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Effect of plant residues on soil acidity and its mechanisms
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Abstract : L.ow soil acidity is one of the most important constraints for crop growth in high rainfall area. Some plant residues
could efficiently increase soil pH and reduce Al gctivity of soil solution, leading to better crop production. The potential of
plant residues to ameliorate soil acidity varies greatly, depending on both the nature of plant residue and the type of soil.
Highest pH increase reported was 4. 53 pH units. Several legume materials could increase soil pH by more than 2 units. When
soil pH increases to higher than 5. 0, Al concentration in soil solution drops to very low level and poses no more threat to crop
growth. The soil pH increase by plant residues benefits crop production although such effect often lasts for only a tew months.
Decarboxylation of organic anions in plant residues is often regarded to be a main mechanism for pH increase. Several facts
support this hypothesis: Soluble organic carbon was observed to decrease with increasing soil pH. Significant correlation was
found between pH increase and CO, release, which reflected the decomposition process of organic materials. Soil pH increased
much more slowly in sterile treatment than non-sterile treatment. Excess base or ash alkalinity, namely the effect of organic

salts, is also proposed to be a main mechanism for soil pH increase. Decomposition of organic materials converted organic salts
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into carbonates, which had similar effect on soil to lime. Hydrolysis of the organic salts also results in alkaline reaction in soil.

Ammonification and nitrification play important roles in soil pH change for the plant materials containing high nitrogen. The

ammonification consumes protons and the nitrification produces protons, governing pH changes in soil. Oxidation of organic

sulfur and oxidation/reduction of Mn also contribute to pH change, but to a limited extent. As a whole, the decarboxylation

largely relies on indirect evidence and is not rigorously tested yet. Excess base is the most likely factor to increase soil pH as a

result of addition of organic materials.

materials to farmland is an effective practice to ameliorate low soil acidity and increase crop yields.

Key words :acid soil; decarboxylation; excess base; plant residues; soil amelioration
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Table 1 Effect of some plant residues on soil pH in incubation experiments

YA 8L R 2 T EikE 4% pH pH LF I8 E B R SR

Plant residue and application rate Initial pH pH units increased Days Reference
EHEM Alfalia leave(200Mg/ha) 4. 01 4. 48 22 Pocknee et al-®-
e £ 1t Cotton leaves (200Mg/hm?) 4. 01 3. 87 92 Pocknee et all%]
Bk 1 Peach leaves(200Mg/hm?) 4. 01 3. 62 147 Pocknee et all?]
K & b Soybean leaves (200Mg/hm?) 4. 01 3. 65 36 Pocknee et all®?
E KM Maize leaves (200Mg/hm?) 4. 01 2. 31 8 Pocknee et al'®-
K & fh 5L Barley grain(200Mg/hm?) 4. 01 2.23 26 Pocknee et all®]
H M Tobacco leaves (200Mg/hm?) 4. 01 4. 53 92 Pocknee et ail?]
/NFE Wheat straw (200Mg/hm?) 4. 01 1.11 R Pocknee et all®]
#EAE compost (200Mg/hm?) 4. 01 1. 96 8 Pocknee et all®-
¥ i3 2. Lupin leaves (1%) 4. 66 1. 61 35 Tang & Yullo]
& & G /M Chickpea shoot(1%) 4. 66 2. 07 35 Tang &. Yull®
3 B &/ Lupin shoot (1%) 4. 66 2. 14 35 Tang & Yul!®
B & 3 I 3P Field pea shoot(1%) 4. 66 2.22 35 Tang & Yul!o]
% G H | & Faba bean shoot(1%) 4. 66 1. 98 35 Tang & Yul10]
B R Gliricidia sepium(3.1%) 4.22 2.01 08 Wong et alls]
B4R & W Leucaena diversifolia(3.1%) 4. 22 2. 61 08 Wong et alt3]
G I leucaena leucocephala(3.1%) 4.22 1. 15 98 Wong ez all3
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Table 2 Computed solution pH values of organic acids and their

salts as a result of dissociation (acid) and hydrolyzation (salt) when

they are added to soil at 100 g/kg and extracted at a soil-solution
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i Acid i Salt

Ka pH Kh pH
S Oxalate 6. 03X 10?2 1.80 1.55X10°1 6. 76
A B8 Malonate 1.58X10"%  2.31 7.08X10°° 7.55
3 B8 Succinate  6.76X107%  2.95 4.47%X107°¢ 8. 24
S K8 Malate 3.31 X101 2.62 1.26X10°°% 7. 89
Z?L.#8 Lactate 1.38X10~4 2.80 7.24X10°1 8. 08
¥ BE Citrate 7.41 X104 2.46 2.51X10"8 7.72
B8 Carbonate 4.17X 1077  4.04 1.78X107! 9. 34
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