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Annotation

The influence of the composition of organic and mineral substrates on the
germination and development of rice varieties "Yantar", "Favorit”, "Aykerim"
grown on a rack hydroponic installation was studied.

Foam glass, perlite, mineral wool (agrowool), coconut substrate, and jute rug
were tested as substrates.

The influence of organic and mineral substrates turned out to be ambiguous
on different varieties of rice in terms of germination and biometric characteristics.
Agrowool substrates and coconut fiber substrates are the most favorable for
Aykerim and Favorit varieties. Perlite and foam glass substrates are universal, all
three varieties can be grown on them, but they are inferior in terms of biometric
indicators. The jute substrate turned out to be less favorable for the studied rice

varieties, moreover, it is completely unsuitable for the Yantar variety.
Key words: hydroponics; substrate; perlite; mineral wool; rice.

Introduction

The issues of the agrarian sector
of the Republic of Kazakhstan are
among the priority tasks of the
economy and state policy. Among the
problems  associated  with  the
cultivation of many types of crop
products, the leading role is played by
the environmental problems of soil
degradation, the provision of water
resources, the use of pesticides, and
others [1]. One of the environmentally
unfavorable types of crop production
IS rice growing, as it is excessively
water-intensive, given the growing
water shortage throughout Central
Asia [2,3].

However, despite these
problems, rice in the region has
always been one of the leading crops,
the production of which will grow
from year to year.

Material and methods

The work was carried out at the
"Center for Training Specialists for
the Development of Greenhouse
Farms" on the basis of the Kazakh
National Agrarian Research
University in Almaty.

It is possible to reduce the
adverse effects of rice growing only
through the search and application of
the latest technologies for growing
plants, in particular, the large-scale
use of hydroponics. At the moment,
rice is not grown anywhere in
hydroponics until the final stage of
vegetation, but it makes sense for the
future to study the best conditions and
possibilities of this technology for
rice, namely: to select the most
successful substrates and mineral
supplements.

The purpose of the work is to
study the effect of the composition of
organic and mineral substrates on the
germination and development of rice
varieties "Yantar", "Favorit",
"Aykerim" grown on a rack
hydroponic installation.

To study the effect of mineral
and organic substrates on the growth
of rice under hydroponic conditions,
the actively cultivated varieties
Aykerim, Favorit and Yantar were
selected. These varieties were chosen



due to the fact that they have a
number of differences from each other
in terms of cultivation requirements.

Rice wvariety "Yantar" was
created by hybridization of variety ST
101 (regenerated from Krasnodar
424)IM and variety 705 (Buran).
"Yantar" refers to the mid-season
group with a growing season of 114-
117 days. This variety is interesting in
that it has good resistance to
environmental stress factors [4,5].

Rice "Favorite" is the result of
hybridization of varieties Amethyst
and Yantar. It is also a mid-season
variety and the growing season takes
110-115 days [6].

The Aykerim rice variety is
domestic, which was bred by the
method of individual selection during

experimental mutagenesis from the
Marzhan variety. The vegetation
period of this plant is 110-115 days.
Variety "Aikerim" is mid-season,
high-yielding, salt-tolerant [7].

For different crops in
hydroponics, the correct selection of
the substrate is important, since it has
a different effect on the germination
of plants. Often the composition of
the substrate becomes variety- and
even species-specific. In grain crops,
foam glass, perlite, and mineral wool
are often used as substrates. There are
works on the use of organic substrates
from coconut and jute fibers (Figure
1). In this work, a comparison was
made of the germination of rice seeds
on the above types of substrates.

Figure 1. Substrates for hydroponically growing rice:
(A) foam glass, (B) perlite, (C) agrowool, (D) coir, (E) jute rug.

The selected substrates have
great advantages: the risk of the
spread of soil pathogens is practically
excluded, the physicochemical
properties of growth substrates can be
controlled within narrow limits. Such
properties of substrates can ensure the

growth of healthier plants, and hence
a higher yield [8,9].

Perlite "Agroperlite
Permagrobusiness”  (Russia)  was
chosen due to such features as the
ability to retain oxygen, and also
because of its high inertness: substrate



substances are not digestible by plants
[10].

A relatively new material is the
GrowPlant foam glass substrate we
have chosen (made in Russia), which
absorbs air and water well due to its
high porosity. It has been noted that
gas exchange and circulation on this
substrate is very successful for many
cultures [11].

Due to the low bulk density, the
Ecover Grunt Green mineral wool
substrate (OAO Uralasbest, Russia)
2.0 is convenient to use, which is

close to high-moor peat in terms of
physical properties and is practically
sterile [12]. Even with significant
moisture capacity in glass wool, the
high porosity allows sufficient air to
be present in the root zone. Despite
the content of a number of metals
(iron, copper, zinc), mineral wool is
basically neutral in terms of
interaction with the nutrient solution.

The main physical properties of
mineral substrates are presented in
table (table 1).

Table 1. Basic physical properties of selected mineral substrates

Grunt Green"

Substrates Bulk density | Dry  material | Water-
(bulk) g/cm3 | porosity % of | retaining
total volume capacity, %
Perlite Agroperlite 0,30 85-90 51
Permagrobusiness
Foam glass "GrowPlant" 0,23 90-95 40
Mineral wool "Ecover 0,08 95-97 80

Coconut  substrate  "UGro"
(Spain), which is dried organic fibers,
was used as an organic substrate.
Coconut fiber is a popular hydroponic
substrate in industrial hydroponics.
They are suitable for the cultivation of
a large number of plants in
hydroponics [13].

And also from  organic
substrates, we chose “Jute rug”
(Russia) from jute hay soaps. Mat of
natural composition, absorbs moisture
4.5 times its own weight; does not
give a smell and dusting. The
substrate IS economical in
consumption; meets all the

requirements of environmental and
sanitary safety [14].

Equipment

In the course of the work, 2 types
of rack hydroponic installations were
used, designed by the individual order
of the greenhouse facilities of
KAZNAIU.

Installation No. 1 is designed for
intensive plant growth, the model is a
rack structure with lighting on each
tier, it has a system for supplying a
nutrient solution from a reservoir.
Technical characteristics are
presented in table (table 2).

Table 2. Technical characteristics of the hydroponic plant for intensive

growth



Characteristic indicators
Dimensions, mm 2200 x 1550 x 760
Tiers 3

Tray + hydroponic system 3

Drain system 1

bay system 1

Pump, W 430

Tank, liter 65
Automation light/watering
Landing area, m2 2,04

Hydroponic installation No. 2 is
intended for the complete vegetation
of the plant. It is a vertical structure
on which PVC pipes with a diameter
of 30 cm are installed, in which holes
are made for pots with seedlings.

Results

The cleaned and thoroughly
washed rice seeds were soaked in
water for 8 hours. Substrate
preparation was carried out according
to manufacturer's instructions [10-13].

Perlite and foam glass were
washed in water to remove small
grains and impurities, after which pots
for seedlings were filled with them.

Horizontally installed pipes are
connected at the ends with plastic
bends. The assembled system
circulates the nutrient solution
supplied from the tank by means of a

pump.

To absorb water, the substrates
(foam glass, perlite, mineral wool and
coconut substrate) were placed in
containers with water, the jute
substrate was soaked in a phytosporin
solution in order to suppress the
reproduction of plant fungi and
bacteria (Figure 2).

Figure 2. Substrate preparation work

Work was carried out to prepare
the hydroponic installation (washing

the vessel, checking the illumination,
etc.) and preparing the containers



(cleaning, filling with prepared
substrates).

When choosing artificial
lighting, the following features were
taken into account: daylight hours,
lamp intensity, radiation spectrum and
its color temperature. We used
fluorescent lamps as an additional
source of illumination. The spectrum
of fluorescent lamps varies from 2700
to 7800K, which brings it closer to
natural white light. The used lamps do
not heat up and therefore do not affect

the microclimate of the hydroponic
plant. Cost-effectiveness and ease of
use  make  fluorescent  lamps
convenient for growing rice in
hydroponics [15].

As a nutrient solution for the rice
plant was used the composition of the
solution itself, taking into account the
necessary elements for the vegetation
of rice with the following dosage, is
indicated in table (table 3).

Table 3. Composition of working solution No. 3

HazBanue ynobpenus KonuuecTBo BemiecTsa, I/J1 BOJIBI
Kamumarnesust (K2SO4°MgSO,) 0,07
Cynbdat Maraus (MgSO,) 0,18
Hutpart kansims (Ca (NO3z)2) 0,27
Xenart xenesa Fe 0,01
Hutpatr AMmmonns(NH4NO3) 0,5
AKBapuH 0,8

Optimal climatic conditions for
growing rice were created: air
humidity from 55-85% (depending
on the time of day), room
temperature from 22-28 °C,
nutrient solution temperature from
18-24 °C, photoperiod was 12

5 seeds were planted in
special containers filled with
substrates. of each variety in three
positions (Figure 3). To create a
greenhouse effect, seedlings in
pots were covered with plastic
bags and left to germinate.

Figure 3. Planting rice seeds



Germination of seeds in pots lasted 7 days. Seed germination by substrate
types differed (Figure 4).

For intensive growth and before the appearance of the third true leaf, the
seedlings were transferred to a hydroponic plant for intensive growth (Figure 4).

Figure 4. Rice seedlings in a hydroponic plant for intensive growth

B Yantar

W Favorit

= Aykerim

perlite foam glass mineralwool  coconut fibers jute

Figure 5 - Seed germination of rice varieties (%) by types of substrates at the
germination-shooting phase (16th day)



Seed germination and rice
growth on different types of substrate
varied.

In the Yantar variety, the
germination rate is low, perlite was
40% on the substrate, 47% on foam
glass (grouplant), 40% on agrowool,
30% on coconut substrate, and there
were no seedlings on the jute
substrate (Figure 5).

For the germination of the
“favorit”  variety, the agrowool
substrate turned out to be favorable,
which amounted to 100%, also on
coconut fibers - 80%, on perlite -
73%, on grow plant and on a jute
substrate - 60%.

The germination of the Aykerim
variety showed 100% on the
substrates of perlite and mineral wool,

on growplast - 93%, on the coconut
substrate the germination of this
variety was low and amounted to
60%.

Of the five types of substrates for
rice germination, the most
unfavorable was the substrate of jute
fibers. On the contrary, mineral
substrates (perlite, foam glass and
mineral wool) turned out to be more
suitable. On organic  substrates
(coconut fibers and jute), this figure is
low. Containers with coco substrate
showed mold and were treated
(sprayed) with a 2.5% hydrogen
peroxide solution.

The height of the plant at the
seedling phase differed by types of
rice varieties (Figure 6).

25

20

foam glass

m Aykerim

M Favorit

® Yantar mineral wool

coconut
fibers

Figure 6. Biometric characteristics of plant growth of rice varieties
at the seedling phase (30 days)

According to the results of the
research, it was found that the types
of substrates affect the growth of the

plant in different ways. The most
favorable for the growth of the plant
was the mineral substrate of agorvat,



where rice varieties "Aykerim" (22
cm) and "Favorit" (21.3 cm) reached
up to 22 cm on the 30th day from
sowing. Variety "Yantar" has grown
to 12 cm on agrowool. The substrate
from coconut fibers also turned out to
be suitable for the growth of rice
varieties: Favorit rice - 22 cm,
Aykerim rice - 16.5 cm, and for the
Yantar variety it was less favorable, at
this stage of development its growth
was only 6 cm .

Perlite and foam glass substrates
affected the growth of rice varieties

Discussion

When grown hydroponically,
plants use substrates for anchorage,
similar to how they do in soils. But at
the same time, the root system
extracts nutrients and water not from
the substrate, but from the solution.
However, substrates must meet
granulometric requirements,
conditions for ensuring optimal root
respiration, water-retaining features,
obstacles to the growth of pathogenic
bacteria and other parasites, and must
also be easily washed from excess
salts [14].

In this regard, the choice of
optimal soils for growing rice is of
particular interest, since the plant is
quite capricious even in traditional
farming conditions. In the scientific
literature there are similar studies on
grain crops, in particular on different
varieties of wheat [16]. However,
according to rice, no one has yet
carried out the selection of different
substrates for the complete vegetation
of rice with the production of ripe
seeds. Therefore, the results obtained
by us on the selection of substrates for
growing three varieties of rice

almost the same, the Yantar variety
grew up to 135 cm on both
substrates, the Aykerim rice variety
reached 19 cm on perlite, and 18 cm
on foam glass. On these substrates,
the growth of the Favorit rice variety
reached the same - 14 cm.

The jute substrate turned out to
be less suitable of all types of
substrates, which was shown by the
following results of rice varieties:
"Aykerim" - 12 cm, "Favorite” - 11
cm, and the ™Yantar" variety did not
grow on this substrate at all.

"Aykerim", "Favorit" and "Yantar" in
hydroponics are currently unique.

We selected substrates used for
other crops, but they had different
effects on different varieties of rice, in
particular on germination and on
biometric indicators. Based on our
results, the best and most versatile
substrates are mineral: agrowool and
perlite. However, it is still possible to
continue studying the possibilities of
foam glass on other varieties of rice
with different nutrient media. Organic
substrates (coconut substrate, jute rug)
are less favorable for rice, in
particular, plant damage by root
system mold was more often observed
here, which requires additional
processing.

The development of technologies for
the artificial cultivation of rice of
different varieties, in our opinion, is
timely, since it can form the basis of
the growing industrial distribution of
green technologies that are
environmentally friendly, but also
solve various environmental problems
in the national economy [16].



Conclusion

Thus, the experiment showed
the  possibility of  successfully
growing rice varieties "Aykerim",
"Favorit" and "Yantar" in a
hydroponic plant under the above
conditions on such substrates as foam
glass, perlite, agrowool, coco
substrate, jute rug.

According to the influence of
organic and mineral substrates on
different varieties of rice, the
following can be distinguished:

1. The substrate of agrovat is

most  favorable  for  varieties
"Aykerim" and "Favorite™:
germination rate "Aykerim" - 100%,
"Favorit" -100%, biometric

characteristics - plant height at the
seedling phase "Aykerim" - 22 cm,
"Favorit" - 21 .3cm

2. Substrate from coconut fibers
gave positive results for varieties
"Aykerim" and "Favorite™:
germination rate "Aykerim" - 90%,
"Favorite” - 80%, "Yantar" - 30% "-
22 cm, "Favorite" - 21.3 cm, "Amber"
-6 cm.

3. The perlite substrate affected
the growth of the rice plant in
different ways: the germination of
"Aykerim" - 100%, "Favorite" - 100%
and "Amber" - 40%, biometric
characteristics - the height of the plant
in the phase of seedlings "Aykerim" -
19 cm, " Favorite" - 14 cm, "Amber" -
13.5cm.

4. Foam glass  substrate:
germination  "Aykerim" - 93%,
"Favorite" - 60% and "Amber" - 47%,
the height of the plant in the seedling
phase - "Aikerim" - 18 cm, "Favorite"
- 14 cm, "Amber" - 13.5cm.

5. The jute substrate turned out
to be less favorable for the varieties
"Aykerim" and "Favorite”, on this
substrate the variety "Yantar" did not
have seedlings: the germination rate
of "Aykerim" was 60%, "Favorit" -
60%, the height of the plant at the
seedling phase "Aykerim" - 12cm,
"Favorite™" - 11cm.
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Tyiiin

OpraHukaJbIK >KOHE MHUHEpANJIbl CYOCTpaTTap KYPaMbBIHBIH CTEJUIaXKIbIK
TUAPOTIOHUKANIBIK KOHMABIPFbIIA ecipinrer «SHTapby, «DaBoput», «AUKEpUM»
KYPIIll COPTTAPHIHBIH OHYIHE JKOHE JaMyblHA dcepi 3epTTEI/I.

CyOctpar periHae KoOIK IIBIHBI, IEPIUT, MHUHHUPAIABI MaKTa, KOKOC
cyOCTpaThl, JHKYT MaTaChl CHIHAJIJIBI.

OpraHuKabIK JKOHE MUHEPANIIbl CyOCTpaTTapAblH oCepl OHTIMTITT MeH
OMOMETPUSIIBIK ~CUTIATTaManapbl OOWBIHINA KYPIMITIH OpPTYpJi COPTTaphIHA
Oipkenki  Oommanbl.  MwuHepangbpl  MakTa  CyOCTpaTrTapl MEH  KOKOC
TaJIIIBIKTAPBIHBIH CYyOCTpaThl «ANMKEepUM» XoHE «DaBOPUT» COPTTApPHI YIIIH €H
KOJaIbl eKeHAITiH KopceTTl. [lepauT meH keOik MIBIHBI CyOCTpaTTaphl aMOeban
OOJIBIN MIBIKTHI, OJap OapJbIK YII COPTTHI Ja ecipe anajbl, Oipak OMOMETPUSIIBIK
KOpCETKIITEpl ToMeH HoTWxke Oepai. JKyT cyOcTpaThl KYpIITIH 3€pTTEIreH
COpPTTaphbl VIIiH MIaMajibl KOJIAWIBI OOJIBI, COHBIMEH KaTtap «SIHTapb» COPTHIHA
MYJIJIEM JKapamasbl.

Kiar ce3nep: runpononnka; cyocTpar; mepiauT; MUHEPAIAbl MaKTa; KYPIIlL.
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AHHOTALUA

Bb110 M3y4eHO BIUSIHUE COCTaBa OPraHUYECKUX U MUHEPAIBbHBIX CYOCTpaToOB
Ha BCXOXECTb M PA3BUTHE COPTOB puca «SHTapp», «PaBopuT», «AMKeprM»
BBIPAILEHHBIX HAa CTEJIJIAXXHOWU T'MIPOIIOHHON YCTaHOBKE.

B kauectBe cyOcTpaTOoB ONpOOMPOBAHBI MEHOCTEKIO, MEPIUT, MUHEpaIbHAs
Bara (arpoBaTa), KOKOCOBBIN CyOCTpaT, J)KYTOBBIM KOBPHUK.

BnusHue  opraHMueckMX M MHUHEpalbHBIX  CyOCTpaTOB  OKa3aloCh
HEOJIHO3HAYHBIM Ha pa3Hble COpTa pUCa IO BCXOXKECTH M OUOMETPUYECKUM
xapaktepuctukam. CyOcTpaThl arpoBaTa U CyOCTpaT M3 KOKOCOBBIX BOJIOKOH
HaubOosee OJlaronpusaTHbl A COpTOB «Aikepum» u «PaBopur». CyOcTpaThl
IIEPJIUT U IIEHOCTEKJIO YHUBEPCAIbHBI, HA HUX MOKHO BBIPACTUTH BCE TPU COPTaA HA
HUX MPOU3PACTAIOT, HO YCTyMHaeT no OruoMerpuiyeckuM nokazarensm. CyocTpar u3
JDKyTa OKaszalici MeHee OJaronpusiTHBIM JJisi U3y4aeMbIX COPTOB pHca, MPUYEM,
COBEpPILIECHHO HE MOAXOAUT JJIs copTa «SIHTapp».

KiroueBble cjioBa: THIPONOHUKA; CyOCTpaT; MEpiIWT; MUHEpaibHas BaTa;
puc.



