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Abstract. This work aimed to study the biochemical and 

microbiological parameters involved in the organic phosphorus mineralization 

process and conversion of carbohydrates in the soybean plants rhizosphere (as 

soil improving – plant) according to P and Fe mineral nutrition and water 

content level of cultivation, the effect of seed and soil, respectively, inoculation, 

with rhizobacteria Pseudomonas aureofaciens. The rhizospheric soil was 

examined in general microbial activity by analyzing potential dehydrogenase 

activity, alkaline phosphatase and invertase activity and mobile phosphorus 

content. The results revealed that both fertilizers (P and Fe) have managed the 

most beneficial effect on the accumulation of plant green mass. Fertilization 

with P also contributed to increased enzymatic activity values. Temporary 

water stress conditions had little impact on the investigated biochemical 

parameters. Seed inoculation resulted in increased alkaline phosphatase 

activity values. 

Key words: carbonate chernozem, rhizospheric soil, extracellular 

enzymatic activity, mineral nutrition, water stress, soybean. 

 

Rezumat. Lucrarea de faţă a avut ca scop studierea unor parametri 

biochimici şi microbiologici, implicaţi în procesele de mineralizare a fosforului 

organic şi de transformare a carbohidraţilor în rizosfera plantelor de soia (în 

calitate de plantă-amelioratoare a solului) în funcţie de nutriţia minerală cu P 

şi Fe, regimul hidric de cultivare, efectul inoculării seminţelor, şi respectiv a 

solului, cu rizobacteria Pseudomonas aureofaciens. În solul rizosferic s-a 

examinat activitatea microbiană prin detereminarea activităţii dehidrogenazice 

potenţiale, activităţile fosfatazică alcalină, invertazică şi conţinutul P2O5. S-a 

evidenţiat faptul că ambii fertilizanţi (P şi Fe) administraţi în comun au avut 

efect benefic asupra acumulării masei verzi a plantelor. Fertilizarea cu P a 

contribuit şi la majorarea valorilor activităţilor enzimatice a solului. Condiţiile 

de stres hidric temporar au avut un impact redus asupra parametrilor 

biochimici studiaţi. Inocularea seminţelor a dus la majorarea valorilor 

activităţii fosfatazice alcaline. 

Cuvinte cheie: cernoziom carbonatic, sol rizosferic, activitate 

enzimatică extracelulară, nutriţie minerală, stres hidric, soia. 
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INTRODUCTION 

Proper nutrient management is a way to maintain crop plants productivity 

and resistance to adverse climatic conditions (Rotaru V., 2009, a). Moldavian soils, 

in most cases are characterized by a low content of mobile phosphorus (Andrieş S., 

2007). Additional P fertilization affects Fe availability to plants, an important 

element in their metabolism (Rotaru V., 2009, b). Phosphorus cycle is also closely 

linked to the carbon cycle. Carbohydrate conversion determines the energy of 

biochemical processes resulting in soil. Also, recent studies have demonstrated 

high efficiency ways of fertilizer application in complex with biologically active 

substances that increase the recovery rate of nutrients and plant resistance to 

unfavorable environmental conditions (Emnova E., et.al, 2008).  

Soybean plants due to their high potential of atmospheric nitrogen fixation, 

are considered important soil improving plants (Rotaru V., 2009,a), especially for 

remediation of perennial plantation soils.  

Once all soil processes including transformation and mobilization of 

substances occur under the microbial influence (Tate R.L. III, 2001), it is 

important to analyze not only plant response to environmental changes but also 

soil extracellular enzymes activity, which further can be used as an index of soil 

biological potential. Dehydrogenase [EC 1.1.1.1], an intracellular enzyme is 

considered to exist in soils as part of intact cells and reflects the overall rate of 

oxidative activity of edaphic micro-flora. This enzyme is involved in hydrogen 

transfer reaction in the decomposition of organic substances. Alkaline 

phosphatase [EC 3.1.3.1] catalyzes the phosphoric acid’s mono-ethers hydrolysis; 

it reflects the intensity of the biochemical mobilization of phosphorus in soil. 

Invertase ( -fructofuranosidase) [EC 3.2.1.26], an enzyme involved in the carbon 

cycle catalyzes the hydrolytic decomposition of organic matter: -D-fructo-

furanosides, including the D-fructose, sucrose and glucose (Khaziev F.H., 1990). 

The aim of the research was to study biochemical and microbiological 

parameters involved in organic phosphorus mineralization, carbohydrates 

conversion in soybean plants’ rhizosphere (as nitrogen-fixing and soil improving 

plants) according to P and Fe nutrition, water condition of cultivation, and the 

effect of seed (and soil, respectively) inoculation with rhizobacteria Pseudomonas 

aureofaciens.  

MATERIAL AND METHOD 

To achieve the proposed aim the experience was assembled under controlled 
conditions in pots of 5kg of absolutely dry soil, carbonate chernozem, which had a low 
content of mobile phosphorus (0.9 mg P2O5/100g of soil). Each pot had four plants. 
Soybean plants were represented by “Licurici” and “Zodiac” genotypes. All seeds were 
treated with nitrogen-fixing bacteria of the genus Rhizobium before sowing.  

Four different trophic treatments were analyzed: N, NP, NFE, NPFe, NP + Riz 
(the last included seed treatment with bacterial preparation Rizosideps (Riz) created 
on the basis of the strain of the rhizospheric bacteria Pseudomonas aureofaciens 
CNMN PsB-03 (10

7
cels/1seed). Nitrogen was administered in dose of 50 mg N/kg soil 

as Ca(NO3) 2 • 4H2O, in all pots. Phosphorus was applied as a salt KH2PO4, 100 mg 
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P2O5/kg soil, KCl was introduced where was no P adding. Iron was applied at the 
roots as EDTA (6 mg Fe/kg soil).  

The influence of plant nutrition with P and Fe was studied in optimal moisture 
conditions 70%WHC (water holding capacity of soil) and deficient for growth and 
development of soybean plants, 35%WHC. Initially the plants were grown under 
70%WHC; soil moisture was maintained by the method of pot weighing. Plants were 
subjected to low moisture for 14 days at the blooming - flowering stage. Enzymatic 
potential analysis was performed on rhizospheric soil samples that were collected, air-
dried, protected from direct light, sieved through 2mm sieve and homogenized. 

The analyzed parameters were green plant mass accumulation (by direct 
weigh), in the soil were estimated following rhizospheric enzymatic activities [3] DH - 
dehydrogenase, by Galstean method, INV - invertase, by modification of Ciunderova, 
Alk-P - alkaline phosphatase by Galstean method, and P2O5 - mobile phosphate 
content by Macighin method (Arinushkina E.V., 1970). 

RESULTS AND DISCUSSIONS 

The data analysis (table 1), regarding the green plants’ mass as a parameter 

of their growth, revealed that the application of adequate P nutrition stimulated 

the development of aerial part of soybean plants of both genotypes and reached 

values of 19.4 and 18.9 g for “Licurici” and “Zodiac”, respectively. Root 

administration of Fe also showed a beneficial effect, by green plant mass 

accumulation up to 12.6 and 12.3 g. Application of both fertilizers contributed 

more pronounced over the parameter in both optimal and deficient moisture 

content (p<0.05). Created temporary drought conditions clearly reduced the 

values of this parameter, by 12.5 – 30% for “Licurici” and by 6.7 – 19.6% for 

“Zodiac”. Seed treatment with bio-preparation Rizosideps led to increasing green 

mass of soybean plants “Zodiac” comparing to NP – without bacterial inoculation 

by 8.7%, especially in the dry conditions. Thus it is proved its capabilities to 

mitigate the consequences of low soil moisture for soybean plants (Emnova E., 

et.al, 2008).  

The level of soil DH activity for “Licurici” plants was lower in the control 

in comparison with P additional fertilization. The adding in the soil, besides the 

nitrogen background, of both fertilizers, increased this activity comparing to NFe, 

up to 23%. There were no statistical significant difference between NP and NPFe. 

Based on the fact that potential DH activity did not change obviously in the 

presented study, while plants have reacted promptly to such factors as mineral 

fertilizer application and temporary deficiency of moisture, we assumed that the 

resistant rhizospheric microbial community keeps its activity.  

Thus assuring catabolic metabolism of glucose at a stable level, 

characteristic to a particular soil type. Data on the minor impact of temporary 

drought on the dehydrogenase activity were confirmed by our previous results 

(Daraban O., 2009). Overall DH activity did not depend on the researched soybean 

genotype. Water regimes and bacterial inoculation also did not clearly influence 

the given parameter. 
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Table 1 

Enzyme activity values in carbonate chernozem from soybean plants 
growing in different water and trophic conditions, and seed inoculation with 

bio-preparation Rizosideps 
 

Treatment 

DH 

activity, 

TPF, mg/ 

100 g 
soil/24h 

Alk-P 

activity, 

PP, µg/ 

100g 
soil/1h 

P2O5 

content, 

 
mg/100g soil 

INV activity, 

Glucose, mg/ 

100g soil/24h 

Green mass 
accumulatio

n, g, 
per 1 plant 

70% 
WH
C 

35
% 

WH
C 

70
% 

WH
C 

35
% 

WH
C 

70% 
WH
C 

35% 
WH
C 

70% 
WH
C 

35% 
WH
C 

70% 
WH
C 

35% 
WH
C 

L
ic

u
ri

c
i 

 
N 

 17,1 24,2 76,8 64,1 0,29 0,40 680,0 685,0 11,7 9,4 

S
D 

1,7 0,8 2,5 10,9 0,08 0,04 30,2 39,7 1,1 0,3 

 
NP 

 25,3 26,9 63,8 69,2 10,65 12,02 764,1 734,0 19,4 14,9 

S
D 

2,1 2,3 3,3 6,3 1,10 0,74 15,6 52,4 0,8 0,8 

 
NFe 

 20,8 23,1 61,9 51,0 -- --  652,2 692,9 12,6 11,0 

S
D 

1,3 1,3 4,5 18,3 -- -- 27,3 70,1 0,4 0,2 

 
NPF

e 

 25,6 25,8 82,0 72,4 10,55 11,88 746,3 735,6 23,6 17,7 

S
D 

2,3 1,7 5,0 16,3 0,83 1,35 28,1 75,5 0,3 0,7 

 
NP+ 
Riz 

 26,6 25,9 82,9 83,9 9,53 11,69 762,5 753,1 19,0 13,3 

S
D 

1,5 1,2 1,4 6,9 0,18 0,77 49,8 59,3 2,1 0,4 

Z
o

d
ia

c
 

 
N 

 22,0 27,7 75,3 60,9 0,26 0,40 664,4 637,5 12,3 10,0 

S
D 

1,8 2,5 9,3 7,6 0,04 0,04 28,2 41,1 0,6 1,3 

 
NP 

 22,5 23,6 69,8 52,3 6,75 7,04 776,3 735,6 18,9 15,2 

S
D 

0,4 1,4 5,9 3,0 0,72 0,29 63,5 56,7 0,8 0,5 

 
NFe 

 23,4 24,5 64,4 59,6 -- -- 652,5 696,9 12,3 11,5 

S
D 

1,2 1,4 7,9 3,8 -- -- 58,1 52,9 1,2 0,9 

 
NPF

e 

 24,6 25,1 62,8 63,1 7,98 8,61 777,9 770,2 21,9 19,0 

S
D 

2,0 2,9 8,1 6,9 0,59 0,62 69,7 31,0 1,5 1,9 

 
NP+ 
Riz 

 23,0 25,6 74,3 52,9 6,08 7,36 783,8 774,4 18,8 16,5 

S
D 

1,6 1,0 2,1 1,8 0,66 0,58 47,5 63,0 0,7 0,8 

Note: Dehydrogenase activity (DH); 1,3,5-Tripheniltetrazolium formazan (TPF);  
         Alkaline Phosphatase activity (Alk-P), Phenolphtalein (PP); Invertase activity (INV);   
         SD –standard deviation.  

 

However, in conditions of temporary stress, in the control (N) it was 

observed that DH activity values were higher than those recorded at 70%WHC, 

for the “Licurici” by 41.5% and by 25.9% for the “Zodiac” genotype. 
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It is known, from the literature, that inorganic P administration, affects 

alkaline phosphatase activity (Wright AL, Reddy KR, 2001). But according to data of 

Ştefanic (Ştefanic G., 1994) concentrations below 20 mg P2O5/100g of soil has no 

inhibitory effect on soil phosphatase activity. The results showed that application 

of Fe, at 70%WHC, led to a decrease in activity of this enzyme, from 76.8 (N) to 

61.9 (NFe) µg phenolphthalein (PP)/100g soil in 1 hour, for “Licurici” and from 

75.3 (N) to 64.4 (NFe) µg PP for “Zodiac”. It was observed that the process of 

mineralization of organic P, under optimum conditions, had a greater potential 

when both fertilizers (NPFe - treatment) are added in soil, compared to N, NP and 

NFe treatments. Inoculation of seeds with bio-preparation (NP + Riz) led to a 

slight increase in activity levels from Alk-P compared with NP treatment. Thus, 

for “Licurici” it was higher by 30 and 21%, this effect was reduced for the 

“Zodiac” variety, it showed an increasing of only 6% and 1% to 70 and 

35%WHC, respectively. Not established some correlation between the content of 

P2O5 and Alk-P activity in analyzed soil samples.  

P2O5 content in rhizospheric soil was higher (p<0.05) at 35%WHC, than in 

the optimal water conditions, due to decreasing green mass accumulation by 

soybean plants. 

As an enzyme involved in carbohydrate metabolism was examined 

extracellular invertase. INV activity, as DH, did not show an obvious dependence 

from soybean genotype and soil moisture. It had a clear dependence on the 

fertilization with P, which contributed to increase this activity in rhizosphere by 

7.2 – 16.8%. Supplementary Fe nutrition had a pronounced effect only in 

combination with P (the increase was by 7.4 - 20.8%). NFe treatment was not 

drastically distinguished from the control (N). The effect on soybean of seed 

treatment with bio-preparation Rizosideps (NP + Riz) led to a slight increase of 

this activity in case of 35%WHC (compared with NP) by 5.3% (p<0.05) for 

“Zodiac” and 2.6% for “Licurici”, but it was statistically insignificant. 

CONCLUSIONS 

1. The smaller loss of soybean plants mass in low humidity conditions was 

found in case of together P and Fe fertilization. 

2. Soil microbial activity, determined by the potential DH activity, was 

maintained at a stable level and did not show any drastic fluctuations. 

3. Rhizosphere enzymatic potential indicates a closed link with soil 

trophicity, in particular the DH and INV activity with P introduction, and the Alk-

P with Fe application. 

4. Deficient soil moisture (temporary drought) did not significantly reduce 

the potential of the studied enzymes. 
5. Seed inoculation with biological product had no negative effects on the 

studied parameters and led to Alk-P activity increasing, particularly in the 

“Licurici” plants’ rhizosphere and INV activity under 35%WHC compared to 

control NP, for the “Zodiac” variety. 
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