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Summary Most soybean varieties fail to nodulate effectively in tropical soils unless inoculated 
with a competitive strain of Rhizobium/aponicum. Developing countries in the tropics, with 
few exceptions, lack inoculant industries to produce and distribute viable inoculants to small 
farmers and extension programs to teach them to use inoculant. Several soybean genotypes 
have been identified that nodulate effectively with many strains of the "eowpea" inoculation 
group which is ubiquitous in tropical soils of Africa. Soybean genotypes that nodulate and grow 
well without inoculant application are called "promiscuous". Methodologies for incorporation 
of the promiscuity character into high-yielding backgrounds are discussed. 

Introduction 

Soybeans [Glycine max (L.) Merr.] are the most important legume 
crop with nearly 100 million metric tons produced annually. The vast 
majority of  the production comes from temperate environments, but 
there is great interest by many tropical countries to promote soybean 
product ion to meet their increasing demand for protein and vegetable 
oil. 

One significant constraint impeding the expansion of  the soybean 
crop in developing countries is the inability of  improved varieties from 
the Southern U.S.A., the principal source of  tropically adapted soybean 
cultivars, to nodulate effectively with indigenous rhizobia. With very 
few exceptions, developing countries lack inoculant industries to 
produce quality inoculants. Importat ion of  inoculants, while possible, 
has its difficulties. Often by the time inoculants arrive in the country 
and are distributed to growers, they are not viable. If developing 
countries could produce inoculant locally or import it easily, most 
still lack functional distribution systems to ensure that viable inoculants 
reach small farmers and they lack the extension capacity t o  teach 
farmers how to use the inoculant. Furthermore, the selection of  the 
correct inoculants for the diverse environments where the crop can be 
grown will likely require considerable effort and resources. The inocu- 
lant strain, if not  applied every year, may not  be able to survive long 
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periods of  excessive water-logging, drought or high soil temperature. 
In some areas it may need to survive and proliferate on acid soils. If 
the inoculant is to be produced locally, sources of  a carrier such as 
peat must be identified and processed. Packaging equipment and cool 
storage facilities are required. These abiotic factors and several biotic 
factors described by Alexander 2 which impinge on the development 
and use of  appropriate inoculants can be overcome by systematic 
research, development of  inoculant production units and development 
of  extension capabilities. For  most developing countries, however, 
these are long term goals. 

It has been observed that a few legumes such as cowpea generally 
nodulate well with indigenous rhizobia across very diverse environ- 
mental conditions. The "cowpea-group" of  rhizobia is ubiquitous in 
the tropics ~~ ; there are strains existing even in acid soils and in drought 
prone areas with high soil temperatures ~. Inoculation experiments 
under diverse climatic conditions have shown that cowpeas do not 
generally give significant yield responses to nitrogen fertilizer or to 
inoculant application s. At the International Institute of  Tropical 
Agriculture (IITA) we call legumes that nodulate effectively with 
diverse indigenous rhizobia "promiscuous",  and this characteristic 
"promiscui ty" ,  i .e.,  low specificity for "cowpea"  rhizobia. Promi- 
scuous soybeans have been identified and efforts are being made 
at IITA to incorporate genes for promiscuity into high-yielding back- 
grounds so that the crop can be grown by  farmers in developing coun- 
tries who do not  have access to rhizobial inoculants. 

Source of promiscuity in soybean 

Scientists at IITA screened 400 germplasm accessions for nodu- 
lation without  inoculation in five diverse environments in Nigeria 12. 
The trials were conducted during 1977 and 1978 on soils low in nitro- 
gen. Nodule number, nodule size, presence of  leghemoglobin, and plant 
vigor were assessed. Most entries of  U.S. origin did not  nodulate and 
were nitrogen deficient at nearly all sites. Many lines from Asia nodu- 
lated and grew well at several locations but  not  at all sites suggesting 
that rhizobial populations varied across environments and that many 
soybean accessions showed specificity for some rhizobial populations. 
Only 10 of  the 400 accessions were capable of  effective symbiosis 
at all testing sites. These ten lines are 'Malayan' (a local variety grown 
in Nigeria), "M-351", 'TGm 120', TGm 119', 'Obo' ,  ' Indo 216' ,  ' Indo 
180', 'Orba', ' Indo 243',  and 'Indo 226'. In the laboratory it was 
observed that these lines nodulated and grew vigorously with most of  
the 22 rhizobial isolates derived from nodules taken from promiscuous 
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soybean varieties as well as with three isolates derived from cowpea 
nodules; varieties of  U.S. origin nodulated with fewer isolates and 
plant growth was generally poor. A variety bred in southern Africa, 
'Hernon 237', and several progeny (3H/ l ,  1H/192, 7H/101)  derived 
from crosses involving Hernon 237 have also been identified in Tan- 
zania as being promiscuous aa . Similar results were reported by  Chowd- 
hury 4. A promiscuous variety 'Magoye' bred in Australia, but  selected 
in Zambia, was recently released for farmers use in Zambia (F. Javaheri, 
personal communication,  1980). A variety, 'IAC-8' bred in Brazil 
and released in the Ivory Coast as 'Papillon' was observed to be promis- 
cuous (Diallo Roger, Personal communication,  1981). This was con- 
firmed by IITA scientists in multi location trials during 1983 in Nigeria 
(unpublished data). 

Effectiveness of  promiscuous nodulation 

Consistent yield responses were not  observed when Chowdhury 4 
applied inoculants to promiscuous varieties sown on fields with no 
prior history of  inoculant use in Tanzania. ' Improved Pelican', a variety 
selected in the U.S., did not  nodulate on these same soils. In Nigeria, 
Pulver e t  al. 11, reported significant yield responses to inoculant and 
fertilizer N treatments for two non-promiscuous lines, but  responses 
were small and generally not  significant for the two promiscuous 
lines (Fig. 1). In another trial, inoculation increased the yield of  the 
non-promiscuous varieties Bossier and 'Jupiter '  by 63 and 40%, res- 
pectively. In contrast, inoculation increased yields of  the promiscuous 
varieties Malayan and Orba by only 0 and 5%. In the same report,  
three promiscuous varieties developed in Tanzania and one U.S. bred 
line Bossier were grown with and without  inoculation; a fertilizer N 
(100 kg/ha) t reatment  was also included. The yields of  Bossier increased 
three-fold in response to inoculation or fertilizer whereas the promis- 
cuous lines gave only modest  and non-significant responses (Table 1). 
Rao e t  al. ~3 reported that when 150kg/ha N was applied to two non- 
promiscuous varieties grown on fields without  history of  inoculation, 
yields increased from 1643 to 2726 kg/ha (66%) for Bossier and from 
1080 to 2683kg /ha  (148%) for TGm 294. In contrast, the nitrogen 
response was modest ,  2124 to 2692 kg/ha or 27%, for the promiscuous 
variety, Oba. Similarly the response to inoculation was less pronounced 
for Orba than for Bossier or  TGm 294. In another trial Orba was found 
less responsive to fertilizer N (150kg/ha)  than were TGm 294 and 
Jupiter. A 25kg /ha  starter nitrogen treatment increased yields for 
all varieties, even when inoculants were used. Pulver e t  a l l 2 ,  grafted 
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Fig. 1, Seed yield of 2 promiscuous and 2 non-promiscuous soybean lines grown with fer- 
tilizer N and inoculant for comparison with a control treatment without N or inoculant. 

scions of high yielding varieties, Bossier and Jupiter, onto root stocks 
of promiscuous varieties, Malayan and Orba, to see if nodulation 
with indigenous rhizobia could support the high yield potential of 
Bossier and Jupiter. Yields of Bossier and Jupiter when grafted to 
promiscuous root stocks and grown on uninoculated soils were com- 
parable to those obtained when Bossier and Jupiter were inoculated 
with Nitragin inoculant (Table 2). 

By crossing promiscuous germplasm with varieties from the U.S. 
which have superior agronomic characteristics we have been able to 
recover lines with good agronomic characteristics and the ability to 
nodulate with indigenous rhizobia. Such materials generally give more 
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Table 1. Influence of inoculat ion with Rhi zob ium japonicum and N fertilizer on  seed 
yield for 3 promiscuous  and 1 non-promiscuous  soybean varieties* 

Cultivar Trea tment  Seed yield 

3H/1 

1H/192 

7H/101 

kg/ha 
None 2,289 
Inoculat ion 2,931 
N-fertilizer 2 ,050 

None 2,354 
Inoculat ion 2,789 
N-fertilizer 2,320 

None 2,609 
Inoculat ion 2,864 
N-fertilizer 2,069 

Bossier No ne 501 
(non-promiscuous  check) Inoculat ion 1,766 

N-fertilizer 1,603 

* Adapted form Pulver et al. i~. 

Table 2. Seed yield o f  inoculated (Nittagin) and uninocula ted  grafts using Bossier and Jupiter  
as scions and Orba and Malayan as root  stocks* 

Graft  combina t ion  Inoculat ion 
Scion/root  t rea tment  Seed yield** 

g/plant  
Jupi ter /Jupi ter  - 17.0 a 
Jupi ter /Jupi ter  + 22.3 b 
Jupi ter /Malayan - 22.8 b 
Jupi ter /Malayan + 23.7 b 
Jupi ter /Orba - 21.4 b 
Jupi ter /Orba + 22.1 b 

B o ssier/Bo ssier - 15.8 a 
Bossier/Bossier + 23.7 bc 
Bo ssier/Malayan - 19.9 b 
Bossier/Malayan + 23.5 be 
Bossier/Orba _ 24.5 e 
Bossier/Orba + 21.0 bc 

* Adapted f rom Pulver et al. 1~. 
** Means o f  the  same scion followed by  the  same letter are not  significantly different (DMRT. 
05). 

modest  responses to fertilizer nitrogen than do U.S. varieties such 
as Bossier (Table 3). 

The question arises as to whether  inoculants, if  available, can be 
used on promiscuous soybean varieties to promote  rapid nodulation 
or whether  indigenous rhizobia will ou tcompete  the inoculant strains. 
Pulver e t  al. 11 found that several inoculants, especially SM31 and 
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Table 3. Yield (kg/ha) of promiscuously nodulating soybean breeding lines grown with and 
without fertilizer nitrogen (120kg/ha) compared to a non-promiscuous check at Mokwa, 
Nigeria, 1982" 

Fertilizer treatment 

Lines With N Without N 

Promi~uous 
TGx 326-034 D 2,553 2,553 
TGx 330-054 D 2,367 1,978 
TGx 457-060 C 2,467 2,298 
TGx 604-028 C 1,967 2,167 
M-79"* 2,225 2,167 

Non-promiscuous check 
Bossier 1,595 897 

* Adapted from IITA Annual Report 7. 
** M-79 is a breeding lines developed by Institute for Agricultural Research, Ahmadu BeUo 
University, Nigeria. 

Table 4. Percent of  nodules formed by inoculant strains after a two-year fallow period* 

Cultivars 

Non-promiscuous Promiscuous 
Rhizobiumjaponicum strains Bossier TGm 294 Orba 

SM 36 81 98 72 
SM 31 93 100 78 
110 98 88 16 
138 90 94 45 

SM 35 (without fallow) 100 100 100 

* Adapted from Rao et al. 14 

SM35, are very effective in increasing nodule mass on promiscuous 
varieties Orba, TGm 686 and Malayan. Shoot dry weights at 60 days, 
however, were not significantly increased. Rao et  al. a4, using the 
Enzyme Linked Immunosorbent  Assay, found that even after a two 
year fallow as much as 78% of  the nodules on the promiscuous variety, 
Orba, were from the inoculant strain SM31 (Table 4). Some other 
strains (USDA 110 and 138) were less competitive. When heavy doses 
o f  inoculum (SM 35) were used, all nodules formed on three varieties 
were from the introduced strain. Consequently,  it appears that in- 
oculants, if competitive,  can be used on promiscuous varieties and we 
have observed that inoculation occasionally results in plants with darker 
green color and more vigorous growth early in the season. Inoculation 
o f  promiscuous varieties does not necessarily result, however, in sig- 
nificant yield responses. 
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Genetic control  of  promiscuous nodulation 

Comprehensive genetic studies have not yet  been carried out  to 
determine the gene action governing promiscuity. The task is not 
simple because of  the near infinite number of  rhizobial strains that 
can be tested across a large number  of  soybean genotypes. Breeding 
for promiscuity can be considered as breeding for general susceptibility 
to a pathogen having numerous races based on differential specificity 
with genotypes  of  the host plant. While a gene for gene relationship 
may exist, there is evidence suggesting that relatively few genes may 
confer recognition of  a wide range of  Rhizobium strains. Chowdhury 
and Doto s crossed Bossier, a non-promiscuous U.S. cultivar, with 
'1 H/192 ' ,  a promiscuous line derived from a cross between 'Malayan' 
and R 184 in Tanzania; twelve seeds from each of  the 16 F2 plants were 
grown and F3 family characteristics for growth, nodulation and N2 
(C2H2) fixation were observed. The authors did not  provide data on 
statistical variances to permit  assessment of  t reatment differences, 
but  their data suggest large differences among the 16 F3 families. 
The range of  acetylene reduction was from 1.15 to 10.30 mole C2H2 / 
plant/h. 'Bossier' was 1.9 and 1H/192 was 6.8, suggesting that there 
may be transgressive segregation. More importantly these observations 
suggest that promiscuous character is heritable. At IITA 6 we assessed 
nodule mass of  F 2 plants grown on sandy soils, low in N and with no 
history o f  inoculant use. When a highly promiscuous parent such 
as TGm 344 or TGm 119 was crossed with Bossier about  12 percent 
of  the F 2 plants grown on soils with no previous history of  inoculant 
use were well nodulated.  When the promiscuous parent TGm 119 was 
crossed with Jupiter, a U.S. variety which is slightly more promiscuous 
than Bossier, 33 of  the F2 progeny were well nodulated. These ob- 
servations along with those of  Chowdhury and Doto  ~ suggest that 
promiscuity is heritable and because o f  the relatively high frequency 
of  well nodulated plants in early-generation, segregating populations, 
it is likely that a few major genes can condition recognition (suscep- 
tibility) with strains o f  the cowpea-type rhizobia. This in turn suggests 
that it should be possible to transfer the promiscuous character into 
different genetic backgrounds with relative ease. Empirical evidence 
strongly supports the evidence available from genetic studies. Auck- 
land 3 used promiscuous parents (Hernon 237 and Malayan) in his 
breeding program in southern Tanzania. To the best o f  our knowledge 
Auckland did not  pay particular at tention to promiscuous nodulation; 
nevertheless, several of  his selections are able to nodulate with the 
indigenous rhizobia in Tanzania 4,s ,u .  We have found these selections 
to also nodulate profusely with indigenous rhizobia in Nigeria. 
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Similarly, a breeding program in Central Nigeria (Mokwa Expt. Stat., 
Institute for Agricultural Research, Ahmadu Bellow University) ge- 
nerated a number  of  breeding lines, from a cross between Malayan and 
'CNS'. Several o f  the progeny selections nodulate freely with indi- 
genous rhizobia. Progeny from the cross were screened primarily 
for agronomic performance on sandy soils low in nitrogen. This Ni- 
gerian program recently released two highly promiscuous varieties, 
'SAMSOY 1' and 'SAMSOY 2'. Another  example is the release of  
'Magoye' in Zambia (F. Javaheri, Personal Communication,  1981) 
which nodulate freely without  inoculation. At IITA we have incor- 
porated the promiscuity character into many genetic backgrounds ~' 8,9. 

Breeding methodology 

When we initiated a breeding program to incorporate promiscuity 
into different genetic backgrounds in 1978, progenies were handled 
by a standard pedigree procedure. F 2 plants were grown on soils low 
in N wi thout  a history of  inoculant use. Plants that grew well were dug 
at the yellow pod stage to score for the presence or absence of  nodules. 
Nodulated plants were hung in a shed until pods were dried before 
threshing, Selected plants were sown in progeny rows the following 
year for further selection. This procedure was followed until the Fs 
generation when agronomically superior lines were bulked and tested in 
replicated trials. More recently we are advancing generations by a 
'weighted single pod descent '  procedure where progenies from a cross 
are grown in populations and undesirable plants (disease susceptible) 
are rogued out  before harvest. Single pods are taken from each re- 
maining plant to advance each generation with the exception that 
several pods are taken from the most attractive plants. In the Fs or 
F6 generation plants are sown on low N soils and widely spaced (15 cm 
between plants in the row). The most attractive plants are dug at 
physiological maturi ty and those with nodules are sown in progeny 
rows where they are again assessed for nodulation. All nurseries and 
trials are sown in fields low in N and with no history o f  inoculant 
application. 

Nodule assessment is done for all lines in preliminary multilocational 
traits, advanced, uniform and international trials, so we are able to 
assess promiscuity at all stages in the advancement of  superior lines and 
in diverse environments. In addition, IITA microbiologists test the top 
lines in factorial t reatments with and wi thout  inoculant and with and 
wi thout  N fertilizer to assess the effectiveness of  the promiscuous 
nodulation. 
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In our breeding program we must evaluate thousands of lines in 
multiple locations and it is impractical to take nodule dry weights on 
all plots in all generations; so when plants are dug we visually score for 
nodule mass. When visual nodulation scores have been compared with 
actual nodule dry weights, correlations generally run from 0.6 to 0.9 
and we feel that this somewhat loose relationship is adequate for 
preliminary trials. By assessing the lines in replicated trials over loc- 
ations it is possible to discard the non-promiscuous lines with reason- 
able confidence using the visual scoring of nodule mass. 

Soybean plants that accumulate N from symbiotic nitrogen fixation 
transport nitrogen from the nodule to the shoot in the form of ureides 6. 
Nodulated plants accumulate 3 - 4  times as much ureide than N-fertilized 
plants. We explored the possibilities of using ureide accumulation as a 
screening technique for identification of promiscuous progeny in early 
generation segregating populations 6. Sixty thousand F2 plants from 
crosses to combine promiscuous nodulation and high yield were ex- 
amined for ureide at 70 days in the leaf tissue, and nodule mass was 
evaluated when plants reached the onset of yellow pod storage. Al- 
though all plants that were well nodulated had high ureide content, not 
all plants with high ureide were well nodulated. This suggested that 
ureides may also be produced by other processes unrelated to N2 
fixation. Because of recent advances in the development of a rapid 
non-destructive ureide assay (LaRue, Boyce Thompson Inst.; un- 
published data) we are further testing the assay for use in our breeding 
program for confirmation of N 2 fixation on well nodulated varieties. 
This technique may not be helpful for evaluation of plants in early 
generation segregating nurseries. 

At present over one thousand breeding lines are screened yearly 
in replicated trials at three locations in Nigeria to assess promiscuity. 
There appears to be an opportunity to reduce the number of lines 
for field testing by screening breeding lines for promiscuity in the 
laboratory. The approach being tested is to evaluate lines for nodu- 
lation with Rhizobium strains that nodulate promiscuous soybeans 
but that fail to nodulate standard non-promiscuous varieties. The 
first step is to identify indicator strains. Several strains of Rhizobium 
spp. isolated in Nigeria were tested across a limited range of  soybean 
germplasm by Dr. Eaglesham at the Boyce Thompson Institute of 
Plant Science. He found several strains that appeared to give the ex- 
pected nodulation responses (unpublished data). These strains are 
currently being tested at IITA across a wide range of soybean geno- 
types which vary in degree of promiscuity. This study has not been 
completed but preliminary results are promising. 
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