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[IpencraBiens! pe3ynnbTaThl aHAIN3a U3MEHEHNH OMOXMMHUYECKHX MMOKa3aTeleil COM B 3aBHCHMO-
CTU OT yCJOBHH BbIpamuBaHusi. OOBEKTOM HCCIIEOBAHUS CITy I 00pasipl cou (Glycine max (L.)
Merr) copra Jluaus u quxoii cou (Glycine soja Sieb. & Zucc.) popmbr KA-1344, BeipalieHHbIe Ha
€CTECTBEHHBIX TI0YBaX (KOHTPOIBHOH U C ITOBBIIICHHBIM COJEP)KaHHUEM TDKEIBIX METAJUIOB). AHAIN3
IIPOBOMJIM B JINCTHSIX, CTEONSX, KOPHSIX, IIBETKAX U CEMEHAX KYJILTYPHOH U JUKOW COU B pas3y epBOro
TpOIYATOro JIMCTA, IIBETEHNS U MyIofoHomeHs. CoaepikaHre MaJIOHOBOTO JMAJIbIETHAA U YAeIbHON
AKTHBHOCTH KHCIION (hocdarasbl Onpeaessuii CeKTpohoTOMETPUIECKAM METO/IOM, aKTHBHOCTB T1e-
POKCHIa3bl — KOIOPUMETPUIECKHIM, COJIEpYKAHUE IIMHKA, ME/IA ¥ CBUHIIA — aTOMHO-a0COPOIIMOHHBIM.
DnekTpodopeTHuecKre CIeKTPhl KUCION (ocdarasbl BBISBISUIA METOIOM MIEKTpodope3a Ha KOJIOH-
Kax 7,5%-ro moiIMaKkpuiIaMHUIHOTO Tens. BrisBieHre Ha Tene 30H ¢ ()epMEHTAaTHBHON aKTUBHOCTHIO
MIPOBOAMIIM COOTBETCTBYIOIIMMHU THCTOXUMHUYECKUMH METO/IaMH. YCTaHOBJICHO, YTO BhIPAIlUBAHUE
COM Ha TIOYBE C MOBBIIICHHBIM COJIEPYKAHUEM IIMHKA, MEJTH M CBHHIIA PUBOIAMUT K MX HAKOILICHHUIO B
ee opranax. Hambornpiiee copepikaHie HMCCIENyeMbIX METAIJIOB YCTAaHOBIEHO B KOPHAX. Briparu-
BaHHME COM Ha MOYBE C MOBBIIICHHBIM COJICPYKAHUEM ITMHKA, MEIM M CBUHIIA TPUBEJIO K YBEIIMICHUIO
yAETHHOM aKTMBHOCTH MEPOKCH a3kl B €e opranax. [Ipu 3Tom copeprkaHne MaJOHOBOTO TUANIBIETH A
Y KyJABTYPHOH COM JIOCTOBEPHO YBEITMUMBAIIOCH JIUIIH B CTEOJSIX B (Dasy MepBOro TPOHIATOTO JINCTA U
B KOPHSX B (Da3y IBETCHUS, y JIMKOW COU — B JIUCTBSX, CTEOJSAX M KOPHSIX B (pasy IepBOTO TPOHYATOro
JMCTa U B cTeONsX B (ha3y 1BeTeHUs. BBISBICHO, YTO MAKCUMAJIbHOW Y/IE/IbHONH aKTUBHOCTBIO KMCIIOH
(hocdarazer obmanaroT 1BeTKkU. KynmbTypHast cosi B yCIIOBHAX MOBBIIIEHHOTO CONIEPKAHUS [IMHKA, MEIIH
Y CBUHIIA B MOYBE XapaKTEPHU30BAJIACh YBEIUYCHHEM Y/ICIBHOW aKTUBHOCTH KHCJIOH (ocdara3sl u
TMOSIBJICHUEM HOBBIX MHOXKECTBEHHBIX (hopM. J{Jist UKo COM B 11€JI0OM OTMEUEHO CHUKEHHUE YICIbHOM
AKTHUBHOCTHU KUCIION (ocdaTaspl v yBeIHMUeHNE YUCTIa MHOYKECTBEHHBIX (popM (epMeHTa.

KuaroueBsie cioBa: cos, Glycine max, Glycine soja, anantaius, TsSHKelIble METaJIIbl, MAJIOHOBBIT
JMaJIbJICT U], IEPOKCHUIa3a, kucias pocdarasa
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The results of the analysis of changes in biochemical parameters of soybeans depending on
growing conditions are presented. The object of the study was samples of soybean (Glycine max
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(L.) Merr) of the Lydia variety and wild soybean (Glycine soja Sieb. & Zucc.) forms of KA-1344
grown on natural soils (control and with a high content of heavy metals). The analysis was carried
out in leaves, stems, roots, flowers and seeds of cultivated and wild soybeans in the phase of the
first triple leaf, flowering and fruiting. The content of malonic dialdehyde and the specific activity
of acid phosphatase were determined by spectrophotometric method, the activity of peroxidase — by
colorimetric method, the content of zinc, copper and lead — by atomic absorption. Electrophoretic
spectra of acid phosphatase were detected by electrophoresis on columns of 7.5% polyacrylamide
gel. Identification of zones with enzymatic activity on the gel was carried out by appropriate
histochemical methods. It has been established that the cultivation of soybeans on soil with a high
content of zinc, copper and lead leads to their accumulation in the organs of soybeans. The highest
content of the studied metals is found in the roots. Growing soybeans on soil with a high content of
zinc, copper and lead led to an increase in the specific activity of peroxidase in its organs. At the same
time, the content of malonic dialdehyde in cultivated soybeans significantly increased only in stems
during the phase of the first triple leaf and in roots during the flowering phase, and in wild soybeans
in leaves, stems and roots during the phase of the first triple leaf and in stems during the flowering
phase. It has been revealed that the flowers have the maximum specific activity of acid phosphatase.
Cultivated soybeans, under conditions of increased zinc, copper and lead content in the soil, were
characterized by an increase in the specific activity of acid phosphatase and the appearance of new
multiple forms. For wild soybeans, in general, there was a decrease in the specific activity of acid
phosphatase and an increase in the number of multiple forms of the enzyme.

Key words: soya, Glycine max, Glycine soja, adaptation, heavy metals, malonic dialdehyde,
peroxidase, acid phosphatase

Jas wurupoBanus: Kosax J.K., Heauenxo JILE., Tonoxsacm K.C. V3MeHeHHe OMOXMMHUYECKHX IIOKa3aTeleil cou B
3aBUCHMOCTH OT yCJIOBHH BbIpaniuBanus / CHOMPCKHUI BECTHUK CelbCKoXo3stiicTBeHHON Hayku. 2022. T. 52. Ne 1. C. 16-24.
https://doi.org/10.26898/0370-8799-2022-1-2

For citation: Kozak D.K., Ivachenko L.E., Golokhvast K.S. Changes in the biochemical parameters of soybeans depending on
the growing conditions. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2022, vol. 52,
no. 1, pp. 16-24. https://doi.org/10.26898/0370-8799-2022-1-2

KondumkT unrepecon

ABTOPBI 3asIBISIFOT 00 OTCYTCTBUH KOH(IIHKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION important of which are soil properties and

Currently, one of the global environmental dynamics of spil processes, the concentratiqn
problems of our time is pollution of the of e.lemer.lts - th? environment and - their
environment with heavy metals [1]. To phys%olog%cal s1gn1ﬁc§1n<?e for plants, the
solve this problem different measures are physiological charact'en'stlcs 0fplant§, qtc. Eor
taken, including monitoring studies of the eachplantagharacterlstlc pgttern (?f distribution
state of various objects of the environment. of elements in organs and tissues is formed'*.

Significant interest is represented by research Excessive . levels of chemlf:al clements
of composition and intensity of influence of the have depressmg and even toxic effects on
chemical pollution of environment on the state plants. There is a statement that there are no

of plants growing in different ecological and toxic metals, there are toxic concentrations.
geographical conditions [2]. Consequently, trace elements and heavy metals

The influx of heavy metals in plants is 2 concepts referring to the same elements,
determined by a complex of factors, the most characterizing their concentration in different

Janadeleh H., Kardani M., Salemi M. Study of heavy metals effects on plants / Third International Symposium on
Environmental and Water Resources, Engineering. Tehran, Iran, 2-3 June 2015.
“LoginovaA.S., Otradnova M., Shilova N.A., Rogacheva S.M. Assessment of the safety of plant crops with soil contamination

by heavy metals // Technogenic and natural safety: Proceedings of the IV All-Russian scientific and practical conference (Saratov,
19-21 April 2017). Saratov: LLC "Amirit", 2017. Pp. 69-72.
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environments [3]. The effect of heavy metals
on a plant may differ at various stages of its
development. Oxidative stress caused by the
action of heavy metals is one of the main ones
adversely affecting crops [4].

The enzyme system can serve as an indicator
of plant resistance. A well-studied enzyme is
peroxidase (ACP 1.11.1.X), which plays an
important role in the plant immune defense
system [5]. Acid phosphatase (ACP 3.1.3.2)
is of considerable interest since it is the most
important enzyme of the main metabolic
pathways of living systems and has not been
sufficiently studied for plants [6, 7].

The aim of the study was to investigate
the change in biochemical parameters in
the organs of cultivated and wild soybean
during ontogenesis depending on the growing
conditions.

MATERIAL AND METHODS

The material for the study was samples of
soybean variety Lydia and wild soybean form
KA-1344. We previously analyzed soils in
soybean growing areas [8]. For this study,
natural soils in the background point (control)
and with increased content of heavy metals
(experiment) were selected (see Table 1).

Soybean samples were grown ina greenhouse
at 18-28 °C. Before planting in selected soil,
seeds were surface sterilized with 70% ethyl
alcohol solution, washed with distilled water,
then planted in darkened vessels with soil. The
analysis was performed in leaves, stems, and

Taoda. 1. XapakrepucTuka no4B AJI UCCIEI0BaHUN

Table 1. Characteristics of soils for research

roots at the stage of the first triple leaf, in leaves,
stems, roots, and flowers at the flowering stage,
and in seeds at the fruiting stage.

For biochemical analysis, extracts of soluble
soybean proteins were prepared®. Protein in the
extracts was determined by the Lowry method
[9], the specific activity of acid phosphatase by
spectrophotometric method with p-nitrophenyl
phosphate as a substrate. Specific activity
was expressed in units per | mg of protein.
Multiple forms of the enzyme were detected
by electrophoresis in 7.5% PAAG, followed
by staining of the zones with appropriate
histochemical methods (see footnote 3).
The standard criterion for characterizing
multiple forms of enzymes is their relative
electrophoretic mobility (Rf). Previously, 13
forms of acid phosphatase with Rf from 0.04 to
0.75 were identified [10].

The content of malondialdehyde (MDA)
and specific activity of peroxidase were used as
markers of oxidative stress. Specific peroxidase
activity was determined by Boyarkin's
photometric method according to modification
by Mokronosov on photoelectric concentration
colorimeter KFK-2 (Russia) by the change in
optical density (see footnote 3). Benzidine
hydrochloride (Interkhim, Russia) was used
as a substrate. MDA content was determined
by reaction with thiobarbituric acid, which at
high temperature and acidic pH proceeds with
the formation of a colored trimethine complex*.
The contents of zinc, copper, and lead were
determined by atomic absorption method on
spectrophotometer KVANT.Z (Russia).

Content, mg/kg
Water- .
Soil Humus, pH Water-soluble forms soluble Labile forms
V) .
Yo of phosphate ions forms of
converted to PO, potassium Zinc lead copper
ions

Control 42+0,6 | 5,1+0,2 92+14 3,1+0,5 <1,0 <0,5 <1,0
Experiment | 4,6 0,7 | 50+0,2 15,7+2,4 73+1,2 20,2+6,1 | 09+0,3 | 2,4+0,7

SIvachenko L.E., Kashina V.A., Mascaltsova V.I., Razantsvey V.1, Stasiuk E.M., Trofimtsova [.A. Methods for studying the
polymorphism of soybean. Blagoveshchensk: Publishing house of BSPU, 2008. 138 p.

*Rogozhin V.V., Rogozhina T.V. Practicum on physiology and biochemistry of plants: a textbook. SPb.: GIORD, 2013. 352 p.
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Statistical processing of the obtained data
was performed using Microsoft Excel software.
Plant material was analyzed in two biological
and three analytical replications (6 replications
in total). The results were expressed as the mean
(n = 6) + standard deviation; the differences
were considered statistically significant at p <
0.05.

RESULTS AND DISCUSSION

Currently, increased attention is paid to the
accumulation and distribution of heavy metals
in plant organs, as well as their effect on the
main physiological processes and productivity.
The typical distribution of metals in plant
organs is as follows (in descending order): root
> aboveground mass > generative organs [11].
The ability to accumulate metals varies not only
between species, but also between varieties and
genotypes. Accumulation of heavy metals in
reproductive organs and seeds is less intense
[12]. This is of great biological importance
related to the preservation of reproductive
ability and seed productivity.

During the conducted analysis, soybean
organs were distributed according to their ability
to accumulate zinc (in descending order): roots >
seeds > leaves = flowers > stems (see Fig. 1, a).
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It is noted in the literature that, in general, zinc
is distributed among different plant organs as
follows: roots > leaves > stems > trunk (stem)5.
An increase in zinc concentration in all organs
of soybean plants under conditions of high
content of heavy metals in soil was observed.
The maximum was recorded in soybean roots,
from 37.65 to 56.02 mg/kg.

The distribution of copper by soybean organs
is as follows (in descending order): roots >
flowers = leaves > seeds > stems (see Fig. 1, b).
The content of copper in the samples grown
on the experimental soil is higher than in the
control. The maximum accumulation of copper
was recorded in soybean roots, from 18.83 to
28.97 mg/kg.

Lead accumulation capacity (in descending
order): roots > leaves = stems > flowers = seeds
(see Fig. 1, c). Most researchers who have
studied the distribution of lead in the organs of
various plant species report the predominant
accumulation of the element in roots [13]. We
also noted this pattern: lead accumulation during
cultivation on experimental soil occurs in all
organs of soybean. The concentration of lead
in the roots of soybean grown on experimental
soil was higher by more than 2.5 times relative
to the control. The minimum concentration of
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Puc. 1. Coneprxanue 1TuHKA (@), Meau (6) M CBUHIIA (6) B OpraHax cou (CpeIHee) B 3aBUCUMOCTH OT arpogoHa.

31mech U B puUC. 2—5 pa3inuuus ¢ KOHTPOJIEM JOCTOBEpHBI mpH p < 0,05

Fig. 1. The content of zinc (a), copper (b) and lead (c) in soybean organs (average) depending on the

agricultural background

*Here and in Figs. 2-5 differences with control are significant at p < 0.05

*Rogozhin V.V., Rogozhina T.V. Practicum on physiology and biochemistry of plants: a textbook. SPb.: GIORD, 2013. 352 p.
*Kabata-Pendias A. Trace elements in soils and plants. L.: CRC Press, 2011. 505 p.
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lead was established in the generative organs
of soybean, which indicates the protective
mechanisms that prevent the accumulation of
heavy metals in the seeds of plants.

Accumulation of heavy metals leads to
increased oxidative stress, markers of which are
MDA content and peroxidase test. The analysis
showed a significant increase in specific
peroxidase activity in most organs of cultivated
and wild soybean (see Fig. 2).

MDA content in cultivated soybean
significantly increased in the stems at the
first triplet leaf phase and in the roots at the
flowering phase; in wild soybean, it increased
in the leaves, stems, and roots at the first triplet
leaf phase and in the stems at the flowering
phase (see Fig. 3).

In the course of the studies, it was found
that soybean flowers were characterized
by maximum specific activity and high
heterogeneity of acid phosphatase (see Fig. 4,
A). When growing cultivated and wild soybean
on control soil, six and five forms, respectively,
were detected in the flowers. Growing soybean
on experimental soil resulted in an increase
in the specific activity of acid phosphatase in
flowers of cultivated soybean and a decrease
in wild soybean. At the same time, the number
of forms of the enzyme increased for wild

a
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soybean (a new form of KF10 was noted) and
remained stable for cultivated soybean (see
Fig. 4, B). A significant increase in specific
activity of acid phosphatase in leaves (1.7 and
1.4-fold) and roots of cultivated soybean (1.4
and 1.6-fold) during the first triple leaf phase
and flowering, respectively, was observed. The
number of forms of the enzyme also increased:
a new form of KF5 (first triplet leaf) was
detected in roots, KF10 in leaves, and KF9 in
roots (flowering). Seeds were characterized
by minimal activity. Cultivation of cultivated
soybean on experimental soil led to an increase
in specific activity and a number of multiple
forms of acid phosphatase in seeds; a new form
of the enzyme, KF4, was noted (see Fig. 4, B).

For wild soybean, a decrease in the specific
activity of acid phosphatase in leaves, stems,
and roots during the phase of the first triplet
leaf was noted by 1.1; 2.5 and 1.8 times,
respectively, and in flowers by 1.2 times.
New forms of the enzyme in leaves (KF12),
roots (KF6, KF10) and flowers (KF10) were
revealed. An increase in the specific activity of
the enzyme was observed in leaves and stems
of wild soybean during the flowering phase by
1.5 and 2.6 times, respectively, and in seeds,
which correlates with the appearance of a new
form of the enzyme in leaves and seeds (KF5)
(see Fig. 5).
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Puc. 2. YnenbHast akTHBHOCTH TIEPOKCUIA3bI B Pa3IMYHBIX OpraHax KyJbTypHOU (@) 1 AuKoi cou (6) B
(azy nepBOro TPOHYATOTO JINCTA, IBETCHUSI U TUIOAOHOIICHHSI

Fig. 2. Specific activity of peroxidase in various organs of cultivated (a) and wild soybean (b) in the

phase of the first trifoliate leaf, flowering and fruiting
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Fig. 3. The content of MDA in various organs of cultivated (a) and wild (6) soybeans in the phase of the
first trifoliate leaf, flowering and fruiting
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Puc. 4. YnenvHast akTHBHOCTb (A) 1 cxeMbl dH3UMOrpamM (5) kucioit Gocdarasbl B pa3nmiuuHbIX OpraHax

KYJBTYPHOU cOH B (Daszy mepBoro Tpolvaroro jucra (a), uereHus (0) u miogoHoueHus (B):
1 — mucths; 2 — cTebnu; 3 — kopHH; 4 — BETKHU; 5 — cemena. CTpelika yKas3bIBaeT HampaBlieHHE dIeKTpodopesa (0T
Katoja K aHofy). CrpaBa ykazaHa HyMepanusl BEISIBICHHBIX (JOpM pepMeHTa

Fig. 4. Specific activity (4) and enzyme diagrams (B) of acid phosphatase in various organs of cultivated

soybean in the phase of the first trifoliate leaf (a), flowering (b) and fruiting (c):
1 —leaves; 2 — stems; 3 — roots; 4 — flowers; 5 — seeds. The arrow indicates the direction of electrophoresis (from
the cathode to the anode). On the right is the numbering of the identified forms of the enzyme

CONCLUSION wild soybean on the soil with increased content
of heavy metals, an increase in specific activity
of peroxidase in most organs of cultivated and
wild soybean was observed. The MDA content
in cultivated soybean increased significantly
only in the stems at the phase of the first triple
leaf and in the roots at the flowering phase; in

It was found that the cultivation of soybean
on soil with high content of zinc, copper and lead
leads to their accumulation in soybean organs.
The highest content of the studied metals was
found in the roots. When growing cultivated and
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Fig. 5. Specific activity (4) and schemes of enzymograms (B) of acid phosphatase in various organs of
wild soybean in the phase of the first trifoliate leaf (a), flowering (b) and fruiting (c):

1 —leaves, 2 — stems, 3 — roots, 4 — flowers, 5 — seeds. The arrow indicates the direction of electrophoresis (from the
cathode to the anode). On the right is the numbering of the identified forms of the enzyme.

wild soybean, it increased significantly in the
leaves, stems, and roots at the phase of the first
triple leaf and in the stems at the flowering
phase. Analysis of the specific activity of acid
phosphatase showed that the greatest activity
of the enzyme was in the flowers, which is
most likely due to the participation of acid
phosphatase in the mobilization of phosphate,
which is required in the processes occurring
at the flowering phase. In cultivated soybean
plants with increased content of zinc, copper
and lead in the soil, the specific activity of
acid phosphatase increased and new multiple
forms appeared: in leaves - KF10, in roots
- KF5 and KF9 and in seeds - KF4. For wild
soybean, a decrease in the specific activity of
acid phosphatase and an increase in the number
of multiple forms of the enzyme in leaves -
KF5 and KF12, roots - KF6 and KF10, flowers
- KF10, seeds - KF5 were generally observed.
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