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Abstract

New efficient lanthanum-containing microfertilizers rendering biopositive prolonged action to nitrification
capacity of chestnut soil are obtained by sorption technology. Lanthanum-containing microfertilizers increase
the productivity of peas green mass, pepper and tomato fruitage improving their feed and nutritional quali-
ties due to increase in the content of general and protein nitrogen, saccharides, ascorbic acid.

INTRODUCTION

Chestnut soils which make up 37 % of the
Transbaikalian cropland are in significant deg-
ree subject to degradation because of defla-
tionary processes of natural and man-caused
character [1]. To increase chestnut soil fertility
it is of great importance, along with the ap-
plication of organic fertilizers, to search for
new ones with high biological activity which
can provide optimal circulation of biophilic
elements in soil, promote intensification of
physicochemical, microbiological and enzymatic
transformations, and also significant dynamism
of soil parameters.

It is known [2, 3] that lanthanum sulphate
and nitrate applied as microfertilizers manifest
high biological activity. It is shown that lantha-
num sulphate catalyzes atmospheric nitrogen
fixation by azotobacter in the sowed legumes;
lanthanum nitrate is an effective microfertili-
zer increasing the germination of wheat, peas,
corn, beet seeds and raising the fertility of
cultures by 22—40 %, accretion of dry matter

by 11-13 %; at the same time a period of
maturing decreases by 6—10 days.

High biological activity of rare earths was
marked in the works of D. N. Pryanishnikov
[4] who pointed out to necessity of application
of rare earth compounds to increasing the soil
fertility. The content of rare earth compounds
in phosphoric fertilizers makes up from 0.5 to
2.5 9%, therefore, bringing phosphoric fertiliz-
ers into the soil we also bring rare earth ele-
ments. Hence it is necessary to study their in-
fluence on the processes in the fertilizer — soil —
plant system.

It is established that rare earths take part
in the process of humus accumulation and in-
tensify the nitrogen exchange [5]. The studies
carried out by us on the ecologo-agrochemical
estimation of lanthanum compounds showed
that lanthanum-containing microfertilizers pro-
mote the activation of microbiological activity
in chestnut soil increasing the total number of
microorganisms as well as Actinomycetes, fun-
gi and yeast during the shorter time in com-
parison with the control. An increase in soil
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enzymatic activity is also shown for the example
of catalase, dehydrogenase, protease and ure-
ase [6].

Biological activity of lanthanum compounds
can be increased with the help of sorption
technology, using natural zeolites as a sorbent.
At present, sorption technology is the most ra-
tional approach to the creation of efficient
microfertilizers, which makes it possible to pro-
long their action and to decrease possible mi-
gration, which is the most important for chest-
nut soils of light granulometric composition with
the low biological activity [7].

According to available data [8—11], lantha-
num sorption was carried out only on synthe-
tic zeolites. It was found out that as a conse-
quence of ion-sieve effect it was impossible to
conduct the complete exchange of lanthanum
ions on the zeolites X and Y at 250 °C, and
also to obtain the lanthanum form of the zeo-
lite A [9]. It is necessary to note that the ex-
change for lanthanum ions in all cases was car-
ried out from chloride solutions. The values of
effective diffusion coefficients determined dur-
ing the study of lanthanum sorption kinetics
on the NaY zeolite were 107-107% cm?/s [10].

Earlier we have studied the kinetics and
equilibrium of lanthanum ion sorption by mor-
denite-containing tuff from sulphate and nit-
rate solutions [12]. It is established that mor-
denite-containing tuff has the capacity for ex-
tracting lanthanum ions from water solutions.
In the region of low concentrations (<0.002 M)
lanthanum ions are quantitatively extracted
independently of the size of sorbent grains
and the ratio of the mass of solid to liquid
phases. With an increase in the concentration
of solutions, a decrease in sorption capacity
of mordenite-containing tuff with respect to
lanthanum ions is observed. The process rate
depends on the size of tuff grains and on the
concentration of solution.

It is of interest to study the influence of
lanthanum-containing microfertilizer on nitri-
fication processes in chestnut soil, since the con-
tent of nitrate nitrogen in soil can be an in-
dex of ecological safety in the soil medium
and reflects the level of its fertility. In the
number of works [1, 13] it is demonstrated
that growing on nitrate, plants have a higher
level of organic acids in cells and a larger store

of saccharides, i. e., less depend on the inten-
sity of photosynthesis. An important circum-
stance is the fact that assimilation of nitrates
is strictly coordinated and regulated by carbon
metabolism. Nitrates can be accumulated in dif-
ferent organs of a plant, since they are con-
siderably less toxic for it than ammonium ni-
trogen [13].

EXPERIMENTAL

Mordenite-containing tuff of the Mukhor-
Talinsk perlite-zeolite deposit (Buryatia) was
used as a sorbent, of the following content,
%: SiO, 70.96, Al,O4 11.97, MgO 0.18, CaO 0.92,
Na,0 2.38, K,0 5.22. Saturation of natural ze-
olite by lanthanum ions was carried out from
0.001-0.0015 M La,(SO,); solutions; lanthanum
was completely extracted from solutions till the
exchange capacity of 0.001-0.085 mg-eq/g. It
was established that during the lanthanum ion
sorption from sulphate solutions the equilibri-
um state was achieved in 37—40 h of the con-
tact of zeolite with solution [12].

The study of the efficiency of the action
of lanthanum-containing microfertilizer on the
nitrification activity of chestnut soil, fertility
and quality of agricultural crops was carried
out in vegetative and field-vegetative experi-
ments. In the fist one, in the vessels with a
volume of 6 1, chestnut soil was used with
humus content 240 %, pH 6.8, well fed with
mobile phosphorus (21 mg P,0;) and mean
content of exchange potassium 11 mg K,O per
1 kg of soil. Lanthanum content of the soil
was 0.003 %. In each vessel 15 peas seeds of
“Nonshowered” grade were sown. By harvest-
ing, 5 plants were kept in the phase of mass
blooming. Humidity of soil in the vessels was
sustained at the level of 60 % from complete
water capacity. The sowing was carried out in
June 8, harvesting — in July 29. Repetition of
the experiment was fourfold.

In vegetative experiment, ammonium nitra-
te, monosubstituted calcium phosphate Ca(H,PO,)s,
potassium chloride counting on 0.15 g N, 0.15 g
P,0;, 0.15 g K,O per 1 kg of soil were brought
into the soil as a background. Lanthanum was
introduced into the soil in the form of La,(SO,);
counting on 3 and 6 mg per 1 kg of soil. Micro-



INCREASING THE NITRIFICATION CAPACITY OF CHESTNUT SOIL UNDER THE INFLUENCE OF LANTHANIUM-CONTAINING MICROFERTILIZERS 707

fertilizer on the basis of natural zeolite and
lanthanum was introduced by 3 and 6 mg do-
zes counting for lanthanum. Thus, microfertili-
zer was introduced by 6 and 12 g dozes per
vessel, respectively.

Field-vegetative experiment was carried out
in vessels without bottom, per 7 kg of soil
with humus content of 2.66 %, high content
of mobile phosphorus and exchange potassium.
Repetition of the experiment was ninefold. In
each vessel, a yield of one plant in technical
maturity of peppers “Gold medal” and toma-
toes “Miracle of a market” was taking into
account. Mineral fertilizers were not brought
into the soil.

Chemical analysis of soils was executed ac-
cording to the standard procedures: humus —
according to Tyurin (in Nikitin’s modification),
mobile phosphorus and exchange potassium
from one extract — according to Machigin [14].
Chemical analysis of plants was carried out
according to [15]. Lanthanum content of plants
was determined after dry combustion photo-
metrically with arsenazo III [16]. Mathematical
treatment of experimental data was carried
out by the standard methods of variance and
correlation analysis [17, 18].

RESULTS AND DISCUSSION

Soils of Buryatiya are characterized by high
potential nitrification capacity, but under natu-
ral conditions nitrification in them is suppressed
in contrast to ammonification because of cli-
mate dryness, cold late spring and early sum-
mer periods. The latter circumstance causes
higher content of ammonium nitrogen in soil
in comparison with its nitrate form. The intro-
duction of trace elements (molybdenum, man-
ganese, copper, cobalt, zinc) into the soil in-
tensifies its microbiological activity, increases
the amount of nitrifying bacteria and the con-
tent of nitrate nitrogen in it [19].

The influence of rare earths on nitrate-
accumulation in soils was not practically stud-
ied. When determining potential nitrifying ac-
tivity of chestnut soils in laboratory experi-
ment, we obtained the data on the dynamics
of nitrate and ammonium nitrogen depending
on duration of incubation and under the in-
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Fig. 1. Influence of lanthanum-containing microfertiliz-
ers on nitrification capacity of soil: 1 — control (without
fertilizers); 2, 3 — La, 3 and 6 mg, respectively; 4, 5 — La
in zeolite, 3 and 6 mg, respectively.

fluence of lanthanum-containing microfertiliz-
ers (Fig. 1).

In soil with the initial content of N-NO; —
1.97 mg, N-NH, — 2.71 mg per 1 kg of soil
during incubation for 7 days the amount of nit-
rate nitrogen increases substantially when lan-
thanum is introduced in the doze of 6 mg/kg of
soil and the same doze of the trace element
microfertilizer. With smaller doze, the amount
of nitrate nitrogen decreases in comparison with
the control. The maximum activity of nitrifi-
cation is observed under 14-day composting.
The content of N—NO; during this period is
the highest for the whole experiment time ex-
cluding a variant with the 6 mg lanthanum
doze, where the amount of N—NOjy in this and
the following periods decreases in comparison
with the previous 7-day composting. (Unfortu-
nately, we can not explain such a regularity).
In the soil with the microfertilizer, the maxi-
mum content of N—NO; is also observed un-
der 14-day incubation. However, nitrification
activity was lower than in the control soil. Against
this background, the variants with the intro-
duction of lanthanum in 3 mg/kg doze and
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TABLE 1
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Influence of microfertilizers with lanthanum on productivity of peas dry mass

No. Variant of experiment Productivity, g/vessel Increase with respect to background
g/vessel Yo

1 Ny15P015K.15 (background) 7.9 - -

2 Background + La (3 mg/kg) 8.8 0.9 114

3 Background + La in zeolite (3 mg/kg) 10.8 2.9 36.7

4 Background + La (6 mg/kgr) 12.4 45 57.0

5 Background + La in zeolite (6 mg/kg) 114 3.5 443

microfertilizer in 6 mg/kg doze stand out, in
which the level of nitrate-accumulation in soil
is comparable with the control. With the in-
crease in experiment duration up to 30 days
the content of nitrate nitrogen in all variants
is lower than that in the control. More sharp
decrease is registered with the 6 mg/kg lan-
thanum doze. When introducing lanthanum in
the form of microfertilizer, the amount of
nitrate nitrogen is although lower than in the
control, but substantially higher than that in
lanthanum application in the form of salt. Un-
der 45-day incubation, the intensity of nitri-
fication remains high in the variants with mi-
crofertilizers, especially with 3 mg/kg doze.
Thus, a deceleration of nitrification processes
in the soil of the control variant by the end
of experiment is connected with exhaustion
of power resources. An increase in nitrification
capacity when lanthanum is introduced by the
45-day period of composting is likely to be
caused by the adaptation of microbocenosis to
new conditions of functioning.

The content of ammonium nitrogen in soil
during its incubation is at a lower level in

TABLE 2

comparison with nitrate nitrogen, which is
caused by the activity of ammonium nitrogen
nitrification. The amount of N-NH, in all var-
iants remains practically at the same level
somewhat exceeding the control under 14-day
incubation. Its dynamics in the control soil de-
pends on the activity of nitrification of N—
NH, . In the variants with fertilized soils such a
dependence is weakly expressed.

The results of vegetative and field-vegeta-
tive experiments confirm the biological activi-
ty of lanthanum-containing microfertilizers
(Table 1).

It is marked that in all variants of experi-
ments with soils fertilized by trace elements,
the yield of green peas mass is higher than
that in the NPK background soil. The maxi-
mum increase in the yield with the 3 mg lan-
thanum doze was obtained when the element
was introduced in the form of microfertilizer.
With the 6 mg lanthanum doze, the maximum
increase by 57 9% was obtained; introducrion
of the same element in the same doze in the
form of microfertilizer caused the crop de-
crease by 12.7 % in comparison with the pre-

Influence of lanthanum-containing microfertilizer on composition of nitrogen compounds in peas, % to dry matter

Variant of experiment Nitrogen

total protein nonprotein
Ny15P015K015 (background) 2.88 + 0.03 1.84 + 0.02 1.04 = 0.006
Background + La (3 mg/kg) 3.35 *+ 0.04 1.81 + 0.02* 154 + 0.01
Background + La in zeolite (3 mg/kg) 3.13 £+ 0.03 1.99 + 0.02 114 + 0.01
Background + La (6 mg/kg) 3.36 + 0.04 181 + 0.01* 1.55 + 0.009
Background + La in zeolite (6 mg/kg) 3.39 *+ 0.05 2.07 £+ 0.02 1.32 + 0.01

*Uncertain to background (tineor > tactual)
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TABLE 3

Mineral composition of peas green mass when importing lanthanum-containing microfertilizer, % to dry matter

Variant of experiment Ashes POy K,0 CaO MgO
No15P015Kp15 (background) 9.52 0.11 1.27 2.82 1.03
Background + La (3 mg/kg) 11.34 0.09* 0.80 3.43 0.76
Background + La in zeolite (3 mg/kg) 11.35 0.09* 0.98 2.61 1.33
Background + La (6 mg/kg) 10.30 0.09* 0.82 3.46 0.68
Background + La La in zeolite (6mg/kg) 10.48 0.11* 1.07 3.67 1.32

*Uncertain to background (ti,cor > tactual)

vious variant; the increase regarding the back-
ground was 44.3 %. It is probably caused by the
fact that with an increase in lanthanum doze
up to 6 mg the mass of mordenite tuff also
grows, with which the sorption of feed ele-
ments by zeolite increases.

The data of analysis of peas chemical con-
tent show that the amount of total nitrogen
noticeably grows under the influence of lan-
thanum and the microfertilizer. The content
of protein nitrogen increases substantially when
microfertilizer is introduced (Table 2). In this
case, the influence of microfertilizer on an
increase in protein nitrogen in peas green mass
is clearly observed, which is in consistence with
literature data [1, 7]. At the same time, the
amount of nonprotein nitrogen decreases in
comparison with the variants where lantha-
num was used. In all variants of experiments
with fertilizers, the content of nonprotein nit-
rogen is higher than in the control. Despite a
steady increase in the content of protein nit-
rogen in plants, the protein content of green
mass practically doesn’t increase with respect
to the background. It is noticeable from the
fact that in plants on the NPK background the
amount of protein nitrogen in the structure
of its total content makes up 63.9 %, while
lanthanum introduction in 3 and 6 mg dozes a
substantial decrease in the relative amount of

TABLE 4

protein nitrogen (till ~54 %) is registered. In
the variants with the introduction of micro-
fertilizer, the relative amount of protein nit-
rogen increases almost up to the background
level and makes up 63.9 and 61.0 %, respec-
tively. Hence, protein yield in crops will sub-
stantially exceed the background amount which
is due to a sharp increase in the productivity
of peas green mass in the variants with soils
fertilized by lanthanum. Studying mineral com-
position it is necessary to pay attention to an
increased content of calcium when introduc-
ing microfertilizer in 6 mg doze. Besides, with
the microfertilizer, the amount of magnesium
increases in peas biomass (Table 3).

Thus, the introduction of microfertilizer
based on lanthanum and mordenite tuff in-
creases the content of total and protein nitro-
gen, magnesium in peas green mass; the amount
of calcium grows under the influence of lan-
thanum and microfertilizer in 6 mg doze.

In field-vegetative experiment carried out
with sweet pepper, a significant increase in the
yield with microfertilizer containing 6 mg/kg
of lanthanum is shown. High efficiency of mic-
rofertilizer was exhibited on soil without mineral
fertilizers. At the same time, the content of dry
substance increased, the food qualities of pep-
pers improved due to an increase in the amount
of caccharides and ascorbic acid (Table 4).

Productivity and quality of sweet pepper with lanthanum-containing microfertilizer introduced

Variant of experiment Productivity, Increase Dry matter Saccharides Ascorbic acid,
g/vessel g /vessel mg/100 g

Control without fertilizers 344.9 * 10.3 - 10.5 58.78 505.99

La in zeolite (6 mg/kg) 4456 = 9.8 100.7 29.1 12.2 73.83 533.59
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TABLE 5
Productivity of tomatoes, content of saccharides and ascorbic acid in fruits when using lanthanum-containing
microfertilizer
Variant of experiment Productivity, Increase Content with respect to raw matter
g/vessel
Saccharides Ascorbic acid
mg/100 g
g/vessel %
Control without fertilizers 1400 + 32 4.27 12.88
La in zeolite (6 mg/kg) 1834 + 55 434 31 6.87 20.24

In field-vegetative experiment, the data
were also obtained witnessing an increase in
fertility of tomatoes, in the content of sac-
charides and ascorbic acid in them (Table 5).

It is necessary to note that when using lan-
thanum-containing microfertilizer, the time of
crop maturing decreased by 10—12 days; no
accumulation of lanthanum in plants (180—
230 pg/kg) was observed in comparison with
the control (160—210 pg/kg).

CONCLUSION

The studies carried out showed that lantha-
num-containing microfertilizer renders biopo-
sitive influence on nitrification capacity of chest-
nut soil, and also intensifies nitrogen exchange
in peas increasing the content of nitrogen in
plants. Microfertilizer increases the productivity
of peas green mass by 37—57 %, sweet pepper
and tomato fruitage by 29—-31 %, improves food
qualities of the latter due to an increase in the
content of saccharides and ascorbic acid.

The use of lanthanum-containing micro-
fertilizers opens a perspective to increasing soil
fertility, productivity and quality of agricul-
tural crops.
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