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bush has been cleared yield levels decline rapidly during subsequent 

years of cropping. 

Although decomposition in tropical forests is fast compared with that 

in temperate regions, nutrient release is spread over a number of months 

at the start of the rainy season. Bernhard-Reversat (1972) showed that 

decay of fresh organic matter (forest litter) was approximately exponen­

tial, but coupled to an almost linear nutrient release, completed in 

about 5 months. Differences in decomposition rates of leaves of different 

tree species cannot be directly related to their C/N ratio, because ap­

parently leaf surface structure (Bartholomew et al., 1953) and secondary 

plant substances as tannins play a role as well. Madge (1965) found de­

composition of Alchornea leaves to be slow. Diversity in the vegetation 

of a rain forest may contribute to a gradual nutrient release from decay­

ing dead organic matter. Heterogeneity of dead organic matter input may 

have a seasonal, structural (leaves, fruits, twigs and branches) and che­

mical aspect. (Madge (1965) and Hopkins (1966) published data from 

Nigerian semideciduous forest on seasonal aspects of litterfall. 

The rapid decomposition of soil organic matter in the cropping phase 

forms the major source of nutrition to the crops, but leads to exhaustion 

of soil organic matter at a greater speed than that at which it is build 

up in the fallow phase. The absence of a protective cover on the soil 

during considerable parts of the cropping phase leads to an increased mi­

neralisation of soil organic matter which usually is not (completely) in 

phase with nutrient uptake by the crops. If the nutrient supply is (tem­

porarily) in excess of crop demand, nutrients can easily be lost from the 

root zone by leaching. 

When compared to the forest vegetation with its closed nutrient cycle, 

cropped land may experience losses from the nutrient balance, due to a 

number of factors: 

* topsoil erosion, 

* removal of nutrients in the crops harvested, 

* high mineralisation rate which exceeds crop demands in the first year 

of cropping, 

* absence of a continuous root system and uptake capacity by crops, 

* lack of seasonal correspondence between mineralisation and uptake re­

quirements of the crops, mineralisation can be too fast early in the 

rainy season and too slow later on (Swift et al. 1981; Anderson and 

Swift, 1983), 

* lack of diversity in organic matter input through crop residues, 

giving sharp peaks in mineralisation (Woodmansee, 1984; Swift, 1984) 
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* probable decline of non-symbiotic N fixation as a consequence of re­

duced carbon supply to the soil. 

Although the relative importance of each of these factors cannot yet be 

assessed, the mineralisation process and the way it is influenced by top-

soil microclimate probably is a key-factor in the nutrient use efficiency 

of tropical farming systems. Research aimed at improving soil management 

practices has to take all these aspects into account, to reduce "leakage" 

from the system and to increase input. The problem can be tackled in dif­

ferent ways: synchronisation of supply and demand can be improved, stor­

age or buffer capacity of the soil/root system can be increased chemical­

ly or physically by increasing the rooting depth. 

Bartholomew (1977) reviewed evidence for the rapid losses of nitrogen 

from the soil organic matter pool in the first two years of cropping (100 

- 700 kg N per ha per year) and the comparatively fast buildup of N in 

vegetation in the first two years of fallowing (200 - 350 kg per ha per 

year). Rather than considering all N losses to be permanent and all N 

gains to be fixed N, he suggests that N may be leached to the subsoil in 

the cropping phase and subsequently recovered by a deep-rooted fallow ve­

getation. Obviously the depth of leaching will depend on climate and soil 

type. Bartholomew quotes data showing that within the range of 500-1000 

mm annual rainfall, 1 mm of rainfall roughly corresponds to 1 mm of down­

ward movement for non-adsorbed nutrients. In regions of higher rainfall 

the downward movement increases in relative as well as absolute terms 

(about 4000 mm displacement at 1600 mm rainfall). Bartholomew could find 

hardly any data to corroborate or reject the assumed difference in 

rooting depth between crops and fallow vegetation. 

IMProving nitrogen management 

To improve bush fallow systems, two options are 1) to maintain an alter­

nation of crop and fallow phase and to improve the effectiveness of the 

fallow vegetation in building up soil organic matter, in improving soil 

structure and/or in suppressing weeds (whichever is the critical function 

of fallowing in the local situation) and 2) to integrate restorative 

functions of the fallow vegetation into the cropping period in a form of 

permanent farming. 

In the past much effort has been directed at the first option, by 

searching for "planted fallow" or leguminous cover crops as alternative 



for natural bush regrowth, with rather variable results. Nye and Hutton 

(1957) found that a planted Acioa coppice gives a higher organic matter 

input than a natural bush fallow, although the amount of nutrients sto­

red in the vegetation is slightly lower. In yield effect on oil palms 

intercropping a natural bush fallow vegetation proved to be as positive 

as a planted leguminous covercrop (Pueraria). Singh (1961) gave additio­

nal data for the same experiments, showing that two years of bushfallow 

or Pennisetum (elephant grass) may be sufficient to maintain maize yield 

levels in some cases. Elephant grass appears to be the most effective 

fallow replacement, especially in restoring soil structure. Jaiyebo and 

Moore (1964) showed that a natural bush fallow of Acioa and Alchornea is 

effective as a legume and much more than a natural grass cover in res­

toring soil fertility. In contrast, Sanchez et al. (1982) concluded that 

a leguminous cover crop (Pueraria) for 1-2 years has the same restorative 

effect on the soil as 25 years of forest fallow. 

The option of improving fallow effectiveness has to be combined with 

efficient reclamation techniques at the start of the cropping period, as 

major losses of nitrogen occur during crop land reclamation by fire; 

nearly all N in the plant material is lost and, depending on the burning 

technique, a part of soil organic N as well (Andriesse and Koopmans, 

1984; Stromgaard, 1984). 

The second option, permanent farming techniques, has recently received 

most attention. Research on improved farming practices, e.g. at the 

International Institute of Tropical Agriculture in Nigeria (UTA, 1984a 

and b; Kang and Van der Heide, 1985) is currently directed to improved 

nitrogen management in permanent farming through: 

a. Protecting the soil from erosion by maintaining a continuous 

cover of crops and/or mulch and reducing soil tillage operations; many of 

the techniques tested rely heavily on herbicides for weed control and/or 

killing cover crops. Effects of such practices on mineralisation rates 

have not been investigated in detail as yet but organic matter on top of 

the soil decomposes rather slowly, possibly in phase with crop demand. 

Soil compaction by machinery in mechanised farming, which creates an ap­

parent need for more intensive soil tillage operations, remains an unsol­

ved problem. 

b. mixed cropping practices. A widely recognised criteria for the use­

fulness of mixed cropping is that the crops used should be complementary 

to each other (at least partially) in using environmental resources 



(light, water, nutrients). Under these conditions the "Relative Yield To­

tal" (RYT) and the "Land Equivalence Ratio" (LER) can be above 1.0 

(Willey, 1979; Steiner, 1982). Recently avoidance of risks has been quan­

tified as well as a useful criterion (Vandermeer, 1984). In ecological 

terminology positive effects on total yield can be expected as far as 

there is "niche-separation" between the crops used. The main niche-

aspects with respect to nitrogen use are: N fixation, season of main up­

take activity, vertical root distribution and horizontal spread of the 

root system in relation to the crop spacing used. As a special case of 

mixed cropping, "weeds" can in certain cases be positive in preventing 

nutrients from leaching in periods of low uptake capacity of the crops 

and maintaining them in the nutrient cycle (Mishra and Ramakrishnan, 

1984). 

c. Introducing trees into mixed cropping systems to incorporate some of 

the favourable characteristics of the fallow vegetation into the cropping 

cycle. Deep-rooted trees, such as Acacia albida in arid regions (Charreau 

and Vidal, 1965; Freeman and Fricke, 1980), do not compete for nutrients 

and water with crops and may act as "nutrient pumps" recovering leached 

nutrients and soil weathering products from lower depths; through leaf 

fall or by deliberate use of lopped tree branches as mulch, the small an­

nual yield of soil weathering processes can thus be added to the topsoil; 

recently "alley-cropping" has received much interest in the humid tropics 

(Kang et al., 1981; Getahun et al., 1982; Nair et al., 1984; Kang et al., 

1985). 

d. Increasing nitrogen input by including N-fixing plants in the crop 

rotation or in mixed cropping systems (Ossewaarde and Wellensiek, 1948; 

Whyte et al., 1953; Agboola and Fayemi, 1972; Ayanaba and Dart, 1977; 

Nnadi et al., 1981; Graham and Harris, 1982; Atkins, 1984). Symbiotic N 

fixation generally leads to acidification of the soil; e.g. Kowal and 

Tinker (1957) found soil pH to be lowered by a long period of Pueraria 

cover while it remained stable under weeds/bush cover. Deep-rooted legu­

minous trees may combine the advantages of nitrogen fixation with suffi­

cient cation recirculation from deeper layers to maintain soil pH. 

Substantial bacterial N-fixation (about 100 kg N per ha per year) can 

take place in the rhizosphere of certain grasses, e.g. Pennisetua (ele­

phant grass) (Ayanaba and Dart, 1977). 
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e. Mutually adjusting the rate of mineralisation and plant uptake requi­

rements, by applying mulches of high C/N ratio in periods when minerali­

sation may be too fast otherwise and by establishing nitrogen demanding 

crops as soon as possible after the start of the rains (Prabhakaran Nair 

and Ghosh, 1984; van Faassen and Smilde, 1985). These possibilities have 

been little exploited sofar (Dommergues and Diem, 1982; Swift, 1984). The 

fact that multiple cropping systems will give a more heterogeneous input 

of organic matter to the soil resulting in a more even rate of minerali­

sation during the cropping season has been little studied as yet. 

In all these research topics agricultural research sofar is mainly 

following rather than guiding local farming practices (Richards, 1985); 

e.g. alley-cropping techniques were developed on the basis of local far­

ming practice, coppicing trees of the bush fallow vegetation rather than 

removing them before growing crops. There is scope for "learning from the 

forest" by analysing the ecological processes by which natural vegeta­

tions deal with the local environment, as well as "learning from the far­

mer". By integrating both types of knowledge we may hope to develop agri­

cultural systems which can deal with the increased production levels re­

quired, at moderate levels of external inputs, using all available re­

sources as efficiently as possible. 

Rooting depth and nitrogen nanagement 

Efficient use of nitrogen under conditions of high rainfall and hence 

severe leaching depends on either adequate synchronisation of plant de­

mand for nitrogen with the mineralisation rate or on the ability to deve­

lop deep root systems, able to recover leached nutrients from deeper soil 

layers. Figure 1.2 shows that there may be variation in the demand curve 

of the crop and in the mineralisation rate (e.g. due to differences in 

soil microclimate as affected by soil cover), but complete synchronisa­

tion is hardly possible. The larger the gap between supply and immediate 

demand, the deeper nutrients will leach into the soil and the deeper the 

plant root system will have to be to recover them. Quantification of this 

relationship depends on local climate and soil characteristics. 
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Figure 1.2. Schematic interaction between (lack of) synchronisation of 
supply of nutrients by mineralisation and crop demand for nitrogen, 
with the rooting depth required for full recovery of leached nitrogen. 

At UTA's high rainfall station in Onne (Port Harcourt, S.E. Nigeria) 

the soil is a typical ultisol. Efficiency of nitrogen use, both of ferti­

liser and organic origin, as measured in lysimeters and with N in the 

field, is low (Van der Heide et al., 1985). The efficiency of fertiliser 

N use (apparent recovery rate) in the current trials is 30-40% (at a 

moderate N-input level of 90 kg N/ha). Physical and chemical aspects of 

leaching on this soil type have been described by Pleysier and Juo (1981) 

and Arora and Juo (1982) and have been incorporated with microbiological 

processes in a dynamic simulation model for nitrogen leaching by 

de Willigen (1985). 

Figure 1.3 shows the result of some calculations with the model in 

which rooting depth was varied and possibilities for uptake by the crop 

were calculated. Clearly a deeper root system can take up a considerably 

larger share of the nitrogen which becomes available by mineralisation. 

Any measure to improve rooting depth under these conditions will be help­

ful in improving nitrogen use efficiency. 
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Figure 1.3. Results of a simulation model of nitrogen dynamics for soil 
and climatic conditions of Onne (S.E. Nigeria). Crop N uptake has been 
calculated for a fertiliser N dosis of 150 kg N per ha, given in three 
applications, for three soil pH levels and with varying rooting depth 
(De Willigen, 1985). 

Factors affecting rooting depth 

Highly leached tropical upland soils often have a low fertility and are 

characterised by a low base saturation, high levels of exchangeable Al 

and a low pH. Sanchez and Salinas (1981) reviewed low input technology 

for managing acid soils in the tropics. Two options are possible: to 

adapt the farming system by selecting acid-tolerant crops (and crop 

varieties), or to adapt the soil to standard farming conditions by apply­

ing (large amounts of) lime. 

In large parts of the humid tropics acid soil conditions hinder the de­

velopment of deep root systems and therefore lead to a low efficiency of 

N use. Liming is a well known procedure to improve root development in 

acid soil layers, although it has to be continued for a long time if 

deeper soil layers have to be improved without soil tillage (Arora and 

Juo, 1982). Effects of liming on nitrogen management may be of a mixed 

nature, however, as a beneficial effect of deeper root development will 

coincide with an increased risk of leaching. The risk of nitrogen losses 

due to leaching is increased by liming, because nitrate rather than 

ammonium becomes the dominant form of nitrogen, nitrification being 
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stimulated at higher soil pH levels (De Willigen, 1985, figure 1.3). In 

large parts of the humid tropics lime is not locally available and 

transportation costs (considering the large amounts necessary) will limit 

the use of lime under these conditions. Selection of acid-tolerant 

cultivars and crop combinations seems to be the only obvious approach 

here. Information on root development under field conditions should be a 

first step. 

The main limitation to root development on acid soils probably arises 

from the high availability of aluminium and manganese ions. Considerable 

variation in tolerance for aluminium and manganese exists between crops 

and cultivars of crops (Foy et al., 1978). Tolerance of different crops 

to acid soils and to high Al levels is based on various physiological 

principles. These include fixation of Al ions in root cell walls, inter­

actions with calcium and phosphate uptake and a local change of pH around 

the root. Rhizosphere pH depends on the balance between anions and ca­

tions taken up by the roots. The main variable component of this balance 

is nitrogen, leading to a rhizosphere pH which is either higher (in the 

case of predominant nitrate uptake) or lower than bulk soil pH (in case 

of predominant ammonium uptake) (Riley and Barber, 1971; Nye, 1981). 

Fleming (1983) showed Al tolerance of wheat cultivars to be based on pre­

ferential nitrate uptake from ammonium/nitrate mixtures. Boubele (1984), 

studying Al tolerance of agroforestry trees (Leucaena, Gliricidia, 

Sesbanla and Calliandra), found the slow-growing Calliandra to be least 

affected by Al in culture solution, probably because of its ability to 

maintain adequate Ca levels in the shoot (Sesbanla was the least tolerant 

in this comparison). Generally leguminous crops with functioning symbio­

tic N fixation will acidify their root environment (van Beusichem, 1984). 

Some Leguminosae, such as Lupinus, form "proteoid", thickened roots in 

which proton excretion is concentrated, which is helpful in phosphorus 

uptake from neutral soils (Gardner et al., 1982). Rhizosphere acidifica­

tion raises the question whether it is possible at all to combine effi­

cient N fixation and Al tolerance in the long run. 

Leguminous crops differ markedly in their tolerance to acid soil condi­

tions (and/or high levels of available aluminium) and some progress in 

selecting tolerant varieties has been made. Stylosanthes humilis is known 

to be a tolerant crop (Pinkerton and Simpson, 1983), able to exploit aci­

dic soil layers under conditions of low P supply. Leucaena is considered 

to be not very tolerant to acid soil conditions (Sanchez and Salinas, 
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1981), although recently some new genotypes with improved tolerance have 

become available. 

Apart from soil acidity, root development may be influenced by soil 

structure and the availability of pores left by other roots and/or by 

soil organisms (e.g. Kowal atid Kassam (1978) mentioned termites as impor­

tant organisms for root development in Nigerian savanna soils). Little is 

known of such effects in a context of shifting cultivation. It may well 

be possible that relatively deep root development under a fallow vegeta­

tion permits relatively deep crop root development in the first years 

of cropping, with a subsequent decline when the structure of the soil 

deteriorates. Such effects would contribute to the decline of crop yields 

generally ascribed to decreasing chemical soil fertility. Information on 

root development of shrubs and trees of the fallow vegetation is relevant 

in this respect (Nye and Greenland, 1960) 

Purpose of present research 

Knowledge of the root system of all crops in the farming system can be 

helpful in improving nutrient use efficiency. Major aspects are: 

* depth of root penetration, 

* horizontal spread of the roots, timely establishment of complete ex­

ploitation of topsoil, in relation to planting scheme, 

* compatibility of crops in intercropping, 

* nodulation of leguminous crops, 

* mycorrhiza formation (mainly in relation to P-uptake efficiency). 

This report will cover field observations on root development at Onne 

in 1985. A new experiment was laid out to study root development of legu­

minous cover crops, as influenced by liming. In three existing experi­

ments observations on root development were made: upland rice with and 

without NPK fertilisation, maize/cassava intercropping and an alley crop­

ping experiment. Two semi-quantitative techniques for root observation 

were chosen (Schuurman and Goedewaagen, 1972 and Böhm, 1979): 

A. Pinboard technique: this gives an overall view of root distribution, 

root branching of a single plant, allows determination of root dry weight 

and root/shoot ratios and allows separation of a root system intermingled 

with that of neighbouring plants. 
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B. Root mapping technique: this allows a detailed description of root 

distribution. Maps can be made in a vertical plane to study distribution 

of roots in relation to the soil profile and in a horizontal plane to 

study whether or not a soil layer is homogeneously exploited by roots. 

For all crops studied some preliminary observations were made on 

mycorrhizal infection of roots. 

root at 40 cm depth (compare plate IV.d); B. roots growing in a horizon­
tal ant channel. 

m g co prevent snaamg or crops ̂ bwennen, i^ö^;. xne orten ratner Shallow 

root systems of leguminous crops make them more suitable for intercrop­

ping with perennial tree crops, though not as a complete replacement of 

the bush fallow in terms of restoration of soil fertility. Morel and 
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2. ROOT PENETRATION INTO THE SOIL AT ONNE 

20 

Rain(R) 
mm/day 
20 r 

22 

Quantin stated that sown Pueraria stands, characterised by shallow sto­

lons, a dense root mat in the top 5 cm and very few deep roots are re­

placed by grasses in natural succession after about 5 years. The effect 

of Pueraria and Stylosanthes on the regeneration of soil structure is 

restricted to the top-soil, the relatively deep-rooted Cajanus indicus is 

the best leguminous crop in this respect (their data relate to the 1500 

mm rainfall zone). Nye and Hutton (1958) found a comparatively low root 

mass of Pueraria stands in the top 25 cm of the profile compared to bush 

fallow or elephant grass in the rain forest zone of Nigeria. 

Tropical Leguminosae commonly used by farmers, such as Centrosema 

pubescens, Stylosanthes gracilis, Calopogonium mucunoides, Pueraria 

phaseoloides and Vigna sinensis are capable of nodulation and nitrogen 

fixation under normal conditions (Adeboyejo, 1976). Centrosema pubescens 

is known to produce good growth and fix appreciable quantities of nitro­

gen in the absence of fertiliser. Otisi (1979) studied nodulation of 

Centrosema and Psophocarpus in a pot experiment, using soil from UTA's 

high rainfall substation at Onne. Centrosema gave a poor nodulation, re­

gardless of inoculation. Psophocarpus showed a reasonable degree of 

nodulation, which was not improved by inoculation. Psophocarpus belongs 

to the cowpea cross-inoculant group. 

Liming in small amounts is known to improve root development in acid 

soils (Arora and Juo, 1982). Kang (1970) found that liming improved nodu­

lation of cowpea and corrected N deficiency in an acid soil from Onne. 

Large responses to liming were observed with rates between 0.25 and 1 t 

CaCO per ha, which have little effect on soil pH but may temporarily re-

3 

duce Al-levels in the soil. Murphy et al. (1984) found that concentra­

tions in soil solution of over 25 micromolar aluminium delayed the appe­

arance of nodules, reduced the percentage of plants which nodulated and 

decreased the number and dry weight of nodules produced by Centrosema 

pubescens, Macroptlllum lathyroides and Stylosanthes gulanensls. 

Rhizobium seems to be more sensitive to Al toxicity than the host plant. 

Horst (1984) developed a screening test for Al tolerance of cowpea vari­

eties based on germination in soil containing 2.2 meq Al per 100 g soil 

by comparing germination with plant performance in a long-term pot expe­

riment, using a soil from Onne. In both the short- and the long-term ex­

periment the same genotypes were classified as most tolerant and most 

sensitive. The period of crop establishment apparently is a critical 

stage for leguminous crops under these conditions and small amounts of 
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lime may help to overcome problems in the initial stages. 

The present study concentrated on root development and nodulation of 

acid-tolerant leguminous cover crops, as affected by liming (750 kg 

Ca(OH) per ha equivalent to 1 t CaCO per ha). Rooting depth was studied 

as well as root dry weight, which is a measure of input of organic matter 

into the soil. 

3.2. Methods 

Plots with leguminous cover crops for root observations were sown at 

IITA's high rainfall substation at Onne (Port Harcourt), S.E. Nigeria. 

The experimental site was laid out on a part of the farm which was mecha­

nically cleared of forest and tree stumps more than 10 years ago and has 

been under mechanised farming since then. Before the cover crops experi­

ment was started the area was covered with a natural grass fallow, cut 

regularly. Some properties of the soil before the experiment was started 

are shown in table 3.1. Lime was broadcast on 27 April, 3 days before 

planting. 

Six species of leguminous (cover) crops were used: Centrosema macrocar-

pum (CIAT no 5062, lot 82.234, Quilichao), Desmodium ovalifolium (CIAT 

3784, lot 82.228), Pueraria phaseoloides and Psophocarpus palustris (both 

from seeds supplied by Dr. B T Kang (UTA)), Mucuna utilis and Vigna 

unguiculata (from seeds available in Onne). For each species four plots 

were used (0 and 750 kg Ca(OH) per ha, equivalent to 1 t CaCO per ha, 
2 3 2 

in duplicate) in a randomized block design with plots of 6 x 5 m (total 

experimental area 28 x 46 m ). 

Three seeds were planted per cluster (hill); the seedlings were later 

thinned to one. Seeds were planted between 30 April and 2 May, at a plan­

ting distance of 30 x 20 cm. Weeding was done in plots with crops that 

are slow in their establishment: once for Centrosema and Pueraria, twice 

for Psophocarpus and three times for Desmodium. During the investigation 

the cowpea (Vigna) plot was sprayed weekly with Gameline 20 for insect 

control. Light interception was measured weekly with a light meter (BBC 

Goerz Metrawatt M 1507.3717.k52), whereby light intensity at five positi­

ons in each plot was compared with the immediately following measurement 

outside the plot. 

http://1507.3717.k52
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TABLE 3.1. Soil properties of the field used for cover crop experiment at 
Onne. 

Soil 
depth 
(cm) 

0- 5 
5-15 

15-25 
25-40 

Soil 
Depth 
(cm) 

0-5 
5-15 

15-25 
25-40 

pH 
(H20) 

4.5 
4.5 
4.5 
4.5 

Total 
N (%) 

0.111 
0.071 
0.061 
0.082 

Org.Mat. 
(%) 

1.78 
1.31 
0.98 
0.73 

P-Bray 
(ppm) 

78.75 
54.05 
47.70 
46.80 

Sand 
(%) 

83 
83 
77 
73 

NH.OAc-
Ca4 

1.03 
0.64 
0.74 
0.56 

Silt Clay 
(%) (%) 

13 4 
13 4 
12 11 
10 17 

Texture 

loamy 
loamy 
sandy 
sandy 

Exch. cations 
(me/100 g) 

Mg Mn 

0.46 -
0.21 -
0.05 -
mm — 

K 

0.17 
-
-
~" 

sand 
sand 
loam 
loam 

Na 

0.21 
0.19 
0.16 
0.24 

Bulk,density 
g/cm (n = 4) 
average + s.d. 

1.40 + 0.14 
1.50 + 0.08 
1.48 + 0.05 
1.40 + 0.08 

Total acid. CEC 
(me/100 g) (me/100 g] 

1.642 3.53 
1.798 2.90 
2.007 3.10 
2.048 2.99 

Four times - 2, 5, 8 and 14 weeks after emergence - samples of the root 

system were taken with a pinboard (Schuurman and Goedewaagen, 1972) of 40 

x 60 x 12 cm, each sample containing 2 plants (60 = 2 x 30). After wash­

ing away the soil a photograph was taken of the root system. The sample 

was subsequently cut in 10-cm layers and subdivided according to distance 

to the plant (0-5 cm and 5-15 cm, see figure 3.1). 

For each subsample root dry weight and nodule dry weight was recorded 

after cleaning the roots. At the same dates above-ground biomass was 

sampled from three 1-m strips of plants in each plot. Samples of plant 
o 

tops were dried at 65 C, weighed and mixed for N analysis. 

A composite soil sample (for the four layers as in table 3.1) was col­

lected on the same dates as the root examinations and analysed at UTA 

(Ibadan) for pH, CEC, exchangeable AI, Ca, K and Mg. 

On the last date of root sampling some fine roots of each species were 

collected and stored in alcohol for mycorrhiza analysis at the Institute 

for Soil Fertility; staining techniques were used for roots and the 

proportion of infected roots was determined as described by Giovanetti 

and Mosse (1980). 

Additional observations were made on a 2-year old Pueraria field on the 

same part of the experimental station. 
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distance to nearest plant (cm) 
—5 A,. ,5 15 5 , ,w . 5-

Figure 3.1. Schematic representation of a pinboard sample and its divi­
sion in subsamples. Average root density in a layer is obtained by a 1:2 
weighting of average root density in the "5-5" and "5-15" subsamples. The 
combination of plant density and pinboard size allow for an efficient 
sampling of the "unit soil area" (Van Noordwijk et al., 1985). 

3.3. Results 

Soil analysis 

Soil analysis during the experiment (figure 3.2) showed that liming had 

no effect on exchangeable Mg, K, Mn and Na concentration. Total acidity, 

exchangeable Al concentration and CEC decreased while soil pH and Ca con­

centration in the top layer increased, although variation among samples 

is large. Effects on Ca and pH did not appear until 5-8 weeks after li­

ming, but a decrease of Al in the topsoil was already evident after 2 

weeks. If all Ca(OH) would have dissolved and had been found in the 
2 

soil analysis of the top 10 cm an increase of about 1.4 me Ca per 100 g 
could be expected [750 kg Ca(OH) per ha = 2 x 10 me Ca per ha: 1 ha x 

9 3 L 9 2 
10 cm = 10 cm = 1.4 x 10 g (assuming a bulk density of 1.4); hence 

750 kg Ca(0H ) per ha = 2 x 10 me Ca per ha = 2 /l.4 - 1.4 me Ca per 100 

g ] . The observed increase is only about 0.4 me Ca per 100 g. 
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Figure 3 .2. Soil analysis data during the experiment, as affected by 
l iming. 
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Shoot growth 

Figure 3.3 shows the time course of the light interception by the indivi­

dual crops. Mucuna and Vigna had a quick start and took about 4 weeks to 

reach 50% light interception, but they started to senesce after 13 weeks. 

Centrosema, Pueraria and Psophocarpus had a slow start and took 7, 10 and 

13 weeks, respectively, to reach 50% light interception, but did not show 

any senescence during the experiment. Desmodium was even slower than 

Psophocarpus and had not yet reached 50% light interception after 13 

weeks. 

light interception 
by crop(%) 

100 

y /• ° 
Centrosema^ /Pueraria 

a' 

psophocarpus 

o 8 

I m o d i u m 

8 10 12 U 
time(weeks) 

Figure 3.3. Light interception by six cover crops (average for with and 
without lime) as measured with a light meter comparing light intensities 
inside and outside plots. 

The differences among the species in above-ground production as reflec­

ted in dry matter yields at 5, 8 and 14 weeks after emergence are shown 

in figure 3.4. Liming had no significant effects on plant growth except 

for Vigna at 8 weeks (positive) and Mucuna at 14 weeks (negative). For 

dry matter production the six crops can be ranked in the decreasing or­

der: Mucuna, Vigna, Centrosema, Pueraria, Psophocarpus and Desnodiua. 
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Figure 3.4. Above-ground dry matter production by six cover crops as 
affected by liming. 

Nitrogen uptake 

Table 3.2 gives data on total nitrogen concentration of above-ground 

biomass of the six species (for Desmodium no sample was collected on the 

first two dates because of insufficient plant growth). 

Liming slightly increased the nitrogen concentration of all crops. Ni­

trogen concentration decreased with time in all crops. Liming considera­

bly increased the Ca concentration of all crops and had a positive effect 

on K and P concentration as well. 

Figure 3.5 shows the nitrogen uptake in above-ground biomass for the 

six species as it developed in time. Mucuna and Vigna showed the fastest 

growth and uptake and grew at an average N concentration of about 3.5%. 

After 8 weeks the N concentration of the cowpea (Vigna) crop started to 

decrease when most of its N had been redistributed internally to the 

seeds. N uptake by Mucuna proceeded at a low rate after 8 weeks. The 

other crops were considerably slower in their N uptake and grew at N 

concentrations of 2-3%; after 14 weeks they were still in the initial 

part of a sigmoid uptake pattern. 
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+ l ime -lime 
o Mucuna 
A Vigna 
• Centrosema 
v Pueraria 
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QDesmodium 
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timeJweeks) 

Figure 3 .5 . Nitrogen uptake and dry matter production (above-ground) by 
s ix cover crops. 
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TABLE 3.2. A. Total nitrogen concentration of shoots (% N) for limed (1) 

and unlimed (0) treatments at four harvest periods. Data given are aver­

age values for duplicate samples. B. Total P, K and Ca concentration (% 

of dry matter) 14 weeks after sowing. 

Species 

Mucuna 

Vigna vegetative 

pods 

Centrosema 

Pueraria 

Psophocarpus 

Desmodium 

Mucuna 

Vigna vegetative 

pods 

Centrosema 

Pueraria 

Psophocarpus 

Desmodium 

Treatment 

0 1 0 1 

À. N concentration 

2 weeks 

4.6 4.9 

5.4 5.5 

• • 

4.3 4.8 

4.7 4.6 

5.0 5.1 

• • 

B. P concen­

tration (Z) 

0.23 0.23 

0.22 0.27 

0.22 0.29 

0.23 0.28 

0.24 0.27 

0.26 0.28 

0.16 0.20 

5 weeks 

3.6 3.9 

3.6 3.6 

• • 

2.8 2.6 

3.5 4.4 

4.1 4.2 

• • 

K concen­

tration (Z) 

1.23 1.22 

1.00 1.27 

0.43 0.64 

0.82 1.30 

0.95 1.05 

0.92 1.25 

0.79 1.04 

0 1 

8 weeks 

3.6 3.4 

3.4 3.0 

• • 

2.8 2.7 

3.2 3.5 

4.1 4.7 

3.1 3.1 

Ca concen­

tration (Z) 

0.21 0.29 

0.21 0.30 

0.02 0.02 

0.33 0.46 

0.21 0.34 

0.21 0.37 

0.19 0.23 

0 1 

14 weeks 

3.0 

1.8 

3.2 

2.2 

2.5 

2.8 

2.0 

3.5 

2.0 

3.0 

1.9 

2.8 

2.8 

2.3 
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Root observations 

The root system of the six crops at final harvest is shown in plate II 

and III and figure 3.6. Details of the distribution of root dry weight 

over the profile are given in figure 3.7. Data on nodulation and 

mycorrhiza are given in figures 3.8. and 3.9. Table 3.3 summarizes the 

data as regards the effects of liming. 

Although the root system of the six crops had the same overall shape 

with a vertical taproot and abundant branch roots in the topsoil, there 

were some marked differences in root development. Centrosema roots pene­

trated to 70 cm depth while the other species did not grow beyond 50 cm. 

All species formed abundant branch roots in the top 10 cm of the soil, 

but the proportion of total root dry weight found in the top 10 cm of the 

profile varied from 85% for Mucuna to 57% for Centrosema and Desnodiunt 

(unlimed treatments). In some cases a typical thickening of part of the 

roots was observed which resembles "proteoid roots" as described by 

Gardner et al., 1982 (figure 3.6). Such roots were seen in Mucuna (+lime, 

2 weeks, 5-10 cm depth), Pueraria (+lime, 8 weeks, 10-15 cm depth) and 

Psophocarpus (-lime, 2 weeks, 5-10 cm depth). 
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-L ime Mucuna u t i l i s 
0 r 

+ Lime 

Vigna unguicuîata 
0 

Centrosema macrocarpum 
0 

Plate II. Root system of cover crops (Mucuna utilis, Vigna ungaiculata, 
Centrosema nacrocarpum) washed from pinboard sample at final harvest for 
the six species as affected by liming. 
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Lime + Lime 
Pueraria phaseleoides 

0+0 

Desmodium ovalifolium 

Plate III. Root system of cover crops (Pueraria phaseleoides, 
Psophocarpus palustris, Desmodium ovatifolium) washed from pinboard sam­
ple at final harvest for the six species as affected by liming. 
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Figure 3.6. Diagram of root distribution of the six species, also showing 
the shape and position of the nodules. 
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Figure 3.7. Distribution of root dry weight of cover crops. For each 
layer root dry weight at 0-5 and at 5-15 cm from the nearest plant is 
shown as well as the average for the layer. 

For all species the highest root weight density (mg/cm ) occurred in 

the top layer at 0-5 cm from the plant. Root weight density in the top 

layer at 5-15 cm from the plant. The difference between the two sample 

positions was smaller in the subsoil than in the topsoil (figure 3.7). 

Nodulation was restricted to the topsoil, except for Pueraria which 

formed nodules even at 40 cm depth. Nodule morphology (figure 3.7) varies 

from irregular, cylindrical for Mucuna to globular for the other species, 

with Vigna and Pueraria forming the largest nodules and Desmodium by far 

the smallest. Nodule shape conformed to the descriptions given by Corby 

et al. (1983). Pueraria and Psophocarpus had by far the highest nodule 

dry weight. A rough impression of nodule efficiency can be obtained by 

observing the colour of nodules under a dissecting microscope after cut­

ting them. N fixation by Rhizobium is only possible under anaerobic con­

ditions and the red-coloured "leghemoglobin" is responsible for 


