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Abstract
Recent survey in the Soubré region of Côte dʼIvoire has showed high soil fertility depletion. The cost of mineral fertilizer is high and does
not always yield a positive return on investment. Soybean can use atmospheric nitrogen through biological fixation by establishing a
symbiotic relationship with Rhizobium bacteria. Nitrogen (N) is subject to intense chemical and microbiological transformation processes
and is, therefore a very mobile nutrient element in the soil-plant-atmosphere continuum. A study was conducted at Logboayo and Soubré
to evaluate the effect of IRAT-FA3 Bradyrhizobium japonicum strain inoculum on the nodulation and some growth parameters of five
soybean varieties (Glycine max) named Canarana, Doko, V3-2013, V6-2013 and IT-235. A randomized complete block design with a split
plot replicated three times was used. Inoculation was the main factor and variety the subplot treatment. Data were collected on seedling
emergence, growth parameters and nodulation. Results showed that lowest emergence time of 6.49 Days After Sowing (DAS) was
recorded at Soubré compared to 6.91 DAS for Logboayo. Doko variety had the highest number (11) of nodules per plant in inoculated
treatments. The variety V3-2013 showed ability to nodulation with indigenous rhizobia. Seeds inoculation resulted in an increase of
nodules and growth of organs. The results of the present study opens up option for soybean to be grown along other crops in order to
address soil fertility problems in the project area.

Key words: Glycine max, Bradyrhizobium japonicum, inoculation
Received: November 24, 2015

Accepted: January 30, 2016

Published: March 15, 2016

Citation: J.C. NʼZi, A.P. Koua, J. Kahia, K.D. Kouassi, A.S.P. Nʼguetta and C. Kouamé, 2016. Evaluating nodulation and its effects on some agromorphological
parameters of soybean varieties (Glycine max L.). Asian J. Plant Sci., 15: 26-34.
Corresponding Author: J.C. NʼZi, World Agroforestry Centre (ICRAF) Côte dʼIvoire Country Program, BP 2823 Abidjan 08, Côte dʼIvoire
Copyright: © 2016 J.C. NʼZi et al. This is an open access article distributed under the terms of the creative commons attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.
Competing Interest: The authors have declared that no competing interest exists.
Data Availability: All relevant data are within the paper and its supporting information files.

Asian J. Plant Sci., 15 (1-2): 26-34, 2016
production (Bognonkpe and Becker, 2009). According to
Nhamo et al. (2003) and Stajkovic et al. (2011), besides their
major role in the traditional diets throughout the world,
legumes provide a multiple benefits to both soil and other
crops through intercropping. The present study is part of a
wide program geared towards addressing food security in the
Nawa region of Côte dʼIvoire (NʼZi et al., 2015). The objective
of this study was to investigate the effect of IRAT-FA3
Bradyrhizobium japonicum strain inoculum on the nodulation
and its effect on some growth parameters of five soybean
varieties.

INTRODUCTION
Soybean (Glycine max L.) is an annual herbaceous plant
of the family of Fabaceae native of Eastern Asia. It is a legume;
cultivated for its seeds, which are highly rich in protein and
oil (FAO., 1995; Nyabyenda, 2005). Soybean can use
atmospheric nitrogen through biological fixation by
establishing a symbiotic relationship with Rhizobium bacteria
(Van der Vossen et al., 2007). Nitrogen (N) is subject to intense
chemical and microbiological transformation processes
(hydrolysis, oxidation, reduction) and is, therefore a very
mobile nutrient element in the soil-plant-atmosphere
continuum (Stahl et al., 2002; Phongpan and Mosier, 2003).
As nitrogen is the most limiting nutrient for growth of
leguminous plants because its absence in the soil cannot
support growth (Simon et al., 2014), it is essential in plant cells
for synthesis of enzymes, proteins, chlorophyll, DNA and RNA,
plant growth and production of food and feed (Matiru and
Dakora, 2004). On the other hand, rhizobia are very important
for crop production because they form symbiotic relationship
with legume the process that converts atmospheric elemental
nitrogen into ammonia accounting for 65% of the nitrogen
presently utilized in agriculture (Matiru and Dakora, 2004;
Simon et al., 2014). Bradyrhizobium japonicum is a
nitrogen-fixing soil bacterium that has a symbiotic relationship
with the host legume soybean Glycine max (Lee et al., 2012).
Such symbiosis makes soybean less dependent on soil
nitrogen particularly in tropical regions of Africa, where
soils are deficient in nitrogen (FAO., 1995). Therefore,
legume-rhizobia symbiosis can provide easy and inexpensive
way to enhance soil fertility and improve crop production
(Roychowdhury et al., 2013). Legumes can grow in much
degraded soils because they have the ability to fix nitrogen in
association with rhizobia (Wong, 2003; Freitas et al., 2004).
Biological nitrogen fixation has gained attention in recent
years because it substitutes inorganic fertilizer and is
environmental friendly farm input essential for poor
resource farmers (Bekere and Hailemariam, 2012). It also
limits groundwaterʼs pollution by nitrates (Berrada and
Fikri-Benbrahim, 2014). As a nodulating legume, soybean
improves soil fertility by fixing nitrogen from the atmosphere
(Danso, 1992). The nitrogen fixed in the nodules by the
N-fixing rhizobia is subsequently made available for plant
growth. This is a major benefit in African farming systems,
where soils have become exhausted by continuous cropping.
This nitrogen source is important considering the scarcity and
high cost of nitrogen fertilizers (Abana et al., 2015).
In Côte dʼIvoire, most soils are deficient in nitrogen and
this deficiency is the most prominent constraint to food

MATERIALS AND METHODS
Study site: Experiments were conducted at the World
Agroforestry Centre (ICRAF) Stations in Logboayo and
Soubré, located in the Nawa Region; South-West of Côte
dʼIvoire, 5E47 08"N, 6E36 30"W, 276 m a.s.l. The mean annual
rainfall is 1360 mm and varies from 968-1767 mm. The
minimum and maximum temperature varies from 23-36EC.
The land in the two sites was previously planted with yams.
The experimental plots were located on the top of a slope
gradient of 7 and 9% in Soubré and Logboayo, respectively.
The soils characteristics are 5.6 for pH, 1.04% for soil organic
carbon, 0.1% for total nitrogen and 7.7 mg kgG1 for available
phosphorus (Diby et al., 2014). Potassium, magnesium and
calcium were 0.13, 1.09 and 3.74 cmol kgG1, respectively. Sand
content was 41%, while the fine particles (silt+clay) were 57%.
Plant material: Five soybean varieties named Canarana,
Doko, V3-2013, V6-2013 and IT-235 were used. The seeds were
provided by the Research Station of Food Crops of the Centre
National de Recherche Agronomique (CNRA) in Bouaké in
Côte dʼIvoire.
Bacterium strain: The IRAT-FA3 B. japonicum strain was used
to produce the inoculum. The strains of this species are known
for having a perfect symbiosis with soybean and are
insignificant or absent in tropical soils (Cattelan and Hungria,
1995). It is described as being very competitive in acid soil and
has already been used in Rwanda, Burundi, Madagascar,
Cameroon and Côte d'Ivoire (Beugre et al., 2013). The
inoculum was produced and provided by the Inoculum
Production Unit for Legumes (UPIL) of the CNRA in Bouaké.
Peat was used as inoculum substrate.
Methods
Experimental design: Two experiments were conducted. The
first one was the germination test performed under a shade
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as described by Vitosh (1997). They were sown at a depth of

house. Ten seeds of each variety were sown in washed sand
and lightly covered with sand. Germination was recorded
when cotyledons emerged from the surface of the sand.
The second experiments were laid out in the field in a
randomized complete block design with split plots
arrangement replicated three times with two factors in each
site. The main factor was the inoculation with two levels:
Inoculated treatment and non-inoculated treatment. The
second factor was the soybean variety, with five levels
(Canarana, Doko, V3-2013, V6-2013 and IT-235). A block or
replicate was divided into two sub-blocks or large plot. Each
large plot was assigned with a treatment (Inoculated or
non-inoculated). Each large plot was divided into as many
elementary plots as soybean varieties.
The size of the sub plots was 4×3 m giving a total area of
12 m2 (Fig. 1). Two consecutive blocks were separated by a
space of 2 m wide. Distance between 2 elementary plots of the
same block was 1 m. A space of 2.5 m was left between the
borders of the field and the blocks. Seeds were sowed at
50 cm spacing between the rows and 20 cm between the
holes. The elementary plot of 12 m2 was represented by 7 lines
of 4 m each. Data were collected from 5 lines on the inside of
the basic plot 0.5 m from each side, on an area of 6 m 2.
The site was cleared and this was followed by a manual
deep plowing of 30 cm and making ridges. A fertilizer NPK
12-24-18 was applied at the rate of 100 kg haG1. There was no
pesticide application throughout the crop cycle. In addition,
three manual weeding were made on the 15th, 30th and 55th
Days After Sowing (DAS) to aerate the soil and reduce
competition with weeds.

3 cm according to the protocol described by Kouame et al.
(2007). The proportion was 100 g of inoculum for 15 kg of
seed. The bacteria density was 109 bacteria/g of inoculum
(N'Gbesso et al., 2010). The control plots were sowed first in
order to avoid contamination by bacteria of the inoculum.
Data collection: Data were collected on seed germination
under a shade house, seed emergence time and seed
emergence percentage in the field, growth rate between 20
and 40 Days After Sowing (DAS), plant diameter at 40 DAS,
plant height, number of leaves present on the main stem,
number of active nodules per plant at 35 DAS, number of large
nodules per plant (diameter = 2 mm) according to King and
Purcell (2001), large active nodules per plant, small nodules
per plant (diameter ranged from 1-2 mm) and small active
nodules per plant at 50 DAS. Activity of nodules was evaluated
by their coloration and the number of active or efficient
nodules was counted after slicing them with a blade.
According to Beuerlein (1997), only nodules with a bright red
internal color are active and therefore have a maximum of
nitrogen-fixing activity.
Statistical analysis: All data were subjected to analysis of
variance (ANOVA) using the general linear model of Statistical
Analysis System software (SAS., 2003). The significance
differences between the means were assessed with Duncan
method at 5%. Pearson correlation was used to examine
relationships between variables.

Seeds inoculation: The soybean seeds were inoculated with

RESULTS

the B. japonicum bacterium using the seeds coating method
Seed germination: The germination of the soybean seeds is
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Seed emergence in the field: The time taken for the seeds to

had a germination of 60%. Eight days after sowing, the
germination of varieties Canarana, Doko, V3-2013 and IT-235
were above 90%, compared to 70% recorded for V6-2013

emerge was recorded starting from 4-11th day after sowing
(Table 1). The analysis of variance showed a highly significant
difference between the means of soybean varieties (p<0.0001)

Fig. 1: Experimental design, I0: Non-inoculated, I1: Inoculated
and V: Varieties

for this parameter. The seed inoculation showed no effect
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(a)

(b)

(c)
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Fig. 2(a-d): Progression of the germination of the soybean seeds, (a) Plant at cotyledon stage, (b) Sprouted seeds, (c) Plants
growing in the field and (d) Measurement of plant height
120

Canarana
Doko
IT-235
V3-2013
V6-2013

70
Seedlings emergence (%)

100

Germination (%)

80

Canarana
Doko
IT-235
V3-2013
V6-2013

80

60

40

60
50
40
30
20

20

10
0

0
4

5

6

7

8

4

Days After Sowing (DAS)

5

6

7

8

9

10

11

Days After Sowing (DAS)

Fig. 3: Progression of the germination of the soybean varieties

Fig. 4: Progression of the emergence time of soybean varieties
seedlings in field

on the emergence time on both sites (p = 0.2869).
Soubré recorded the lowest emergence time with 6.49 DAS
compared to 6.91 DAS for Logboayo. The shortest emergence
time was obtained with the variety IT-235 on both sites. The
varieties V6-2013 and Doko took the longest time to
germinate (7.04 and 7.38 DAS, respectively).
In the field the seeds emergence were observed in
all varieties at 4 DAS. At 11 DAS, varieties Canarana, IT-235

and V3-2013 had more than 50% emergence while the
varieties V6-2013 and Doko had lower than 50%. After this
time, there was no seed emergence in all varieties (Fig. 4). The
analysis of variance revealed a highly significant effect of
soybean variety effect on seed emergence with p<0.0001, but
the seed inoculation with p = 0.1949 did not influence this
parameter.
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Table 1: Evaluation of the seed emergence time (DAS) of the plants of soybean

had the highest number of nodules (Fig. 6). The interaction

varieties
Varieties

Soubré

Canarana

Logboayo

c

6.27 *

highly significant for each of the parameters studied on both

c

6.89

b

between variety and treatment (p = 0.0022, p = 0.0116) were

Overall study

ab

6.58

ab

sites.

b

Doko

6.89

7.19

7.04

IT-235

6.19cd

6.22d

6.21d

V3-2013

5.96d

6.75c

6.36cd

The varieties responded positively to inoculation with a
significant increase in the number of nodules compared with

7.23a

7.50a

7.38a

<0.0001

<0.0001

<0.0001

non-inoculated (Fig. 6). The presence of nodules was observed

Means

6.49

6.91

6.70

in the region of 10 cm close to the neck of the varieties.

CV (%)

8.89

11.18

11.11

Nodules of Doko variety were observed exclusively in neck

V6-2013
Probability

*: Numbers followed by the same letter in a column are statistically identical to

area of the inoculated treatments in this study. In Soubré,

the level of 5% (Duncan test)

non-inoculated of varieties Canarana and V3-2013 developed
nodules, while that was not the case at Logboayo. As for the

Table 2: Evaluation of the growth parameters and the vegetative development
of the plants of the varieties
Varieties

Growth rate

Canarana

0.74c*

Diameter (cm)

Height (cm)

No. of leaves

42.24b

20.57c

9.60bc

a

a

bc

number of active nodules, the results showed that over 70%
of nodules counted on inoculated and had a nitrogen-fixing

Doko

1.19

44.42

9.60

activity. For the number of cumulative active nodules in

IT-235

0.83b

43.92ab

23.86b

9.78ab

inoculated and non-inoculated plants, the variety V3-2013

V3-2013

0.81b

44.04ab

23.35b

9.98a

V6-2013

0.79b

37.92c

22.97b

9.31c

showed the best performance (Fig. 7).

a

33.58

Mean

0.87

42.60

24.86

9.60

The results revealed a significant increase in the number

CV (%)

25.14

22.80

20.50

17.90

of nodule compared to non-inoculated varieties 50 DAS.

*: Numbers followed by the same letter in a column are statistically identical to

Non-inoculated plants of the variety V3-2013 showed a higher

the level of 5% (Duncan test)

number of nodules compared to the non-inoculated plants of
the other varieties. Concerning the number of small nodules

Growth and plant development: Analysis of variance of plant

and their activity, significant differences were observed

height at 40 DAS and growth rate between 20 and 40 DAS,

among inoculated varieties on one hand and on the other

revealed a significant effect of the interaction treatment

between the non-inoculated varieties. For the activity of

x variety (p<0.0012) and (p<0.0015), respectively (Table 2).

nodules, 34.28 nodules per plant were active in inoculated

Moreover, the variety significantly influenced the height and

varieties against 5.04 active nodules in non-inoculated

growth rate of plants with p<0.0001 for both parameters.

varieties. It was also observed that variety V3-2013 and Doko

During this period, variety Doko recorded the highest mean

had more small nodules. The variety V6-2013 had the lowest

for the height (33.58 cm) and a growth rate of 1.19 cm dayG1.

number of nodules with 20.2 small nodules and 15.4 active

The lowest height was observed in

nodules per plant.

variety Canarana

(20.57 cm) which also showed the lowest growth rate with

Variety V3-2013 produced more active nodules with

0.74 cm dayG1. A highly significant effect of the variety on the

14.4 followed by IT-235 while variety V6-2013 recorded no

plant height was observed with p<0.0001. For the plant

active nodule (Table 3).

diameter and the number of leaves on the main stem, results
revealed that these parameters varied from one variety to

Parameters correlations: The correlation coefficients (r)

another with the same probability p<0.0001. Varieties V3-2013

between different parameters show that nodulation

(9.98) and IT-235 (9.78) produced the highest number of

parameters are correlated positively (Table 4). The number of

leaves while the lowest values were observed with V6-2013

active nodules at 35 DAS is correlated to the number of large

(9.31). Doko variety was observed to have the highest

nodules with r = 0.896 and to the number of large active

diameter (44.42 cm).

nodules (r = 0.902) harvested at 50 DAS. The number of plant
leaves is positively correlated with the number of active

Plant nodulation and nodule activity: Figure 5 shows the

nodules at 35 DAS (r = 0.939), as well as the number of large

effect of inoculation on nodulation and soybean development.

active nodules at 50 DAS (r = 0.940). The diameter of the

The results of the nodulation at 35 DAS showed that the

plants correlates with the number of small nodules and small

treatment effect (p = 0.0248, p = 0.0155) and the variety effect

active nodules at 50 DAS, r = 0.879 and r = 0.899, respectively.

(p = 0.0002, p = 0.0043) were significant for the total number

The growth rate of the plants between 20 and 40 DAS is

of nodules per plant and the active nodules. The variety Doko

correlated with plant height (r = 0.999).
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(a)

(c)

(b)

Large and smal nodules
(e)

(d)

Fig. 5(a-e): Effect of inoculation on nodulation and leaf coloration, (a) Root system without nodules of non-inoculated soybean,
(b) Root system with nodules of inoculated soybean, (c) Small and active (large) nodules, (d) Green foliage
(see yellowing) of on-inoculated soybean plants and (e) Dark green foliage of inoculated soybean plants
Table 3: Number of active nodules at 35 DAS and nodules per plant at 50 DAS
AcNd35D
LNd50D
LAcNd50D
SNd50D
SAcNd50D
---------------------------------------------------------------------------------------------------------------------------------Varieties
I1
I0
I1
I0
I1
I0
I1
I0
I1
I0
Canarana
5.28b*
1.92b
15.20a
5.40a
14.80a
5.20a
45.00ab
4.40a
29.40bc
3.40b
Doko
7.80a
0.00b
13.20a
4.00a
12.60a
2.80a
66.00a
5.00a
46.60a
1.60b
IT-235
7.56a
0.20b
21.40a
8.40a
20.00a
7.40a
48.00ab
8.40a
35.20ab
5.80ab
V3-2013
7.76a
3.04a
14.80a
20.00a
14.80a
18.60a
73.40a
17.40a
44.80a
14.40a
V6-2013
5.00b
0.08b
5.00 a
0.40a
4.20a
0.40a
20.20c
0.00a
15.40c
0.00b
Mean
6.68
1.05
13.92
7.64
13.28
6.88
50.72
7.04
34.28
5.04
CV (%)
71.1
267.10
101.40
165.60
100.50
173.70
66.20
197.50
69.70
221.70
*: Numbers followed by the same letter in a column are statistically identical to the level of 5% (Duncan test) AcNd35D: No. of active nodules per plant at 35 DAS,
LNd50D: No. of large nodules per plant at 50 DAS, LAcNd50D: No. of large active nodules per plant, SNd50D: No. of small nodules per plant, SAcNd50D: No. of active
small nodules per plant, I0: Non-inoculated and I1: Inoculated
Table 4: Correlation coefficients (r) between nodulation and agromorphological parameters in soybean varieties
Parameters
AcNd35
LNd50D
LacNd50D
SNd50D
SAcNd50D
Diam
htAcNd35
1
LNd50D
0.896
1
LacNd50D

0.902

0.998

1

SNd50D

0.962

0.825

0.822

1

SAcNd50D

0.951

0.834

0.827

0.997

1

Diam

0.777

0.798

0.781

0.879

0.899

Nleav

0.939

0.942

0.940

0.851

0.857

0.685

GR
Height

0.117
0.103

-0.094
-0.105

-0.128
-0.140

0.370
0.354

0.399
0.385

0.456
0.438

Nleav

GR

Height

1
1
-0.045
-0.048

1
0.999

1

Bold values are different from 0 at a level of alpha = 0.05 significance AcNd35: No. of active nodules per plant at 35 DAS, LNd50D: No. of large nodules per plant at
50 DAS, LAcNd50D: No. of large active nodules per plant, SNd50D: No. of small nodules per plant, SAcNd50D: No. of active small nodules per plant, Diam: Plant diameter
at 40 DAS, Nleav: No. of leaves, GR: Growth rate between 20 and 40 DAS and Height: Plant height at 40 DAS
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(Cicer arietum). According to Garcia (1995), the formation of
regularly distributed plants is dependent on ambient
conditions and characteristics of the area sown and that the
seed vigor. The seeds of Doko were classified as good quality
seeds after the test. However, the seed vigor was found to
deteriorate rapidly compared to its germination capacity. In
addition, the evaluation of the growth rate showed differences
in plant height in the different varieties, which was less than
50 cm.
The soybean varieties were found to produce differences
in nodulation. The presence of nodules on the plants of
inoculated plots shows that varieties responded positively to
inoculation. At 35 DAS, there was no difference in the color of
leaves of inoculated and non-inoculated plants. The color
differences between the leaves inoculated and non-inoculated
plants were observed about 70 DAS. This difference was
observed at 60 DAS for Doko variety (N'Gbesso et al., 2010).
This color differences could be explained by the inoculation
effect, which increases nitrogen fixation by the exhibition of
dark green color of the leaves of inoculated plants.
The presence of nodules in non-inoculated plants of
V3-2013 variety could indicate the presence of indigenous
B. japonicum strains. Another possible explanation could be
the result of a contamination of non-inoculated plots by the
bacteria as mentioned by Beugre et al. (2013). The low
presence of nodule on the non-inoculated treatments of Doko
shows that this variety does not spontaneously nodulate. It is
described as a variety with strict nodulation (N'Gbesso et al.,
2010). It is known that the absence or low amount of efficient
strains would be a limiting factor for the establishment of
symbiotic bacteria-legume.
According to Streeter (1994) and Slattery et al. (2004), the
approach of using effective or superior exotic rhizobia strains
as inoculants has failed in various environments due to various
reasons including the use of ineffective and non-competitive
rhizobia strains as inoculants. The varieties Doko, IT-235 and
V6-2013 are varieties that responded only to inoculation. The
legume-rhizobial symbiosis has a large impact on the success
of legumes hence the atmospheric nitrogen fixed can be more
than the fertilizer nitrogen that farmer can afford to buy and
apply (Kahindi et al., 1997). Significant correlations observed
between nodulation and growth parameters revealed ability
to improve the vegetative development and the nodulation of
soybean varieties.

Non-inoculated
Inoculated

No. of nodules per plant

12
10
8
6
4
2
0
Canarana

Doko

IT-235

V3-2013

V6-2013

Varieties

Fig. 6: Effect of seed inoculation on nodulation of soybean
varieties

No. of active nodules per plant

7
6
5
4
3
2
1
0
Canarana

Doko

IT-235

V3-2013

V6-2013

Varieties

Fig. 7: Evaluation of the number of active nodules per plant
DISCUSSION
The different soybean varieties evaluated performed
differently in the shade house and in field for some of the
parameters evaluated. There was a higher germination
percentage in the shade house than the seed emergence in
the field. This difference could be explained by the poor seed
quality and the crop environment. Indeed, the quality of a
seed is determined by its ability to germinate and its ability to
produce a seedling in the field. The decrease in germination
seed vigor may be due to the duration and conditions of
storage from production to the following growing season.
According to Gazzoni (1995), the duration and seed storage
conditions affect seed germination and germination vigor.
This is due to sudden temperature changes which the seeds
could have been exposed to. The acidic pH of the soil from
both plots could also have affected seed germination.
The process of seed germination and revegetation of saline
environments were studied by Maas and Hoffman (1977) who
found that the salinity level affected the germination of peas

CONCLUSION
The results of this study showed that inoculating the
seeds contributed to the increasing of the number of nodules
32

Asian J. Plant Sci., 15 (1-2): 26-34, 2016
FAO., 1995. Le Soja Dans Les Tropiques: Amelioration et

per plant of the soybean varieties. However, there is need to
repeat this trial to confirm the findings and to determine the
best time in the year to plant soybean. Evaluation of other
promising varieties for the Nawa region of Côte dʼIvoire should
be considered in the future works.

Production. FAO, Rome, Italy, ISBN-13: 9789252033127,
Pages: 274.
Freitas, H., M.N.V. Prasad and J. Pratas, 2004. Plant community
tolerant to trace elements growing on the degraded soils of
Sao Domingos mine in the south east of Portugal:
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