Genetic diversity of root nodule bacteria
Isolated from Bambara groundnuts [Vigna

subterranea (L.) Verdc] in the soils of the
drier parts of Lake Victoria basin.
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Boost food reserves now

{ (here are people out therewho still doubt that
climate change is a man-made phenomenon

. Wit a deep impact on food security, then it i
time those doubts were laid to rest,

These days, the rains are either too much leading
to flooding during which crops are washed away
0r the rains are t00 inadequate leading to crops
drﬂy‘mg Up prematurely,

Climate Smart Agriculture

> Minimal use of inorganic
fertilizers

> Improved soil health
> Minimal tillage
> Drought tolerant crops

> Intensification
agriculture

> Legume - cereal
intercrop or rotation




Why bambara groundnuts?

A highly underutilized exemplar crop (Azam Ali, 2012).
» Drought tolerant and records high yields in poor solls.
 Rich source of important nutrients.

« Forms symbiotic association with root nodule bacteria
fixing nitrogen into the soill.




Distribution of bambara

_temperate steppe
subtropical rainforest

Mediterranean
monsoon forest
arid desert
xeric shrubland
dry steppe
semiarid desert
grass savanna

tree savanna
subtropical dry forest
tropical rainforest

>»Found In most of
sub-Saharan Africa

» Has spread to
other parts of the
world Including

Malaysia, Indonesia,
Thailand, Papua
region and South
America (Somta et
al., 2013)

> Itis an emerging
food security crop




Nutritional values of bambara

Biochemical Amino acids Minerals Fatty acids
composition (9/16g N,) (mg/100g) (%)

Energy 1826KJ [Lysine 6.8 P 345 |Palmitic  23.2
Proteins 25.2% |Glutamine 16.2 |Ca 66  |Stearic 5
Oils 7.9% |Asparagine 11.1 K 1935 |Oleic 22.6
Carbohydrates 42.8% |Leucine 7.6 |Mg 350 [Linoleic  39.0
Fibres 12.8% |Arginine 7.0 |Fe 8 Linolenic 3.1

Phenylalanine 5.6 Mn 15  |Arachidic 1.6

Isoleucine 3.9 Zn 8 Bohenic 4.4
Threonine 3.5 Na 12 Eicosenoic 0.8

Tyrosine 35 |Cu 1

[Source: Mahala and Mohamed, (2010)]



Biological nitrogen fixation

» Bambara groundnut
forms N,-fixing
symbioses with soll
rhizobia (Sprent, 2009).
» Convert N, into NH,
by infecting and
establishing in plant
roots (Dakora, 2014).
»Currently, there is little
iInformation on the most
efficient groups of
rhizobia in solls of Lake
Victoria basin.




Research strategy

e |solation of root nodule bacteria
e |dentification of isolates
» Morphological identification

» Multiple gene sequencing
and phylogenetics.

»16S rRNA, nifH, nodC and
housekeeping genes atpD
and recA

« Specificity of isolates
» Evaluate symbiotic

functioning and nitrogen
fixation.




METHODS

16S rRNA, ni
nodC,

recA, ginl, atpD
genes




b) Symbiotic efficac
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Samle collection sites
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Site No.
S1 - Port Victoria 35
S2 — Kisumu 40
S3 — Kendu bay 35
S4 — Karungu 40




OUTCOMES

Morphological assavs

Rhizobia isolates on Congo Red
(a) slow growing rhizobia
(b) fast growing rhizobia

(e) Growth on YEMA at pH 6.8
(f) Gram negative rod cells

Alkaline
reaction
(38%)

Fast
Growers
(55%)

Rhizobia isolates on Bromothymol blue
(c )alkali producing rhizobia
(d) acid producing rhizobia




Molecular Analysis
nifH Gel Image

400 bp

700 bp




Diversity based on 16S rRNA gene
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16S rRNA Phylogenetic tree

® Port Victoria

¢ Kendu-bay
m Karungu

4 Kisumu
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nifH gene phylogenetic tree

® Sio-Port isolates

¢ Kendu-bay isolates
m Karungu isolates

A Kisumu isolates

56

9k FU291977: Rhizobium tropici CFN ESH25(nifH) gene
A KF677020: BAMKis1

@ KF677021: BAMsp2

HQ670655: Rhizobium sp. CCGE 510 (nifH)

B KF677015: BAMKarl

@ KF677017: BAMKbay?

@ KF677018: BAMKbay1

® KF677019: BAMsp1

A KF677022: BAMKis2

KF787886: Rhizobium vallis J15 (nifH) gene

KF053309: Agrobacterium tumefaciens CIR5 (nifH) gene

Rhizobium phaseoli (nifH) gene LMNO019

j_l KF677016: BAMKar2

EU707161: Rhizobium etli CCBAU 15521 (nifH) gene
M55226: Rhizobium leguminosarum M55226 (nifH) gene

0.2

EU113239: Bradyrhizobium sp. CCBAU 51172(nifH) gene



nodC gene phylogenetic tree

® Port Victoria

@ KF815089: BAMKbay? (nodC) gene
70

@ KF815090: BAMKbay1 (nodC) gene
95

B KF815088: BAMKarl (nodC) gene

100 11 GU128890: Rhizobium vignae CCBAU 45111 (nodC) gene

AF025852: Rhizobium hautlense SO2 (nodC) gene
94 'Rhizobium alkalisoli CCBAU 01393 (nodC) gene
KF638376: Rhizobium sp. VRI2090 (nodC) gene
@ KF815084: BAMsp2 (nodC) gene
EU056342: Rhizobium sp. CCBAU 65118 (nodC) gene
AY665788: Rhizobium leguminosarum PS25-2 (nodC) gene

— @ KF815085: BAMsp1 (nodC) gene
£|I KF815086: BAMKar2 (nodC) gene
DQ413013: Rhizobium tropici RP261 (nodC) gene

A KF815087: BAMKis1 (nodC) gene
| IJN580681: Rhizobium tropici CIAT 899 (nodC) gene
100

AY664626: Rhizobium tropici PV14-1 (nodC) gene

HM107266: Bradyrhizobium yuanmingense CCBAU 33023

¢ Kendu-bay
m Karungu o
4 Kisumu
100
52
99
56
—

0.05



logenetic tree

® Sio-Port isolates

¢ Kendu-bay isolates
m Karungu isolates

A Kisumu isolates

¥ KJ668864: BAMKbay?2
88 |HG326914: Rhizobium pusense CIP497-74 (atpD) gene
GU128894: Rhizobium vignae CCBAU 83006 (atpD) gene
AY580903: Rhizobium alkalisoli ZY36S (atpD) gene
® KJ668865: BAMsp?2
® KJ668868: BAMsp1
9 HMO070195: Agrobacterium sp. CCBAU 31169 (atpD) gene
3L HQ114263:Rhizobium etli Mim1 (atpD) gene
M KJ668866: BAMKarl
¥ KJ668869: BAMKbay1
A KJ668867: BAMKis2

JN593346: Rhizobium sp. JNVU TF20 (atpD) gene
JQO085253: Rhizobium tropicii RHM14 (atpD) gene
HMO047117: Rhizobium tropicii CCBAU 43015 (atpD) gene
oo j M KJ668862: BAMKar2
90 1A KJ668863: BAMKis1
AP009384: Azorhizobium caulinodans (atpD) gene

0.1



Symbiotic efficacy of isolates

Nodulation Dry matter weight (g. Plant 1)
Nodule Nodule Whole Shoot/
| no. plant freshwt.| Shoot Root olant Roc_Jt
Strain (0) ratio
Fast-growers
Un-inoculated 0.0 0.0 0.5 0.1 0.6 3.0
BAMsp-1 KF677015 (R. tropicii) < 240 0.4 0.3 0.1 04 33>
BAMKis-5 KF677019 (R. pusense) 12.3 0.3 0.5 0.2 0.7 22
BAMKkar-7 KF677021 (R. grahaminii) 11.7 0.2 1.1 0.5 16 21
BAMkbay-3 KF677031 (R. etli) 18 0.5 0.7 0.1 04 22
Slow-growers
Uninoculated 0.0 0.0 0.5 0.1 06 0.3
BAMsp-3 KF677011 (Bradyrhizobium sp) < 88.0 1.1 1.8 0.4 21 49>
BAMKkis- 8 KF677017 (Ensifer adherens) 67.3 1.0 1.2 0.2 0.8 23
BAMKkar- 31 KF677018(Bradyrhizobium sp) 42.7 1.2 0.9 0.3 1.2 3.6
BAMkbay-25 KF677016 (Bradyrhizobium sp) 46.7 0.6 1.1 0.4 1.5 2.7




Bambara Vs other legumes

Karungu
Bambara
Cowpeas
Groundnuts
Common beans
Kisumu
Bambara
Cowpeas
Groundnuts
Common beans
Sio-Port
Bambara
Cowpeas
Groundnuts
Common beans
Kendu-bay
Bambara
Cowpeas
Groundnuts
Common beans

Plant density
(no. m?)
< 6.9 332 16.8>
14.22 ~ 250 4422
11.32b 21¢ 8.3b¢
9.7b 372 14.6P
< 13.4% 420 38.8P>
9.2b¢ 507 54.52
18.42 27¢ 11.2d
10.7b 453 18.6¢
<520 712 62.12_>
20.02 41° 43.8P
13.8bc 35¢ 21.5¢
11.4c 62b 26.7¢
< 7.4° 37a 21,30
16.82 24D 34.92
15.22 18¢ 7.6¢
9.6b 39 16.8¢

NB: Means followed by same letter along a column are not significantly different at LSD, o5



Conclusions

The results confirm diverse groups of
rhizobium bacteria In Lake Victoria
basin soils. Rhizobium sp. is the most
dominant with Bradyrhizobium and
Sinorhizobium less dominant.

12 strains were effective on bambara
with B. japonicum, R. tropicii and R.
etll producing the highest number of
nodules,nitrogen content of leaves and
yield biomass.



hiosciences

A“Strallan § enta oundam B[[L M [LINDA E LRI
eastern and central AT

for sustainable
AIDQh agricure GATES foundation

¢

SWEDEN INEAT LA

&

-tV i W
e

===

AND THE CONFERENCE

ORGANIZERS!



Thank you for
listening




