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THE INFLUENCE OF GROWTH REGULATORS
ON ANATOMICAL STRUCTURE
OF SWEET CLOVER VEGETATIVE ORGANS
IN THE CONDITIONS OF AKMOLA REGION

Abstract. The influence of growth regulators on vegetative organs anatomy structure of sweet clover, culti-
vated in the Akmola region has been studied.

The results showed that growth regulators (seeds treatment by: Lignohumate B super Bio; Hanse Plant
Seedspor-C and Lignohumate BM potassium) increased the thickness of epidermis and primary cortex, the area of
the xylem vessels and the size of parenchymal cells in the stem anatomical structure. The use of growth regulators
changed the leaf anatomical structure. The vascular bundle area, the depth of sinuosity and the cells volumes of the
upper and lower leaves epidermis increased.

Key words: sweet clover, anatomical structure, growth stimulators, stem, leaf, epidermis.

Introduction. The use of plant growth regulators could stabilize a high level of yield and quality of
crop production. Determination of the application time and the correct concentration for treatment with
growth regulators allow regulation ofplant growth and development, improving resistance to unfavorable
environmental factors, and, as a result could increase the yield and product quality.

The use of growth regulators is focused on the solution of specific tasks for the production of agri-
cultural products, obtaining a given quality and quantity of products. In some agricultural sectors, as
vegetable growing, fruit growing, ornamental gardening, the use of plant growth regulators has become a
necessary agrotechnicalpractice.

The application of biological products leads to increased seed quality, activation of physiological and
biochemical processes at first germination stages; stimulation of root formation and increased root system
capacity. The observation showed increased the assimilation apparatus efficiency, the leaf surface area,
and biomass growth, the photosynthetic activity of agrocenosis. The increase in growth rates under the
influence of growth regulators improves the use of nutrients and increases the NPK content in the plant
green mass. The combined use of bacterial preparations and growth regulators for seed treatment provides
an increase in yield and biological resistance of plants [1, 2].

Humic acids are high-molecular substances with a different composition. The essential functions of
humic substances in the biosphere are: accumulative; transporting; regulatory; protective; physiological
[3]. When humic acids are used as growth stimulators the plant's physiological activity develops not
because of humic acids, but because of salts with monovalent alkali metals and ammonium. This is
because humic acids are insoluble and plants can not absorb the water. The salts of monovalent alkali
metals, as well as ammonium and humic acids, are soluble in water and become available to plants [4,5].
The mechanism of stimulating by humic substances and their physiological effect connected with the
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influence of humates on the energy metabolism of the cell, that leads to the activation of oxidative and
photosynthetic phosphorylation processes and the enhancement of the protein-synthesizing system [6,7].

Researchers in Akmola region studied the effect of sodium humate on the yield and quality of spring
wheat seeds (S.K. Memeshov, 2005) [8, 9], oil flax (A.A. Begalin, 2007) [10], buckwheat (A.A. Tlep-
paeva, 2009) [11]. Based on the results of these researchers, it was established that sodium humate has a
positive effect on plant growth and development, the photosynthetic potential of the plant, and a decrease
in the water-use ratio. Under the influence of sodium humate, the number and dimensions of the
conducting bundles in the anatomical structure of the stem and leaf, the thickness of the mechanical
tissue, the size of the parenchymal cells and the number of their layers were increased. The yield and
quality of grain are increased, the content of heavy metals in wheat grains is reduced [8-11].

The studies on the effect of growth regulators with microelements on the anatomical features of the
sweet clover cultivated in Akmola region have not been carried out.

The working goal. To study the influence of growth regulators on the vegetative organs anatomical
structure of sweet clover cultivated in Akmola region.

Methods of research. The object of research was sweet yellow clover variety Kokshetau 10. It was
developed by the North Kazakhstan Research Institute of Agriculture and authors: U.M. Sagalbekov,
S.Zh. Onalov, M.E. Kusainova, E.U. Sagalbekov. A complex hybrid variety created by the polycross
method from the limited open pollination of biotypes from Alsheevsky, Kokshetau, Omsk early ripening
and Siberian two varieties. The selection goal was the maximum yield of the vegetative mass, taking into
account the growth power, tilling capacity, seed productivity, winter hardiness, drought resistance and
quality of the forage weight [12].

The plant has a tap-root system, well developed with an expressed main root. Stems are upright, tall,
roundish, with a height of 90-125 cm. Branchiness is good and even. The form of the bush is vertical. The
tilling capacity is above average - 10-14 stems per bush. Leaf coverage is 42-48%, which is above the
average. Egg-shaped leaves, large, green; stipules are filiform-subulate, widened at the bottom. The
inflorescence is truss, fusiform, medium density. The color of the corolla is yellow. Pods are small, single-
seeded, dark gray with a transversely wrinkled surface. Seeds are small, kidney-shaped, greenish-yellow.
The weight of 1000 seeds is 2.1-2.6 g. [12].

Field experiments conducted in 2015-2017 in "North Kazakhstan Scientific Research Institute" LLP,
Akmola region, Zerendinsky district.

Meteorological conditions of overwintering, growth, and development of perennial grasses for 2014-
2015 should be considered as arid. During the vegetation period, there were 268.4 mm of precipitation at
an average long-term norm of 327.2 mm.In 2015-2016 the total precipitation was 446.5 mm, which had a
favorable effect on the growth of perennial grasses. This year, during the vegetation period there were
338.7 mm of precipitation, which should be considered at the level of the average long-term rate. Over the
three study years (2015-2017), the first year is arid, the second year is favorable, and the third one at the
level of the average annual data.

The soil is represented by chernozem with medium humus, with a depth of humus horizon of 25-
27 cm and average humus content of 4.01%. There is 3.21 mg of nitrate nitrogen and 35.0 mg of
potassium per 100 g of topsoil. Consequently, the content of nitrogen is high; the content of phosphorus is
average; the content of potassium is high. The soil texture is heavy loam, the bulk weight in plough layer
is 1.19 g/em’, and about 1.30 g/cm’ in a meter-deep layer. Permanent wilting moisture is 12-13%.

Field experiments were in three replications. The applied agricultural technology was zonal. The area
of the pilot plot was 15 m?, the location of the plots was randomized. Forecrop is fallow tillage. Seeding
date was 16th of May. Seeding was carried out by selective seeder; the seeding depth was 2-3 cm.

Method of seeding was in rows and wide-rows; row spacing was 75 cm. Seeding rate for the wide-
row method was 8.0 kg/ha. The following three growth stimulators were used for seed treatment:
Lignohumate B super Bio (2.5 ml/l), Hanse Plant Seedspor-C (1.0 ml/l), Lignohumate BM potassium (2.5
ml/l). Seed treatment by growth stimulators was carried out 12 hours before seeding, followed by drying.

Growth regulators were used for the preseeding treatment of yellow sweet clover seeds.

The experimental design included the following variants:

1 — control (water seed treatment );

2 — seed treatment by Lignohumate B super Bio;
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3 — seed treatment by Hanse Plant Seedspor-C;

4 — seed treatment by Lignohumate BM potassium.

Anatomical studies were carried out in the flowering phase according to the accepted method.
To study the features of the anatomical structure, the works of M.L. Prozina and W. Braune were used.
[13; 14]. Statistical processing of morphometric indicators was carried out by the method of G.F. Lakina
(1990) [15].

Results of the research and discussions. In these experiments, the authors compared the vegetative
organs anatomical structure of variety Kokshetau 10 sweet clover, selected from the control variant
without growth regulators, with anatomical structures of the vegetative organs selected from the variants
where growth regulators have been used.

Transversal section of Kokshetau 10 sweet clover stem consists of the epidermis, primary cortex, and
central cylinder.

The anatomical structure of the stem associated with those essential functions that it performs. The
stem connects such important vegetative organs as roots and leaves. It provides movement of water and
minerals from roots to leaves and the movement of organic matter from leaves to roots [16].

The movement of these two mutually opposite currents of fluid is facilitated by well-developed
conductive tissues in the stem. Strengthening of the stem is carried out by various mechanical tissues and
their particular arrangement. Exodermis protect the plant from the adverse effects of the environment. The
stem may have well-developed parenchyma tissue, where nutrients can be deposited. In addition to per-
manent tissues, the stems have formative tissues that ensure the growth of stem in length and thickness [16].

The anatomical structure of sweet clover stem has the following structure: three types of tissues -
exodermis, parenchyma and conductive. The epidermis of the sweet clover stem has a relatively small
number of stomata. The primary cortex is located directly under the epidermis. The outer layer of the
primary cortex is the mechanical tissue of collenchyma; its cells contain chloroplasts. Chlorophyll-bearing
parenchyma of the primary cortex lies under the collenchyma. The innermost layer of the primary cortex
is endoderm. It is weakly expressed in the stems; its cells are filled with starch grains, which is why this
layer was called starch sheath.

The outer layer of the central axial cylinder is a pericycle, which is often expressed by one or more
layers of sclerenchyma of pericyclic origin. The rest of the central axial cylinder is filled with paren-
chyma, and fibrovascular bundles are located in one circle. Conducting bundle is open. In the transverse
section, the presence of large fan-shaped conductive bundles surrounded by sclerenchyma was noted
(figure 1). The bundles located close to each other, provide significant strength.

In the internal structure of the sweet clover stem selected from the control variant without growth
regulators, the thickness of the epidermis is 7.3 £ 0.66 um, the thickness of the primary cortex is
22.66 + 1.08 pum, the area of the xylem vessels is 4.65 + 0.6 x 10° mm’, the dimensions of parenchymal
cells of the core is 37.00 = 2.14 / 35.65 + 1.65 um (table).

There is an increase in the anatomical structure of plants selected from variants using growth
regulators. In the variant with the treatment by Lignohumate of Brand B, super Bio, the thickness of epi-
dermis and primary cortex, the area of xylem vessels and the size of parenchymal cells of the core were
increased, as well as the number of their layers.

Table 1 — The effect of growth regulators on the stem anatomical structure of sweet clover Kokshetau 10

The thickness The thickness Area of xylem Dimensions
Ne Variants of epidermis, of primary vessels of parenchymal cells
pum cortex, pm 107 mm? of the core
1 | Control (water seed treatment) 7.3+£0.66 22.66 £1.08 4.65+0.6 37.00£2.14/35.65+1.65
o | Seed treatment by Lignohumate B 8.66+1.01 31.33£1.01 5114040 | 37.0142.36/37.9643.15
super Bio
3 | Seed treatment by Hanse Plant 8.00.88 27.3341.19 6.53:098 | 38.61+1.94/37.1842.07
Seedspor-C
4 | Sced treatment by Lignohumate BM | g 33, 7 32.0:0.88 6.8140.96 | 40.06+1.87/39.26+1.69
potassium
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An increase in anatomical parameters of the stem is observed on the plants selected from variants
with Hanse Plant Seedspor-C seed treatment and Lignohumate BM potassium seed treatment (table,
figure 1).

PTC

ET PTC

C D

Figure 1 — The stem anatomy:
A — control (water seed treatment); B — treatment by Lignohumate (B super Bio);
C — seed treatment by Hanse Plant Seedspor-C; D — seed treatment by Lignohumate BM potassium.
et — epidermic tissue; pc — primary cortex; cb — conducting bundle; ptc — parenchyme of the core

Under the influence of growth regulators (seed treatment by Lignohumate (B super Bio); seed
treatment by Hanse Plant Seedspor-C; seed treatment by Lignohumate BM potassium) the thickness of
epidermis and primary cortex, the area of xylem vessels was increased; the size of parenchymal cells of
the core and the number of their layers, too.

The strength of the clover stem is determined by the presence of a considerable number of collen-
chyma, as well as some conducting bundles. In our study, it was established that evaluation of lodging
resistance, based on the study of stem anatomical structure, is useful for legumes, for which the only way
to test lodging resistance was field assessment, which does not always makes it possible to determine the
level of manufacturability in unregulated environmental conditions.

The anatomical structure of photosynthetic organs was considered on the example of middle leaves.

Cells of the upper and lower epidermis are round-polygonal, slightly sinuous; numerous stomata are
located on both sides of the leaf blade, there are considerably more of them on the underside. The guard
cells of stomata are surrounded by 3-4 perosteic cells, the anomocyte type of stomatal apparatus. Along
the broad veins, there is a crystal-bearing lining, which contains prismatic crystals of calcium oxalate. As
a rule, small veins are not accompanied by a crystal-bearing lining. There two types of hairs: common and
2-3 cell hairs.

The difference in form and volume of the upper and lower epidermis cells of the leaves was noted. In
the variants with the use of growth regulators, the depth of sinuosity and cell volumes of the upper and
lower epidermis of plant leaves were increased (figure 2).
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1 2

Figure 2 — Sample of Sweet clover leaf (x280):
A — control (water seed treatment); B — seed treatment by Lignohumate (B super Bio);
C — seed treatment by Hanse Plant Seedspor-C; D — seed treatment by Lignohumate BM potassium.
1 — epidermis of the leaf upper side; 2 — epidermis of the leaf bottom side
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The transverse section of the leaf blade consists of exodermis, parenchyma, and conductive tissues
system. The mesophyll is differentiated into the palisade and spongy parenchyma. The palisade tissue
consists of cells elongated in a direction, perpendicular to the surface of the epidermis and it is repre-
sented by two rows of cells. The cells of the palisade parenchyma have a prismatic shape. The rest of the
mesophyll consists of the loose spongy parenchyma. Conducting bundles are collateral; the xylem is
located in the upper part of the leaf blade, phloem is located in the lower part. The mechanical tissue is
located in the bottom and upper side of the conducting bundles. (figure 3).

The area of the central conductive bundle of the leaf blade, selected from the control variant during
the flowering phase was 47.03 £ 1.38 x 10° mm®. In the variant with the treatment of seeds by Lignohu-
mate B Super Bio, it was 50.82 + 2.12x10” mm’. An improvement in anatomical parameters is observed
in the variants treated by Hanse Plant Seedspor-C (52.84 + 2.09x10°mm?) and seed treatment with
Lignohumate BM potassium (53.07 £ 2.90x10”mm?).

C

Figure 3 — The leaf anatomical structure
A — control (water seed treatment); B — seed treatment by Lignohumate (B super Bio);
C — seed treatment by Hanse Plant Seedspor-C; D — seed treatment by Lignohumate BM potassium.
use — upper epidermis; be — bottom epidermis; pm — palisade mesophyll; sm — spongy mesophyll; cb — conducting bundle

Conclusion. On the base of obtained results could be concluded that the area of the central con-
ducting bundle increases under the influence of plant growth regulators.

The positive effect of plant growth regulators on the features of the anatomical structure of sweet
yellow clover was determined. Under the influence of growth regulators the thickness of the epidermis
and primary cortex, the area of the xylem vessels and the size of the parenchymal cells of the centrum, as
well as the number of their layers were increased. In the anatomical structure of the leaf in variants with
the growth regulators application, the conducting bundles' area, the sinuosity depth and the volumes of
cells of the upper and bottom epidermis of plant leaves were increased.

— 10 ——
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M. H. CyparaHOB', C. K. Mememos?, X. I. SInuesa’, I1I. H. IlpreKﬁaeBa2

'Kasak WITTBIK arpapJiblK yHUBepcuTeTi, AnmaTel, KasakcraH,
’[1I. YonuxaHoB athiHiarel Kexmeray Memexertik yuusepcnreti, Kasakcran,
3 ArpapiibIk yauBepcuteti, [Lnosus, Bonrapus

AKMOJIA OBJIBICHI JKAFJIAMBIHJIA TYWUEKOHBIIKAHBIH BETETATUBTIK
MYIEJEPIHIH AHATOMUAJIBIK KYPBIJIBICBIHA OCY PETTEYILITEPIHIH 9CEPI

AHHOTaUMsA. AKMOJIa OOJBICH JKaFIaibIHAA TYHEKOHBIITKAHBIH BET€TATUBTIK MYIIEICPiHiH aHATOMUSIIBIK KY-
PBUIBICBIHA ©CY PETTEYIIITEPiHIH dcepi 3epTTEN/Ii.

Ocy perteyimrtepiniy ocepineH (Tykbimasl Mapka b cynep buo JlurHorymareiMeH eHzey; TyKbiMabl Hanse
Plant Seedspor-C enzey; TykbiMabsl BM kanuiini JIurHoryMaTbIMeH OHJIEY) 6CIMIIK cabarbIHbIH aHATOMUSUIBIK KYy-
PBUIBICHIH/IA STHICPMA JKOHE AJIFAIIKBI KAOBIK KAJIBIH/IBIFBI, KCHJIEMa TYTIKTEPiHIH ay/aHbl )KOHE ©3EKTIiH MapeHXUMa
KJICTKAJIAPBIHBIH MOJIIIEpi apTaasl. OCy peTTeyillTepi KOJAaHbUIFAH BapHAHTTAP/AA JKAIBIPAKTHIH aHATOMHSIIBIK
KYPBUIBICBIH/IA OTKI3TIlI HIOKTAPIIBbIH ayAaHbl, )KOFApPFbl KOHE TOMEHTI SMUIAEPMHUC KIIETKAIAPBIHBIH MOJIEepi MeH
KJIETKa KaOBIKIIAIAPBIHBIH HPEKTLUTIT] apTabl.

TyiiiH ce3aep: TYHEeKOHBINIKA, aHATOMISUTBIK, KYPBUIBICHI, 6CY PETTEYIlTepi, cadaK, KarbIpak, SMUICPMHC.
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M. H. Cyparanos', C. K. Mememos?, X. I. Sluuena’, I1I. H. Jlypmexéaena’

'Ka3axckuii HalMOHABHBIIH arpapHsIil yHHBepcuTeT, Anvarsl, Kazaxcras,
2KoxuleTayCKHP”I rocynapcTBeHHbIN yHuBepcuteT uM. [11. Yanuxanosa, Kazaxcran,
Arpapsslif yauBepcureT, [1lnosaus, bonrapus

BJIMSIHUE PET'YJISITOPOB POCTA HA AHATOMUYECKOE CTPOEHHUE
BET'ETATUBHBIX OPTAHOB JOHHHUKA B YCJIOBHUAX AKMOJIMHCKOHN OBJIACTH

AnHOTanusi. V3ydeHO BIIMSIHHE DPETYNSTOPOB POCTa Ha aHATOMHYECKOE CTPOCHHE BETETATHBHBIX OPraHOB
JIOHHHMKA B YCIIOBUSX AKMOJIMHCKOW 001acTH.

ITox BmustHEEM perynsTOpoB pocTa (00padoTka cemsiH JlurHorymarom Mapxka b cymep bro; o0paboTka cemsH
Hanse Plant Seedspor-C; o6pabotka cemsH Jluraorymarom BM KanuifHBIM) B aHATOMHYECKOM CTPOSHHH CTEOIIS
YBEIMUYMBAIOTCS TOJIIMHA SIUACPMbI M IIEPBUYHON KOPBI, IIIOIIA/Ab KCHIEMHBIX COCYIOB M Pa3Mephl MapEHXUMHBIX
KJIIETOK CEp/ILEBUHBI. B aHaTOMHYECKOM CTPOCHMH JIMCTA HAa BapUaHTaX ¢ MPUMEHEHUEM PEryJIATOPOB POCTa YBEIH-
YEHBI IUIONA/b MPOBOASAIINX ITyYKOB, INIyOMHA U3BHUINCTOCTH M 0OBEMBI KJIETOK BEPXHEr0 M HHXKHETO 3MUAECPMHUCA
JINCTHEB PACTEHU.

KaioueBble ci10Ba: TOHHHUK, aHATOMHYECKOE CTPOCHUE, CTUMYJISATOPBI POCTA, CTEOEIb, JIUCT, AUAESPMUC.
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