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INFLUENCE OF VARIOUS SUBSTRATES ON PRODUCTIVITY
AND ECONOMICAL EFFICIENCY OF CULTIVATION OF TOMATOES
BY THE METHOD OF LOW-VOLUME HYDROPONICS

Abstract. Currently, low-volume hydroponics is the most intensive system for vegetable plant cultivation in a
greenhouse, the effective use of which largely depends on the selection of a substrate. The wide variety of substrates
used for this technology suggests that when cultivating tomatoes in different regions, substrates from local raw
materials can be used, making it possible to preserve all the positive properties of low-volume hydroponics and to get
a high yield of tomatoes.

This paper presents the results of a study on cultivating Lilos F1 tomatoes hybrid using substrates of peat
(control option) and sawdust (SD) and rice husk (RH) in various ratios (SD 100%; RH 100%; SD: RH 50:50; SD:
RH 75:25 and SD: RH 25:75). It was found that the highest tomato yield was received when growing tomatoes using
a peat substrate (25.54 kg/m?) and in ratios SD: RH 75:25 and SD: RH 50:50 (27.70 and 24.57 kg/m?). The calcu-
lation of the economical efficiency of tomato cultivation showed that the level of production profitability was deter-
mined not so much by the yield as by the cost of the substrate, therefore the most effective was the use of composite
substrates SD: RH 75:25 and SD: RH 50:50, which ensured the production profitability of 14.7% and 14.0%. The
obtained results confirmed the expediency of using substrates from sawdust and rice husk to increase the efficiency
of low-volume cultivation of tomatoes in regional conditions. It has been established that the use of substrates based
on sawdust and rice husk for low-volume cultivation allows preserving all the positive properties of the technology
and to get a rich yield of high-quality tomato fruits.

The cost-effectiveness analysis of low-volume tomato cultivation using various substrates showed that the level
of production profitability was influenced not so much by the yield as by the cost of the substrate. Since the region
lacks natural reserves of organic substrates, when peat is used as a substrate, it has to be purchased from the CIS
countries, which significantly affects the cost of production. The use of waste products from processing industries
such as sawdust and rice husk as substrates, on the contrary, allows you to reduce this cost item in the cost of
production and thereby increase the production profitability.

The ground for doing research: Source of funding - grant of the Ministry of Education and Science of the
Republic of Kazakhstan AP08956053 «Improving the production efficiency of greenhouse production in the Aral
Sea region through the introduction of adapted innovative technology for low-volume tomato cultivation».

Keywords: hydroponics, tomato, substrate, sawdust, rice husk, yield, profitability.

Introduction. In the past decade, the technology of low-volume cultivation of vegetables, using
either an inert organic or inorganic substrate by feeding nutrient solutions through a drip irrigation system,
has received the wide speeding in the world. This technology makes it possible to significantly increase
the production cost-effectiveness, both by increasing yields and by significantly saving resources. The use
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of low-volume technology can essentially reduce the water and fertilizer consumption, improve the
ecology due to the controlled drainage flow and the rejection of chemical plant protection from pests and
diseases. At the same time, ecological cleanliness, high taste, and excellent presentation of products are
achieved, this allows you to cultivate vegetables of the "Premium" class - the highest category of quality
and environmental safety. [1].

Currently, low-volume hydroponics is the most intensive system for cultivating vegetable plants in a
greenhouse, effectively using all resources to maximize yields and the most intensive form of agricultural
enterprises for commercial production of greenhouse vegetables [2, 3]. Also, it is an ideal way to cultivate
vegetables in regions with arid climates, marginal soils, and a lack of irrigation water. [4].

The successful low-volume cultivation of plants largely depends on the selection of the substrate and
its constituent components. It is difficult to choose a substrate that can be considered the most versatile,
guaranteeing the success of cultivation and high quality of planting material. Currently, about two dozen
substrates used for vegetable crop cultivation in greenhouse conditions have been tested: organic (peat,
coconut fiber, tree bark, and sawdust, etc.) and inorganic (mineral wool, perlite, vermiculite, zeolite, etc.).
Each substrate has its specific physical and chemical properties that should be considered when choosing
for successful cropping. In addition to properties, when choosing a substrate, they also pay attention to its
availability, price, economic efficiency, period of use, and the possibility of recovery. [5, 6].

The wide variety of substrates used in this technology suggests that substrates made from local raw
materials can be used when cultivating greenhouse tomatoes in different regions.

Today, a certain amount of experience has been accumulated in the use of sawdust as a substrate for
low-volume tomato cultivation [7, 8], and in some Central Asian republics of the CIS, rice husk substrates
are being actively tested [9, 10]. The use of a substrate based on these materials makes it possible to
preserve all the positive properties of low-volume hydroponics and get a high yield of high-quality and
environmentally friendly tomatoes. But for a wider introduction of these materials, it is necessary to
develop application technology for specific culture and regional conditions.

The basis for performing the research work. The ground for doing research: Source of funding -
grant of the Ministry of Education and Science of the Republic of Kazakhstan AP08956053 «Improving
the production efficiency of greenhouse production in the Aral Sea region through the introduction of
adapted innovative technology for low-volume tomato cultivationy.

Materials and methods of research. Experimental studies were carried out based on the greenhouse
facilities at the Korkyt Ata University using generally accepted techniques for greenhouse vegetable
cultivation [11-13].

The indeterminate hybrid Lilos F1 was chosen for testing, which has shown good results in terms of
yield in previous studies conducted in the conditions of this region. The hybrid was cultivated under
conditions of an extended culture with a seed sowing date on August 1 and planting in a substrate on
September 15 using the following substrates: peat (control), sawdust (SD), rice husk (RH), SD: RH 50:50,
SD: RH 75:25, SD: RH 25:75. The experiment was repeated three times, the planting was randomized.

The prepared substrates were put in 30 liters volume plastic bags and placed on racks in the
greenhouse. Tomato seedlings were grown in pots with 10 cm diameter with a peat substrate, normalized
by acidity (pH 5.5-6.0), and containing the required amount of macro- and microelements. In the 4 leaves
stage, the seedlings were placed in a greenhouse, and in the stage of 8-9 leaves, they were combined with
the substrate, previously moistened through a drip irrigation system with a balanced nutrient solution with
E.C - 3.0-3.5 until full saturation. The plant population is 2.3 pcs/m?, the formation of plants into one stem
with lowering and laying on a rack.

For watering and feeding of the plants, a hydroponics solution of the following composition was
used: (in ppm): before fructification N -107, P -114, K -114, Ca -38, Mg -20, Fe -0.25, Cu -0.018,
Mo - 0.004, Mn -0.15, Zn -0.012, B -0.034; during fructification N -200, P -55, K -300, Ca -200, Mg -55,
Fe -3.0, Cu -0.50, Mo -0.12, Mn -0.12, Zn -0.20, B -0.90, with EC concentration - 1.2 - 2.7 mS/cm,
pH - 5.5 - 6.5. The hydroponics solution was fed through the drip irrigation system every hour from 7.00
to 17.00 so that the volume of the drainage solution per day was at least 30%.

Counting the tomato yield was performed at each harvest 2-3 times a week. Mathematical processing
of the yield data was carried out by the analysis-of-variance method [14, 15] using the Excel program in
the Microsoft Windows operating system.
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Results. Of all the stages of growth and development of tomato plants, the type of substrate could
only affect the onset of the fructification phase, since the same substrate (peat with perlite) was applied for
growing seedlings in all options and the plants were planted in different substrates in the flowering phase
of the first raceme. Phenological observations showed that the fructification of the Lilos F1 hybrid began 2
days earlier when cultivated on a peat substrate and a composite substrate with a predominance of sawdust
(SD: RH = 75:25). When cultivated on a one-component rice husk substrate the plants began to bear fruits
at the latest (figure 1).

SDRH25:75 w3 | 57 'l—'i
SD:RH75:25 |wwidg3 | 56 —|
4 | |
SD:RH50:50 |wa3 | 57
4 | | | |
Ricehusk (RH) |mu3mss 58
1 | | | | | |
Sawdust (SD) J 43 57 . | | S ———— |
. | | | i '
Peat (control) j 43 | 56 !
0 50 100 150 200 250 300 350
from sprouting to flowering from flowering to fructification m fructification

Figure 1 — Growth and development of tomato plants Lilos F1 on various substrates in an extended cycle

Analysis of the results of the fruit yield of the Lilos F1 hybrid (table 1) showed that the greatest early
and total yield were formed when grown on peat substrate and using composite substrate SD: RH 75:25
(table 1).

The values of the early yield in these options were 2.18 and 2.15 kg/m2, respectively, determined by
the time of the beginning of fructification, since the plants that grew on these substrates began to bear fruit
2 days earlier.

Table 1 — Productivity of tomatoes cultivated using various substrates

Yield Number of Weight

Substrate Early Total Standard fruits from of 1 fruit,
kg/m> | %to control | kg/m? % to control kg/m? % to total one plant g

Peat (control) 2.18 100 25.54 100 24.82 97.2 105 105.8
Sawdust (SD) 2.12 972 24.45 95.7 2367 96.8 103 103.2
Rice husk (RH) 2.08 95.4 24.03 94.1 23.21 96.6 101 103.4
SD:RH 50:50 2.13 97.7 24.54 96.1 23.8 97.0 102 104.6
SD:RH 75:25 2.15 98.6 24.70 96.7 24.05 97.4 102 105.3
SD:RH 25:75 2.11 96.8 2431 95.2 23.53 96.8 102 103.6
LSD os 1.09 kgr/m?; 4.4%

As the biometrics of the yield showed, its value was determined by two indicators: the number of
formed fruits and their weight. The highest total crop yield of tomato fruits of 25.54 kg/m? was obtained
when cultivated on peat substrate (control), where the largest number of fruits was 105 with the greatest
weight 105.8 g. On composite substrates SD: RH 75:25; 50:50 and 25:75, the number of formed fruits was
the same 112, and the crop yield was determined by their weight 105.3 g; 104.6 g and 103.6 g respec-
tively. So the highest crop yield was obtained using the substrate SD: RH 75:25 - 24.70 kg/m?. On one-
component substrates of sawdust and rice husk, the fruits had the smallest weight, which showed their
smallest yield of all options, 24.45 and 24.03 kg/m?, respectively.

Analysis of variance confirmed the reliability of the results (Ff > F05 = 24.12 > 3.59) and insigni-
ficant differences in the productivity of tomato plants grown on composite substrates SD: RH 75:25 and
SD: RH 50:50 in comparison with the control option.
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It has been established that the use of substrates based on sawdust and rice husks for low-volume
cultivation allows preserving all the positive properties of the technology and get a high yield of high-
quality tomato fruits.

The cost-effectiveness analysis of low-volume tomato cultivation on various substrates showed that
the level of production profitability was influenced not so much by the crop yield as by the cost of the
substrate. Since the region does not have natural reserves of organic substrates, when using peat as a
substrate, it has to be imported from the CIS countries, which significantly affects the cost of production.
The use of waste products from processing industries such as sawdust and rice husk, on the contrary,
allows to reduce this cost item in the prime cost of production and thereby increase the production
profitability (figure 2).

16 SD:RH SD:RH 75:25 SD-RH

14

12

10

Figure 2 — Profitability of cultivation of tomatoes on various substrates.

The application of cheap substrates based on sawdust and rice hulls provided more profit than using
peat substrates. Its value determined the crop yield of the obtained products, therefore, the most effective
from an economic point of view were composite substrates SD: RH 75:25 and SD: RH 50:50, which
ensured the profitability of production of 14.7% and 14.0%, respectively.

Conclusion. The obtained results confirmed the rationale of using cheap substrates from sawdust and
rice husk for low-volume cultivation of tomatoes, as an alternative to expensive substrates. As a result of
the research, it was found that the addition of substrates based on sawdust and rice husks for low-volume
cultivation gives possibilities to preserve all the positive properties of the technology and get a rich yield
of high-quality tomato fruits, which guarantees profit and production profitability. The results will
contribute to the wider introduction of technology for cultivating tomatoes in greenhouses in the region.

This work is funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan under Grant No. AP08956053.

P. U. Kyausipos!, D. B. Isamypmaeral, I'. 3. CaybiT6aeBa’,
I'. E. Aamypmaesa?, 7K. Tyaey6aes®, I'. K. 3usieBa’

!« AKMEINT» I'yMaHUTapIIbIK-TEXHUKAIBIK HHCTUTYTHI, Kpi3butopaa, Kazakcran;
2KopkwIT ATa ateiaaarsl Keisutopaa yausepeureri KEAK, Kasakcran;
3M. X. [lynatu atsiHgarsl Tapas oHipiIik yHEBepcHTETi, KazakcTan

KBI3BAHAKTBI A3 KOJIEMJI T'NJIPOIIOHUKA 9ICIMEH OCIPY IIH OHIMALJIIIT
7KOHE 9KOHOMHUKAJIBIK TUIMALJIITI'THE OPTYPJII CYBCTPATTAP/BIH 9CEPI

AnHoTanus. ByriHri TaHDa a3 KeleMai THIPONOHHKA-KbUIBDKAHIa KOKOHIC OCIMIIKTEepiH ecipyIiH eH Kap-
KBIHIIBI Kyiieci, OHBI THIMII Naiinanany keOiHece cyOCTparThl TaHJayra OainaHbICTBI. By TexHonormsma xosga-
HBUIATBIH CyOCTpaTTapIblH allyaH TYPJIUIri opTypii aiiMakTapAa KbI3aHAK ocipy Ke3iHAe KePTiliKTi MIMKi3aTTHIH
cyOcTpaTTapblH KOJJaHyFa OONATHIHBIH OOJDKaimel, Oy a3 KeleMmzi THAPOIIOHWKAHBIH OapibIK OH KacHeTTepiH
cakKTayFa oHe KbI3aHaKTHIH KOFaphl OHIMAUTITIH alyFa MYMKIHIIK Oeperi.
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Toxipuebenik 3eprreynep KopkeiT ATa aTteiHmarsl Kei3puiopaa yHUBEPCHUTETIHIH JKbUIBDKANW IIaPYalTbUTBIFbI
0a3achlHIIa KOpFaJFaH TONBIPAKTHI KOKOHIC ecipyre apHaJiFaH Kalllbl KaOBUITaHFaH ojicTeMeNiepi maijanaHa
OTBIPBIN XKYpri3inai. CelHAKTapbl XKYPridy yiuiH uHAeTepMuHaHTTH ruOpun Lilos F1 tannanael, o1 ockl aitmakra
KYPri3UIreH albIHFbl 3epTTeyliepe OHIMIUIK OOWBbIHINIA JKaKChl HOTIXKeNep kepcerti. ['mOpun 1 Tambizga y3ap-
TBUIFAaH JAKbUI JKarnalblHAa TYKBIM ce0y Mep3iMiMeH koHe 15 KbIpKyHekTe cyOcTpaTKa KeIIipy apKbUIbl Kelleci
cyOctparrapina ecipinai: epresek (Oakpiiay), aram skoHKanapbsl (AXK), kypim kaysnsl (KK), AXK : KK 50:50,
AX : KK 75:25, AK : KK 25:75. ToxipuOeHiH KalTalaHyHI - YII PET, OpHATIACybl KOPCETIITEH.

®denonorusuiblk, Oakputaynap kepcerkennei, lilos F1 rubpuninin sxemici skepre3ek cyOCTpaThIHAA JKOHE aralll
JKOHKaJapel 6ackiM OONATHIH KOMIIO3HIUSUIEIK cyOcTpaTTa ecipinrenae 2 xyH OypwiH madiga 6ommgsl (AXK : KK =
=75:25). Keitinipek Kypimr KaOBIFBIHBIH Oip KOMIIOHEHTTI CyOCTpaThIHIA ©cCipiireH ke3ze OYKil eciMIOiKTep o3
JKeMiciH Oepe OacTaspl.

A3 Memmep/e ecipy YIIiH aFaml >KOHKaJaphl MEH KYPIIl KaybI3bIHA HETi3[eNTeH cyOcTpaTTapabl KOIIaHy TeX-
HOJIOTHSTHBIH, OapIIbIK JKaFbIMIbI KACHETTEPIH CaKTarl, carmajibl KbI3aHaK KEeMICTepiHeH KOFaphl OHIM allyFa MyMKIH/IIK
OepeTiHi aHBIKTAIBI.

Kapxbutannsipy ke3i Kazakcran PecriyOnmkachiHbiH bitiM %oHe FBIIIBIM MUHHCTPIIITiHIH TpanTel AP08956053
«llarpiH KeNeMJl KpI3aHAK ecipy YIIiH OeiiMaeNreH WHHOBAIMSJIBIK TEXHOJOTHMSHBI KOJJ@Hy Herizinae Apai
OHIPIH/IE XKbUIbDKAI OHIPICIHIH THIMIUIITIH apTTHIPY».

Tyiiin ce3mep: ruAPONOHKKA, KbI3aHAK, CYOCTpaT, arall XKOHKaJIaphl, KYpill KaybI3bl, OHIMJIUTIK, TAOBICTHIIBIK.

P. U. Kynusipos!, D. B. Iamypmaesal, I'. 3. CaybiT0aeBa’,
I'. E. Aamypmaena?, K. Tyaey6aes®, I. K. 3usiena’

T'yMaHMTapHO-TEXHMYECKHUI HHCTHTYT «AKMemHT», Kespuiopaa, Kazaxcran;
HAO KeizputopauHckuii yausepeuteT uM. KopkeiT Ata, Kasaxcras;
3Tapasckuii peruoHanbHbIi yHuBepcuter um. M. X. Jlynaru, Kazaxcran

BJIMSHUE PA3JIMYHBIX CYBCTPATOB HA TIPOAYKTUBHOCTD U
IKOHOMUYECKYIO DOPEKTUBHOCTDH BBIPAIIIUBAHUA TOMATOB
METO/0M MAJIOOBBEMHOM I'MJIPOIIOHUKH

Annoranus. Ha ceromusmHuii neHpr ManmooObeMHasi THAPOIIOHWKA — 3TO HawOoJee MHTCHCHBHAS CHCTEMa
KyJIBTUBUPOBAHUS OBOLIHBIX PACTEHHWH B TEIUTHIlE, (P (EKTUBHOE HCIIOIBF30BAHIE KOTOPOH BO MHOTOM 3aBHCHUT OT
nojbopa cyocrpata. bonbmoe pasHooOpasue cyOoCcTpaToB, MPUMEHAEMBIX JUIS 3TOH TEXHOJIOTHH, TPEIoaraet, 4To
IIpHU BBIPAIIMBAHAN TOMAaTOB B Pa3HBIX PETHOHAX MOTYT HCIOJIB30BATHCSA CYOCTPaTHI M3 MECTHOTO CHIPBS, MO3BO-
JSIOIIAE COXPAHHUTH BCE IMOJIOKHUTEIBHBIE CBOMCTBA MaJOOOBEMHOI THAPOMOHMKH M IONy4YaTh BBICOKHH yposkait
TOMATOB.

OKcneprMeHTaIbHbIE HUCCIIeI0BaHMS BBIMOJHSINCH Ha Oa3e TeruimyHoro xossiictBa KY um. Kopkeit Ata ¢
HUCIIOJIb30BAHHUEM O61HerI/lHHTI)IX METOAMK [JIA OBOIEBOJCTBA 3aIUIIICHHOI'O I'PYHTA. ,21.]'[51 MMPOBECACHUA HUCIIBITAaHUHN
ObUT BBIOpaH WHAeTepMHUHAHTHBIA THOpuA Lilos F1, xoTopelii TOKa3an XOpoIine pe3yiabTaThl MO YPOKAWHOCTH B
MPEIBIIYIIUX HCCICOBAHUSIX, MPOBOAMMBIX B YCIIOBHSX JaHHOTO peruoHa. [ MOpwa BEIpaliMBald B YCIOBUSIX
NIPOJUIEHHOM KYyJIBTYPBI CO CPOKOM II0ceBa CeMsH | aBrycra M BBICAJIKOH B cyOcTpaT 15 CeHTSIOps Ha Clemyromux
cyOctpatax: Topd (koHTponb), aApeBecHble ommwiku ([10), pucoBas memyxa (PIL), JO:PII 50:50, JO:PII 75:25,
JO:PUI 25:75. TIoOBTOPHOCTH OTIBITA - TPEXKPATHAS, pa3MeIIeHHE PEHIOMI3UPOBAHHOE.

®deHoMornYecKre HaOIOICHUS TI0Ka3aiH, 9To IiogoHomenne rudpuna Lilos F1 mactymano Ha 2 mHS paHbine
IIpY BBIPAIIMBAHUN Ha TOp(SIHOM CyOcTpare M Ha KOMIIO3UIIMOHHOM cyOcTpaTe ¢ mpeobiaafaHieM APEBECHBIX OIH-
nok (JIO:PII = 75:25). Ilo3nHee Bcero pacTeHus HAYWHAIM IJI0JJOHOCUTH TIPY BHIPAIIMBAHUK Ha OJTHOKOMITOHEHT-
HOM CyOCTpaTe U3 PUCOBOH MICITyXH.

AHanu3 pe3ysnbTaToB ypoxkaitHocTH o108 rudpuna Lilos F1 (Ttabnuna 1) mokasan, yTo HaHOOJNBIINN paHHUN
n o0umid ypoxail (OpMUpPOBAJICS NMPU BBIPAIIMBAHUM HAa TOP(SHOM CyOCTpaTe M Ha KOMIIO3ULIMOHHOM cyOcTpare
JIO:PIII 75:25. BenvurHa paHHEro yposkas B 3THX BapHaHTaX COCTABJIAJA COOTBETCTBEHHO 2,18 u 2,15 kr/m? ompe-
JleJisIach CPOKOM Hadaia IUIOJOHOIICHUS, MOCKONBKY PacTeHHUs, KOTOPBIC Paciid Ha 3THX CyOcTparaXx HaduWHAIA
TUTOJIOHOCUTP Ha 2 JTHS paHbIIIe.

Y CTaHOBIIEHO, YTO HCIOJIb30BAHUE CYOCTPATOB Ha OCHOBE APEBECHBIX ONMJIOK M PHCOBOM IICIYXH VIS Majo-
00BEMHOTO BBIPAIIMBAHUS MTO3BOJISIET COXPAHHUTH BCE MOJIOKHUTEIBHBIC CBOMCTBA TEXHOJIOTHH U TIOJyYaTh BBHICOKUH
yposkaif KadeCTBEHHBIX ILI0JJOB TOMATOB.
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