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ABSTRACT 
Due to legislation for environmental protection and the need to obtain products 

"cleaner" worldwide there is a major trend of development both the research and the 
production of fertilizers with organic substances with growth stimulating effect for use for 
intensive and organic agriculture (especially for protection of crops, and prevent and 
combat nutritional deficiencies). 

Approaching the concept of fertilizers containing substances of category 
biostimulators is a difficult task by the fact that describing the concept of biostimulants is 
far from being completely understood and legislation, research and experimentation are, 
regarding this category of products used in agriculture, at an early stage of development. 

This paper presents a range of NPK fertilizers with organic substances represented 
by protein hydrolysates and extracts from algae, with primary and secondary nutrients and 
physical and chemical characteristics of fertilizers obtained experimentally. These 
fertilizers were tested in the national network of testing of fertilizers in order of 
authorization for use in agriculture. It was observed that the combination of fertilizer is well 
assimilated by plants, with a synergistic effect of growth and protection against diseases 
and pests. 

If the application of these fertilizers were obtained yield increases between 25-30% 
for the tomato crop and 27 - 32.5% for the apple, as well as changes in photosynthesis 
process marked by increases of 30-37% of assimilating pigments.  

 

INTRODUCTION 

Worldwide there is a major trend in developing fertilizers with organic substances for 
stimulating plant growth that can be used both in conventional agriculture and organic 
farming (especially for crop protection to stress or climate accidents and to prevent and 
combat nutritional deficiencies) [1-11, 13-15]. 

One of the main challenges in organic production is the approach to soil fertility:  the 
regulations on fertilizers and soil amendments limits the number of allowed types and 
sources of inputs [1,4]. The raw materials used are varied, most representing sub-products 
from different industries that can be exploited efficiently as inputs in agriculture 
[5,6,7,9,10]. Products with demonstrated biostimulating activity are those with algae 
extracts, protein hydrolysates and humic substances. Extracts of algae, although they are 
very different depending on their origin, show a biostimulating effect especially due to their 
content in auxins and trace elements [2]. In Romania there are currently no similar 
domestic products, thus Romanian users are forced to purchase these products from 
companies dealing with import.  

Extraradicular fertilization is distinguished by high efficiency and is applied 
successfully on degraded soils with increased risk of pollution, where the use of 
conventional fertilizers it is not recommended. 
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The objective of this study was embedding into a NPK matrix biostimulating 
substances with variable composition such as, proteins, amino acids and phytohormones, 
meso and micro-elements in order to obtain major agrochemical effects (provide and 
correct nutrient needs for plant growth, correct nutritional deficiencies). 

 

MATERIAL AND METHOD 

After the development and validation of the technology, the fertilizers samples were 
subjected to complex physicochemical characterization and tested in the National Network 
for Fertilizers Testing in order to be authorized for agriculture use. 

The development of the two soluble fertilizers with organic substances involved the 
use of algae extracts and protein hydrolysates. The physicochemical characterization of 
the raw materials was performed by FT-IR spectroscopy, and the trace elements (iron, 
copper, zinc, manganese and boron) were analyzed in accordance with 2003/2003 
Regulation (Annex 1) [12]. 

 The obtained fertilizers can be applied extraradicular, by irrigation or drip irrigation. 
 Agrochemical testing of the fertilizers was performed in the National Network for 

Fertilizers Testing in order to obtain the authorization/license and RO-ÎNGRĂȘĂMÂNT 
label for agriculture use and distribution in Romania in accordance with 6/22/2004 Order.  

 
RESULTS AND DISCUSSIONS 

Three fertilizers samples (Fert, Algafert, Hidrofert) that contain major nutrients (N, P, 
K), secondary nutrients (S, Mg), trace elements (B, Fe, Mn, Zn) and organic substances 
(algae, protein hydrolysates, amino acids) were obtained in the laboratory.  

The experimental investigations conducted in the National Network for Fertilizers 
Testing were held at Iasi USAMV Didactic and Experimental Station and Ezăreni- field 
farm. 

Agrochemical experiments carried out using the organic substances fertilizers (algae 
and protein hydrolysates) were conducted as single factorial experiments by extraradicular 
application (compared to a unfertilized control sample) arranged in randomized 
experimental variants, using four replicates and unfertilized soil. 

 The main quality and fertility characteristics of the soil (cambic chernozem) are 
given in Table 1.  

 
Table 1 

Main physical, chemical and biological properties of the soil 
resources  

 

Property Depth (cm) Value 

Soil texture (% coloidal clay) 0-20 35,7- 36,9 

Aeration porosity (PA%) 0-20 15 - 20 

Soil reaction (pH H2O) 0-20 6,83 - 7,22 

Humus (%) 0-20 3,37 – 3,58 

Total nitrogen content Nt (%) 0-20 0,19 – 0,23 

Mobile phosphorus content (ppm) 0-20 63 – 73 

Mobile potassium content (ppm) 0-20 223 - 264 

Degree of base saturation, V (%) 0-20 87 - 92 

Soil respiration (mg CO2) 0-20 28,32 – 40,01 

Dehydrogenase (mg TPF) 0-20 18,52 – 20,13 
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The productive efficiency of the fertilizers investigated in this study, using 
extraradicular application, in 3 treatments consisting of 2.5 liters/ha dosages and 0,5% 
concentration are summarized in Tables 2 - 3.  

 
                                                                                                                Table 2 

Productive efficiency (kg/ha) of ALGAFERT, FERT and HIDROFERT fertilizers using 
foliar application to tomato crop (Precos variety) in the greenhouse  

 

No. Experimental 
variants/type   

No. of 
treatme
nts 

Dosage 
kg(L)/ha/ 
treatment 

Concentr
ation 
 

Average 
production  
(kg/ha) 

Productive efficiency 

kg/ha % Signific
ance 

1 Unfertilized 
control 

- - - 32642 - - - 

2 Fert  3 2,5 0,5% 41083 8441 25,86 xxx 

3 Algafert 3 2,5 0,5% 41243 8601 26,35 xxx 

4 Hidrofert  3 2,5 0,5% 42330 9688 29,68 xxx 

                                                                            DL 5%- 2814  kg/ha 
                                                                            DL 1%- 4576  kg/ha 
                                                                            DL 0,1%-5838 kg/ha 

 
The obtained production yields were positive and significant compared to the 

unfertilized control sample for all the fertilization variants, ranging from 25.86% (Fert) to 
29.68% (Hidrofert).  

 
 

                                                                                                          Table 3 

Productive efficiency (kg/ha) of ALGAFERT, FERT and HIDROFERT fertilizers using 
foliar application to apple tree (Idared variety)  

 

No. Experimental 
variants/type 

No. of 
treatmen
ts 

Dosage 
kg(L)/ha/ 
treatment 

Concen
tration 
 

Average 
production  
(kg/ha) 

Productive efficiency 

kg/ha % Signific
ance 

1 Unfertilized 
control  

- - - 15213 - - - 

2 Fert 3  0,5% 19375 4162 27,36 xxx 

3 Algafert  3  0,5% 19500 4287 28,18 xxx 

4 Hidrofert  3  0,5% 20152 4939 32,47 xxx 

                                                                            DL 5%- 1852  kg/ha 
                                                                            DL 1%- 2481  kg/ha 
                                                                            DL 0,1%-3675 kg/ha 

 
 

The obtained production yields were positive and significant compared to the 
unfertilized control sample, for all the fertilization variants, ranging from 27.36% (Fert) to 
32.47% (Hidrofert).  

The use of the fertilizers to tomato crops grown in the greenhouse and apple tree, 
using foliar application, stimulated the photosynthetic assimilation process leading to 
significant increases of each assimilatory pigment as well as of the total content of 
assimilatory pigments (Tables 4 - 5).  
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                                                                                                  Table 4 
Influence of foliar fertilization with ALGAFERT, FERT, HIDROFERT products on the 

tomato leaves photosynthesis (Precos variety) grown in the greenhouse  

Assimilatory 
pigments 

Significance Fertilization variants/type 

CONTROL ALGAFERT FERT HIDROFERT 

 
Chlorophyll 
a 

mg/g  0,9451 1,2315 1,2435 1,2641 

diff. - 0,2864 0,2984 0,3190 

% - 30,31 31,58 33,76 

significance - xxx xxx xxx 

 
Chlorophyll  
b 

mg/g  0,7741 1,0189 1,0277 1,0441 

diff. - 0,2448 0,2536 0,2700 

% - 31,63 32,77 34,88 

significance - xxx xxx xxx 

Carotene mg/g  0,5968 0,7750 0,7801 0,7888 

diff. - 0,1782 0,1833 0,1920 

% 100 29,86 30,72 32,18 

significance - xxx xxx xxx 

Total 
assimilatory 
pigments 
 

mg/g  2,3160 3,0254 3,0513 3,0970 

diff. - 0,7094 0,7353 0,7810 

% - 30,63 31,74 33,72 

significance - xxx xxx xxx 

        Chlorophyll a                     Chlorophyll b                              Carotene                           Total pigments 
      DL 5%-0,1006 mg/g       DL5%-0,0921 mg/g            DL 5%-0,0531 mg/g            DL 5%-0,2523 mg/g        
      DL 1%-0,1534 mg/g       DL 1%-0,1407 mg/g           DL 1%-0,0862 mg/g            DL 1%-0,3746 m/g 
      DL 0,1%-0,2016 mg/g    DL 0,1%-0,1733 mg/g        DL 0,1%0,1125 mg/g          DL 0,1%-0,5017/ mg/g 

 

                                                                                                 Table 5 
Influence of foliar fertilization with ALGAFERT, FERT, HIDROFERT products on the 

apple tree leaves photosynthesis (Idared variety) 

Assimilatory 
pigments 

Significance Fertilization variants/type 

CONTROL ALGAFERT FERT HIDROFERT 

 
Chlorophyll 
a 

mg/g  0,7816 1,0428 1,0579 1,0718 

diff. - 0,2612 0,2763 0,2902 

% - 33,42 35,36 37,14 

significance - xxx xxx xxx 

 
Chlorophyll  
b 

mg/g  0,6245 0,8407 0,8525 0,8635 

diff. - 0,2162 0,2280 0,2390 

% - 34,62 36,51 38,28 

significance  - xxx xxx xxx 

Carotene mg/g  0,5351 0,7128 0,7203 0,7317 

diff. - 0,1777 0,1852 0,1966 

% - 33,21 34,62 36,75 

significance - xxx xxx xxx 

Total 
assimilatory 
pigments 
 

mg/g  1,9412 2,5963 2,6307 2,6670 

diff. - 0,6551 0,6895 0,7258 

% - 33,74 35,51 37,38 

significance - xxx xxx xxx 

    Chlorophyll a                    Chlorophyll b                             Carotene                    Total pigments 
      DL 5%-0,1112mg/g      DL5%-0,0981mg/g            DL 5%-0,0736mg/g            DL 5%-0,2631mg/g 
      DL 1%-0,1563mg/g      DL 1%-0,1426mg/g           DL 1%-0,1121mg/g            DL 1%-0,3276 mg/g 
      DL0,1%-0,2231mg/g    DL0,1%-0,2057mg/g         DL0,1%0,1542mg/g           DL0,1%-0,5104mg/g 

 

According to the data presented in Tables 2-5 it can be observed that there are 
significant differences registered for the three fertilizers in comparison to the unfertilized 
control sample and these are statistically insured.  
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CONCLUSIONS 
1. In this study were developed (and physicochemical characterized) 3 fertilizers with 

extraradicular application. They present a complex composition formed by associating 
microelements (e.g. Fe, Cu, Zn, Mn, Mg) and organic substances (algae and protein 
hydrolysates) with chelation and biostimulation role in a NPK matrix. 

2. The use of organic substances fertilizers led to production yields ranging from 25 - 
30% for tomato crop, respectively 27 - 32.5% for apple, as well as changes in 
photosynthesis process. 

3. The presence of organic substances conducted to a yield increase of 3% for 
ALGAFERT and 18% for HIDROFERT compared to the control matrix FERT. 

4. Assimilatory pigments showed significant increases of 30-34% for tomato crop, 
respectively 33-37% for apple in comparison to the unfertilized control sample.  
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