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ABSTRACT

Laboratory and screenhouse experiment were conducted to
assess the symbiotic effectiveness (SE) of rhizobia isolated from
southern Guinea savanna, northern Guinea savanna and Sudan
savanna of Nigeria and response of promiscuous soybean
varieties, TGx1448-2E, TGx1835-10E and TGx1955-10E to
inoculation with ten indigenous rhizobia isolates. The soybean
varieties were grown on sterilized sand at the screenhouse of the
Department of Soil Science and Land Management, Federal
University of Technology Minna and watered using Sandsman’s
nutrient solution. The treatments were un-inoculated control,
mineral nitrogen (urea) and ten rhizobia isolates arranged on a
Completely Randomized Design (CRD) and replicated three
times. The rhizobia isolates were Sg4, Sg6-3, Gw5, Gw3-2, Bg3,
Bgl-4, Sk2-3, Am2, Am6-3 and Kr5-5 isolated from Sabon-gida,
Gwada, Birnin-gwari, Shika, Amawa and Karaye sites of Nigerian
savanna. The results obtained were subjected to Analysis of
Variance using statistical analysis system (SAS 2008) computer
software. The treatments mean was separated using Least
Significant Different (LSD) at 5% probability. Nodulation and
biomass yield of the varieties were assessed at six weeks after
planting. Nodules were only produced in inoculated plants, SE
was calculated. The result obtained showed that nodule dry
weight, SE and shoot dry weight were significantly affected by
the interaction between inoculation and promiscuous soybean
varieties. Generally, inoculated plants gave higher shoot biomass
gain than the un-inoculated control but lower than those treated
with urea. The difference between those inoculated and those
treated with urea was associated to environmental specificities
and higher temperature during the period of the experiment. The
SE was highest in northern Guinea savanna isolate reaching 67%
and lowest in southern Guinea savanna isolate Sg6-3 recorded
53%. The result showed an SE of less than 100% in all the
isolates which implies that the indigenous rhizobia isolates were
not superior to the mineral nitrogen.
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1 Introduction

Rhizobia are symbiotic bacteria associating with legumes that fix atmospheric nitrogen through Biological
Nitrogen Fixation (BNF) process. The rhizobia genera are able to provide the plants with macronutrients.
Rhizobia-legume symbiosis starts with complex molecular interaction of synthesized Nod factors by the
bacterium and released flavonoids by legume roots, so that both associating partners can recognize each
other and initiate nodulation [1]. Rhizobia enter root cortical cells due to the nod factors that change the
root morphology and become encased by a plant-derived membrane, differentiate into bacteroids, and fix
nitrogen [2]. [3] also observed that even in the absence of a legume host plant, rhizobia live freely in the
soil, and their community can persist for several years. As organisms that live freely, rhizobia derive their
nourishment from decaying or dead organic matter and thus contribute to organic matter decomposition
and nutrient cycling. Nitrogen fixation may be lost because the nodulation codes provided by the genetic
matetial generally exist in small packets of genetic information, called plasmids, floating like tiny “symbiosis
islands” within the bacterial cell [4]. The study of [5] demonstrated that rhizobia have diverse lifestyle and
are heterotrophic soil bacteria with some lineages having the ability to nodulate and fix atmospheric
nitrogen on legume roots. The legume-rhizobia relationship is vital for agriculture, as it may influence
greenhouse gas emission mitigation, lowering farmet’s cost, sustainability of land and soil quality.
Importance of symbiosis is majorly attributed to the rehabilitation of infertile, environmentally stressed
soils and decrease in the use of costly nitrogen-based fertilizers. With the need to reduce carbon emissions
and increase global demand for food production, the dependence on BNF as a substitute to nitrogen
fertilizers is predicted to rise [6]. Phylogenetically, rhizobia that are capable of fixing atmospheric nitrogen
in symbiosis with legumes are categorized under the class of alpha-proteobacteria and beta-proteobacteria
with majority of the species belonging to class alpha-proteobacteria, order Rhizobiales, amongst which
include Azorhizobium, Rhizobium, Bradyrhizobium, Mesorhizobium and Sinorhizobium. One impediment
to the broader use of rhizobia in agriculture is the production of compatible inoculants. Symbiotic
relationships has facilitated rapid adaptation of species to differing new niches [7], nutrient cycling
transformation [8] and driven diversification of organisms [9]-[10]. Organisms mostly rely on symbiotic
partnerships for some form of protection, metabolism, or energy [11]-[12]. These partnerships can be
achieved if the associating partners are aligned tightly or partners have developed mechanisms to coordinate
and control interactions [13]-[15].

Nitrogen is found to be the most limiting nutrient element required for plant growth and development [16]
and as such, average soybean yield on marginal soils of Nigeria is below 1 ton ha [17] whereas a yield of
about 2.5 - 3.0 tons ha'! is possible [18]. The abuse of inorganic nitrogen fertilizers lead to severe pollution
problems and it requires high amounts of non-renewable fossil energy for production and thus releases
greenhouse gases [19]. Therefore, the association between rhizobia and legumes for BNF is the best
approach because it utilizes energy produced during photosynthesis and is globally friendly [20]. Although
rhizobia live freely in the soils but native strains are not essentially effective Nitrogen fixers, and the elite
rhizobia strains overtime lose significant levels of nitrogen fixation [21] as there are environmental
specificities, substantial host and strain that limit the process of nitrogen fixation [22]. Improved legume
production by inoculating the soils with the compatible and effective bacteria for effective BNF is not
feasible and where the native bacteria population is low, inoculation is required [23]. Hence the need to
screen native strains that are symbiotically effective with TGx varieties that are promiscuous.
Atmospheric nitrogen is being metabolized and converted into nitrogen compounds that the plant can take
up by rhizobia; this takes place on plant roots structure called nodules. During this process, carbon
substrates obtained from photosynthesis is utilize by rhizobia, and thereby enriching the crop with nitrogen
represents a significant cost to both farmer and the environment. Biological nitrogen fixation (BNF) is less
costly and more sustainable but most African soils have characteristic low levels of BNF activities and
usually do not enhance high yields of soybean without external application of soybean rhizhobia or addition
of chemical nitrogen fertilizers [23]. The BNF resulting from rhizobia associating with legumes can benefit
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both the host crop and subsequent crops [24] and as such, up to 200 kg N/ha can be fixed by soybean
plants associating with rhizobia per year thereby the abuse of nitrogen fertilizers which are expensive and
environmentally harmful is reduced [25]. Furthermore, with economically important non-legume crops
such as wheat or rice, rhizobia may also act as non-symbiotic plant growth-promoting bacteria (PGPB)
[26]. For all these reasons, the association between legume and rhizobia has been widely studied as a
beneficial association for sustainable agtriculture and as a model of mutualistic associations.

The aim of this research is to investigate the effectiveness of ten rhizobia isolates obtained from Nigerian
savanna. The objectives access growth and nodulation characteristics of three (3) promiscuous soybean
varieties, investigate response to inoculation of these varieties with the rhizobium isolates and investigate
symbiotic effectiveness of these rhizobia isolates associating with soybean varieties.

2  Materials and Methods
2.1  Study Area

The experiment was carried out at the greenhouse of Federal University of Technology Minna at latitude
of 99 32" 0.5" N and longitude 6° 27" 8.6” E. Minna is located on latitude 9° 36’ 54.86” N and longitude 6°
32’ 51.94” L, it is found in the Southern Guinea Savanna vegetation zone of Nigeria. The mean annual
rainfall of Minna is about 1300mm, has a sub-humid climate and a distinct dry season from November to
March which is about 5 months duration [27]. This region is characterized by double rainfall maxima with
fluctuation in amount of rainfall received per year. The rainy season starts at most time in April and persist
till October [27].

2.2 Soil Description and Vegetation

The soils of the guinea savanna and Sudan savanna zone as described by Food and Agricultural
Organization is found on extensive crystalline basement complex which are intrusive igneous rock that
have been in existence since the Precambrian time. They are made up of ferruginous tropical soil which is
derived from intensive weathering and granitization of the basement which are mostly magmatites, gneiss,
granite and schist. The vegetation in the guinea savannah zone consists typically of tall grasses (pennisetum,
andropogon, panicum, chloris) and short trees (mangoes, locust bean trees, shea butter trees) comparatively
with the Sudan savanna that consists of fewer trees and shorter grasses such as Acacia, Tamarind trees. The
region which consists of mixed grassland and forest provide habitation for a range of species from large

mammals to more localized small species.

2.3 Sand Washing, Autoclaving and Pot Filling

The sand was collected from a river side, washed for numerous times to remove other soil particles present
and available nutrients which atre soluble. The sand was however sterilized using an autoclave machine at a
temperature of 121 °C for 20 minutes; the purpose of this was to kill all microbes present in the sand particle
and thereby making it sterile. The poly pots were filled with 2.5 kg of the sterilized sand which served as

the growth medium.

2.4  Sandman Nutrient Preparation and Basal Application

The nutrient solution was prepared according to Sandman’s procedure as follows; Stock solution of iron
was prepared by dissolving 5g each of FeS04.7H>O and Citric acid in 1000 mls of distilled water. Thereafter,
micronutrient solution was prepared by dissolving CuS04-5H.O (0.157 g), ZnS0,.7H.O (0.44 g),
MnS04-7H20 (3.076 g), (NH4)sM07024.4H20 (0.02 g) and H3B03 (2.26 g) in 1000 mls of dissolved water. The
calcium solution in which 200ml was added to the sand before sowing was obtained by dissolving KNO3
(0.2 g) and CaS04 (2.5 g) in 100 mls of distilled water. The watering medium was therefore achieved by
dissolving KCI (0.149 g), MgS04-7H2O (0.493 g), KoHPO4 (0.348 g), 5 ml of iron solution and 5 ml of
micronutrient solution into 1000 mls of distilled water.
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2.5  Treatments and Experimental Design

The potted experiment was laid out on a Completely Randomized Design (CRD). The factors were soybean
varieties and rhizobia isolate. The treatments were three (3) soybean varieties (TGx1835-10E, TGx1448-
2E and TGx1955-10E) inoculated with ten rhizobia isolates (Sg4, Sg6-3, Gw5, Gw3-2, Bg3, Bgl-4, Sk2-3,
Am2, Am2-3 and Kr5-5), a plus-nitrogen N+ and a control (minus-nitrogen N-). All treatments were
replicated three times.

2.6 Planting and Crop Management

Soybean varieties obtained from Institute for Agricultural Research (IAR) Samaru was surface sterilized by
washing in 5 % hypochlorite solution for few moments to remove the trapped air and waxy material. The
seeds were then rinsed in five changes of distilled sterile water. The filled poly pots were watered with
Sandman solution to field capacity prior to planting of the seeds. Four well-spaced holes were made in the
poly pots filled with sterilized sand after which one seed was placed in each hole and propetly covered.
Watering was done frequently with the prepared Sandman solution. At one week after sowing, the plants
were thinned to two seedlings per pot.

2.7  Yeast Mannitol Broth Preparation and Inoculation

The inoculants were native rhizobia strains isolated from soils obtained from Sabon-gida and Gwada in
Niger state (Sg4, Sg6-3, Gw5 and Gw3-2), Birnin gwari and Shika in Kaduna state (Bg3, Bgl-4 and Sk2-3)
and Amawa and Karaye in Kano state (Am2, Am6-3 and Kr5-5). These rhizobia isolates represent groups
under high, medium and low symbiotic effectiveness. Prior to inoculation, each of these isolates were
cultured on Yeast Mannitol Broth (YMB) in slant bottles. Note that YMB contains: 5 g Mannitol, 0.25 g
K>HPO4, 0.1 ¢ MgSO4.7H20, 0.05 g Nacl, 0.5 g CaCOs, 0.5 g Yeast Extract in 500 ml of distilled water.
The culturing was done for 5 days at 25 — 28 °C on a rotary shaker at 100 rev/min. Thereafter, cultures in
YMB were dispensed at the base of the plants using a fresh syringe for each isolate at the rate of 5 ml per
plant.

2.8 Harvesting and Tissue Sampling for Symbiotic Effectiveness

The plants were harvested at 6 weeks after sowing. Sand was removed carefully, and the nodule number
was determined. The plant shoots and nodule weight on dry weight basis was then obtained after drying
for 3 days in an oven at a temperature of 65 °C. Percentage symbiotic effectiveness (%SE) was scored on
the basis of increased shoot dry weight and accumulation of the inoculated plants in comparison with the

un-inoculated controls as follows:

Percentage symbiotic effectiveness (%oSE) = % % 100.

Where d-n is the dry weight of plants without N supply while d+n is the dry weight of plants with N supply.
Nodules were also collected and stored on a silica gel in refrigerator to be recovered later for further
rhizobial isolation and purification in the laboratory.

2.9  Statistical Analysis

All the obtained data from the experiment were subjected to analysis of variance (ANOVA) at 5 % level
of significance using the SAS window version 9.1 [28]. The treatments mean was separated by using least
significant difference (LSD).

3 Results

3.1  Main Effect of N-sources on Shoot Biomass, Nodulation and Symbiotic Effectiveness on Soybean
Varieties

The main effect of rhizobia inoculation on nodulation and shoot dry weight is shown in Table 1. Nodulation

of promiscuous soybean varieties with indigenous rhizobia isolates across all treatments were observed in

the experiment. The control plants produced no nodules. The number of nodules formed by the isolates

differed significantly with isolate Bgl-4 producing the highest number that was not statistically different
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from the number of nodules produced by isolates Gw5, Sk2-3 and Kr5-5. Isolates Sg4, Gw3-2, Bg3, Amo-
3 and Sg6-3 recorded nodule numbers that were not statistically different (P<0.05) while isolate Am?2

produced the least. The highest nodule weight was observed in plants inoculated with isolate Bg1-4 while
Sg4 and Gwb5 produced nodule weights that were not significantly different from those of plants inoculated
with isolate Bg1-4. Nodule weight of plants inoculated with isolates Sg6-3, Am6-3, Am2, Sk2-3 and Gw3-
2 were not significantly different from one another but they were different from the nodule weight of Bg3
inoculated plants. The interaction effect of inoculation and variety was highly significant (P<0.01) on shoot
biomass but only significant (P<0.05) on nodule dry weight and symbiotic effectiveness which was not
significant on nodule number.

Table 1: Main Effect of N-sources on Shoot biomass, Nodulation and Symbiotic Effectiveness on Soybean

Varieties

Treatment Shoot dry weight Nodule number Nodule dry weight Symbiotic

(g plant™) (g plant?) effectiveness (%)
N-Sources
Control 1.75¢ 0.00¢ 0.00¢ 0d
Urea 3.612 0.00¢ 0.00¢ 0d
Sg4 1.96¢% 1.11b¢ 0.038%® 55¢
Sg6-3 1.87% 1.11b¢ 0.012¢de 53¢
Gwbs 2.07¢ 1.44% 0.029%¢ 59be
Gw3-2 2.00% 1.00%¢ 0.016%e 55¢
Bg3 2.03@ 1.11b¢ 0.019« 58b¢
Bgl-4 2.35° 2.228 0.0412 672
Sk2-3 2.21P¢ 1.44% 0.016%e 63
Am2 1.97¢% 0.44% 0.005¢% 56¢
Am6-3 1.91¢% 1.22b¢ 0.013cde 54¢
Kr5-5 1.94d 1.78% 0.022b¢d 55¢
Significance ** * * **
LSD (0.05) 0.23 0.97 0.019 6.41
Variety (V)
TGx1448-2E 2218 0.942 0.021° 46°
TGx1955-10E 2.212 0.922 0.013? 41°¢
TGx1835-10E 1.99° 1.36° 0.019? 572
Significance * NS NS **
LSD (0.05) 0.11 0.48 0.009 3.21
Interaction
1*V ** NS * *

*p < 0.05 significant, ** p < 0.01 and NS= not significant
Means with different letter (s) indicated in the columns are significantly different (p < 0.05).

3.2  Effect of Interaction Between N-source and Variety on Shoot Biomass (g plant?)

Table 2 shows the interactive effect between N-source and variety on shoot biomass. The highest shoot
biomass was observed when TGx1955-10E was treated with urea followed by the shoot biomass of
TGx1448-2E and TGx1835-10E in that arrangement. Averagely, Bg3 produced the highest shoot biomass
regardless of the variety. TGx1955-10E accumulated the highest shoot biomass when inoculated with Sg4,
Gwb5, Gw3-2 and Am?2 isolates. TGx1448-2E on the other hand accumulated highest shoot biomass when
inoculated with Bg1-4, Am6-3, Kr5-5 and Sg6-3 isolates respectively while TGx1835-10E recorded highest
shoot biomass only when inoculated with Sk2-3 isolate.
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Table 2: Interaction between inoculation and soybean varieties on shoot biomass

Variety

TGx1448-2E TGx1955-10E TGx1835-10E
N-sources
Control 1.99f9niik 1.72i 1.52'
Urea 3.78° 4,182 2.86°
Sg4 2.03f9niik 2.0719nii 1.79hik
Sg6-3 2.18¢fon 1.78K 1.674
GwS 2.01f9hiik 2.220¢f 1.9gfaniik
Gwa3-2 2.059hilk 2.069hiik 1.889nik!
Sk2-3 2.089ni 1.909niK! 2.12fhi
Bg3 1.94¢9hiik 2.55¢¢ 2,57
Bgl-4 2.340%f 2.0779nii 2.210%fg
Am2 1.99fgniik 2.03faniik 1.889nik!
Am6-3 2.07"9nii 1.95fgniik 1717k
Kr5-5 2.04faniik 2.04aniik 1.74iK
SE+ 0.139

Means with different letter (s) indicated in the columns are significantly different (p < 0.05).

3.3  Effect of Interaction Between N-sources and Variety on Nodule Weight (g plant?) of TGx Soybean
Varieties

The interaction between N-sources (inoculation) and soybean variety is shown in Table 3. The highest
nodule weight of 0.078 g/plant was observed in TGx1448-2E when inoculated with isolate Sg4. TGx1955-
10E and TG1835-10E however produced nodule weight of 0.016 g and 0.019 g plant! respectively when
inoculated with isolate Sg4. Isolate Am?2 of Sudan savanna origin did not nodulate with TGx1448-2E and
TGx1955-10E but nodulated with TGx1835-10E. Isolate Gw5 produced heavier nodules on TGx1835-
10E than TGx1955-10E and TGx1448-2E respectively. Nodules produced on TGx1835-10E by isolate
Bg3 was heavier than nodules produced on TGx1448-2E and TGx1955-10E in that order. This trend was
also observed when these varieties were inoculated with isolate Gw3-2. Isolate Sk2-3 produced heavier
nodules TGx1955-10E and lighter nodules on TGx1448-2E (0.009 g plant!). This pattern was observed
when these varieties were inoculated with isolate Bgl-4. Isolate Am6-3 produced heavier nodules on
TGx1955-10E than TGx1448-2E and TGx1835-10E respectively. Nodules produced on TGx1448-2E by
isolates Kr5-5 and Sg6-3 was heavier than nodules produced on TGx1835-10E and TGx1955-10E in that

order.

3.4  Effect of Interaction Between N-source and Variety on Percentage Symbiotic Effectiveness of
Rhizobia Isolate

The interactive effect between N-source and variety on percentage symbiotic effectiveness (SE) is shown
in Table 4. The highest SE of 90 % was observed when TGx1835-10E was inoculated with Bg3 isolate
while the lowest SE (42 %) was observed when TGx1955-10E was inoculated with Sg6-3 isolate. TGx1835-
10E recorded the highest SE value when inoculated with all the isolates. With the exception of Bg3,
inoculation with the isolates produced SE values with TGx1448-2E next to the values recorded by
TGx1835-10E.

ISSN: 2456-7108
Available online at Journals.aijr.in


https://journals.aijr.in/index.php

30

Bolarinwa et al., Adv. J. Grad. Res.; Vol. 5, Issue 1, pp: 24-32, January 2019

Table 3: Interaction between inoculation and soybean varieties on nodule dry weight

Variety

TGx1448-2E TGx1955-10E TGx1835-10E
N-sources
Control 0.000¢ 0.000¢ 0.000¢
Urea 0.000¢ 0.000¢ 0.000¢
Sg4 0.078? 0.016°f 0.019¢defy
Sg6-3 0.028Pedefy 0.003 0.005%
Gwbh 0.014¢f9 0.024¢cdefo 0.051%¢
Gwa3-2 0.015¢f 0.010 0.022¢defy
Sk2-3 0.0091 0.035Pedef 0.013f
Bg3 0.049%cd 0.016°f 0.057%
Bgl-4 0.005% 0.026Pcdefo 0.017¢f
Am2 0.0009 0.000¢ 0.017¢f
Am6-3 0.010f 0.020¢defo 0.008f
Kr5-5 0.0463bcde 0.0019 0.018¢%fo
SE+ 0.012

Means with different letter (s) indicated in the columns are significantly different (p < 0.05).

Table 4: Interaction between inoculation and soybean varieties on percentage symbiotic effectiveness

Variety

TGx1448-2E TGx1955-10E TGx1835-10E
N-sources
Control om om om
Urea om om om
Sg4 54fohijk 49hik 630"
Sg6-3 57¢fonij 42! 5 gdefghi
GW5 53fonijKi 53fonijKi 69ped
Gw3-2 54Tohijk 49N 66
Sk2-3 55efahiik 454 74b¢
Bg3 519Nkl 619efo 902
Bgl-4 62%fg AQNiK 7gb
Am2 53fonijKi 481K 66
Am6-3 55efghijk 47K 5gdefan
Kr5-5 54fahijk 49hiiki 6190
SE+ 3.94

Means with different letter (s) indicated in the columns are significantly different (p < 0.05).
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4

Conclusion

From the study, only isolate Am2 did not form nodules with TGx1448-2E and TGx1955-10E but
nodulated on TGx1835-10E. Generally, with the exception of isolate Bg3 and Bg1-4, higher shoot biomass
gain was observed with TGx1448-2E and TGx1955-10E when inoculated with the isolates, but a lower
shoot biomass gain was observed with TGx1835-10E upon inoculation with the isolates. Therefore, there

was variation in the percentage symbiotic effectiveness of the rhizobia strains associating with these

varieties.
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