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1.INTRODUCTION.

I the developing couabs les, serecially v thesem: o« 1d tropics inAfrica,
the food availabi lity and quality is 2 secial and political problem. | t

vary important  for these cCountries to develop the rvesearch on the
putridional  croaps which are the resocwces for the future. On thispagint of
view, bambara groundnut  (Voandzeia subterranea) is a material of choice.
Eambara groundnut i an undevexp lei ted legume and i © is ground in Senegal

in small scale tirad i £ 1enal farms as a sole crop or  in intercrop
cambinations wi th cereals.

Taking into account ttie fact that leguwre incculation might serve a s a
gconomical means aof increasi1ng yields even in the case of small

traditional farms, research on  the Rhizubium technology for legume iz
oeeded in West Afr ica, special ly in Senegal where legume incculation with
Rhirabium strains 1e¢ not a combon coltuyral practice o al though i te
benef ic tal effects have been demonstirated by a number of field experiments
carvied out  with  sovbean (Dommergues et al ., 1979 1 Wey , pers. comm. )
To our knowledge, Ho incculaticn study has so far been carvied cut wi th
bambara groundnut in Senegal . Howeveir ,ver y f ew studies have been done on
nodulation and  nitrogen fixation by bambars groundnu t (Denarie et al ,
1968 ; Doku, 1969 ; Thompson and Devis, 1877).

luw 1983, Senegal Inst i tute of Agr i1cul tural Research ( ISRA) had submitted a4
proposal to  EOSTID-Mat icnal Academy o f Sciences (NAS) for studying the
biolagical wnitreogen f ixation by bambat-a groundnut in the f ramework of the
Web5t Afy ica MIRCEN. In December 1983, Dr. Michael DOW had a loig._
discussion with the MIRCENM staff o the cobjectives and methodolagy of
the grant.

In May, 1984, the NAS approved to ISRA & two years grant to carry out a
research pro jJect entitled "Improving the Yield and Biological N i trogen
Fixation of Bambara groundnut'. This grant was proloenged unt i 1 September
1987.

2.0BJECTIVES.

The iiain  obhiective of the project ii to improve the vield of bambaras
iroundint through  the nitroyen fixatlpn" Eecause I ti ¢ an underexp lo i ted
legume, i t is necessarv to congtitute fii-st an i mpoertant germplasm o f
hambara groundnut and a collection of effective Rhizwbium strains. Thie
is why the objectives of the first phase of this praject are

Obtain promising bambara groundnut germp lasm i n lecal markets and fros
international collections.

Daetermine wvariability aund select puwe strains based on phenctype ana
vield. :

Determine responsiveness  to nitragen  and  phosphorus,  and determine
wather further work on microbiologilcal association will be frultful.

Dollect Rhizebium <strains i rom international caollections e Lud i



Table 1. Soil characteristice of Bambey, Diitbelor, Nicroe and Sinthicu
Maleme experimental stations.,

== Granulometry (%)
RLhbS Total C Tokal M Fvail B Clay  l.gain Sand pHLHEO
EBambey 2570 a29a 121.8 4.0 2.0 Q4. 0 7.8
Djibelor 4220 443 10,1 9.5 4.8 B7.5 4.5
Nigrao 4160 310 137 . O 6.4 3.6 0.0 5.s
Sinthicu
Maleme 4380 450 156.5 4.8 2.5 92.7 &.2

0 : Available P (Olsen, 19547,



Niftal, other MIRCENs, and the Wold Data Center.

Soreen Rhizobium Stralns, mmcluding  soms lsolal
competitiveness and effectiveness with identified plant lines.

locald Yo fo
-~ Observe possible disease.

2.MATERIALS AND METHODS.

O4- experiments were carried out at four exper imental staticns i n Senegal:
Bambey, Djiibelcr, Nicro and Sinﬁvhiou Maléme. Ecc Ingical condi tions at
these stations are d ifferent and the characterist icecft h e four types of
301l are indicatedin Table 1. A4l)l lccations are indicatedin Fig. 1.

2.0 = Bambara groundnut cul tivars,

Seventy eight bambar-a groundnut  cultivars cobteined fyrom different
counti-ies in Africa were listed in Table 2.

2.3 Rhizobium straing

Fleven stiains 1 isted in Table 3 were used inthe main experiments we
conduc ted during the grant period.

2.4 =~ Variety trials.

Yariety trials for determining dgronomic characteristicsi n  correlatior
with the grain yiel d were conducted in 1985 at Rambey (rainfall : 38CGsm)
and  Nigro (rainfall: 532 mm! experimental statiens. Cul tivars obtained i1n
1984  sClch  as  78-1 , 79-1 , 83-126, B7-127, §3-12%, 83-130, 83-121 and Sud
Camercun were usad for th i s ¢ tudy

2.5 - BRespungivengss _of _bambava voeoundooat  to o nif
appllicat ions.

Greenhouse experiment todetermine the respors 1 veness of bambara groundnu t
to  ni trogen and  phosphorus application was conducted. Cul tivars 7 9 - i and
83-131. were planted ina facterial complete randomized design consisting
of  two facters viz. nitrogen application as wea at three levels (0,20 and
100 ppm WN) and pheospheirus application as tr inle superphosphate zt four
levels (0,20, 4 0 and8 0 ppmF)Y with five replicat ions. Seeds were
germinated in sand for 3 days and dach seed 1 ing was then transp lanted in &
pot Containing 3kg of unsteri le B;mbey Soi 1. N i trogen and Fhosphoirus free
Hoewitt scolution (Hewitt, 19646) diluted wi th water (1:3) was added aonce a
week dur i1ng the growing per iod.

After 53 days of growth, plant tops wei-e clipeed off, dried, weighed for
dry mat ter preduction, and grounded for ni trogen and phosphorus contents

cphorus
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o Mamokaty Modapa:o i
o Biikols Madagant n
AL H.T. l. Medagasea
4 SALT Madagasear
+ SALY Modagascar
H SA.U Medagasear
e SALL Madagaooar
e ML Tugo
e oML e Toge
51 SM. 10 Togc
H2 SM.17, Togo
53 SML1Z Togo
Ol SMUTE A Togo
¢ c

d Moog A Togo
. L3 Toge
57 SM. 36 Togo
M 37 Togo

S Togo
o0 SM.HY Togo
61 SM.5h Tpgp
62 SM. 58 Toge
63 SM.62 Togo
b4 SM. 64 Tego
65 SM.B% Tpgp
HE SM.67 Tego
67 SM. 68 Tego
68 SM.69 Tego
69 SM.7C Tcgo
e SM. 7L Togo
71 SM. 95 Tege

SM. 102K Tego
3 SM. 108 Toge
i SML11B A Togo
75 SM. L1V Toge
s SM. 118 Tego
77 SM.122A Togo
74 SM, 127 Togo

xinese cultivars wers obtairad witi collabora ion
with the University of Maryiand Lasters Shore (UMIS).




Table 3. Rhizobium strains used during the grant period.

Wu M e w . .-

Strains lantep Sources

MAO 1L Glycine max West Afirrica MIRCEN

MAO 26 Glycine maxx West Africa MIRCEN

MAO 113 Voandzeia sub terranea West ATy i1ca MIRCEN

MAO 118 Voandzelia subterranes West Africa MIRCEN

BAM6 1 8 Voeandzeia subpterranea Univer-si ty Maryland East. Shore
TAL 22 Fhasecolus lunatus NifTAL project Hawaii , USA

TAL 1469 Vigna unguiculata NifTAL project Hawaii , USA

TAL 569 Desmodium uwncinatum NifTAL project Hawaii , USA

TAL 1380 unkwown Universi ty Maryland East . Shore

MUNGO uldkcwn University Maryland East.Share



determinatian.,

2. Field screenl,m  of bambarz:  drowpdnut cultwware for biclogioal

During 1985 rvainy season field soreening experiments were carvied out at
Bambey (rainfall : 377mm) aud Nicroe (rainfall @ S532mm) experimental

stations . Twenty four bambara groundnu t cu l t jvars (entries from ] to 24,
Table 2) wera hand socwnt i n a vandomil zed b lock desiga. The cul tivars were
SOwWn in two treatments :without (-N) and wi th (+N) nitrogen ferti 1 izatior

(50 kg uwreasha) . Al 1 plots received phosghorus and potassium fertilizatiow
(60 kg Fa0s/ha and 120 kg FCl1/ha vespec tively)

Six weeks af ter planting, thr FRelative Effectiveness (R.E.) o f pach hast
plant =~ indigencus Rhizebium strairs combinaticil was evaluated by the
following formula (Mulongoy et al.,1980)

R.E. =X of vten mamplesn A0 the J-'N Oloat

X of ten Samplesﬁ‘ inthe #MN blaock

I this formula, x dencte5 ei ther shoot , oot eryiwdul edrywe i gh tsor
shaot nitvrogen content.

a.7 -~ Isclation of native Rhizebium  strains from  bambara  groundnut
nedules.

Z.7.1. Nitvrogen fising abilitiog of indigencus Rhizobium straine.

The samples were taken in each tréatment fromfive well developed plants
and still bhaving immature pods. For ty five wel 1 developed, p ink nodules
were sampled from the tap roots.

Rhizobium stirains were lsa1ated according o standard procedursc
(Vincent, 12707 . Isolated rhizabia we e cul tured on agar slants made from
YEM medium. Nitrogen fi:xaing ability of the iso lates were compared in terme
gf shoot dry weight aframbara groundput ov. B3001 used as test plant ana

cultivated i Lecnard jar  aseambliez {(tecnard, 1%943). Seeds wer:
eterilized wusing 0.01% Hylle for 3 mm ard germinated 1n sterile sand foo

~
"l

2 days ; each seedliny was then transplanted into a jar assembly. One al
sugpens ion of rvhizobial i1sclate broth  (approsimatively 107 cel ls) was
added aseptically te the seedlings fwm all treatments scept for an
uninoculated control and plants were grown in a greenhouse. Nitrogen free
Howitt sclution (Hewitt, 1966) diluted «wi th water (1 :3) was added onc
week during t h e growing per 1od,

Af ter 35 days of growth, pl ant tops were clipped off |, dried and weighed
fur dry matter product ion.

& =

&

2.7.2. GQreenhousse evaluation of host plact-Rhaizobium steain interactic .
Beth  the MAO  indigencus and  introduced Niftal Rhizobium strainsg 1 isted
in Table 10 were selected on the basis of thelv effectiveness. The Niftai
styrains served as staltdars for  compar 1son against the indigencus ones .
Twelve bambaa grouwndout o, lt1varsg wls 1l sted in Tab ]l & 10 were veed  »:

'

i




host plants. Seed steril zation ot e ath GENOtYPR, gerininatigll,
transplantation, incculation and watering wWere cc nNducted as descr ibed
above ar1d  then seedl1l ings were transp lanted 1 Lec nard jars. Treatmentes
wet-e arranged in a randemized block design repl icated five times.

After S0 d ay s of growth, the plantg ware harvested.F1 ants tops were dri ed
and weighed. Nodulation was scoved taking intc account t h e number (N}, the
internal colour (L) and the side !Slofnedul es. The nodulat ion indar
(Ned. 1 . ) was calculated as fol laws :

Ned, I, = N« C uw S

Nodule number was rated on a scale from 0 (nc nodule! tc 3 (many nodules!.
Nodule  internal  colour was fromQ(white ) tol !red) and nodule s |0 ze was
from 1 (small nodule} to 2 (big neoddle).

2.9 ~Field ivncculation trials of banbars qrewodout

[
W4

Tree experiments were carried out i n 1985, 19854 and 1987.
2.8.1 - Experiment conducted in 1968%.

The experiment w a s carried out at Fambey experimental station (rainfall :

377mn) . T he 1ndigenous rhi:obialpdpulationin the field selected for- this
wark  is 10 cowpea yhizab ia/gof soi 1 as determined by plant infection tect
wsing  Macroptilium atropurpureum, The cul ti1var Vg obtained from Togo was
used. Appl ied treatments wet-e ! unincculated, no N ; uninocculated +5 0 kg
N (uwrea)/ha 3§ incculated with 1g of six different peatbase Rhizobium
inocula : Munge , BAM 418, TAL 1380, AH 169 , MAO 1 1 and MAO 26. Randami zed
bigeck design with fouwr veplicateg was used. The s1ze o f gachp | o t was 3u

=

and 2. 1m and the plants were dgpared bv, 15 and 30 cm. Application of
farti 1 i zers was 40 kg FalOssha and 120 ko ECL /ha.

Sixty days af ter planting, plants were sampled for nodulat ion , shoo t anc
module dry weights and mitrogen content determiniation.

2.8.2 - Experiment conducted in 1984.

A cultivar % Rhizobium field experiment was initiated at two stations :
Diibelor (rainfall :  934mm? andESinthiou Maléme (rainfall : 724mm). Two
bambara groundnut cultivars {79-1 and 83-131) were inoculated with five
Rhizobium <strains @ MAO 113, MAG 118, TAL 22, TAL 1469 and TAL S69. I~
addition, there were two treatmants without incculation : ane treatment

including application of 23 kg N/ha as uwrea and the cother no &
fertilization. The experimental design was a split-plet with  four
replications. Rhizobium strains 3rranged i a randomized complete bloct
were the main plots and cultivars the subplots. Each 2.4m «  1.Sq

exparimental plet  veceived a Dblanket application of 60 kg Fels/ha as
triple superphosphate and 72 kg FL0/ba as muwriate of potash. Rhizobium
stirains  were used as laboratory-made peat base ticculants containing 10€
cells/g.  One  gram  of incalant wWwes placed 1 the seed-hole s plontiog,




Bambrars groundiiut cultivars were planted at @ spacing of 30ocm 0 10am.
AT harvest, graln yield was evaluated.

2.8.,8 - Expevipent copducted in 1987,

Freld noculation of . bambara | grouwndnut withRhizobiumstrains WS
initiated at Sinthiocu Maleme (rainfall : &é62mm: 1n the aim to study the
compet 1tiveness of Rhizobium gtyrains MAO 118, TAL 22, TAL 16%Fandg TAL
569 against indigencus Rhizobium  Inmunoflucvescence method was used for
the competitiveness study. Fluorescent ant ibod ies (FA ) against TAL 22, TAL
162 and TAL S69 were supplied by Niftal project, and FR against MAO 118
was suppl ied by Dr. E.L. SCHMIDT froam the university of Minnesota, at St.
~auL . All Tflucrescent antibodies were spec if ic . The experimental design
was a randomized complete block 1 which cvs. 79-1 and 83-131 werse u;ed.

Fach cultivar was incculatedei ther with s single strain ar a mixture of
strains. Eacgh 3. 3om ¥ 0.%0m vrecel ved a blanket appl ication of &0 kg
Fe0m/ ha as triple superphosphate and 72 kg FEasO/ha as muwriate of
po tash . Rhizobium  straivis o v a mi ¥ tte O F Rhizobium strains were used
as labgiratery made peat base incculant containing 102 cel 1s/g. The

mixture contained the same amount of th e differentstirains included the
imeculum. One gramo f incculum was placed ii-i the seed-hcle at planting
Cul t ivars were planted at a spacing of 30cm ¥ 13cm.

Aafter 6 0 daysof growth, nedule cccuparicy , shoot and nodule diry welgh ts.
Attrogell and  phosphorus contents were determined. At harvert, grain vield
was evaluated.

2.9~ Survey of d iseases on bambara groundnut.
Bambey and Nicro experimental plets of bambat-a groundnut were visi ted

pericdically to sgp wethert here i s any disease. Farmers fields were also
visi ted ance .Llct befoy f lower lng . Di seased Samp les of uwunknown d.:l.c"‘:iE,E
wore collected fram expe \1m9ﬂt?1 plot at Bambev. T h e premiliminary sym pt

af  the disease 15wl thering of leaves wh i ¢ h 1is generaldryobhserved afte
1y

about cone month  from  gowing. The leaves subsequent ly dry end fina 1. ]
resulting in camlete death of the plant.
In order tao find nut the rausal migioocganism of the di Quﬁuehaiﬁolation=

were made from thig infected plant parts onFPotato DextroseAgar (FDA
medium as pet- standard procedure. The pathogenicity testof these isclates

Was carr ied cut by incculating 3 weeks 0ld seedlings of two
varietiesviz,83-129 and 83-130. Twopotso f  eacvar iety were incculated
wi th  the spore suspension of each tsclate wi th the help of smal 1 atomizer .
Uninccutlated posts o f  each variety served as contro 1 . The pots were kept

i the moist chamber for 4 8 hawrs ard then transferred to greenhouse.

2,10 =~ Effect o pH on _the growteh nd rbumbai-a

Cultivar 79-1 was girown 10 pots containing 1S kg of unsterilized sail from
Hambey irrigate zone (&) and wnon rvrigate  zone (B)Y. The plants wers
watered with tap water (a) and distilled water (bh). Thus thers were four

n

treatments viz.o & 4+ o (phko= BLE0Y, A 4 b (pH LT OB 4 a (pHaT L Se



end koo b (pH = 46.00)  with fouwr  replicates  arivanged 1 completaly
vandomized design. The oM of diffecent treatments was dztermined before
starting the experiment as well as after achievement of the experiment.
Laily aobservations of the b@havi@ur of plante were made. The plants were
harvested 35 daye after planting. The shoots and voots were saparately
dried and weighed. :

Z.RESULTS AND DISCUSSION.

-

2.1 - Variety trials

Agronemic  characteristics of  the' eight cultivars and their correlat 1003
with vyield are showa in Tables 4 and 5. Var iat ions were observed 1n
respenses o f individual CUltivar. Grain yields a t Nioro were generall
higher than at Bambey 5taticen. This is due to higher vainfall at Nicrc
(232mm) than at Bambey (382mm ) . However., grain vield was more than 1 t at
bath stat ions. At Bambey, the welght of 100 seeds cnly was significantly
correl ated with the vield whi le at Nicre, number and weight of pods and
seeds were corvelatedwi th the vield. In conclusion, cv. 79 -1 was the best
cre with 1419.40 kg/ha at Fambéy and 1278.40 kg/ha at Nioro staticon.
Howsver, a second vyeay test 1g heeded at the same stations and/or other

sites. Af ter that o e ai two  cultivarg will be proposed faor
vulgarisation. Therefore, 1t is necessary to initiate or to continue this
L

@it 1 1lizationof bambara groundnut o Numb e,
eeds  and the weight of 100 sesds seemed
n

study an population density ov
and weight of thr pads and

determinant for vyieltd evaluati
improvement program.

U~ e
T

[m]

3.2 -~ Responsiveness of bambar a groyndingt toe ni trogen and, phoschoros

3.2.1 - Effect of nitrogen. (Table &)

Nitvogen suppiied at 20 powm N | evel increased shoot dry weigh t of .z,
79-1 and 83~ 13 1 ( + 42% and 43% respectively)- Howsver, for both cultlvars,

there was vio difference on shoot dry weights hetwesn 20 ppn and 100 op:
nitrogen application. Nitrogen content and total ni trogen were increazac
for both cultivars  supp lies &f 20 ppm N and 100 ppm N increased the

ni trogen content of cv. 79-1 ( 19% and S8Y% respectively) . For the culti va
83-131, the corresponding Incvrease. was 14% and 73%. There was no effect of
1 troagen fert i 1izer on phosphorus céntert for bo th cul t ivars.

3.2.2 - Effect of phosphorus . (Tabie 7

Fhosphorus supplied at 20 ppm Pilevel immcreased shoot diry weight of oo
79-1  (+ 2S%) and there were no effect on shoot dry weight for cv. 83-17:.
Nee effect on nitrogen content was cbserved for both cultivars. Howe .z
phosphorus  content of  both cultivara Increased  significantly with =ne
meorease  of  phosphorus application @ supplies of 20 ppm P, 40 ppm Fooo

i This would b e important for a wvariet:

'y
7

L

Y
b



Table 4 : Agronomic characteristics of eight cultivars of bambara groundnut cultivated at Bambey experimeontal static: .

Nunber per plant Wi ght (g) per plant

Weight (g) of Grairn vield

Cultivars  Leaves Stern Pods Seeds Leaves Stem Pods Seeds_ 100 seeds
50.75 ¢ 9.25 3 11.7¢% a 12.25 a 7.32 ¢ 1.54 b 5.0 a .12 a5 44.86 ca SECIN
57.25 ¢ 3.25 a 15.00 a 15.25 a 10.67 be 1.62 b 8.%9 & 5,734 a3 51.7% be L1222 &
71.75 bc 9.25 a 13.25 a 14.50 a 8.66 bc 1.76 b £.9¢ 3 5.28 a 062 4 1CCw .02 z2h
54.75 ¢ a.25 a 15.0C a 15.75 a 9.92 be 1.72 b 9.60 a 728 a T .87 bcd CIRE
32.00 a  13.50 = iC75 a 12,00 a 14,51 a 3,43 a 7.82 a .83 a ST LTl LT
79.25 ab  9.75 a 14.25 a 15.00 a 11.26 ab 2.12 b 7,53 a TLE3 a 47.39 bed 1IN ab
hh 7R 928 & 18.25 a 19.7% a 11.33 ab 1.91 b 11.1¢ a A.51 2 “1.30 b Tk
52.00 bc 3.0C a 18,0C a 18.75 a 9.25 bc 2.08 b 8.39 a 6.68 a 4£.32 bcd 12Z2w-,3% &

Correldtion

w#itl grain e - } »

vield 5,070 ST R G.03"° G.o1® 0.22"® y.0al® 5.110% R gu®

sigiificant
nEo:oaon significant
‘ followed by the same letter in each column do not differ significantly at the .08 level by DUNCAN': mul-iple rarmse - o*




Table 5 : Agronomic characteristics of

ei ght

cultivars of

banbara groundnut at

N oro expérinmental station

o

Nunber per plant
Wi ght (g) per plant

Weight (g) of srain yie
Cultivars Leaves Stern Pods Seeds Leaves Stern Pods Seeds 100 seeds (kg/ha)
781 68.50 a 3.75 a 15.50 a 17.50 a 11.38 a 2.09 a 8.34 abec 6.19 abc 54,00 d 383,17 =z
Ja=1 54,25 a 14.00 a 21.50 a 22.75 a 13.03 a 1.99 a 11.08 ab 8§.76 ab 50.C9 be LT N2
85 _ize 64.50 a 10.25 a 11.75 a 10. 75 & 11.39 & 1.87 a 7.43 abe 5.74 bc 62.9% ab TITA L o
Fa-127 31,00 a 4.25 a 12.25 a 13.00 4 3.75 a 1.49 a 6.39 ¢ Loalz ¢ 21,25 b BN
sa-liev 59.75 a 3.75 a 17.00 a i1.70 a 16.82 & 1.76 & 11.84% a 5.55 a 35,40 A R .
T T s Sk 18500 = 1975 & 18330 a iv92-a 953 abe 7.7 abe 55 8E-bed S
EICR i x th.25 a 13.0C a 15.00 & 12.47 & 2.34 a 7.17 be 5,35 ¢ AL . b 1
Sud-
wameraut el 9.00 @ 16.25a 19.25 a 11.54 a 1.75 a 5,06 abc  £.73 abc  5%5.85 ol
Cgr?elat?cn
;:}{éi‘dgram 5.0 0.03"° 0.38" 0.41° 0.07"% 0.15"%  0.50° 0.52° 5. 2ulS

U

gl

: gsignificant
non significant
Vaiues followed by the

same letter

in each column do

b e - 8 S et

not differ significantly at the .05 level by DUNCAN'S multipie ranegs



Table 6. Effect of nitrogencw&gﬁootdry weight (SDW), nitrogen (N%)
and phesphorus  (F%4)}  content , tatal nitregen and to tal phosphorus
contents of bambara groundnut gvs, 79-1 and 83-131 cultivated in
pots.

e e e apprm Z e i v S PTI
Cul tiv. (ppm) (g/pl) NA B -tnglpl.) _{mg/pl.)_
79-1 O 1.57 b 3.0 ¢ 0.34 a 47 b 5 b

20 2.23 a 3.592 b 0.34 a 8'7 B a

100 2.80 a 4.7% a 0.32 a 100 a 8 a
83-131 0 1.50 b 3.24 a 0.38 a 48 c S C

20 2.14 a 3.70 b ©.34 a 79 b ? a

10G 2.1.2 a 5.60 a ©.30 a 117 a 6 b

Table 7. Effect of phosphorus on sheot dry weight (SDW) ,ni trogen (N%)
and phosphorus (F4A) contents , tatal ni trogen and total phosphorus of
hambara groundnut cvs. 79-1 and 83-131 cultivated in pots.

e i s e s - See_71 e 4 e e s e
N appl. SDW Taotal N Total F
Quli v . (ppm) (a/pl.) NY% LR Smasp L), fmadpl.)
79-1 0 1.70 b 3.%0b 6.13d 77 a I c
20 2.12 a J.64 a 0.26 ¢ 729 a S c
40 2.17 a 3.78 a 0.40Db 85 a 9 b
80 2.11 a 3.8l a 0.54a 81 a 4 a
83-131 O 1.86 ab 4. 14ab 0,13 d 78 c 2b
20 2 .x a 4,.27ah 0.24 ¢ 92 a = C
40 2.02 a 4.00a 0.39 b 83 b 8 b
80 1.67 b 4 .30 0.60 a 72 d 10 a

For Tables 6 and 7, in each cclumn, values followed by the same letter
for each cultivar, do not diffeT significantly at the 0.05 level by
Duncan's multiple range test (192535,



80 ppm F increased the phosphoirus content of cv. 79-1 of 100%, 208% and
3184 respectively 31 the :orregp@nding incyease for ov. 83-131 was 85%,
&@00%  and  3&61%. Total phosphorus of  both  cultivars was increased with
phosphorus !

application.

3.2.3 = Interaction between nitirogen and phosphorug. (Table 83

There was a significative interaction between nitrogen and phosphorus on
shoot dry weight , nitrogen and ‘phosphorus contents, total ni trogen and
toetal phosphorus o f both cultival--;. The 1ncrease of these parameters was
moi-e significative than t h acbtai ned wi th ni tregen or phosphorus used
alone.

Je3 - Improving biclogical ni trogen: figation of bambara groundnut.

3.3. 1 «Field varietal scieenirg.

At  Bambey station cvs. 83-127, Sud Cameroun , Sarakawa 3 , Sarakawa 10 and
Lassa 1 had a R.E. based on shoot dry weight below 40% (Fig. 2) while at
Niocro stat ion, all cultivars ha@ the <came R.E. over 40% (Fig. 3). At
Fambey <station, only ocul tivar Sarakawa 10 had a R.E. based on roat diy
weight below 50% : at Nicro statiQn, all cultivars h a d the same R.E. over
50%. Relative Effectivensss based onnodule dry weight was much lower at

Eambey than at Nigro @ itwas in the range of 80-120% at Eambey for cvs.
83-131, FKetac 3 , Alheride 1 , Lassa 1 andlLassa 4 and in the range of
360-480% at Nicro for cvs. 83-12%9, 83-131, Sud Cameroun, Sarakawa 2, Ketac
., V 2 and 85002. Relative Effectiveness based on shoot nitrogen content

was over 50% for all cultivarg except for cv. Awandjelo l at Eambey
station.

These resul ts indicated that Bambey and Nicorae rhizobial populatio:
gstablicshed a moderately effective symbicsis with the cultivars of bambai s
groundnut used .  Among  these cultivars, 12 grew bettera t both the

locations withaout nitrogen fertilizer (Table §)indicating their abilit,
to set an effective symbicsis in thé two different field conditions.

These cbservat ions indicated a screeningf our  bambara  groundnut
germp lasm for 12 lines capable of forming most effective symbicsis with
sui table Rh izobium strains. They willb e inocculated with strains

isolated a t hambey and Nicre whevwe they had an effective symbicsis as ar
attempt toc improve theit- performancé where they yield poorly.

3.3.2 -- Effectiveness of _indigepcus Rhizehium stozins  Lselated | fros
bambara aroundnut nodules.

Bambara groundnut Culitivarasampj.?dwere moderately nodulated on both the
tap and lateral roots. Many nodu 1?5 appeared to be effective as indicated

by internal colour. Thii-ty one isolates waere so obtained (I, to Iy,
fig. 3). The isclates were slow growing and formed small (diameter <imm).
dry c¢olomes on oyeast mannitel  agar.  Four  isolates (le, Tim, lee avc

Iy Wes T e mcl.uded 10 West atiica  MIRCEN  (MAQO)  Rhizebium culture
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Fig. 2 Relative Effectiveness (R.E.) of 24 cultivars cultivated at Bambey experimental station

A : R.E. based on shoot dry weight. B : R.E. based on root dry weight./A : R.a

C : R.E. based on nodule dry weight. D : R.E. based on nitrogen content.
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Fig. 3 Relative effectiveness (R.E.) of 24 cultivars cultivated at Nioro experimental stati

A : R.E. based on shoot dry weight. B : R.E. based on root dry weight.

C : R.E. based on nodule dry weight. D : R.E. based on nitrogen content.
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Table 9 : Shoot dry weight (g/10 plants) of the performed cultivars of bambara groundnut. in field at

sambey and Nioro experimental stations.

Cultivars Bambey
- 5.5 b
33-126 6o o
e 55.8 b
SRS 56.% b
Sarakawa 08 b
Awandielc 1 fu o h
reine 63.8 b
Torao o 66.2 ab
Alheride 1 - EE S
Lassa 78.5 a
ve 61.5 b
45001 6.

-

(OS]
3}
o]

w
ee

WO 0
» :
jas

o
N
o
1

values followed by the same letter in each columm do not
DUNCAN's multiple range test (1955).

differ

significantly at

the 0.05 level by



collection because of theio high effectivensse evaluated
cry  welght  with  cv. 83001. This cultivar was , t
becaune it is from Senegal and 1t had a good R.E. at both Bambey and Micvo
exper merital stat ions. These isclatks were named MAOD 113, M&0D 118, MAD

121 aind MAO 126 respect « vely (Fig . &) .

3.3.3 - Evaluwation of hozd culbjivear=-Rhizobium strains interactions.

Rhizobium <traing use ware comppred for their effectiveness to nodulate
the most promising cultivars of bambara groundnut selected 1w fiela

var ietal screening. Nodules were found in the top Scm of roct system o
all plants except contraels which ge all nodule free. Nodulation index and
the effectiveness wvariledareatly @ith the strains (Table 10). Stirains MAOD
113 and MAO 118 exhibi ted effectiie nodulation on six and three cuitivarcs
respectively  whi le strains TAL E;,, TaAl 149 and TAl S5A4AF were effectiva o
five, fow and three culbtivars fespectively. All Rhizobium strains were
effective on cv. 83-131 except strain TAL 169 which exhibited partial
nodulation. All Rhizobium strains were partially effective on cv. Ketaco
3. Similarly., Rhizobium stvrains  MAO 113 and MAQ 1 18 ware i neffec t ive or
cv., V2 while strains TAL 22, TAL 169 and T A L 549 were partially effective
cn  this cultivai-. Strains MAO 113 and TAL 1469 wereineffective on cvs.
Awandiela 1, and B83-128% respectively ;strain MAO 118 was ineffective ar
cvs.  Awand jelo 1 , Lassa 3 and Va2 ; strailn T A L 569 was ineffective oncvs.
Fetap 2, Alheride 1 and Lassa 3 . Strain TAL 22 presented the widest
effectiveness gpectrum : i t wasg ful ly effective on 42% and partiall,
effective on S58B4 of dl1 Cultivérs studied, fol lowed by sfrain MAO 113.
These results indicated that plant genctype had an important effect or
nodulation of bambara groundnut

Mary of cstudies reported on plant genc type ¥  Rhizobium strasr
interactions indicated differences between cul tivarso f the same sp
in abilitry to filx nitroegen using gntroduced rhizobial strains. Because
15 difficult to mtroduce and  establ.isk  new  Rhizobium  straing 1
fields containing indigenocus strains (Brochkwel 1, 1780, i t i1simpor tant o
leglate compeatitative and adapted stra:ing, which ca nodulate effective: |
most  culerivars even these stiraims are yot widely distributed 1 pthe soi b
[nstesd of intvoducing vew Rhizbbium the isclated adap ted Rhizobium
strains may be ye~introgducesd in ;. mab5 into the f ield sc they compete

1

agains. indigencus stirains wh ich are 1 ess numercous . Our resul ts show that
all Rhizobium straiing including  intreduced and  1ndigernicus straine
nodulated all cult ivars. When t h e lhost and vhi zoblal strains were arrange:s
in  an increasing order of effect dAveness, one indigsnous strain, MAO 1 i3.
exhibited the highest effective asgociation with the cyltivars, Therefore,
straire MAO 113 is expected toy ﬁ/e better nicvooen f ixation under f lelc
canditions. ‘

3.3.4. Field response of  bambard groudnut to inccwlaticn with Rhizobics
sbtiralng. |
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GLlae by Bapenlment condugted on 178,

The results of this experime it are dhowl? in Table 11.

Appreciable rvesponses tao Jroculation  were  obtained 11 shoot dry weight
with straln EAM 516 ( incirease of 144‘/.;) s in nodule dry weight with strains
Muwigo,  BAM 5 18 and MAD 26 ¢ i nocveads o F 954, 1004, 73% respect i vely )Jandin
ni trogen  content with stratllkis  B4M 619, TAI- 1380, MAO 1 1 and MAO 25
( increase of Z27%, 394, 24% and 17% respectively). Increase in total
ni trogen was cbtained wi th strains E%(AM &HIB (+ 209%) ai-id MAO 11 { + 135%)

From these results, it is appeveny that bambat-a groundnut cv. V2 reguired
an  inoculation with sultable Rhizobium strain  for adequate ndulatiown
and nitrogen fixation in soi 1. used

3.3.4.2. Experaiment conducted 1 i 19E{<5.

The resul ts of this experiment are dhown in Table 12.

Gi-aiil vyields were always lower &t Djibelor than at Sinthiocu Maleme
pi-obably because of ft£he lower ﬁertility’ aof Djib210r soil which 1is
reflected b vy its low p H and ldw available  content. At Djibelor,
incculation of cv. 79-1  with 5traing MAO 113 and TAL 5&% significantly
resulted in 83 ai-id 65 percent yield increase aver the unincculated
ti-eatment but the yield increase over the N-fertili zed treatment was not
significant. 1ncculaticn did not affect the yield of cv. 83-131. At
Sinthicu Maleme, intculatior of qul e ivars 79-1 and 83-131 with Rhizobium
sti-ain TAL 22 resulted ifi a S0 and S8 pei-cent yield increase aver the
uninoculated treatmant. whereas the corvrespond 1 ng yield increase aver the
N treatment wWas S0 andaza? percemb} respect ively. Incculationwi th strains
MA0 113 and MAO 118 signif ican&lly increased (+ 31 and 4 2 parcent) the
yield of cv. 83-131 aver the univiocilated treatment.

3.3.4.3. Experiment conducted iv 1987.

Bambara groundnut nodle coupandgy and  gralll  yield for cvs. 791 and

[u}
03-131 ajya shown in Tahles 13 and 14 respectively.
For  both  cultivars.. nodu les of nod 1noculated plants contained indigencus

Rhizobium auly. Nodllles of [lantd inoculated with either st -ai MAD 110,
stirair  TAL 28, strain TAL 159 !lor strain TAL. 569 contained indigenocus

Rhizobium strains and/cr  the Rhiizobium el ain used a3 nocul.ant, 1rn
all cases, Rhizobium strains ™MAOD 118, TAL. 22 and TAL 569 were more
competit ive  than the ind igencus gtrains wh ich were more compet i tive thar
strain TAL 169. ,

When the inoculant was a mi stwre cif strains.twe strains were found in the
nadules only even if  the itneculdnt contained movre than two strains. Foo
bath cultivars, strainM A0 116 yas movre competitive followed by strains
TAL 5469 and TAL 22 respectively.
While inoculation did not affect tHe gvrain yield of cv. 63-131 (Table 14,
cv.  79-1 sigunificantly vresponded te lnoculat 1 on wi th strain TR 28 ¢
yield increase was 160% ovel ttie uwnincculated tcreatment. This dat.
confirmed the results obtilned in the exper i ment conduc ted 11 985




‘able 11:vnsot and nodule dry weights, shoot nitrogen content and total shoot nitrogen of Voandzeia subterranea (cv.
cultivated at Bambey in field and inoculated with Rhizobium strains Mungo, Bam 618, TAL 1380, AH 169, MAQ 1

Shcot dry weight Nodule dry weight Shoot nitrogen Total srtoor ni
Treatments (g/10 plants) (mg/1C plants) content (N %) (g/10¢ plants)
cinocuiated 10.75 d 55.00 181l g 1.9% ¢
pincculated -
Vg Lo lureal/na 13.25 cd 40.00 T B8 f 2.50 de
Murngc 15.50 peg 107.50 1 92 e J.9% cde
ramo Lir oo 26.25 a . 110.00 a 2.30 b 5.03 &
12.7% bed 10.00 o 51 = sty
: T VIO 77.50 atb TTRTE T E S s
.- 2C.50 ab 30,00 Sl 2u 4.0 g
18.50 bc 95.00 = <. .12 A SR IO
B.UES 2Pe 4uornages of 10 plants
-values followed by the same letter in each column do not differ significantly at the U.0% level by DUNCANMN's ~u.-iv



Table 12. Effect of N fertilization or incculationw i th Rhizobium
strains MAO 113, MAO118, TAL E_,JE, JAL 169 and TAL' 569 oin grain yield

of f ield-grouwn bambara groundnuf cvs. 79-1 and 83-131 at Djibelor and
Sinthicu Maleme experimental stations.

rnbamers AR 8 oeem TebeEA SR S AR RS ARIAS S8 PeLCeSEa1 sisbm 4 ReirmRiReLiy imeis an ) aens e g © a4 mevisseensient wons e e o

o PR T T

o ! - . o "
Glaivin yield (g/10 plants)

Cultivars Treatments _Diibglao, Sinthiocuw Maleme

79-1 Uninocul. 45.15 d 104 . 89 d
M-Fertil. 60.2” abcd 104,98 d
MAO 113 74.34ab 123.23 bcd
MAO 118 65. QC abcd 127.35% abcd
TAL 22 57.20 bcd 157.62 abc
TAL 169 60.18; abcd 118.07 cd
TAL 569 82.38 a 131.11. abcd

83-131 Uninccul . 60.49,% abed 108.08 d
N-Fer t i 1. 62.4% abced 134.49 abcd
MAO 113 68.89, abc 163.55 ab
MAO 118 40.35) d 153.59 abc
TAL 22 S50.48 bcd 170 . 65 a
TAL 169 51.79 bcd 144 .07 abcd
JAL 569 69.01, akc 141.92 abcd

et e . [ R P

At each location,values followed by the same letter do not
differa t the (.05 level by Duhcan's multiple range test
(1955). ‘



Table 1) : Nodule occupancy and grain yield of tambara groundnut cv 79-|

TAL 569 at Sinthiou Maléme experimental station.

inoculeted with Rhizobium Strains MAO 118, TAL

22,

TAL 1o9.

Treatements

Non

inoculated

MAO 118

TAL
TAL
TAL
MAQ

22
169
569
118 .. TAL 22
118 + TAL 169
118 . TAL 569
22+ TAL 169
22 .. TAL 569
169 + TAL 569

118 + TAL 22 + TAL 169
118 _+ TAL 22 + TAL 569 |

118 4 TAL 169 + TAL 569
22 + TAL 169 + TAL 569

118 + TAL 22

Single Cccupancy of

nodul es (%)*

Indigenous

Strains (IS) MAQ 118
100 0

15 (+ 25} 60 (+25)
20 {+ 35) 0

50 (+ 10} 0

37 0

0 50 {+30)
0 58 (+28)
0 27 (+13)
0 0

0 0

0 0

0 40 (+40)
0 8 (270} .
0 10 {+67)
0 0

0 8 (+70)

JAL 22 TAL 169
0 0
0 0
45 (+35) O
0 40 (+10)
0 0
20 {+30) O
0 14 (+28)
0 0
15 (+85) cl
15 (.27) O
18 (+21) O
13 (+40) 7
A 0
0 3
10 (+300 7
0 0

Miltiple Occupaney

Crain Yield

of Nodules (%) {kg/ha)

TAL 569

0 0 1654.20 ¢
0 25 (MAO 118 + IS) 3062.60 abc
0 35 (TAL 22+ 1S) 4345.60 a
0 10 (TAL 169 » 1S) 2766.40  abc
53 0 3392.10  abe
0 30 (MAO 118 ..TAL 22) 1494.00 ¢
0 28 (MAO 118 .. TAL 169)  2235.10 bc
60 (+13) 13 (MAO 118 + TAL.569)  3222.50 abc
0 85 (TAL 22 + TAL 169)  2838,70 abc
58(+27) 27 (TAL 22 + TAL 569 3022.40  abc
51 (+21) 21 (TAL 169 + TAL 569 2856.20  abc
0 4G {MAD 118 + TAL 22) 1886.30 abc
20 (+70) 70 (MAO 118 .. TAL 5691  2524.20 abc
20 (+67) 67 (MO 18 + TAL 569) 2252. 40 B¢
53 (+30) 30 (TAL 22 .. TAL 569)  4006.50 ab
22 (+70) 70 (MAC 118 ..TAL 569) 4241.10 ab

In brackets and preceded by

responsabl e Rhizobium strains.

In "Grain yield column”, values followed by the game letter

{(1955).

percentage of

do not

multiple occupancy of nodules which is equally reported in the last column with the

differ significantly at the 0.05 level by Duncan's multiple range tesg:

v

i atnsan
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Table 14 @ Nodul e occupancy and grain yield of bambare groundnut CV 83-131 inoculated With _Rhizobium MAUL18, TAL 22, TAL 169, TAL 509
at Sinthiou Maléme experimental station.
Single Cccupancy of nodules (%)%
Miltiple Qccupancy Gain yield
Indigenous of Nodules (%) (kg/ha)
Treat nent's strains (Is) MAO 118 TAL 22 TAL 169 TAL 569
Non inoculated 100 0 0 0 0 0 1945.80 a
MAO 118 20 (+18) 62 (+18) 0 0 0 18 (mo 118 + I18) 2899.20 g
TAL 22 15 (+41) 0 44 (+41) 0 0 41 (TAL 22 + 1S) 1995.80 a
TAL 169 41 (+39) 0 0 20 (+39) 0 39 (TAL 169 + IS) 2126.90 a
TAL 569 38 (+20) 0 0 0 42 (+20) 20 (TAL 569 + 1IS) 1785.20 a
MAO 118 + TAL 22 0 54 (+23) 23 (+23) O 0 23 (ma0 118 + TAL 22) 2685.60 a
MAO 118 .. TAL 169 0 56 (+19) 0 25 (+19) 0 21 (ma0 118 + TAL '169) 2389.20 =&
MAO 118 + TAL 569 0 50 (+10) 0 0 40 (+10) 10 (ma0 118 + TAL 569) 2902.40 a
TAL 22 « TAL 169 0 0 0 0 0 100 (TAL 22 + TAL 169} 3118.80 a
TAL 22 _.TAL 569 0 0 20 (+29) O 51 (+29) 29 (TAL 22 + TAL 5'69) 2554.00 a
TAL 169 + TAL 569 0 0 0 20 (+27) 53 (+27) 27 {TAL 169 + TAL 569) 2787.70  a
MAQ 118 » TAL.22 & TAL 169w Q. s BT L4300 L 20 (2300 T e R .30.4MAQ 118 .+ .TAL.22..). L2126, 60 8. s e
MAO 118 + TAL 22 + TAL 569 0 20 (+65) 5 0 10 65 (MAO 118 + TAL 569) 3105.80 a
MAQO 118 ..TAL 169 --TAL 569 0 18 (+70) 0 0 12 (+70) 70 (MAO 118 ..TAL 569) 2347.90 a
TAL 22 + TAL 169 + TAL 569 0 0 13 (+80) 7 40 (+40) 40 (TAL 22 + TAL 569) 2741.20 g
MAG 118 + TAL 22 + TAL 169 + TAL 569 0 8 (+72) 0 0 10 (+72) 72 (MAO 118 . TAL 569; 3217.1C &

. In brackets and preceded by
responsable Rhizobium strains.

In "Gain yield colum".

(1955).

percentage of

values followed by the game letter do not

multiple occupancy of

nodulees Which is equally reported in the last column With the

differ significantly at the 0.05 level by Duncan's multiple range test



b1
e bborons Malemes e g the colbivar and She saane Rhizobilum slcaio.
dusw. survey of dizeas a1 bambare groundnut,
Moo serlous disease was noticed opn bambara groundnut encept one ab Fambis,
gxperimental station. The microscoplc observations of the isclates
chtained from the diseased plants revalated the presence of Alternaria
=p. Howewver irn  the pathogenigity test, &all the isolates failesd o
produce the disease symptoms. Buti during the course of time, the symptoms
were developed on both varieties including the unincculated plants. This
indicated that the Altermaria fungus was not the cause of the diseans.
but 1t was developed syprophytically on the dead tissuecs.
It was suspected that the death of bambara groundnut plants at Rambey wa=

assoclated with the high pH of iriigation water which was later confirme:s
gy ancther expeciment for which resilts are presented under 3.5.

3.5, Response of bambaiva groundnut to different pH levels.

At pH 6.00, plant leaves were present and some leaves were yellow, At pH
7.20 and 7.50. the plants grew better : all leaves were still green and
did  not wither. At pH B.20, all leaves withered. the plants wsre small and
were dying. Fig.S shows shoot  and oot dry weights of cwv. 79-1 a+
different pH levels. Better dry matter production was obtained at pH 7.1%9.
These vesults iIndicated that high pH levels stopped the growth of bamber.
groundmnut. Frobably unknown nutrient uptake was not possible at thes o
levels. Follack (1973} reported nutrient defiency svymptoms iv bambar:
groundnut  cultivated 1In water-culture or sand-culture lacking eithe
nitirogen, phosphorus, potassium, sylfur or iron. However, the behaviour '
the plant varied with the cultivars

t . CONCLUS ION.

Although  bambara  groundnut ranks as the third most impovtant  legumnes i
Mmoo Atvica, 1t remains an underexploited legume in Senegal. It 1o oroduaces
anly o in o small traditional farme in the scuth—east of the counte, . Thersz .
oW a garmplasnm collection at the National Center of Ageomomic Researsh s
Rambay including 78 cultivars gbtained from local market  and  foor
international collections.

Fambara groundnut is ground generally without nitrogen fertilizer or ‘
amendement such as pheosphorus application. However, the growhth of hambars
groundnut  could be significantly! 1mproved by nitrogen and/cr phospncra:
fertilizer and consequently its nitrogen anmd phospheorus coantents couls be
increased, suggesting that microbiclogical associations will bie fraitful.
These assocclations could be with vhizobial strains for 1mprovivg «iteoge
fixation and vesicular and arbuscdlar mycorrhiza for 1mproving phospac: o
Aptake.

The strategy adopted for i1mproving ibiological aitvogen fixation of bamb.
grovadnut 1s to select 1n each field condition the most effective nitoo e
f1xing host plant-Rhizobium  wtrain  combioat ions., Thes et mdoatyo
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AFPENDIX 3 @ Training and consal tas

no t
second

1. Frogramme training was
visit was held during the
BORDELEAU, L.M. frem Canada Agr
suggestions as indicated by Dr.
Hawaii, USA previcusly appcinted as
supervised

2. NAS audit mission

&

11ty .,

ciuded 1 N the grant.lllt a cansultant

gar of the pro ject. Consult: ant was Dr.

ulture. He made sgme cbservations and

SOMASEGARAN, P, from NifTAL projecti n
consul tant fayr the grant.

FREELAND inspec ted the

Ms. Joyce

by

pro ject in 1986. Ms. FREELAND gave jer conclusicns to NAS.



APPENDIX 4 : Grant Sta f 7

The fol lowing staff deveted the' percentage of the work timr indicated
helow to research undert h e  grant.’

Ndiaga CISSE Breeder 30%
D.G. GA 1KWAD () Fathologist 30%
Mamadou  GUEYE Microbiclogist go%
Jumar TOURE Technician 100%

(¥} : D.G. BGAIKWAD replaced Demba F. MEAYE because D .5. GAIKWAD works for
1 egume pathcolegy programme whereids Demba F. MEAYE works for cereal
patho logy programme accordi ng to IGRA staff



