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Abstract

Most of the studies show that microbial extracellular enzyme systems go in interaction with 
metal chelates and break the macromolecules in leonardite. The aim of this study is characterization of 
humic substances bio solubilized with Cu and Zn chelates, and their influence on poinsettia. Only the 
biosolubulization with Pseudomonas putida slightly increases the proportion of humic acids. The pure humates, 
and this biosolubilized with P. putida, increase the anthocyanins twice and biohumates 3 times. The products 
with more humic acids have stronger action than the ones with more fulvic acids.
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INTRODUCTION

In our previous work we discussed characterization of humic substances from 
different deposits bio solubilizated with our strain microorganisms and their influence 
on plants (Chakalov et al., 2008, Popova et al., 2016). We proved the role of immobilized 
Trichoderma strain on zeolite on biotransformation of lignite or Leonardite. This 
intervention destroys high molecule compounds and bacteria’s can solubilize Leonardite 
in second stage of process. The relatively low content of sugar is for ignition of bacteria 
grows. After that we expect some organic compounds of Leonardite to be braked. This 
may increase yield of humic substances.

The aim of this study is determination of some characteristics of humic substances 
bioisolubilizated with Cu and Zn chelates, and their influence on some physiological 
parameters of poinsettia plants treated with them.

MATERIALS AND METHODS

Determination of total organic C in samples were by Turin’s method. Humic acids 
were settled down with H2SO4. Humic acids in control was extracted with 1n KOH.

Vegetation test was carried out with poinsettia ‘Already Red’, (pots N13) with peat-
zeolite substrate without any additional nutrition. Vegetation period was 3½ month. All 
variants were treated too times by foliar spray in the initial stage of several days (10 days 
period). Agrochemical characteristics of substrate are presented in Table 1.
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We determined biometrical data, anthocyanin formation and microelements 
uptake in the plants shoot. 

Scheme of the test for biosolubilization of Leonardite - IHSS GASCOYNE 
BS104L: 10 g Leonardite; diluted with water to 500 mL; Urea – 3 g; Inoculates – Bacillus 
pasteurii, Pseudomonas putida.

Variants – Bio humates (Bio Plantagra): 
Control + background (BG)-chemical extraction
BG + B. pasteurii (B.p.)
BG + P. putida (P.p.)
BG + B.p.+ P.p.
BG + B.p. + P.p. + 5 mL/100 mL 10%EDTA
BG + B.p. + P.p. + 5 mL/100 mL  5% Cu EDTA
BG + B.p. + P.p. + 5 mL/100 mL 5% Zn EDTA
For the plant experiment with foliar spray (1mL/L) are chosen variants 3 to 7 with 

controls HA, FA, and K-humate. Scheme of the test: 1. Control-without humates; 2. F-1 
(From K-humate); 3. H-2 (From K-humate); 4. K-humate; 5. BH3; 6. BH4; 7. BH5; 
8. BH6; 9. BH7.

RESULTS AND DISCUSSION

As a result of the strong urease activity of B. pasteurii, intensive ammonia is 
formed, which extracts the humus substances. The humic acids and the fine zeolite 
particles sorb the physiologically active substances released by the microorganisms and 
the resulting product is better as a plant stimulant than the pure humic substances. 
In addition, it should be noted that this biotransformation also increases the yield 
of humic substances. The experiment shows that the biological extraction of humic 
compounds from Leonardite only with B. pasteurii reduces the extractable humic 
substances compared to the chemical extraction (Control). The introduction of 
chelated Cu and Zn increases the yield of humic substances with about 10-11%, but 
the HA:FA ratio decreases by half. The humic acids are most likely less aromatic and 
less condensed. Only the influence of P. putida slightly increases the proportion of 
humic acids (Table 2). 

The addition into the substrate of copper or zinc chelate increases twice and more 
the extractable fulvic acids. The overall higher ‘yield’ of humic substances is mainly due 
to this phenomenon. These results correspond to the data from our previous studies on 
the influence of copper and zinc-modified zeolites on the formation of humic substances 
(Angelova et al., 2009).

Table 1. Agrochemical characteristic of substrate, mg/100 g

pH
in  H2O

EC
µS/cm Total N N-NH4 N-NO3

P2O5 K2O CaO MgO
In Morgan solution, pH 4.8

5.82 1356 1005 60.02 38.27 378.20 780.24 4294.23 789.54
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At the same time, the same variants are also with more extracted humic acids. 
These data are important for the production of special humic products. The results 
presented in Table 3 show that the different ratio of humic to fulvic acids in the extracts 
has different physiological effects on the test plant.

The data presented in Table 2 show that pure humic acids H-2 increase the stem 
diameter to 21%. The higher the share of FA, the weaker the effect of treatment for 
this parameter. An exception is variant BH5, with more humic acids and weak effect. 
Probably the HA in this variant have a low degree of condensation and aromatization.

The fresh biomass follows the same trend. Regarding the dry biomass, however, 
variant 5 has 28% more than the Control, while the H-2 variant – only 12% more. In the 
case of root biomass it was found that the pure HA and FA from variants 2, 3, and 4 have 
a stronger impact and the increase of fresh root biomass is 29-41%. The biosolubilized 
humates with Zn chelate in the medium also increase the fresh root biomass – with 
32%. The dry root biomass of almost all variants is higher than that of the Control, it’s 
slightly lower only for the biosolubilized variants BH3 and BH6. The total leaf surface, 
the surface of green and red leaves are comparable to these of the Control, since there is 
no significant difference (Fig. 1.). 

However it should be noted that the pure HA and BH7 have relatively more red 
leaves than the Control. The treatment influence on the formation of anthocyanins in 
plants is significant. Only the pure humates – H-2, and the humates biosolubilized with 
P. putida (BH3), increase the anthocyanins – H-2 – twice, and BH3 – almost 3 times 
(Fig.1). All other treatments reduce the anthocyanins 2 to 3 times (Table 4). The mineral 
nutrition of plants with nitrogen is not very different from that of the Control. The 
biosolubilization with the two strains decreases the N assimilation, while the addition 

Table 2. Characteristic of bio humates, %

No Total C HA FA
From the 
sample

In extract From the 
sample

In extract From the 
sample

In extract

1. 36.65 0.713
100

29.40 0.588
82.47

6.25 0.125
17.53

2. 24.85 0.497
100

19.75 0.389
78.27

5.40 0.108
21.73

3. 36.40 0.728
100

30.60 0.612
84.07

5.80 0.116
15.93

4. 24.40 0.488
100

19.10 0.382
79.51

5.30 0.106
20.49

5. 35.1 0.702
100

28.15 0.563
80.20

6.95 0.139
19.80

6. 45.10 0.902
100

30.80 0.616
68.29

14.30 0.286
31.71

7. 40.10 0.802
100

28.10 0.562
70.07

12.00 0.240
29.93
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of Cu chelate increases it. Th e P assimilation follows the same trend; only BH4 and 
BH5 decrease the assimilation. Th e K, Ca, and Mg assimilation is almost the same as 
that of the Control. Only the K-humate increases signifi cantly Mg assimilation. Only K 
relatively infl uence on anthocyanins content (Fig. 2).

CONCLUSION

Th e method for Leonardite biosolubilization with B. pasteurii and P. putida allows 
the preparation of products with diff erent HA:FA ratio.

Th e products with more HA have stronger physiological action than the ones with 
more FA.

Th e products with more FA are suitable for vegetative growth stimulation and the 
ones with more HA – for generative processes stimulation and for increasing yield quality.

Th e B. pasteurii strain should prevail over the P. putida strain during the process of 
bio extraction of humic compounds.
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Fig. 1. Regressions analysis. Coefficient = 0.527; (P=0.0496);  

Antocyanines per plant = exp (-11.3351 + 2.88631*K) 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Regressions analysis. Coeffi  cient = 0.527; (P=0.0496); 
Antocyanines per plant = exp (-11.3351 + 2.88631*K)

Fig. 2. Example for Biohumates infl uence on Poinsettia colourization
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Table 3. Biometrical data of poinsettia plants

Exp.
d Fresh shoot 

biomass
Fresh root 
biomass,

Green leaves 
area Red leaves

mm g g cm2 %
Control 6.86 55.8 6.74 1049.9 54.58

F 1 7.15 53.37 8.7 1007.1 54.45
H 2 8.29 62.41 9.41 1014.9 56.87

K-humate 7.48 61.53 9.48 1028.9 56.03
BH 3 7.91 60.46 4.00 923.8 56.83
BH 4 7.86 55.43 3.84 1006.9 55.24
BH 5 7.33 57.32 6.58 1129.0 54.49
BH 6 6.73 55.75 6.65 1016.4 54.47
BH   7 7.65 56.47 8.82 1023.2  56.89

Table 4. Mineral nutrition and anthocyanin content of poinsettia plants, % to the dry biomass

Exp. N P K Ca Mg Anthocyanines
 .10-3

Control 2.896 0.609 2.42 1.384 0.378 161.27
F 1 2.870 0.601 2.343 1.46 0.39 121.12
H 2 2.811 0.566 2.241 1.425 0.392 385.37

K-humate 2.556 0.579 2.345 1.428 0.433 74.48
BH 3 2.936 0.59 2.173 1.385 0.355 466.32
BH 4 2.859 0.56 2.246 1.33 0.377 89.37
BH 5 2.64 0.482 2.116 1.312 0.327 154.15
BH 6 3.117 0.536 2.242 1.387 0.375 57.64
BH 7 2.926 0.554 2.246 1.35 0.651 97.15


