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PucyHok 2. YcTtaHoBka nnasydyeit rpsaakm / Figure 2. Installing a floating garden
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AHHOTanwA. B yelIoBUAX pacTyuiero AeuIMTa BOAHBIX U 3eMeJTbHBIX PECYPCOB, TEXHOJIOTUHY aKBaIIO-
HUKU IIPEe/ICTaBIIAIOT COO0H ITePCIeKTUBHYO a/IbTePHATUBY /171 BBICOKOIIPOAYKTHBHOT'O TIPOM3BO/ICTBA
MIUIIEeBOM MPOAYKIMU. 3a CYET UCIOIb30BAHUA MMUTATENbHBIX OTXO0B aKBaKy/IbTYPhl THPOIIOHMKA
MOJIy4aeT OpraHudeckoe yZoOpeHue, YTO UCKIIoYaeT IpUMeHeHue (CMHTeTUYEeCKUX) MUTATEeNbHbIX
BelleCTB ¥ KOHJUIIMOHEPOB-HEUTPATN3aTOPOB /I OYMCTKYU BoAbL. OHOM M3 BXXKHEUIINX 33724 I
MIPOU3BOAUTENEN ABIAETCA ONTUMU3AIMA MCIIONIb30BAHUA BOAHBIX PECYpCoB. B aHHOM HccienoBa-
HUY [TOKa3aHO BJIMSTHUE aKBAaTIOHUUYECKOHN CUCTEMBI Ha COZIepXKaHre B BOZie TPOAYKTOB MeTab0M3Ma
rUApo6HOHTOB — dpocdaToB, HUTPUTOB, HUTPATOB. TakKe ObLT IPOBEJIEH CPAaBHUTEIbHBIN aHAIN3 PO-
CTa ¥ CpeZIHeCYyTOUYHOT'O IIPUPOCTa MUKPO3€eJIeH! C KOHTPOJIbHBIMU PaCTeHUAMU.
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Annotation. In the context of the growing shortage of water and land resources, aquaponics tech-
nologies represent a promising alternative for highly productive food production. Through the use
of nutrient waste from aquaculture, hydroponics receives organic fertilizer, which eliminates the
use of (synthetic) nutrients and neutralizer conditioners for water purification. One of the most
important tasks for producers is to optimize the use of water resources. This study shows the effect
of the aquaponic system on the content of hydrobiont metabolism products in water — phosphates,
nitrites, and nitrates. A comparative analysis of the growth and average daily growth of micro-
greens with control plants was also carried out.
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Pucyrku - aBropckue / The drawings was made by the author
BBEAEHMUE cucTeMa IIPOU3BOLCTBA IIPOAYKTOB IUTAHUA
AKBaIlOHMKA — 3TO TEXHOJIOTUA, BKJIKOYAIO- HMeeT IPpeuMyllecTBa KaK Nepes aKBaKyJIbTy-

mas COBMECTHOE BBHIpAIIUBAaHWE PACTEeHUM W  POM, TaK W Iepel TUAPONOHUKOM. Biarozaps
pbi6. [laHHas pecypcocbeperainas 3aMKHyTass el MpPU MPOU3BOJCTBE MPOAYKIIUU OTCYTCTBY-
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eT HeoOXOAUMMOCTh B MCIIOJb30BAHUMN XUMU-

YeCKUX YAOOpEeHUM, CHUXKAETCA KOJIUYECTBO

CeJIbCKOXO3SIMCTBEHHBIX CTOKOB U IIPOMCXO-

JUT ecTeCcTBEeHHas OYMCTKa BOJABI 3a CYET MC-

MMOJIb30BaHUS GUTOGUIBTPOB, POJH KOTOPBIX

BBITIOJTHAIOT KYJbTypHBIE pacTeHusa [5]. B cu-

cTeMaxX aKBaIllOHUKHU OMOJIOTHYECKUE OTXOBI,

BBIZle/IsIEMBIE PHIOOI, W OTXOJbI, 0Opa3yroIIu-

ecs1 B pe3ysibTaTe Pa3oKeHWs KopMa, IOIJIO-

IAI0TCS PACTEHUAMHU B KaUueCTBE MUTATETbHBIX

BEIEeCTB AJis pocTa. JJaHHBIM METO/] TO3BOJISIET

pacTeHUAM YAAJIATh HeXXKeJlaTeJlbHBbIE OTXOBI

MUTATeNbHBIX BEIIeCTB M3 BOABI M IMOBTOPHO

KCII0JIb30BaTh BOAY JAJISI COZep:KaHUs PhIOHI [4].

TakuM ob6pasoM, aKBallOHHKa CUHUTAETCS KO-

HOMHUYHOUM CHUCTEMONH, B KOTOPOU pacTeHUus

U BOJHBIE OPTAaHU3MBI 0Opa3yIOT UCKYCCTBEH-

HYIO 9KOCUCTEMY U ZIOTIOJHAIOT APYT ApyTra, 4TO

BBITOAHO TTpoUu3BoOAUTENAM. OZHOU U3 JYULINX

0COOEHHOCTEeH JaHHOM CUCTEMBI ABJIAETCI KO-

HOMHUS BOZBI U TPOJJIEHUE €€ CPOKa CIYKOBI,

YTO CHMXKAeT YPOBEHb 3arpsA3HeHus [3].

ITo ganHbIM Ha 2024 1., 06'EM MUPOBOTO PHIH-
Ka CHCTeM aKBallOHWKM OIleHUBaica B 1,5 mipa
posut. CHIA. Oxuzaercs, yto k 2033 I. 3TOT II0-
KasaTeJib flocTurHeT 4,8 muipz gosut. CIIA [7]. Tlo
COCTOSTHUMIO Ha TOT K€ T'O/l, IOXOJAbI PBIHKA TH-
POTIOHHBIX KPBITHIX (pepM OBLIH OlfeHEeHH B 5,23
wiipz gosut. CIHTA [8].

AKBarioHuKa MMeeT psJ JOCTOMHCTB II0 CpaB-
HEHUIO C TPAAUIIMOHHBIM CEJTbCKUM XO3SIUCTBOM:
* He HCIOJb3YIOTCA XUMUYECKHE YAOOpeHUs,

TEeCTUITUABI WK Tepbuliuzbl [6]. Vccnenosa-

HUS TTOKA3bIBAIOT, YTO MOXKHO B [IeCATH pas

VBEJIUYUTb TPOU3BOJACTBO 0€3 KCIIOTh30Ba-

HUSA BPEAHBIX XMMHWKATOB WIH IECTUIIU/OB,

IIPU TOM PaCXOAysl BCETO OT ABYX /IO AECATU

MIPOIIEHTOB BO/IBI, UCIIOMb3YyeMOU IIPU TPAIH-

IIMOHHBIX METO/aX BeZEHUSA CETbCKOTO X0O35H-

crBa [2];

* KpPYIJIOTOAWYHOE TIPOU3BOACTBO CO CTAOWIb-
HOUM IPOAYKTUBHOCTBIO. ['MAPOMOHUKA [aeT
Ha 20-25% BbIlle ypokaHOCTb [9], B mpwu-
CYTCTBUM TUPOOUOHTOB JIaHHBIE TTOKA3aTENN
YBEJIMYMBAIOTCA B HECKOJIBKO Pas;

*  UCKJIIOYAET TPYAHOCTHU 3emtenenus [1].
[ToTeHUMaMbHBIE TIPEUMYIIECTBA WHTETPUPO-

BaHHOT'O ITPOM3BO/ICTBA BKJIIOYAIOT YBEIUYEHUE

MpUObUTM 3a CYET IMPOJAXKH PBHIOBI M pPaCTEHUH,

MUHUMHU3ALUIO 3aBUCUMOCTH OT CHHTETUYECKUX

yaobpeHuii, a TakKe — He3aBUCUMOE OT MeCTOIIO-

JIO)KEHUS U Ce30Ha MPOU3BOJCTBO OelKa U OBO-

el B «ITyCTHIHAX» [3].

Vicrionb30BaHe COBPEMEHHBIX TEXHOJIOTUH
BBIpAIMBAHUA OTKPOET HOBbIE BO3MOXXHOCTH JIJIsI
PBIHKA CEbCKOXO3AMCTBEHHBIX KYJIBTYP. AKBAIO-
HUKa SABJIAETCSI OJHUM U3 HauboJjiee MepCreKTHUB-
HBIX PellleHUH B JaHHOM HalpaBJIeHUH.
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PucyHok 1. CxeMa onbiTa
Figure 1. The scheme of the experience

LENb U 3AOANM
Ilenp — ONTHMU3MPOBATh UCIIOJb30BAaHUE BO-

[JHBIX PECypCOB ISl UHTETPUPOBAHHOTO BhIpAIIU-

BaHUA TUAPOOUOHTOB U TUAPOTIOHHBIX KYJIBTY].

3azjayu 1oCcTaBJeHbI Cleyollne:

1. V3yuuTh BAUAHUE aKBAIlOHUYECKOU CHCTEeMBbI
Ha cozep:xaHue ¢pocdaToB, HUTPUTOB U HHU-
TPaTOB B BOJE I BBIPAIIIUBAHUS PHIOBL.

2. CpaBHUTH IIOKa3aTeIN POCTa ONBITHBIX pacTe-
HUU C KOHTPOJIEM.

3. OtcnezuTh TOKasaTeau
NIpUPOCTAa MUKPO3€EJICHU.

CPEeZHECYTOYHOTO

MATEPUANDBI U METOObI

DKcIepUMeHT MPOBOAMIICS Ha 6a3e akBapHab-
HOUl Bcepoccuiickoro HayqYHO-UCC/IeJ0BATEIbCKO-
r'o UHCTUTYTa UHTErPUPOBAHHOTO PIOOBOZCTBA —
¢duwmmana @OI'BHY «DemepanbHbIi HCCIEIOBA-
TeJNbCKUM IeHTP KUBOTHOBOACTBA — BIDK nMmeHun
akazemuka JI.LK. OpHcTa». VIHCTUTYT NPOBOAUT
dyHIaMeHTaTbHbIE, TIOVCKOBbIE U TIPUKJIA/IHBIE
Hay4yHble UCCIeOBaHUA B 061acTh PHIOOBOACTBA
C 2JIeMEHTAaMU WHTETPUPOBAHHBIX TEXHOJIOTHH,

PucyHok 3. [naByune rpsgkm B OMbITHOM
axkBapuyme

Figure 3. Floating beds in an experimental
aquarium
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PucyHok 4. Yposar MMKpo3eneHu
Figure 4. Harvest of microgreens

pa3BeleHUs U BOCIIPOM3BOACTBA OOBEKTOB akK-
BaKyJIbTypPbl, TEHETUKU U CEJEKIUU TUAPOOUOH-
TOB. OIBIT OBLI TPOBEAEH B IByX NOBTOPHOCTSX.
Jnia uccnegoBaHusa ObUIM  CHOPMHUPOBAHEI IO
2rpynnst (n=9) ceroneTtok kapma (Cypinus carpio)
MOpOABl YyBalICKUM dvenryduaTeiii. B ombiTax I
u Il cpegHsasa nxTromacca 6pl1a paBHa 7,6 rpaMma;
B KoHTposax [ u Il - 7,7 rpamma.

O6BEM KakZ0ro akBapuyMma cocTasisaa 80 I,
cucTeMa adpanyy U GUIbTpanyy ObUIa UIEeHTUY-
Ha. YpoBeHb BOJBl KOPPeKTUpOBajcAd Jd KOM-
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TeHcalluy II0TePh Ha UCIIapeHue U B3ATHE Ipoo.
Hag kaxkapiM akBapryMOM OBLIO YCTaHOBJIEHO 10
1 ¢uronmamme morrHOCTHIO 40 BT (12 9 B CyTKM)
U 1o 1 JIFOMWHECIIEHTHOW JaMIle MOIITHOCTBIO
18 BT (xpyriocyTouHo). TeMepaTypHBIN pexxXuM
6bUT cTabmwibHBIM 22,1-22,2 °C. Cxema OIBITa
rpe/cTaBIeHa Ha pucyHKe 1.
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PucyHok 5. [lnHaMuKa KOHLEeHTpaLum cpocdaTos
Figure 5. Dynamics of phosphate concentration

PucyHok 6. [lnHamMmKa KOHLEHTpaLumn HATPUTOB
Figure 6. Dynamics of nitrite concentration
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PucyHok 7. [IJHaMnKa KOHLEeHTpaLumMmM HUTpaToB
Figure 7. Dynamics of nitrate concentration

[TpeaBapuTeNbHO OBUTU MPOPOIIEHBI Heobpa-
6oTaHHBIE CceMeHa pacTeHWd u3 Habopa i
BBIpAIIMBAaHUA MUKpo3eaeHn «CeeM ceMeHa»
[I0 TIOSIBJIEHWSI KOPHEBOU CHCTEMBI, KOTOpas [Zi0-
CTUIIa HeoOXOZMMOTO pa3Mepa 3a TpH JAHsA. Bu-
ZIOBOW COCTaB pacTeHUM BBIOpAH CJIEAYFOIIIMIA:
peauc (Raphanus sativus); kpecc-canar (Lepidium
sativum); camat pykkosna (Eruca sativa); ropuu-
ua (Sinaris alba); xamycra Koibpabu (Brassica
oleracea L. var. gongylodes L.). HaBecka ceMsH
no 2+0,2 r Ha rpaaky (1 soTok), 3agBieHHaa
BCXOXKeCTb 95%.

B akBapuyMmsbl ¢ onbiTaMu I ¥ I 6bUIH yCTaHOB-
JIEHBI 110 6 TUIaBYYHX JIOTKOB C PACTEHUSAMU TaKUM
06pasoM, 4ToObI KOPHU HAXOAWIKCH B Bozie. Bojio-
00MeH BHYTPH JIOTKOB OCYIIECTBIIAICS TIOCTOSHHO
3a CYET OTBepCTUM, MpOZeNaHHBIX B IUIACTUKe,
U T€YEHUS], CO3ZIaBAEMOT'O GUITBTPOM.

ExXxelHEBHO pacTeHUsS OMPBICKUBAJIU aKBa-
pUyMHOUM BoOZON. B KaXJjoM JIOTKe cozepka-
Jlach MOHOKYJIbTYpa — peAuc, Ipe/CTaBJIeH-
HBIM ABYMSA TpAZKaMU B KaxJoiu rpymme. s
KOHTPOJII MHUKDPO3eJIEHU HCII0JIb30Baach BO-
ZJONPOBOAHASA BOJA, KYJAbTYPHI [AJSI KOHTPOJIS
ObUTM BBHIOpaHBI CAeAyIONIUE: PEAUC, PYKKOJIA,
Kpecc-canar.

g vccnezoBaHuA Kaxkzable 3 MHS OCYIeCT-
BJsicA OT60Op Mpo6 BOABL. ['MAPOXUMUYECKUE
MOKa3aTeJu OIpeJeNsyIi CTaHAapPTHBIM Habo-
POM XMMUYECKUX PEAKTUBOB. YUUTHIBAIU KOH-
nenTpanuio pocparos (PO,), uurputos (NO,)
u HutpaTtoB (NO,”). Tlony4yeHHble 3HAYEHUA
cpaBHUBaMM co 3HayeHuamu [1/IK. Metozowm pe-
Tpe3eHTaTUBHOU BHIOOPKU eXeHEBHO M36upa-
s 1o 10 WTYK pacTeHUH AJs KOHTPOJIS BHICOTEI
crebs.

JTUTeNbHOCTh  DKCIIEPMMEHTA  COCTaBUJIA
16 gHe#. [l cTaTUCTUYECKON 0OpabOTKHU JaH-
HBIX MCIIOJIb30BaJIMCh ITporpaMmbl Microsoft Excel
U Microsoft Word.
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PE3YINbTATbI

3a /Be HeJeau DOSKCIepuMeHTa B OmbiTe [
u onbiTe Il He 6pUTO OTMeYeHO TpeBbinieHue ITJK
docdaTtoB. Korrpons I u koutposns Il mokazamm
npessienue I1/IK yxxe Ha 4 1 3 u3sMepeHue co-
oTBeTcTBeHHO (10 u 7 JjeHb C YCTaHOBKU ILIaBy-
yux rpazgok). [Ipessimenue I1JIK Kk KOHIYy dKcITe-
pumMmeHTa B kKoHTpose | u koHTpoie II cocraBuio
0,7 mr/n. Copepxxanue ¢docdaTtoB B KOHTpoie I
u II Ha 70% 6osbIie nmokasaTenel onslTos I u 1.

KoHnleHTpanya HUTPUTOB 3a BpeMs JKCIIepH-
MeHTa He mpeBbiciia [1/IK HU B ofHOM U3 rpymil.
[Tpu aToMm, Ha 7 AeHb (3 M3MepeHUEe) B OMBITaX [
u Il u xoHTpOssix I u Il moKasaTenb OBUT paBeH
0,1 mr/n. 3areM OblIa OTMeYeHA TEH/EHIINA
K CHIDKEHUIO COZEp:KaHUA HUTPUTOB B ONBITax |
u Il 7o 0,05 mr/i, B TO BpeMA KakK B KOHTPOJIAX |
u II gaHHBINA TOKa3aTesb goctur 0,2 Mr/I, 4To Ha
75% 6oblile TOKa3aTelel OMMbITOB.

CozepxaHye HUTPATOB TaKXe He IPEBBICUIIO
[TJIK 3a Bpema skcnepumeHTa. OZHAKO KOHIIEH-
Tpalya HUTpAToB B onbiTax I u II B KOHIlE dKCITe-
puMeHTa ObLIa Ha 2,5 MI'/JI HUKE, YeM B KOHTPO-
aax. Pasaunia cocrasuia 25%.

AHanmu3 TUHEWHOr0 pocTa MUKPO3eleHU VKa-
3BIBAeT Ha TO, 4To B onbITax | u Il pactenusa pociu

1010 — i
o 6305 (3
[ 5
L a il I I

Penm Koannalle

Bracoma creb s, o

Topesa FysmOng Kpeco-canar

Hosed [

WO | Ot 1) EoeTpodib.

PucyHok 8. BbicoTa pacTeHui B KoHLe
SKCMnepuMeHTa

Figure 8. Height of plants at the end
of the experiment
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D
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PucyHok 9. CpegHecyTouHbIM NpupocT
pPacTeHU, CM

Figure 9. Average daily plant growth, cm
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MMPUMEPHO OJWHAKOBO, MPU 3TOM KOHTPOJb MHU-
Kpo3eJieHH, BBIPOCUINM Ha BOZOMPOBOJHOMN BOJE,
oTCTaBal B pocTe. PasHuua Mexay CcpeZHUMU
ITOKa3aTeJIAMU OMBITOB U KOHTPOJIEM COCTaBWJIA:
ana peguca — 40,98%; pna pykkoissl — 20%; ana
Kpecc-canara — 33,3%.

CpeznnHecyTO4HBIN mpupocT B omnbiTe I u I Ha-
XOZIWJICA IPUMEPHO Ha OfHOM ypoBHe. KoHTpoib
uMen Oojilee HU3KWE 3HAYEHUA. PasHUIIA MEXAY
CPeHUMU TOKA3aTeNAMHU OIBITOB U KOHTPOJIEM
cocTtaBwIa: s peauca — 61,64%; Aya pyKKOJBL —
15,62%; ansa kpecc-canata — 41,30%.

[TpoBes€HHOE HcCcIeZoBaHMe IOKa3ano, YTO
HCIIOJIb30BaHUE TUIAaBYYUX TPALOK /I BBIpAIlU-
BaHUA MHUKpO3eJeHW B aKBapUyMe OKa3bIBaeT
TIOJIOXKUTENHHOE BIUSHYE KaK Ha POCT PACTEHUH,
TaK U Ha THUAPOXUMUYECKUE TTapaMeTPHl BOZHI.
KopHeBas cucrema pacreHui 3¢¢deKTHBHO IO-
mIolaeT NMUTaTeIbHbIEe BelllecTBA U3 BOABI, UTO
CIIOCOOCTBYEeT WX AaKTUBHOMY PAas3BUTHIO U JIO-
TIOJTHUTENbHO YMEHBIIAET PUCK ITBETEHUA BOJHI.
Cuctema paboTaeT KaK eCTeCTBEHHBIH O6uHo-
bubTp, co3zaBas 6osiee GJATONPUSITHBIE YCIIO-
BUA /11 pbI0. MeTOZ IMIaByIUX IPSALOK ITO3BOJISET
COBMeIllaTh aKBaKyJAbTYpPy U pacTeHHEeBOACTBO,
YTO JleJlaeT ero MepPCHeKTUBHBIM /I JloMallHe-
ro ¥ KOMMEPUYECKOTO HCIOJb30BaHUA. JlaHHAsA
TEXHOJIOTHUS IMPOCTA B PEATU3AIUN U SKOJOTHUYHA
C TOYKU 3DEHUsS OYHUCTKU U SKOHOMUU BOFHBIX

PecypcoB.

BbIBOAbl

1. TlomydeHHBIE JAHHBIE JEMOHCTPUPYIOT BBICO-
KyI0 30GEeKTUBHOCTh aKBAIIOHHOU CHUCTEMBI
KaK 3aMKHYTOTO IIMKJIa IepepaboTKu MeTa-
OOJIUTOB C TpUMeHeHUEeM GUTOpEMEUATINH.
KopHeBas cucTeMa MUKPO3€EJIEHU BbICTYIIAET
BBICOKO3pPeKTUBHBIM OHObUIbTpoM. Hau-
6oJiee 3HAUUTENbHASA YTUIN3ALUSA HUTPUTOB
(NO27) Ha 75% sBiIsIeTCA K/II0YEBBIM ITOKa3a-
TeJeM, TaK KaK HUTPUTHI BHICOKOTOKCUYHBI
JUTs1 PBIO ZIaKe B MaJTBIX KOHIIEHTPAIUAX. DTO
[IOKa3bIBAET, YTO PACTEHUs CO3ZJAI0T OJaro-
NPUATHYIO Cpeay s HUTPUUIMPYIOIINX
6akTepuii. CHmwxkeHue ¢ocdaroB (PO4?)
Ha 70% CBUETENHCTBYET 06 aKTUBHOM TIO-
Tpebnenun ¢ocdhopa, KOTOpHIM ABIAETCS
MaKpO3JIEMEHTOM /JI1 Pa3BUTHS KOPHEBOH
CUCTEMBI M JHEpPreTUYecKoro obmeHa pac-
TeHuN. HUTpaThl ABAAIOTCI OCHOBHOM [0-
cTymHoN ¢opmoli azoTa, MHOTpebIsIeMOi
PaCTEeHUSIMHU, U CUCTEMaA YCITEITHO TTOAIEPKU-
BaeT ux bOasaHc, IpeAoTBpalas HaKOIIEHHUE,
0 YéM CBUIETETHCTBYET YTHIM3AIUS HUTpPa-
ToB (NO,") Ha 25%.

2. PesynbraThl MOATBEPXKJAIOT IPEUMYIIECTBO
OPraHWYecKOT0 NMUTAHUA B aKBAIIOHHOU CHC-
TeMe. Pa3HUIIAa B IPUPOCTE MEXKAY KYIbTypa-
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MU (peayic +40,98% 110 cpaBHEHUIO C KOHTPO-
JgeM, kpecc-camatr +33,3%, pykkona +20%)
yKa3bIBaeT Ha BU/JOBYIO CHEIUPUIHOCTH OT-
KJIMKa Ha MuTaHue. Peanc v Kpecc-canar, U3-
BECTHBIE CBOEH CKOPOCIIENIOCTHIO U BBICOKUM
oTpebyieHueM a30Ta, TTOKa3aJId HauOOJIbIITYIO
3¢ dEKTUBHOCTD B yCBOEHUH IMUTATENbHBIX Be-
IIEeCTB M3 aKBAIllOHHOTO pacTBopa. Pykkorna,
BO3MOXKHO, TIPEbSABISIET WHBbIE TpebOBaHUS
K COOTHOIIIEHUIO 2JIEMEHTOB WU UMeeT Gosiee
Me/[JIEHHBIE TEMITBI HaYaJIbHOT'O POCTA.

3. VYcTaHOBKa IUIaBYYMX TPSAJOK B PHIOOBOJHBIE
€MKOCTHU I103BOJIIET YBEJIUYUTh CpeJHeCyTOU-
HBIY IPUPOCT pacTeHui: peauca — Ha 61,64%;
pyKKOIBI — Ha 15,62%; Kpecc-cajata -—
Ha 41,30%. DTo obecrieynBaeTCss MTHOBEHHOM
ZIOCTYITHOCTBIO MU TATEThHBIX BelllecTB. KopHU
KOHTaKTUPYIOT CO CBEKHMHU, HE OKHUCIEHHBI-
MM coeZiIMHeHUAMU. TakKe KOpHeBas chcTeMa,
HaXOZAIIAsACA B XOPOIIO a’pHUpyeMoul BOJE,
aKTUBHO JIBIIIIUT, YTO YCKOPSIET BCE MeTaboIU-
YeCKUe MPOIIECCH U TIOTIOIIEHNE 3JIEMEHTOB.
[ToBepxHOCTE KOpHEH (pu3ocdepa) CTaHOBUT-
¢ W/ieaqTbHBIM MeCTOM /i KOJIOHM3alluKu HU-
TPUPUITUPYIONIUMU OGaKTEPUAMU, IYTO GOPMHU-
PYyeT eCcTeCTBEHHBIN GHODUIBTD.
[IpoBesleHHOE UCCIEZ0OBAaHWE TIOKA3BIBAET,

YTO WHTErPUPOBAHHAs aKBAaIllOHHAs CHUCTEMA,

KOTOpas BKJIOYaeT B cebs IpsAMON KOHTaKT

KOpDHEH pacTeHUU C BOAOW, obJyaflaeT BBHICO-

KO¥ 2pPEeKTUBHOCTHIO, YCTOMYMUBOCTBIO U TIPO-

AYKTUBHOCTHIO. OHa pemiaeT ABe 3afadyud O/-

HOBPEMEHHO: 00ecreYyrnBaeT BBICOKUE TEMIIbI

MMPOU3BOZCTBA KaYECTBEHHOW paCTUTETbHOM

MPOAYKIIMY U CO3/Ia€T ONTHUMAaJbHbIE YCIOBUSI

JUIs1 TUIPOOMIOHTOB 3a CYET eCTECTBEHHOU Ouo-

JIOTUYECKOM OYUCTKHU BOJBI.
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