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Abstract  

For Romania, agriculture is one of the most important resources of development. The most 
important objectives and priorities have in view the increase in production and in agricultural 
productivity for the purpose of establishing an open and competitive market by practicing a modern and 
sustainable form of agriculture. This is made possible by employing high quality technologies, through 
which, alongside other important links, foliar fertilization is promoted, having the advantage of being 
able to ensure the macro and micro nutritious elements necessitated by plants at the right time. 
Research has been undertaken concentrating on the Bitop wheat cultivar, produced by the Probstdorfer 
Saatzucht Company in Austria. This variety of wheat is part of the high-quality Premium fall wheat 
group, intended for the production of high-quality flour. The selected fertilizer was Plonvit Active, 
which was applied as follows: 2 l/ ha-1, in two stages of the culture of wheat. The foliar fertilization 
using the above mentioned fertilizer determined a growth in production of 300 – 400 kg/ ha-1, an 
increase in gluten levels with up to 10.9% from the control and a protein increase of 3.17% from the 
control, thus entailing an increase in seed quality. 
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1. Introduction  

 
The theory according to which nutrients can be absorbed by plants through leaves has 

been confirmed in the 1950s, at Michigan State University, when S. H. WITTER & al. [1], 
using known radioactive isotopes of natural plant nutrients, discovered that the nutrients were 
absorbed by the plant leaves and had been translocated throughout the entire plant. 

A series of studies carried out in the 1990s to 1960s period showed that urea is quickly 
absorbed through the leaves of plants (J. A. COOK & D. BOYNTON [2], CAIN [3], S.R. 
FREIBERG & P. PAYNE [4]). 

According to WITTWER & al. [1], urea is absorbed more quickly by leaves than any 
other NO3

- or NH4
+ ions due to the fact that non-polar substances, such as urea, get distributed 

through the cuticle much easier.  
Throughout the years, the composition of foliar fertilizers has continuously evolved, 

the high-quality ones containing, apart from macro-elements, many micro-elements with a 
vital role in plant nutrition, micro-elements which are not usually found in sufficient 
quantities in the soil or in most soil-applied fertilizers.   
          Modern, effective technologies are increasingly promoting the application of foliar 
fertilization, in order to obtain high and stable output. This has meant that in the year 2012, in 
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Romania, over 20% of the areas cultivated with wheat have been foliar fertilized, 5% – 6% 
for maize, 10% – 11% for sunflower and rapeseed, and 20% – 30% for vineyards and trees  
([5]). 

Up to-date practice has shown that large, stable and good quality crop yields means 
fertilizing the crops for a longer period of time during vegetation. This is only possible by 
combining the application of soil fertilizers and foliar applications.  

The old technologies through which chemical fertilizers were soil-spread several times 
during the growing season resulted in periods in which there was an excess of nutrients that 
could not be used by the plants and periods in which the nutrients were insufficient, due to the 
eluviation losses of the soil profile or their integration into the clay-loam complex of the soil 
from where they could not be completely extracted in the course of the growing season 
(DAVIDESCU [6]).  

The foliar fertilizers’ great advantage is that they can supply the necessary nutritive 
micro and macro-elements at the right time, the nutrients being quickly and completely 
absorbed – in many cases in a proportion of about 80%. When foliar fertilizing, the amount of 
nutrients absorbed by leaves and stalks is not that large, but compensates with a high 
efficiency of nutrient absorption, as compared to the absorption efficiency of chemically 
applied soil fertilizers, which enter the clay-loam complex of the soil, thus preventing a 
portion of them from being extracted by plants during the growing season. For these reasons, 
in the critical periods of the plants (intensive growth, flowering, harvesting), the root system 
cannot assure the entire demand of nutrients for these stages of development and growth, 
which is why in modern, long-lasting technologies – where the obtaining of significant levels 
of production is expected – it is necessary to use foliar applied fertilizers.  

An important and current aspect, which was given special consideration in recent 
times, is the effect of administering foliar fertilizers, by themselves or alongside solid soil-
applied fertilizers, with macro and micro-elements, integrally or divided up in plant growth 
stages, focusing on their influence on the increase of production, parallel to the rationalization 
of energy consumption by associating with plant treatments, with crop maintenance work or 
with the management of irrigation water (HERA & PETRE [7]).  

In the case of wheat, it must be stated that it is rather demanding, as far as fertilization 
is concerned, due to certain special features, among which the underdeveloped root system 
that explores a reduced volume of soil and has a low power of leaching and absorption of soil 
nutrients. In addition, the maximum consumption of nutrients of wheat takes place in a short 
period of time, from the elongation of the straw to the baking, interval in which nearly 80% 
nitrogen, over 80% phosphorus and over 85% potassium are absorbed. During this period, the 
wheat must have at its disposal the necessary quantities of nutrients and in forms that are 
easily accessible [8]. 

Performing 1-2 sprays of foliar fertilizer during the intense growth period, up to the 
spiking, results in the obtaining of bonus crop. The first spray shall be carried out at the 
beginning of the straw elongation phase, and the second application shall be carried out in the 
spiking phase (V. ION [9]). Via the spraying of foliar fertilizers, apart from the micro and 
macro-element addition, the protection of the soil is also assured, since the nutrients are 
administered and assimilated on the foliar mass level (SINESCU [10]).  

Foliar fertilization must be associated with the chemical countering of weeds, of foliar 
diseases and/or pests (V. ION [9]). The applied foliar fertilizers ensure and cover the shortage 
of water, thus increasing production as well (SINESCU [10]). It has to be stressed that foliar 
fertilization does not replace basic fertilization, but is a complement of the regular one, with 
both macro-elements (N, P, K) and, especially, with micro-elements  (V. ION  [9]). 
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The research in this field has been mainly focused on the positive influence of foliar 
fertilization with the liquid fertilizer Plonvit Active on the common wheat (Triticum aestivum 
L.), on the quality of bread manufacturing and on the output rate of production, and the 
establishment of the possibility that foliar fertilizers could be applied directly on the seeds, 
together with the health products, before planting, for the purpose of being a plant starter for 
the first part of the growing season. Plonvit Active has a balanced content of required plant 
nutrients, stimulating the normal growth and development of plants. It can be applied with 
plant protection products throughout the growing season and particularly in critical periods. 
Because it contains Titanium, it has a bio-stimulant effect in the pollination process producing 
an effective pollination of pollen grains. The interaction of micro-nutrients, amino acids and 
vitamins stimulates the growth of plant roots and the absorption of nutrients from the soil 
under hydric and thermal stress conditions, and contributes to the maintenance of a large 
number of green leaves for a several-day longer period, thus ensuring a production increase. 
The Titanium present in Plonvit Active has a significant effect in cell division (similar to the 
product Atonic) which produces increased cell division and therefore results in a higher 
structure of the plant; at the same time, it has a bio-stimulating effect with regard to the 
process of pollination, resulting in an increase of pollen grains. The interaction between 
micro-nutrients, amino acids and vitamins stimulates the roots into growing and absorbing 
soil nutrients under conditions of thermal and hydric stress, and the formula makes this 
product easily accessible to plants [13]. 

The aim of this study is to establish the influence of the fertilizer Plonvit Active on 
the quantity and quality of wheat seeds. The choice of foliar fertilizer has had in consideration 
both its chemical composition and cost price/ha. 
 
2. Material and methods 

 
The biological material tested was represented by the Bitop fall wheat cultivar, 

produced by the Probstdorfer Saatzucht Company in Austria, which is a part of the Premium 
fall group of wheat, intended for the production of high-quality flour. The Bitop wheat 
cultivar belongs to the Bio-Premium category, with a low rate of seeding of 130 – 150 kg/ha 
and a density of 300 germinable seeds/sq. m. [11], [12]. 

 The selected foliar fertilizer was Plonvit Active, which has the following chemical 
composition: Urea nitrogen (N) – 15.0%;  Magnesium oxide (MgO) – 2.0%;  Sulfur trioxide 
(SO3) – 4.5%;  Copper (Cu) – 0.9%;  Iron (Fe) – 0.8%;  Manganese (Mn) – 1.1%;  
Molybdenum (Mo) – 0.005%;  Zinc (Zn) – 1.0%;  Titanium + Vitamins + Essential Amino 
acids; Cu, Fe, Mn, chelated Zn with ethylenediaminetetraacetic acid (EDTA) and CHAAT 
formula with bio-stimulant and anti-stress action.  

The experiments were placed in a plot rented by SC Agricover SRL at Hisfor –Tecuci, 
Galati County, in the fall of 2011. The climate is continental temperate, with particularities 
such as blizzards in winter and prolonged droughts in other seasons, especially in summer. 
The average annual temperature is around 10°C, and the average annual rainfall is between 
450 – 500 mm. The dominant wind is the north wind, representing 29% of total annual 
frequency of winds. The south wind, with a frequency of 16 %, blows more during the 
summer, being quite dry. The characteristic soil is cambic chernozem, with clay-like texture 
and ph 7.1, favorable for most crops (wheat, sunflower, rapeseed, corn, peas, forage crops, 
etc.). 

In determining the test plot sizes, the minimization of influences due to edges, 
neighbors, blind spots, etc. has been taken into account. This is why randomly-placed, large 
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parcels (production conditions) of 5.5 ha have been selected [14]. A total area of 50 ha was 
used for the experiments. The experimental field was made up of a bi-factorial experience, 
with subdivided plots in three repetitions as listed in figure 1.  

Experimental plan 1. The study of Plonvit Active fertilizer spraying on wheat 
cultures. Tracked experimental factors were: Factor A – dose of fertilizer (l/ha-1): a0 – 
fertilizer – 0 l/ ha-1; a1 – fertilizer – 2 x 2 l/ ha-1; Factor B – application date (in two stages): b0 
– without application; b1 –27.04.2012 and 23.05.2012; b2 –16.05.2012 and 04.06.2012. 
  Experimental plan 2. Research concerning the possibility of spraying Plonvit Active 
fertilizer on wheat seeds alongside plants - protection products. Tracked experimental factors 
were: Factor A – dose of fertilizer (l/ton-1 seed): a0 – fertilizer – 0 l/ton-1; a1 – fertilizer – 1 
l/ton-1; a2 – fertilizer – 2 l/ton-1; a3 – fertilizer – 3 l/ton-1; a4 – fertilizer –5 l/ton-1. 

Experiences with seed treatment have been conducted in the Quality Control Central 
Laboratory for Seed and Propagating Material, Bucharest. The samples of wheat seeds have 
been treated with Plonvit Active fertilizer in different quantities in the same time as with the 
health treatment of Tebuconazol 6%, for the purpose of determining the influence of product 
on germination and development of plants in the early stages of vegetation (see Table 4). The 
reading of the results was done 7 days from the installation experience in standard conditions 
of sprouting grain. 
 

Repetition I   Repetition II   Repetition III   

a0b0 a1b2 a1b1 

15
0m

  

a1b1 a0b0 a1b2 

a1b2 a1b1 a0b0 

1100 m  2m  1100 m  2m  1100m  2m  

Figure 1.  Location scheme of in-field experiences 
 

 The cultivation technology. The previous culture was rapeseed. A plowing at a depth 
of 22 – 25 cm was conducted, immediately after the clearing of the land, followed by two 
passes of the combining machine before the sowing. The sowing was done with an in-row 
universal sowing machine at the distance of 12.5 cm, using a seed norm of 150 kg/ha-1 The 

standard seed norm N has been calculated with the following formula:      N=
PxG

DxMMB
x100 

[kg/ha], where: D – planned density (germinal seeds/sq m); MMB – mass of 1000 grains; P – 
the purity of the seed; G – seed germination (OANCEA I. [15]). 

 The fertilization with soil-based chemical fertilizers has been conducted in three 
stages: in fall, the seedbed preparation was given the NPK complex fertilizer type 18:46:0, 
200 kg/ha; in early spring 150 kg/ha urea (46% nitrogen) was administered to the frozen soil; 
and at the beginning of May a quantity of 100 kg/ha of ammonium nitrate (33.5%) was also 
added. The foliar fertilization was done with Plonvit Active fertilizer in two stages, 2 l/ ha-1  
for each spraying (see Table 2). When possible, the foliar fertilization was associated with 
other treatments (e.g. 27 April – Plonvit Active 2 l/ ha-1 + Decis mega 0.15 l/ ha-1+ Evolus 1 l/ 
ha-1; the second application – 23 May – Plonvit Active 2 l/ ha-1). Chemical weed control was 
done with Mustang 0.5 l/ ha-1 in association with Cycogan 2 l/ ha-1 as a growth regulator. The 
spike treatments against diseases and pests were made with Duett Ultra 0.5 l/ ha-1 + Biscay 
240 OD 0.2 l/ ha-1. The harvesting was done with the universal cereal harvesting combine. 
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Determining the extent of baking properties. The tracked quality parameters 
regarding the baking quality of fall wheat were the physical parameters (hectoliter mass, 
foreign bodies) and chemical parameters (moisture, protein content, wet gluten content, 
dropping index). The samples were taken from the mass of the resulting grain after the 
harvest. After cleaning of foreign bodies, the samples have been fully grinded by a laboratory 
grinder. The analyses focused on the whole beans and the fully ground grains. Table 1 
displays quality indexes by which the assessment is made.   

 
Table 1.  Categories of wheat quality using the Institute of Nutritional Bio-technologies data issued by PIROS 

(MOLDOVAN) [16]. 
The quality indicator   Very good   Good   Satisfactory   Unsatisfactory  
Physical indicators  
Humidity, %  14 - - -  

Hectoliter mass, (kg/hl)  >78  75 - 78  70 - 75  <70  
Chemical Indicators  
Protein, % >13  12 - 13  10 - 12  <10  
Wet Gluten, %  >26  24 - 26  22 - 24  <22 
Index of deformation (mm)  5 - 13  13 - 16   16 - 20  >20  
Drop index,  (seconds)   200 - 250  180 - 200 160 - 180  <160  
Foreign bodies,  % max.   3 - -                - 

 
3. Results and discussions 
 
3.1. Experimental Plan 1. After performing the necessary measurements and after 
undertaking a comparison of the results, the conclusion is that the height of the plants that 
had been field treated with Plonvit Active is bigger with 4 to 6 cm (see Table 2). An 
important role in this achievement is played by the presence of a 15% nitrogen concentration 
in ureic form in the composition, which is easily digestible by plants via the foliar apparatus, 
resulting in the growth and development of a greater number of plant cells. The difference in 
height specific to the Plonvit Active fertilized plants can also be linked to the presence of  

The follow-up in-field foliage observations and comments revealed that the plants 
which had been treated with Plonvit Active were permanently green despite a long period of 
drought. This ensures that the plant foliage will be able to process water, extract soil 
substances, transform and deposit them in the grain, thus leading to the premise of achieving 
higher yields and a better output quality. 

The in-field observations highlighted a 2-day earlier appearance of the grains in the 
plants that had been treated with Plonvit Active compared to the non-treated plants. 
Production increase registered for variant 1 was 300 kg/ ha-1 of wheat and 6,100 kg/ ha-1 – for 
the fertilized field, compared to 5,800 kg/ha-1– for the unfertilized one. For variant 2, 
production recorded an increase of 400 kg/ha-1 of wheat, 6,200 kg/ha-1– for the fertilized field, 
as opposed to 5,800 kg/ha-1 – for the unfertilized one. The difference of 100 kg/ ha-1 between 
versions 1 and 2 is determined by the moment of application of the two phases of 
fertilizations. It is clear that version 2 is superior and better for an increase in production.  

From the analysis of Table 3, it is apparent that the main parameters regarding the 
quality of fall wheat have sustained increases.  
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Table 2. Growth of the wheat plants and wheat yield, under Plonvit Active treatment. 
  

Date of spraying and 
observations   

Quantity of 
fertilizer  
(L/ha-1)  

Untreated 
plants height 

(cm) 

Treated 
plants 

height (cm) 

Differences  
from control  

 
V1 

Spraying date 27.04 2.0 26 - 28 26 - 28 0 
Observation date 16.05 0.0 53 - 58 60 - 62 +3 - 4 
Spraying date 23.05 2.0 72 - 76 78 - 80 +4 - 6 
Observation date 13.06 0.0 77 - 81 79 - 87 +2 - 6 

Average 
yield,   

(Kg/ ha-1)  

                                                  
                                      Control:  5,800 

 
Treated: 6,100 

 
+300 

 
V2 

Spraying date 16.05 2 48 - 50 48 - 50 0 
Observation date 23.05 0 55 - 57 57 - 60 +2 - 3 
Spraying date 04.06 2 76 - 78 78 - 82 +2 - 4 
Observation date 23.07 0 78 - 82 80 - 87 +2 - 5 

Average 
yield,   

(Kg/ ha-1)  

 
                                    Control:  5,800 

                        
Treated: 6,200 

 
+400 

 
Table 3.  Analysis of the baking indices of Bitop wheat, under Plonvit Active treatment (*) 

Analyzed 
parameters 

Test report no.   
1982/2012 

wheat from unfertilized crop 

Test report no. 1983/2012 
wheat from fertilized crop 

Differences 
from the 
control  

Humidity %  14 Very good quality  14 Very good quality  0 
Hectoliter mass % 82 Very good quality  82 Very good quality  0 
Foreign bodies, % 2.3 Very good quality  2.3 Very good quality  0 

Drop index   359 Very good quality  320 Very good quality  -39 
Protein, % 11.12 Satisfactory quality 14.29 Very good quality  +3.17 

Wet gluten, %  24.8 Good quality  35.7 Very good quality  +10.9 
*Parameters analyzed by the National Institute of Research and Development for Nutritional Bio-resources – 
IBA Bucharest  

The protein presents an increase of 3.17% in relation to the control, which determines 
an increase of quality from satisfactory to very good.  

The value of the wet gluten on the fertilized sample has increased with more than 
10.9% from the control, showing an increase in quality from good to very good. Wheat with a 
gluten value of 35.7 % is wheat of the highest quality from which bread can be obtained 
without adding other products to raise the quality of the flour.  

The drop index, although presenting a value fall of 39 seconds, remains in the same 
quality class, i.e.very good.  
3.2. Experimental plan 2. The values in Table 4 show that option V2 where Plonvit 
Active has been applied (2l/ton-1 of wheat seed) has recorded the best results both in terms of 
germination and in terms of plant growth and development in the early stages of vegetation. 
The young plants resulting from the Plonvit Active treated seeds had normal roots developed 
between 12 and 20 cm, the difference from the control being + (2 – 4) cm, the germs having 
lengths ranging between 6 and 16 cm, the difference from the control being + (1 – 5) cm. As 
far as germination is concerned, variant V2 indicates an increase of 2% compared to the 
control group. 

Table 4.  Bitop wheat seeds germination, under the Plonvit Active treatment influence 
Variant  Plonvit 

Active (l/ton-

1) 

Germination  
 

The length of the 
germs  

The length of the 
roots  

 
(%) 

Differences 
from the 
control  

 
(cm) 

Differences 
from the 
control  

 
(cm) 

Differences 
from the 
control  

V1 1 94 0 6-12 +1 9-18 +1 
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V2 2 96 +2 6-16 +(1 – 5) 12-20 +(2 – 4) 

V3 3 96 +2 6-15 +(1 – 4) 8-16 -2 

V4 5 95 +1 3-11 -2 9-16 -2 

Control 0 94 0 5-11 0 8-18 0 

 
4. Conclusions 

Foliar fertilization with Plonvit Active 2 l/ ha-1 x 2 coats causes an increase of wheat 
plant growth of 4 to 6 cm.  

Bonus production yield recorded for the Plonvit Active variants was 300–400 kg/ha-1.  
The difference of 100 kg/ ha-1 between variant 1 and 2 is determined by the time of 

spraying of the two phases of fertilizations. It is clear that version 2 is superior and better for 
an increase in wheat production.  

Protein has recorded an increase: from a satisfactory quality – for the unfertilized 
sample – to a very good quality for the Plonvit Active sample, i.e. a 3.17% increase.  

The value of the wet gluten of the fertilized sample was increased with more than 
10.9% from the control, showing an increase in quality from good to very good. 

The drop index, although presented value fall of 39 seconds, remained in the same 
quality class – very good.  

The young plants resulting from the Plonvit Active treated seeds had normal roots – 
developed between 12 and 20 cm – the difference from the control being + (2 - 4) cm. The 
germs had lengths ranging between 6 and 16 cm, the difference from the control being + (1 – 
5) cm. As far as germination is concerned, variant V2 indicated an increase of 2% compared 
to the control group. 
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