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CONCLUSIONS

The obtained results of field measurements indicate that values of the penetrometric
resistance did not reach their critical limits presented in Tab. I. In Variant I, the
penetrometric resistance of soil to the depth of + 240 mm was Iowv(abﬂul 1.0 Mpa); in
greater depths it began to increase up 1o more than 4.0 MPa. In Variant II (conventional
tyres), the penetrometric resistance at first increased and thereafler decreased to the
value of 1.0 Mpa; below the depth of + 240 mm its values gradually increased up 0 2.0
MPa. In Variant [l (dual tyres) a steep increase in values of the penetrometric
resistance was recorded at first and the final value was higher than 2.0 Mpa. Thereafter,
in depths of 100 mm to 200 mm a decrease was observed and the penetrometric
resistance ranged from 1.0 to 1..5 MPa. Below the depth of 200 mm, the values of the
penetrometric resistance increased and reached as much as 3.5 MPa.

When choosing the tyres it is recommended to take into account the volume of air
and the maximum possible tread area. This means that large volume tyres can be loaded
much more even under conditions of a lower inside pressure. The width of the tyre is
limited by the manner of tractor use and usually also by traffic laws and rules. In case
that the tyre should be used only for the movement in furrows, its width should not be
above 630 or 710 mm (Tab. 2). However, when ploughing and moving outside the
fiarrow and/or when using tractors in combination with sowing machines wider tyres
should be used. In this case it’s recommended 10 use new tyres with dimensions 900/50
R 42. As the total width of tractors with these tyres does not exceed 3 meters, these
vehicles may be used also in normal traffic on public roads; however, in lhis_ case it is
necessary to use suitable lights and markings informing about an abnormal width of the
vehicle. If the tractor should be used both for ploughing in furrows and for other
operations (¢. g. sowing), it is recommended to use dual or even triple tyres. To avoid
effect of different forces, these tyres mus be of the same construction and mutually
compatible (at best they should be manufactured by one company). The pressure inside
these dual o triple tyres should be the same [1].
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ABSTRACT

Recently there were significant changes in soils of Kazakhstan, among them are
dehumification and decalcification of the upper horizons of soils, increasing of the
alkalinity of the soils. On the rice fields of Kazakhstan high mobile boron content were
recorded, which resulted to a discase of soil called “boron toxicosis’™.

It was established that the main speciation of boron are boric acid and various forms of
 borate ions (tetra-, hexa-, polyborates and metaborates). The most stable boron
compounds were found by the data on the standard values of AGY for the reactions of
formation of expected boron compounds. For calculation of AG%0sMa(XeOphis) the
method of increments was used. The calculation was done for such boron minerals, as
Mg([BO11] 15H20, MgCa[BcO11]11H:0, KMg[B11015] 9H:0, Mg Ca[B¢Oy1] 6H:0,
Mga[BeO11 ] 15H20; Me2(B205] 3H:0, Mgs[BsOs]> 4H:0 and Mga[B:Ox] H0.

In order (o improve the dynamics of the boron in soils of rice fields the total content and
mobile form of boron, depending on the pH value of the soil environment were studicd.
The correlation of content of boron (total and mobile) from pH was investigated. The
correlation of portion of mobile form of boron from pH was found. For the dissolution
reactions of the analyzed borates in various inorganic acids were calculated.

Keywords: rice field, boron toxicosis, mobile boron, soils

INTRODUCTION

It is well known that the economy of any country depends on the level of the
agricultural industry. For such country as Kazakhstan one of the most important policy
areas is the development of agriculture and ensuring the stability of crop growth,
particularly rice. On the territory of Kazakhstan rice is mainly grown on takyr soils.
Takyr soils in Kazakhstan are the main land fund for rice cultivation, distinguished as
subtype level and include many species. differing in the extent and depth of salinity and
alkalinity.

Over the past decades in soils of Kazakhstan significant changes have been detected: the
upper horizons of soils undergone dehumification, decalcification, and alkalinity of the
soil increased. In rice fields of Kazakhstan it was recorded elevated mobile boron
content (more that 10 mg/kg of soil) and as a consequence appeared a disease of soil -
“boron toxicosis” [1]. It is known that at moderate excess of movable horon in the soil
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growth of plants is delayed and crop reduced, while at a large excess - boron acts as a
herbicide of gencral action, all plants are dying.

Mass mortality of rice seedlings is very negative phenomenon, which has not yet a
reliable theoretical explanation. Therefore, the study of the causes of "boron toxicity" in
takyr soils of rice fields and the development of methods of its regulation has a great
practical interest [2].

Most likely one of the main reasons of boric salinity in different soil types may be
different contents of natural boron compounds (minerals) in the analyzed soils.

In this regard, we tried to link the problem of high boron content in the soils with the
content of natural boron compounds in the analyzed soils.

Natural boron compounds are boric acid, borax, ascharite, hydroboracite, colemanite
and ctc. Among these compounds only boric acid and borax are soluble. Other
compounds can be dissolved by the action of mineral acids.

Contents and behavior of boron in the soil is controlled by several factors. Boron is
closely related to the mechanical and mineralogical composition of the soil substrate, as
well as the direction and depth of the solubility of natural borates in the soil layer by
groundwaters. The behavior of boron, especially solubility, is strongly affected by
oxidation - reduction potential and acidity of medium. Table | shows the speciation of
boron in solution depending on pH of medium.

Table 1 Speciation of boron in aqueous solutions [2]

Py 2345 678 9 10 1 1z B
penta-
boric acid e PODORIES o borates
borates and etc.
borates

From these data it is clear that the main speciation of boron is boric acid, and various
forms of borate-ions (tetra-, hexa-, poly-borates and metaborates). Boric acid can be
casily dissolved in water, according to the reaction [3]:

HsBOs+H20[BOH).| +H' m

In alkali aqueous solutions, boric acid transform to monoborate-anion. When the pKa
increases to above 9.24, the mainly boron specie is monoborate-anion [4].

MATERIALS AND METHODS

To find out which boron compounds can be in the analyzed soil, i is necessary to have
reliable data on the standard values of AG} for the reactions of formation of expected
boron compounds.

For the calculation of AG}, we used method suggested in [5] and the equation (2) was
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used:
AG 295Mar(XaOphis=m-A GlaosM™ g 120, K+ n-AG! 208(XaOp)™, 2)

where: M is metal;
Xis salt forming clement;
0, m are charge of cations and anions;
a, B are numbers of atoms of salt forming element and oxygen;
K is proportional coefficient,

A G'95M™ a0, is standard values of energy of Gibbs in aqueous solution in
standard condition.

RESULTS AND DISCUSSIONS

For borate minerals which can be found in soils used for rice cultivation and for which
the phenomenon "boron toxicosis” is the most characteristic, AGY ., was calculated
and presented in Fig. 1.

250
| ~AG sy, kI/mol
1100 1

.0‘
mu‘
5\
|
o . - ||
L 2 3 4

5 6

@

3

Figure 1 - Values of - AG} ,,, of borate minerals:

1 - Mga[BOu ] 15H20; 2 - MgCa[BeOy | 11H20: 3 - KMg[B1 O] 9H:0; 4 - Mg
Ca[BsO11] 6H:0; 5 - M2 BiO ] 15H20; 6 - Mes[BaOs] 3H:0; 7 - M [BsOu]: 4H:0;
8 - Mge[B20s] HaO

The Figure 1 shows, that the most unstable borate minerals are Me:[BsOy] 15H:0 and
MgCa[BOy] 11H:0 (as they have the highest AGY ., value) and the most stable
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borate minerals are Mgs[B205] H20 and Mgs[BsOv]x 4H:0 and they should be expected

in soils of rice fields.

In order to establish the dynamics of increasing of boron in soils of rice fields. research
of content of total and mobile form of boron, depending on the pH of the soil media,
was carried out, the results are presented in Table 2.

Table 2 - Content of total and mobile form of boron, depending on the pH of the soil

media
e of sample pH T;’:_L:“';‘l;‘;;' C:::’e: pt ;::Z::IE
’ mg/kg
I 2.70 15.02 1,96 (13%)
2 7.76 17.80 212.(12%)
3 7.80 18.01 230(13%)
4 7.92 18.14 286 (16%)
5 797 20,56 3.12(15%)
6 803 2183 376 (17%)
7 832 496 (22%)
8 834 530 (22%)
9 846 6.00(24%)
10 878 720 27%)
1 9.03 830 (31%)

According to the data of Table 2 the correlation of content of boron (total and mobile)
from pH was build and presented in Fig. 2.
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Figure 2 — The correlation of content of boron (total and mobile) from pH

Th:! data of Fig. 2 shows a good correlation between pH and content of total boron
(R*=0.8628) and content of mobile form of boron (R*=0.9936), the concentration of
boron minerals increase at higher values of pH.

T')!e portion of mobile form varies from 12 to 32% from the total content of boron in
soil media and as it shown at the Fig. 3 the portion of mobile boron increase at higher

pH (R=0.9875)

EQ

2 4

20

portion of mobile form of boron

% { ¥=14.837x-102.21

R'=0.9875

76 81

86

oH

Figure 3 —The correlation of portion of mobile boron from pH

The results obtained shows the increasing of content of boron (total and mobile) as a
result of acidification of soils. In order to decrease the content of boron in soils of
Kazakhstan, especially its mobile form, we suggest treatment of soils by lime (calcium

oxide).
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For two most stable minerals the AG} .., of dissolution in acids was calculated ang
presented at Figs. 4-5.

~AG/ . klimol

7 208

0+

phosphoricacid  sulfuric acid nitric acid

hydrochloric acid

Figure 4 — The dissolution of Mgs[B<Os]s 4H:0 in mineral acids

-G, kymol

o0+

phosphoricacid  sulfuricacid  hydrochloricacld  nitric acid

Figure 5 - The dissolution of Mga[B:0:] H20 in mineral acids

The data obtained and presented in Figs. 4-5 shows that both of borate minerals are more
soluble in phosphoric acid and less soluble in hydrochloric.

CONCLUSIONS
One of the most important characteristics to determine the possibility of existence of
compounds  depending on conditions is AG® ., of it. To investigate the “boron

toxicosis”, existing in takyr soils of Kazakhstan AG] ., of most common in soils of
Kazakhstan borate minerals was calculated. The results obtained by calculation of
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oy showed that in the soils of rice fields in Kazakhstan borates should be

expected to be presented in such forms, as Mga[B20s] Ha0 and Mes[BsOs]: 4H:0.For, .
It was established that in the soils of rice ficlds in Kazakhstan borates should be

expected to be presented in such forms, as Mga[BaOs] HaO (- AG) L, = 224.43 k/maol)
and Mgs[BsOs)a 4H:0 (-AG g5 =210.03 ki/mol).

Recently the acidification of soils of rice fields of Kazakhstan was detected. The pH
value is one of important factors, influencing on mobility of elements. The correlations
between pH and content of total boron (R?=0.8628), content of mobile form of boron
(R*=0.9936) and portion of mobile boron (R*=0.9875) were established.

For the dissolution reactions of the analyzed borates in various inorganic acids were
calculated and it was shown that Mg:[B:O<] H20 and Mgs[BOulx 4H:O are most
soluble in phosphoric acid and less soluble in hydrochloric.
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