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ABSTRACT 

For 2 years, in the hilly area of south-western Romania, a single-plant experiment was set up for maize, with 

4 foliar fertilization variants: V1 = untreated control; V2 = Treatment 1 at BBCH 14-18 (maize with 4-6 leaves) 

with Lebosol products 1 l/ha Zinc700 + 1.5 l/ha Bor; V3 = Treatment 2 BBCH 24-28 (maize with 8-10 leaves) 

with the same products; V4 = Treatment 1 + Treatment 2.  

Before the first application (T1) leaf and soil samples were taken, and after the second application (T2) leaf 

samples were taken from the 4 variants for analysis. The foliar analysis before the first application showed 

normal values for nitrogen, phosphorus, calcium, magnesium, sulfur, iron, manganese, boron, iron, and 

molybdenum; low value for potassium; slightly low value for zinc and high value for calcium. After the 

application of the second treatment, in the leaves, the values of zinc content were much improved, boron 

remained constant but the molybdenum content decreased a lot. Although at the borderline, the nitrogen 

content in the leaf at T1 and T2 remained at the normal value, after application of T1 + T2 it decreased from 

4.6% before application to 2.96%. 

ANOVA yield analysis showed that the yield increase of 840 kg/ha at T2 is highly significant compared to 

the untreated control and that at T1 + T2 of 370 kg/ha is distinctly significant compared to the same control. 

Although the maize yield was high compared to the control after application of T1, it was not statistically 

assured. Of the yield and quality elements studied, the most stable were: hectolitre mass, protein content and 

fat content. Large ranges of values were evident for the mass of 1000 kernels and starch content.  

 

Keywords: foliar fertilization, maize, boron, zinc, production. 

 
INTRODUCTION 

 

n order to meet the nutrient requirements 

of agricultural crops, a number of fertilization 

measures and methods are adopted, which 

have both advantages and disadvantages, 

depending on the crop, soil conditions, 

agroclimate, etc. For this reason, the use of 

fertilizers is still a major concern, and it is 

difficult to determine the most effective 

method of fertilization. 

Foliar fertilization is an important tool for 

sustainable and productive crop management 

and has significant commercial importance 

worldwide.  

As an additional fertilization strategy, 

foliar fertilization can have greater efficiency 

in nutrient utilization by plants, reduce 

negative environmental impacts, and enhance 

consumer health benefits (Otálora et al., 

2018; Reza Safari et al., 2023). 

Current understanding of the factors that 

influence the effectiveness of foliar nutrient 

application is still incomplete, and the 

decision to apply foliar fertilizer is 

determined by the magnitude of the financial 

risk associated with failure to correct a 

nutrient deficiency and the perceived 

likelihood of foliar fertilizer effectiveness 

(Fernandez and Brown, 2013).  

To maximize the effects of foliar nutrition, 

attention should be paid to the timing and 

concentration of formulation (including      

the interactions thereof), according to the 

characteristics of the crops treated and the 

soil fertility. Further studies of these issues 

are still required, especially with regard to the 

I 
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combination of soil and leaf fertilization 

(Murtaza et al., 2022). 

Maize, one of the most important crop 

plants due to its productivity, high yields,  

and multiple uses, is a plant with a high 

requirement of macronutrients, especially 

nitrogen (N) and potassium (K), but also 

micronutrients, especially iron (Fe), 

manganese (Mn), boron (B) and zinc (Zn). 

It can be said that about 50% of maize 

yield is due to the effect of fertilizers, if other 

technological factors are also at optimal 

levels (Zhang et al., 2017; Haraga and Ion, 

2023; Jiang et al., 2024). 

Maize response to macronutrients has 

been extensively investigated in the past 

(Kihara et al., 2016; Mutambu et al., 2023).  

Among the micronutrients zinc (Zn) and 

boron (B) play an important role in plants and 

are also responsible for root development and 

higher crop yields.  

Severe zinc deficiency can cause crop 

failure and almost 50% of the world's soils 

are Zn deficient. Zinc is a micronutrient 

essential for the normal growth and 

development of maize. Insufficient supply of 

this micronutrient can have a significant 

negative impact on yield. 

The uptake of boron by plants correlates 

with extractable boron in the soil (Rashid, 

1996), and boron availability decreases with 

increasing soil pH. Boron deficiency is 

widespread in acidic sandy loam soils with 

low organic matter content.  

As early as 1923, Warington considered 

boron to be an essential micronutrient for 

both monocotyledonous and dicotyledonous 

plants (Bienert et al., 2023). 

On field, boron deficiency has a major 

impact on maize performance concretized by 

abnormal development of cobs, silks and 

anthers, leading to reduced yield and yield 

quality (Lordkaew et al., 2011). 

Soil application of Zn and B is of great 

help in improving maize productivity 

(Kanwal et al., 2010), but economically, 

foliar application or seed treatment is more 

effective than soil application. 

One recent report states that micronutrient 

fertilizer use is growing in Europe, especially 

for elements like Zn (Global Monitor, 2020). 

It is unclear whether this is economically 

driven due to increased marketing of 

specialty fertilizers or whether this is the 

result of more knowledge, the application    

of precision agriculture, or an increased 

incidence of micronutrient deficiencies for 

crop production in Europe (Van Eynde et al., 

2023). 

Although the role of zinc and boron in 

improving the productivity and yield of 

maize crop is well known, as a result of 

research carried out so far, less information  

is known about the effect of combined 

application of these micronutrients. Therefore, 

the aim of the present work is to highlight the 

effect of combined application of zinc and 

boron foliar fertilizers on plant development, 

yield and productivity elements in grain 

maize crop. 

  

MATERIAL AND METHODS 

 

For 2 years (2020 and 2021) in the       

hilly area of southwestern Romania, at an 

altitude of 250-300 m, a single-factor maize 

experiment was planted on a preluvosol type 

soil with a weakly acidic reaction (pH = 6.1). 

Chemical analysis of the soil showed very 

low molybdenum and sodium content and 

low sulphur, boron and zinc content. A high 

magnesium content was noted and the rest of 

the other elements were within normal limits 

(Table 1).  

KWS hybrid Kapitolis of FAO 410 was 

sown. Seedbed preparation was done by 

plowing at 30 cm and then by disk 

harrowing.  

Sowing was carried out in the second 

decade of April at a density of 65000 

grains/ha. 

Simple as well as complex solid mineral 

fertilizers applied to the soil and liquid 

fertilizers for foliar fertigation were used to 

fertilize the crop. 

In order to ensure uniform emergence, a 

complex fertilizer NP 20-20-20-0 at a rate of 

200 kg/ha was applied at the same time as 

sowing, and ammonium nitrate (NH4NO3) 

with 33.5% N at a rate of 250 kg/ha was 

applied at the end of May, together with 

mechanical harrowing.  
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In order to study the effect of zinc and 

boron on the maize crop, foliar fertilization 

was carried out with two Lebosol products 

containing these microelements: Lebosol®-

Zinc 700 SC, a zinc-based concentrated 

suspension containing 40% ZnO (700 g/l Zn) 

and Lebosol®-Bor with 11% B, as boron-

ethanolamine, water-soluble (150 g/l B). 
 

Table 1. Soil analysis 

 

Soil analysis Result Limit Interpretation 

pH 6.1 6.5 Slightly low 

Phosphorus (ppm) 23 16 Normal 

Potassium (ppm) 269 121 Normal 

Magnesium (ppm) 595 50 High 

Calcium (ppm) 4361 1600 Normal 

Sulphur (ppm) 5 10 Low 

Manganese (ppm) 51 25 Normal 

Copper (ppm) 6.3 4.1 Normal 

Boron (ppm) 0.87 1.6 Low 

Zinc (ppm) 2.2 4.1 Low 

Molybdenum (ppm) 0.03 0.6 Very low 

Iron (ppm) 621 50 Normal 

Sodium (ppm) 32 90 Very low 

C.E.C. (meq/100g) 32.3 15 Normal 

 

The experiment included 4 foliar 

fertilization variants: V1 = untreated control; 

V2 = Treatment 1 at BBCH 14-18 (maize in 

4-6 leaves) with Lebosol products 1 l/ha 

Zinc700 + 1.5 l/ha Boron; V3 = Treatment 2 

at BBCH 24-28 (maize in 8-10 leaves) with 

the same products; V4 = Treatment 1 + 

Treatment 2.  

To analyze the uptake of zinc and boron 

from the tested foliar fertilizers, leaf and   

soil samples were taken before the first 

application (T1) and after the second 

application (T2) leaf samples from the 4 

variants were taken for analysis. 

Also, depending on the experimental 

parameters, the yield obtained and some of its 

quantitative and qualitative indices were 

analyzed, such as: mass of 1000 grains (g), 

hectoliter mass (kg/hl), starch content (%), 

protein content (%) and fat content (%). 

 

RESULTS AND DISCUSSION 

 

Macronutrients play a vital role in plant 

nutrition and crop production, but the role   

of micronutrients in plant growth and 

development should not be underestimated. 

The levels of micronutrients required by 

plants differ from species to species (Hänsch 

and Mendel, 2009). 

Micronutrients play a crucial role during 

vegetative and reproductive growth of plants 

(Stevenson, 2018). Varieties with high yield 

potential have low yield under NPK 

application, which can be attributed to 

insufficient utilization of micronutrients 

(Rehman et al., 2018). 

The optimum yield potential of high 

yielding varieties can be realized by   

applying micronutrients in combination   

with macronutrients (Nataraja et al., 2006). 

Chaudry et al. (2007), reported that 

application of micronutrients, especially   

zinc (Zn) and boron (B), significantly 

increased the yield of wheat compared to    

the control group, whether applied singly or 

in combination, while Mandal et al. (2007), 

indicated a significant correlation between 

fertilizer application and physiological 

growth process. 

The absence of micronutrients in plant 

nutrition causes severe reduction in crop 

yield (Gupta et al., 2008; Uthman et al., 

2022). Agricultural soils are generally 
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deficient in micronutrients such as zinc, 

boron, iron and copper. Deficiency may occur 

due to low micronutrient content (Sharma 

and Agarwal, 2005; Abid et al., 2019). 

It is already known that cereals respond 

very well to the application of several macro- 

and micronutrients during the vegetative 

growth stages, the end result being increased 

production and good yield.  

The organic matter and the humic 

substances are the energetic substrate of the 

microflora activity in the rhizosphere and 

represent an important reservoir of chelate-

type compounds, which have a great capacity 

to bind various metal ions (B, Cu, Ca, Fe, 

Mg, Mo, Zn) and to form organo-metallic 

complexes with an important role in the 

formation of the soil characteristics and plant 

nutrition (Pârvan et al., 2013). 

Zinc (Zn) and boron (B) deficiency is one 

of the most prevalent micronutrient disorders 

in crops and occurs predominantly in calcareous 

soils in arid and semi-arid regions (Farshid, 

2011). 

Foliar fertilization is a procedure 

frequently and increasingly used recently for 

plant cultivation technologies. In agricultural 

practice, foliar spraying is often preceded by 

an assessment of the plant's nutritional status 

and field architecture (Rosculete et al., 2023) 

Foliar application of nutrients is credited 

with the advantage of rapid and efficient 

utilization of nutrients, eliminating losses 

through leaching and fixation and helps to 

regulate nutrient uptake by plants (Manomani 

and Sirmathi, 2009). The benefit of foliar 

application of nutrients is that they reach the 

leaf cells very quickly and directly where they 

are utilized (Spiro, 1984; Uthman et al., 2022). 

Arif et al. (2006), found that foliar 

application of micronutrients at tillering, 

jointing and booting stages help in improving 

yield of wheat. 

Results obtained by Tahir and Yasin in 2016, 

showed that foliar application of micronutrients 

significantly improved 1000 grain weight of 

maize. 

Foliar fertilization of maize crop provides 

an effective solution for a rapid and targeted 

supply of nutrients and to fully exploit the 

yield potential of maize.  

In the present case, the foliar analysis 

carried out prior to the application of foliar 

fertilizers showed normal values for all the 

elements analyzed, except for potassium, zinc 

and copper (Table 2). 

 
Table 2. Foliar analysis before application 

 

Analysis Result Limit Interpretation 

Nitrogen (%) 4.6 3.5 Normal 

Phosphorus (%) 0.39 0.35 Normal 

Potassium (%) 2.13 3 Low 

Calcium (%) 0.82 0.3 Normal 

Magnesium (%) 0.29 0.25 Normal 

Sulphur (%) 0.45 0.1 Normal 

Iron (ppm) 347 75 Normal 

Zinc (ppm) 29 30 Slightly low 

Manganese (ppm) 59.4 40 Normal 

Boron (ppm) 8.7 7 Normal 

Copper (ppm) 17.8 7 High 

Molybdenum (ppm) 0.31 0.2 Normal 

 

After application of the treatments, changes 

compared to the control appeared in the 

leaves for nitrogen, zinc and molybdenum. 

Boron remained within normal limits. 

Although borderline, the leaf nitrogen content 

at T1 and T2 remained at normal value and 

after application of T1 + T2 it decreased from 

4.6% before application to 2.96% (Table 3). 
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Table 3. Foliar analysis after application 

 

Control T1 T2 T1 + T2 

Result Interpretation Result Interpretation Result Interpretation Result Interpretation 

3.07 Slightly low 3.55 Normal 3.62 Normal 2.96 Slightly low 

0.28 Slightly low 0.31 Slightly low 0.33 Slightly low 0.32 Slightly low 

2.02 Low 2.76 Slightly low 2.16 Low 2.37 Slightly low 

0.37 Normal 0.49 Normal 0.52 Normal 0.4 Normal 

0.17 Low 0.13 Low 0.23 Slightly low 0.17 Low 

0.27 Normal 0.28 Normal 0.28 Normal 0.23 Normal 

196 Normal 158 Normal 167 Normal 147 Normal 

24.1 Slightly low 32.2 Normal 284.9 High 178.3 High 

53.8 Normal 62.4 Normal 57.5 Normal 40.1 Normal 

10.2 Normal 9.9 Normal 9.1 Normal 12.5 Normal 

9.5 Normal 11.7 Normal 11.9 Normal 10.1 Normal 

< 0.05 Very low 0.09 Very low < 0.05 Very low 0.11 Low 

 

Regarding the yield obtained following the 

treatments, the lowest yield was recorded for 

the untreated control - 5210 kg/ha, and the 

highest yield for the T2 variant - 6050 kg/ha.  

ANOVA yield analysis showed that the 

yield increase of 840 kg/ha at T2 was highly 

significant compared to the untreated control 

and that at T1 + T2 of 370 kg/ha was 

distinctly significant compared to the same 

control. Although the maize yield was high 

relative to the control after application of T1, 

it was not statistically assured.  

Given that the products and rates used in 

the second treatment are identical to those of 

the first treatment, but the yield results are 

much higher, the data obtained suggest that 

the difference is made by the timing of 

application. This was also highlighted by 

Stewart et al. (2021), concluding that the 

timing of micronutrient requirement and 

accumulation by maize (Zea mays L.) is 

nutrient specific and is associated with key 

vegetative and reproductive growth stages. 

The best nutrient management practices 

require synchronized nutrient application 

with plant needs and nutrient uptake. 

To maximize fertilizer uptake and 

utilization, it is essential to apply or have 

nutrients available at the time of greatest 

demand (Roberts, 2007). Bender et al.  

(2013) highlighted the need to develop 

recommendations of time bound nutrient 

applications to sync up nutrient’s uptake    

and mobilization during periods of high  

plant uptake for modern maize hybrids.    

This is especially critical for micronutrient 

applications, as micronutrients are needed in 

relatively small but critical amounts by maize 

at specific growth stages during the growing 

season (Engels et al., 2012).  

Of the productivity and quality traits 

studied, the most stable were hectoliter mass 

(values ranged from 69.9 - 71.8 kg/hl), protein 

content (values ranged from 5.79 - 6.55%) 

and fat content (values ranged from 3.13 -

3.26%). The hectoliter mass has not a high 

influence on the released grain yield 

(Popescu et al., 2021).  

In this regard, other studies show that foliar 

application of micronutrients increased the 

protein content of maize seeds (Zarabimafi 

and Pour, 2014), or reported that foliar 

application of micronutrients improved the 

fat content of maize (Ghaffari et al., 2011).  

Large ranges of values of the obtained 

yield and quality elements were evident in  

the mass of 1000 grains (values ranged from 

300.3 - 352.4 g) and starch content (values 

ranged from 67.76 - 69.54%) (Table 4 and 

Photo 1-5).  
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Table 4. Values of the yield and quality elements 

 

Variant 
Production 

(kg/ha) 

Difference 

(%) 

MMB 

(g) 

MH 

(kg/hl) 

Starch 

(%) 

Protein 

(%) 

Fat 

(%) 

Control 5210 100 300.3 69.9 69.39 5.79 3.13 

T1  5430 104 317.8 70.07 68.58 6.28 3.15 

T2  6050*** 116 352.4 70.05 69.54 5.94 3.24 

T1 + T2 5580** 107 337.6 71.8 67.76 6.55 3.26 

DL 5% = 145 kg/ha 

DL 1% = 368 kg/ha 

DL 0,1% = 671 kg/ha 

 

 
 

Photo 1. Kapitolis hybrid maize cobs - control variant (Mt) 

 

 
 

Photo 2. Kapitolis hybrid maize cobs - variant 2 (T1) 
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Photo 3. Kapitolis hybrid corn cobs - variant 3(T2) 

 

 
 

Photo 4. Kapitolis hybrid maize cobs - variant 4 (T1+T2) 

 

 
 

Photo 5. Kapitolis hybrid corn cobs - comparative analysis of the four variants  
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In terms of the influence of zinc and boron 

on the elements analyzed, it is clearly 

distinguishable that the grain size is greatly 

improved by the contribution of the two 

microelements, the maximum value reaching 

an increase of about 17%. 

Similar results were obtained by Horuz 

and Özcan in 2017 in an experiment set up in 

randomized blocks in 3 replicates at Samsun 

in Turkey. Analysis of variance showed that 

application of boron at increased rates in 

maize significantly influenced yield and 

1000-kernel mass at the 5% level and boron 

content in grain and leaf at the 1% level. 

Optimum yield (5972.4 kg/ha), 1000-kernel 

mass and grain boron content (8.06 ppm) 

were statistically assured at the 0.25 kg B/ha 

dose and also optimum leaf boron content 

(8.34 ppm) was determined at the 0.5 kg B/ha 

dose. The highest increases were determined 

in the following order: boron content in grain 

> boron content in leaf > mass of 1000 grains 

> grain yield. 

The obtained results, corroborated with 

similar ones in the literature, indicated that 

both boron and zinc are involved in plant 

metabolism directly influencing a number of 

physiological processes and contributing to 

the maintenance of plant nutrient balance. 

These two micronutrients might be due to 

facilitate in more protein synthesis (Rahman 

et al., 2020).  

 Foliar application of nutrients can improve 

nutrient accumulation in the plant, biomass 

production, increase crop profitability, nutrient 

translocation in cereals and hence improve 

quality indices. Therefore, foliar application 

strategies and new nutrient formulations in 

crop fertilization should be tested. 

 

CONCLUSIONS 

 

The combined foliar application of zinc 

and boron positively influenced all studied 

traits in maize crop, being suitable and 

beneficial for increasing the yield potential of 

maize under the agroclimatic conditions of 

the studied area.  

The yield results obtained suggest the 

effectiveness of combined application of zinc 

and boron in the BBCH 24-28 (8-10 leaf 

corn) phenophase (maize in 8-10 leaves). 

 

REFERENCES 

 
Abid, K., Zafar, H., Asad, Ali, K., Junaid, A., Waseem, 

M.A., Haq, N., Ahmad, F., Ahmad, K., 2019. 

Effect of Foliar Application of Zinc and Boron on 

Growth and Yield Components of Wheat. Agri. 

Res. and Tech., Open Access J., 21(1): 556148. 

DOI: 10.19080/ARTOAJ.2019.21.556148  

Arif, M., Aslam Chohan, M., Ali, S., Gul, A., Khan, 

S., 2006. Response of Wheat to Foliar Application 

of Nutrients. Journal of Agricultural and Biological 

Science, 1(4): 30-34. 

Bender, R.R., Haegele, J.W., Ruffo, M.L., Below, 

F.E., 2013. Nutrient uptake, partitioning, and 

remobilization in modern, transgenic insect-

protected maize hybrids. Agron. J., 105: 161-170. 

doi: 10.2134/agronj2012.0352 

Bienert, M.D., Junker, A., Melzer, M., Altmann, T.,  

von Wirén, N., Bienert, G.P., 2023. Boron deficiency 

responses in maize (Zea mays L.) roots. Journal of 

Plant Nutrition and Soil Science, 00: 1-15. 

https://doi.org/10.1002/jpln.202300173 

Chaudry, E.H., Timmer, V., Javed, A.S., Siddique, 

M.T., 2007. Wheat Response to Micronutrients    

in Rainfed Areas of Punjab. Soil Environ., 26:   

97-101.  

Engels, C., Kirkby, E., White, P., 2012. Marschner’s 

Mineral Nutrition of Higher Plants. Mineral 

nutrition, yield and source - sink relationships, 

Academic Press, Cambridge, MA, USA: 85-133. 

Farshid, A., 2011. Concentration of zinc and boron in 

corn leaf as affected by zinc sulfate and boric acid 

fertilizers in a deficient soil. Life Science Journal, 

8(1): 26-32. 

Fernández, V., and Brown, P.H., 2013. From plant 

surface to plant metabolism: the uncertain fate of 

foliar-applied nutrients. Front. Plant Sci., 4: 289. 

doi: 10.3389/fpls.2013.00289 

Ghaffari, A., Ali, A., Tahir, M., Waseem, M., Ayub, 

M., Iqbal, A., Mohsin, A.U., 2011. Influence of 

integrated nutrients on growth, yield and quality of 

maize (Zea mays L.). J. Plant Sci., 2: 63-69. 

Global Monitor, 2020. Europe micronutrient fertilizer 

market report (2020-2026). https://www.globalmonitor. 

us/product/europe-micronutrientfertilizer-market-report 

(accessed 12.12.2024). 

Gupta, U.C., Wu, K., Liang, S., 2008. Micronutrients 

in soils, crops, and livestock. Earth Sci. Front., 15: 

110-125. 

doi: 10.1016/S1872-5791(09)60003-8 

Haraga, L.C., and Ion, V., 2023. The effects of       

side-dressing different rates and release types      

of nitrogen fertilizer on hybrid seed maize 

production. Romanian Agricultural Research, 40: 

429-438. 

https://doi.org/10.59665/rar4040 

http://dx.doi.org/10.19080/ARTOAJ.2019.21.556148
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php


585 

Marius Nicolae Cioboată
 
et al.: Influence of Foliar Fertilization with Boron and Zinc for Maize Grain Crop 

in the Hilly Area of South-Western Romania 
 

Hänsch, R., and Mendel, R.R., 2009. Physiological 

functions of mineral micronutrients (Cu, Zn, Mn, Fe, 

Ni, Mo, B, Cl). Curr. Opin. Plant Biol., 12: 259-266. 

doi: 10.1016/j.pbi.2009.05.006  

Horuz, A., and Özcan, C., 2017. Effects of boron 

application to corn plant (Zea mays everta) on 

yield and boron content in the calcerous soil. 

Journal of Boron, 2(1): 37-42. 

Jiang, M., Dong, C., Bian, W., Zhang, W., Wang, Y., 

2024. Effects of different fertilization practices on 

maize yield, soil nutrients, soil moisture, and water 

use efficiency in northern China based on a meta-

analysis. Sci. Rep., 14, 6480 (2024). 

https://doi.org/10.1038/s41598-024-57031-z 

Kanwal, S., Rahmatullah, Ranjha, A.M., Ahmad, R., 

2010. Zinc partitioning in maize grain after soil 

fertilization with zinc sulfate. Int. J. Agric. Biol., 

12: 299-302. 

Kihara, J., Nziguheba, G., Zingore, S., Coulibaly, A., 

Esilaba, A., Kabambe, V., Njoroge, S., Palm, C., 

Huising, J., 2016. Understanding variability in 

crop response to fertilizer and amendments in  

sub-saharan Africa. Agric. Ecosyst. Environ., 229: 

1-12. 

doi: 10.1016/j.agee.2016.05.012 

Lordkaew, S., Dell, B., Jamjod, S., Rerkasem, B., 

2011. Boron deficiency in maize. Plant and Soil, 

342: 207-220. 

DOI:10.1007/s11104-010-0685-7 

Mandal, A., Patra, A., Singh, D., Swarup, A., 

Ebhinmasto, R., 2007. Effect of Long-Term 

Application of Manure and Fertilizer on Biological 

and Biochemical Activities in Soil during Crop 

Development Stages. Bioresour. Technol., 98: 

3585-3592.  

Manomani, V., and Sirmathi, P., 2009. Influence of 

mother crop nutrition on seed and quality of 

blackgram. Madras Aric. J., 96(1-6): 125-128. 

Murtaza, D.F., Roşculete, E., Roşculete, C.A., 

Păunescu, G., 2022. Foliar fertilization-an integral 

part of complex and integrated fertilizations - a 

review. Annals of the University of Craiova, 

Agriculture, Montanology, Cadastre Series, 52(2): 

100-107. 

DOI:10.52846/aamc.v52i2.1395 

Mutambu, D., Kihara, J., Mucheru-Muna, M., Bolo, 

P., Kinyua, M., 2023. Maize grain yield and grain 

zinc concentration response to zinc fertilization: A 

meta-analysis. Heliyon, 9(5), e16040. 

Nataraja, T.H., Halepyati, A.S., Pujari, B.T., Desai, 

B.K., 2006. Influence of Phosphorus Levels and 

Micronutrients on Physiological Parameters of 

Wheat (Triticum durum Dcsf.). Karnataka J. Agric. 

Sci., 19: 685-687.  

Otálora, G., Piñero, M.C., López-Marín, J., Varó, P., 

del Amor, F.M., 2018. Effects of foliar nitrogen 

fertilization on the phenolic, mineral, and amino 

acid composition of escarole (Cichorium endivia L. 

var. latifolium). Sci. Hortic. Amsterdam, 239: 87-92. 

DOI:10.1016/j.scienta.2018.05.031 

Pârvan, L., Dumitru, M., Sîrbu, C., Cioroianu, T., 

2013. Fertilizer with humic substances. Romanian 

Agricultural Research, 30: 205-212. 

Popescu, M., Mureșan, C., Horhocea, D., Cindrea, M., 

Cristea, S., 2021. The genetic potential for the 

grain yield of some maize hybrids, studied in 

different conditions of environment, in Romania. 

Romanian Agricultural Research, 38: 21-29. 

https://doi.org/10.59665/rar3803 

Rahman, H., Quddus, A., Satter, A., Ali, R., Sarker, 

M.H., Tanjila Nasreen Trina, T.N., 2020. Impact of 

Foliar Application of Boron and Zinc on Growth, 

Quality and Seed Yield of Okra. Journal of Energy 

and Natural Resources, 9(1): 1-9. 

doi: 10.11648/j.jenr.20200901.11 

Rashid, A., 1996. Secondary and Micronutrients. In: 

Bashir, E., Bantel, R. (eds.), Soil Science. National 

Book Foundation, Islamabad: 341-386. 

Rehman, A., Farooq, M., Ozturk, L., Asif, M., 

Siddique, K.H.M., 2018. Zinc Nutrition in Wheat-

Based Cropping Systems. Plant Soil, 422: 283-315.  

Reza Safari, M., Dadashi, M.R., Faraji, A., Armin, M., 

2023. Effect of Biofertilizer and Drought Stress on 

Quantitative and Qualitative Traits in Some Winter 

Rapeseed (Brassica napus L.) Cultivars. Romanian 

Agricultural Research, 40: 403-415. 

https://doi.org/10.59665/rar4038 

Roberts, T.L., 2007. Right product, right rate, right 

time, and right place… the foundation of best 

management practices for fertilizer. Fertiliser Best 

Management Practices, First edition, IFA, Paris, 

France, August: 29-32. 

Rosculete, C.A., Paunescu, R.A., Rosculete, E., 

Paunescu, G., Florea, D., Bonciu, E., 2023. The 

influence of foliar fertilizer application on the 

macro and micro nutrient content and yield of 

wheat plants (Triticum aestivum). Scientific 

Papers, Series "Management, Economic 

Engineering in Agriculture and rural development", 

23(3): 786-795. 

Sharma, R.K., and Agarwal, M., 2005. Biological 

effects of heavy metals: An overview. J. Environ. 

Biol., 26(2 Suppl.): 301-313. 

Spiro, E.S., 1984. Impact of Scouting Information on 

Pesticide Application Decisions: Cotton in the San 

Joaquin Valley of California and Lygus Hesperus 

(Knight). U. of Calif., Davis, USA. 

Stevenson, F.J., 2018. Organic Matter-Micronutrient 

Reactions in Soil. Micronutrients in Agriculture, 

Soil Science Society of America, Inc., Madison, 

WI, USA: 145-186. 

Stewart, Z.P., Paparozzi, E.T., Wortmann, C.S., Jha, 

P.K., Shapiro, C.A., 2021. Effect of Foliar 

Micronutrients (B, Mn, Fe, Zn) on Maize Grain 

Yield, Micronutrient Recovery, Uptake, and 

Partitioning. Plants (Basel), 10(3): 528. 

doi: 10.3390/plants10030528  

Tahir, M., and Yasin, N., 2016. Effect of micronutrients 

foliar application on yield and quality of maize. 

Pakistan J. Agric. Res., 29(4): 355-362. 

https://dergipark.org.tr/en/download/article-file/284275
https://dergipark.org.tr/en/download/article-file/284275
https://dergipark.org.tr/en/download/article-file/284275
https://doi.org/10.1016/j.agee.2016.05.012
http://dx.doi.org/10.1007/s11104-010-0685-7
https://www.cabdirect.org/cabdirect/abstract/20093323540
https://www.cabdirect.org/cabdirect/abstract/20093323540
https://www.cabdirect.org/cabdirect/abstract/20093323540
http://dx.doi.org/10.52846/aamc.v52i2.1395
http://dx.doi.org/10.1016/j.scienta.2018.05.031
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556148.php


586                                                                                                                                                           Number 42/2025 

ROMANIAN AGRICULTURAL RESEARCH 

 

Uthman, Q.O., Kadyampakeni, D.M., Nkedi-Kizza, P., 

Kwakye, S., Barlas, N.T., 2022. Boron, Manganese, 

and Zinc Sorption and Leaf Uptake on Citrus 

Cultivated on a Sandy Soil. Plants (Basel), 11(5): 638. 

doi: 10.3390/plants11050638 

Van Eynde, E., Fendrich A.N., Ballabio C., Panagos 

P., 2023. Spatial assessment of topsoil zinc 

concentrations in Europe. Science of the Total 

Environment, 892, 164512. 

https://doi.org/10.1016/j.scitotenv.2023.164512 

Zarabimafi, F., and Pour, O.S., 2014. Effects of  

micro-nutrients foliar application on physiological 

traits and grain yield of sweet corn under water 

stress conditions. J. Acad. Appl. Stud., 4: 40-55. 

Warington, K., 1923. The effect of boric acid and 

borax on the broad beanand certain other plants. 

Annals of Botany, 37(148): 629-672. 

Zhang, F., Wang, Z., Glidden, S., Wu, Y.P., Tang, L., 

Liu, Q.I., Li, C.S., Frolking, S., 2017. Changes in 

the soil organic carbon balance on China’s 

cropland during the last two decades of the 20
th

 

century. Sci. Rep., 7, 7144 (2017). 

https://doi.org/10.1038/s41598-017-07237-1 

 

https://doi.org/10.1038/s41598-017-07237-1

