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Summary ± Zusammenfassung



To evaluate the soil-fertility sustainability of the fallow systems, nutrient concentrations and NH‡ 4 -N mineralization were determined in different soil and fallow types in the humid forest zone of southern Cameroon. Two experiments were conducted, the first comprised planted leguminous tree Calliandra calothyrsus, planted leguminous Pueraria phaseoloides, and regrowth mainly composed of Chromolaena odorata on the Typic Kandiudult. The second experiment made up of a fallow dominated by C. odorata, a fallow with C. odorata removed, and a P. phaseoloides fallow on the Rhodic Kandiudult, Typic Kandiudult, and Typic Kandiudox. In the first experiment, available P, Ca2+, K+ concentrations and effective CEC under C. calothyrsus were respectively 40%, 22%, 45%, and 15% lower when compared to P. phaseoloides but no differences were found between soils under P. phaseoloides and C. odorata. Mineralization of NH‡ 4 -N was higher under C. calothyrsus than under C. odorata- and P. phaseoloides-fallow types, indicating the impoverishment of organic material under the former. In the second experiment, the beneficial effect of P. phaseoloides was found in the Rhodic Kandiudult in the 0±10 cm layer throughout its low NH‡ 4 release from mineralization. In the Typic Kandiudult, no differences in NH‡ 4 -N mineralization was found between C. odorata and P. phaseoloides fallows. In the Typic Kandiudox, there was no difference in NH‡ 4 mineralization between the three fallow types. According to the nutrient concentrations and NH‡ 4 mineralization, the fertility sustainability of the different fallow types may be ranked as follow: P. phaseoloides ³ C. odorata > C. calothyrsus > fallow without C. odorata. Key words: nutrient concentrations / NH‡ 4 -N mineralization / soil and fallow types / tropical agriculture



1 Introduction In the humid forest zone of southern Cameroon, most farmers rely on fallow periods to improve and sustain soil fertility, as inorganic-fertilizer use is not common due to cash constraints and other reasons. The positive effect of the relatively short fallow period (2±4 years) on soil fertility is not great enough for sustained crop-yield improvement. Soils of the humid-forest zone of southern Cameroon are mostly acid and have low-activity clays. Soil organic matter (SOM) is the most effective source * Correspondence: Dr. L.-S. Koutika; E-mail: [email protected]



Nährstoff-Gehalte und NH‡ 4 -Mineralisation unter verschiedenen Bodentypen und Bracheformen in Süd-Kamerun



Nährstoffgehalte und NH‡ 4 -Mineralisationsraten wurden bei verschiedenen Bodentypen und Brachetformen in der humiden Waldzone in Südkamerun untersucht, um die Nachhaltigkeit dieser Brachesysteme zu beurteilen. Es wurden zwei Experimente durchgeführt. Das erste Experiment erfolgte an der gepflanzten baumartigen Leguminose Calliandra, der ebenfalls gepflanzten krautigen Leguminose Pueraria und der natürlich vorkommenden krautigen Chromolaena als Brachen auf sandigem Boden. Das zweite Experiment setzte sich zusammen aus natürlicher Brache, hauptsächlich bewachsen mit Chromolaena, natürlicher Brache, wobei Chromolaena entfernt wurde, und Pueraria-Brache auf sandigem Lehmboden sowie sandigem und lehmigem Boden. Im ersten Experiment waren verfügbares P, Ca2+ und K+-Gehalte und KAKe bei Calliandra 40, 22, 45 und 15% niedriger als bei Pueraria, während zwischen Pueraria und Chromolaena keine Unterschiede gefunden wurden. Die NH‡ 4 -N-Mineralisation war unter Calliandra höher als unter den beiden anderen Bracheformen, was auf eine Verarmung an organischem Material unter dieser Brache hindeutet. Im zweiten Experiment wurde ein fördernder Effekt von Pueraria auf sandigem Lehm im Oberboden (0±10 cm) auf Grund der geringen NH‡ 4N-Mineralisation gefunden. Auf sandigem Boden konnte kein Unterschied in der NH‡ 4 -N-Mineralisation zwischen Chromolaena- und Pueraria-Brache gefunden werden, aber natürliche Brache mit manuell entfernter Chromolaena hatte den geringsten Wert. Auf den lehmigen Böden war kein Unterschied bei der NH‡ 4 -N-Mineralisation zwischen den drei Bracheformen auszumachen.



of effective cation exchange capacity (CECe) in the tropical soils with low-activity clays (Juo and Adams, 1986). Therefore, SOM is of great importance in these soils. To evaluate soil quality and fertility in southern Cameroon, SOM assessment using the particulate organic-matter status and C mineralization has been evaluated under different fallow and soil types (Koutika et al., 2001; Koutika et al., 2002; Koutika et al., 2004). In general, N mineralization during the growing season comes from SOM and recent organic inputs. It might be assumed that N mineralization under different forms of fallow will derive from organic material. Nitrogen-release patterns
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have been related to the resource quality or the chemical characteristics of organic materials serving as the most robust indices (Marandu et al., 2000). Planted fallow, especially leguminous fallow, has been introduced in southern Cameroon. It has been found that leguminous Mucuna pruriens and especially P. phaseoloides fallow increased N content of coarse-particulate organic matter (POM) (4000±2000 lm) and medium POM (2000±250 lm) compared to C. odorata fallow on a Typic Kanduidult (Koutika et al., 2001). In acid soils with high Al saturation, the effectiveness of leguminous fallow was shown by an increase in N content in medium and fine POM, but this had no effect on crop yield (Koutika et al., 2002). Marandu et al. (2000) found a decrease in NH‡ 4 mineralization, which the authors attributed to nitrification under aerobic soil conditions that is evidenced by an initial increase in nitrite-N. The aim of this study was to determine the more appropriate fallow and soil type according to nutrient concentrations and the NH‡ 4 -N mineralization for sustainable agriculture in the humid forest zone of southern Cameroon. There were three hypotheses tested in this study: (i) NH‡ 4 -N mineralization will be smaller under leguminous C. calothyrsus and P. phaseoloides than under C. odorata; (ii) NH‡ 4 -N mineralization will be smaller under P. phaseoloides than under C. odorata and fallow without C. odorata; (iii) nutrient concentrations and NH‡ 4 mineralization will depend of intrinsic soil properties. In order to test these hypotheses we analyzed nutrients concentrations and rates of NH‡ 4 mineralization in different soil types and forms of fallow.



2 Material and methods 2.1 Sites The first of two experiments was carried out on a Typic Kandiudult at the IITA Mbalmayo station (351¢ N, 1127¢ E) in southern Cameroon. Average annual precipitation is 1513 mm in a bimodal distribution. The altitude of the area is less than 700 m. The study area is underlain by metamorphic rocks of Precambrian age (Champetier de Ribes and Aubague, 1956). The rock type is schist of Mbalmayo, which is a homogeneous micaschist with muscovite, chlorite, and biotite as main minerals. The second experiment was conducted on a Rhodic Kandiudult located in Nkometou (556¢ N and 1134¢ E), a Typic Kandiudult in Mvoutessi (316¢ N and 1148¢ E), and a Typic Kandiudox in Mengomo villages (235¢ N and 1103¢ E). The amount of annual rainfall is about 1400 mm in the area around Nkometou village and 1900 mm in the area around Mengomo village (Santoir and Bopda, 1995). The Rhodic Kandiudult is developed from gneiss. The Typic Kandiudult is developed from schist, while the Typic Kandiudox is developed from pyroxen granites (Champetier de Ribes and Aubague, 1956). In the first experiment, the fallow treatments were established in 1996. The three fallow types were: planted leguminous P. phaseoloides, planted leguminous C. calothyrsus, and fallow dominated by C. odorata. After two years of fallow, in February 1998, twelve locations were sampled with a soil auger. ã 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



J. Plant Nutr. Soil Sci. 2004, 167, 1±5 The soil of each replicate was taken from the corresponding replicate plot in field trial at 0±10 and 10±20 cm layers. Texture, exchangeable Ca2+, Mg2+, K+, available P, total N, organic C, and rate of NH‡ 4 -N mineralization were determined in addition to POM status and C mineralization data (Koutika et al., 2004). Soil pH of the Typic Kanduidult is nearly neutral with low Al saturation (Koutika et al., 2004). Soil was airdried, sieved to pass through a 4 mm mesh prior to analysis. The second experiment was established in 1995. All the selected sites had been cropped and were under C. odorata, before the experiment was started. Planted fallow was established with P. phaseoloides seeded at 12 kg ha±1. The natural fallow was C. odorata. The third fallow type was vegetation where C. odorata was removed by hand three to four times a year (w/o C. odorata). The dominant weed vegetation cover under the fallow without C. odorata was Triumfetta cordifolia (18%) and Sida corymbosa (13%) at Nkometou; Stachytarpheta cayennensis (>50%) at Mvoutessi, and Sida corymbosa (32%) and Triumfetta cordifolia (24%) at Mengomo. In each location, all types of fallow were replicated three times. Soils were sampled in March 1998, before the beginning of the new cropping season. Soils were taken with an auger from 0±10 cm and 10±20 cm layers in 8 m ” 8 m plots in five places, i.e., 1 m from each corner and in the middle of the plots. Texture, exchangeable Ca2+, Mg2+, K+, available P, total N, organic C, C mineralization, and POM status were measured (Koutika et al., 2002) as well as rates of NH‡ 4 -N mineralization. Determined soil pH of the Rhodic Kandiudult is nonacidic with less than 20% of Al saturation. The Typic Kandiudult is non-acidic with low Al saturation while the Typic Kanduidox is acidic with more than 50% of Al saturation (Koutika et al., 2002).



2.2 Soil analyses Concentrations of Ca2+, Mg2+, K+, and P were analyzed using 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). Organic C was determined by chromic acid digestion and spectrophotometric procedure (Heanes, 1984). Total N was determined using the Kjeldahl method for digestion, and determination of NH‡ 4 was carried out with an electrode (Bremner and Tabatabai, 1972).



2.3 Mineralization of NH‡ 4 -N Ten grams of pre-incubated soil were moistened with 2 ml of de-ionized water, put into 250 ml sealed plastic cups with plastic lids, and incubated at 28C. After 1, 2, and 4 weeks, NH‡ 4 -N was analyzed from incubated soil by colorimetric method using Turner spectrophometer Model 390 at wavelength 655.



2.4 Statistical analyses Data on NH‡ 4 -N mineralization of the two studied experiments was subjected to Nested General Linear Model (GLM) and mixed procedures in SAS (1989). Differences between treatments mentioned in the text are significant at P < 0.05.
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Table 1: Organic C, total N, available P, and exchangeable cation concentrations under different fallow forms on the Typic Kandiudult after 2 years in the first experiment. Tabelle 1: Gehalte an Corg, Nges, verfügbarer P und austauschbare Kationen unter Calliandra, Chromolaena und Pueraria nach 2 Jahren Brache im ersten Experiment. Soil depth Fallow forms



C (%)



N (%)



C:N



P mg kg±1



Ca2+ cmolc kg±1



Mg2+ cmolc kg±1



K+ cmolc kg±1



CECe cmolc kg±1



0±10 cm



C. calothyrsus



2.15



0.14



15.42



3.13



3.87



1.00



0.11



5.00



C. odorata



2.35



0.16



14.98



3.97



5.18



1.02



0.17



6.40



2.19 (0.07)



0.15 (0.00)



15.37 (0.44)



4.39 (0.49)



4.71 (0.51)



0.9 (0.04)



0.16 (0.00)



5.78 (0.53)



C. calothyrsus



0.99



0.07



15.50



0.59



1.89



0.66



0.06



2.66



C. odorata



1.14



0.07



15.36



1.08



2.27



0.51



0.06



3.16



0.89 (0.04)



0.06 (0.00)



0.93 (0.10)



2.38 (0.17)



0.47 (0.03)



0.09 (0.00)



2.96 (0.18)



P. phaseoloides 10±20 cm



P. phaseoloides



14.01 (0.41)



Values in parentheses are standard errors. (P < 0.05).



3 Results



highest value was found under C. calothyrsus, while no difference was found between soil under P. phaseoloides and C. odorata fallows. In the 10±20 cm layer, NH‡ 4 -N mineralization was much higher in all fallow types, with the highest value found under C. calothyrsus. Soil under C. odorata fallow had the lowest NH‡ 4 -N mineralization value (Fig. 1b).



3.1 First experiment Contents of C and N were lower under C. calothyrsus than under C. odorata and P. phaseoloides in the 0±10 cm layer (Tab. 1). In the 10±20 cm layer, P. phaseoloides had the lowest concentrations of C and N, and the lowest C : N ratio. The lowest available P concentrations were found under C. calothyrsus at both depths (Tab. 1). In the 0±10 cm layer, P was higher under P. phaseoloides than under C. calothyrsus. In the 10±20 cm layer, P was higher under C. odorata than under C. calothyrsus and P. phaseoloides. Soil exchangeable Ca2+ was lower under C. calothyrsus than under C. odorata at the 0±10 cm depth, whereas in the 10±20 cm layer, exchangeable Ca2+ was lower under C. calothyrsus than under P. phaseoloides (Tab. 1). In the 10±20 cm layer, exchangeable Mg2+ was significantly higher under C. calothyrsus than under P. phaseoloides. There were no differences in exchangeable Mg2+ in the 0±10 cm layer. Exchangeable-K+ concentrations were lower under C. calothyrsus than under C. odorata and P. phaseoloides at the 0±10 cm depth. CECe was higher under C. odorata than under C. calothyrsus in both the 0±10 and 10±20 cm layers, while no difference in CECe was found between C. odorata and P. phaseoloides (Tab. 1).



3.2 Second experiment Under the same fallow type, C. odorata, the Rhodic Kandiudult had a higher C content (2.32%) than the Typic Kandiudult (1.44%) (Tab. 2). Nitrogen content in the Typic Kandiudox under C. odorata (0.17%) was higher than in the Rhodic Kandiudult (0.14%) and the Typic Kandiudult (0.10%) under the same fallow type. The Rhodic Kandiudult under C. odorata and P. phaseoloides fallow had a higher Ca2+ concentration than the Typic Kandiudox under the same fallow types. Values of CECe of the Rhodic Kandiudult under C. odorata were higher (5.12 cmol kg±1) than that of the Typic Kandiudult under the same fallow type (3.45 cmol kg±1). Values of CECe of the Rhodic Kandiudult and Typic Kandiudult under P. phaseoloides were higher than that of the Typic Kandiudox under P. phaseoloides (Tab. 2). After 2 weeks of incubation, there was no difference in NH‡ 4 -N mineralization in the two studied soil layers of the Rhodic Kandiudult (Fig. 2a, b). There was a sharp decrease in NH‡ 4 -N mineralization under P. phaseoloides from 2 to



Rates of NH‡ 4 -N mineralization in the three fallow types were lower than 100 mg kg±1 in the 0±10 cm layer (Fig. 1a). The
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Figure 1: Mineralization of NH‡ 4 -N during 4 weeks of incubation under different fallow types in the 0±10 cm and 10±20 cm layers in the first experiment. Abbildung 1: Nachlieferung von NH‡ 4 -N während der 4wöchigen Inkubationszeit in verschiedenen Bracheformen in den Schichten 0±10 cm und 10±20 cm (erstes Experiment).
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Table 2: Chemical characteristics according to soil types and fallow forms in the second experiment. Tabelle 2: Bodenchemische Eigenschaften nach Bodentypen und Bracheformen im zweiten Experiment. Soil types



C (%)



N (%)



C:N



Ca2+ cmolc kg±1



Mg2+ cmolc kg±1



K+ cmolc kg±1



CECe cmolc kg±1



2.32



0.14



16.34



3.97



1.04



0.10



5.12



w/o C. odorata



2.24



0.14



16.58



3.43



0.88



0.05



4.41



P. phaseoloides Mean



2.25 2.27



0.14 0.14



16.32 16.4



4.72 4.04



1.14 1.02



0.08 0.08



5.99 5.17



Fallow forms



Rhodic Kandiudult C. odorata



Typic Kandiudult



Typic Kandiudox



C. odorata



1.44



0.10



14.38



2.60



0.75



0.08



3.45



w/o C. odorata



2.23



0.14



15.88



3.12



0.92



0.08



4.12



P. phaseoloides Mean



1.98 1.94



0.12 0.12



16.09 15.60



3.37 3.84



0.94 0.89



0.09 0.09



6.15 4.49



C. odorata



2.41



0.17



14.67



1.89



0.47



0.08



4.37



w/o C. odorata



2.38



0.15



15.72



2.07



0.45



0.06



3.71



P. phaseoloides Mean



2.31 2.36



0.15 0.15



15.57 15.30



1.58 1.81



0.49 0.47



0.08 0.07



3.01 3.70



(0.11)



(0.00)



(0.47)



(0.54)



(0.07)



(0.00)



(0.55)



Values in parentheses are standard errors (P < 0.05). 500 NH4+-N (mg kg-1)
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4 weeks in the 0±10 cm layer (Fig. 2a). In the Typic Kandiudult, NH‡ 4 -N mineralization was much higher in the 10±20 cm layer than in the 0±10 cm layer similar to observations in the first experiment. Mineralization of NH‡ 4 -N was not different under C. odorata and P. phaseoloides (Fig. 2c, d). The lowest value was observed under fallow with C. odorata removed by hand. In the Typic Kandiudox, there was no difference within fallow types (Fig. 2e, f).
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Figure 2: Mineralization of NH‡ 4 -N during 4 weeks under different soil types and fallow forms in the 0±10 cm and the 10±20 cm layers in the second experiment. Abbildung 2: NH‡ 4 -N-Mineralisation während der 4-wöchigen Inkubationszeit unter verschiedenen Bodentypen und Bracheformen in den Schichten 0±10 cm und 10±20 cm (zweites Experiment).
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Rates of NH‡ 4 -N mineralization were higher under C. calothyrsus than under C. odorata fallows, especially in the 10±20 cm layer of the Typic Kandiudult. Between the two leguminous fallow types, P. phaseoloides and C. calothyrsus, it is the P. phaseoloides fallow, which had the lowest ability to produce NH‡ 4 -N under laboratory conditions. In fact, the 0±10 cm layer under C. calothyrsus had the lowest soil N concentration and highest rate of NH‡ 4 -N mineralization, indicating that the residues accumulated under this fallow type decomposed fastest. Therefore, there was an impoverishment of SOM under C. calothyrsus, not only in the 0±10 cm layer but also in the 10±20 cm layer as indicated by the high NH‡ 4 -N mineralization and low nutrient concentrations. In addition, soil under C. calothyrsus had a lower P compared to soils under the other fallows. These results confirm previous results which showed a lower nutrient concentration and accumulation of POM, the most active SOM part, under C. calothyrsus compared to P. phaseoloides and C. odorata fallows on the same soil (Koutika et al., 2004). This suggests that the sustainability of soil fertility of C. calothyrsus is low since during the cropping cycle, organic residues under this fallow type will mineralize faster and, therefore might induce the deficiency of N and other nutrients at the end of a cropping cycle. A study of POM has shown that P. phaseoloides fallow maintained or increased its N content after cropping (Koutika et al., 2002). Other studies have shown that the POM status



J. Plant Nutr. Soil Sci. 2004, 167, 1±5 was lower and C decomposition was higher under C. calothyrsus than under C. odorata fallow (Koutika et al., 2004), possibly due to nitrification. According to research on POM of the studied fallow (Koutika et al., 2004), this result may indicate the lability of SOM under C. calothyrsus. These results do not confirm the hypothesis given in this study, i.e., NH‡ 4 -N mineralization will be smaller in leguminous than in the herbaceous fallows. Rates of NH‡ 4 -N mineralization were higher in soils under the leguminous tree C. calothyrsus than in herbaceous fallow, which was similar to leguminous P. phaseoloides. In the second experiment, the NH‡ 4 -N mineralization pattern in the Typic Kandiudult confirmed the similarity of NH‡ 4 -N mineralization under P. phaseoloides and C. odorata as found in the first experiment. The high NH‡ 4 -N mineralization in the 10±20 cm layer found in the Typic Kandiudult may be due to a coarse texture as it offers no physical protection of organic material. On the other hand, the lowest NH‡ 4 -N mineralization observed in fallow without C. odorata in the 10±20 cm layer (Typic Kandiudult) does not indicate an improvement of the system under this fallow type. An earlier study showed that fallow without C. odorata was a more unstable system as compared to C. odorata and P. phaseoloides fallow, since a sharp drop in POM quantity and quality was observed from the end of the fallow period to the period after crop harvest (Koutika et al., accepted). The sharp decrease in NH‡ 4 -N mineralization under P. phaseoloides on the Rhodic Kandiudult may be due to the ability of P. phaseoloides to quickly mineralize C compared to C. odorata fallow as previously found (Koutika et al., 2002). This indicates that when C quickly decomposed under P. phaseoloides on the Rhodic Kandiudult, the production of NH‡ 4 -N decreased. This may indicate an improvement in the ability of soil under P. phaseoloides to release N throughout the cropping cycle. Therefore, this result confirms the hypothesis that NH‡ 4 -N mineralization is smaller in leguminous than in C. odorata fallows and depends on intrinsic soil properties. This confirmation was found in the 0±10 cm layer of the Rhodic Kandiudult but not in the other soil types. The fact that there was no difference in NH‡ 4 -N mineralization in the Typic Kandiudox according to fallow types underlines the need for an alleviation of chemical constraints prior to adopting different fallow types. Previous studies have shown that there was no difference in C decomposition and POM quantity in different fallow types in the Typic Kandiudox (Koutika et al., 2002). However, an increase in N content in medium POM (2000±250 lm) and fine POM (250±53 lm) in these soils indicated that in spite of chemical constraints, N content in POM fractions may increase but not to a level that has a positive effect on crop yield (Koutika et al., 2002). Consequently, in the acidic Typic Kandiudox, which represents a large part of soils in the Congo basin, adoption of a fallow form tolerant to acidic soil conditions or alleviation of Al toxicity and P deficiency is necessary. This study shows that in spite of its high biomass (Duguma et al., 1994), the less efficient restoration of soil fertility does occur in the Typic Kandiudult under C. calothyrsus, as also found in other studies
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(Koutika et al., 2004). The beneficial effect of P. phaseoloides on the cropping sustainability in the Rhodic Kandiudult is a lower NH‡ 4 -N mineralization, which allows for a better release of N throughout the cropping cycle. However, the decrease might be due to nitrification as well.
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