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ABSTRACT 2 1 7 8 45

Increase in nitrogen cycling and soil organic matter can be achieved by application of organic
materials. Chemical composition of organic materials as well as soil factors, including soil texture and moisture,
can affect the N cycling and soil organic matter accumulation. The objectives of this study were to investigate
decomposition and N mineralization processes of the organic materials under different soil environment, and
propose categorization of organic materials that makes use of environmental factors, in addition to chemical
composition (quality factor), as criteria.

A survey of available organic materials and their corresponding chemical composition was achieved
by conducting literature reviews of both Thai and international literature. Twenty organic materials were
collected for analysis of their chemical composition, after which they were categorized according to the criteria
of Palm et al. (2001). Their categorization was used for selecting representatives for later in-depth studies. Soil
samples were collected from those of different texture and their particle size distribution and soil moisture
characteristic curves determined.

The 20 organic materials could be categorized into 3 quality groups, i.e., category 1) Mostly
leguminous plants: chamchuree or raintree (Samanea Saman) fresh leaves, pidgeon pea (Cajanus cajan),
Sesbania grandiflora, Indigo hirsuta, Leuceana leucocephala; category 3) and 4) mostly non-harvestable parts
of crops and tree leaf litter including: category 3) groundnut (4rachis hypogeae), rice straw (Oryza sativa),
sugarcane (Saccharum officinarum), Pterocarpus macrocarpus, Eucalyptus camaldulensis, Dipterocrpus
tuberculatus, and mango (Mangifera indica); categon;y 4) tamarind (Tamarindus indica), neem {(Azadirachta
indica), Xylia xylocarpa, Shorea obtuse, Terminalia alata.

A greenhouse incubation pot experiment was conducted to study decomposition and nitrogen release
of different quality organic materials in soils of different texture and moisture under non-leaching conditions.
Small plastic pots containing 100 g air-dried soils were used as an experimental unit. They were laid out in
factorial arrangement consisting of 5 levels of organic materials including no organic materials, Sesbania
grandiflora, Indigo hirsuta, Dipterocarpus tuberculatus, and Eucalyptus camaldulensis. The rate used was
equivalent to 10 t ha” dry weight; 2 levels soil texture including fine-textured (silty clay) Ratchaburi soil series

(Aeric Tropaquepts) and coarse-textured (sandy loam) Korat soil series (Oxic Paleustults); and 2 levels of soil
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moisture including “high” at field capacity (FC at 1/3 bar) and “low” at <FC (3 bar). Experimental design was
Randomized Complete Block (RCBD) with 4 replications. Samplings of soil and organic materials were done at
0,3,7, 14,28, 56, 112 and 182 days after organic material incorporation.
Seshania was the most easily decomposable among the 4 organic materials studied. The ash free dry
'\wéight (AFDW) remaining at the end of the study (182 days) was 32.5 % of the initial AFDW while the indigo
had.49.4%, eucalyptus (60.9%) and dipterocarp (84.3%). Nitrogen release was the highest during the first part
of decomposition (7-28 days after organic material incorporation). The sesbania released the highest mineral N
(204 mg N kg ), followed by the indigo (104 mg N kg). Meanwhile, the dipterocarp and eucalyptus released
amounts of mineral N (53 and 32 mg N kg'l, respectively) close to the control (64 mg N kg"). Minefal N
released -had positive correlation with N contents of the organic materials (r = 0.7692, |P| = 0.0000) and had
negative correlation with protein binding capacity (PBC) (r =~ 0.7692, |P| = 0.0000). In addition, PBC was the
chemical composition exerting the highest negative effect on N release in all soil environmental conditions (min
N = 19741 - 1,16 PBC, r = 0.5389%**), Three easily-determined residue chemical composition that exerted
the highest influence on gross mineral N (min N in mg N kg") ineluded carbon (C) and nitrogen (N) contents
Ging kg:"'), and C/N ratio as shown in the multiple regression equation below:
Min N = 1224.59 + 1.65 C — 38.69 N — 21.50 (C/N ratio), (* = 0.5457***)

Soil texture exerted effects on ammonification and nitrification. The coarse-textured soil had higher
amount of NI-14+ but lower NO, than its fine-textured counterpart. Soil moisture had significant effects on
nitrification, especially in the coarse-textured and low moisture soil. This resulted in NH4+ as the prominent
inorganic nitrogen form in this soil condition. Meanwhile, the other soil conditions had both NH,,+ and NO,
form of mineral N.

Nitrogen release pattern found throughout the decomposition period can be divided into 3 groups as
follows: ‘1) Net N mineralization throughout the decomposition period which was found in the sesbania and
indigo in all soil environmental conditions; 2) Net N mineralization and immobilization found in the
dipterocarp and eucalyptus in fine-textured, <FC and coarse-textured, <FC soil conditions, 3) Net N
immobilization only found in the dipterocarp and eucalyptus during an early phase of decomposition. However,
in later phases there were tendencies to change accgrding to the soil environmental conditions, i.e., in fine-
textured, FC soil condition after 56 days, there was a tendency for net N mineralization, while in coarse-
textured, FC conditions net immobilization still prevailed and to higher degrees. Based on these results
recommendations can be issued as to the use of these organic materials under different soil conditions as
follows: the sesbania and indigo can be used in all soil conditions to supply mineral N. Meanwhile, the
dipterocarp and eucalyptus should be managed as follows in different soil conditions, i.e., 1) in low moisture
soil of both texture, they should be mixed with chemical nitrogen fertilizer or high-N organic materials, 2) in

fine-textured, FC soils they should be mixed with chemical nitrogen fertilizer or composted before soil
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application, and 3) in coarse-textured, FC soil conditions they should be used as surface mulch to prevent soil
erosion.

Microbial a{ctivity, as seen in CO, evolution, is affected by quality of organic materials and soil
e};\;irdnment. The peak CO,-C evolution at day 3 was the highest in the sesbania-treated soils (9.51 %C applied)
followed by the indigo (4.47 %), the eucalyptus (2.20%) and the dipterocarp (1.18%). High soil moisture (FC)
_brought about high CO,-C evolution at the first 3 days after which the opposite was the case. This led to higher
cumulative CO,-C evolution in low-moisture soil as compared to the high-moisture soils, especially in coarse-
té;(tured soil (11.2%C applied). Microbial biomass C (MBC) was not significantly different in all organic
materials and soil environmental conditions, while microbial biomass N (MBN) showed positive correlation
with N contents of organic materials (r = 04731, P| = 0.0001) and mineral N released (0.6020, [P| = 0.0000).
During the first 14 days of decomposition, the ﬁﬁe-textured soil showed lower MBN (28.7-53.8 mgN kg’l) than
the coarse-textured counterpart (45.3-60.6 mgN kg"). In addition, throughout the decomposition period, high-
moisture soil led to higher MBN (66.2 mg N kg") than the low-moisture soil (42.2 mgN kg"). Microbial
biomass C and N reached their peaks at 3-14- days after the residue application in all kinds of organic residues
and all soil environmental eonditions. The fine-textured, FC soil condition showed another increases in MBC
and MBN .of 304.7 and 80.8 mg kg", respectively during the 56-182 days’ period. Microbial efficiency related
to C (qCO,) at time 0 was low (high qCO, values: 0.40-0.87 mgCO,-C mgMBC" day") but increased until 28
days (as indicated by low qCO, values: 0.06 - 0.13 mgCO,-C mgM_BC’l day"). On the contrary, microbial
efficiency related to N (gN) during the early period, was high (as indicated by low gN values: 0.14 mgN
mgMBN"' day™) but the efficiency decreased (as indicated by high qN values: 0.87 mgN mgMBN" day ) at 28
days . During the later period of decomposition (56-182 days), all soil environmental conditions, especially in

" the fine-textured, FC soil, showed high microbial efficiency in N transformation (qN of 0.56 mgN mgMBN'l
day™).

At the end of decomposition period, soil organic C increased by 2.0-11.4% of the control, in all soil
receiving all types of organic materials in all soil environmental conditions. Meanwhile, total N increased (13.9
and 9.0 % of the control) in all soil environmental conditions under sesbania and indigo, respectively.
Dipterocarp- and eucalyptus-treated soils only showefi soil organic N increases of 7.7 and 5.5 %, respectively in

fine-textured, high moisture soils.





