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The development of effective methods for determining boron in soils and soil solutions

Abstract. This paper is related to serious ecological problem in agriculture: soil degradation in rice fields
in South Kazakhstan and in particular, to boron toxicity in rice, which resulted in reduced crop yields. The
following abiotic factors were studied to determine the ability of boron to accumulate in rice fields: soil
type, soil properties like salinity and acidity’, season (level of precipitation), water logging /water shortage.
The results shows that the severity of boron excess for fertility of rice crop which depends on boron ionic
composition in soil. Adverse impact of both boron deficiency and boron excess are discussed. The necessity
of boron fertilizers is shown for soils with high boron mobility.
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Introduction

Rice is mainly grown on meadow soils in the
territory of Kazakhstan [1-7]. Meadow soil types
are the main land suitable for rice cultivation in
Kazakhstan; they include many subtypes that differ
in extent and depth of salinity and alkalinity. The
high level of alkalinity is one of the crucial genetic
features, and therefore, its purposeful regulation
defines fertility and effectiveness of soil and crop
productivity. Over the past decade, the soils of
Kazakhstan have changed dramatically: the upper
soil horizons were dehumifiying, decalcifying,
alkalinity of the soil has increased. In the rice fields
of Kazakhstan the high content of mobile boron was
stated and as a consequence - boric toxemia has
taken place [8].

Among biochemical indicators of activity in
the soil the most important element is the chemical
factor in the accumulation of boron in the rice fields,
especially the negative impact of boron during
germination of rice.

For a number of years, in takyr flooded soils
of Kazakhstan were recorded the high content
of mobile boron, more than 10 mg\kg of soil [7].
With a moderate excess of boron in the soil plant
growth is delayed and yield is reduced, but with a
substantial surplus - boron acts as an herbicide of
general operation and all the plants die.

Therefore the study of the causes of boron toxicity
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in takyr soils of rice fields and the development of
methods of its regulation has a definite practical
interest. The objects of current research are soils
sampled from rice fields located in the lower reaches
of the rivers Syr Darya [9], Hi and Amu Darya
(Kyzylorda province) [10]. Stationary research was
conducted on Akdalinsky and Karalinsky irrigation
systems in order to develop methods of boron
management in rice production in these regions.

Methodology

Boron belongs to seven main micronutrients (Fe,
Mo, Zn, Cl, Cu, Mn, B) necessary for productive
crop growth and is important in sugar transport,
cell division, and synthesis of certain enzymes.
Although boron is needed by plants in relatively
higher quantities versus other microelements, the
range between boron deficiency and toxicity is very
narrow. Exceeding the recommended application
rate or applying boron too frequently can result in
toxic concentrations of boron in soils and plants, and
as the result, reduction in crop yield, and in case of
rice even termination of vegetation. Boron demand
is estimated to be equal 12-50 mg/kg of dry matter.

Results and discussion

If Boron existing in soluble form, it is easily
to be leached out and can be absorbed by plants,
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and therefore, is subject to fluctuations in soil
concentration. Keeping boron concentration at
optimal level helps to maintain carbohydrate
metabolic processes in plants, perform protein
synthesis, seed and cell wall formation. Boron
deficiency is a plant disorder characterized by fall of
flowers and low yield of seeds and fruits at normal
development of vegetative mass. Boron does not
move from old organs into the young, growing ones.
Acute boron deficiency leads to death of growth
points of the roots and upper organs, chlorosis of
the apical growing point, followed by its necrosis.
The plant bushes, but new formed sprouts soon
stop growing. The absence or deficiency of boron
infringes the normal flow of carbohydrate, and
therefore starch and sugar are accumulated in potato
laves.

The plants require boron throughout the entire
vegetative period. Boron content is different in crops
(in mg/kg of dry matter): 4.7-8.1 in grains; 10-13
in potatoes: 22-23 in sugar beets. 30 to 270 g/ha of
boron is carried away with various crops harvested.
To provide optimal plant nutrition boron content in
soil should be in the range 0.02-0.05 mg B per 100
g of soil. Species of boron, which can be assimilated
in soil are mainly presented by boric acid (H,BO,)
and its soluble salts. Boric acid both formed in soil
and introduced into soil with fertilizers is quite
mobile compound, poorly fixed by soil and able
to be washed out with precipitation. Therefore,
areas of excessive moisture of the soil are poor in
mobile forms of boron. The least amount of boron is
contained in the sod-podzolic soils.

The soils of the southern regions of Kazakhstan
are rich in boron, but even that may be identified
certain areas where the application of boron
fertilizers may be effective. The content of boron
depends on the texture of the soil and the amount of
humus in it: humus is richer in boron than mineral
layer of soil; clay soils contain more boron than
sands. Availability of salts of boric acid in soil
depends on the acidity. With increasing acidity,
the hydrates of sesquioxides of Fe and Al bind
boron due to their hydroxy-ions and reduce boron
availability. Similarly, boron availability is being
reduced in liming process due to OH™ and Ca ions.
Among the indicators of biochemical soil activity,
chemical factor is essential one, contributing to
boron accumulation in rice fields, which eventually
has adverse impact on rice growth especially during
germination period.

According to study conducted by Mamutov
ZhM., flooded meadow soils of Kazakhstan for
several years revealed the high content of mobile
boron: > 10 mg/kg of soil. The study of the causes
of boron toxicity in meadow soils of rice fields and
the development of boron regulation methods is of
practical interest.

A distinctive feature of water-soluble forms
of boron is a low limit of toxic concentration and
narrow range of efficient concentration in soil
solution. Typically, water-soluble fertilizers contain
a dose of boron equal to 0.050-0.40 kg/ha or 0.2-
1.0 mg/liter of soil, but for some crops the threshold
concentration may be even lower, and the efficient
range much narrower. Moderate excess of mobile
boron in soil leads to delays in plant growth and
reduces crop yield but significant boron excess acts
as a general herbicide causing all the plants die.

The need for accurate and uniform soil
application of low boron doses requires a high
degree of farming. Disregarding and violating
these requirements inevitably leads to failure and
apparently becomes the basis of an unjustified fear
of boron and exaggeration of its dangers.

In addition, it is necessary to take into account
the fact that boron has high level of mobility, quickly
and easily leachable from the soil. As it is known,
boric acid, applied on soil, after the third rain could
not be detected even qualitatively.

The main difficulties of using water-soluble
boron fertilizers are due to the fact that a single dose
to be applied on soil is limited by a low threshold of
toxicity, but plants consume relatively high boron
amount. In addition to this, a considerable portion
of the boron is leached during irrigation and rain. As
a result, the concentration of boron in soil solution
rapidly falls below allowable limit and the plants
begin to starve. Therefore, to maintain boron content
in optimum concentration range is not easy. Howe-
ver, this challenging problem is solvable, but only
with the help of water-soluble boron salts boron.

Usage of boron fertilizers in Kazakhstan
however is considered with great caution, and as
a rule, farmers prefer not to use boron fertilizers
at all because of the frequent occurrence of “boron
toxicity” in rice fields. Complexity of boron ionic
composition in soil and water solutions defines
the diversity and difficulties in determination of
different forms of boron. Lack of reliable analytical
methods for boron thus represents additional reason
of non-usage of boron fertilizers in Kazakhstan.
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Application of boron requires special attention,
high culture in farming and precise work with trace
doses of micronutrients. It is obvious that because
of deficiency of mobile boron, which is frequently
the case, the boron fertilizers become essential
to obtain complete and high-quality crops. The
development of boron identification and analysis
methods becomes therefore a high priority problem
in rice production.

In view of this, research and selection of existing
methods for the determination of boron in soil and
soil solution is relevant for Kazakhstan, as well as
the development of new methods of express, accu-
rate, sensitive and selective determination of boron.

For the first time more than 10 methods for deter-
mining boron in soils of various types of solid and
soil solution were tested (in 33 samples of hard soils
and 28 soil solutions). It was shown that the most ef-
fective methods for determining boron in relation to
different types of soil in Kazakhstan should include:

- determination of boron without distillation by
fusing ground with anhydrous sodium carbonate;

- determination of boron using carmine;

- determination of boron by azomethine H;

- determination of boron by extraction method
with hot water, etc.

Based on the analysis, a review of scientific liter-
ature, patent and license marketing searches, evalu-
ation work at the choice of methods for determining
boron in soils was established that the most cost-
effective and promising method is the determination
of boron extraction with hot water in a colored com-
pound with azomethine H.

It was found that the most effective method of
express methods for determination of boron should
be considered - a method of determination of bo-
ron using azomethine H. For the first time, using
azomethine H procedures for boron determination
was carried as a function of pH in 33 soil samples,
the results are presented in tab.1.

Table 1 — Results of the analysis on the boron content (using Bergeru). A =420 nm

Sample pH Optical density Boron content, mg / kg
7,8 0,255 3,44
7,71 0,53 3,38
7,69 0,258 3,50
7,70 0,245 3,32
7,68 0,279 3,76
7,67 0,302 4,00
7,70 0,317 4,24
7,70 0,270 3,64
7,67 0,281 3,76
7,67 0,287 3,92
7,68 0,354 4,94
7,68 0,354 4,94

It can be seen from the data of Table 1 that pH

changes slightly, and within pH 7-8, boron is also in
the normal range 3.32 - 4.94 mg\kg.

According to the IR spectra revealed that the
forms of occurrence of boron in the soil solution are
largely determined by the values of pH of the aqueous
solution. Water-soluble form of boron in the soil
corresponds to boric acid and sodium tetraborate.
Determination of insoluble forms of boron in the
soil as Asharites, gidroboratsita, colemanite requires
further research.

A comparative study of pH and the content of total,
private and borate alkalinity in soil was conducted
and found complete correlation between the shape of
alkalinity and mobile forms of boron compounds
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Conclusion

From the literature concerning establishment
the threshold of toxicity of boron it is known that
the highest boron toxicity is manifested if the
boron concentration equals 6mg/kg (soil) for young
plants. As can be seen from our data on the study of
boron in the 11 soil samples, the boron content has
not reached a certain “threshold of toxicity”. One
of the current challenges is to develop ameliorant
techniques against their toxic effects on boron.
However, there is no consensus in addressing this
problem up to date. In our opinion, the development
of ameliorant receptions against their toxic effects
of boron, one must know the form of finding boron
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compounds in saline soils of rice fields. In this
regard, we are carrying out the first attempts to study
the quality of the borate compounds in soil samples
of rice fields of Kazakhstan.
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M.P. Tanamega, O.1. [Tonomapenko, JI.K. belicembaera, M.K. Kanabacra
TonbIpaKkTarsl ’K9He TONBIPAK epiTiHAlIepinaeri 00paAbl aHBIKTAYABIH THIM/I dicTepiH 3epTTEy

Taburu OpTaHBIH SKOJIOTHSIIBIK OY3YHIBUIBIFBIHBIH JaMBITYBIMEH JaN Ka3ip OalIaHBICTBI KYPIIITIKTEpPAiH TOJBIK
HeMece KapThlIall KaTCHIHYBIHA aibIl KenreH KP-1pIH opTypri eskenepinzeri 00p Ty3nany AeHreiiniy tyoereitni ecyi
Oaiikanmaabl. KypimTikTepiH TOMBIPaKTapbIHAAFEl 00p TOKCHKO3BIHBIH CEOCTITEPiHIH 3epTTEyi )KOHE OHBIH PETTEYiHIH
SmiCTepiHIH OHJCYI aybUIIIAPYAIIBUTBIK FRUTBIM YKOHE aNIIBIHFBI TOKIPHOE YIIiH €H MaHBI3IBI MIHICT OOJBIN CaHAIAIbI.
By Mocere TONBIPaKTBIH TOMBIPAK ePITIHILIEp Jep Ke3iH/e )KOHE TYIIBI TalJaybIMEeH aHBIKTAIA/IbL.

Tyitin co30ep: 60p, YIBUIBIK, OOPIBIH YKBUDKBIMAIE (hOpMAachl, 00D/ aHBIKTAY dIICTEpi.

M.P. Tanamena, O.1. ITonomapenxko, JI.K. beticembaeBa, M.K. Kanabaesa
Pa3pa6oTka > peKTUBHBIX c1IOCOOOB onpeneIeHus 60pa B MOYBAX U MOYBEHHBIX PacTBOpax

B Hacrosimee BpeMsi B CBA3M C pa3BUTHEM HKOJIOTMIECKOTO HAPYIICHHS TPUPOJHON Cpeibl HAaOM0aeTCs 3HAYNTEIbHBIN
POCT YypOBHS OOPHOTO 3aCONCHNUS B PA3IMYHBIX pernoHax PK, 4To MPUBOIUT K MOTHOMY MM YaCTHYHOMY OTUYXKICHUIO
pucoBbIx nosieil. V3ydeHume npuduH OOPHOTO TOKCHKO3a B IIOYBAX PHCOBBIX MONEH M pa3paboTka CIOCOOOB €ro
PEryIupOoBaHus SIBISIETCS BAXKHENIIEN 3ajaueil Ul CEJIbCKOX03sIMICTBEHHOM HAayKH U IEPE0OBOM ITpakTUKU. Perenne 3Toi
MPOOIEMbI OTIPEJEISIETCS] CBOEBPEMEHHBIM M 3KCIPECHBIM aHAJIM30M IOYBBI M MOYBEHHBIX PACTBOPOB HA COZEPKAHHUE
Oopa.

Kniouesvie cnosa: 60p, TOKCHIHOCTH, MMOIBIKHBIE (DOPMBI O0pa, METOAUKH ONIPESIICHUs Oopa.
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