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Introduction 

Cowpea (Vigna unguiculata (L.) Walp.) is the most extensively grown food grain 
legume in West Africa. It nodulates with a wide range of rhizobia present in most, if 
not all, tropical soils (Sellschop 1962). Indigenous rhizobia, however, are few in 
environmentally stressed soils (Ahmad et al. 1981; Mulongoy et al. 1981). Well- 
nodulated cowpeas can derive 90% of their nitrogen for maximum yield from an 
effective symbiosis (Eaglesham et al. 1977). Soybean (Glycine max (L.) Merr.) has 
great potential in the tropics as a source of oil and high protein food. However, 
adequate nodulation and nitrogen fixation of high yielding cultivars bred in North 
America require inoculation with the appropriate Bradyrhizobium japonicum when 
grown in soils in which soybeans have not previously been cultivated (Nangju 1980; 
Pulver et al. 1982; Ranga Rao et al. 1982). By contrast, cultivars from Asia and those 
resulting from breeding programmes possessing the promiscuity genotype, nodulate 
freely in many tropical soils (Anon 1982). 

A sufficient number of appropriate rhizobia in the root zone of a legume is a 
prerequisite for adequate nodulation and nitrogen fixation. Published reports on the 
population sizes of cowpea and soybean rhizobia in tropical soils are lacking. 
Information on rhizobial numbers would help workers to assess the need for 
inoculation and identify environmental factors as well as cropping systems controlling 
rhizobial populations in tropical soils subjected to various stresses. 

The present study was undertaken to monitor populations of native rhizobia 
capable of nodulating a cowpea cultivar, and two soybean cultivars of different 
promiscuities. Soil was sampled at three depths in fields cropped to cowpea or left 
fallow, and at three locations selected to provide diversity in soil and climatic factors. 
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Materials and methods 

Soil sampling and preparation 
Soil samples were collected three times: (a) at planting time, a few days after the onset 
of the rainy season; (b) six weeks after planting (WAP) of cowpea, and (c) during the 
dry season, about two months before the first rains. Collection sites were at Maradi, 
Niger; Onne, Nigeria; and at the International Institute of Tropical Agriculture 
(IITA) located in Ibadan, Nigeria. As reported earlier (Ahmad et al. 1981), these 
locations represent diverse soil types and climates. The soil at Maradi, in the Sahel 
savanna, is sandy, low in N and available P and Ca, and subject to temperature 
extremes and prolonged drought. The Onne soil, in the humid rain forest zone in 
south-eastern Nigeria, is an ultisol with low Ca, high acidity, and high exchangeable 
A1. The IITA site lies in the rain forest savanna transition zone in south-western 
Nigeria; the soil is an alfisol. At each of the locations, soil was collected from the field 
cropped to cowpea during the rainy season, as well as from an adjacent, uncultivated 
field. A soil auger of 3 cm diameter was used to collect soil at depths of 0-5, 6-15 and 
16-30 cm. Ten cores were collected at random in a 400 m 2 area and then were 
thoroughly mixed into composite samples and refrigerated. Rhizobia were enumerated 
immediately or within two months of collection. 

Enumeration of  rhizobia 
Rhizobia were enumerated by the most-probable-number (MPN) method (Alexander 
1965), using plastic pouches (Weaver & Frederick 1972). A 10-fold dilution series with 
five replicates per dilution was used. Cowpea cultivar ER-1 was the legume host to 
enumerate cowpea rhizobia; soybean cultivar TGm 80 (Bossier) was used for non- 
promiscuous B. japonicum and cultivar TGm 344 for promiscuous rhizobia. Plants 
received Jensen's solution (Vincent 1970) as required. The pouches were incubated at 
28~ under daylight fluorescent tubes and nodulation was assessed between 35 and 
42 days after inoculation. Analysis of variance was performed on the numbers of 
rhizobia per gram of oven-dry (100~ 24 h) soil and after log transformation of these 
data. A constant of 1 was added to all data before log transformation to avoid 
computer calculation of log 0 for soils where no rhizobium was detected. 

Results 

At planting time, IITA and Onne soils contained significantly more rhizobia than the 
soil at Maradi (Fig. 1). Rhizobial numbers at this stage were essentially the same in 
both cultivated and fallow plots at each location. Six weeks later, rhizobial population 
sizes did not change in the fallow plot, but the presence of cowpeas in the field 
increased the population of rhizobia at Maradi and Onne (Table 1). A significant 
increase in population of the rhizobia was recorded at IITA only during the dry 
season, a time when the populations of rhizobia declined at the other two locations to 
the same values as at planting time. Mean rhizobial counts were 0.11, 0.10 and 
0.04 • 104 in the fallow plots, and 0.33, 1.2 and 0.44 x 104 in the cultivated fields, at 
planting, 6 WAP and in the dry season, respectively, indicating that cropping cowpea 
stimulated multiplication of the rhizobia. This observation was particularly true in the 
top 15 cm soil layer (Fig. 1) where cowpea rhizobia were more numerous than the 
soybean rhizobia (Table 2). Table 2 also shows that there were relatively few rhizobia 
in samples collected at 16-30 cm, and that seasonal variation in rhizobial counts in this 
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Fig. 1 Numbers [log (No. + 1)] of rhizobia per gram of soils collected in plots cropped to cowpeas at 0 to 5 
cm ([3), 6 to 15 cm (O), and 16 to 30 cm (V) depths, at planting time (tl), at 6 weeks after planting (t2) and 
during the following dry season (ts). 

Table 1 Numbers* [log (No. + 1)] of rhizobia per gram of soil at three locations in cultivated 
and fallow plots, assessed at three sampling times 

Field 

Location Sampling time Cultivated Fallow 

Maradi Planting 1.58 1.38 
6 WAP 2.13 1.51 
Dry season 1.46 1.19 

Onne Planting 2.08 1.96 
6 WAP 2.73 1.88 
Dry season 1.77 1.47 

IITA Planting 2.50 2.07 
6 WAP 2.63 2.37 
Dry season 2.96 1.87 

LSD 5% 0.30 

*Average of cowpea and soybean rhizobia counts at all three depths. 

soil layer  was always insignificant. C o w p e a  rhizobia were  more  numerous  than the 
p romiscuous  rhizobia,  except  dur ing the dry season at 0 - 5  cm, where  they were  about  
equal  in number .  Bradyrhizobium japonicum specific for  Amer i can  soybean  cultivars 
were  the least n u m e r o u s  at all th ree  locations.  
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Table 2 Numbers* [log (No. + 1)] of rhizobia per gram of soil collected at different depths and 
times in plots cropped to cowpea 

Depth (cm) 

Rhizobium nodulating 

Sampling time Cowpea ER-1 Soybean TGm 80 Soybean TGm 344 

0 to 5 Planting 3.68 0.63 2.85 
6 WAPt 4.35 0.93 3.29 
Dry season 2.85 0.63 2.96 

6 to 15 Planting 3.14 0 2.71 
6 WAP 4.53 0.89 3.27 
Dry season 3.12 1.44 2.49 

16 to 30 Planting 2.97 0.42 2.08 
6 WAP 2.75 0.84 1.61 
Dry season 2.89 0.48 1.73 

LSD 5% 0.50 

* Average numbers at IITA, Onne and Maradi 
t WAP: weeks after planting 

Discussion 

Rhizobial numbers were always low at Maradi in the Sahel region. At planting time, 
for instance, mean cowpea rhizobia counts in both cultivated and fallow plots were 
2.9 • 102, 9.5• 103 and 1.8 • 104 in the top (0-5 cm) soil at Maradi, Onne and 
IITA, respectively. The detrimental effects of desiccation and high temperatures on 
cowpea Rhizobium survival in soils are well documented (Boonkerd & Weaver 1982; 
Osa-Afiana & Alexander 1982, Hartel & Alexander 1984). There is more than likely 
either a geographical selection or an adaptation of the rhizobia to these stresses in 
soils. In fact, rhizobial isolates from the hot region at Maradi grow at 37~ in yeast- 
extract mannitol medium (YEM), and more than 90% of these isolates grow also at 
40~ whereas the rhizobia from IITA and Onne, in the humid zone, show little or no 
growth at these temperatures (Eaglesham et al. 1981; Eaglesham & Ayanaba 1984). 
Inability of cowpea rhizobia to grow at relatively high temperatures seems to be 
correlated with the amount of extra-cellular polysaccharides produced by the strains 
in YEM at 28~ (Osa-Afiana & Alexander 1982). More than 90% of the rhizobial 
isolates from Maradi in the IITA culture collection are so-called 'dry'. The latter do 
not produce large amounts of extra-cellular polysaccharides. Both desiccation and 
high temperatures could account for the relatively low numbers of rhizobia found at 
0-5 cm depth in the dry season at Maradi and Onne. Unusual rains in the dry season 
at IITA (Anon 1981) attenuated these stresses. The sandy nature of a soil has also 
been reported to aggravate the effects of high temperatures on Rhizobium survival 
(Mahler & Wollum 1981). Wilson (1930) found both temperature and soil type to be 
important factors controlling the seasonal variations in the numbers of R. trifolii and 
R. leguminosarum. These data corroborate our earlier observation that desiccation 
and high temperature were more of a constraint to the survival of rhizobia in soil than 
was acidity (Mulongoy etal. 1981). Soybean and cowpea rhizobia in the top soil layer 
were, respectively, two and 10 times more numerous at Onne than they were at 
Maradi. Onne soil has a total acidity (AI + H +) of 1.79 milliequivalent/100 g, 
whereas IITA and Maradi soils have an acidity of 0.1 milliequivalent/100 g (Ahmad 
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et al. 1981). Acid and aluminium stresses are essentially bacteriostatic (Munns & 
Keyser 1981). Aluminium toxicity is now believed to be of minor importance to 
growth and survival of cowpea R h i z o b i u m  (Hartel & Alexander 1983). 

Low rhizobial numbers at Maradi can in part explain the poor nodulation of 
cowpeas and the poor performance of their symbiosis reported earlier (Ahmad et al. 
1981; Mulongoy et al. 1981). Owing to the fact that there were usually fewer than 1000 
rhizobia/g of soil at Maradi, this location should be suitable for cowpea and soybean 
inoculation, as little competition with the resident population is expected. 

Several investigators have observed marked increases of native and introduced 
rhizobia in rhizosphere for various legumes (e.g. Wilson 1930; Reyes & Schmidt 1979; 
Robert & Schmidt 1983; Bushby 1984). This phenomenon has been interpreted as 
being due to: (a) a selective growth stimulation of the symbiont by its specific host 
legume, (b) a non-specific rhizosphere effect, indicating that plant roots provide a more 
favourable environment than soil for rhizobia and other micro-organisms or, (c) as a 
result of rhizobial release following nodule decay. In our study, cowpea rhizobia 
numbers were relatively high at all three locations in soils collected at 6 WAP, in fields 
cropped to cowpea and in the root zone between 0 and 15 cm (Tables 1 & 2, Fig. 1). 
These data substantiate the selective stimulation of rhizobial growth in the root zone 
of legumes. At Maradi, the increase in rhizobia at 6 WAP and in the top 15 cm (Fig. 1) 
could also be due to release of rhizobia for nodule senescence has been reported to 
occur relatively early at this site. (Ahmad et al. 1981; Mulongoy et al. 1981). Nodule 
decay could also explain the high number of rhizobia recorded in the dry season at 
IITA, in the 6-15 cm zone in plots previously cropped to cowpea (Fig. 1). The 
increases in numbers of the rhizobia nodulating promiscuous soybeans (Table 2) may 
be explained at least partly by the fact that some, but not all cowpea rhizobia from 
these locations, nodulate promiscuous soybean cultivars (Ayanaba & Munns, in 
preparation). 

In 1982 and 1983, rhizobial populations were assessed again in soils collected at the 
0-5 cm depth, at planting time in fallow plots only, to check a hypothesis that under 
field conditions, rhizobial population sizes are stable in the absence of the legume host 
and are a characteristic of the soil. The analysis of variance computed for rhizobia 
numbers per gram of soil showed highly significant interactions (P < 0.001) between 
locations and the rhizobia. The interactions between rhizobia and sampling year 
(P = 0.253) or between locations and sampling year (P = 0.562) were not significant. 
In other words, rhizobial numbers did not vary from one year to the next neither at 
each location (Table 3) nor for each group of rhizobia studied. This is in agreement 

Table 3 Rhizobia numbers* per gram of soil collected at 0 to 5 cm depth, in fallow plots, at 
planting time 

Collection year 

Location 1980 1982 1983 

Maradi 137 186 149 
Onne 3011 1997 4189 
IITA 2521 2799 3476 
LSD (5%) 2195 

* Average numbers of rhizobia nodulating cowpea ER-1 and soybeans TGm 80 and TGm 344. 
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with the conclusion of Crozat et al. (1982) who studied survival rates of B. japonicum 
introduced into different soils in the absence of the host plant. They found that 
whatever the size of the initial population, the number of B. japonicum reached an 
equilibrium depending on the soil physico-chemical and biological properties. 

Introduced B. japonicum has already been shown to persist well in tropical soils 
after fallow periods (Ranga Rao et al. 1982). Our results on the effects of legume 
cultivation or fallow periods on the sizes of rhizobial populations could help to further 
define management  practices that will ensure adequate numbers of rhizobia in the 
soils for effective nodulation and nitrogen fixation of legumes. 
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Summary 
Variation in the population sizes of rhizobia that are capable of nodulating cowpeas and two 
soybean cultivars with different symbiotic promiscuities was assessed at three locations in West 
Africa. Maradi, in Niger, is subject to temperature extremes and prolonged drought; the soil 
contained fewer rhizobia than those at Onne and at the International Institute of Tropical 
Agriculture both of which are located in the humid zone of Nigeria. Numbers of rhizobia, 
especially of cowpea rhizobia in the top 15 cm six weeks after planting, were significantly higher 
in fields cropped to cowpeas than fallow soil, indicating that cowpea crops built up the 
population of compatible rhizobia in the root zone. Bradyrhizobium ]aponicum specific for 
American soybean cultivars had the smallest population at all three locations, confirming the 
need for inoculating these cultivars With appropriate rhizobia in tropical soils. In fallow plots, in 
the absence of the host plant, rhizobial population sizes remained stable for four years. 
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R~sum~ 

Dynamique des populations de Rhizob ium (cowpea et soja) darts trois sites d'Afrique 
occidentale 
Ce travail concerne l'6tude des variations de populations de Rhizobium capables de faire 
noduler le cowpea et deux cultivars de soja soumis ~ des environnements diff6rents. A Maradi, 
au Niger, localit6 6xpos6e ~ des temp6ratures extremes et ~ une s6cheresse prolong6e, le sol 
contient moins de Rhizobium qu'~ Onne et ~ l'Institut International d'Agriculture Tropicale, 
lesquels sont situ6s dans la zone humide du Nig6ria. Six semaines apr~s les semailles, les 
Rhizobium sont sensiblement plus nombreux dans les champs de cowpea que dans les jach~res, 
ce qui indique que la culture de cowpea entraine le d6veloppement de Rhizobium compatibles 
dans la couche racinaire des 15 centim~tres superficiels. Bradyrhizobium japonicum, qui est 
sp6cifique des cultivars de soja am6ricain, est la population la plus faible dans les trois sites, 
confirmant ainsi la n6cessit6 dans les sols tropicaux d'inoculer ces cultivars avec des Rhizobium 
approprirs. En jach~re, c'est ~ dire en l'absence de plante-h6te, les populations rhizobiennes 
sont restres stables pendant quatre annres. 

Resumen 

Dindmica de poblaciones de Rhizob ium en soja y caupies en tres localidades sitas en el 
Oeste africano 
Se estudi6 la variacirn en el tamafio de poblacirn de Rhizobium capaces de nodular en caupies 
yen  dos cultivars de soj a con distintos requerimientos simbi6ticos, en tres localidades del Oeste 
de Africa. Maradi, en Nigeria es un lugar con un rrgimen de temperaturas extremas y sequia 
prolongada; en este lugar el suelo conten~a menor nfimero de Rhizobium comparado con las 
poblaciones encontradas en Onne y e n  le Instituto Internacional de Agricultura Tropical, 
ambos lugares situados en la zona htlmeda de Nigeria. La poblaci6n de Rhizobium, 
especialmente de Rhizobium associados a caup~es, era significativamente superior en aquellos 
campos que haman sido cultivados queen  las parcelas dejadas en barbecho, indicando con ello 
que el cultivo de caupfes aumenta la poblaci6n rizosfrrica de Rhizobium compatibles. 
Bradyrhizobium ]aponicum, especffico para los cultivars americanos de soja, era el menos 
abundante en las tres localidades estudiadas, confirm~indose asi la necesidad de inocular dichos 
cultivars con el Rhizobium apropiado en suelos tropicales. En las parcelas en barbecho, en 
ausencia de planta hursped, las poblaciones de Rhizobium se mantuvieron establizadas durante 
4 afios. 


