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Abstract TE134753

Soil organic matter (SOM) can be used as an indicator of land degradation. Land-
use change in undulating terrain of Northeast Thailand, which has coarse-textured soils, is
from forest to agriculture. This has brought about perceived soil degradation as seen in
declined yields especially upland crops and declined soil fertility. The objectives of this
study were to investigate effects of land use and soil management on changes in various
pools of SOM and nitrogen transformation. Soil was sampled in farmers’ field plots
situated mostly adjacent to each other in undulating terrain. These plots had different land
use systems including forest in the uppermost position ; field crops in the upland consisting
of cassava (2 plots at upper and lower positions on the terrain) and sugarcane (2 plots:
planted and ratoon); and paddy rice in the lowland. The soils were Khorat series (Oxic
Paleustult) and Ubon series (Aquic Quartzipsamment). In each plot soils were sampled
(0-15 cm depth) at upper, middle, and lower slope positions. Sampling time was
determined by farmers’ management practices on the plots, e.g. ploughing, planting and
applying fertilizers. Quantities of litter fall from forest, cassava and sugarcane were
continuously monitored in the studied plots. The soil samples were analyzed for various
pools of SOM and mineral nitrogen (NH, + NO,” ), while the plant litter samples were
analyzed for C/N ratios, lignin and poiyphenol. The SOM pools analyzed included the
labile pool (microbial biomass C and N); and the stable pool (humic substance).
Macroorganic matter analysis consisted of 2 steps : 1) Size fractionation through wet
sicving. This resulted in 4 sizes: 0.5-1 mm., 0.25-0.5 mm., 0.106-0.25 mm. and

0.053-0.106 mm. 2) Density fractionation of the various size fractions in 1 employing
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while the cassava had the lowest humic acid (5.66-7.24 g kg™'). On the contrary, the
cassava exhibited the highest degrees of humification (as indicated by E,/E, ratios). This
is likely because it received lower quantities of new organic input resulting in advanced
humification stage of the existing input.

Mineral N was significantly lower in the forest (0.75 mg kg™') than the cultivated
fields (2.46, 2.34, and 2.70 mg kg'l for the paddy, the cassava lower plot, and the ratoon
sugarcane, respectively), indicating a more efficient N cycling in the forest system. The
cultivated fields received N from fertilizer application which were not totally recovered by
the crops. In addition, mineral N exhibited significant positive correlation with the quantity
Of LF 4 25-0.5 mm, and the C : N ratios of LF of all sizes. This indicates that LF is the most
important SOM pool for N release. As for the soil aggregate size (MWD) and the
aggregate stability, the forest had larger aggregate size and higher aggregate stability than
the agricultural land use systems with an exception of the paddy fields, that had finer soil
texture. On comparing the upland field crop land-use systems, the sugarcane exhibited
larger soil aggregate and aggregate stability than the cassava.

Soil management practices in different land-use systems, e.g. ploughing, weeding,
and applying fertilizers, as well as natural factors such as seasonal variation, exerted
significant effects on dynamics of the labile SOM pools (microbial biomass) and N
transformation.  Microbial biomass increased after ploughing and when soil moisture
increased i.e. in rainy season. However, it decreased after a wild fire and in dry season.
Fertilizer application could have resulted in an increased or an unchanged microbial biomass
depending on quantities of soil carbon. Microbial biomass N in the cassava upper plot did
not change after fertilizer application due to its low soil carbon content (1.22 g kg™'). On
the other hand, the ratoon sugarcane with higher soil carbon (2.03 g kg™') showed an
increase in microbial biomass after fertilizer application.

This study has pointed out clearly that upland field 'crop landuse systems bring
about soil degradation as seen in the decline in various pools of SOM and the inefficient N
cycling, as compared with the original forest stage., However, different kinds of field
crops have different effects on SOM. Sugarcane did not result in as high SOM decline
compared to the cassava. This was because sugarcane had higher organic return than
cassava (i.e. leaf litter and roots). In addition, the paddy-rice iand use did not bring about
soil degradation as seen in the comparable quantities of some SOM pools to the forest.

This is partly due to the ﬁnér soil texture and the lower position of the paddy plot
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sodium-polytungstate solution at densities of 1.3 and 1.8 g cm”’, Subsequently, 3
fractionis were obtained: a light fraction (LF) with a density < 1.3 g cm™’, an intermediate
fraction (IF) with a density between 1.3-1.8 g cm™’, and a heavy fraction (HF) with a
density > 1.8 g em™. In addition, soil litter (size > 2 and 1-2 mm.), aggregate size
(mean weight diameter) and stability were also determined.

Land use and soil management exerted effects on soil organic matter and N
transformation. Forest soils had higher organic carbon (5.5 g kg'l), microbial biomass C
and N (116.14 and 26.56 mg kg ', respectively) than cultivated soils, such as cassava
upper plot (1.2 g kg-l for organic C; 37.24 and 7.11 mg kg’l for microbial biomass C
and N, respectively). Paddy exhibited the second highest SOM (i.e. 4.2 g kg_l for organic
C; and 78.33 mg kg'l for microbial biomass C). On comparing the upland field crop
land-use systems, cassava exhibited lower SOM pools than sugarcane, (i.e. 4.0 g C kg'1
and 75.48 and 16.48 mg kg'lof microbial biomass C and N, respectively for planted
sugarcane).

Litter (size > 2 and 1-2 mm.) and macroorganic matter were affected by land use
and management. Soils under land use with high return of organic residues had high
quantities of litter and macroorganic matter. Forest had higher organic return (6.64 t ha™
y™") than cultivated systems, such as paddy 3-5 t ha”' crop™ , ratoon sugarcane 4.04 t ha”’
crop'l and cassava upper plot 2.86 tha crop'l. This resulted in higher quantities of litter
size > 2 mm. in the following land-use systems, i.e. 12.10 g kg for forest, 8.28 g kg’
for paddy, and 2.66 g kg™ for ratoon sugarcane, than the cassava upper plot (0.72 g kg ™).
Sugarcane and paddy had higher LF than forest {i.e. 1.893 g kg'l for ratoen sugarcane,
1.754 g kg'1 for paddy and 1.295 g kg'l for forest). This reflects quality of organic input
from sugarcane which had high leaf litter C : N ratio resulting in slow decomposition. The
quantities of LF were the lowest in the cassava plots. In addition, C : N ratios of LF
decreased with their decreasing sizes. The results showed that smaller~sized LF had higher
degree of decomposition than larger-sized LF. As for the quantities of HF, which made
use of their carbon content as the indicator, the forest exhibited higher HF 5 ¢ 5 m. and HF
0.053-0.106 mm. tDan the sugarcane and the paddy, while the cassava lower plot had the lowest
HF of all sizes.

Forest soil also had higher humic acid (11.98 g kg_l) than the agricultural land-use
systems with an exception of the paddy fields (10.86 g kg'l considered comparable to the
forest). The sugarcane plots were second from the forest and the paddy (7.71-9.67 g kg™')
conducive to deposition of organic materials from higher positions. To counter land
degradation in agricultural fields, land-use systems that mimic natural system through high
organic return and low organic output, minimum soil disturbance and high biodiversity are
recommended. Agroforestry is one promising avenue to achieve the goal. It has been

shown to have potential to be developed in Northeast Thailand.





