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Abstract

POPOV, N., A. DZIMOTUDIS, S. KRASTEV and S. KALAPCHIEVA, 2010. The effect of RENI products
on enzymatic activity of nitrogen metabolism in garden peas. Bulg. J. Agric. Sci., 16: 609-614

The aim of the present study was to establish the effect of two products of regulating effect (RENI and RENI
A) on the activity of some major enzymes of nitrogen metabolism in garden peas at the stages of active nitrogen
fixation. The investigations were carried out with garden pea plants of Vyatovo cultivar, grown in soil pot experi-
ments (each plastic bucket of 5 l volume containing 3 kg of air dry soil). The experimental variants were: 1.
Control – untreated, 2. Treated with RENI, 3. Treated with RENI À. Treatment was applied only once at the
stage of buttoning and the first analyses were made 7 days after treatment. Treatment of garden peas with RENI
products increased the activity of the enzymes nitrogenase, glutamine synthetase and asparagine synthetase in
the plant roots. The highest activities were reported at the stage of mass flowering, which is a precondition for
extending the process of symbiotic nitrogen fixation. The reported values ranged within 3.14 – 11.75 μmol/h/plant
for nitrogenase;  33 – 90 μmol/h/g/ for glutamine synthetase; 28 – 88 μmol/h/g/ for asparagine synthetase. A
positive interaction was established between nitrogenase activity (directly related to biological nitrogen fixation)
and glutamine synthetase and asparagine synthetase activities (directly related to the uptake of the reduced
nitrogen) after treatment with the products RENI. Treatment with the products RENI and RENI A decreased
nitrate reductase activity in the leaves at all the studied stages and in the roots – at the buttoning stage. The effect
of the action of both substances was different – RENI reduced nitrate reductase activity to a greater degree and
at the same time, it increased nitrogenase, glutamine synthetase and asparagine synthetase activities also to a
greater degree.
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Introduction

It is important to extend the period of producing
good quality garden peas with the aim of ensuring the
regular supply of markets and of food industry with
the source. That could be achieved by proper breed-

ing activities for establishing cultivars of different du-
ration of their vegetation period or by agrotechnical
means using a fixed sowing date.

The latest knowledge in the area of plant physiol-
ogy and biochemistry justified the inclusion of growth
regulators in solving the problem by creating possi-
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bilities of a better control on productivity, time of
achieving optimal ripeness and quality of garden peas.

Soil nitrogen absorbed by plants mainly as nitrates,
as well as nitrogen from the atmosphere, is reduced
to ammonium cations used for the synthesis of amino
acids and proteins. Nitrates are reduced to ammo-
nium cations by the plant enzymes nitrate reductase
and nitritå reductase, while the atmospheric nitrogen
is reduced by the enzyme complex nitrogenase.

The first stage of NH4
+ uptake by pea plants is

their inclusion as amid group of glutamine by ATF
dependent reaction catalyzed by glutamine synthetase.
At the second stage two molecules of glutamate are
formed from a one glutamine and one α-ketoglutarate
molecule, the reaction being catalyzed by glutamate
synthetase (Robertson and Famden, 1980; Geneva,
2003).

In 1970 Rognes and Streeter (Kretovich, 1987)
independently one from the others, in an extract of
lupine and soybean sprouts, confirmed the availability
of another basic enzyme that affected nitrogen uptake
– asparagine synthetase  using ammonium cations or
the amino group of glutamine for the synthesis of as-
paragine acid.

The present study was carried out at the stages of
active nitrogen fixation in garden peas and it consisted
of determining the major enzyme systems of nitrogen
metabolism – nitrogenase (ÅÑ–1.7.99.2), glutamine
synthetase (ÅÑ–6.3.1.2), asparagine synthetase
(ÅÑ6.3.5.4) and nitrate reductase (ÅÑ–1.6.6.2),
which have a great importance in regulating the re-
duction of nitrogen and nitrates, as well as for nitro-
gen assimilation in higher plants, including leguminous
crops.

The aim of the present study was to establish the
effect of two products of regulating effect (RENI and
RENI A) on the activity of some major enzymes of
nitrogen metabolism in garden peas at the stages of
active nitrogen fixation.

Material and Methods

The investigations were carried out with garden
pea plants of Vyatovo cultivar, grown in soil pot ex-

periments (each plastic bucket of 5 l volume contain-
ing 3 kg of air dry soil). Three plants in each vessel
were grown until the stage of mass flowering and for-
mation of the first pods, at ten replications for each
variant. The experimental variants were: 1. Control –
untreated, 2. Treated with RENI, 3. Treated with RENI
À. Treatment was applied only once at the buttoning
stage and the first analyses were made 7 days after
treatment.

The studied roots with nodules and the
aboveground part were collected at the three stages
of most intensive nitrogen fixation – buttoning, begin-
ning of flowering and mass flowering. The activity of
the major enzymes of nitrogen metabolism – nitroge-
nase, glutamine synthetase, asparagine synthetase and
nitrate reductase – was studied in a whole root with
the nodules formed on it.

Nitrogenase activity was determined by the method
of Hardy et al. (1973), modified by Popov et al.
(1985).

Glutamine synthetase activity was determined by
the method of Sumner (Evstigneeva et al., 1980)
through the orthophosphate released from ATF, as-
paragine synthetase was determined following the
method of determining the enzyme glutamine syn-
thetase, the only difference being that in the incuba-
tion mixture glutamine was replaced by aspartate. The
method of Jaworsky (1974) was used for determin-
ing the amount of nitrates.

The content of ammonium and nitrate nitrogen and
the mobile forms of phosphorus and potassium were
determined in soil samples (Tomov et al., 1999). The
element composition was established after dissolving
with nitric and perchloric acids (Bock, 1984), using
atomic emission spectrophotometer.

RENI substances are combinations of the micro-
elements molybdenum, manganese, magnesium, at
different ratios and compositions (from 0.1 % to
0.00015 % of the microelement), (Popov, 1995). In
RENI A there is an additional component, cobalt, used
at the same concentrations (Popov and Dzimotudis,
2007; Popov et al., 2008). RENI is applied for leaf
treatment of plants with a solution containing the sub-
stance.
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Results and Discussion

The soils used in the pot experiments were ana-
lyzed for the content of mineral nitrogen, phosphorus,
potassium, calcium, magnesium and pH (Table 1).

and accumulation of biomass and grain in the treated
plants were mainly a result of RENI effect on nitrogen
fixation, especially as soil supply with phosphorus and
potassium was very good and it favoured the efficient
nitrogen fixation (Table 1). The same referred to cal-
cium and magnesium content and ratio, and, due to
that, additional amounts of nitrogen, phosphorus, po-
tassium, calcium and magnesium were not applied.

The stages of buttoning, beginning of flowering and
mass flowering are the time of the most active nitro-
gen fixation in leguminous crops and during those
stages, the symbionts demonstrate an increased ni-
trogenase activity.

The results presented in the table showed that the
medium was slightly acidic and it was optimal for the
development of peas. The content of mineral nitrogen
(NO3

- and NH4
+) was low. Those values determined

the nitrogen supply of soil as poor. In that case it was
favourable for biological nitrogen fixation, as the in-
crease of mineral nitrogen in soil suppresses the ac-
tivity of nitrogenase and decreases the share of ‘bio-
logical’ nitrogen, increasing the share of combined ni-
trogen absorbed by soil.

Taking into account the poor soil supply with ni-
trogen it can be assumed that the more active growth

Fig. 1. Changes in nitrogenase activity (μμμμμmol
C2H4/h/plant) in  the roots of garden peas,

Vyatovo cultivar, at the stages of active
nitrtogen fixation. The variants marked with an

asterisk “*” showed statistically significant
differences to the control at P < 0.05.
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Fig. 2. Changes in nitrate reductase activity
(mg NO2¯g-1h-1) in the roots of garden peas,

Vyatovo cultivar, at the stages of active
nitrogen fixation. The variants marked with an

asterisk  “*” showed statistically significant
differences to the control at P < 0.05.

In Vyatovo cultivar, the nitrogenase activity corre-
sponded to the biological development of peas. Ni-
trogen fixation was the highest at the stage of flower-
ing and it decreased at the stage of mass flowering
(Figure 1).

In the plants treated with RENI the nitrogenase
activity of the symbionts abruptly increased in the three
studied stages but it was the highest at the stage of
mass flowering, not at the stage of beginning of flow-
ering, as it was in the control plants (Figure 1). A dif-
ference was reported in the effect of both substances
RENI and RENI A. The effect of RENI was much

The Effect of Reni Products on Enzymatic Activity of Nitrogen Metabolism in Garden Peas

Mineral nitrogen  
NO3̄ + NH4

+ P2O5 K2O CaO MgО pH

28 307.5 440 177 130 6.73

Content of the major nutrient substances 
(mg/kg) and рН of soil

Table 1
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higher, compared to RENI A. In result of the treat-
ment with RENI the highest nitrogenase activity trans-
ferred from the stages of buttoning and beginning of
flowering to the stage of mass flowering. Nitrogen fixa-
tion continued at a high rate at that stage, which was a
precondition for extending the process of symbiotic
nitrogen fixation.

Nitrate reductase activity in the roots changed in a
different way compared to nitrogenase activity. In the
untreated plants, it slightly increased from the button-
ing stage towards the flowering stage and decreased
abruptly at the stage of mass flowering (Figure 2).

Treatment with RENI and RENI A exerted an ef-
fect on nitrate reductase activity in a different way at
the three studied stages: at the buttoning stage it de-
creased, at the beginning of flowering and mass flow-
ering it increased, although insignificantly.

The changes in nitrate reductase activity in the pea
leaves were more explicit (Figure 3). Again, it was
the highest at the flowering stage in both the control
and the treated plants. Treatment with RENI and
RTENI A in all the three stages exerted a negative
effect on nitrate reductase activity, RENI decreasing
it more significantly than RENI A.

Endogenic and exogenic regulation of glutamine and

asparagine synthesis and the related enzyme systems
in the pea plants is of primary importance for the up-
take of the obtained ammonium cations. It could be
realized in different ways, the most important being
the concentration of ammonium cations (the final prod-
uct of nitrate reductase and nitrogenase reduction).
Another important factor related to the regulation of

Fig. 3. Changes in nitrate reductase activity
(mg NO2

¯g-1h-1) in the leaves of garden peas,
Vyatovo cultivar, at the stages of active

nitrogen fixation. The variants marked with an
asterisk “*” showed statistically significant

differences to the control at P < 0.05

Fig. 4. Changes in glutamine synthetase activity
(μμμμμmol/h/g) in the roots of garden peas, Vyatovo

cultivar, at the stages of active nitrogen
fixation. The variants marked with an asterisk
“*” showed statistically significant differences

to the control at P < 0.05.

Fig. 5. Changes in asparagine synthetase
activity (μμμμμmol/h/g) in the roots of garden peas,

Vyatovo cultivar, at the stages of active
nitrogen fixation. The variants marked with an

asterisk “*” showed statistically significant
differences to the control at P < 0.05
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glutamine and asparagine synthesis is the concentra-
tion of the metal ions Mg2+, Mn2+, Ca2+ and Ìî6+

(Kretovich, 1987). Some of them are cofactors of
metal-containing enzymes (nitrogenase, nitrate reduc-
tase) and of enzymes activated by metals (glutamine
synthetase and asparagine synthetase). That was con-
formed by the results presented in Figure 4.

Treatment of garden peas with RENI products
containing metal cations (Mg, Mn, Mo, Co) caused
changes in glutamine- and asparagine synthetase ac-
tivities in the roots.

Concerning the changes of glutamine synthetase
activity in untreated plants, the highest one established
at the beginning of flowering stage.

Treatment with RENI substances abruptly in-
creased glutamine synthetase activity in the roots of
garden peas at all the three studied stages, the highest
increase being established at the stage of mass flow-
ering. Similar changes, although with a more slightly
expressed effect, reported in the variant with RENI
A.

Asparagine synthetase activity in the roots of gar-
den peas changed insignificantly at passing from the
buttoning stage to mass flowering stage and signifi-
cantly – at the buttoning stage after treatment with
RENI and RENI A (Figure 5).

Studies on the enzyme activities – nitrogenase, ni-
trate reductase, glutamine synthetase and asparagine
synthetase, at the stages of active nitrogen fixation
showed the following tendencies:

- Increase of nitrogenase, glutamine synthetase and
asparagine synthetase activity after treatment with
RENI and RENI A.

- A positive tendency between nitrogenase activ-
ity, on the one hand, and glutamine synthetase and
asparagine synthetase activities, on the other.

- Reduced nitrogenase activity after treatment with
RENI and RENI A. In plant roots the activity was the
lowest at the buttoning stage, while in the leaves – at
all the studied phonological stages.

- An obviously expressed difference in the effect
of both RENI substances was established. RENI,
compared to RENI A, increased to a greater degree
nitrogenase, glutamine synthetase and asparagine syn-

thetase activities, at the same time reducing to a greater
degree the nitrate reductase activity.

Conclusions

Treatment of garden peas with the products RENI
and RENI A increased the activities of the enzymes
nitrogenase, glutamine synthetase and asparagine syn-
thetase in the roots. The highest activities reported at
the stage of mass flowering, which is a precondition
for extending the process of symbiotic nitrogen fixa-
tion. The reported values were within the range of
3.14 % 11.75 μmol/h/plant for nitrogenase; 33 – 90
μmol/h/g/ for glutamine synthetase; 28 % 88 mmol/h/
g/ for asparagine synthetase.

A positive interaction between nitrogenase activity
(directly related to biological nitrogen fixation) and
glutamine synthetase and asparagine synthetase ac-
tivities (directly related to the uptake of the reduced
nitrogen) established after treatment with the prod-
ucts RENI and RENI A.

Treatment with the products RENI and RENI A
decreased nitrate reductase activity in the leaves at all
the studied phenological stages and in the roots – at
the buttoning stage. The effect of the action of both
substances was different – RENI reduced nitrate re-
ductase activity to a greater degree, at the same time
increasing to a greater degree nitrogenase, glutamine
synthetase and asparagine synthetase activities.
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