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Abstract: Within the EU, according to Eurostat data, Romania ranks first in terms of agricultural 

area cultivated with maize, about 2.5 million ha. The study was conducted in southeastern part 

of Romania, an area with a share of approximately 19.2% of the total cultivated national area, 

in Ialomița, Călărași, Brăila, Tulcea and Constanța counties. The main purpose of the research 

was to evaluate the degree of zinc supply of the soils, and the nutritional status of maize plants 

with this microelement, for which, soil samples were taken from a depth of 0-20 cm and samples 

of plant in the phenophase of 4-7 leaves. The methodology for evaluating zinc regime consisted 

in determining the content of mobile Zn in soil, soluble in CH3COONH4-EDTA solution at pH 7; 

values calculation of the reaction-mobile phosphates index (RMPI) and the zinc deficiency index 

(ZnDI), in order to establish probability classes for zinc deficiency occurrence. Results shows that 

of total analyzed samples (92), depending the content of mobile Zn by probability classes, 43% 

samples belonged to high probability class, 33% to medium probability class and 24% to low 

probability class, until improbable. Regarding percentage values of reaction-mobile phosphates 

index (RMPI), showed a distribution of soil samples, according to the probability class by zinc 

deficiency occurrence, of 68% for samples with high and very high probability, 22% for low 

probability and 10% improbable. Finally, the probability of this phenomenon occurrence, 

assessed by the zinc deficiency index (ZnDI), led to a distribution of percentage values as follows: 

54% high and very high probability class, 21% medium probability class, 12% low probability 

class and 13% improbable class. The results obtained regarding the soils classification in 

probability classes of Zn deficiency occurrence in maize crop, provides precise information to 

stakeholders for the implementation of technological solutions to prevent this phenomenon that 

can cause significant production losses. 

1. Introduction 

Due to its multiple uses, food, feed and biofuel, the areas cultivated with corn (Zea 

mays) continue to grow worldwide (Nuss and Tanumihardjo, 2010). According to data 

published by Eurostat, in 2020, Romania ranks first in terms of agricultural area 

cultivated (approx. 2.5 million ha), being the second largest producer (approx. 15 million 

ha) after France in the EU 2. However, the need for maize and the need for arable land 

is constantly growing, making this crop one of the most important for global food 

security, even if the yield between production and land potential is quite low (Lobell et 

al., 2009). 

The southeastern part of Romania is classified as the first zone of favorability 

regarding biologically active temperatures (∑ = 1400 - 1600˚C) for corn cultivation, the 
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share of land cultivated with this plant being about 19.2%, while the production is about 

10% (13 million tons) of the national total. 

Improving technologies to improve the production potential of hybrids and growing 

conditions for maize are important links for crop growth. However, the effect of 

micronutrients, especially zinc (Zn), on the quality and quantity of production is 

particularly important (Alloway, 2008). In addition to the plant's production potential 

and cultivation technologies, a particularly important role in reducing the gap between 

the expected and the realized harvest is the knowledge of the Zn supply of the soil and 

its accessibility to the plant (Alloway, 2009). 

Insufficient Zn uptake caused by edaphic factor can cause abiotic stress in crop 

plants, such as a deficiency in this micronutrient, which leads to a shortening of the grain 

filling period and a reduction in the plant's physiological maturity period (Serrago et al., 

2013). 

Although one of the principles of the Green Revolution was to know the importance 

of nutrients in the development of agriculture, Zn is an essential micronutrient, with 

multiple roles in the processes of multiplication, fruiting, plant respiration, enzymatic 

processes leading to chlorophyll formation, etc., which has not been given as much 

attention that has been given to nitrogen (N) or phosphorus (P) (Tillman et al., 2002). 

Zinc deficiency occurs at maize, when the plants have small size, short internodes, 

"bushy" aspect, the leaves are yellowed and have light colored stripes, along the entire 

length of the leaf, parallel to the midrib, acquiring a parchment paper appearance. 

(Lăcătușu, 2016). 

In Romania, zinc deficiency in maize was studied by Pleşa (1969), Dornescu et al. 

(1970), Borlan et al. (1975, 1977, 1982), Lăcătușu et al. (2017), but after these years 

no studies have been performed on this phenomenon. 

The aim of this research was to raise awareness of interested stakeholders about 

the importance of ensuring productive agroecosystems with Zn, to avoid losses of 

productions and depreciate quality characteristics. 

2. Materials and Methods  

The research was conducted in the southeastern part of Romania, in Dobrogea and 

in southeastern of the Romanian Plain. A total of 92 soil samples and 92 maize plant 

samples were collected from the investigated area. Soil samples were collected at a 

depth of 0-20 cm under the maize crop, and plants in the phenophase of 4-7 leaves, 

with visible symptoms of zinc deficiency. 

For soil samples analyzed in laboratory, the following analytical determinations were 

performed: pH-potentiometric measurements, using a combined glass – calomel 

electrode; the total organic carbon content, by Walkley-Black modified by Gogoașă  

method (Gogoașă, 1959); the nitric N, potentiometric measurement with ion selective 

electrode; the mobile contents of P and K, soluble in the ammonium acetate-lactate 

solution at pH 3.7 (AL), were determined by spectrophotometry and flame photometry; 

mobile forms of metallic microelements (Zn, Cu, Fe, Mn), were determined in 

CH3COONH4-EDTA (AA-EDTA) solution using the method Lăcătușu et al. (1987).  

Plant samples, were analyzed in terms of the total contents of: N, P, K, Ca, Mg, Zn, 

Cu, Fe and Mn, using potentiometric methods and atomic absorption and emission 

spectrophotometry. All used methods are technical procedures certified in ISO and STAS 

systems. 

The analytical data were statistically processed, determining the reaction-mobile 

phosphates index (RMPI), the zinc deficiency index (ZnDI), the statistical parameters of 

the intensity groups of the presence of zinc deficiency, and also, some correlations were 

calculated. 
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3. Results and Discussion  

3.1. Degree of mobile Zn supply soluble in AA-EDTA solution of soils from south-east 

Romania 

Field research was conducted in the southeastern part of Romania, Dobrogea and 

the south-east of the Romanian Plain, more precisely in Ialomița, Călărași, Brăila, Tulcea 

and Constanța counties (Figure 1), on lands cultivated with maize, whence a number of 

92 soil samples and 92 maize plant samples were collected. 

 

Figure 1. Map of sample points location from studied area 

Lăcătuşu et al., 2017, established the value ranges for mobile Zn content, soluble in 

AA-EDTA at pH 7.0, correlating the values of mobile forms of zinc in soils, soluble in 

DTPA after Lindsay and Norwell (1978) and the values mobile forms of Zn soluble in AA-

EDTA solution at pH 7.0. Resulted three classes of probability of zinc deficiency 

occurrence as follows: contents less than 1.3 mg∙kg-1 show a high probability of zinc 

deficiency occurrence, those between 1.3 mg∙kg-1 and 3.0 mg∙kg-1 show a medium 

probability of zinc deficiency, and those higher than 3.0 mg∙kg-1 show a low probability 

to improbable. 

For the research area studied the results obtained (Table 1) showed that from total 

92 samples analyzed, depending on the mobile Zn content, soluble in the AA-EDTA 

solution at pH 7.0 by probability classes, 40 samples have a high probability of zinc 

deficiency occurrence, respectively 43%, with mobile Zn content less than 1.3 mg∙kg-1, 

30 samples have a medium probability of zinc deficiency occurrence,  respectively  

33%, with mobile Zn content between 1.3-3.0 mg∙kg-1; and finally 22 samples have a 

low up to improbable zinc deficiency occurrence, respectively 24%, with mobile Zn 

content higher than 3.0 mg∙kg-1. 

Table 1. Distribution of soil samples according to Zn mobile content in soil, soluble in 

AA-EDTA solution at pH 7.0  

Probability  

classes of zinc deficiency  

Zn content soluble in 

AA-EDTA at pH 71 

(mg∙kg-1) 

X   

(mg∙kg-1) 

No. 

of 

samples 

%  

of total 

samples 

High probability < 1.3 0.87  0.23 40 43 

Medium probability 1.3 - 3.0 2.09  0.45 30 33 

Low probability- improbable > 3.0 7.05  4.58 22 24 
1Level of zinc content in soils, according to Lăcătuşu 
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3.2 Asessing the probability of zinc deficiency occurrence in maize according to RMPI 

and ZnDI 

Reaction-mobile phosphates index (RMPI) and Zinc deficiency index (ZnDI) 

developed by Borlan et al., (1975, 1982), provide high accuracy in assessing the 

occurrence of zinc deficiency because they contain in the calculation formulas 

parameters that influence significant occurrence of the phenomenon, such as pH, mobile 

Zn content and mobile P content in soil. 

The domains of interpretation of the values of the reaction-mobile phosphates index 

(RMPI) and the zinc deficiency index (ZnDI) were established by Lăcătuşu et al. (2017), 

these being for RMPI: <0.100 very high probability; 0.100 - 0.350 high probability; 

0.350 - 0.550 low probability and > 0.550 improbable, and for ZnDI: <0.5 very high 

probability; 0.5 - 2.0 high probability; 2.0 - 3.0 medium probability; 3.0 - 4.0 low 

probability and > 4.0 improbable. 

3.2.1 Phosphates index (RMPI) 

For the reaction-mobile phosphates index (RMPI), the authors established that the 

value less than 0.384, represents the limit between soils with a high probability of 

activating zinc deficiency in plants, and soils where this phenomenon does not occur.  

RMPI index calculated according to the formula: 

𝑅𝑀𝑃𝐼 =
90−10∗𝑝𝐻

𝑃𝐴𝐿
                            (1) 

where: pH = soil reaction in aqueous suspension, ratio soil: water =1:2.5; PAL = mobile 

phosphorus content, soluble in AA-EDTA solution, at pH 3.7 

Following the calculations, the IRPM value range was divided into probability classes 

of Zn deficiency in maize, according to Table 2 and Figure 2. 

 

Figure 2. Distribution of soil samples from south-east Romania by probability classes 

according RMPI values 

According to the data listed in Table 2, it can be easily seen, that values lower than 

0.100 indicate a very high probability of zinc deficiency occurrence, for 20% of the total 
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samples analyzed (19), between 0.100 and 0.350 indicate a high probability of zinc 

deficiency occurrence for 48% of the samples analyzed (44), between 0.350 and 0.550 

are included samples with low probability for 22% of total samples analyzed (20). Finally, 

values higher than 0.550 indicating the improbable zinc deficiency occurrence for 10% 

of the total samples analyzed (9). 

Table 2. Distribution of soil samples of zinc deficiency occurrence in maize according 

with RMPI values 

Range values of  

RMPI classes 

Probability  

of Zn deficiency 

occurrence  

No.  

of 

samples 

Medium RMPI values 

on probability classes 

X   

%  

of total 

samples 

< 0.100 very high 19 0.054  0.030 20 

0.100 - 0.350 high 44 0.208  0.079 48 

0.350 – 0.550 low 20 0.409  0.040 22 

> 0.550 improbable 9 1.094  0.337 10 

3.2.2. Zinc deficiency index (ZnDI)  

Zinc deficiency index (ZnDI) of the soil represents another method by which the 

probability of zinc deficiency occurrence in plants can be assessed, the authors 

mentioning that soils with a ZnDI value less than 3.4 have high probability at this 

phenomenon occurrence. 

ZnDI index calculated according to the formula: 

𝑍𝑛𝐷𝐼 =
𝑍𝑛∗𝑅𝐹∗100

𝑃𝐴𝐿
                           (2) 

where: Zn = mobile zinc content, soluble in EDTA-(NH4)2CO3 soluțion; RF = reaction 

factor, FR=1.3∙pH-0.11 pH2-2.82 for the soils with pHH2O<8.0 and RF = (1.3∙pH-0.11 

pH2-2.82) + (pH-8.0) * (0.05∙pH), for the soils with pHH2O>8.0; PAL = mobile phosphorus 

content, soluble in AA-EDTA solution, at pH 3.7. 

It is important to note that the values of this index were calculated according to the 

values of the content of zinc-soluble AA-EDTA at pH 7.0, not according to the values of 

zinc soluble in (NH4)2CO3, resulting in a distribution of samples according to the data in 

Table 3 and Figure 3. 

Table 3. Distribution of soil samples of zinc deficiency occurrence in maize according 

with the ZnDI values 

Range  

values of 

ZnDI classes 

Probability  

of Zn deficiency 

occurrence  

No.  

of 

samples 

Medium ZnDI values 

on probability classes 

X   

%  

of total 

samples 

< 0.5 

0.5 – 2.0  

2.0 – 3.0 

3.0 – 4.0 

> 4.0  

very high 

high 

medium 

low 

improbable 

3 

47 

19 

11 

12 

0.32  0.15 

1.22  0.42 

2.43  0.26 

3.29  0.23 

6.84  2.29 

3.3 

51.1 

20.6 

12.0 

13.0 

 

Assessed by the zinc deficiency index (ZnDI), the probability of this phenomenon 

occurrence, led to a distribution of percentage values as follows: 3.3% in very high 

probability class for a number of 3 samples and values for class less than 0.5; 51.1% in 

high probability class for a number of 47 samples for class with values between 0.5-2.0; 

21% in medium probability class for a number of 19 samples with class values between 

2.0-3.0; 12% in the low probability class for a number of 11 samples with class values 
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between 3.0-4.0 and 13% in the improbable class for a number of 12 samples and class 

values higher than 4.0. 

 

Figure 3. Distribution of soil samples from south-east Romania by probability classes 

according ZnDI values   

Comparing the values listed in Tables 1, 2 and 3 we noticed an approach of values, 

between the distribution of number of samples, their percentage distribution and 

probability class of zinc deficiency occurrence. The vast majority of samples, regardless 

the method chosen for classification by probability classes, are included in high 

probability class, which means that the soils from where samples were collected have a 

low degree of mobile Zn supply. 

Comparing the distribution of the number of samples according to probability classes 

of zinc deficiency occurrence of the two sets of values of RMPI and ZnDI indices, it can 

also be seen that these values are relatively close, for the high probability classes (Figure 

4), while the values belonging to classes with very high probability are significantly 

different and the values of low and improbable classes, due to the existence, of the 

medium probability class, are more distant in case of approximation according to ZnDI. 

 

Figure 4. Probability of Zn deficiency occurrence in SE Romania maize crops according 

to RMPI and ZnDI 
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3.3. Zinc content in maize plants, in the phenophase of 4-7 leaves 

The soil and plant samples were collected in the same period of time, more exactly 

in May. The size of the plants was different, due to the periods in which the sowings 

were made and the local climatic conditions, also different and showed visible symptoms 

of zinc deficiency in different stages of manifestation (Figure 5). 

 

Figure 5. Zinc deficiency manifestation symptoms in maize plants in Cerchezu, 

Constanţa county 

Bergmann and Neubert (1976) noted that a deficient level of Zn content in plants is 

represented by the value below 20 mg∙kg-1, being specific to plants with visible 

morphological symptoms of zinc deficiency; a normal level of Zn content is between 20-

50 mg∙kg-1 and an excessive level with values higher than 56 mg∙kg-1. 

The analytical data obtained on the total Zn content of the maize plant samples (92) 

showed a quite large range of values between 15.8 mg∙kg-1 and 71.9 mg∙kg-1 with a 

mean value of 29.8 mg∙kg-1, within the normal Zn content level established by Bergmann 

and Neubert.  

Separating plant samples, by Zn content values (Table 4) shows that: for 12 samples 

with a content lower than 20 mg∙kg-1, a range of values between 15.8 and 19.6 mg∙kg-

1, was identified, with an average value of 18.3 mg∙kg-1, placing them in the deficient 

level of Zn content; 77 samples of the total analyzed had a range of values between 

20.8 and 47.9 mg∙kg-1 with an average value of 30.2 mg∙kg-1, for a normal Zn content 

set to be between 20-50 mg∙kg-1, placing them in the normal content level; samples 

with a higher content more than 56 mg∙kg-1, with a range of values between 56-72 

mg∙kg-1 and an average value of 65.5 mg∙kg-1, values corresponding to excessive level 

of classification, valid only for 3 samples of total number analyzed samples. 

Table 4. Distribution of zinc content in maize plants samples, from SE Romania 

Level of zinc 

content 

Values of zinc content 

in plant1 (mg∙kg-1) 
X   No. of 

samples 

% of total 

samples 

Deficient < 20 18.27  1.37 12 13 

Normal 20 - 50 30.19  6.78 77 84 

Excessive > 56 65.54  8.72 3 3 
1Level of zinc content in maize plants, according to Bergmann and Neubert 

In order to better highlight the phenomenon of zinc deficiency occurrence in maize, 

the data obtained on Zn content in plant were correlated with the probability classes of 

zinc deficiency in soil, according to RMPI and ZnDI values. 
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The distribution of zinc content in maize plants, by probability classes of zinc 

deficiency, separated by IRPM values, is shown in Figure 6 and the data in Table 5. 

Table 5. Distribution of zinc content in maize plants, by probability classes of zinc 

deficiency, separated by RMPI values 

Probability 

classes  

Values range  Average value  

Xmin Xmax X  

       mg∙kg-1 

very high 

high 

low 

improbable 

16.4 

18.7 

15.8 

19.4 

71.9 

47.9 

39.4 

32.7 

35.2  16.5 

29.8  7.8 

26.2  5.4 

26.4  4.4 

 

As can be seen in Figure 6, the maximum values of Zn content in plants, according 

to RMPI probability classes, registered from very high probability class to improbable 

class, a downward dynamic from 71.9 mg∙kg-1, up to 32.7 mg∙kg-1, Zn total content. 

 

Figure 6. Distribution of zinc content in maize plants by probability classes of the zinc 

deficiency occurrence according to RMPI values 

The distribution of zinc content in maize plants, by probability classes of zinc 

deficiency, separated by ZnDI values, is shown in Figure 7 and the data in Table 6. 

Table 6. Distribution of zinc content in maize plants, by probability classes of zinc 

deficiency, separated by ZnDI values 

Probability 

classes  

Values range  Average value  

Xmin Xmax X  

       mg∙kg-1 

Very high 

high 

medium 

low 

improbable 

16.4 

15.8 

18.7 

19.4 

19.4 

47.7 

55.6 

69.1 

71.9 

41.8 

29.7  16.2 

28.1  8.2 

32.1  11.2 

33.9  15.2 

29.0  6.9 

Figure 7 shows that, the maximum values of total Zn content in plants, according to 

ZnDI probability classes, registered, from low probability class to improbable, a 

downward trend from 71.9 mg∙kg-1, to 41.8 mg∙kg-1, total Zn content. 
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Figure 7. Distribution of zinc content in maize plants on probability classes of the zinc 

deficiency occurrence according to ZnDI values 

5. Conclusions 

• According to the values of Zn content in soil, samples analyzed were grouped on 

probability classes on zinc deficiency occurrence, as follows: 43% in high probability 

class; 33% in medium probability class and only 24% in low probability class to 

improbable; 

• According to RMPI 19 soil samples (20%) indicate a very high probability of zinc 

deficiency occurrence; 44 soil samples (48%) indicate a high probability; 20 soil 

samples (22%) indicate a low probability and 9 soil samples (10%) improbable; 

• In terms of ZnDI, 3 soil samples (3.3%) indicate a very high probability of zinc 

deficiency occurrence; 47 soil samples (51.1%) indicate a high probability; 19 soil 

samples (20.6%) indicate medium probability; while only 11 samples (12%) indicate 

a low probability and 12 samples (13%) improbable; 

• The vast majority of soil samples, regardless the method chosen for classification by 

probability classes, are included in high probability class comparing the values listed 

in Tables 1, 2 and 3, which means that the soils from where samples were collected 

have a low degree of mobile Zn supply; 

• Comparing the distribution of the number of samples to probability classes of the 

two sets of values according RMPI and ZnDI we found that they are relatively close, 

in the case of high probability classes; 

• Of the total plant samples analyzed (92), 77 plant samples had a range of values 

between 20.8 and 47.9 mg∙kg-1 with an average value of 30.2 mg∙kg-1, for a Zn 

content set to be between 20 -50 mg∙kg-1, within the normal Zn content level; 

• The maximum values of total Zn content in plants, according to RMPI probability 

classes, registered from very high probability class to improbable class, a downward 

dynamic from 71.9 mg∙kg-1, up to 32.7 mg∙kg-1, Zn total content; 

• The maximum values of total Zn content in plants, according to ZnDI probability 

classes, registered, from low probability class to improbable, a downward trend from 

71.9 mg∙kg-1, to 41.8 mg∙kg-1, total Zn content.  
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