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ABSTRAeT
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Index wordst rhizobia, inoculation with R. japonieum, host rhizobia cornpatibílity.
A díverse soyhean gerrnplasm which íncluded many local cultívars was tested
for cornpatíbility wíth rhizobia indígenous to díverse environments in Migeria.
Only 10 Di 400 accessions screened were capable of forroing an effective symbios;is at a11 testíng sites.

Sorne entries were rated as compatible with in-

dígenous rhizobía at one o, two sites but fai1ed to nodulate profusely at the
other testing 1ocations.

This indica tes that the índigenous ,rhizobia popula-

tíon is probably different across environmental zones.

!bis diversity must

be recognized in order to prevent the developrnent of soybean material that
is site-specific for nodulatíon.
Rhizobía ísolates were prepared from nodules collected from different
soybean accessions grown in the previous screening trial.
id~ntifíed

The 10 selections

as promiscuous in the screening trial wcre more compatible with

the rhizobia isolates than Bossier and TGM 294 (two U.S. bred lines). Ma1ayan,
a local Nigerian cultivar, formed. an effective symbiosis with 21

out of the

22 isolates and the efficíency of the symbiosis was equal to inoculatíon wíth
the commercial inoculant - Nitragin.

Ohter accessions that displayed high

degrees of prorniscuity were TGH 579, 1.20, 119, 725, 710 and 737.
greenhouse tria1 Bossier was capable of forming an

'.

In this

effective symbiosis w5th

only one of the isolates and TGM 294 was compatible with only 2 of the 22
rhizobia isolate.

The prol'liscuous nodulating soybeans identified in the

screening tria.l were a180 compatible with at least 2 out of 3 isolates prepared from cowpea nodules; wherea8, both Bossier and TGM 294 failed to forro
an effective symbiosis with the isolates prepared from cowpea nodules.
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Grafting the se ion of Bossier or Jupíter (hígh yíeld potential varieties)
onto the root stoeks of Orba or Malayan

(pro~íseuous

nodulating varíeties)

revealed that the symbiosis formed between indigenous rhizobia and Orba and

".

.

Malayan roots was capable of supplying sufficíent N to support the requirements
of high yieldíng genotypes.
gene~ically

These results indícate that if promiscuíty was

íncorporated into high yield potential varieties, one would not

necessarily sacrífice yíeld potential.

INTRODUCTION

There ís an íncreasing demand for soybean products for both animal and
human consumption in many tropical cQuntries,

At present, mostof the demand

for soybcan concentrates is being fulfilled by importation resulting in the
drain of already sever1y restricted foreign reserves.

The successfu1 produc-

tíon of soybean ín the tropic8 i8 dependent upon being able to produce and
process the crop cheaper than importíng the processed products. Consequent1y,
it 15 essentíal that the N requíred for high yielding soybeans be provided
~rom

bíological N2 fixation and not expensive nitrogenous fertilizers.

Numerous studies, both in temperate and tropical environments, have shown
that improved high-yíelding soybean varieties requirc inocu1ation with

Rhizo-

bi.um japoiUcUlll to realize their yield potential when grown in soils where the
erop has not been previóus1y cultivated (1, 4, 6, 9, 10).

This imposes a

serious constraint as most tropical countries do pot have the facilities or

.

trafned personnel required for inoculant produetion and quality maintenanee.
.

Importatíon of packaged inocu1ums may provide a solution to the production
problem but storage, distrihution and educatíon of the farmer present severe
l:i.mita t ion s.
A more practical alternative to the use of inoculums comprised of R. jaro
~un¡

strains may be the development of soybean varieties that are capable of

forming an effective symbiosis with indigenous rhizobia.

EarIier work at this

institute has shown that Sorne local varieties froID Nigeria, Tanzania and Indonesia can nodulate without the aid of an inocuiant of R. japolÚeunr in Boils
where the crop has nevar been cu1tivated (8). Similar observations have heen
recorded in Thailand (7) and in the U.S. (9).

Thus, it appearS that genetic

diversity for the ability to form an effective symbiosis ",ith diverse rhizobia
species e:dsts within the soybean germplasm.
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The objectives of this research were to identify soybean genotypes that
are capable of establishing an effective symbiosis with rhizobia indigenous
to diverse tropical environments and evaluate the efficiency of the symbiosis
under greenhouse and field conditions.
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MATERlALS AND METHODS

Screening of germplasm:

".

Nigería.

Field trials were conducted at five locations in

The testing sites were chosen to represent díverse ecologíes ranging

from the hígh rain-fall acíd-soíl zone (4°N) to the semí-arid northern Sudan
(lI O N),

Care was taken to se1ect sites with soíls low in N and without a

history of soybean cultivatíon.

At a11 sites, the land was p1owed, fertilized

with 300 kg/ha single, superphosphate

and 100 kg/ha muriate of potash and

harrowed.
Approxímately four hundred soybean accessions were selected, based upon
origin, to represent a diverse germplasm.
single row 4 m long with two replications.

Each accession was planted in a
At 60 days after planting (DAP),

10 plants were carefully dug from each row qnd visually evaluated for nodule
number, nodule size and pIant vigor.

Nodule number was rated on a acale of

1-3 with 1= less than 10 nodules / pIant; 2; 10-20 nodules and 3= more than
20 nodl1les/plant.

Nodl1le size was also rated on a 1-3 scaIe with

l~

most of

the nodulos were less than 2 mm in diameter; 2= nodules were 2-5 mm diameter
"and 3= nod111es greater than 5 mm in diameter.

Accessions with a nodl1le nl1l!lber

rating of 3 and a nodule size rating of 2 or 3 were evaluated for nodule ef'fectiveness by examining the bacteroid-central tissue for 1eghaemoglobin •.
Ten nodl1les from the promising aceessions were rated for effectiveness using
a 1-3 seaIe with 1= at least 7 of the 10 nod111es were devoid oi leghaemoglobin
(greeri center); 2= an even distribution of green and red central tissl1e and
3= at least 7 of the 10 nodules contaíned bright red central tissue.
vigor

W8S

Plant

a1so rated at 60 DAP on a 1-3 scale with 1= stunted accessions with

yellow leaves; 2= plants intermediate in vigor with light green leaves and
3= vigorus growing plants with dark green leaves.

Testing oí rhizohia isolates: Modules were collected at each testing site
from profusely nodulated accessions with dark green leaves in the germplasm
screening.

Nodules were plaeed ín a screw top

via~

and stored at S·C in a dessieator untíl isolation.
prepared according to standard procedures (11).

dried over silíea gel,
Rhizohia isolates were

Re-hydrated nodules were

surfaee sterilizaed will 0.1% acidified mereurie ehloride and rinsed repeatedly with steri1ewater.
extraet

One nodule was crushed on a stedIe slíde and an

(in some cases, the entire erushed nodule) streaked onto a yeast

extraet nlannitcil. (YEM) agar plate.

After the appearanee of rhizobia colonies

(5-10 days), an aliquot was streaked on YEM agar slan,ts and retained as stoek
cultures.

lsolates were tested for rhizobia using eowpeas as host plants in

a Leonard j ar assembly.

Eighteen iso lates prepared from soybean nodules and

three isolates from eowpea nodules were

mul~iplied

which time there were approxímately 10 9

cells/ml.

in YEM broth for 12 days at

Soíl low in N was collected from the field and fertilized with 50 ppm P
and K.
110· C.

The soil was air-dried and then heat sterilized for seven days at
Three kgs of soí1 were added to sterile greenhouse pots (washed in

'1% sodium

hypochlorite).

Soybean se,eds were surface sterilized with 0.1%

sodium hypochlorite and 6 seeds planted per poto

The pots were watered with

. distilled water and inoculated wíth various rhizobia iso lates by addiog 20 mI
of broth to each pot at 7 days after planting.
•

The inoculum was added to

several hales in each pot to ensure an even distrihution.

The experimental

design was a spIít-plot with rhizobia ísolates as maio plots and varieties
as sub-plots.
ination.

A 1 Marea separated the main plots in order to reduce contam-

The pots were thinned to 2 plants at 10 DAP.

The experíment was

terminated at 40 DAP and the ahoots dried at 80·e for 72 hrs.

The roots werc

eareful1y removed and nodules collected, washed and dried at 80°C.

Shoot and

5

nodule dry

weights were recorded and the data subjected to analysis of

variance.

Grafting Experiment.:

Seeds oí Bossier, Jupiter, Orba and Malayan were

"

surface sterilized aud planted in sterile vermículite.

Grafting was conducted

on 4 day oId seedlings using a technique similar to the "straw-band" procedure
(3) .

Bossier and Jupiter were used as seions and grafted onto theír own root stocks
and stocks of Orba and Malayan.

Grafted plants '''ere. placed in an incubator

at 15°C aud 70% humidíty for 2 days and transferred to room temperature (2025°C) but away from direct sunliglit for another 3 days.
approximately 90%.

$urvival rate waS

Six healthy, grafted plants were transplanted into metal·

drums containíng 40 kg of soil.

The 80íl was col1ected from a farmer's field

where soybean8 had never been grown.

The soíl was fertilízed with 50 ppm P,

50 ppm K, 25 ppm S and 1 ppm B (wt/wt).

The experiment consisted of 12 graft

combínations growo in soíl unínoculated and ínoculated with R. japoniQUffl.
The inoculated treatments were prepared by mixing 5 g of the commercial in'oculant (Nitragin) per pot in the surface 10 cm prior to transplanting.
plants were thinned to 4 plants/pot one week after transplanting.

The

Five rep-

li'cations of each treatl!lent were harvested at 50 days after t'ransplanting
for shoot dry weight, shoot N content and nodule mass;

Total N was conducted

on ground samples as described by Ferrari et al. ( 5).

Another five repli-

cations of each treatrnent were grown until maturity for seed yield.
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RESULTS AND DISCUSSION

.'
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,

Screening of Germplasm:

The testing sites were selected to represent

diverse ecological zones with distinct native vegetation.

The rational for

testing across environments was to insure that only accessions compatible
with diverse rhizobia would be selected.

The leguminous flora native or

adapted to the various ecological zones is diverse; consequently, it is assumed that rhizobia compatible with these hosts and environments are also
diverse.

Cowpeas which are known to be compatible with a wide range of rhi-

zobia species have been observed to nodulate freely at all testing sites.
The distribution patterns of the visual ratings for nodulation and plant
vigor are presented in Table L

In the humid, acid soíl environment at Onne,

approximately 100 accessions contained 20 or more nodules/plant; however, 70%
of these selections had small nodules most of which were devoid of leghaemoglobin.

Only, 35 accessions or 8% of the total population were seleeted for

eompatibility with rhizobia indigenous to the Onne environment.

At Yandev,

60 accessions formed more than 20 nodules/plant but only 20 of these accessions
contained large, effective nodules.

There were 28 e,ntries that did not display

N deficiency symptoms but 8 of these selections were poorly nodulated índicative that they were extracting N from the soil and probably growing in sma11
N pockets.

Only 5% of the total population was considered as compatible with

rhizobia indigenous to the Yandev area.

'rhe nodulatíon pattern at Ibadan díffered

from Onne andYandevas a11 accessíons that contained 20 or more nodu1es/plant
a1so had large effective nodules.

The absence of small, ineffective nodules

on some of the accessions as observed at Onne and Yandw i8 unexplainable.
Based upon plant vigor scores¡"8 accessions were selected; however, 16 of thero
appeared robe escapes as they contained on1y a few, sroall, nodules.

At Ibadan,

7

8% or 32 accessions were rated ss compatible witll the indegcnous rhizobia.
The Mokwa testing site was thc most severe as the screening was conducted on

.'

a sandy soil low in organic matter with a cation exchange capacity oi 1ess
,

thsn two.Thirty-two sccessions wcrc profusely nodulated but on1y 20 of these

'.

entries contained

1arg~effective

nodules.

Due to the low N status of the

soH at Mokwa, all entrfes that were grol.ing vigorously with dark green lcaves
also contained more than 20 nodulesfplants with a diameter greater than 5 mm.
At the Mokwa cnvironmcnt, only 5% of the accessions were capable of forming.
sn effective symbiosis with the indigenous rhizobia.

In che semi-arid regíon

near Funtua, 12% of the population nodulated profusely but 25% of these accessions had small, íneffective nodules.

Approximately, 15% or 58 entries dis-

played good shoot growth but only 36 of these selections were heavily nodulated with effective rhizobia.

The large number of escapes i. e. 22 accessions

may be due to the lack of uniformity of the eoil at this site and a previous
history of N fertilizer applications.
There is considerable evidence for site-specific nodulatíon.

Of the 35

accessions that were rated as compatible with the rhizobia native to Onne, 17
of these did not nodulate at any

~f

the other 4 environments.

formed an effective nodule mass at Onne aud one other

Four entries

site, 3 entries nodu-

lated at Onne and 2 other locat ions snd one accession uodulated at Onne and
3 other sites.

At Yandev, 20 accessions were rated as compatible but 4 oE

thero nodulated st only Yandev and 5 nodulated only at Yandev plus one other site.
The results at lbadan were similar; 32 accessions were selected but 4 were
specific to the lbadan site and 12 only nodulated at Ibadan and one other
Ioeation.

Twenty accessions were sclected at Mok"a but 4 of thero nodulated

at Mokwa only and 5 more only formed a

s}~biosis

at one other site plus Mokwa.

At Funtua, 36 accessions appeared to be compatible but 7 nodulated at Funtua

8

only and 13 others were compatible with rhizobia at Funtus and one other
location.

.

'

.

In summary, out of approximately 400 accessions screened only 10

entries were capable of forming an effective symbiosis at a11 5 locations •
Four of these 10 selections are local cu1tivars: Malayan from Nigeria, TGM 618
from Central African Republic, Tmí 344 from Tanzania and Orba from Indonesia.
Three more entries forro an Indonesia collection (TGM 710, 725 and 730) were
alsó rated as compatible st all sites but more thsn 70 other accessions col1ected in Indonesia failed to nodulate.

Two other promiscuous nodulating

accessions (TGM 119 aud 120) were col1ected in East Afríea but their origíns
are unkuown.

The remaíning accession (TGM 579) is a progeny of Malayau.

None

of the 25 improved cultivars testen which were bred and selected in the U.S.
were capable of nodulating with the rhizobia indigenous to the various testing
sites.

9

Testing of rhizobia isolates
Twenty rhizobia isolares were tested for compatibility with 10 soybean
hosts selected from the germplasm screening and compared to two improved
high-yielding varieties developed in the U.S. (Bossier and TGM 294), Of the
"

isolates tested, 22 were isolated from soybean nodules collected ar various
locations (4 from Onne, 3 from Ibadan, 6 from Mokwa and 9 from Funtua). Three
isolates prepared from cowpea nodules were collected from three different
varieties grown at Funtua. The test included an uninoculated check and inoculation with the multi-strain, commercial inoculant (Nltragln). The interactions of inoculant X host plant were significant

(p~O.l)

for both nodule

mass and shoot dry weight which ísareflexlon of host-strain specifícity. It
la not practica} to discuas che response of each host-plant and inoculant
treatment due to the large number of combini'tions (305). The most meaningful
interpretatíon of the data can be derived by comparing the effect of the isolates versus the uninoculated control and inoculatíon will Nitragin for each
host planto These comparisons are presented in Table 3. Nodule mass (dry weight)
isindicative of the degree of compatibility between che host and the rhizobla
iso late and shoot dry weight a

measu~e

of the effectiveness of the host-iso-

late combination for fixing NZ' Malayan appear;'to be the most promiscuous
host in the test as it formed significantly more nodule masa than the uninoculated control with all 22 soybean iso lates tested and twenty-one of these
iso lates were as effective as Nitragin as shown by shoot growth. TGM 579 (a
progeliy of }Ialayan) gave similar results; compatible with 21/22 soybean isolates and 16 of these produced shoot growth equal to Nitragin. TGM 119 and 120
formed effective symbiosis with 20 and 19 of the isolates prepared from soybean nodules, respectively.
-

Four Indonesia accessions (TGM 710, 725, 737 and

Orba) were 1ess promiscuous but still were effectively nodulated by 11-16 of

10

the 22 soybean isolates.

TGM 618 and730 were compatible with 16 and 18 of

the ísolates from soybean nodules but the effectiveness oi all but four of
the isolates was less than inoculatíon wíth Nitragin.

Bossier and TGM 294

were clearly less compatible and inefficíent hosts for these indigenous rhizobia isolates when compared to other accessions.

Bossier nodulated with 12

isolates but only four of these resulted ín shoot growth greater than the
uninoculated

control and only one isolate increased the shoot growth of

Bossíer as equally well as Nitragin.
294 was the host.

Similar results were obtaíned when TGM

Bossier and TGM 294 were capable nodulating with only one

of Che three isolates from cowpea nodules and this symbiosis was ineffective.
\?hereas, Che promiscuous accessions formed a significant nodule mass wíth
at least 2 out oí the 3 cowpea isolates (TabIe 3).

Malayan, TGM 120 and

Orba grew equally well when inoculated with' the a11 3 cowpea isolates as
compared the inoculation with Nitragín.
It is presumptuous to conclude that the 22 soybean and 3 cowpea rhízobia.

isolates are representative of the entíre indigenous rhizobia populatíon at
the various testing sites.

However, the number of isolates tested provides

convincing evidence that Boybeans geriotypes differ in abili ty to -froro an effective symbiosis with rhizobia inJ.igenous to tropical soils.

The accessions

selected frOln the germplasm screening are clearly more compatible with these
rhizobia isolates than Bossier ancl TG}! 294.
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Grafting experiment
The

ac~essions

selected for compatihility with indigenous rhizobia in the

germplasm screening are al1 low yield-potentia1 genotypes due to inferior
agronomic traits.

Malayan, TGM 579, 344, 119 and 120 are very photo-sensitive,

late-maturing with excessive vegetative growth and susceptible to lodging.
tlnder optimum conditions, these genotypes have a
1ess than 1. O ton/ha.
adapted to the

1m~

maximum yield potential of

The free-nodu1atíng Indonesian cultivars are poor1y

land tropics and are

characterized by early maturity,

short statue with 1imited leaf area and a yield potential of 0.5 - 1.0 ton/ha.
Although the above genotypes are eapable of forming an effective symbiosis
with a wide range of rhizobia, the efficíency of the symbiosis need not be
high in order to supply suffícient' N to satisfy tbeir low yield' potentía!.
1.n contrast. non-pramiscuous improved varieties such as Bossíer aud Jupiter
have superior agranomic cbaracter but must be supp1ied wíth enough N to suppart
,

a

2~3

ton/ha yield potential.

If rhe pramiscuous nodulating charaeter (s)

pos ses sed by rhe low yielding accessions was genetically rransfered to tbe
ímprove.d cultivara would tbe resulting sy:mbiosis be capable of providing suffícient N to support a hígh yield potential?

This question was addressed by

graftíng tbe shoots of Bossier and Jupiter onto root stocks of Malayan and
Orba.
Results from 12 graft combinations grown in soíl eontaining only indigenous rhizobia and soíl inoculated witb strains of R. japolU:c.um (Nítragin) are
presented in 'fable 4.

Plants with a Bo'ssíer scíqn grafted back onto íts own

.'

roat stock gave large responses to inoculatíon with Nitragin as evídenced by
nn íncrease of 103% in "hoor grOl<th, 632% in no<lúle
yield.

mass and 50%

in 'sced

In .contrast, Bossier g·raftéd onto the root stock of Orba and grown

in uninoculatcid soil gave shoot

12

growth, N content, nodule mass and seed yield equál to Bossier grafted anta
Bossicr and inoculated with Nitragin.
not respond to inoculation.

<.

Also, grafts with Orba root stocks did

Grafts of Bossier scions and Malayan root stocks

were difficult to perform due to the thick hypocotyl of Bossier and the thin
stem of Malayan.

Vegetative growth of plants with this comhination was less

than the control treatment of Bossier grafted onto Bossier even when grown in
inoculated soils indicating that early growth may have becn affected by the
mechanics of grafting.

However, seed yield of Bossíer grafted onto Malayan

roots were equal to Bossier grafted onto Bossier and inoculated with Nitragin.
Grafts using Jupiter as the se ion and Malayan or Orba as root stocks and
grown under uninoculated conditions produced plants that grew as well and
yielded the same as Jupiter grafted onto Jupiter and grown in inoculated
soil.

It

is evident froID these studies that the symbiosis between Malayan

or Orba and indige.nous rhízobia is capable of supporting the yield potential
of Bossier or Jupiter.

Consequently, if the promiscuous nodulating character(s)

can be genetícally incorporated into high yielding varieties, one would not
sacrífice yield potential.
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CONCLUSIONS

It is apparent from these studies and earlier work (~) that variation
exists in the soybean germplasm for the ability to nodulate and form and ef'.

fective symbiosis with rhizobia indigenous to tropical soi18.

The germplasm

screened for promiscuity included onl)' 400 accessions but a deliberate attempt
was made to select accessions that have been grown by farmers in areas where
inoculants have not been used.

Of the 10 accessions identified as promiscous,

four are local cultivars from Africa and Indonesia indicative that farmers
may have selected material for compatibity with native rhizobia.

Local farmer s

varieties maybe more probable of possessing promiscuity b\ü the fact that it
i8 a local cultivar does not ensure promiscuity.

Varieties that freely nodu-

late in Northern Thailand did not form an effective symbiosis at several 10cations in Nigeria.

Also, of mare than 70 entries collected in Indonesia

only five were rated as promiscuous in Nigeria.

The inabílity of material

developed in the U.S. to nodulate with rhizobía indigenous to various tropical
envíronment may be due to the narrow genetíc base of U.S. bred material and/ar
.the continuous

selection ofOthis material in soil contaminated with introduced

strains of R. japonicum.
>There i8 considerable evidence that rhizobia composition differs across
environments.

Several soybean accessions nodulated in ane or two sitas but

were incompatible with rhizobia strains native to other environments.

Also,

rhizobia isolates prepared from nadulas collected from the same or different
host grown at various locations gave differential reactions when tested for
compatibilíty with a range of hosts.

The variation in rhizobía composition

within and between environments must be recognized in order to prevent the
developmeont oí variaties that are site-specific for compatibílity.

Data from

14

the germplasm screening indicate that testing should he conducted in at least
three distinet environments in order to reduce the
,.'

.

probabil~ty

of selectíng

material that is site-specific.
The symbiosis between indigenous rhizobia and promiscuous nodulating

'.

cultivars is effective and capable of fixing sufficient N2 to satisfy the
requirements of improved, high yielding cultivars.

Consequently, improved

genotypes that combine the superior agronomic traits of the U.S. material
with the promiscuous nodulating ability of some local cultivars could be
developed and still maintain the yield potential of the improved parent; assuming promiscuity i8 a heritable trait.
Although no direct evidence is available concerning the heritability of
promiscuity, empirical observations indicate that the character(s) can be
transferred genetically,

Some national breeding programs have developed

promiscuous nodulating lines, albeit unintentionally, using parents identified
in the germplasm screening.

Breeders in Tanzania have used TGM 344 as a

parent due to its vígorous vegetative growth and produced at least three
lines that maintained the promiscuity of TGM 344 (2, 8), . Also, a Nigerian
program employed Malayan as a parent ano many of the progeny have been observed
to possess promiscuity similar to Malayan i.e. TGM 579.
We have made croases between some promiscuous accessions identífied in
the germplasm screening (mainly TGM 344, 120 and 119) and improved high yielding parents (Jupíter and Bossier).

Selections were made in the F2 generatíon

at Mokwa based initially upon agronomic characters and at physiological maturity these selectiona were examined for nodule mass.

Selections were made

in the F3 generatían at lbadan agaín for agronomic characters and nodulatíon.
Seeds fram these selectíon were planted agaín at Hokwa (F4) and further
lected for favorable agronomic. traits and Ilodule mass.

Seeds from the F4

se-

......."..._ ...._ _........_ _' ..'... _ _..e..'_..
'

"·,,,m""'U.i"'t1

¡"¡'' .' . _ _ _

t

FRi:WZW

f
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plants were increased at Ibadan and the F5 generation evaluated for yield

.. .

and nodulation in multi-location yield trials in cooperation with national
prograros,

"

,

Results from the yield trials showed that the vast majoríty of

the entries were promiscuous and possessed improved agronomic traits,

Con-

sequently, promiscuous nodulating soybeans with improved agronomíc traíts
havé been developed and this material can be grown without the need of ínoculation with R. japon.i.cum.

Results froro the breeding for promísc'uíty 1n-

cluding genetic studies will be presented in other articles,

-,

..

TabIe 1.

Great soíl
Group

Vegetation
Zone

2355

Typic Palendult

Tropical rain

7°23'

1288

Oxic PaIenstalf

Southern Guinea Savanna

Ibadan

7°26'

1215

Oxic Palcnstalf

Transítiona 1. zone
(forest - deríved savanna)

Mokwa

9 0 18'

1110

Oxic Palenstalf

Southern Guinea Savanna

11 o 38'

1005

Oxic Palenstalf

Northern Guinea Savanna

Locatíon

Latítude

Onne

4051 r

Yandw

Funtua

•

Climaticconditions and soil properties of testing sites where soybean varieties were examined for promiscuity.
Mean rainfall
mm/yr

forest

·.

Table 2.

Distribution of soybean cultivara rated for
nodule number, nndule size and plant vigor
at diverse locations in Nigeria.
Percentage of cultivara
Nodule No.

Location

Nodule size
Rat ing scale

Plant vigor
1

- - - - - - - - - - - - - - - - - _..

1

2

3

1

2

3

1

2

Onne

12

61

28

55

37

8

54

36

10

Yandw

40

45

15

55

40

5

43

50

7

Ibadan

47

45

8

52

40

8

28

60

12

Mokwa

40

52

8

60

35

5

65

30

5

Funtua

41

47

12

51

40

9

55

30

15

3.

1Ratíng scales: Nodule No. : 1=<10 nodules, 2= 10-20
nodules and 3=>20 nodules/plant.
Nodule Size: 1= nodules<2mm, 2= nodules 2-5mm and
3= nodules> 5mm in diameter.
Plant vigor: 1= yellow, stunted, 2= light green,
intermediate size and 3= dark green, vigorous plants.

,

.
,

Table 3.

Effect oí inoculating sterile 50il with rhizobium isolates from soybeans and cowpea nodules on nodules mass
and shoot growth of 10 soybean accessiohs selected for promiscuity and 2 varieties (Bossier and TGM 294) from

U.S.
No. of iso lates producing nodule mass or shoot growth 1
greater than the uninoculated control.
Soybean isolates 3 (n=22)

Cowpea isolates 3 (n:3)

Host

Nodule Mass

Nodule Mass

Malayan

22

21

TGM 579

21

TGM 120

Soybean

No. of isolates producing nodule mass or shoot growtn 2
greater tnan or equal to inoculation witn Nitragin
isolates 3

Cowpea isolates 3 (n=3)

Shoot wt.

Nodule Mase

Shoot wt.

Shoot wt.

Nodule Mase

3

3

21

21

3

3

19

3

2

17

16

2

2

22

21

3

3

2

19

O

3

TGM 119

21

20

2

2

14

20

2

2

TGM 618

18

15

2

2

4

4

o

1

TGM 725

17

17

3

2

5

16

1

2

TGM 710

15

14

3

3

O

13

2

1

Orba

14

11

3

3

5

11

O

3

TGM 737

15

15

3

2

9

15

1

2

TGMBO

16

7

3

2

1

5

O

2

Bossier

12

4

1

O

O

1

O

O

TGM 294

10

3

1

O

2

2

O

O

Shoot wt.

1 Nodule dry wt. or shoot dry wt. is significantly greater than the uninoculated control at
2 Nodules dry wt. or shoot dry wt. is

p~ .05.

equ~l to or greater than Nitragin commercial inoculant treatment st p~ .05.

3 Host of derivation, there were 22 isolates from soybeans; 4 from Onne, 3 from lbadan, 6 from Mokwa and 9 from Funtua.
Three cowpeas isolstes were froro Vita 1, 4 & 5 at Funtua.

Table 4.

Shoot dry weight, total nitrogen content and nodule dry weight at 50 days after
transplanting and seed yield at maturity of inoeulated (Nitragin) and uninoculated grafts using Bossier and Jupiter as scions and Orba and Malayan as root
stoeks.

Graft eombination
Scion/root

Inoculation
treatment

Bossier/Bossier
Bossier /Bossier

+

Bossier !:"¡alayan,
Bossier IMalayan

+

Bossier/Orba
Bossier/Orba

+

JupiterfJupiter
Jupiter/Jupiter

+

Jupiter/Malayan
Jupiter/Malayan

+

Jupiter/Orba
Jupiter/Orba

+

Shoot dry wt.
g/plant

N concento
Nodule dry wt.
mg/plant

Seed yield
g/plant

8.9 a

259 a

85 a

15.8 a

18.1 d

660 d

622 d

23.7 be

12.0 b

390 b

310 b

19.9 b

15.0 e

517 e

457 e

23.5 be

18.3 d

617 cd

684 d

24.5 e

19.7 d

730 d

647 d

21.0 be

12.8 a

385 a

110 a

17.0 a

17.5 b

531 b

538 b

22.3 b'

18.6 be

593 b

486 b

22.8 b

17.5 b

574 b

477 b

23.7 b

20.2 bc

626 b

728 e

21.4 b

21.3 e

643 b

715 e

22.1 b

Means followed by unlike letters with the same scion are significantly different at
according to Duncan's Multiple Range Test.

p~.05
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