9 26.9 6.9 235.2 387.5
Normal topsoil 0.09 16.5 177.3 32.0 83.5 | 15.5 317.7 612.5

W-P=Water soluble P
QOrg.-P=Total P-Inorganic P

Occ. Fe-P=0ccluded Fe-P
Occ. Al-P=O0Occluded Al-P
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Fig. 9. Distribution or various inorganic
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Fig. 10. Change of soil inorganic phosphorus {fractions after lime application.
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Table 3. Linear correlation coefficient for
relationships between some chemical
factors of soil solution and the various
forms of phosphorus.

|_W—P[ Al—P| Fe—P| Ca—p] Occ: 1 Oce.

Fe-P | Al-P
ok **[ o
pH 0.293 0.790/~0.804: 0.833 0. 670 0.412
* b ok *
Ca 0.620| 0.413-0.926 0.971 0.579; 0.053

|

*%
Fe -0.767) 0.433 0.404‘-0. 133| 0.298 0.075
Al -0.139, 0.346) 0.085-0.231-0. 271-0. 032

* Significant at 5% level
** GQignificant at 1% level
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Table 4. Plant height and dry matter yield of rice seedlings at different amounts of

lime and phosphorus applications.

P,0s, without lime P,0s, with lime LSD [ cV
Treatment 7
2| 25] 5.0] 10.0Mean| $%)| 2.5] 5.0| 10.0{Mean % | )
(em) wl e *% s *% Lime
Plant height” | 35.1| 39.7| 40.7] 40.9 39.1| 37.9| 39.9] 41.9| 40.6| 40.1| 2.418| 5.578] 2.787
P,0s
| 1.402| 1.979
¥ *( ok sk *ok xx|Lime
Dry matter 2.26| 2.36| 2.47| 2.42 2.38 2.36| 2.67| 2.72 3.11| 2.7 0.127] 0.294| 4.563
(gr/pot) P20s
| | 0148 0.208

* Significant at 5% level

** Gignificant at 1% level
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Fig. 11. Relationship between dry matter
percentage and the amount of phosphorus
applied with or without liming. The
amounts are equivalent to 2.5, 5.0, and
10.0% of “the phosphorus absorption
coefficient respectively.
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Table 5. Contents of mineral nutrients in dry matter of rice seedlings at different
amounts of lime and' phosphorus.
 Treatment | P0x(%) | CaO(%) | Fe(ppm) | Al(ppm) .| Si0:(%)
- (%) .
Without lime P,05 0 0.37 0.33 360.0 276.7 5.8
2.5 1.22 0.43 307.0 201.7 4.9
5.0 1.46 0.40 280.0 220.0 50
10.0 1.94 0.46 270.0 222.5 7.3
Mean 1.25 0.41 304.3 230.2 5.8
With lime P05 0 0.46 0.64 300.0 177.5 9.1
2.5 0.94 0.67 306.5 188.3 8.9
5.0 1.18 0.70 253.3 178.3 7.9
10.0 1.29 0.63 233.3 183.3 7.7
Mean 0.97 0.66 273.3 181.9 8.4
olged EHR 3 E¥ES 285 RKkEdY Table 6. Linear correlation coefficients . for

BIGRE 2 E6clAS} go] BMES HM, B
Y EE BKES, ERS AR 2 GREKE
3 BEY HEHIE NS RdA T kG
Bt el v BRE BmAd EE =9l
< Aol

@ BREE LMol A Morgan B B
E LBRS HHESY MK 21 R7 44
b zo] pHe| Bl B8 2 BREEIE &
e BEEIE EAN MET 99z Mol ¢
FUE BRYE 1%904 FEELE MM =

relationships between plant height
and dry matter yield separately and
amount of nutrient uptake.

iP205[Caoi Fe [ Al ] 5i0,

Plant height 0.723 0.5421-0. 389,~0. 250! 0.108

Dry matter 4 .
vield | 0-538 0.794) 0.145

** Significant at 1% level
A 4o olF ol HeAL BEHEL B
A€ BEC HY & Aoz £,

gl
0.102 0.626
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pH [ P05 | Ca | Fe 1 Al | sio,
Dry sk *% Kk *k *k
oy e | 06511 0.539) 0.617|-0.642-0.668) 0.375
yield
** Significant at 1% level
(gFipot)
9.0
- With (ime
T 80 ¥ =7.1661+ 0.2560 X-00042 X2
L 6.8
[ H
Y =6 7446+ 01975X - 0,0145 X2
> i
2 60 i
0 25 50 10.0(%)
P20

Table 7. Linear correlation coefficients for
relationships between dry matter yield and

chemical properties in the soil after harvest.

Fig. 12. Maximum dry matter yield of rice
seedlings as different levels of phosphorus.
The levels are equivalent to 2.5, 5.0 and
10.0% of the phosphorus absorption
coefficient respectively.
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Table 8. Plant height and dry matter yield of rice seedlings as affected by different

amount of lime, iron and aluminium.

Plant | Dry Plant Dry
Treatment height | matter Treatment height | matter
- | Cem) |(gr/pot)l (cm) |(gr/pot)
. . (ppm)  (ppm)
Without lime Fe 0 35.8 2.64 Without lime Al 0 35.8 2.64
100 |-37.1 -2.40% 50 36.0 2.35%*
200 37.8% | 2.20%* 100 34.4 2.25%%
400 36.8 2.18%* 200 34.8 2. 21%*
Mean | 36.90 | 2.38 Mean 35.28 1 2.36
With lime Fe 0 34.0 2.84 With lime Al 0 34.0 2.93
100 | 36.7%% 2.82 50 35.9 2.95
200 | 35.9%| 2.70 100 | 37.8%% 2.97
400 37.7%%  2.67* 200 38.1%% 3.08
Mean | 36.101 2.76 Mean 36.44 | 2.98%*
L.S.D L.S.D
Lime 5% 4.310, 0.602 Lime 5% 4.940| . 0.155
1% 9.942 1.388 1% 11.394] 0.358
Fe 5% 1.573) 0.164 Al 5% 2.494) 0.213
i 1% 2.220{ 0.231 1% 3.519, 0.303
C.V. (%) 3.390) - 5.020 C.V. (%) 5. 473 5. 960
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Dry matter yield percerage
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Fig. 13. Yield percentage of dry matter in rice
seedlings as affected by different amounts
of lime, iron and aluminium.
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Table 9. Contents of mineral nutrients in the dry matter of rice seedlings as affected
by different amount of lime, iron and altminjum.

N : )

Treatment | o226 [ GER | P | AL Bs | Tt | B | G50 Lcomendcommy] co83]
. (ppm)| I (ppm)

Without Fe 0 1.19| 0.32 273 | 136 | 5.59] Without Al 0] 1.19] 0.32 273 136 | 5.59

lime 100 1.01; 0.35 367 150 5.45 lime 501 1.08| 0.38 367 214 5.65

2000 0.950 0.36! 520 157§ 5.67 100] 1.04 0.36 k 3407 321 5.64

400! 0.94| 0.38/ 533 | 174 | 6.38 | 200 0.98/ 0.37] 380 | 421 4.97

Mean| 1.02] 0.35] 423 | 154 | 5.77 Mean| 1.07| 0.36] 340 ] 273 | 5.46

With lime Fe 0 1.12| 0.67] 200 | 161 7.33| With lime Al 0| 1.12 0.67] 267 114 7.33

100{  0.98 0.63 267 135 | 7.49 \ ) 50! 0.92\. 0.70{ 260 | 1231 7.57

200, 0.88 0. 61 400 120 8.67 100; 0.81 0.71 280 132} 7.63

400, 0.81j 0.62| 420 | 118{ 7. 99! 2001 0.75 0.79 260 | 143 7.13

Meanl 0.95! 0.631 322 134 7.87 Mean 0.90 - 0.721 267 128 | 7.42
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Table 10. Linear correlation coefficients for various relationships between plant height,

dry matter yield, nutrient contents and nutrient uptake.’

Fe added

Al added

P,0s } Caol Fe ] Al | si0, | P,Os | CaO | Fe | Al | Si0:

Plant height -0. 216‘—0. 290

Nutrient content

Amount of nutrient [-0.404/-0. 333
uptake .

Dry matter
yield

Nutrient content

*

0.276}-0. 337|-0. 326{-0. 152| 0.256/-0. 360]-0.524| 0.274
sk Hk

0.171}-0.707| 0.035! 0.116/ 0.334/-0.087-0.621| 0.394

*% * * * *% $k
0.020j 0.652|-0.675/~0.310| 0.447)-0.522| 0.783-0.417,-0.619| 0.703

o # %

4 *3 *3
Amount of nutrient| 0.621] 0.788|-0.391| 0.180| 0.564| 0.260; 0.891] 0.293-0.487| 0.906

uptake

* Significant at 5% level
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Table 11. Linear correlation coefficients for
relationships between dry matter
yield and chemical properties in

the soil after harvest.

{pH]Ca[Fe)Al Si0;

ok K% **1 ok *k
Fe added 0.737) 0.714]-0.693-0.786/ 0. 666

¥ *¥ *k *k *k
Al added 0.824) 0.819|-0.802|-0.839| 0.749

** Gignificant at 1% level
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*# GSignificant at 1% level
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Appendix 1. Dynamic changes and physico-chemical properties of various soils during
waterlogging and drying.

Waterlogging period

Drying period

No. of days 1 3 5 7 10 15 2 39 42 46 49
4 19 0.2) ()
( D:water = content
pH
Acid sulphate
topsoil without lime 4.58 4.68 4.77 4.75 4.55 4.95 4.00 5.43 4.38 4.42 4.43
with lime 7.06 6.30 6.85 6.58 6.15 6.35 6.60 6.57 6.02 6.02 5.89
subsoil without lime 3.93 3.73 3.78 3.66 3.55 3.48 3.60 3. 63 3.58 3.60 3.58
with lime 7.13 6.40 6.50 6.68 6.20 6.20 6.28 5.72 4.93 5.15 5.18
Normal
topsoil without lime 5.15 5.18 5.34 5.33 5.55 5.15 5.28 5.80 5.10 5.08 5.13
with lime 8.05 6.84 6.95 6.90 6.80 6.65 7.00 6.62 6.27 6.53 6.33
Eh (mv)
Acid sulphate
topsoil without lime 311 296 226 301 344 261 304 163 299 311 319
with lime 2906 196 141 162 216 161 206 153 281 291 309
subsoil without lime 349 371 269 361 421 371 406 209 356 359 362
with lime 261 246 224 260 271 236 256 151 299 304 323
Normal
topsoil without lime 304 28 211 271 256 221 2561 174 309 309 317
with lime 251 216 166 154 229 151 231 174 306 306 313
Water soluble
Fe* (ppm)
Acid sulphate
topsoil without lime 11 41 66 111 135 216 189 123 — 0.7 —
with " lime 23 54 50 125 108 61 6 2.1 0.6 0.4
subsoil without lime 16 46 58 68 123 121 124 — 0.5 -
with lime 2 14 31 31 103 169 154 — 0.3 —
Normal
topsoil without lime 15 21 32 15 — 0.1 1.4
with lime 7 5 11 8 2.2 1.2 21
Morgan’s reagent soluble
Fe* (ppm)
Acid sulphate
topsoil without litne 17 8 259 390 820 1,050 845 1,017 10 21 1
with lime 44 261 252 38 820 1,035 835 1,028 49 34 15
subsoil without lime 3 6 47 47 163 149 126 10 4
with lime 14 83 272 - 433 638 830 1,000 13 5
Normal
topsoil without lime 3 6 80 390 693 1,013 833 344 13 13 6
with lime 3 75 250 390 715 1,069 838 381 16 10 4
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Waterlogging period Drying period

1 3 5 7 10 15 25 39 42 46 49
4 a9 0.2 (—

( ):water content

No. of days

Water soluble
Al (ppm)
Acid sulphate
topsoil without. lime 0.8 0.5 0.7 0.2 0.6 1.3 1.2 1.2 1.0 1.0 0.9
with lime 0.3 0.3 0.3 0.2 07 1.2 0. 81 1.6 0.6 0.1 0.1
subsoil without ‘lime '15.9 16.7 12.5 12.8 13.1 19.5 11.5 11.0 15.3 14.0 13.1
with lime 0.2 02 0.2 02 03 0.7 08 0.6 04 0.1 0.1
Normal
topsoil without lime 1.0 0.9 0.4 1.7 26 2.2 22 18 0.9 0.5 0.7
with lime 0.6 0.4 0.3 0.4 15 0. 9. 2.1 2.8 15 1.0 1.0

‘iVIorgan’s reagent soluble
Al (ppm)
Acid sulphate
topsoil without Lme 88 61 51 56 44 20 40 40 22 51 50
with  lime 68 43 A7 40 38 27 35 34 11 38 35
subsoil without lime‘ 210 103 101 214 205 142 181 115 125 133 127
with lime 127 66 55 75 50 34 37 36 5 36 41
Normal
topsoil without lime 65 41 37 38 23 22 19 36 6 34 40
with  lime 5 30 28 34 22 22 18 3 2 21 31

Water soluble
S074(ppm)
Acid sulphate
topsoil without lime 475 714, 856 800 783 972 906 731 426 491 463

with lime 967 1,108 1,099 1,125 1,040 866 772 449 505 648 708
subsoil  without lime 859 1,068 1,012 917 859 889 917 945 630 616 574
with lime 1,442 1,477 1,656 1,625 1,395 1,528 - 964 1,722 1,107 1,191 954

Normal
topsoil  without lime 67 55 53 79 167 91 116 28 42 61 65

with lime 92 83 65 121 116 24 80 148 61 83 139

Morgan’s reagent soluble
S0°4(ppm)
Acid sulphate
topsoil  without lime 600 867 775 711 732 803 782 708 694 840 757

with lime 556 750 883 756 750 677 607 97 465 597 625
subsoil without lime 1,178 1,694 1,583 1,245 1,286 1,375 1,250 1,243 = 944 1,188 1,118
with lime 1,067 1,292 1,333 1,300 1,232 1,479 1,777 2,299 1,611 1,924 1,819

Normal ;
topsoil ~ without lime 22 8 8 44 18 210 71 21 7% 97 21

with lime 4 83 92 67 18 21 71 21 5 105 - 21

216 —



-Appendix 2. pH, calcium and sulphate in the soil solution at different amounts of calcium.

Acid sulphate topsoil Acid sulphate subsoil
Calcium (m.e/D)
pH Ca SO, pH Ca SO,
(m.e/l) - (m.e/l)

0 7.1 1.10 8.34 4.8 1.27 5.35

0.805 7.3 1.16 8.22 — — I

2.415 7.4 1.47 7.54 - - -

4.025 7.5 1.71 6.98 5.2 2.37 5.75

8. 050 7.5 2.45 6.65 5.7 3.27 5.99
12. 057 7.5 3.19 6. 06 6.5 4.02 5.38
16.100 7.5 3.80 5.76 6.8 4.84 4.75
20.125 7.5 4.35 5.54 . 7.0 5.39 4.08
24.150 — — — 7.1 6.60 4.02
28.175 — - — | 7.2 7.22 4.02
- Appendix 3. Contents of various phosphorus fraction in different soils after 7 day incubation

at 3032°C.
Without lime (P. ppm) With lime (P. ppm)

Soil l Occ. Occ. Total Occ. Occ. Total
WP AP FeP CaP i Q% [0%p WP AWP FeP CaP F% W% porg.p

Acid sulphate
topsoil 1.9 25.8 252.2 65.7 88.0 18.6 452.0 2.8 50.7 161.6 103.8 106.0 19.2 444.1

subsoil 6.4 22.8 211.8 37.2 52.0 9.0 339.2 10.8 64.2 71.7 120.6 83.0 11.7 362.0

Normal ‘
topsoil 1.1 73.8 206.4 55.8 71.0 16.2 243.3 4.8 96.6 152.3 87.6 83.0 19.8 449.1

Appendix 4. Chemical properties of the soil solution after 7 day incubation at 30+2°C.

Without lime With lime
Soil gy Ca_ Fe. Al o Ca  Fe Al
PH o (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Acid sulphate

topsoil 4.60 728.7 44.0 13.6 7.04 3,476.6 27.0 4.3

subsoil 3.60 274.1 5.7 468.4 7.61 5,035.8 13.9 3.6
Normal

topsoil 5.83 788.6 5b.2 93.3 7.46 2,471.7 41.3 7.9

Appendix 5. Amount of nutrients uptake in rice seedlings at different amount of lime and
. phosphorus application (mg/pot).

Without lime With lime

Treatment
P05 Ca0 Fe Al Si0, P.05 Ca0 - Fe Al Si0,

F,0,0(%) 8.4 7.5 0.82 0.62 129.2  10.8 15.0 0.71 0.68 214.4

2.5 28.8 10.0  0.73 0.48 114.5 28.4 18.1 0.81 0.94 237.9
5.0 36.0 9.9 0.69 0.55 138.4 32.3 19.1 0.69 0.48 214.8
10.0 46.4 11.2 0.65 0.55 175.4 40.3 19.7 0.73 0.58 240.1

Mean 29.9 9.7 0.72  0.55 139.4 28.0 18.0 0.74 0.56 226.8
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Appendix 6. Contents of chemical components of the soil extracted with Morgan’s reagent after

harvest(ppm).
Treatment . pH P05 Ca Fe Al Si0,
Without lime P;Os 0 (%) 3.78 3.34 3.75 214 285 46
2.5 3.80 3.38 3.71 203 387 42
5.0 3.82 7.16 4.36 185 271 52
10.0 3.77 13.29 5.74 161 243 54
Mean 3.79 7.10 4.39 191 274 49
With lime P05 0 5.36 4.58 25.35 77 114 80
2.5 5.35 6.87 25.44 89 102 75
5.0 5. 60 7.19 25.21 60 100 67
10.0 5.53 14.51 25.90 66 86 69
Mean 5.46 8.04 25.48 73 101 73

Appendix 7. Amount of nutrients uptake in rice seedlings as affected by different lime,
iron and aluminium(mg/pot).

Treatment P,Os Ca0 Fe Al SiO; Treament P;0s CaO  Fe Al Si0;
. (ppm) . (ppm)

Without Fe 0 3.2 8.6 0.72 0.36 148.1| Without Al 0 3.2 8.6 0.72 0.36 148.0
lime 100 24.3 8.5 1.04 0.36 130.9| lime 50 28.8 9.0 0.8 0.50 132.8
200 21.8 8.2 1.19 0.36 129.7 100 23.4 82 0.76 0.72 126.7
400 20.6 8.3 1.11 0.38 139.0 200 20.8 8.9 0.92 0.95 115.5
Mean 24.5 8.4 1.02 0.37 136.9 * Mean 26.1 8.7 0.82 0.63 130.3
With Fe 0 30.7 19.9 .0.90 0.54 205.6 With Al0O 30.7 19.9 0.90 0.54 202.2
lime 100 27.6 17.9 0.88 0.38 298.7 lime - 50 27.2 20.7 1.07 .0.41 223.6
200 23.8 16.5 1.07 0.32 234.0 100 24.0 21.2 0.83 0.47 224.1
400 21.4 16.6 1.16 0.31 212.6 200 23.0 24.3 0.97 0.45 219.9
Mean 25.9 17.7 1.00 0.39 237.7 Mean 26.2 21.5 0.94 0.46 217.5

Appendix 8. Contents of chemical components of the soil extracted with Morgan’s reagent after

harvest(ppm).
Treatment pH P:0s Ca Fe Al Si0,
Without lime Fe 0 (ppm) 3.67 5.14 1.93 146 231 28
100 3.70 5.63 1.91 149 236 23
200 3.66 6. 36 1.84 155 222 24
400 3.70 6.63 1.99 169 214 23
Mean 3.69 6.01 1.92 155 226 25
With lime Fe 0 5.31 3.71 19.92 36 52 45
100 5.38 3.4 19.33 39 4 56
200 5.15 3.73 19.68 68 53 44
400 4.83 3.73 19.59 114 53 41
Mean. 5.16 3.67 19.60 70 51 46
Without lime Al 0 (ppm) 3.67 5.14 1.93 146 231, 28
50 3.64 4.88 1.93 149 241 25
100 3.56 5.11 1.82 153 250 22
200 3.46 6.36 1.88 175 295 19
Mean 3.58 5.40 1.89 156 254 23
With lime Al 0 5.31 3.7 19.92 45 52 45
50 5.21 3.50 19.58 52 53 43
100 5.18 3.27 -19.64 45 55 15
200 5.03 4.40 19.50 94 66 42
Mean 5.17 3.66 19.64 48 44
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