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1 ABSTRACT 
Bacterial leaf pustule (Xanthomonas axonopodis pv. glycines), is one of the most devastating 
diseases in soybean producing areas around the world. In order to effectively control this 
disease, the effects of Bradyrhizobium japonicum inoculation and phosphorus and potassium 
fertilizer application were tested on the disease. Therefore, two separate experiments were 
conducted from March to September 2020 under greenhouse conditions at the experimental 
farm of the Faculty of Agronomy of the University of Parakou. Through the first experiment, 
the isolated or combined effect of B. japonicum with phosphorus and potassium was 
evaluated using a split plot design in three replications with Bradyrhizobium inoculation as 
the main factor; and mineral fertilizers, the sub-factor. The second experiment was conducted 
using a Completely Randomized Design (CRD) with three inoculation treatments and nine 
replications. Disease severity as well as plant height were evaluated according to the 
experiments. B. japonicum and potassium (375mg per plant) taken alone reduced disease 
severity by 28.77 and 36.39%, respectively. But their combination (coated * potassium) 
induces a much more significant effect (reduction of more than 62%). The second experiment 
reveals a very highly significant difference (P = 1.07.10-4) between the two strains of 
Bradyrhizobium tested and the control. These strains reduce the disease severity from 40.58 
to 46.05%; with better growth of plants in height. Effective management of soybean bacterial 
leaf pustule could therefore be achieved by coating the seeds with B. japonicum or applying, 
375 mg of potassium per plant, or better yet, by combining B. japonicum with potassium (375 
mg per plant). 

 
2 INTRODUCTION 
Legumes, largely defined by theirs unusual floral 
structure, fruit, and ability to form nodules with 
Rhizobia, rank second among the most widely 
cultivated plants in the world, after grasses 
(Graham and Vance, 2003). Within this family 
(Fabaceae, anc. Leguminosae), soybean 

constitutes one of the most important species. 
Indeed, soybean [Glycine max (L.) Merril] as an 
important source of vegetables and oils for 
human and animal consumption (Couto et al., 
2011), is highly valued on the world market 
(Abbasi et al., 2010). It contains around 40% 
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protein nutrients with all essential amino acids 
(Raghuvanshi and Bisht, 2010) but also trace 
elements such as magnesium, phospholipids, 
vitamins and minerals (Ali, 2010). In addition to 
its nutritional values, soybean as a nitrogen fixing 
crop is also involved in restoring and 
maintaining sustainable soil fertility and 
promotes improved crop yields (Smaling et al., 
2008). In Benin, soybean represents a choice 
crop with an annual production estimated at 
230,000 tons from 210,000 ha, for an average 
yield of around 1.1 t.ha-1 in 2019 (FAOSTAT, 
2021). But this low yield obtained fora potential 
yield of 3 t.ha-1 (INRAB, 1995), is the 
consequence of the several abiotic and biotic 
constraints affecting negatively its growth, 
productivity and quality (Gutierrez-Gonzalez et 
al., 2010; Manavalan et al., 2009; Tran and 
Nguyen, 2009). Among them, the soybean 
bacterial leaf pustule caused by Xanthomonas 
axonopodis pv glycines (Xag) is widespread in most 
soybean producing countries (Wrather et al., 
2001), and induces yield losses in the order of 
15.9 to 50% (Dirmawati, 2004) in Indonesia and 
2.7 to 28.1% in Benin (Zinsou et al., 2016). 
Among the various control strategies proposed, 
host nutrition often influences disease tolerance 
or resistance in plants (Singh, 2015). Thus, the 
application of mineral and bio fertilizers in the 
soil provides nutrients to the plant, which creates 
a positive reaction, a way to induce plant 
resistance to disease and as a result, the plants 
can recover from disease or can overcome the 
disease epidemic (Hossain et al., 1995; Kundu et 
al., 1996). As proof, potassium (K) constitutes 
the cationic nutrient, the most abundant and 
crucial univalent essential for crop yield and 
tolerance to biotic stresses (Nieves-Cordones et 

al., 2019). Thus, sufficient application of 
potassium reduces the incidence of bacterial and 
fungal diseases by about 70% (Amtmann et al., 
2008; Veresoglou et al., 2013) and is very 
effective in the control of Xanthomonas oryzae pv. 
oryzae (Begum et al., 2011) and several species of 
Helminthosporium (Imrani et al., 2014; Zinsou et 
al., 2020). The effect of P in plant resistance to 
diseases, however, appears to be inconsistent 
(Singh, 2015). But, according to Wasnikar et al. 
(1993), the incidence of bacterial leaf spot caused 
by Xanthomonas campestris pv. betlicola decreased 
significantly as phosphorus (P) level increased. 
Phosphorus (P) has property of increasing the 
resistance of plants and thus reducing their 
infection by various fungal diseases (Brennan, 
1995; Csöndes et al., 2008; Spagnoletti et al., 
2018). But besides mineral fertilization, bio 
fertilization also has an effect in the plant 
diseases management. Indeed, the biological 
control of plant diseases through the application 
of various Rhizobium species has also been 
reported through several studies. Thus, 
Rhizobium leguminosarum bv. phaseoli and Rhizobium 
sp. were shown to be very effective, respectively 
against Xanthomonas axonopodis pv. phaseoli 
(Osdaghi et al., 2011) and Pseudomonas savastanoi 
(Mourad et al., 2009). Moreover, Bradyrhizobium 
sp. has been shown to be effective in controlling 
Macrophomina phaseolina, Rhizoctonia solani, 
Fusarium solani and F. oxysporum (Parveen et al., 
2019). However, the effect of nutrients on 
soybean bacterial leaf pustule is not properly 
studied. Therefore, the application of 
phosphorus, potassium but also coating the 
seeds of soybean with Bradyrhizobium japonicum, 
could they have a significant effect on the 
soybean bacterial leaf pustule?  

 
3 MATERIALS AND METHODS 
3.1 Study area: Two pot experiments were 
carried out under greenhouse conditions at the 
experimental farm of the Faculty of Agronomy 
of the University of Parakou (N 9°20'18.1''; E 
2°38'50.2'') from March to September 2020. The 
relative humidity varied from 37 to 90% and the 
temperature was between 21.9 and 39.3°C 
during P, K, B. japonicum fertilizer experiment. In 

contrast, the relative humidity ranged from 37 to 
95% and the temperature from 20.5 and 39.3°C 
during B. japonicum fertilizer experiment. 
3.2 Mineral and bio fertilization 
experiment: In greenhouse, the first 
experiment was carried out using a split plot 
design (Howard et al., 1998; Jones and 
Nachtsheim, 2009) with 3 replications. The main 

https://doi.org/10.35759/JAnmPlSci.v49-3.


Tchemadon et al., 2021                 Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) 
                                                           Vol.49 (3): 8920-8932           https://doi.org/10.35759/JAnmPlSci.v49-3.4 

8922 

factor was Bradyhizobium with 2 levels namely: 
coated and uncoated. The sub-factor was 
mineral fertilizers with 4 levels: control without 
fertilizer (T0); Phosphorus at the rate of 375 mg 
per plant (T1); Potassium at the rate of 375 mg 
per plant (T2); Phosphorus + Potassium at the 
rate of 375 mg per fertilizer and per plant (T3). 
Three (03) blocks each subdivided into 2 sub-
blocks and 08 treatments were designed. 
Fertilizer rates (375mg per plant of phosphorus 
and potassium) used in the trial correspond the 
recommended rates of 50 kg.ha-1 of P and K by 
GIZ and COMPACI (2013) for soybean 
production in Benin. Phosphorus and potassium 
were applied in the form of Triple 
Superphosphate (TSP: 22% P2O5) and 
Potassium Chloride (KCl: 60% K2O), 
respectively. Each elementary plot was 
represented by a 1.5dm3 pot containing two 
plants. Two successive blocks were separated by 
2m while the sub-blocks as well as the 
elementary plots were separated by alleys of 1m. 
Coated or uncoated seeds of a soybean variety 
(TGX 1984-77F) susceptible to bacterial leaf 
pustule (Zinsou et al., 2016), were sown in pots 
containing substrate (soil) sterilized at 65°C for 
72 hours. Three weeks after sowing, plants were 
inoculated using a hand-held sprayer with a 
bacterial suspension of X. axonopodis pv. glycines 
(Zinsou et al., 2015) at a concentration of 1.0.108 
CFU.ml-1 (bacteria/ml). Fertilizers were applied 
one week before the plants inoculation. Manual 
weeding was carried out if needed. 
3.3 Rhizobium strain experiment: This 
experiment was carried out using a Completely 
Randomized Design (CRD) (Kirk, 2013; Sadik 
and Alwan, 2020) with the strain of B. japonicum 
as factor. The design consisted of three (03) 
treatments: control without Bradyhizobium (T0); 

IITA Bradyhizobium (T1); NITRO-FIX® 
Bradyhizobium (T2), with nine (09) replications. 
Two successive elementary plots were separated 
by alleys of 1m. On each elementary plot, 
represented by a 1.5 dm3 pot containing a 
substrate (soil) sterilized at 65°C for 72 hours, 
two seeds of a soybean variety susceptible to 
bacterial leaf pustule (TGX 1984-77F) (Zinsou 

et al., 2016), were manually sown. These seeds 
were uncoated (T0); coated with Bradyhizobium 
marketed from IITA-Ibadan (T1); or coated with 
Bradyhizobium marketed under the name 
NITRO-FIX® by Chemtura Corporation at a 
concentration of 2.108 cells/gr. (T2), taking into 
account the manufacturer recommendations. A 
bacterial suspension of X. axonopodis pv. glycines 
(Xag) (Zinsou et al., 2015) at a concentration of 
1.0.108 CFU ml-1 (bacteria/ml) were inoculated 
to all the plants, three (03) weeks after sowing. 
According to the needs, manual weeding was 
carried out. 
3.4 Soil sampling and analysis: Before 
sowing the seeds, a sample of the substrate (soil) 
used for the two tests was taken in order to get 
an idea of the soil status before the different 
treatments application. All visible organic 
residues were removed by hand before sample 
transporting to the laboratory. Sample was 
analyzed by the "Laboratoire des Sciences du 
Sol, Eaux et Environnement (LSSEE/ CRA-
Agonkanmey / INRAB)" according to the 
methods of Tran and Boko (1978). 
3.5 Data collection: Disease severity was 
assessed five (05) times during the experiments: 
the first, one week after inoculation with Xag, 
and the others, fifteen (15) days apart. The 
assessment method developed by 
Prathuangwong et al. (1993) was applied to two 
plants per elementary plot. Indeed, a stencil card 
of 4 cm x 7 cm with 9 circles of 1 cm in diameter 
was placed on the infected leaflet surface and the 
number of lesions obtained was then reported to 
the leaf surface. The leaves from the lower, 
middle and upper parts were assessed per plant, 
and the average severity value was assigned to 
the plant. The Area Under Severity Progress 
Curve (AUSPC) was then calculated using the 
disease severity values obtained at each date, 
according to the formula: 
 

AUSPC = ∑i [(Si + Si-1) * (ti-ti-1)] / 2 
with: Si = mean of the severity at date ti; ti = the 
different assessment dates (Jeger and Viljanen-
Rollinson, 2001, Shaner and Finney, 1977). 
Soybean plant height was assessed every 15 days 
from the age of three weeks, by measuring height 
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of each plant from the base until its apex; using 
a ruler graduated in centimeters. Five 
assessments were carried out and the heights 
were expressed in cm. 
3.6 Data statistical analyses: Analysis of 
variance (ANOVA) was performed using R 
software version 3.6.1 (R Core Team, 2019) on 

severity values (AUSPC) to compare the means 
at the 5% level. Tukey's test was then completed 
in order to separate the means in the event of a 
significant difference (P ≤ 0.05). The values in 
the tables are the actual means with their 
standard errors. 

 
 
4 RESULTS 
4.1 Soil characteristics: The soil used for 
the experiments is a loamy-sand with approx. 
6% clay, acidic with low organic carbon and total 

nitrogen, medium phosphorus and potassium 
content (Table 1). 

 
Table 1: Results of soil sample analysis 

Characteristics Soil contents 

Clay (%) 6.10 
Silt (%) 9.36 

Sand (%) 84.54 
pH-H2O 6.87 

Organic carbon (%) 1.12 
Total nitrogen (%) 0.085 

C/N 13 
Organic material 1.93 

Exchangeable Ca2+ (meq/100g) 6.937 
Exchangeable Mg2+ (meq/100g) 0.678 
Exchangeable K+ (meq/100g) 0.187 

Assimilable P (ppm) 59 
Sum of cations (meq/100g) 7.911 

CEC (meq/100g) 8.500 

 
4.2 Effect of B. japonicum, P and K 
fertilization on disease severity: Results show 
that there is a highly significant (P = 0.004); (P = 
4.5.10-3) and significant (P = 0.021) difference 
between the AUSPC values when considering 
the Bradyrhizobium; Bradyrhizobium * Mineral 
fertilizers and mineral fertilizers factors, 
respectively (Table 2). Thus, plants from coated 
seeds by B. japonicum, perform differently in the 
face of the disease compared to those from 
uncoated seeds. Plants from coated seeds have 
lower AUSPC (on average 196.35 ± 23.20) than 
those from uncoated seeds (on average 275.67 ± 
16.79). B. japonicum therefore significantly 
reduced the severity of soybean bacterial leaf 
pustule by 28.77% compared to the control 

(uncoated). Likewise, the effect of fertilizers on 
disease varies between treatments. The lowest 
AUSPC value was observed in the T2 
(potassium) treatment (169.64 ± 31.85) while the 
T3 (phosphorus + potassium) treatment gave the 
highest value (280.06 ± 20.67). It therefore 
appears that the application of potassium at 375 
mg per plant reduces more effectively the 
severity of soybean bacterial leaf pustule by 
36.39% compared to the control (without 
fertilizer). Like the application of potassium, 
phosphorus application (375 mg per plant), 
reduces the severity of soybean bacterial leaf 
pustule by 14.62% compared to the control 
(without fertilizer). Similar to the factors taken in 
isolation, the Bradyrhizobium * Mineral 
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fertilizers combination greatly influences the 
disease severity. Indeed, the control (uncoated * 
without fertilizers) presented the highest value of 
AUSPC (343.75 ± 24.37) while the lowest value 
was noted at the level of the combination 
(coated * potassium) with an AUSPC of (129.46 
± 60.46). In addition, a reduction in the disease 
severity is observed ranging from 17.58 (coated 
* potassium + potassium) to 62.34% (coated * 
potassium) compared to the control. It is 
therefore found that all the combinations reduce 

the disease severity with the combination 
(coated * potassium), as the one which has the 
most significant effect on the soybean bacterial 
leaf pustule. From all this, it appears that 
although coating the seeds with B. japonicum or 
applying potassium (375 mg per plant) each 
reduces the disease severity, the result is even 
better when these two different treatments are 
combined (reduction of more than 62% 
compared to the control). 

 
Table 2: Severity (AUSPC) of soybean bacterial leaf pustule according to mineral and bio fertilization 

Treatments AUSPC 
AUSPC Reduction 

rate (%) 

Bradyrhizobium 
(B) 

Uncoated (U) 275.67 ± 16.79b - 
Coated (C) 

F 
P 

196.35 ± 23.20a 
9.28 
0.004 

28.77 
 
 

Mineral 
fertilizers (F) 

T0 (without F) 266.67 ± 34.99ab - 
T1 (Phosphorus) 227.68 ± 25.86ab 14.62 
T2 (Potassium) 169.64 ± 31.85a 36.39 

T3 (Phosphorus + Potassium) 
F 
P 

280.06 ± 20.67b 
3.62 
0,021 

- 
 
 

Interaction B*F 

U-T0 (Control) 343.75 ± 24.37b - 
U-T1 272.32 ± 37.51ab 20.78 
U-T2 209.82 ± 12.78ab 38.96 
U-T3 276.79 ± 35.04ab 19.48 
C-T0 189.58 ± 49.14ab 44.85 
C-T1 183.04 ± 27.16ab 46.75 
C-T2 129.46 ± 60.46a 62.34 
C-T3 

F 
P 

283.33 ± 25.45ab 
1.61 

4.5.10-3 

17.58 
 
 

Values followed by the same lowercase letter in a column are not significantly different (P ≤ 0.05); AUSPC = Area Under 
Severity Progress Curve. 

 
4.3 Effect of B. japonicum on disease 
severity according to the tested strains: Table 
3 shows that there is a very highly significant 
difference (P = 1.07.10-4) between the two 
strains of Bradyrhizobium tested and the 
control. Indeed, the two strains from IITA 

Bradyrhizobium and NITRO-FIX® 
Bradyrhizobium exhibit the lowest severity 

values (497.66 ± 30.99 and 548.10 ± 66.60, 
respectively). However, it should be noted that 
although there is not a significant difference 
between these two strains, IITA 
Bradyrhizobium strain reduced the disease 

severity more (46.05%) than NITRO-FIX® 
Bradyrhizobium strain (40.58%). 

 
 

https://doi.org/10.35759/JAnmPlSci.v49-3.


Tchemadon et al., 2021                 Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) 
                                                           Vol.49 (3): 8920-8932           https://doi.org/10.35759/JAnmPlSci.v49-3.4 

8925 

Table 3: Severity (AUSPC) of bacterial leaf pustule according to the B. japonicum strains tested 

Treatments AUSPC AUSPC reduction rate (%) 

Control 922.43 ± 94.45b - 
IITA Bradyrhizobium 497.66 ± 30.99a 46.05 

NITRO-FIX® Bradyrhizobium 548.10 ± 66.60a 40.58 

F 11.28 - 
P 1.07.10-4 - 

Values followed by the same lowercase letter in a column are not significantly different (P ≤ 0.05); AUSPC = Area Under 
Severity Progress Curve. 

 
4.4 Effect of B. japonicum strains on 
soybean plant height: Figure 1 shows that the 
soybean plants height progress according to the 
various treatments. From the analysis of this 
figure, it appears that irrespective of the date of 
measurement, the plants resulting from coated 
seeds with IITA Bradyrhizobium and NITRO-

FIX® Bradyrhizobium strains, show greater 
height values than the control. In fact, the plant 
height varied from 44.45 to 84.64cm for IITA 

Bradyrhizobium, 35.22 to 80.39 cm for NITRO-

FIX® Bradyrhizobium and 32.53 to 63.93cm for 
the control. Coating the seeds with B. japonicum 
therefore favoured the plant development 
compared to the control. In addition, it is noted 
that the plants resulting from coated seeds with 
IITA Bradyrhizobium strain develop a little 
more in height than those resulting from coated 

seeds with NITRO-FIX® Bradyrhizobium. 

 

 
Fig. 1: Progress of the soybean plants height according to the different treatments following the 
assessment dates (DAI: Days after inoculation) 
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5 DISCUSSION 
The severity (AUSPC) of soybean bacterial leaf 
pustule varies depending on the different 
mineral and bio fertilizers tested. This could be 
explained by the fact that there is a relationship 
between plant nutrition and plant pathogens. 
Indeed, according to Navarrete et al. (2010), the 
susceptibility of crops to diseases would be 
influenced by the management of plant 
nutrition. In addition, Anderson (2002) proved 
that there are interactions between plants, 
nutrients and pathogenic species. Thus, 
according to Hossain et al. (1995) and Kundu et 
al. (1996), mineral and organic fertilizers 
application in the soil provides nutrients to the 
plant, which creates a positive reaction, a way to 
induce resistance in plants to diseases and as a 
result, the plants can recover disease or 
overcome the disease epidemic. In addition, the 
results show that the application of potassium 
(375 mg per plant) effectively reduced (36.39%) 
the soybean bacterial leaf pustule severity 
compared to the control (without fertilizers). 
These results corroborate those of various 
authors who have also noted the effectiveness of 
potassium (K) in the management of several 
diseases. Indeed, potassium has been shown to 
be very effective in controlling Xanthomonas 
oryzae pv. oryzae (Begum et al., 2011) and several 
species of Helminthosporium (Imrani et al., 2014; 
Zinsou et al., 2020). This efficiency could be 
explained by the fact that according to Nieves-
Cordones et al. (2019), potassium (K) is the 
cationic nutrient, the most abundant and crucial 
univalent essential for crop tolerance to biotic 
stresses. In addition, FAO et al. (2003) showed 
that plants well supplied with potassium are less 
susceptible to disease. Also, according to 
Amtmann et al. (2008) and Veresoglou et al. 
(2013), bacterial and fungal diseases incidence is 
reduced by approximately 70% by sufficient 
application of potassium. Although this is low 
(14.62%), the application of phosphorus (375 
mg per plant) nevertheless reduces the soybean 
bacterial leaf pustule severity, compared to 
control. These results confirm those of various 
authors who have demonstrated that the 
application of phosphorus (in the form of 

phosphate salts or other) induces resistance in 
various plants and against several pathogenic 
agents (Csöndes et al., 2008; Spagnoletti et al., 
2018). Indeed, phosphorus application increased 
resistance in certain crops as tobacco to 

Candidatus liberibacter asiaticus (Zhao et al., 2013). 
Also, the incidence of bacterial leaf spot caused 
by Xanthomonas campestris pv. betlicola decreased 
significantly as phosphorus (P) level increased 
(Wasnikar et al., 1993). Moreover, according to 
Gottstein and Ku (1989), the application of 
phosphorus induces a systemic resistance in 
cucumber plants and beans to Colletotrichum 
lagenarium (pathogen responsible for 
anthracnose) and to Uromyces viciaefabae 
(pathogen of rust) (Walters and Murray, 1992), 
respectively. This situation could be explained by 
the fact that according to Brennan (1995); 
Csöndes et al. (2008) then Spagnoletti et al. 
(2018), phosphorus (P) would have the property 
of increasing the resistance of plants and thus 
reducing their infection by various fungal 
diseases. Indeed, this property would be based 
on the fact that phosphorus can affect the 
expression of resistance genes and the defensive 
traits of plants through the jasmonate signalling 
pathway, and thus regulate fungal diseases 
(Turner et al., 2002). Coating the seeds with B. 
japonicum significantly reduced (28.77%) the 
soybean bacterial leaf pustule severity. These 
same results were found by Osdaghi et al. (2011) 
and Mourad et al. (2009), who revealed the 
efficacy of Rhizobium leguminosarum bv. phaseoli 
and Rhizobium sp., respectively against the 
common bacterial blight (CBB) caused by 
Xanthomonas axonopodis pv. phaseoli and the olive 
knot disease due to Pseudomonas savastanoi. 
Indeed, according to Bhattacharyya and Jha 
(2012), PGPR (Plant Growth Promoting 
Rhizobacteria) have a beneficial effect on plants 
through the control of plant diseases by 
indirectly suppressing pathogens or by inducing 
systemic resistance in plants. Additionally, the 
antibiotics produced by rhizobia have been 
found to play an important role in disease 
control. Indeed, B. japonicum protects the 
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soybean crop against infection by Macrophomina 
phaseolina (Chakraborty and Purkayastha, 1984; 
Parveen et al., 2019) through the direct action of 
antibiotics such as rhizobitoxin (Chakraborty 
and Purkayastha, 1984; Deshwal et al., 2003). 
Moreover, along with nitrogen fixation 
efficiency of rhizobia, it also have a good 
potential of use as biological control agents 
against soil borne plant pathogens (Noreen et al., 
2016). Some of the Rhizobium strains are known 
to reduce disease severity caused by Pythium 
ultimum (Ozkoc and Deliveli, 2001), Phytophthora 
clandestine (Simpfendorfer et al., 1999), Fusarium 
solani (Al-Ani et al., 2012), Fusariuum oxysporum, 
Rhizoctonia bataticola and Pythium sp. (Nautiyal, 
1997). Ehteshamul-Haque and Ghaffar (1993) 
found that Bradyrhizobium japonicum, Sinorhizobium 
meliloti and Rhizobium leguminosarum used either as 
seed dressing or as soil drench reduced infection 
of Macrophomina phaseolina, Rhizoctonia solani and 
Fusarium spp., in both leguminous and non-
leguminous plants. Combination (coated * 
potassium), as the one which has the most 
significant effect on the soybean bacterial leaf 
pustule (reduction of more than 62% compared 
to the control). This high efficiency could be 
explained by the synergy of action between 
Bradyrhizobium japonicum and potassium, which 
individually already reduces the disease severity. 
Indeed, according to various authors, 
inoculation of PGPR (such as B. japonicum) 
promotes plant uptake of several mineral 
elements including K, P, Ca, Fe, Cu, Mn and Z 

(Mantelin and Touraine, 2004; Ahemad and 
Kibret, 2014; Zaidi et al., 2009). Coating the 
seeds with B. japonicum favoured plant 
development compared to the control. In 
addition, it is noted that the plants resulting from 
seeds coated with IITA Bradyrhizobium strain 
developed a little more in height than those 

resulting from seeds coated with NITRO-FIX® 
Bradyrhizobium. These results corroborate 
those of various authors who have reported that 
coating seeds with Rhizobium promotes plant 
growth by significantly increasing the height of 
soybean (Alam et al., 2015; Parveen et al., 2019), 
lentil (Hoque and Haq, 1994) and chickpea 
(Shinde and Bhilare, 2003; Togay et al., 2008) 
plants. In addition, according to Rehman et al. 
(2010), B. japonicum would promote nitrogen 
fixation and would be therefore considered as an 
element for improving the growth and yield of 
soybean plants. In the same vein, various other 
works have reported that strains of Rhizobium by 
colonizing the roots of tomato and chilli plants, 
not only promote their growth, but also improve 
the yield and quality of the fruits (Garcia-Fraile 
et al., 2012; Parveen et al., 2008). This situation 
could be due to the adequate amount of nitrogen 
fixed by the rhizobium. In addition, a greater 
number of leaves per plant could also positively 
contribute to a higher plant height in plants 
grown from seeds coated with Rhyzobium (Sajid 
et al., 2011). 

 
6 CONCLUSION 
The application of Bradyrhizobium japonicum or 
potassium (375 mg per plant) reduced the 
soybean bacterial leaf pustule severity compared 
to the control, by 28.77% and 36.39%, 
respectively. However, the combined application 
of organic (B. japonicum) and mineral (potassium) 
fertilizers contributes to better management of 
the soybean bacterial leaf pustule (reduction of 
62.34%). In addition, coating of soybean seeds 

with the strains of B. japonicum while reducing the 
disease severity from 40.58 to 46.05%, also 
promotes better plant growth in height. Soybean 
bacterial leaf pustule could be managed more 
effectively by combining seed coating with 
Bradyrhizobium japonicum and fertilizing soybean 
plants with potassium, at the rate of 375 mg per 
plant. 
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