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Abstract
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Soil properties were characterised under Chromolaena odorata (the dominant natural fallow in southern Cameroon) on the Typic Kandiudult and Typic Kandiudox using nutrient concentrations, particulate organic matter (POM) status and C mineralization in vitro. POM (53–4000 Am) status was assessed by weight and C and N contents while C mineralization was determined after 4 weeks of soil incubation in laboratory at 28 8C. POM weight was higher in the Typic Kandiudox. C content in coarse POM (2000–4000 Am) and N content in medium POM (2000–250 Am) were higher in the Typic Kandiudult (30.8% and 1.9%) than in the Typic Kandiudox (28.6% and 1.2% respectively). Soil C mineralization was higher in the Typic Kanduidult than in the Typic Kanduidox. D 2005 Published by Elsevier B.V.
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Replenishment of soil fertility in slash-and-burn agriculture with no external inputs is achieved mainly during the fallow period. Soil organic matter (SOM) quality slightly improves at the end of the fallow period in the soil with low soil acidity and Al saturation, especially under Pueraria as compared to Chromolaena, the common natural fallow in the humid forest area of southern Cameroon (Koutika et al.,
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2002). These authors found that although Pueraria fallow induced an improvement or a stabilisation of N content in different POM fractions, this improvement was not efficient to increase crop (groundnut, maize and cassava) yield under Pueraria as compared to Chromolaena fallows (Koutika et al., 2002). Chromolaena the common fallow of the studied area seems to be a good fallow in soil with chemical constraints (Koutika et al., 2002, 2005) and sometimes its effects on soil properties were similar to that of leguminous Calliandra (Koutika et al., in press). In fact, Kanmegne et al. (1999) had shown that Chromolaena residues decomposed quickly and lead to an improvement of soil properties.
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Therefore, in the present study, to evaluate the beneficial effects of Chromolaena on certain soil types, nutrient concentrations, POM status and C mineralization were evaluated in two soil types: the Typic Kandiudult, commonly formed from schist with moderate soil fertility, and the Typic Kandiudox mainly derived from granite with low nutrient concentration and high soil acidity and Al saturation.
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2. Materials and methods
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The site of Typic Kandiudult was basically developed on schist and located around Mbalmayo town, while that of Typic Kandiudox was mostly developed on granite and located around Ebolowa town. The amount of annual rainfall increases from about 1600 mm at Typic Kanduidult’s site to 1900 mm at Typic Kanduidox’s site (Santoir and Bopda, 1995). In each site, soil was collected under Chromolaena in March 1998 at the end of 2 years fallow period, after land clearing and before burning and cropping. Soils were sampled in three randomised replicates in plot of 3  3 m, i.e., three soil samples/plot and three plots for each soil type. All soil samples were taken from the 0–10 cm layer, were air-dried, and passed through a 4 mm sieve before analyses. Soil was analysed as follows: soil texture was determined by the method of chemical dispersion using hexametaphosphate (soil:solution ratio 1 : 20, wt/wt). Ca2+, Mg2+, K+ and P were extracted by the Mehlich-3 procedure (Mehlich, 1984). Cations were determined by atomic absorption spectrophotometry and P by the malachite green colorimetric procedure (Motomizu et al., 1983). The pH was determined in water and in 1M KCl at a soil:solution ratio of 2 to 5.



t1.5 t1.6 t1.7 t1.8



U



t1.4



O



O



Table 1 General characteristics of two soils in southern Cameroon Soil types
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Extractable aluminium was determined using 1M KCl and analyzed colorimetrically using pyrocathecol violet. Organic C was determined by chromic acid digestion and spectrophotometric procedure (Heanes, 1984). Total N was determined using the Kjeldahl method for digestion and ammonium electrode determination (Bremner and Tabatabai, 1972; Nelson and Sommers, 1972). Particulate organic matter fractionation was made using method elaborated by Cambardella and Elliot (1992) and Vanlauwe et al. (1999). Soil dried at 65 8C for 12 h and 100 g of dry soil dispersed in 100 ml of Na-hexametaphosphate-Na-carbonate solution (35.7 mg of sodium hexametaphosphate and 7.9 g Na2CO3 L 1) and 400 ml distilled water and shaked for 16 h on an end-over-end shaker at 140 rev min 1. After dispersion, the suspension was wet-sieved to separate the 4000–2000 Am; 2000–250 Am; 250–53 Am; and 53–20 Am fractions. In the first three larger fractions, the organic material was separated from the mineral material by careful decantation. Three POM (organic material) fractions were obtained: coarse (4000–2000 Am-cPOM), medium (2000–250 AmmPOM) and fine (250–53 Am-fPOM). All the three POM size fractions organo-mineral fraction (53–20 Am) were dried at 65 8C. Organic C and total N in all fractions were determined as described above. Ten g of pre-incubated soil, moistened with 2 ml of deionised water was collected in a 250 ml plastic bottle and plastic lids containing 10 ml of NaOH (0.1 M ) were placed into the plastic bottles (to capture the CO2), and incubated at 28 8C. After 1, 2 and 4 weeks, soil was harvested and then CO3 2 in the NaOH was determined by titration with 0.1 M HCl on the Radiometer PHM 82 Standard pH meter using a TT 80 Titrator Radiometer and ABV 80 Autoburette
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*Values in brackets are standard deviation.
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115 3. Results and discussion
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0 Fig 1. Weight of coarse POM (a) and C content in coarse POM (b) of Typic Kanduidult (white) and Typic Kanduidox (black).
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Fig 2. Nitrogen content in medium POM-N (a), in organo-mineral fraction (b), and C mineralized at 28 8C during 4 weeks (c) of Typic Kanduidult (white) and Typic Kanduidox (black).
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The weight of cPOM (2000–4000 Am) was higher in the Typic Kandiudox than in the Typic Kandiudult (Fig. 1a), while cPOM-C was higher in the Typic Kandiudult than in the Typic Kandiudox (Fig. 1b). The mPOM-N (250–2000 Am) and the OMF-N (20– 53 Am) were higher in the Typic Kandiudult than in the Typic Kandiudox (Fig. 2a, b). The highest N content in mPOM and organo-mineral fraction under Chromolaena on the Typic Kandiudult as compared to the counterpart on the Typic Kandiudox is indicating the best POM quality in the former. Therefore, in addition of Al saturation, soil under Chromolaena on the Typic Kandiudult had better POM quality. After 4 weeks of incubation, C mineralization was higher under the Typic Kanduidult as compared to the Typic Kanduidox (Fig. 2c). It seems that Typic Kandiudult enhance the decomposition of coarse organic residues from Chromolaena. As a consequence the POM weight decrease. The process may have an influence on the improvement of POM quality through a high N content in the mPOM. Finally, soil under Chromolaena on Typic Kandiudult may give the best response to slash-and-burn agricultural practices and sustainable crop production. However, the coarse texture of these soils may have a negative effect on SOM status such as fast organic residue
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Cumulative mineralized C (%)



According to general soil characteristics of the Typic Kandiudult and the Typic Kandiudox, it appears that the Typic Kandiudult was nearly neutral while the Typic Kandiudox was acidic and had a high Al saturation (Table 1). The high soil acidity and Al saturation in the Typic Kandiudox as compared to the Typic Kandiudult confirm the previous findings (Koutika et al., 2002). In fact, the Typic Kandiudult has the best chemical characteristics (low acidity and Al saturation), while chemical constraints (high acidity and Al saturation) were noticed in the Typic Kandiudox (Koutika et al., 2002, 2005).
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Radiometer. Statistical analyses of SOM data study were made with ANOVA on SPSS programme. Differences between treatments mentioned in the text are significant at P b 0.05.



nitrogen (%)



111 112 113 114



3



128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153



ARTICLE IN PRESS 4



decomposition and the fast release of nutrients. Soil under Chromolaena on the Typic Kandiudox remained the soil with the less favourable soil properties no regarding on its high level POM weight. Soil under Chromolaena on the Typic Kandiudox may allow sustainable crop production after chemical constraints are alleviated or by adoption of crop varieties resistance to soil acidity.
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