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Abstract

Black bean (Phaseolus vulgaris L.) is a crop of significant economic and nutritional value for local producers. This study aimed to assess the
effect of 3 phosphate fertilizer sources, applied at different phosphorus levels, on growth and yield of black bean. The experiment was
conducted from May to August 2023 in the district of Loreto, Paraguay. The experimental design used was a Randomized Complete Block
Design (RCBD) arranged in a factorial design (3 x 4). Factor A consisted of phosphorus sources: triple superphosphate, single superphosphate
and diammonium phosphate. Factor B included levels of phosphorus (0, 30, 60 and 90 kg P.Os ha). Each treatment had 3 replications. The
variables evaluated were plant height at 30 and 90 days after emergence (DAE), number of pods per plant, number of grains per pod, 1000-
grain weight and yield. The data obtained were subjected to a normality test and subsequently to analysis of variance using Fisher’s test.
When significant effects were detected for phosphorus source, means were compared using Tukey’s test at a 5 % significance level.
Regression analysis was performed to calculate the optimum level of phosphorus. The results showed that triple superphosphate produced
the highest yield (895.83 kg ha?), significantly outperforming other sources. In addition, increasing P.Osdoses (60 kg P-Os ha?) had a positive

effect on plant height and yield components.
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Introduction

Black bean (Phaseolus vulgaris L.) is a crop of nutritional significance
worldwide (1), particularly in tropical and subtropical regions (2). It is
a staple food in many diets due to its high content of proteins,
carbohydrates and essential minerals (3, 4), with special relevance to
American and developing countries (5). However, black bean
productivity is often constrained by several factors (6), mainly poor
soil management practices that contribute to accelerated erosion,
enormous nutrient loss in sandy soils thereby reducing nutrient
availability (7).

Among essential nutrients, phosphorus plays a key role in
plant development, participating in critical physiological processes
such as root growth, flowering and pod formation which directly
affect yield (8). Legumes generally required higher phosphorus
demand than cereals (9). Nevertheless, the low mobility and limited
availability of phosphorus in many agricultural soils hinder its
efficient uptake (10). Phosphorus availability is influenced by fixation
and adsorption processes that depend on the mineralogy and
chemical characteristics of the soil. In acidic soils (pH < 5.5),
phosphorus tends to precipitate with iron ions, whereas in alkaline
conditions (pH > 7), forms insoluble complexes with calcium (11).

The response of phosphorus on the crop is not merely
determined by the availability of nutrient in the soil but also by

fixation and mobility processes, as well as fertilization management
practices, which are critical for plant uptake (12). Therefore, selecting
the appropriate phosphorus fertilizer source, with distinct chemical
properties that affect nutrient release and applying at optimal doses
are crucial strategies to improve phosphorus use efficiency and
enhance productivity (13). This study aimed to assess the effect of 3
phosphate fertilizer sources, applied at different phosphorus levels,
on growth and yield of black bean.

Materials and Methods

The study was conducted between May and August 2023 in the
Loreto district, Paraguay. The experimental site is situated at 23°22'
03.0" S latitude and 57°24' 05.1" W longitude. In general, is bestowed
with hot summers and cold winters. The mean annual rainfall of the
location varies from 1300 mm. The meteorological data recorded for
temperature and rainfall parameters for the entire crop growing
period have been presented graphically in Fig, 1 (14).

The soil of the experimental site was classified as belonging
to the order Alfisol and subgroup Mollic Paleudalf (15). Soil chemical
properties were analyzed from samples collected at a depth of 0-
20cm and processed according to the standard methodology (16).
The results were as follows: available P (Mehlich?): 8.10 mg dm?;
organic matter: 8.52 g dm?; pH (CaCl,): 4.88; K: 0.16 cmol dm?; Ca:
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Fig. 1. Average temperature and rainfall data during the experiment.

4.78 cmol dm; Mg: 0.97 cmol dm3; H-Al: 2.36 cmol dm®; base sum:
5.91 cmol dm?; cation exchange capacity: 5.93 cmol dm?; and base
saturation: 71.53 %. The experimental field was acidic in reaction,
low in organic carbon, available phosphorus, potassium and
magnesium.

The experimental design was a randomized complete block
design (RCBD) arranged in a factorial design (3 x 4). The experiment
consisted of 3 phosphorus sources as factor A and 4 levels of
phosphorus as factor B (Table 1). Each treatment had 3 replications.
Each experimental unit (EU) measured 20 m? (5 m length by 4 m
width) totalling 36 experimental units.

The black bean crop was sown at a spacing of 50 cm x 20
cm. Thinning was performed 15 days after emergence (DAE). Whole
quantity of nitrogen (50kgha?) and potassium (100kgha?) was
applied as basal dose at the time of sowing. However, phosphorus
was also applied at the time of sowing as per treatment of the
experiment. The nutrients were supplied in form of urea and muriate
of potash.

Table 1. Description of the formulated treatments

Factor A
(Phosphorus Fadﬁ;? (|:.::/uesl)s of Combination
sources) phosp
0 kg hat P.0s TSP+0 kg hat P,0s
Triple superphosphate 30 kg ha* P,0s TSP +30 kg ha* P,0s
(TSP) *60kgha'P,0s TSP +60kgha' P;0s
90 kg ha* P,0s TSP +90 kg ha* P,0s
0 kg ha' Po0s SSP +0 kg ha Po0s
Single superphosphate 30 kg ha* P,0s SSP +30 kg ha* P,0s
(SSP) 60 kg ha' P,0s SSP + 60 kg ha™! P,0s
90 kg ha* P,0s SSP +90 kg ha* P,0s
0 kg ha? P,Os DAP +0 kg ha P,0s
Diammonium 30 kg hat P205 DAP + 30 kg hat PzOs
phosphate (DAP) 60 kg ha P,0s DAP + 60 kg ha™! P,0s
90 kg ha* P,0s DAP +90 kg ha™ P,0s

The dose of 60 kg ha of P,Os was determined based on soil analysis
and the recommendation of Cubilla et al. (34), while the doses of
30 and 90 kg ha™ of P,0s corresponded to 50 % below and above the
recommended rate respectively.

Manual weeding was done to keep the plant free from
weeds. Pest control included 2 applications of insecticides:
cypermethrin (2.5 mLL* water) and abamectin (1 mLL?* water) were
sprayed at 15 and 30 DAE for the control of pest. Fungicide is used to
treat the seeds to prevent soil borne disease. Black bean seeds were
treated with 4 g kg* of seed to protect the seeds from seed borne
disease.

Data pertaining to plant height, yield attributes and vyield
were obtained at harvest. A sampling area of 12 m? containing 120
plants was marked out to evaluate each experimental unit. For plant
height and number of pods plant?, 10 plants were selected
randomly and tagged in each plot. However, data with respect to
number of grains pod?, 30 number of pods were taken and manually
counting number of grains. The recorded data were averaged to
determine the mean value. 1000-grains were randomly taken from
the bulk produce of each plot were counted and weighed. The
weight was expressed as 1000-grain weight in grams. The threshed
grains of black bean obtained from each net plot were sun dried to
obtained 14 % moisture and weighed separately and finally
converted into kg ha™. The target moisture content was determined
using the following formula (17).

ISW x (100 - IMC)

FSW =
(100 - FMC)

Where FSW: Final Seed Weight; ISW: Initial Seed Weight;
IMC: Initial Moisture Content and FMC: Final Moisture Content.

The data obtained were subjected to a normality test and
subsequently to analysis of variance using Fisher’s test with the
Agroestat® statistical software, version 1.1.0.712 rev 77 (18). When
significant differences were found for phosphorus source, Tukey’s
test (5 % significance) was applied. Regression analysis was
performed to calculate the optimum level of phosphorus. The
maximum fertilizer dosage was calculated using the formula

Xmax = _b/ 2a.

The point of maximum productivity was calculated using the
formula

Ymax=D/(4a),
Where D=b2-4ac.

https://plantsciencetoday.online


https://plantsciencetoday.online

Results and Discussion

The analysis of the data obtained for variables plant height
evaluated at 30 and 90 DAE, number of pods per plant, number of
grains per pod and 1000-grain weight did not show significant
effects. However, in vyield, significant differences attributed to
phosphorus sources were observed, increasing levels of phosphorus
recorded significant effect in plant height, number of pods plant®
and number of grains pod™. The interaction between sources and
levels of phosphorus was found to be insignificant (Table 2).

Data presented in Table 3 revealed that among the sources
of phosphorus, non-significant results were obtained with respect to
plant height and yield attributes. This might have attributed to the
homogeneity in nutrient availability which led to non-significant
increase in plant height and yield attributes (19). This behaviour
could be due to the nature of the soil which influenced P fixation and
other biochemical reactions that affect its availability for the crop
(20).

However, increased levels of phosphorus resulted in
significant increase in plant height, yield attributes and yield. At 30
DAE, an optimal dose of 63.00 kg ha of P;Osresulted in significant
increase in plant to tune of 16.26 cm. In the case of plant height at 90
DAE, significantly higher plant height (46.19 cm) was obtained with
68.62 kg ha of P,0s (Fig. 2). Experimental findings clearly indicated
the essential role of phosphorus in promoting plant development.
Whereas deficiency of phosphorus in control treatment led to a
significant reduction in growth parameters. Similar findings were
also reported that lack of phosphorus resulted in shallow roots and
lower vegetative growth (21). In contrast, a previous study found that
high phosphorus availability resulted in higher plant height of
leguminous plants (22).

The regression analysis of the number of pods per plant at
different P,Os levels (Fig. 3A) showed a fit to a second-degree
polynomial model. According to equation, a maximum number of
30.93 pods per plant was obtained with an estimated optimal dose
of 48.75 kg ha'* of P,Os. This might have happened due to phosphatic

Table 2. Statistical probability (F) of detecting differences between P,0s source and dose treatments in beans for different variables

Variable PH (30 DAE) PH (90 DAE) NPP NGP 1000-GW Yield
Sources of phosphorus (S)
F Test 1.12ns 0.99ns 1.85ns 0.96ns 0.06ns 7.49**
Levels of phosphorus (L)
F Regr. L® 11.66** 20.67** 0.90ns 4.72* 0.86ns 8,24**
F Regr. Qb 10.03** 7.39** 15.97** 9.81** 1.71ns 11.86**
Interaction (SxL)
SxL 0.50ns 0.31ns 0.71ns 0.29ns 0.30ns 2.53ns

ns: not significant; (*) (**) significant at 5 and 1 % probability. 2Linear regression; *PQuadratic regression. PH: plant height; NPP: number of pods
per plant; NGP: number of grains per pod; 1000-GW: 1000-grain weight; SxL: Sources of phosphorus x Levels of phosphorus.

Table 3. Effect of P,Ossource on plant height (PH) at 30 and 90 DAE, number of pods per plant (NPP), number of grains per pod (NGP), 1000-

grain weight (1000-GW), yield (Yield)

Factor PH (30 DDE) PH (90 DDE) NPP NGP 1000-GW Yield
Sources of phosphorus

Triple Superphosphate 15.75 43.96 28.10 5.38 257.5 895.83°+75.67

Single superphosphate 15.28 42.11 24.61 5.20 255.0 696.66°+36.38

Diammonium phosphate 15.32 43.76 27.71 5.33 255.2 757.50°+49.04

LSD (5%) 0.86 3.62 4.98 0.34 20.8 132.48

CV % 5.46 8.16 18.13 6.31 7.92 16.49

Means with different letters indicate significant differences between sources by Tukey's test at 5% probability. LSD: least significant difference;

CV: coefficient of variation. + corresponds to the standard error.
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Fig. 2. Regression analysis between levels of phosphorus and plant height at 30 DAE (A), 90 DAE (B). Vertical bars represent the standard error.
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Fig. 3. Regression analysis between levels of phosphorus and number of pods per plant (A), number of grains per pod (B). Vertical bars

represent the standard error.

fertilizers improves physiological expression of the plant and
consequently, led to significant increase in the number of pods per
plant (23). This aligns with earlier report (24) recorded an average of
38.13 pods per plant due to phosphorus applied to black bean crop,
which aligns with the previous findings (25), it observed a significant
increase in pods per plant as, compared to the unfertilized plot.
Similarly, a significant difference in the number of pods per plant
obtained at increased levels of phosphorus have been emphasized
in earlier study (26).

In Fig. 3B, the regression analysis of the number of grains per
pod as a function of P.Os levels presented, which fit a quadratic
equation. According to the obtained equation, a maximum point of
5.47 grains per pod obtained with the application of 48.75 kg ha™ of
P20s. These findings coincide with the earlier research (26), recorded
significant increases in the number of grains per pod.

On the other hand, insignificant results were obtained with
increased levels of phosphorus for 1000-grain weight. Experimental
findings with respect to 1000-grain weight clearly indicated that
increased levels of phosphorus sufficient to meet the crop's needs
and that this variable is more influenced by genetic factors than by
the availability of this nutrient in the soil (27). Similar to previous
findings (28), we observed no P,0s dose effect on 1000-grain weight.

In contrast, an earlier study (29) reported that 1000-grain weight
increase could be due to a greater availability of phosphorus, which
leads to better translocation of photosynthesis products to storage
organs, consequently improved yield attributes (30).

Data presented in Table 2 revealed that Triple
Superphosphate resulted in increases 22.23 % and 15.4 % in grain
yield as to Single Superphosphate and Diammonium Phosphate,
respectively. This aligns with earlier report (31), which attributed
TSP’s superiority to its higher water solubility (93 %) compared to
SSP (84 %), promoting early root uptake. However, among
phosphorus levels, the regression analysis performed on yield values
(Fig. 4B) and fitted to quadratic equation. The estimated maximum
yield was 915.98 kg ha™, achieved with an optimal dose of 56.16 kg
ha! of P,0s. Further yield showed tendency to decrease with the
application of higher doses possibly due to soil saturation, lower
efficiency in nutrient absorption or negative interactions in crop
management practices (10). These results agree with findings that
application of phosphorus in bean productivity, achieved significant
increase in yield by optimizing the phosphorus dose (32). Similarly,
other reports that highlighted the increased levels of phosphorus
resulted an increase in the yield (24, 33).
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Conclusion

The application of triple superphosphate significantly increased
black bean (Phaseolus vulgaris L.) yields by 22.2 % compared to
single superphosphate, with an optimal dose of 56.16 kg P,0s ha™.
This balanced fertilization strategy represents a viable alternative to
optimize black bean management.

Acknowledgements

The authors thank the Facultad de Ciencias Agrarias (FCA) of the
Universidad Nacional de Concepcion (UNC) and the Consejo
Nacional de Ciencia y Tecnologia (CONACYT).

Authors' contributions

LMTC contributed for the conception, design of the work,
conduction and data collection of the experiment. EML and DFLA
contributed for the conception, design of the study, analysis,
interpretation of data, manuscript writing, critical review of the
manuscript and approval of its final version. WDLP, REP and CFO
conceived of the study and participated in its design and
coordination. FDVO participated in the design of the study and
performed the statistical analysis. REP and CFO conceived of the
study and participated in its design and coordination. All authors
read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of interest
todeclare.

Ethicalissues: None

References

1. Machiani MA, Rezaei CE, Javanmard A, Maggi F, Morshedloo MR.
Evaluation of common bean (Phaseolus vulgaris L.) seed yield and
quali-quantitative production of the essential oils from fennel
(Foeniculum vulgare Mill) and dragonhead (Dracocephalum
moldavica L.) in intercropping system under humic acid application.
Journal of Cleaner Production. 2019;235:112-22. https://
doi.org/10.1016/j.jclepro.2019.06.241

2. Marquezi M, Gervin VM, Watanabe LB, Moresco R, Amante ER.
Chemical and functional properties of different common Brazilian
bean (Phaseolus vulgaris L.) cultivars. Brazilian Journal of Food
Technology.  2017;20:€2016006.  https://doi.org/10.1590/1981-
6723.0616

3. Yeken MZ, Kantar F, Canci H, Ozer G, Ciftci V. Breeding of dry bean
cultivars using Phaseolus vulgaris landraces in Turkey. International
Journal of Agriculture and Wildlife Science. 2018;4(1):45-54. https://
doi.org/10.24180/ijaws.408794

4. Nadeem MA, Yeken MZ, Shahid MQ, Habyarimana E, Yilmaz H,
Alsaleh A, et al. Common bean as a potential crop for future food
security: an overview of past, current and future contributions in
genomics,  transcriptomics, transgenics and  proteomics.
Biotechnology & Biotechnological Equipment. 2021;35(1):759-87.
https://doi.org/10.1080/13102818.2021.1920462

5. Jiménez OR. Mejoramiento del frijol comun (Phaseolus vulgaris L.).
In: Al-Khayri J, Jain S, Johnson D, editors. Avances en estrategias de
mejoramiento de plantas: legumbres. Vol. 7. Cham.: Springer; 2019.
p. 151-200. https://doi.org/10.1007/978-3-030-23400-3_5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Morel LE, Pistilli RE, Barrios VE, Caballero CO, Servin A, Da Silva MO,
et al. Eficacia de biofertilizantes en la produccion de variedades de
fréjol (Phaseolus vulgaris L.). Idesia (Arica). 2021;39(3):13-9. https://
doi.org/10.4067/S0718-34292021000300013

Avalos DFL, Pereira WDL, Duarte HJ, Loépez EM, Sanchez AF, Barrios
CAM, et al. Produccién de habilla negra (Phaseolus vulgaris L.) sobre
cobertura muerta de kumanda yvyrai con fertilizacion foliar. Ciencia
Latina Revista Cientifica Multidisciplinar. 2022;6(1):4312-25. https://
doi.org/10.37811/cl_rcm.v6i1.1801

Samago TY, Anniye EW, Dakora FD. Grain yield of common bean
(Phaseolus vulgaris L.) varieties is markedly increased by rhizobial
inoculation and phosphorus application in Ethiopia. Symbiosis.
2018;75:245-55. https://doi.org/10.1007/s13199-017-0529-9

Quintana BWA, Pinz6n SEH, Torres DF. Efecto de un fosfato térmico
sobre el crecimiento y produccion de frijol (Phaseolus vulgaris L.) cv
Ica Cerinza. Revista UDCA Actualidad & Divulgacién Cientifica.
2017;20(1):51-9.

Silva DAD, Tsai SM, Chiorato AF, Da Silva ASC, Esteves JADF, Recchia
GH, et al. Analysis of the common bean (Phaseolus vulgaris L.)
transcriptome regarding efficiency of phosphorus use. PloS One.
2019;14(1):€0210428. https://doi.org/10.1371/journal.pone.0210428

Johan PD, Ahmed OH, Omar L, Hasbullah NA. Phosphorus
transformation in soils following co-application of charcoal and
wood ash. Agronomy. 2021;11(10):2010. https://doi.org/10.3390/
agronomy11102010

Ho MD, Rosas JC, Brown KM, Lynch JP. Root architectural tradeoffs
for water and phosphorus acquisition. Functional Plant Biology.
2005;32(8):737-48. https://doi.org/10.1071/FP05043

Fageria NK, Baligar VC. Growth, yield and yield components of dry
bean as influenced by phosphorus in a tropical acid soil. Journal of
Plant Nutrition. 2016;39(4):562-8. https://
doi.org/10.1080/01904167.2016.1143489

FECOCLIMA. Datos meteoroldgicos, Concepcion, Paraguay; 2023.
https://fecoclima.fecoprod.com.py/

L6pez OE, Gonzalez E, De Llamas PA, Molinas AS, Franco ES, Garcia S,
et al. Estudio de reconocimiento de suelos, capacidad de uso de la
tierray propuesta de ordenamiento territorial preliminar de la Region
Oriental del Paraguay. Asuncién, MAG/Direccién de Ordenamiento
Ambiental/Banco Mundial. Proyecto de Racionalizacion de Uso de la
Tierra. Convenio 3445. P. Banco Mundial; 1995. https://
www.geologiadelparaguay.com/Estudio-de-Reconocimiento-de-
Suelos-Regi%C3%B3n-Oriental-Paraguay.pdf

Cardoso EL, Fernandes AH, Fernandes FA. Andlise de solos:
Finalidade e procedimentos de amostragem. Corumba: Embrapa
Pantanal. Comunicado Técnico. 2009;79. http://
www.infoteca.cnptia.embrapa.br/infoteca/handle/doc/807342

Yahaya AM, Sinniah, UR, Misran A. Seed quality of lablab beans
(Lablab purpureus L.) as influenced by drying methods and storage
temperature. Agronomy. 2022;12(3):699. https://doi.org/10.3390/
agronomy12030699

Barbosa JC, Maldonado WJ. Experimentagdo agrondmica &
agroestat: sistema para andlises estatisticas de ensaios
agrondmicos. Jaboticabal: Funep; 2015. https://
livraria.funep.org.br/product/experimentacao-agronomica-
agroestat-sistema-para-analises-estatisticas-de-ensaios-
agronomicos/

Mitran T, Meena RS, Lal R, Layek J, Kumar S, Datta R. Role of soil
phosphorus on legume production. In: Meena R, Das A, Yadav G, Lal
R, editors. Legumes for soil health and sustainable management.
Singapore: Springer; 2018. p. 487-510. https://doi.org/10.1007/978-
981-13-0253-4_15

Kruse J, Abraham M, Amelung W, Baum C, Bol R, Kiihn O, et al.
Innovative methods in soil phosphorus research: A review. Journal
of Plant Nutrition and Soil Science. 2015;178(1):43-88. https://
doi.org/10.1002/jpln.201400327

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.jclepro.2019.06.241
https://doi.org/10.1016/j.jclepro.2019.06.241
https://doi.org/10.1590/1981-6723.0616
https://doi.org/10.1590/1981-6723.0616
https://doi.org/10.24180/ijaws.408794
https://doi.org/10.24180/ijaws.408794
https://doi.org/10.1080/13102818.2021.1920462
https://doi.org/10.1007/978-3-030-23400-3_5
https://doi.org/10.4067/S0718-34292021000300013
https://doi.org/10.4067/S0718-34292021000300013
https://doi.org/10.37811/cl_rcm.v6i1.1801
https://doi.org/10.37811/cl_rcm.v6i1.1801
https://doi.org/10.1007/s13199-017-0529-9
https://doi.org/10.1371/journal.pone.0210428
https://doi.org/10.3390/agronomy11102010
https://doi.org/10.3390/agronomy11102010
https://doi.org/10.1071/FP05043
https://doi.org/10.1080/01904167.2016.1143489
https://doi.org/10.1080/01904167.2016.1143489
https://fecoclima.fecoprod.com.py/
https://www.geologiadelparaguay.com/Estudio-de-Reconocimiento-de-Suelos-Regi%C3%B3n-Oriental-Paraguay.pdf
https://www.geologiadelparaguay.com/Estudio-de-Reconocimiento-de-Suelos-Regi%C3%B3n-Oriental-Paraguay.pdf
https://www.geologiadelparaguay.com/Estudio-de-Reconocimiento-de-Suelos-Regi%C3%B3n-Oriental-Paraguay.pdf
http://www.infoteca.cnptia.embrapa.br/infoteca/handle/doc/807342
http://www.infoteca.cnptia.embrapa.br/infoteca/handle/doc/807342
https://doi.org/10.3390/agronomy12030699
https://doi.org/10.3390/agronomy12030699
https://livraria.funep.org.br/product/experimentacao-agronomica-agroestat-sistema-para-analises-estatisticas-de-ensaios-agronomicos/
https://livraria.funep.org.br/product/experimentacao-agronomica-agroestat-sistema-para-analises-estatisticas-de-ensaios-agronomicos/
https://livraria.funep.org.br/product/experimentacao-agronomica-agroestat-sistema-para-analises-estatisticas-de-ensaios-agronomicos/
https://livraria.funep.org.br/product/experimentacao-agronomica-agroestat-sistema-para-analises-estatisticas-de-ensaios-agronomicos/
https://doi.org/10.1007/978-981-13-0253-4_15
https://doi.org/10.1007/978-981-13-0253-4_15
https://doi.org/10.1002/jpln.201400327
https://doi.org/10.1002/jpln.201400327

LIZETAL

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Camilo S, Odindo AO, Kondwakwenda A, Sibiya J. Root traits
related with drought and phosphorus tolerance in common bean
(Phaseolus vulgaris L.). Agronomy. 2021;11(3):552. https://
doi.org/10.3390/agronomy11030552

Bautista ZD, Chavarro RC, Caceres ZJ, Buitrago MS. Efecto de la
fertilizacion edéfica en el crecimiento y desarrollo de Phaseolus
vulgaris cv. ICA Cerinza. Revista Colombiana de Ciencias Horticolas.
2017;11(1):122-32. https://doi.org/10.17584/rcch.2017v11i1.5496

Chekanai V, Chikowo R, Vanlauwe B. Response of common bean
(Phaseolus vulgaris L.) to nitrogen, phosphorus and rhizobia
inoculation across variable soils in Zimbabwe. Agriculture,
Ecosystems &  Environment.  2018;266:167-73.  https://
doi.org/10.1016/j.agee.2018.08.010

Lishan T, Girmay G, Teka K, Tadesse T. The response of haricot bean
(Phaseolus vulgaris L.) to integrated use of phosphorus and manure,
Eastern Ethiopia. Tropical Agriculture. 2023;100(1):1-10. https://
journals.sta.uwi.edu/ojs/index.php/ta/article/view/8329

Dereje S, Nigussie D, Setegn G, Eyasu E. Yield response of common
bean to phosphorus, lime and compost application at Areka,
Southern Ethiopia. Journal of Science and Sustainable Development.
2017;5(1):37-51. https://doi.org/10.20372/au.jssd.5.1.2017.066

Zucareli C, Barzan RR, Silva JBD, Chaves DP. Associacao de fosfatos
e inoculagdo com Bacillus subtilis e seu efeito no crescimento e
desempenho produtivo do feijoeiro. Revista Ceres. 2018;65:189-95.
https://doi.org/10.1590/0034-737X201865020011

Chhetri AB, Lal JP, Nair RM, Singh AK. Genetic diversity for pod and
seed traits in common bean (Phaseolus vulgaris L.). Discover Plants.
2025;2(1):228. https://doi.org/10.1007/s44372-025-00316-y

Khondoker NA, Uddin FJ, Sarker MAR, Rahman A. Influence of
nitrogen and phosphorus level for the performance of French Bean
(Phaseolus Vulgaris L.). Acta Scientifica Malaysia (ASM). 2020;4(1):34
-8. http://doi.org/10.26480/asm.01.2020.34.38

Samim M, Shams S, Shekhawat K. Effect of phosphorus levels and
varieties on yield and yield attributes of mung bean (Vigna radiata)
in climate condition of Badghis, Afghanistan. Indian Journal of
Agronomy. 2023;68(4):451-4. https://pub.isa-india.in/index.php/ija/
article/view/5472

Muhammad DM, Gurmani AH, Matiullah KMK. Effect of phosphorus
and Rhizobium inoculation on the yield and yield components of
mung bean under the rainfed condition of D.I. Khan. Sarhad Journal

of Agriculture. 2004;20(4):575-82.
www.cabidigitallibrary.org/doi/full/10.5555/20053013028

https://

31. Romer W, Steingrobe B. Fertilizer effect of phosphorus recycling
products. Sustainability. 2018;10(4):1166. https://doi.org/10.3390/
sul0041166

32. Rurangwa E, Vanlauwe B, Giller KE. Benefits of inoculation, P fertilizer
and manure on yields of common bean and soybean also increase
yield of subsequent maize. Agriculture, Ecosystems & Environment.
2018;261:219-29. https://doi.org/10.1016/j.agee.2017.08.015

33. Shanka D, Dechassa N, Gebeyehu S, Elias E. Phosphorus use
efficiency of common bean cultivars in Ethiopia. Communications
in Soil Science and Plant Analysis. 2018;49(11):1302-13. https://
doi.org/10.1080/00103624.2018.1457158

34. Cubilla MM, Wendling A, Eltz FLF, Amado TJC, Mielniczuk J.
Recomendaciones de fertilizacion para soja, trigo, maiz y girasol:
Bajo el sistema de siembra directa en el Paraguay. Paraguay:
ARTEMAC SA; 2012. https://capeco.org.py/wp-content/
uploads/2011/06/LIBRO-Recomendaciones-de-Fertilizacion-para-
Paraguay-Martin.pdf

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). 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 (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.3390/agronomy11030552
https://doi.org/10.3390/agronomy11030552
https://doi.org/10.17584/rcch.2017v11i1.5496
https://doi.org/10.1016/j.agee.2018.08.010
https://doi.org/10.1016/j.agee.2018.08.010
https://journals.sta.uwi.edu/ojs/index.php/ta/article/view/8329
https://journals.sta.uwi.edu/ojs/index.php/ta/article/view/8329
https://doi.org/10.20372/au.jssd.5.1.2017.066
https://doi.org/10.1590/0034-737X201865020011
https://doi.org/10.1007/s44372-025-00316-y
http://doi.org/10.26480/asm.01.2020.34.38
https://pub.isa-india.in/index.php/ija/article/view/5472
https://pub.isa-india.in/index.php/ija/article/view/5472
https://www.cabidigitallibrary.org/doi/full/10.5555/20053013028
https://www.cabidigitallibrary.org/doi/full/10.5555/20053013028
https://doi.org/10.3390/su10041166
https://doi.org/10.3390/su10041166
https://doi.org/10.1016/j.agee.2017.08.015
https://doi.org/10.1080/00103624.2018.1457158
https://doi.org/10.1080/00103624.2018.1457158
https://capeco.org.py/wp-content/uploads/2011/06/LIBRO-Recomendaciones-de-Fertilizacion-para-Paraguay-Martin.pdf
https://capeco.org.py/wp-content/uploads/2011/06/LIBRO-Recomendaciones-de-Fertilizacion-para-Paraguay-Martin.pdf
https://capeco.org.py/wp-content/uploads/2011/06/LIBRO-Recomendaciones-de-Fertilizacion-para-Paraguay-Martin.pdf
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

