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ABSTRACT 
 

Pulses respond positively to micronutrients application, particularly during the reproductive stages, 
their application is still uncommon. The current review suggest that foliar application of Zn, Fe or 
Mo had a favourable impact on growth indicators and grain yield. protein content, total and active 
nodule counts and yield components plant

-1
. Molybdenum is essential for the development of 

nodule tissue and an increase in N2 fixation, both of which are necessary for Rhizobium to increase 
the nitrogen fixation process. 
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1. INTRODUCTION 
 
“Pulses are the main source of protein particularly for vegetarians and contribute about 14 per cent of 
the total protein of an Indian average diet” (Meena et al., 2013). “The production and consumption of 
pulses, sometimes referred to as food legumes, is second only to cereals in India. The word pulse is 
derived from the Latin word Puls means pottage i.e., seed boiled to make porridge or thick soup. 
Pulse is a rich source of dietary protein (25%), energy, minerals and vitamins for the vegetarian 
population. As a vital source of both human and animal food and animal feed, it is also crucial for 
maintaining soil fertility” (Kavya et al., 2021). 
 
In addition to crop productivity, micronutrients also improve the amount of crude protein, amino acids, 
total lipids, energy value, and other nutrients in chickpea, soybean, black gramme, etc. Foliar 
fertilisation is the most efficient way to raise output, and research has shown that it can increase yield 
by 12 to 25% when compared to conventional fertilisation (Deshmukh et al., 2017). 
 
“Iron is an essential key enzymes Co-factor which performs different function in breakdown of 
hormone and also take part in many chemical reactions takes place in plants” (Kerkeb and Connolly, 
2006). Iron is required for the formation of chlorophyll even though it is not a component of it. As a 
result, a lack of chlorophyll causes iron deficiency and chlorotic plants (Katyal and Randhawa, 1983). 
 
“Zinc has been the micronutrient that crops, especially pulses, have required in sufficient amounts” 
(Yashona et al., 2018). “Zinc in plants required for biosynthesis of hormone” (Kudi et al., 2018). Zinc is 
essential for metabolism and participates in the production of nodules, which fix nitrogen (Patel et al., 
2011). Zinc is a crucial component of RNA polymers and gives ribosomes their structural integrity 
(Yashona et al., 2018). Since Zn is required for the synthesis of tryptophan (Brown et al., 1993; 
Alloway, 2004), Zinc is required for pollen function and fertilization (Ali et al., 2017). 
 
“The availability of Molybdenum in soil has been shown to enhance the production of leguminous 
crops” (Chandra et. al., 2020). Molybdenum, which is essential for several metabolic activities and 



 
 
 
 

Pandey et al.; Int. J. Environ. Clim. Change, vol. xx, no. xx, pp. xx-xx, 20YY; Article no.IJECC.111562 
 
 

 
2 
 

regulates ascorbate-glutathione in plants. Plants deficient in molybdenum have lower quantities of 
chlorophyll and abnormal changes to their chloroplasts (Nasar et al., 2017). The synthesis of the 
nitrate reductase enzyme and the symbiotic nitrogen fixation in legumes depend on the crucial 
micronutrient molybdenum (Williams and Fraustoda Silva, 2002; Roy et al., 2006). “Molybdenum 
increases plant height, number of branches and pods plant

-1
, number of seeds plant

-1
 and nodule 

production in legume crops. It also enhances yield quality” (Togay et al., 2008). 
 

2. EFFECT ON PLANT HEIGHT 
 
Alam et al. (2010) reported In an earlier trial, the longest plant was produced with a 2.5 kg Zn ha

-1
 

application. The height of the plants was strongly impacted by the application of 10 kg Zn ha
-1

 (47.76 
cm and 47.88 cm) in summer mungbean. (Ram and Kattiyar, 2013). El Sayed Hameda et al., (2012) 
reported that the By applying a combination of microelements to the leaves of pea plants, the yield 
components indicated by plant height were significantly increased. Zinc in auxin mixture 
(Basavarajeswari et al., 2018). The plant height of the pigeonpea crop was increased by applying 5 
mg kg

-1
 Zn added to the soil (Dube et al., 2001). Some enzymes with significant roles in cell division 

and lengthening were activated by zinc, and as a result, the stem height increased (Seifi Nadergoli et 
al., 2011). Habbasha et al. (2013) observed 0.2% ZnSO4 application to chickpea at seed filling stage 
result in significantly higher plant height (81.43 cm). Zn and Fe may have positive benefits when given 
topically because of their importance in respiration, photosynthesis, and other biochemical and 
physiological processes as well as their function in increasing yields (Rietra et al., 2017; Khan et al., 
2022). “The increment in plant height of cowpea with zinc spray (1 g L

-1
) has been documented” by 

(Salehin and Rahman 2012). The application of molybdenum to the leaves has a considerable impact 
on plant parameters, including plant height and biological performance. The result was in conformity 
with those of Manjili et al. (2014). Hazra and Tripathi (1998) observed that “molybdenum application at 
the rate of 1.5 kg/ha increased forage in calcareous soil”. Sahu et al. 
(2008)reportedthat“theapplicationofFeSO4at2kgha

-1
significantly increased the growth characters over 

controlinchickpea”. Thapuetal.(2003)concludedthat“theapplication of micronutrients like Fe (as ferrous 
sulphateat 0.4%), Mn, Cu and Zn significantly increased the growthattributes in pea”. 
 

3. EFFECT ON NUMBER OF NODULES PLANT-1 

 
Increased infection and rhizobial colonisation in the rhizosphere may be the source of the increased 
nodule count due to the increased availability of micronutrients (Meena et al., 2012). Chauhan et al. 
(2013) reported “91% higher nodulation in soybean under the application of Zn @ 5 kg ha

-1
 in 

consecutive years of study”. Ram and Kattiyar (2013) found that “the application of Zn @ 10 kg ha
-1

 to 
mungbean significantly increase the nodulation”. Badar et al., (2015) “Molybdenum is essential for the 
development of nodule tissue and an increase in N2 fixation, both of which are necessary for 
Rhizobium to increase the nitrogen fixation process. Every bacterium that fixes nitrogen requires 
molybdenum since it is an essential component of the nitrogenase enzyme reported by Hirpara et al. 
(2019). Iron and molybdenum significantly enhanced nodules number in legumes crops (Brkics et al., 
2004). An agreement with Tantawy et al. (2013) reported that “Fe and Mo significantly increased 
number of active nodules in broad bean”. 
 

4. EFFECT ON DRY MATTER ACCUMULATION 
 
The production of straw was enhanced by applying multiple foliar sprays of various fertiliser mixtures 
at distinct growth stages. As previously documented, foliar treatment of macro and micronutrients 
boosted biological yield by Piri Issa et al., (2012). “The improvement in nodulation might have resulted 
in a higher amount of nitrogen fixation and there by better vegetative growth and dry matter 
production” Balla et al. (2020). 
 

5. EFFECT ON PROTEIN CONTENT 
 
Zinc treatment to the leaves resulted in higher protein content as a result of improved physiological 
properties and protease enzyme activity Nandan et al. (2018), Usman et al. (2015) and Lokhande et 
al. (2018). Singh and Singh (2012) also reported 20.2% higher protein content in chickpea grain under 



 
 
 
 

Pandey et al.; Int. J. Environ. Clim. Change, vol. xx, no. xx, pp. xx-xx, 20YY; Article no.IJECC.111562 
 
 

 
3 
 

the application of 10 kg Zn ha
-1

.  Khrogamy and Farnia (2009) on zinc application in chickpea 
revealed the fact that, the application of ZnSO4 @ 20 kg ha

-1
 improved the protein content (24.02%) in 

chickpea. Imsande (1998) stated that iron had an important role in the synthesis of chlorophyll and 
also help in the absorption of other nutrients. Oguz (2004) that “increasing Mo application up to 6 g kg

-

1
 considerably affected the protein content in chickpea”. Roy et al. (2014) reported that “the combined 

application of 5.5 kg Zn ha
-1

 + 0.1% Zn as foliar spray increased the seed crude protein by 26.9% 
over control”. Sharma et al. (2010) reportedthat the treatment of chelated Fe (1 or 2 kg ha

-1
) 

considerably enhanced the protein content in seed as well as all yield-contributing attributes in the 
pigeon pea crop. 
 

6. EFFECT ON YIELD ATTRIBUTES 
 
The beneficial effects of foliar nutrition of micro nutrients on mung bean were also reported by several 
researchers Kumawat et al. (2005). The micronutrients might have enhanced role in seed setting that 
resulted in improvement in no. of seeds pod

-1
. 

 

7. EFFECT ON NUMBER OF PODS PLANT-1 
 
Kumar et al. (2014) reported that “seed inoculation with zinc @ 5 kg ha

-1
 gave the significantly higher 

growth and yield attributes”. Togay et al. (2008) reported that molybdenum increased pods plant
-1

. 
Valenciano et al. (2010) showed pod number plant

-1
 were greater with Zn application. Ram and 

Katiyar (2013) found that “the application of 10 kg Zn ha
-1

 to mungbean resulted in significant 
improvement in the pod and seed number”. In keeping with our findings, it was reported that 
micronutrient foliar spraying increased the number of pods plant

-1
 in lentil (Zeidan et al., 2006). Shah 

et al. (2016) concluded that “the number of seeds pod
-1

 and number of pods plant
-1

 in pigeonpea 
significantly increase under the application of Zn @ 20 kg ha

-1”
. Increase of pods plant

-1
 using Zn 

spraying reported by Teixeira et al. (2004) in common bean. A decrease in flower shedding, a rise in 
pod formation, and the improvement of photosynthetic material distribution to these organs could all 
boost the pod plant

-1
 (Mady, 2009). 

 

8. EFFECT ON NUMBER OF SEEDS POD-1 

 
Rizk and Abdo (2001) reported that yield components showed a highly significant increase with the 
application of Zn (0.2 or 0.4 g/l) compared to the control. The reports of other researchers that 
indicated the foliar application of Zn increased seeds pod

-1
 in common bean (Teixeira et al., 2004; 

Seifi Nadergholi et al., 2011; Nasri et al., 2011) and Faba bean (Bozorgi et al., 2011). Sarkar and 
Banik (1991) observed the molybdenum application significantly increased seeds pod

-1
. 

 

9. SEED YIELD 
 
Zn application at the rate of 0.3% in combination with Fe increased seed yield and lead to the highest 
amounts of seed yield. Khrogamy and Farnia (2009) It was noted that seed output and total biomass 
in chickpea cultivars were significantly affected by the treatment of ZnSO4 @ 20 kg ha

-1
. 

Ramakrishna et al. (2005) studied “the effects of improved production technologies involving 
application of 10 kg Zn ha

-1
 and found increased pigeonpea yield”. Patil et al. (2006) The application 

of ZnSO4 @ 10 kg ha
-1

 yielded considerably greater grain (29.55 q ha
-1

), stalk (95.81 t ha
-1

), and 
bhusa yields (20.58 q ha

-1
) when four different amounts of zinc (0, 10 and 20 kg ha

-1
) were 

investigated to see how they affected pigeonpea growth and yield. Ibrahim and Ramadan (2015) 
indicated Zn spraying increased seed yield and growth of dry bean. Malik et al. (2015) When the 
impact of zinc on mungbean growth and yield was examined, it was discovered that the treatment of 
20 ppm zinc resulted in the highest seed yield plant

-1
 (78.20 g), compared to the control. Shah et al. 

(2016) demonstrated that the treatment with Zn @ 20 kg ha
-1

 had the highest pigeonpea yield. We 
discovered that the increase in bean seed yield brought on by Fe and Zn spraying was comparable to 
the others (Valenciano et al., 2010; Naseri Rad et al., 2014; Nasri et al., 2011) soybean (Heidarian et 
al., 2011) and Faba bean (Bozorgi et al., 2011). “The grain yield of chickpea was significantly 
increased with the application of iron and molybdenum” (Khan et al., 2014). “Zinc fertilization had 
positive effect on the yield of pulses. Application of Zn @ 5 kg ha

-1
 along with S @ 60 kg ha

-1
 recorded 
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67% higher seed yield over control in mung bean” (Mali et al., 2003).) Application of FeSO4 @ 2 kg 
ha

-1
 along with bio-fertilizer inoculation in chickpea led to higher grain and straw yields over control 

(Sahu et al. 2008). Thapuetal.(2003)observedthat“theapplication of micronutrients like Fe (as FeSO4 
at 0.4%), Mn, Cu and Znsignificantly increased the grain yield in pea”. Salam et 
al.(2004)conducted“afieldexperimentatRaipur, Chhatisgarhandconcludedthattheseedyield of Urd bean 
under application of FeSO4 at 2-20 kg Fe ha

-1
wasmaximumovercontrol”. 

Kumawatetal.(2006)observedthat“ thesoilapplicationofFeat25kgFeSO4ha
-1

recordedsignificantly higher 
seed and straw yield of summer mungbean”. Kumaretal.(2009)conducted“anexperimentatKanpur and 
results revealed that the application of 10 kgFe ha

-1
 increase the grain yield of chickpea by 17.3%over 

control”. 
 

10. CONCLUSION 
 
It is concluded that Molybdenum is essential for the development of nodule tissue and an increase in 
N2 fixation, both of which are necessary for Rhizobium to increase the nitrogen fixation process. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 
 

REFERENCES 
 
Alam, M. K., Uddin, M. M., Ahmed, M., Latif, M. A. and Rahman, M. M. 2010. Growth and green pod 

yield of garden pea varieties under different nutrient levels. Journal of Agroforestry and 
Environment 4(1); 105−107. 

Ali, A., Ahmad, B., Hussain, I., Ali, A. and Shah, F. A. 2017. Effect of phosphorus and zinc on yield of 
lentil. Pure and Applied Biology 6(4), 1397−1402. 

Alloway, B. J. 2004. Zinc in Soils and Crop Nutrition. Publ. of International Zinc Association. 
http:/www.iza.com/ Documents/Communications/ Publications /ALLOWAY_ PRINT.pdf 

Badar, R., Nisa, Z. and Ibrahim, S. 2015. Supplementation of P with rhizobial inoculants to improve 
growth of Peanut plants. International Journal of Applied Research 1(4):19-23. 

Balla, H., Singh, V., Tiwari, D. and Shaik, M. A. 2020. Effect of boron and molybdenum on growth rate 
and yield of groundnut (Arachis hypogea L.). J Pharmacogn Phytochem. 9(6):1416-1419. 

Basavarajeswari, 2018. Expression profiling of zinc transporter genes in tomato grown under different 
concentrations of zinc. International Journal of Microbiology Research. 10(6): 1252-1255. 

Bozorgi, H. R., Faraji, A., Danesh, R. K., Keshavarz, A., Azarpour, E. and Tarighi, F. 2011. Effect of 
plant density on yield and yield components of rice. World Applied Sciences Journal, 12(11), 
2053- 2057. Retrieved from https://citeseerx.ist.psu. 
edu/document?repid=rep1&type=pdf&doi=4db2 3100f9c40e0bf212d5ca1afc0453157aaee2 

Brikics, S., Milakovic, Z., Kristek, Z. and Antunovic, M. 2004. Pea yield and its quality depending on 
inoculation, nitrogen and molybdenum fertilization. Plant, Soil and Environ. 50(1): 39-45. 

Brown, P. H., Cakmak, I. and Zhang, Q. 1993. Form and function of zinc in plants. Chap. 7, In A.D. 
Robson (Ed). pp 90-106. Zinc in Soils and Plants, Kluwer Academic Publishers, Dordrecht. 

Chandra, G., Gambhir, L. and Upadhyay, R. 2020. Effects of Biofertilizer with and without 
Molybdenum on Growth and Seed Yield of Chickpea under Doon Valley of Uttarakhand. Current 
Journal of Applied Science and Technology, 39(15): 133−139. 

Chauhan, S., Titov, A. and Tomar, D. S. 2013. Effect of potassium, sulphur and zinc on growth, yield 
and oil content in soybean (Glycine max L.) in vertisols of central India. Indian J. Appl. Res. 
3(6): 489-491. 

Deshmukh, M. S., Zade, S. P., Gourkhede, P. H. and Inamke, P. S. 2017. Effect of High-P-Chelated 
Micronutrient Foliar Spray on Yield and Quality of Chickpea. International Journal of Tropical 
Agriculture, 35(3): 707-712. 

Dube, B. K., Sharma, C. P. and Chatterjee, C. 2001. Response of Pigeonpea to Applied Zinc in 
Ustifluvent Soils of Western Uttar Pradesh. J. Indian Soc. Soil Sci. 49(3): 471-475. 

El Sayed Hameda, E. A., Amen El-Sh. A., EI-Morsy, A. H. and Tolba, M. H. 2012. Effects of foliar 
spraying with microelements and different fertilizer sources on quality and yield of Pisum 



 
 
 
 

Pandey et al.; Int. J. Environ. Clim. Change, vol. xx, no. xx, pp. xx-xx, 20YY; Article no.IJECC.111562 
 
 

 
5 
 

sativum L. plant. International Research Journal of Agricultural Science and Soil Science 21(1): 
17−24. 

Habbasha, S. F., M. H. Mohamed, E. M. Abd El-Lateef, B. B. Mekki and M. E. Ibrahim, 2013. Effect of 
combined zinc and nitrogen on yield, chemical constituents and nitrogen use efficiency of some 
chickpea cultivars under sandy soil conditions. World J. Agric. Sci. 9(4): 354-360. 

Hazra, C. R., Tripathi, S. B. 1998. Effect of secondary micronutrient on yield and quality of forages. 
Fertilizer News 43(12): 77−82. 

Heidarian, A. R., Kord, H., Mostafavi, K., Parviz Lak, A. and Amini Mashhadi, F. 2011. Investigating Fe 
and Zn foliar application on yield and its components of soybean (Glycine max (L.) Merr.) at 
different growth stages. Journal of Agricultural Biotechnology and Sustainable Development, 
3(9):189-197. Retrieved from https://academicjournals.org/article/ 
article1379436818_Heidarian%20et%20al.pdf 

Hirpara, D. V., Sakarvadia, H. L., Jadeja, A. S., Vekaria, L. C. and Ponkia, H. P. 2019. Response of 
boron and molybdenum on groundnut (Arachis hypogea L.) under medium black calcareous 
soil. J Pharmacogn Phytochem. 8(5):671-677. 

Ibrahim, E. A. and Ramadanb, W. A. 2015. Cross effect of zinc foliar spray alone and combined with 
humic acid and chitosan on growth, nutrient elements content and yield of dry bean (Phaseolus 
vulgaris L.) plants sown at different dates. Scientia Horticulturae, 184, 101–105. 
https://doi.org/10.1016/j.scienta.2014.11.010 

Imsande, J. 1998. Iron, sulphur and chlorophyll deficiencies: A need for an integrative approach in 
plant physiology. Plant Physiology. 103:139-144. 

Katyal, J. C and Randhawa, N. S. 1983. Micronutrient. F.A.O. Fertilizer and plant nutrition. Bulletin No. 
7. United Nation. 

Kavya, P., Singh, S., Hinduja, N., Tiwari, D. and Sruthi, S. 2023. Effect of Foliar Application of 
Micronutrients on Growth and Yield of Green gram (Vigna radiata L.) Legume Research - An 
International Journal 44(12): 1460-1464. 

Kerkeb, L. and Connolly, E. 2006. Iron transport and metabolism in plants. J. Gent. Eng. 27: 119-140. 
Khan, M. M. H., Ahmed, N., Naqvi, S. A. H., Ahmad, B., Dawar, K., Rahie, A. A. and Danish, S. 2022. 

Synchronization of zinc and boron application methods and rates for improving the quality and 
yield attributes of Mangifera indica L. on sustainable basis. Journal of King Saud University - 
Science, 34(8), 102280. https://doi. org/10.1016/j.jksus.2022.102280 

Khan, N., Tariq M., Ullah, K., Muhammad, D., Khan I., Rahatullah, K., Ahmed, N. and Ahmed S. 2014. 
The Effect of Molybdenum and Iron on Nodulation, Nitrogen Fixation and Yield of Chickpea 
Genotypes (Cicer arietinum L). Journal of Agriculture and Veterinary Science. 7(1): 63-79. 

Khorgamy, A. and Farina, A. 2009. Effect of phosphorus and zinc fertilisation on yield and yield 
components of chick pea cultivars. African Crop Science Conference Proceedings. 9: 205-208. 

Kudi, S., Swaroop, N., David, A. A., Thomas, T., Hasan, A. and Rao, S. 2018. Effect of different levels 
of sulphur and zinc on soil health and yield of Greengram (Vigna radiata L.) Var. Patidar-111. 
Journal of Pharmacognosy and Phytochemistry 7(3): 2271−2274. 

Kumar, V., Dwivedi, V. N. and Tiwari, D. D. 2009. Effect of phosphorus and ironon yield and mineral 
nutrition in chickpea. Ann. Plant Soil Res. 11:16-18. 

Kumar, R., Deka, B. C., Kumawat, N. and Ngachan, S. V. 2014. Effect of integrated nutrition, 
biofertilizers and zinc application on production potential and profitability of garden pea (Pisum 
sativum L.) in Eastern Himalaya, India. Legume Research 37(6): 614−620. 

Kumawat,R. N., Rathore, P. S., Pareek, N. 2006. Response of mung beanto sulphur and iron nutrition 
grown on calcareous soil of WesternRajasthan.Indian J. Pulse Res. 19:228-230. 

Kumawat, R. N., Rathore, P. S. and Talwar, H. S. 2005. Effect of sulphur and iron on crop growth 
attributes in summer green gram. Indian Journal of Plant Physiology. 10(1): 86-89. 

Lokhande, P. B., Indulkar, B. S., Vaidya, P. H., Padghan, A. D., Wagh, C. B., Ingole, A. J., Patil, N. M. 
and Aundhkar, A. 2018. Effect of phosphorus and zinc on yield and quality of greengram (Vigna 
radiata L.) in inceptisol. International Journal of Engineering Science and Computing. 8(7): 
18647-18649. 

Mady, M. A. 2009. Effect of foliar application with yeast extract and zinc on fruit setting and yield of 
Faba bean (Vicia faba L.). Journal of Biological, Chemical and Environmental Science, 4(2), 
109-127. Retrieved from https://www.bu.edu. eg/portal/uploads/Agriculture/Botany/1299/ 
publications/Mohamed%20Ahmed%20 Mohamed%20Mady_5.pdf 



 
 
 
 

Pandey et al.; Int. J. Environ. Clim. Change, vol. xx, no. xx, pp. xx-xx, 20YY; Article no.IJECC.111562 
 
 

 
6 
 

Mali, G. C., Sharma, N. N., Acharya, H. K., Gupta, S. K. and Gupta, P. K. 2003. Response of pigeon 
pea to S and Zn fertilization Vertisols in South eastern plain of Rajasthan. Proceedings of 
National symposium on Arid Legumes for Food Nutrition Security and Promotion Trade, Hisar, 
India, 15-16 May 2002. Pp. 267-271. 

Malik, K., S. Kumar and K. P. S. Arya, 2015. Effect of zinc, molybdenum and urea on growth and yield 
of mungbean (Vigna radiate L.Wilczek). Adv. Res. J. of Crop Impro. 6(1): 58-62. 

Manjili, M. J., Bidarigh, S. and Amiri, E. 2014. Study the effect of foliar application of Nano chelate 
molybdenum fertilizer on the yield and yield components of peanut. Botany. 5(1):67-71. 

Meena, K. K., Meena, R. S. and Kumawat, S. M. 2012. Effect of sulphur and iron fertilization on yield 
attributes, yield and nutrient uptake of mungbean (Vigna radiata). Indian Journal of Agricultural 
Sciences. 83(4): 472-6. 

Meena, K. K., Meena, R. S. and Kumawat, S. M. 2013. Effect of sulphur and iron fertilization on yield 
attributes, yield and nutrient uptake of mungbean (Vigna radiata). Indian Journal of Agricultural 
Sciences 83 (4): 472 

Nandan, B., Sharma, B. C., Chand, G., Bazgalia, K., Kumar, R. and Banotra, M. 2018. Agronomic 
fortification of Zn and Fe in chickpea an emerging tool for nutritional security - a global 
perspective. Acta Scientific Nutritional Health. 2(4):12-19. 

Nasar, J. and Shah, Z. 2017. Effect of iron and molybdenum on yield and nodulation of lentil. ARPN: 
Journal of Agriculture and Biological Sciences, 12(11), M332−339 

Naseri Rad, H., Sayad, V. and Naseri Rad, A. 2014. Effect of rhizobium bacteria 
(Rhizobiumleguminosarum) and nano-Iron application on yield and yield components of 
different pinto beans genotypes. Agricultural Communication, 2(2), 22-27. Retrieved from 
https://www.researchgate.net/publication/261885406_Effect_of_Rhizobium_ 
Bacteria_Rhizobium_leguminosarum_and_ Nano-Iron_Application_on_Yield_and_Yield_ 
Components_of_Different_Pinto_Beans_ Genotypes 

Nasri, M., Khalatbari, M. and Aliabadi Farahani, H. 2011. Zn-foliar application influence on quality and 
quantity features in Phaseolous Vulgaris under different levels of N and K fertilizers. Advances 
in Environmental Biology, 5(5), 839-846. Retrieved from http://www.aensiweb.com/old/ 
aeb/2011/839-846.pdf 

Oguz, F. 2004. Research on the effects of different levels Molybdenum application on the yield and 
some yield components in Chickpea varieties on dry and irrigation conditions. M.Sc. Thesis, 
YuzuncuYıl University Van, Turkey (unpublished). 

Patel, M. M., Patel, I. C., Patel, R. I. and Acharya, S. 2011. Effect of Zinc and Iron on yield and yield 
attributes of rainfed cowpea (Vigna unguiculata L. Walp). Annals of Arid Zone, 50(1): 17−19. 

Patil, H. M., Shete, B. T. and Gaikwad, C. B. 2006. Effect of potash and zinc levels on growth and 
yield of pigeonpea. Ecology, 12(2): 341-344. 

Piri Issa, 2012. Effect of phosphorus and micronutrients foliar application on sorghum yield. Annals of 
Bio. Res. 3(8): 3998-4001. 

Ram, S. and Katiyar, T. P. S.2013. Effect of sulphur and zinc on the seed yield and protein content of 
summer mungbean under arid climate. Int. J. Sci. Nature, 4(3): 563-566. 

Ramakrishna, A., Wani, S. P., Rao, S. C. and Reddy, S. U. 2005. Effect of improved crop production 
technology on pigeonpea yield in resource poor rainfed areas. J. SAT Agric. Res., 1(1): 1-2. 

Rietra, R. P., Heinen, M., Dimkpa, C. O. and Bindraban, P. S. (2017). Effects of nutrient antagonism 
and synergism on yield and fertilizer use efficiency. Communications in Soil Science and Plant 
Analysis, 48, 1895–1920. https://doi.org/10.108 0/00103624.2017.1407429. 

Rizk, W. M. and Abdo, F. A. 2001. The response of two mungbean cultivars to zinc, manganese and 
boron II. Yield and chemical composition of seeds. Bulletin of Faculty of Agriculture, Cairo 
University 52(3): 467−477. 

Roy, P. D., Narwal, R. P., Malik, R. S., Saha, B. N. and Kumar, S. 2014. Impact of zinc application 
methods on green gram (Vigna radiata L.) productivity and grain zinc fortification. J. Environ. 
Biol. 35(5): 851-855. 

Roy, R. N., Finck, A., Blair, G. J. and Tandon, H. L. S. 2006. Plant nutrition for food security. A guide 
for integrated nutrient management. FAO Fertilizer and Plant Nutrition Bulletin 16. FAO, Rome, 
Italy. 368 

Sahu, S., Lidder, R. S. and Singh, P. K.2008. Effect of micronutrients andbiofertilizers on growth, yield 
and nutrient uptake by chickpea (Ciceraeritinum L.) in Vertisols of Madhya Pradesh. Adv. Plant 
Sci. 21:501-503. 

https://doi.org/10.108%200/00103624.2017.1407429


 
 
 
 

Pandey et al.; Int. J. Environ. Clim. Change, vol. xx, no. xx, pp. xx-xx, 20YY; Article no.IJECC.111562 
 
 

 
7 
 

Salam, P. K., Rajput, R. S., Mishra, P. K., Anita and Shrivastava, G. K. 2004. 
Effectofmicronutrientsfertilizationonproductivitypotentialofurdbean.Ann.Agric. Res. NewSeries 
25:329-332. 

Salehin, F. and Rahman, S. 2012. Effect of zinc and nitrogen fertilizer and their application method on 
yield and yield components of Phaseolus vulgaris (L.) Agric. Sci. 3(1): 9-13. 

Sarkar, R. K., Banik, P. 1991. Response of green gram to nitrogen, phosphorus and molybdenum. 
Indian Journal of Hill Farming 5(1), 75−76. 

Seifi Nadergholi, M., Yarnia, M. and Rahimzade Khoei, F. 2011. Effect of zinc and manganese and 
their application method on yield and yield components of common bean (Phaseolus vulgaris L. 
CV. Khomein). Middle-East Journal of Science and Research, 8(5): 859-865. Retrieved from 
https://www.idosi.org/mejsr/mejsr8(5)11/3. pdf 

Shah, K. A., Gurjar, R., Parmarand, H. C. and Sonani, V. V. 2016. Effect of sulphur and zinc 
fertilization on yield and quality of pigeonpea in sandy loam soil. Green Farming, 7(2): 495-497. 

Sharma,A,Nakul,H. T.,Jelgeri,B. R. andSurwenshi,A.2010.Effectofmicronutrients on growth, yield and 
yield components in pigeon pea(Cajanuscajan L.). Res. J.Agric. Sci. 1:142-144. 

Singh, G., H. S. Sekhon and Harpreet Kaur, 2012. Effect of farmyard manure, vermicompost and 
chemical nutrients on growth and yield of chickpea (Cicer arietinum L.). Int. J. Agric. Res. 7(2): 
93-99. 

Tantawy, E. L. E. M and Dalia, A. S. N. 2013. Nodulation, growth, photosynthetic pigments and yield of 
broad bean plant (Vicia faba L.) as affected by nitrogen source, rhizobium inoculation and iron 
foliar application. J. Applied Sciences Research. 9(1): 974-987. 

Teixeira, I. R., Boren, A. B. and Araujo, G. A. A. 2004. Manganese and zinc leaf application on 
common bean grown on a cerrado soil. Scientia Agricola, 61, 77-81. 
https://doi.org/10.1590/S0103- 90162004000100013 

Thapu,U.,Rai,P.,Suresh,C. P. andPal,P. 2003.Effectofmicronutrientsonthegrowthandyieldofpeain 
gangeticalluvialofWestBengal.Environ.Ecol. 21:179-182. 

Togay, Y., Togay, N. and Dogan, Y. 2008. Research on the effect of phosphorus and molybdenum 
applications on the yield and yield parameters in lentil (Lens culinaris Medic.). African Journal of 
Biotechnology 7(9), 1256−1260. 

Togay, Y., Togay, N., Dogan, Y., 2008. Research on the effect of phosphorus and molybdenum 
applications on the yield and yield parameters in lentil (Lens culinaris Medic.). African Journal of 
Biotechnology 7(9): 1256−1260 

Usman, M., Tahir, M. and Majeed, M. A. 2014. Effect of zinc sulphate as soil application and seed 
treatment on greengram (Vigna radiata L.). Pakistan Journal of Life and Social Sciences. 

12(2):87‐91. 
Valenciano, J. B., Miguélez-Frade, M. M., Marcelo, V. and Reinoso, B. 2010. Response of irrigated 

common bean (Phaseolus vulgaris) yield to foliar zinc application in Spain. New Zealand 
Journal of Crop and Horticultural Science, 35(3): 325-330. 
https://doi.org/10.1080/01140670709510198 

Williams, R. J. P., Frausto da Silva, J. J. R., 2002. The involvement of molybdenum in life. 
Biochemical and Biophysical Research Communications 292, 293−299 

Yashona, D. S., Mishra, U. S. and Aher, S. B. 2018. Response of Pulse Crop to Sole and Combined 
mode of Zinc Application. Journal of Soils and Crops 28(2): 249−258 

Zeidan, M. S., Hozayn, M. and Abd-El-Salam, M. E. E. 2006. Yield and quality of lentil as affected by 
micronutrient deficiencies in sandy soils. Journal of Applied Sciences Research, 2(12), 1342- 
1345. Retrieved from http://www.aensiweb.com/ old/jasr/jasr/1342-1345.pdf 

 

© 2023Pandey et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

https://doi.org/10.1080/01140670709510198
http://creativecommons.org/licenses/by/2.0

