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Drives its nitrogen (N) source through the process of
Biological Nitrogen Fixation (BNF)
Several genotypes (landraces) exist, hence nodulation of

different genotypes by a given Rhizobium sp. is not uniform

Very essential to identify (screen) bambara genotypes with

: superior nodulation and nitrogen fixation
&‘?Contributions of such screening are important to:

a N\ i. Improve growth and yield of this underutilized legume
ii. Reduction of the application of inorganic fertilizers
No information on the cultivar-rhizobia strain compatibility

(symbiotic properties ) of bambara in South Africa
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Vigna subterranea (L.) Verdc (Bambara )
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Bambara groundnut (Vigna subterranea (L.) Verdc seeds (top)

and potted plants and small pale yellow flowers of the plant
Sources: i) Wikipedia ii) https://sustainablebioresources.com/plants/plant-
families/fabaceae-leguminosae-2/vigna-subterranea/




Biological Nitrogen Fixation (BNF)
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Microsymbionts Rhizobial Nod-factors

Pea Group Rhizobium leguminosarum bv. viceae e
- Pisum spp. Vicia spp, Lens culinaris, Vicia "

faba (faba bean) ' X (,/\Lu /H\Lo

Bean Group Rhizobium leguminosarum bv. U S T
3 CHH
- Phaseolus vulgaris (beans), P. coccineus phaseoli L y
Clover group R. leguminosarum bv trifolii | o
- Trifolium spp. -
Alfalfa group Sinorhizobium (Ensifer spp.) 4 i,
no -0 _OH rGOH 6050;}%
- Medicago, sativa, Medicago spp. e %%%
8 Soybean group Bradyrhizobium japonicum . 2 - b
. -Glycine max \TY
] . . | ooy,
ph 6 Chickpea group Mesorhizobium spp. a0 g ﬁ
s L OH
SR . - Cicer arietinum o O
4 . 0 0 0
Cie, WA A %ﬁ
e A 7 Cow pea group Cow pea group P o o
s - Pigeon pea, cowpea, peanut, mung - Pigeon pea, cowpea, peanut, mung =
%l Ok bean, black gram, lima bean, bambara bean, black gram, lima bean, o
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& ' Methodology I - Rhizobia spp. from the SARCC

-3 s —

esmodium uncinatum Cyamopsis tetragonoloba  Arachis hypogeae Glycine. max Phaseolus vulgaris

I l l | l

Five Rhizobia .., ypq5 = SARCC-401 XBD2 = SARCC-388  XS34 = SARCC-578  WB1 = SARCC-304  UD5 = SARCC-715

Pp. . /

:
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Table 1. Description and accession numbers of the 12 bambara groundnut (V. subferranea L. Verdc.)

landraces used in the glasshouse assay for nodulation compatibility with five Rhizobia spp.

No. Entry Landrace Growth habif Seed color
no. accession no.
1 34 ZR 53 Spreading type Light brown
2 35 ZR 54 Semibunch type Dark brown
3 36| SB 11-1C Spreading type Cream white
4 37 SB4-4G Semibunch type Light brown with black spot
5 38 BB4-4H Semibunch type Cream white & black
6 40 Spreading type Cream white with brown &black spots
7 42 Caprivi Sell Spreading type Light brown with black spots
8 44 SBES-1B Semibunch type Cream white
9 45 Semibunch type Light & dark brown with black spots
10 46 Semibunch type Cream white
11 49 MV 67-1 Spreading type Cream white
12 50 MV 51-5-1C Spreading type Light brown
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" ,_ Inoculum preparation, planting and inoculation

2 ml of each
bacterial
oy suspension per
N Oesmodium uncinatur Pure colonies of each seed applied

- S
\:\ -

——

rhizobium grown in liquid
broth, concentration
adjusted to > 1 x 108
CFU/ml (= OD 1.0 -2.0)

5 bacteria x
12 rhizobia x
4 reps, split
plot design

( Leonard Jar)

Photo source: This study
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'ln. 34 xsad 1

* Rhizobia strains XBD2 & XS34 showed nodulation compatlblllty with 11/12 & 9/12 Iandraces of bambara
respectively. While Rhizobium strain UD5 was the least compatible strain with all the 12 landraces
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 Results and Discussion

Table 2. Fisher’s least significance difference (LSD)z=o.0s test on the interaction between five rhizobia strains and 120
12 Vigna subterranea L. landrace collections in terms of nodulation compatibility, nodule dry weight and total
plant biomass in a glasshouse inoculation trial.
100
No Entry-Strain* Nodule Nodule dry Total dry Total Fresh Nodulation**
number [plant  weight (g) weight (g) weight (g) compatibility
1 34 XBQS 9.1745.42<% 0.107+0.04 0.801+0.18==  4.654+1.71%1 ++ Ed T
2 18.00+0.00=> 0.185+0.00* 1.018+0.00%*  §.080+0.00=F A
&:l ———
3 34-XBD2 17.000.00=== 0.214+0.00° 0.608+0.00== 3.88+0.004= Eaa s
4 34 WEB1 8.00+0.00%= 0.054+0.00++  0.740.00== 3.8300.002= ++
4J:| o
5 34 UD5 4.50+4.49== 0.055+0.064*  1.090+0.08==  5.786+0.16+ +
6 34 CONTROL 0.000.00 0.000.00 0.948+0.00* 3.767+0.00=+ NA 0 f=
3 5.1745.164= 0.077+0.08-% 1.28940.074  §.829+).39- + I
R . . . 0 L ; =l . =
7 35 UD5 1.00+1.00= 0.008+0.01%*  0.710+0.07%%  5.752+0.39+ +
8 20.00+3.73= 0.213+0.12= 0.938+0.08%* 6.520+0.92%= Eaa s
9 35-X534 9.50+4. 770 0.084+0.055+ 0.840£0.17= 1.344+0.78+n ++
10 10.00+6.43% 0.087+0.06"*  (0.891+0.13+= 57294055~k R
11 35 CONTROL 0.00+0.00= 0.000+0.00= 1.089+0.15v=  5.587+0.31= NA
12 36_WE1 2.000.00w= 0.021+0.06%" 0.648+0.00== 3.806x0.004= + Table 3. COI’re|atI0n matrix (Pearson (n_l)
13 36-XBD2 1.50+1.49= 0.004+0.004%> (0.406+0.23==  2.466+1.26°< + Variables Nodules Shoot Shoot Nodule
No/plant FW DW DW
14 36_XBQ5 0.00+0.00= 0.000+0.00" 0.342+0.00==  2.0060.00= - -
Nodule No /plant 1 0.0254 0.089 0.973
; . 15 36_CONTROL 0.0020.00= 0.000+0.00= 0.362+0.00===  2.203x0.00+ NA Sh oot FW 0 254 1 0 897 * 0 2 15
*
(L5D) p=02s 8.632 0.1036 0.5473 27635 Shoot DW 0.089 0.897 1 0.064
Nodule DW 0.973* 0.215 0.064 1
Pr>F Model =0.001 0.0006 0.0004 0.0001
Strain =0.001 <0.001 0.1893 0.1639
entry =0.001 0.0004 =0.0001 <0.0001
entry* strain 0.212 0.4714 0.2424 0.23352
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Table 4. Nodulation compatibility of Vigna subterranea landraces with different

rhizobia species from other legumes. (+++ highly, ++ moderately, + less compatible)

Rhizobium V. subterranea Nodulation Original legume
strain landrace compatibility host species
XBD2 +H+ C. tetragonoloba
XBD2 +++ C. tetragonoloba
XBD2 +++ C. tetragonoloba
XBD2 +++ C. tetragonolobu
XBD2 ++ C. tetragonoloba
XS34 +++ A. hypogeae
XS34 +++ A. hypogeue
XBQ5 SB 14-7B +H+ D. uncinatum
WB1 +++ G. max

XS34 ZRS4 ++ A. hypogeae
XBD2 MV 51-5-1C + C. tetragonoloba
XBD2 S1Sell ++ C. tetragonoloba
XS34 S1Sell ++ A. hypogeae
XBQO5 MV 67-1 ++ D. uncinatum
XBQ5 ZRS3 + D. uncinatum
WB1 ZRS3 + G. max

UD5S ZRS3 + P. vulgaris

uUD5 ZRS4 + P. vulgaris

UD5 S1 Sel 1 + P. vulgaris
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2 10 nodules/plant formed by nine of the interactions
Rhizobium strain XBD2 showed nodulation compatibility
with 11/12 of the landraces, forming 20 nodules/plant with
landrace ZRS4 (entry 35)

High nodulation compatibility with five of the landraces
X534 showed high nodulation compatibility with landraces
ZRS3, and MV 67-1

XBQ5 was highly compatible with landrace SB 14-7B

WB1 (unusual) was highly compatible with ZRS4 but
incompatible with the rest of the landraces

UD5 was the least compatible strain
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Methodology Il — Bacterial Identification

16S rRNA and recA Genes Sequencing

* Rhizobia grown in Trypton Yeast Extract (TY) broth (100 ml), 280C, 150 rpm, 24 -48 h

* DNA extracted from 2 ml culture suspension using Wizard®Genomic DNA purification kit

* DNA quantified by measuring the absorbance of light at 260 nm

* PCR amplification: 50 ul total rxn (10l Go taq flexi buffer, 1.5 mM MgCl2, 200 pl dNTPs,
1.25 U Go Taq polymerase, 0.8 uM each primer, 0.5 ug DNA template. (Sent to Ingaba

Biotech, Pretoria)
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Target Primer pair PCR cycles Reference
_gene
16S rRNA fD1 (5’-AGAGTTTGATCCTGGCTCAG-3’) 95°C 3 min. 35rounds of | Weisberg
rD1 (5’-AAGGAGGTGATCCAGCC-3’) thermal cycling (94°C et. al 1991
1lmin, 72°C 2 min, 72°C 3
min.
recA recA-63F (5'-ATCGAGCGGTCGTTCGGCAAGGG-3’) 95°C, 5min. 30 rounds of Guant
recA-504R (5’-TTGCGCAGCGCCTGGCTCAT-3’) thermal cycling (94°45s, 50°C, | et al. 2001
60s and 74°C, 90s
Phylogenetic Analysis

 Bioedit and Chromas Lite

* Consensus sequence BLASTn search on NCBI and EzBioCloud (https://www.ezbiocloud.net)

* Alignment with type strain using MAFFT online programme
* Neighbor Joining phylogenetic tree, Tamura-Nei statistical model, 1000 bootstrap reps
* MLSA tree — concatenated recA and 165 rRNA sequences

* All sequences deposited at the NCBI GenBank library (accession numbers on Phylo trees)
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https://www.ezbiocloud.net/

Result & Discussion: Sequence analysis and phylogeny

EZ wln DASHBOARD  APPS  TOOLS  RESOURCES HOWTOCITE  ABOUT
BioCloud

Tasks Name Top-hit taxon Top-hit strain =~ Similarity (%) Top-hit taxonomy Completeness (%)

e Rhizobium tropici o e Ea.ctraﬂ.a:ProteobactE'la:AIp"|aproteobacterm;Rmzobmles;Rh|zob|aceae; -
hizobium

a

e Bradyrhizobium elkanii USDA 76 000 BactE'ia:Prgteobacte*ia:Al|::u"|apruteubacteria;F-'nizubiales;Nitrobacte*ac 005
eae;Bradyrhizobium

a

e Bradyrhizobium zhanjiangense e T BactE'ia:PrgteoPacte*ia;Alp"|aproteobacteria;F-'nizobiales;Nitrobacte*ac -
eae;Bradyrhizobium

a

XBQS Bradyrhizobium elkani USDA 76 9710 Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Nitrobacterac

a

eae;Bradyrhizobium

XS34 Bradyrhizobium centrosematis A0 100.00 BactE'ia:Prcfteol:.:uactE'ia:AIpwaproteobacteria;F-'.wizobiales;NitrobactE'ac 923
eae;Bradyrhizobium

a
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Consensus Sequence ... i

3. Bradyrhizobium_elkanijUSDA_TB(KBIOOT0)

Alignment- MEGAX  :ieimcenon=

&. Rhizobium_mutihospitium_HAMB_2975_(1052813) 2 &GCBCAGGGAAAC TTETEGC TAATACCEBTATET - - - - - - - - - - - -
7. Rhizobium_hainanense_CCBAL_S7015_(FMAC01000030) AcC|Blc MGG GEAAAC TTETEC TAATACCBTATET| - - - - - - - - - - - -
2. Rhizobium_rhizogenes NBRC_13257_(BAYX01000035) A&CEBCAGGEAAAC TTETEC TAATACCBTATET - - - - - - - - - - - -
9. Rhi _leguminosarum_USDA_2370_(MRDLO1000020) AC|Glc MG e G A A AC TTIETEC TAATACCEBTATET| - - - - - - - - - - - -

10. Rhizobium_laguerreae_FB206_(MRDMO1000018y = ACEBCAGSGEGCASNANC TTETEC TAATACCETATET - - - - - - - - - - - -
11. Bradyrhizobium_elkanii__S5170D_(_MT501097.1) TIGAGIGIGIAAAIC T TIC AEIC TAATAC C BEATAAEC - - - - - - - - - - - -
12. Bradyrhizobium_elkanii NACS0_(MK872345.1:26-1335_) TIEAEGEAMAIC T T C AESC TAATAC CEEATAAMESC - - - - - - - - - - - -
13. Bradyrhizobium_elkani__USDA_76_(MN338958.1)y 2 TIGAGGIEGAMAIC T TIC AEC TAATAC CBEATAAEC - - - - - - - - - - - -
14. Bradyrhizobium_elkanii__CUR_S25*2_(MK228880.1 = TEAGGGEAAAC T TCAGC TAATAC CEBEATAAGSC - - - - - - - - - - - -
15. Bradyrhizobium_zhanjiangense_CCBAU_(CP022221.1_) HCMCAGEGGA NN C T TETEC TAATAC CEGEAT AW - - - - - - - - - - -
16. Bradyrhizobium_canariense_CCBAU_(GU4334551)  ACAC AGGGASNANC TTETGEC TAATACCEEATAN - - - - - - - - - - - -
17. Bradyrhizobium_zhanjiangense_51404_(MT501103.1)  SC M C AIGIGIGASA C NS TG C T AR AC CIBEAT Aw - - - - - - - - - _ - _
18. Bradyrhizobium_japonicum_SEMLA_5435_(FJ025088.1) SCACAGEGASNNC T TETGEC TAATACCEEATAN - - - - - - - - - - - -
19. Bradyrhizobium_iriomotense__ ARRS02(LMI94098.1)  HCAC AGGIGA A C T S TG C T AA T AC CEBEA T s - - - - _ _ _ _ _ _ _
20. Bradyrhizobium_centrosematis__pd2-5_(MK5181551) CACAGEEAAAC T ITETGEC TAATACCEEATAAS - - - - - - - - - - - -
21. Bradyrhizobium_guangxiense_CCBAU_S3363_(CP022219. 12 /Al C MUGHENEA A A C T TG IGI C (AART AN C C IGNEA I saie - - - - - - - - - - -
22. Bradyrhizobium_japonicum_SEMLS_6420_(AY904786.1 CACAGEGEAAAC T ITETGEC TAATACCEEATAAS - - - - - - - - - - - -
23. Bradyrhizobium_betas_ PLTHG1_({CP044543.1}) = BISICINGHANE C C & C GRANT A C IANSIC BARINC CIC il - - - - - - - - - - - -
24 Bradyrhizobium_japonicum_S14C_(MK7821331) = CACAGEGEA LA C T TG TGEC TAATAC C BEATAAE - - - - - - - - - - - -
25. Bradyrhizobium_diazoefficiens_USDAGZ_(MK782144.1) A C GGG A A C T TG G C (AAN AN C C IGNEA I ane - - - - - - - - - - -

26.XBQ5 L e e m e
2yuws  HcgchaEeeaAAAcTTETECTAATAccE@TATET- - - - - - - - - - - -
22w@t  BTBCTGATCCACGATTACTAGCGATTCCAAC - - - - - - - - - - _
1.X534
2 XBD2
3. Bradyrhizobium_ekaniiUSDA_T6(KBS00T01)
4 Bradyrhizobium_icense_LMTR_13_(CP016428)
5. Rhizobium_tropici_CIAT_889_(CPO04015)
6. Rhizobium_muttihospitium_HAMB_2875_(1052313)
7. Rhizobium_hai _CCBAU_S7015_(FMACI1000030)
8 R T . NBRC_13257_(BAYX01000035)
9 R | um_USDA_2370_{MRDL01000029)
10. Rhizobium_laguerreas_FB206_(MRDMI1000018)
11. Bradyrhizobium_elkanii__5170D_(_MTS01097.1)
12. Bradyrhizobium_elkanii NACE0_(MKST2345.1:26-1335_)
13. Bradyrhizobium_elkanii_USDA_76_(MN338958.1)
14. Bradyrhizobium_elkanii_CUR_S25°2_(MK228880.1
15. Bradyrhizobium_zhanji . CCBAU_(CP022221.1_)
16. Bradyrhizobium_canariense_CCBAU_(GU433455.1)
17_ Bradyrhizobium_ _5140A_(MT501103.1)
18. Bradyr _SEMIA_5438_(FJ025098.1)
19. Bradyr L __ARRE02(LMZ94098.1)
20. Bradyrhizobium_ is__pd2-9_(MKS19158.1)
21. Bradyrhizobi jense_CCBAU_S53363_(CP022219.
22 Bradyrhizobium_japonicum_SEMIA_6420_(AY904785.1
23. Bradyrhizobium_bstae_PLTHG1_(CP044543 1)
24, Bradyrhizobium_japonicum_S14C_(MK782133.1) -_—
25, Bradyrhizobium_diazoefficiens_USDAGZ_(MK782144.1)
26. X805
27_UD5 - - -
28.WB1
N—
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Bradyrhizobium centrosematis pd2-9 (MK519159.1)
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0
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10| UD5

9 Rhizobium rhizogenes NBRC 13257 (BAYX01000035)
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09| Bradyrhizobium japonicum USDA122 (AY591562.1)

9 WB1 (0Q266918)

_l_—1 Bradyrhizobium iriomotense ARR602 (LM994254.1)

Bradyrhizobium kavangense 14-3 (KM378399.1)

— Bradyrhizobium frederickii CNPSo 3426 (MK682710.1)

— Bradyrhizobium nanningense CCBAU 53390 (KC509274.1

—l__ Bradyrhizobium centrosematis A9 (KC247145.1)

9 L Bradyrhizobium guangxiense CCBAU 53363 (KC509279.1)

Bradyrhizobium canariense CCBAU 51257 (GU433529.1)

Bradyrhizobium zhanjiangense CCBAU 51787 (KX683408.1)
Phyllobacterium rubiacearum ATCC 43591(AJ294

8
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O O

0.050

Rhizobium laguerreae FB206 (JN558681.2)
Bradyrhizobium pachyrhizi VAm13-2 (LC107306.1)

g Rhizobium hainanense CCBAU 57015 (HM047132.1)
g Rhizobium tropici strain Hm7 (KU175244.1)
5 Rhizobium tropici strain RHM14 (JQ085274.1)
9| I xBD2 (ON673126)

N

Rhizobium tropici strain BR 322 (MN272181.1)
o | Rhizobium tropici strain BR 850 (JF318198.1)
UD5 (ON673113)

XS34 (ON673111)

Rhodobaéter sphaeroides (X72705)
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Bradyrhizobium icense LMTR 13
Bradyrhizobium paxllaeri LMTR 14
Bradyrhizobium elkanii USDA 76
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Bradyrhizobium sp.SEMIA 6069
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Bradyrhizobium sp. CCBAU 33039
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Bradyrhizobium kavangense 14-3
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Bradyrhizobium japonicum SEMIA 5080
Bradyrhizobium centrosematis A9
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Bradyrhizobium frederickii CNPS03426
Bradyrhizobium nanningense CCBAU 53390
Bradyrhizobium guangxiense CCBAU 53363

Cupriavidus taiwanensis LMG 19424
Rhizobium laguerreae FB206

Rhizobium tropici Hm7

Rhizobium hainanense strain CCBAU57015
(

Rhizobium tropici USDA 9030



Concluding Remark |
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Limited information on the symbiotic interaction of V.

Symbiotic interaction of bambara groundnut (Vigna subterranea)

subterranea to nodulate with other rhizobia within or outside tandraces with rhizobia spp. from other legume hosts reveals

promiscuous nodulation
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Three of the legumes (Desmodium uncinatum, Cymopsis i ——————
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tetragonoloba and Arachis hypogeae ) belong to the same CIR

with Vigna subterranea

Assumption that bambara groundnut could be nodulated by

rhizobia isolated from legumes within its CIR
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Hast specificity

Bambara growndnut ( Vigna subremanea)) isone of the most underutilized and negected legume crop wsed for
human consumption wordwide. Unlike the common food and forage legumes, the symbiotic properties of
this legume have not been studied suffidently. This study & desgned to investigate the nodulation ampati-
blity and symbdotic performance of twelve landraces of V. subterranea with five different Rhizobla spedes
isolated from the nodules ofather legumes under glashowse conditions. Pre- germinated seedsof each land-
race planted in sterile river sand medium were inoculated with 10" cfufm] of each rhizobium inoculum sus-
pension and monitored with regular watering using nitrogen free Hoagland™s solution for six weeks. The
tatonamy and phylogeny of the five rhizobia spedes was determined wsing nucleotide sequence analysts of
the 165 rRNA and recA (DNA recombination protein) genes. A concatenated multiple sequende alignment
was used to constnect an MLSA tree to further analyze the phylogeny of the strains. S mificant differences
were ohserved among individual bambara genotypes and rhizobia strains in terms of nodule numbers and
dry weight, as well as plant biomass. Statistical analysis showed that Rhimbiastrains XBD2 and X534 identi-
fied as Bradyrhi zobium zhanglangens and B. centmosemark respectively exthibited the highest nodula ton com-
patibility in terms of nodule number and nodule dry weight with one or more bambara groundmet landraces.
This stusdy demonstrated that V. subrerannea does not shiw preference to undgue thizobia, confiming that
they are promiscuously nodulated by more than one species of rhizobium bel onging mainly to the @mwpea
miscellany cross inoculation group. The findings of this study also provide insights into the selection and
development of appropriate low cost rhizebia inoculants in the sustainable production of this unde natilized
legume for wse by smallhodde r farmers in South Africa.

& 2023 The Authors). Published by Elsevier BV on behalf of S AAB This |;anapena<.ae;;am¢|e under the OC

BY-NC-ND license (http: /jcreative comm C-mudl 4.0

1. Introduction

thatgmws in the African continent stretching from Kenya to Senegal
ard from the Saham to South Africa and Madagascar (Swanevelder

While several agricultural research projects done in the past tradi-
tonally focused on staple crops, scientists in developed countries
have given litte attention to underutilized and neglected crop spe-
ces. One such example of an underutilized crop is bambara ground-
nut (Vigno subtemranea (L) Verde.) a legume crop used for human
consumption in many parts of the world particulady in Africa. Bam-
hara groundnut is typically known to be an indigenous legume crop

* Carmespanding authar.

Bzl anelebrescs - Harsmen Al

https: org10.1 016/ =ji

1998; Murevanhema etal., 2013 ). This legume is very well known for
its advantages ower many other legumes in terms of its high nutri-
tional valies and it is ranked as the third grain legume after ground-
nut and cowpea ( Gnangui etal., 20019). The seed contains about 49% -
65X carbohydrate, 15 — 25% protein, 5.2% - G.4% fiber and 32% - 44%
ash and the bambara nut is known to be richer in essential amino
acdds than groundnut (Murevanhema et al., 2013; Mubaiwa et al.,
2018). W subrernrnegn is cultivated either as a monoculture, in rota-
ton with cereals or in mixed culture with cereals and is characterized
by its drought tolerance and thrives in nutrent poor soils by forming

(254 6299 f0 2023 The Authar(s | Pu'hluhed'hy Elsevier BV.an behalf of SAAB.This is an o pen access artide under the CC BY-NC-ND license

(hitp: jormativecommens arg licenses fry-nond/40/)
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Concluding Remark......

Three, out of the five rhizobia strains induced nodulation in more than one landrace

Despite the variation in symbiotic performance, rhizobia strains from Arachis hypogeae (XS34),
Cyamopsis tetragonoloba (XBD2), Desmodium uncinatum (XBQ5) formed pink, effective
nodules on V. subterranea

The least nodulation compatibility (or not at all) with bambara groundnut was exhibited by
rhizobia strains from Phaseolus vulgaris (UD5) and Glycine max (WB1)

Strains XBD2, XBQ5 and XS34 have very distinct phylogenetic placement on the NJ tree
Indication that bambara groundnut promiscously nodulates and form effective symbiosis with
phylogenetically diverse group of rhizobia

XBD2 temporarily classified as Bradyrhizobium zhanjiangense XBD2 (= SARCC-388)
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Concluding Remark......

Cowpea (V. unguiculata)

Hassen et al. 2014, 2023

46-184-SB 14-7B -XBD2 |

High potential as a commercial inoculant for under-utilized legumes in the cowpea miscellany CIG

- . Prospects for use in sustainable and climate smart agriculture with a boost for the Bioeconomy

; . * The finding of this study is highly relevant to smallholder farmers who produce under-utilized

legumes such as bambara groundnut on poor soils with no application of inoculants.
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