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PLANT GROWTH AND BIOLOGICAL PRODUCTIVITY
AFTER PROCESSING WITH MICROELEMENTS

Abstract. In laboratory conditions, the effect of sodium selenite and a mixture of sodium selenite and zeolite on
the growth and biological productivity of peas was investigated. The soil was examined after harvesting. It was
shown that the addition of both sodium selenite and the mixture of sodium selenite with zeolite to the soil with
irrigation affects the development of the root system - the length of the main root in the first case increased by
16.5%, the height of the stems 30 days after planting was 29% more in comparison with the control variant, and in
the second case, the length of the main root increased by 18.5%, the height of the length of the stems increased by
24% than that of the control. Processing of peas with microelements also caused a stimulation of the reproduction
system: an increase in the number of inflorescences by 3 times and the number of beans in 3.4 times compared with
the control. A 160-fold decrease in the selenium content and the introduction of zeolite did not cause a large
difference in the obtained results (except for the number of beans - with the addition of zeolite, the number of beans
increased by 8%). Biochemical indicators of pea biomass showed an increase in dry matter, in sugar content by
28.8%, but a decrease in crude protein by 17.7%, a decrease in carotene by 17.5%, nitrogen by 18% (when irrigated
with sodium selenite). When treated pea with sodium selenite and zeolite, the sugar content increased by 85.5%, but
it was observed a decrease in crude protein by 9.5%, in crude fat - by 16.5%, a decrease in carotene by 31.2%, a
decrease in nitrogen by 9.4%. Analysis of the soil after harvesting showed in the option with the addition of sodium
selenite a decrease in the amount of humus by 6.5%, mobile potassium by 18.5%, but an increase in mobile
phosphorus by 6.6%, mobile calcium by 2.7%. In the option with the introduction of the mixture of sodium selenite
and zeolite, no decrease in humus was observed, the content of mobile potassium decreased by 10.8%, the content of
mobile phosphorus increased by 9.8%, mobile calcium by 3.5%. The acidity of the soil has not changed.

Keywords: peas, watering, sodium selenite, zeolite, development, productivity, biochemical parameters, soil.

Introduction. The issue of studying the influence of microelements on plants has always been
relevant for plant physiology. Of great interest is the role of microelement of selenium in plants. This is
caused by the current environmental problem - a deficiency of selenium in animal feed and human food,
which causes many serious diseases [1-3].

There is little data on the effect of selenium compounds on plant growth and development and they
are contradictory. Selenium in low concentrations is essential for plants. However, the need for it is
determined by the species and varietal characteristics of plants, since in some cases even low
concentrations of selenium do not have a positive effect on the growth, development, and productivity of
some crops [4,5].

For example, the use of presowing treatment of spring wheat seeds with selenium contributed to an
increase in grain yield. A significant effect of seed treatment with selenium on photosynthetic indicators
and the nature of donor-acceptor relations of plants under different conditions of water supply was noted
[6,7]. Under the action of selenium (2.5 mg/kg of soil), seed germination and grain yield increased. Signs
of toxicosis occurred at doses greater than 8 mg/kg.
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An increase in the resistance of plants to stress factors under the selenium action is confirmed by
experiments on treating eastern galega with sodium selenate of different concentrations against heat and
salt stresses, as well as by determining the resistance of nodule bacteria to prolonged hypothermia when
selenium is introduced into the soil [8 -11].

The study of new starting material is always relevant in view of the fact that the quality of the starting
material always determines the effectiveness of selection [12].

The lack of selenium in plants is compensated by fertilizers in the form of selenites and selenates
introduced into the soil. It has been shown that sodium selenite was the most active form of fertilizer. In
cereals and fodder crops, selenium is converted primarily to selenomethionine. It is incorporated into
proteins instead of methionine [13].

Some scientific experiments have resulted that the use of sodium selenite promotes an increase in not
only nitrogen, but also potassium in barley plants and their accumulation in grain [14 - 16]. It was found
that selenium enhances the synthesis of free amino acids in cereals, which confirms the physiological
significance of this element for plants.

Currently, to increase productivity, along with selenium, the zeolites are used both as an independent
fertilizer and as the mixture with mineral fertilizers. Zeolites as active natural sorbents absorb, retain for a
long time and gradually release absorbed nutrient ions into the environment. Part of the nitrogen in the soil
is fixed by zeolite grains and is kept from leaching. The nitrogen bonded with zeolite is used by plants
gradually, throughout the growing season. Also, natural zeolites absorb elements poisonous to plants from
the soil, such as mercury, lead, cobalt, etc. and improve the ion-exchange and adsorption properties of
soils. [17-21].

The aim of this work is to show in laboratory conditions the effect of sodium selenite and the
mixture of sodium selenite and zeolite on the morphogenesis and biochemical parameters of peas and soil
conditions after harvesting.

To achieve the aim, the following objectives were set:

1. to show the impact of sodium selenite and the mixture of sodium selenite and zeolite on the
development of pea shoots;

2. to determine the biochemical parameters of the green mass of peas;

3. to investigate the composition of the soil after harvesting peas.

Materials and methods of the research. To set up the experiments, there were used pea of the
Triumph variety; 30 peas were placed in wooden containers with 8 kg of universal soil (GOST R 53381-
2009). Sodium selenite (TS 6-09-17-209-88) was added to the soil in the form of 800 ml of an aqueous
solution with a concentration of 0.056%, with which plantings were watered 5 times throughout the season
at intervals of 15 days (experiment 1). In experiment 2, watering was carried out with an aqueous solution
(480) ml of sodium selenite and zeolite (TS 2163-077-05766575-99) with 0.025% concentration. The
experiments were carried out at a temperature of 20-25 °C in four series, threefold repetition. The height
of pea shoots was measured 30 days after planting, the number of inflorescences was determined 60 days
after planting, the number of beans and the length of the main root was determined after 76 days, the
content of biochemical substances was defined in slices of greenery and fruits 76 days after planting. The
results of the experiments are summarized in tables 1,2,3, figures 1,2,3. To obtain agrochemical
parameters, the methods described in [22] were used.

Carotene was determined with the photometric method by extraction with petroleum naphtha and
photometry of colored solutions [22].

Nitrogen and crude protein were determined by mineralizing the sample with boiling sulfuric acid in
the presence of a catalyst to form ammonium sulfate, adding excess sodium hydroxide to the cooled
mineralizate to disengage ammonia, distilling and titrating the disengaged ammonia, calculating the mass
fraction of nitrogen in the test sample and recalculating the mass fraction of crude protein.

Crude fat was determined by continuous extraction with sulphuric ether (according to Soxhlet).

Sugar was defined by the photometric method, based on the interaction of carbonyl groups of sugars
in alkaline medium with potassium ferricyanide and measuring the optical density of the resulting solution
with a photoelectric colorimeter.

Humus in the soil was specified by oxidation of organic matter with a solution of potassium
bichromate in sulfuric acid and the subsequent determination of trivalent chromium, equivalent to the
content of organic matter, on a photoelectric colorimeter.
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Exchange calcium was determined by the chelatometry by titration with Trilon B at pH of 12.5-13.0
using acid dark blue as an indicator of chromium.

Mobile phosphorus and potassium were determined by extracting phosphorus and potassium from a
sample weight with hydrochloric acid of 0.2 mol/dm’ concentration and then determining the mobile
compounds of phosphorus using photoelectric colorimeter and potassium - using a flame photometer.

Total nitrogen was determined by the photometric method by mineralization of the sample by heating
with concentrated sulfuric acid in the presence of hydrogen peroxide, followed by measuring the optical
density of the colored indophenol compound formed in the alkaline medium during the interaction of
ammonia with hypochlorite and sodium salicylate.

Humic acids were specified by treatment of the sample with an alkaline solution of sodium
pyrophosphate, subsequent extraction of the sample with a sodium hydroxide solution, precipitation of
humic acids with an excess of mineral acid, and determination of the mass of the obtained precipitate.

Research results. The analysis of the obtained data (table 1, figure 1) indicates that the addition of
both sodium selenite and the mixture of sodium selenite with zeolite to the soil with irrigation affected the
development of the root system, which, having a higher absorption capacity, probably contributed to more
intensive consumption of nitrogen and this could have a positive effect on the formation of pea
productivity. So watering with sodium selenite (ex. 1) caused an increase in the length of the main root by
16.5%, and watering with the mixture of selenite and zeolite (ex. 2) - by 18.5%. Besides, stimulation of
the growth and development of pea was observed in comparison with the control: the length of the stems
(ex.1) 30 days after planting was 29%, and in ex. 2 — 24% higher than that of the control. Apparently, this
can be explained by the intensity of photosynthesis and a strong increase in the overall biological activity
of the soil.

Control Experiment 1 Experiment 2

Figure 1 - The height of the pea stems after planting after 30 days

Table 1 - Average phytotesting data for various concentrations of mineral additives

No of Watering Added to 1 kg of Germina Height of Number of Number of Length of
ex. soil per season, mg tion the shoots inflorescences | beans after the main
£ 2 ° after 15 after 30 after 60 days, 76 days, root after 76
2 g :; days, % days, cm pes. pcs. days, cm
3 | N
Control Water - - 89.2 26.05 13.3 10.3 9.14
1 Sodium 7.5 - 80.8 33.65 39.75 33.75 10.65
selenite +
water
2 Sodium 0.047 4.653 91.7 32.2 39.5 36.5 10.83
selenite +
zeolite +
water

The treatment of pea with sodium selenite and the mixture of selenite and zeolite also stimulated the
reproduction system: an increase in the number of inflorescences by 3 times and the number of beans by
3.4 times compared to the control (figure 2). It should be noted that a 160-fold decrease in the selenium
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content in experiment 2 compared to experiment 1 and the introduction of zeolite did not cause a big
difference in the experimental results (except for the number of beans increased by 8% compared to
experiment 1).

The biochemical indicators of pea biomass are given in table 2 and figures 3, 4. The results showed a
gain in dry matter in experiments 1 and 2 compared with the control (figure 3), an increase in sugar
content: in ex.1 by 28.75%, in ex.2 by 85.54% (figure 4) - apparently, this is connected with the activation
of photosynthesis or increased sugar transport under the action of selenite and zeolite, but a decrease in
crude protein was noted: in experiment 1 - by 17.7%, in experiment 2 - by 9.5%. It was noted in the work
[15] that selenium can stimulate or inhibit protein biosynthesis in a plant depending on conditions, a form
of the compound, and its concentration. Evidently, in our conditions, protein synthesis was inhibited.
There was also a decrease in crude fat - by 16.5% in ex.2, a decrease in carotene in ex.1 by 17.5% and in
ex.2 - by 31.2% compared with the control. The nitrogen content declined in ex. 1 by 18%, in ex. 2 - by
9.4%. This is possibly due to the influence of selenium and zeolite on the development of the root system,
which, having a greater absorption capacity, consumed nitrogen more intensively, and used it more
efficiently.

Figure 2 - Inflorescences and beans of Triumph pea cultivar (Experiment 2)).

Table 2 - Biochemical indicators of pea

No. Crude protein,% Crude fat,% Nitrogen,% Carotene, mg/kg
Control 26.70 4.11 4.27 77.11
Experiment 1 21.88 4.16 3.50 63.65
Experiment 2 24.17 343 3.87 53.04
2 12
5 Sugar %
T4 10
&2 8
10
8 - 6
. 5
2 4 2 4
0 - T T T \
Control Experiment Experiment 0 -
1 2 Control Experiment1 Experiment2

Figure 3 - Dry matter content in peas Figure 4 - Sugar content in peas.

After harvesting, the soil was analyzed. The data in table 3 indicate that the content of humus in the
soil decreased by 6.5% after the application of selenite (ex. 1) and did not change after the introduction of
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selenite with zeolite (ex. 2). Options for laboratory experiments with the introduction of sodium selenite
and the mixture of zeolite and sodium selenite are characterized by the enhanced content of mobile
phosphorus by 6.6% (ex. 1), by 9.8% (ex. 2), mobile calcium by 2.7% (ex. 1), by 3.5% (ex. 2) compared
to the option without additives. Apparently, selenium and zeolite introduced into the soil affect the
mobility of chemical elements, increasing or decreasing their level, availability for plants. It should be
noted that the level of mobile potassium decreased by 18.5% in experiment 1 and by 10.8% in experiment
2 compared with the control. The soil acidity after the introduction of additives has not changed. The
positive impact of selenite and zeolite on soil properties is also expressed in the increased content of total
nitrogen by 7.4% (ex.1), by 31% in ex.2, the humic acids by 12.6% (ex.1), by 7 % in ex. 2 compared with
the control.

Table 3 - Physico-chemical parameters of the soil after harvesting

Mobile Mobile Total Humic Exchange
No. Humus,% phosphorus, potassium, mg/kg nitrogen, acids, calcium, pH
mg/kg of soil of soil mg/kg mg/kg mmol/kg
Control 16.93 266.8 135.5 6.8 218.3 222.5 6.68
Experiment 1 15.83 284.5 110.5 7.3 245.8 228.5 6.53
Experiment 2 17.1 292.8 120.8 8.9 223.5 230.5 6.50

Conclusion. In such a way, it was found that 5-fold watering of pea seedlings during the season under
laboratory conditions with aqueous solutions of sodium selenite and the mixture of zeolite and selenite
stimulates the growth and development of the plant, stimulates the pea reproduction system, increasing the
number of inflorescences by 3 times and the number of beans in 3,4 times compared with the control. The
introduction of microelements sodium selenite and zeolite ambiguously affects the biochemistry of pea:
the sugar content sharply increases, but crude protein, crude fat, and carotene decrease compared to the
control. Analysis of the soil after harvesting showed an increase in mobile elements - phosphorus and
calcium, an increase in the content of total nitrogen, humic acids, but a decrease in the level of mobile
potassium compared with the control experiment.
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MUKPOSJIEMEHTTI KOCHAJIAPMEH OHJIEYJIEH KEMIHI'T ©CIMIIKTEPJIIH
OCYI MEH BHOJIOT'UAJIBIK OHIMAIJIIT'T

AHHOTaUMA. 3epTXaHANBIK JKaFaaia HAaTPUd CEJICHUTIHIH KOHE HATPUH CENCHHWTI MEH IICOJUT KOCTACHIHBIH
OYpITAKTBIH ©CYyiHE JKOHE OWOJOTHSUIBIK OHIMAUIITiHE ocepi 3eprrenni. ETiH KWUHATFaHHAH KEWiH TOMBIPAK
tekcepinai. Cyapy Ke3iHIE HATpHd CEJEHWTIHIH e, HaTPUH CENEHWTIHIH A€ IEOJIMT KOCMACHIHBIH TOIBIPAKKa
KOCBUTYBI TaMBIp )KYHECIHIH JlaMyblHa 9Cep €TeTiHI KOpPCETUIreH - OipiHII KaFaaiiia Heri3ri TaMbIPIbIH Y3bIHIBIFbI
16,5%-ra ecri, oteipreizynan 30 KYH ©TKEH COH cabaKTapblHbIH OMIKTIri Oakpulay HYCKAChIMEH CalIBICTBIPFaH/ia
29%-ra xem OOJIbI, ayl CKiHIII JKarmaiia HeTi3ri TaMBIPABIH Y3BIHABIFEI 18,5%-Fa ecTi, ca0akThIH Y3bIHJIBIFBI
OakpUIayMeH canbicThipraHna 24%-ra ecTi. BypimakTel MHKpPO3JIEMEHTTEPMEH €MICY PEIpOIyKTUBTI JKYHEHI
BIHTATAHABIPJBI: OaKbIAYMEH CaIBICTHIPFAHIA COLIBETHUS CAHBIHBIH 3 ece XoHe OYpIIaK CaHBIHBIH 3,4 ece apTyshl.
Cenen memmepiniH 160 ece ToMEHIEY1 KoHE IICOTUTTI SHTI3y HOTIKENIEPAC YIKEH ablpMAIIbUIBIKTEI TYIBIPMAIbI
(Oypmmak caHBIH KOCIaFraHOa - IICONUT KOCBUTFaH ke3ne Oypmrak caHbl 8%-fa ecti). bypmax OnomaccachiHBIH
OMOXMMUSUIIBIK KOPCETKIINTepl KYpFaK 3aTThIH, KAHT KYpaMbIHBIH 28,8%-Fa apTyblH FaHa eMec, IIUKi MPOTEHHHIH
17,7% - ¥a Temenzaeyid, kapoTurHiH 17,5%-ra, a30TTeIH 18%-Fa TeMeHIeyiH (HATpHUA CETICHUTIMEH Cyapy Ke3iHze)
KepceTTi. bypImakTel HaTpHU CeNEHUTIMEH JKOHE IIEOTUTIIEH OHeY Ke3iHe KaHT Memmepi 85,5%-Fa yiraiiapl, Oipak
MUK aKybs3AbIH 9,5% - Fa, mmki Maiaeig 16,5%-ra Temenaeyi, kapotuHHiy 31,2%-ra ToMeHeyi, a30TTeIH 9,4% - Fa
ToMeHeyl Oailikanipl. JKnHaynaH KeWiHTi TONBIPAaK Taijaybl HAaTpUW CEJICHWTI KOCBUIFAH HYCKaJa Kapaulipik
MemepiHiH 6.5%-Fa, XpUDKbIMaNbl KaauiaiH 18,5%-ra TeMmeHJereHiH, coHpail-aKk >KbUDKbIMAJB (HhochopabiH
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6,6%-¥a, KBIDKBIMATBI KanbIMHIIIH 2,7%-Fa 6CKeHIH KopceTTi. HaTpuii celeHHTI MEeH IEOJUT KOCTachl SHTi31UIreH
HYCKaJa KapamripikTiH TeMeHIeyi OaiKaiMmanbl, KbUDKbIMab!l Kamuit 10,8%-Fa TeMeHaei, >KBUDKBIMAIEL Gochop
9,8%-¥a, KbUDKbIMaJIbI KAIbLHH 3,5%-ra ecTi. TONBIPaKThIH KbIIIKBIIABIFEl ©3T€preH JKOK.

Tyilin ce3nep: Oypmiak, cyapy, HATPHHA CEJICHHUTI, LIEONUT, JaMy, OHIMIUIIK, OMOXMMHUSIIBIK KOPCETKIIITep,
TOTBIPAK.

H.A. )loﬁpOCMbchmBal, A.A. CazanoBa’ ,
B.I'. Cemenon’, K. Tyaey6aes’, 3.T. Ecuméexona®, I'. K. 3usiea’
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2LIyBaLucxaﬂ roCyapCTBEHHasl CENIbCKOXO03siicTBeHHas akaiemus, Yebokcapsl, Poccus;
3Tapa:scwu?l rocyaapcTBeHHbIl yHuBepcuTeT uM. M. X. [lynatu, Tapas, Kazaxcran;
4T0Bapl/ILlIeCTBO C OrpaHMYECHHOM OTBETCTBEHHOCTHIO «Ka3axckuit HayuyHO-UCCIeN0BaTENbCKUA HHCTUTYT
JKUBOTHOBOJZICTBA M KOPMOIPOU3BOACTBa», AnMaTsl, Kaszaxcran

POCT U BUOJIOTUYECKAS MPAYKTUBHOCTb PACTEHMIA
IHOCJIE OBPABOTKH MUKPOQJIEMEHTHBIM COCTABOM

AnHoTauusl. B maGopaTOpHBIX yCIOBHAX MCCIEAOBAHO BIFSIHHAE CEICHUTA HATPHUA M CMECH CEJIEHUTA HATPUS
W IIEOJIUTAa HAa POCT M OHMONOTHYECKYI0 NMPOAYKTHBHOCTH ropoxa. IlouBy ocmaTpuBamu mocie yOOpKH yposkas.
IToxazano, yTo mOoOaBIeHHWE KaK CEJICHWTA HATPHUA, TaK W CMECH CEJICHHTa HATPHUA C IIEOJIMTOM B IIOYBY IIPH
OpOIICHHH BJIMSET HA Pa3BUTHE KOPHEBOW CHCTEMBI - JUIMHA OCHOBHOT'O KOPHS B MEPBOM Cllydae YBEJIWYWIIACh Ha
16,5%, BbicoTa crebneii yepe3 30 mHeil mocie nocagku Obuta Ha 29% OoJbLIE IO CPABHEHHIO C KOHTPOJIBHBIM
BapHaHTOM, a BO BTOPOM CJIy4ae J/JMHA OCHOBHOTO KOpHsS yBenuuwiach Ha 18,5%, BbicoTa IJIMHBI cTeOnen
yBenmnumnack Ha 24% 1O cpaBHEHHIO ¢ KoHTpojem. OOpa0oTka ropoxa MHKPOIIEMEHTAMH TaKXKe BBI3BIBAJIA
CTUMYJIALIUIO PEPOJYKTUBHOW CHCTEMEBI: YBEIHUYCHHUE KOJMYECTBA COIBETHH B 3 pa3a u koiudecTBa 0000B B 3,4
pasa 1o CpaBHEHHIO C KOHTpojeM. 160-kpaTHOe CHM)KEHHE COJCp)KaHMs CelieHa M BBEJICHHE 1IE0JIMTa HE BBI3BAJIO
OOJIBIIION Pa3HUILI B TOJYYEHHBIX pe3yibTaTax (3a MCKIIOYEHHUEM KOJMYecTBa OOOOB - MpHU A00ABICHHH IICOJIUTA
Kor4ecTBO 0000B yBenmmumiock Ha 8%). bruoxummdeckue mokasarenn GMOMacChl TOpoXa IMOKa3aid YBEINICHUE He
TOJIBKO CYXOTO BEIIECTBA, CONEpKaHMs caxapa Ha 28,8%, HO U CHIKEHHE CHIpOTro mpoTenHa Ha 17,7%, cHIWXeHne
kapotuHa Ha 17,5%, a3ota Ha 18% (mpu oporieHnn ceneHnToM HaTpust). [Ipu 00paboTke ropoxa CelneHUuTOM HaTpus
U [EOJHNTOM COZEp)KaHHe caxapa yBeNIHYIHWBaIOCh Ha 85,5%, HO HabIrOmanocs CHIDKEHHE chiporo Oenka Ha 9,5%,
CBIPOTO Xupa - Ha 16,5%, cHkeHue kapotrHa Ha 31,2%, cHmKeHne a3oTa Ha 9,4%. AHaIN3 MOYBHI Mocie YOOPKU
MOKasaj B BapuaHTe C J00aBJICHUEM CEJICHUTa HATPHsl CHW)KEHHE KOJIMYeCTBa rymyca Ha 6.5%, IOJBM)KHOTO Kaius
Ha 18,5%, a Takke yBenuueHHe MOJBMXKHOTO (ochopa Ha 6,6%, TMOABIKHOIO Kanbius Ha 2,7%. B BapuanTe ¢
BHECEHHEM CMECH CEJIEHHTa HATPHs W LCOJITAa CHIDKCHUS TyMyca He HaOJI0/alloch, COJAEP)KaHUE IOJIBHIKHOTO
Kanusi cHu3wiock Ha 10,8%, coxeprkanne noxasmwxkHOro Qocdopa ysemuumnocs Ha 9,8%, MOIBIKHOTO KallbIHsA-HA
3,5%. KucIIoTHOCTh IOYBEI HE U3MEHUIIACK.

KiaroueBble c10Ba: TOpoOX, IOJIUB, CEICHUT HATPUS, IICOJIUAT, PA3BUTHE, MPOMYKTHBHOCTH, OMOXMMHYCCKHE
MOKa3aTeNH, I0YBa.
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