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ABSTRACT 
 

Bean is a crop of great importance to Brazilian agriculture, due to their relevance for population diet 
and also as it is one of the countries that produces and consumes more beans. However, their 
production remains low and one of the reasons may be the failure in absorbing the most of the 
fertilization applied. Therefore, research is needed to find ways to ensure maximum efficiency and 
absorption of nutrients by plants, such as the use of Molybdenum application via foliar. The 
objective of the work was to evaluate the development and yield of beans with foliar application of 
Molybdenum. The experiment was conducted in randomized blocks in a 2 x 4 x 3 factorial scheme 
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(sowing season x doses x application time), with treatments consisting of two sowing season: 
autumn/winter (sowing in February - dry season) and spring/summer (sowing in October – rainy 
season), four Mo doses (0, 50, 150 and 300 ml ha-1 of commercial Mo based product) and three 
application times, starting the count after 50% plant emergence (10 days after emergence – DAE, 
20 DAE and 30 DAE). The experiment was performed at the Experimental Farm of the Grand 
Dourados Federal University, at the municipality of Dourados, MS, Brazil. The Mo source was a 
commercial product with a concentration of 216 g l-1 Mo. Black beans were sown using a 
conventional procedure, with soil preparation by subsoiling, harrowing and leveling. A pneumatic 
seeder was used with a spacing of 0.45 m, 12 seeds per meter of furrow, in plots of 5 x 5 m, 
totaling 10 plants per meter, a population of 222,222 plants ha-1 and depth of 0.02 m. For the 
agronomic evaluations, five plants per plot were collected at the end, when the crop reached 
physiological maturity, in the central line, for the following determinations: number of pods per 
plant; number of seeds per plant; number of seeds per pod; mass of a thousand seeds and yield. 
Positive Results in yield components and effective yield of black-beans were found when 50 ml ha-1 
of molybdenum was applied via foliar application. Although it was not one of the objectives of the 
study, it was concluded that the amount of rainfall in the crop cycle affects the action of 
molybdenum on bean plants. 
 

 
Keywords: Sowing season; bean yield; foliar fertilizer. 
 

1. INTRODUCTION 
 
Global agricultural production has been growing 
exponentially and this is due to research that 
guarantees greater yield in less time as well as 
the emergence of new technologies (Kuzma et 
al., 2023). 
 
Brazil occupies a prominent place in global 
agricultural production as its unique soil and 
climate characteristics guarantee year-round 
production of various plant species. 
 
Among them, beans, a species belonging to the 
Fabaceae family, stand out due to their great 
importance for Brazilian agriculture, as the 
relevance for population eating habits and for 
being one of the countries that produces and 
consumes more (Oliveira et al., 2023). 
 
Despite this, bean production has not varied 
much over time and remains stagnant, as shown 
by data published by the Brazilian Supply 
Company (CONAB), in which the average 
production in season 2011/2012 harvest was 890 
kg ha-1 and in 2023/2024 harvest it was 1,141 kg 
ha-1, an increment of just 211 kg in twelve years 
(Conab, 2024). 
 
Low crop yield occurs, among other factors, due 
to inadequate mineral nutrition based on 
chemical fertilization, commonly by nitrogen, 
phosphorus and potassium. 
 
This type of fertilization is advantageous by rapid 
availability of nutrients for plants, since they are 

soluble sources. However, this high solubility 
may bring disadvantages, as its application must 
be done annually, and therefore, what is not 
assimilated by the crops may be lost through 
leaching and may contaminate surface and 
groundwater. 
 
Therefore, it is necessary that different 
management methods be tested in order to 
guarantee maximum efficiency and absorption of 
these nutrients by plants, such as the use of 
molybdenum (Mo) application via foliar (Reddy et 
al., 2020). 
 
The importance of Mo for the biological nitrogen 
fixation (BNF) process was first described by 
Bortels (Bortels, 1930), who demonstrated that 
Azotobacter vinelandii, when inoculated in a 
culture medium without N, required Mo to grow, a 
fact that did not occur if the source of N in the 
culture medium was ammonium, that is, in a 
medium where N was present, the bacteria did 
not need Mo to synthesize assimilates (Dhaliwal 
et al., 2022). 
 
In soil, in general, the amount of Mo is in the 
range of 0.5 to 5.0 mg kg-1, occurring in soluble 
form at soil solution, adsorbed in colloidal 
fraction, retained in the crystalline network of 
primary minerals and chelated to organic matter 
(Marcondes, 2001). 
 
The Mo participates in two factors of nitrogen 
metabolism that are of utmost importance for 
plants of the Fabaceae family: it participates in 
nitrate reductase (NO-3), in which this element is 



 
 
 
 

Ribeiro and Pagliarini; J. Adv. Biol. Biotechnol., vol. 27, no. 11, pp. 1322-1329, 2024; Article no.JABB.127255 
 
 

 
1324 

 

reduced to nitrite (NO-2), as well as nitrogenase, 
a process in which nitrogen-fixing bacteria 
convert dinitrogen gas (N2) into ammonia (NH3) 
(Epstein and Bloom, 2006), Mo synthesizes 
enzymes for the fixation of atmospheric nitrogen. 
 
As with other nutrients, soil pH may also 
influence the availability of Mo for plants, being 
low at acidic pH (5.0 to 5.5) and high at pH levels 
greater than 7.0 (Abreu et al., 2007). 
 
Taking into account the importance of Mo in BNF 
and all the possibilities of this micronutrient not 
being available to plants, it may be seen that at 
region where the experiment was conducted, the 
Red Latosol presents in majority of agricultural 
areas is rich in iron and/or aluminum oxides with 
low pH (4.0 to 5.5) witch means ideal conditions 
for unavailability of Mo, thus being necessary to 
add at system by seed treatment and/or via foliar 
application (Mahadule and Sale, 2018; Khan et 
al., 2024; Karthikeyan et al., 2020).  
 
Thus, the objective of the work was to evaluate 
the development and yield of beans with foliar 
application of Molybdenum. 
 

2. MATERIALS AND METHODS 
 
The experiment was performed at the 
Experimental Farm of the Grand Dourados 

Federal University, at the municipality of 
Dourados, MS, Brazil. The experimental location 
is located at latitude 22º14’08” S, longitude 
54º59’13” W and altitude of 434 m. The climate, 
according to the Koppen classification, is Cwa 
and the soil is a Dystroferric Red Latosol 
(Embrapa, 2013). Average temperature and 
precipitation data during the experiment period 
are described in Fig. 1. 
 
The experiment was conducted in randomized 
blocks in a 2 x 4 x 3 factorial scheme (sowing 
season x doses x application time), with 
treatments consisting of two sowing times: 
autumn/winter (sowing in February - dry season) 
and spring/summer (sowing in October - rainy 
season), four Mo doses (0, 50, 150 and 300 ml 
ha-1 of commercial Mo based product) and three 
application times, starting the count after 50% 
plant emergence (10 days after emergence - 
DAE, 20 DAE and 30 DAE).  
 
The Mo source was a commercial product with a 
concentration of 216 g L-1 Mo. Black beans were 
sown using a conventional procedure, with soil 
preparation by subsoiling, harrowing and 
leveling. A pneumatic seeder was used with a 
spacing of 0.45 m, 12 seeds per meter of furrow, 
in plots of 5 x 5 m, totaling 10 plants per meter, a 
population of 222,222 plants ha-1 and depth of 
0.02 m. 

 

 
 

Fig. 1. Monthly average temperature and precipitation accumulation during the growing 
seasons; A: 2022 dry season; B: 2022 rainy season; C: 2023 dry season 
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Fertilization was performed in the seeding furrow 
in all plots, regardless of treatment with 250 kg 
ha-1 of 08-28-16 formulation. For topdressing, 60 
kg of N ha-1 was applied (urea will be used as N 
source). Molybdenum was applied using a CO2 
backpack sprayer with a “fan” spray tip, applying 
a spray volume equivalent to 200 L ha-1. 
Molybdenum application times were repeated 
each season for comparison. 
 
During the crop cycle, phytotechnical practices 
were carried out according to necessity, such  
as: control of weeds, diseases and insect             
pests. For this, specific products were used for 
each case, aiming to obtain the best crop 
development. 
 
For the agronomic evaluations, five plants per 
plot were collected at the end, when the crop 
reached physiological maturity, in the central line, 
for the following determinations: number of pods 
per plant: all pods with seeds were selected and 
divided by the number of plants evaluated; 
number of seeds per plant: the pods obtained in 
the previous evaluation were manually threshed 
and counted. The value obtained was divided by 
the number of plants evaluated to obtain the 
number of seeds per plant; number of seeds per 
pod: was calculated by dividing the number of 
seeds per plant by the number of pods per plant; 
mass of a thousand seeds: 8 samples of 100 
seeds per plot were selected and weighed on a 
precision scale (0.01 g) and yield (kg ha-1): two 
central lines of 1 m in length were harvested, 
from which the pods were removed, threshed, 
and these grains were weighed, extrapolating in 
kilograms per hectare. Both the mass of a 

thousand seeds and yield had their moisture 
corrected to 13%. 
 
The results were subjected to analysis of 
variance using the F test (P<0.05) and the 
means were compared using the Tukey test, at 
5% probability. The molybdenum doses and 
application times were analyzed using 
polynomial regression. 
 

3. RESULTS AND DISCUSSION 
 
The statistical analysis showed significant effects 
for evaluated characteristics, both for 
Molybdenum doses, application times and 
seasons. 
 
Regarding the number of seeds per pod (Fig. 2), 
it was observed that there was a significant 
difference, only for 2022 dry season, for Mo 
application times, with a quadratic trend for 
regression analysis in which at 10 days after 
emergence (DAE) an average of 4.7 seeds per 
pod was observed; there was a reduction at 20 
DAE and a subsequent increase at 30 DAE. 
 
Oliveira et al. (2017), when working with beans, 
obtained a greater number of pods and 
consequently greater yield with the application of 
molybdenum. According to Kubota et al. (2008), 
the effect generated by Mo doses is due to the 
fact that this element is a constituent of the 
nitrogenase enzymes, responsible for the 
conversion of atmospheric nitrogen into 
ammonia, and nitrate reductase, which acts in 
the assimilation of N, essentially in the reduction 
of nitrate to nitrite. 

 

 
 
Fig. 2. Average number of seeds per black-bean pod with foliar application of Molybdenum at 

different application times at 2022 dry season 



 
 
 
 

Ribeiro and Pagliarini; J. Adv. Biol. Biotechnol., vol. 27, no. 11, pp. 1322-1329, 2024; Article no.JABB.127255 
 
 

 
1326 

 

The justification for the increase in N 
accumulation in the aerial part may be justified 
by the increase in the efficiency of biological 
nitrogen fixation (BNF) due to the application of 
Mo. Epstein and Bloom (Epstein and Bloom, 
2006) mention that N is the nutrient that is 
directly related to the increase in plant biomass 
production, as observed by Souza et al. (2008), 
for soybean and Xavier et al. (2008) for cowpea. 
 
Therefore, the accumulation of biomass that 
generates a greater number of pods is directly 
related to the greater production of grains per 
pod, which will result in greater production due to 
the greater allocation of nitrogen for grain 
production. As nitrogen is absorbed in greater 
quantities by bean plants, approximately 50% of 
the total N absorbed is exported to seeds (2006). 
 
The weight of a thousand seeds (WTS) showed 
significant results with the application of Mo in 
the three sowing seasons. In the 2022 dry 
season (A) at a dose of 0 mL ha-1 (control), the 
WTS was 143.43 g and increased to 145.72 g at 
a dose of 50 mL ha-1 and subsequently there 
was reduction in mass (Fig. 3A). 
 
In Fig. 3B and 3C, the regression curves showed 
similarities with an increase in mass gain at a 
dose of 150 mL ha-1 and decline with higher 
doses, demonstrating that even in different 
harvests, the application of Mo provides mass 
accumulation up to a certain applied 
concentration. 

As the rainfall levels and average temperature of 
each harvest were different (Fig. 1), it was 
possible to observe that in the dry harvest (C) 
with less precipitation distributed between 
February to May, the masses were greater 
compared to the others. 
 
Some authors state that even in small 
concentrations, the presence of Mo in this 
legume promotes better expressivity of 
agronomic variables (1986). 
 
The process of acetylene reduction and N 
remobilization at the time of grain development 
occurs due to the participation of Mo, which 
results in greater mass accumulation in               
grains (1998). The dose of 150 mL ha-1         
promoted greater WTS due to NBF in which               
the plant obtained greater use of atmospheric           
N. 
 
Therefore, smaller masses was observed                 
in the 2022 dry harvest and even smaller in                
the 2022 rainy harvest (Fig. 3A and 3B) due to 
the heavy rainfall in the period close to                   
harvest (Fig. 1), which is the time of  
physiological maturation. The excess water in 
this period may impair the maturation,     
harvesting and pods drying, significantly affecting 
the grain yield. According to Conceição et al. 
(2018), excess water in the maturation                  
period may generate intense enzymatic 
degradation and consequently reduction in grain 
mass. 

 

 
 

Fig. 3. Weight of a thousand seeds (WTS - g) of black-beans with Molybdenum via foliar 
application at different application times. A: 2022 dry season; B: 2022 rainy season; C: 2023 

dry season 
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Positive 
 

Fig. 4. Black-bean yield (kg ha-1) at different doses of Molybdenum via foliar application. A: 
2022 dry season; B: 2022 rainy season; C: 2023 dry season 

 
Regarding the yield (Fig. 4), the molybdenum 
doses showed significant results in the three 
sowing seasons, demonstrating that there was 
nonconformity between harvests due to climatic 
factors. Therefore, the effects of the doses were 
also different in the harvests, as in the two dry 
harvests the highest averages were 1,150.29 kg 
ha-1 (A) and 613.89 kg ha-1 (C) at control, 
however, compared to the rainy harvest (B) they 
were 918.88 kg ha-1 at the dose of 150 mL ha-1, 
thus, the effects of the doses were greater in 
crops with better rainfall distribution. 
 
According to the precipitation data (Fig. 1), it may 
be seen that the availability of water during the 
cycle did affect yield between harvests, but it was 
also what most influenced the results of the 
doses (Fig. 4), demonstrating that in the harvest 
that had better rainfall distribution, molybdenum 
was more active in the plants, generating a 
difference in grain production. 
 
This may have possibly occurred due to N stress 
caused by the reduced amount of water in the 
soil, making it difficult to absorb the nutrient 
made available in fertilization, and because there 
is no synchronization between the period of 
nitrogen depletion in the cotyledons and the 
beginning of N2 fixation, as in bean plants this 

period is around 15 to 20 days after emergence 
(Barradas and Hungria, 1989). 
 
Due to the delay in N absorption, it can directly 
affect the flowering and grain filling period, as the 
demand for this nutrient is very high (Portes, 
1996). According to Rosolem (1987), good plant 
nutrition should be carried out at a time that can 
increase the number of pods per plant, which 
would be until the beginning of flowering. 
 
As with the weight of a thousand seeds (Fig. 3) 
and the number of seed per pods (Fig. 2), the 
accumulation of mass is directly related to yield, 
making plants have greater availability during the 
reproductive period and grain formation, as 60% 
of the accumulation of N during the bean            
cycle is absorbed and metabolized between the 
flowering and grain filling stages (Hungria et al., 
1985). 

 
In relation to the average yield of the Central 
West region of Brazil, the three harvests were 
lower, considering that they were cultivated                    
in the dry harvests of 2022 and 2023; and in                 
the rainy harvest of 2022, where the region's 
productions were 992.00 kg ha-1, 1,239.00 kg   
ha-1, 2,263.00 kg ha-1 respectively (Conab, 
2024). 
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4. CONCLUSION 
 

Positive results in yield components and effective 
yield of black beans were found when 50 ml               
ha-1 of molybdenum was applied via foliar 
application. 
 

Although it was not one of the objectives of the 
study, it was concluded that the amount of 
rainfall in the crop cycle affects the action of 
molybdenum on bean plants. 
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