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EMICIA CO2 3 FPYHTIB MI4 EHEPTETUYHUMU KYJIbTYPAMU

nobanbHe NOTENIHHA AK 0AHA 3 HANBAX/IUBILINX €KOOTIYHNX
npo6nem cborofeHHs, caMe TOMY BMBYEHHS BNUBY OyAb-AKUX YMH-
HUKiB Ha BiATiK CO2 € BaXXNMBUM 3aBOaHHAM. He3Ba)akwuunm Ha yuc-
NeHHIi pocnigXeHHs, epeKT Big BUPOLLYBAHHA eHEPreTUYHUX KYNbTyp
Ha BuaineHHs CO2 3 FPYHTIB 3a/IMLWAETLCSA HE3'AICOBAHUM.

Y cTaTTi nogaHo pe3ynbTaTtu AOCNIOXKEHHS IHTEHCUBHOCTI «aun-
XaHHS» FPYHTIB MiJ €eHepreTUYHMMM KynbTypaMu 3a Pi3HUX CUCTEM
ynobpeHHs. lNokazaHo, Wo BIAMIHHOCTI eMicil ByrnekKucnoro rasy 3
FPYHTY Nif Pi3HUMU eHepreTUMYHUMU KyNbTypaMu 3anexanu Big Tem-
nepaTypw, BOJIOrOCTi, BMICTY B HUX OpPraHi4HOI pe4oBUHM Ta ocobnun-
BocTen 06pob6iTKy. BigMivueHo iHTeHcKdiKaLilo faHoro npouecy nicns
OpPaHKMW.

BigMiyeHO ce30HHY AMHAMIiKY NOTEHUIMHOI CMPOMOXHOCTI I'PYH-
Ty Ao npoaykyBaHHsa CO2 3a oAHaKOBMX YMOB BOJIOFrOCTi Ta TeMnepa-
TYypuM 3 MaKCMMYMOM Yy JIUMHI Ta NOCTYNMOBUM 3racaHHSIM [0 OCEHi.
Bu3sHayeHo, WO AeHHIi KONUBaHHSA iHTEeHCUBHOCTI BupineHHi CO , 5-
10% Bip cepegHbon060BOro piBHA. BCTAaHOBNEHO 3HWMXKEHHS eMicil
CO2 y yepBHi 3 noganbwnM 36iNblIEHHAM Y INMHI, WO MoXe 0b6ymMoB-
NIOBATUCA CMNEKOTHUMW YMOBaMW, WO CNPUYMHANO MNPUTHIYYIOYNN
BMJINB HA PICT i PO3BUTOK FPYHTOBOI MikpobGioTu.

Jocnig)XeHo BNAWB KynbTypu, WO BUPOLLYETLCA Ha AUHaAMIiKy
nokasHuka BupineHHsa CO2. 3a paxyHOK KOPeHeBOro AMXaHHSA cyMap-
HuMK noTik CO2 3 noBepxHi 'PyHTY 36inblIyeTbCA B cepegHboMy vy 1,2-
6 pas3iB Npu BUPOLLYBAHHI eHEepreTUMYHUX KynbTyp, WO CBIAYNTb MNPO
BigMiHHOCTI MeTaboniyHuMx npoueciB. Cuctema ynobpeHHs BNAMBaE
Ha npoaykyBaHHsA CO2 FpyHTOM i 3HAYHOK MipOl, 3aNeXUTb Bif No-
rogHux ymoB. CnpuaTtnuei rigpoTepMiyHi YMOBU aKTUBI3YHOTb AiANb-
HICTb FPYHTOBOI MiKPOdIOpPM OPHOro Wapy FPYHTY.
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3aranoM [ocniaXXeHHs nigTBepOounuM BaXKNMBICTb Ta Heobxig-
HICTb MOHITOPUHIY OUXAHHSA FPYHTY K MOKA3HMKA CTabiNbHOCTI PyH-
KUiOHYBaHHS arpoeKoCMUCTEM B YMOBAX 3MiHU KJiMaTy.

KniouyoBi cnoBa: eHepreTuyHi KynbTypu; «AUXAHHSA» [PYHTY;
aucunauisa CO2 no atmocdepwu.

MocTaHoBka npob6nemMn. B KOHTEKCTI MiACUNIEHHS NapHUKOBOrO
edeKTy 0cobanBOT 3HaYyLWOCTi HabyBae BiochepHa posib 'PYHTOBOrO Au-
XaHHS, BHACNiAOK MigBULLEHHSA BMICTY NMapHUKOBMX rasiB B aTtmocdenpi,
nepw 3a Bce CO2. 3a TaKNUX yMOB pOJib AOCTOBIPHUX | TOYHUX METOAIB BU-
3Ha4YeHHs 06csAriB eMicinHMX BTPAT FPYHTAMU OPraHivyHOl pe4yoBUHW, 3a-
KOHOMipHOCTen 1I TpaHcdopMaLil, XxapakTepuUCTUK BionorivyHoro Konooobi-
ry KapboHy, a TakoX pyxy i Konooobiry iHWnx BioreHHUX eNeMeHTIB, BaXk-
Ko nepeouiHuTu (TpodmmeHko, 2015). Emicia CO2 3 rpyHTIB € 0OHUM 3 OC-
HOBHWX NMPOLECIB BYIELEBOro LMKy B HAa3EMHUX eKOCUCTEMAX. 3anex-
HICTb 1I BiJ YMHHUKIB cepefoBuLLA i TUMNY FPYHTIB HEAOCTATHLO [OCHI-
O)KEHi, HE3BaXKaluM Ha LUMPOKE BUKOPUCTAHHSA MOKA3HMKA ANSA OLIHKK
6ioNoriYHOT aKTUBHOCTI IPYHTIB..

AHani3 ocTaHHix gocnip)XeHb i nybnikauin. BpaxyBaHHS LWMPOKO-
ro CNeKTPy YMHHUKIB OOBKINNA A03BOJSISE MOBHIilIE N 00 EKTMBHILIE OLi-
HUTU 3aKOHOMIPHOCTI PYHKLIOHYBaHHS IPYHTOBMUX LLEHO3iB. 3pO3yMinuM
€ TOM $aKT, WO NpoBeaeHHS BUMIpOBaHHS KoHUeHTpauil CO2 Ta Bupaxy-
BaHHSA abcontoTHOI Macu kapboHy nig 4Yac nmoro gucunadii 3 rpyHTYy 3a
HeogHaKoBOI TeMNepaTypu Ta aTMOCPEpPHOro TUCKY, MOPIBHAHO 3 NEBHU-
MW «HOPManbHMMWN YMOBaMu», NoTpebye HayKoBO 0OrpyHTOBaHHSA. [eskKi
aBTOPU 3aYBaXKylTb, LLO BMBYEHHS 3aKOHOMIpPHOCTEN NPOTiIKaAHHSA eMicil
NMapHUKOBUX rasiB 3 IFPyHTIB A0 aTMocdepn HeobXigHO 3AiMCHIOBATU 3
OAHOYACHWM O0AATKOBMM BMMIPIOBAaHHAM BESIMYUH TeMnepaTypu MNOBIT-
ps Ta aTMocdepHoro TMcKy (AnekcaHgpos, 1996). AnbTepHaTUBOK 03Ha-
YeHOMY € nigxin, KONMM BUMIPIOBAHHSA MPOBOAATb Y NMEBHMMW 4ac KOXHOI
[06Kn 3 MeTow He Nuue BUSBMIEHHA KOHKPETHUX BESIMYMH eMiCil napHu-
KOBWX rasiB, afie 1 NoAanbLIOro po3paxyHKy cepeaHbonoboBux i cepen-
HbOMICAYHUX BENIMYMH abo X obcariB eMicil 3a BereTauinHUM nepioa 4u
ce30H (JlapioHoBa, 2001). Takuit MeTo4 CNPSIMOBAHUM Ha LUTYYHE «HiBe-
JIIOBAHHS» YMOB BUMIiPHOBAHb 3 METOK MiHIMi3aLil MOXIMBOIO IX BNAMBY
Ha KiHueBun pe3ynbTaTt. Cepen Cy4acHMX METOAIB BU3HAYEHHS iHTEHCU-
BHOCTiI AMUXaHHS FPYHTY 3aCTOCOBYIOTb KaMepHUi auHaMiyHun (Freiziene,
2008), kamepHuU ctaTuyHUi (JlapioHosa, 1988; Makapos, 1988; MNaHu-
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koB, 1989; ®epopos-Aasugos, 1998), npodinbHuin (De Jong, 1979;
Freiziene, 2008; Vose, 1995) Ta iHkybauinHuit (deMkuna, 1989) metogm.

Bigomo, o icHyBaHHA TeHAEHLiT NOCTYNnoBOro 30ifbleHHA KoHLe-
HTpauii CO2 B aTMocdepi 0OCTaHHIMM pOKaMU 3yMOBJIIOE NiOBULLEHHSA Te-
MnepaTypu NOBITPA W 3aKOHOMIPHO € OAHIEID 3 HAMAKTyasbHILWUX Npo-
6nem noacrtea. B nitepatypi (Minanno, 2015) HaBegeHo aaHi woao 70%-1
dYHKUIOHaNbHOI poni Aiokcuay Byrneut, ik roJJoBHOro NapHUKOBOro ra-
3y, Yy cydacHux 3MmiHax knimaty (IPCC, 2007). BukniouHa rocTpoTa ui€l
Npo6/eMN CNOHYKAE BYEHUX 3A4iMCHIOBATM NOLWYK OIEBUX WNAXIB 1T yCy-
HeHHs. KpiM Toro, BuwWeo3Ha4yeHMn npouec BigbyBaeTbCA Ha T/i NOCTiN-
HOro PO3BMUTKY AerpafauinHux SBuULL, B FPYHTAX | € HACNiIAKOM NOCUNEHHS
iHTeHCMdiKaLii TXHbOro BMKOPUCTaHHA. ['pyHTV BUAiNaw0TL B aTMocdepy
wopiyHo 75x10"5 p C-COy, wo B 10 pasie 6inblwe piyHoro euaineHHsa CO;
npv cnanoBaHHI BCix BUAiIB ByrnesoaHesoro nanuea (Subke, 2006).

Emicia CO2 3 rpyHTiB B aTMOoCcdhepy € 3Ha4YHUM NOoTOKOM Kap6oHy B
eKocucTeMax i BU3HAYAETbCSA aKTMBHICTIO MiHepanisauil opraHidyHol pe-
YOBWUHMU I'PYHTIB (reTepoTpodHMIA KOMMOHEHT) | aKTUBHICTIO AUXaHHA KO-
peHiB i Mikopu3n (aBToTpodHUIn KomnoHeHT) (Subke, 2006). LLBuakictb
notoky CO2 cunbHO PO3PI3HAETLCSA B Pi3HUX ekocucTeMax (MiHvaino,
2008), i ToMy BMABReHHA AMHaMiku emicii CO2 B rpyHTax [oCUTb aKTya-
NbHe.

06csirm HagxoO)KeHHNA y IPYHT Ta BUTPATM OpraHiyHoOl Macu 3ane-
»XaTb Big 6araTbox 3MiHHMX Yy 4aci, YacTO B3AaEMHO MPOTUJIEXKHUX 33
CnpsiMyBaHHAM BanaHCcoOBMX CKNagoBuX, fiKi abo nigcunioloTb npouecu
YTBOPEHHS OpraHi4YHol pe4yoBUHW B I'PyHTax, abo, HAaBNaKu, aKTUBI3YOTb
npouecu i gecTpykuil Ta MiHepanisauii. ToMy npo6neMaTnka BMBYEHHS
0cob6sMBOCTEN I'PYHTOBOIO ANXAHHS, K HEBIA'EMHOI CKNa[0BOI YaCTUHU
H6anaHcy opraHiyHoro Byrneuw atMocdepu, CbOrofHi € 0OHIEW 3 rosoB-
HUX TeM OOCNigXKeHb 'PYHTO3HaBLIB, BiosnoriB Ta eKonorie.

Binomo, wo npotikaHHa npouecy amcunauii CO2 po atmocdepm 3a-
NeXUTb Bif, HU3KN YMHHUKIB: 6ionoriyHnx ocobnmeBocTen cupgepanbHUX
TpaB, HA3eMHOI MacWu POC/INH i, K HACNIOOoK, IXHbOI KOpeHeBol Macw, a
TaKoX napaMeTpiB TeMnepaTypu Ta BOMOrocTi FPyHTY Towo (MiHaino,
2015). Be3nepeyHUM € 3B'A30K MiXK BeIMYMHAMU HAO3EMHOI Ta KOpeHe-
BOI Macu pocnuH. ToMy, KONM B Xo4i eKCnepuMMeHTiB 061iKoBYOTb Haa-
3eMHy Macy pocJIMH, onocepeaKoBaHo, 3 NeBHO BipOTiAHICTIO, BPaxoBy-
I0Tb TAKOX | IXHI0O KOpPEHEeBY Macy.

Y pocnigxeHHax (TpodoumeHko, 2015) BuABNeHa 3aKOHOMIpPHICTb
iHTeHCcUdIiKaLil Ha3eMHOK MAcoK POCAVH gUCUNALil 3 NOBEPXHi FPYHTY
CO,. ABTOpM BBaXKatoThb, WO Y BUNaaKy npoBeneHHs HabnuxkeHmx pospa-
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XYHKIB IHTEHCMBHOCTI FPYHTOBOI0 AMXAaHHSA HAa OEpPHOBUX PPYHTAX, BeNu-
YMHA HA3EeMHOI Macu AessKUX TPaB'AHUX KyNbTyp MOXKe 6yTM BUKOpUCTa-
Ha SIK EKBIBaNEHT, KM [0O3BONINTb 3HAWUTM HEObOXigHe 3HAaYeHHs eMicil
CO2 . Mpwu ubomy cnip, Po3yMiTH, WO 3HAYEHHS KOPEHEBOI Macu € BU3Ha-
YanbHUM ONSA IHTEHCUBHOCTI pU30CcdepHOro ANXaHHA FPYHTY Ta BUAINEH-
Hs COa.

BupineHHa CO2 3 noBepxHi FPYHTY — CYMapHWM MNOKA3HWK, LWO
BKJIOYAE BionoriyHy gisnbHicTb MikpoopraHismie i pocauH. Kinbkicte CO2
BM3HAYa€ETbCA GionoriyHMMK (TEMNOM PoOCTy Ta PO3BUTKY POCIIUH i MiK-
POOPraHi3MiB, AMXaHHAM KOPEHiB), a TaKoX ekodaKTopamu (TeMneparty-
pOt0, BOJIOTICTIO NOBITPS i FPYHTY Ta iH.). ToMy eMicia CO2 3 noBepxHi rpy-
HTY Ma€ JOCUTb YiTKy A000BY AUHaMIKY (Big TeMnepaTypu FpyHTY 3ane-
XWUTb iIHTEHCUBHICTb ANXAHHS KOPEHIB i aKTUBHICTb FPYHTOBOI 6ioTu). [Qu-
Hamika eMicii CO2 TicHO Kopentoe 3 TeMMNepPaTypoo BEPXHIX LWAPIB FPYHTY i
MiKpopenbepOM KOHKPETHOro 06'ekta. Ynm BuLLe TeMnepaTypa FPYHTY,
TUM iHTeHcuBHIwe Buainsaetbca CO;2 (Kyapsasues, 2016).

OpHak ouiHKa noTokiB KapboHy 3 pi3HMX eKOCUCTEM AN OKPeEMUX
PerioHiB AoCUTb Npuban3Ha. B ocTaHHI POKM ANXaHHS FPPYHTIB B Ha3eM-
HMX eKoCucTeMax NPOMOHYETLCS PO3PaxoByBaTM Ha OCHOBI reciHpopMa-
LinHOro aHanisy, onsa AKoro HeobxigHa gudepeHLinoBaHa OLiHKA Ce30H-
HUX i piyHmMx noTokiB CO2 3 FPyHTIB B Pi3HMX KNIMAaTUYHMX 30HaX 3 ypaxy-
BaHHAM TUMNY FPYHTY, 3eMJIeKOpPUCTyBaHHA Ta iH. (Kyaedapos, 2005). Cnig
TaKOX BPaxoOBYBaTU TEXHOreHHe 3abpyQHEHHS IPYHTIB, OCKiJIbKWM BOHO €
YMHHWUKOM, WO crnpuse nocuneHHio eMicii CO; (Jly6HiHa, 2006; Momasku-
Ha, 1999, 2004). HeobxiaHicTb ouiHkK eMicii CO2 B okpeMnx ekocucre-
MaX, 30KpPeMa arpoeKoCUCTeMax HALIOro perioHy, 3yMOBJIEHA TaKOX
NPAaKTUYHUM BUKOHAHHAM 3aBAaHb, NOB'A3aHMX 3 nignucaHHaM KioTcb-
KOro NpOTOKONY.

MeToaun BuMiptoBaHHSA nonboBoi eMicii CO2 3 rpyHTiB B aTMocdepy
Pi3HOMaHITHI, BiNbLWICTb 3 HAX BUKOPUCTOBYHOTb YCTAHOBKY MJaCTUKOBUX
Kineub, Ha SKi repMeTUYHO BCTAHOBJ/IOITLCA KaMepwu, BCEpPeauHi SKuUX
BMMIpIOETLCA NpUpicT KoHueHTpauii CO2 (Subke, 2006). BpizaHHa nnac-
TUKOBOIO KifibUs B FPYHT Ha 1-5 cM npu3BoguTh A0 pO3pUBY 3HAYHOI Ya-
CTUHWN TOHKMX KOPEHIB i Mikopu3u, wo 3MiHwe notik CO2 (Heinemeyer,
2011) i, omxe, 3aranbHy emicito CO2. Po3puB KopeHiB MOXe CTaTu nNpuyu-
HOI K 3MeHLWeHHA, TaK i 36inbweHHa notoky CO2 (Gadgil, 1975;
Heinemeyer, 2011). MNpuuynHoto 3MeHwWeHHS € BUKIOYeHHA CO2, wo Bu-
DINAETLCSA KOPIHHAM | MiKOpM3010. 36iNblUIEHHA NMOTOKY MOXe BiabyBaTu-
CS 33 PaxyHOK:
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® MigBULLEHHS AKTUBHOCTI retepoTpodiB 4epe3 3pOCTAHHSA BOMOrOCTI
BHACNiOOK BiACYTHOCTI BOJIOronMorivHaHHA KopeHamu (Menyailo,
1999);

® 3MEHLIEHHA KOHKYPEHLUIl MiXXK MIKOPI3HUMKN KOpeHsaMU i reTepoTpoda-
mu (Faprin-edekr) (Dijkstra, 2003; Gadgil, 1971; Gadgil, 1975).

YuM rnnbLue BCTAHOBMIOKTLCA KiNbUSA, TUM Binblua KiNbKiCTb Kope-
HiB BUKJTIOYAETbLCS | TUM ePEeKTMBHILLE BULLE3a3HavYeHe. Ponb KOHKYpPEH-
uit Mixx aBtotpodamu i retepotpodpamm B emicii CO2 3 rpyHTiB BUBYEHA
cnabo, TaKOXX He NPUAINEeHO HaNeXHol yBarn rnmbuHi yCTaHOBKM Kineub,
LLLO, MOXKJIMBO, | NPM3BOAUTL A0 PO3pPi3HEHMX ouiHOK eMicii CO2 3 rpyHTiB
oaHoro tuny (Kypesapos, 2005; Heinemeyer, 2011). [>kepesioM npoaykKy-
BaHHSA CO2 € nerkogocTynHi ans MiKpoOHOI yTunisauil CBiXKi OpraHiyHi
PEYOBMHU, TOBTO OLIHIOKYM Ler NOKA3HUK, MOXHA CYAUTU NPO KiNbKIiCTb
OCTaHHiX.

[oBoni BinoMMUM € BigHOCHWUI NoKa3HUK BuAaineHHs CO2 rpyHTOM nig,
Ky/bTypaMu Ta FPyHTOM Ha AKOMY HeMa pocnuH (Ha nepenosi). B nitepa-
TYpi BKA3YETbCA HA 34ATHICTb EHEPreTUYHOI KyNbTypu CNPUSATU HAKONU-
YEHHI0 OpraHiyHoro Byrneutw B atmocdepi, i, TUM caMuUM, NOCUIIIOBATU
BUHUKHEHHS NapHUKOBOro edekTy. He MoXHa ouiHOBaTW POCAMHY nuLwe
oo ii poni y ¢opMyBaHHI BYreLeBoro uukny, HeobxiaHO BpaxoByBaTH
06’'emu giokcmay KapboHy ANs pOC/AUH, SKi NOTIM BUKOPUCTOBYHTLCS Ha
BJIACHE ANXAHHS.

Y pocnigxxerHsx C.10. KanycTtaHumka Ta cniBaBTopiB (KanycTaHuuk,
2016) nokasaHo, Lo AnxanbHa aKTUBHICTb FPYHTY Mi MiCKAHTYCOM BuULLE
(Lo CBiAUYMTbL NPO BULLMIA BMICT OPraHiYHOI PeYOBUHM), HiXK B IpYHTI 6e3
pocnuH. ABTOpM NMOKa3anw, WO, HaBiTb 338 OAMH PiK 3pOCTAHHA POC/MNHA
3B'AI3Y€ B OPraHiYyHi pe4yoBMHI PPYHTY 3HAUHY KinbKicTb Byrneut. OgHak,
JOCUTb WBKAKO (dyepe3 14 gHiB iHKy6aLil) HaKoONWYeHUI Byrneub nepe-
X0OUTb Yy AOCTYMNHY ANa MiKpoOHOI yTunisauii popmy, i WBNAKO po3Kna-
OAETbCA.

3 nitepatypu (KanyctaHnumk, 2016) Bigomo, WO 3a BUPOLLYBaHHSA
MiCKaHTyCy Bin6yBaeTbCcsl 36arayeHHsl OPraHiyHOK PEYOBUHOK FPYHTY i
TOMY CMOCTEpPIraeTbCa NiABULLEHHA AMXaSIbHOI AaKTUBHOCTI FpyHTy. Bia-
3HaYeHOo MiABULLEHHS AMXAaNbHOI aKTUBHOCTI wapy rpyHTy 0-20 cM npwm
BUPOLWYBAHHI KyNnbTypu MPOTArOM OAHOr0 BeretauinHoOro nepiogy Ha
15% B NOPIBHAHHI 3 PPYHTOM «Nig NAapoM», WO CBIAYNTb NPO 3HAYHE Ha-
KOMWYEHHI OpPraHiYyHOl PeYoBMHM B FPYHTI HaBITb Mid OQHOPIYHOK KyJb-
TYPOIO MiCKaAHTYCY.
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MeTa i 3aBaaHHAa pocnigxXeHHa. lNpoaHanisyBaTu iHTEHCUMBHICTb
BuaineHHs CO2 3 PpyHTIB Nig pi3HUMU €HEPreTUYHUMU KYSIbTypPamu.

Buknap ocHOBHOro MaTepiany pocnigXeHHs. AHani3a guHaMiku
emicii CO2 3 FpyHTY nNifg, PiSHUMKU KyNbTypaMu 34iMCHIOBANOCS Mif Yac Be-
reTauinHoOro nepiogy — 3 KBiTHS MO XXOBTeHb. [10Ka3aHo, Wo HaNiHTEHCU-
BHiwe BuaineHHa CO2 cnocTtepiranoca 3-nig MickaHTycy (puc. 1), Ham-
MEHLIA NOro KiNbKiCTb BUAINANAaca Ha nepenosi.

—t— niepenir —#— copro "3y6p"
copro "Megosui” KOCTPHMUA o4yepeTaHa
= CBITYIpac == MICKaHTYC
2,5
2
1,6
1
0,6
0

KBITEHb TpaBeHb YepBeHb nUneHb HOBTEHb

Puc. 1. OuHaMika OuxanbHOI aKTUBHOCTI FPYHTY Mig pisHUMU KynbTypaMu (Hg_x),
kr CO, /ra

[na Bcix 6e3 BMKIIOYEHHS KyNbTyp MPOCHiAKOBYETLCSA TEHAEHLis
pi3Koro 3HmXxeHHs eMicii CO2 y YepBHi 3 NoAanbWMM Pi3KUM 36inbLUeH-
HAM y nnnHi. O4eBNAHO, MiXKCE30HHI BiAMIHHOCTI NOB'A3aHi 3 6inblw cne-
KOTHUMW YMOBaMM BereTauinHOro nepiogy, WO CNPUYMHSAN0 MPUTHIYYIO-
YW BMJIMB HA PICT i PO3BUTOK IPYHTOBOI MiKpo6ioTu, siKa i BuAinsana Me-
HWY KinbKicTb Byrnekucnoro rasy. Y nitepatypi (Kanyctanumk, 2016)
BKa3yeTbCA, Wo cnanaxu emicii CO2 MoXKHa po3rnsgatu sk BiAryK FpyH-
TOBUX MIKPOOPraHi3mMiB Ha 3MiHM YMHHUKIB cepenoBuLla, iHTEHCUBHICTb
Ta TPMBANICTb AKMX 06yMOBMEHA BNAaCTUBOCTAMMU I'PYHTY i pecypcoM foc-
TYNHOro AJ1 MiKpoopraHi3miB cybcTpary.

MopibHa TeHAeHUia cnocTepiranacsa i Ans ropusoHTy Hao-s0 (puc. 2),
33 BUKJIIOYEHHSM iHTEHCUBHOCTI eMiCil y KBIiTHI.

Bigomo, o y PyHKUIOHYBAHHI Ha3EMHUX EKOCUCTEM BAXKJIMBUMU €
NpouecK AMxanbHOro ra3oobminy negocoepu — 06MiH KUCHEM i BYreKu-
C/IMM rasoM MiX FPYHTOM, pocivHaMmu Ta atMmocdepoto. (Lundergarth,

95



Cepis «CinbcbKorocnopgapcbKi Hayku»
Bunyck 2(98) 2022 p.

1997) 3a3HauaB, WO AUXaHHSA FPYHTY K iHOMKATOP aKTUBHOCTI FPYHTO-
BUX MiIKPOOPraHi3MiB KOpPENE 3 Pi3HUMU eKoNorivHnMm ¢paktopamm n
0co6MBO TiCHO — 3 TeMnepaTypot. [Ana 6inbwocTi MiKkpoopraHismis, 30-
Kpema gnsa canpodiTie, aHaepobHMX aMoHidikaTopiB i AeHiTpudikaTopis,
ontTuManebHow € Temnepatypa 20° C (Xasies, 1976). BctaHoBneHHAa 3a-
NEeXHOCTi guxanbHoro KoediuieHTy Big TemMnepaTtypu Moxe 6yTn vytnm-
BUM iHOMKATOPOM 3MiHW MpoueciB OMxanbHOro rasoobmiHy, a nepesa-
>XaHHA BugineHHs CO2 Hap nornuHanHam O Moxe 6yTM BUKOpUCTaHe
ONa MoOentoBaHHS BNAMBY rNobanbHOro NoTenniHHA Ha Npouecu emicii
COa.

—— nepenir —— copro "3ybp"
—— copro "Megoeuin" KOCTPULA oYepeTaHa
=—f&— CBiTUrpac —&— MiCKaHTyC
2,5
2
1,5
1
0,5
0
KBiTEHb TpaBeHb YyepBeHb NUNeHb HOBTEHb

Puc. 2. InHaMika pMxanbHOI aKTUBHOCTI I'PYHTY Nig, Pi3HUMW KyJbTypaMu
(H20_40), Kr COZ /ra

MpoBeneHO CTAaTUCTUYHWUIM aHani3 oTpUMaHuMx AaHux. [obypoBaHi
Aiarpamu posMaxy gaHux wopo eMicii CO2 Ha pi3Hin rMnbuHi npeacTas-
NeHi Ha puc. 3.
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Ho-20 H20-40

Pwuc. 3. [liarpaMa po3Maxy AMxaNbHOI aKTUBHOCTI 'PYHTY NPOTAroM
BereTauinHoro nepioay, kr CO, /ra

BcTtaHoBNEHO, WO BEIMYNHU OMUXaNbHOI aKTUBHOCTI 33 BUOINIEHHAM
CO; Bigpi3HatTbca y 1,2-6 pasi., WO CBiAYUTb NPO CYTTEBY Pi3HULLID Me-
TaboniyHmx npouecis. Lli BigMiHHOCTI, o4eBMAHO, BioobpaxkatoTb 0cobnn-
BOCTi [O0CNIAXKYBaHUX FPYHTIB, 06YMOBJIEHI Pi3HUM BMICTOM i SIKICHUM
CKN1IaA0OM OpPraHi4yHOI PeYOBUHU, BESIMYMHOK pH, KiNbKiCHUM Ta AKICHUM
CKNagoM rpyHToBol Mikpodnopu. HanBMWNUM pO3KMOOM AaHMX XapaKTe-
pU3yTbCA BepxHi ropu3oHTH (Ho-20), BN HUXKHiX ropu3oHTiB (H20-40) no-
Ka3HUKW BUAINEHHS BYTNEKUCIOro rasy 3HaXo4sATbCSA MPAKTUYHO Ha 04-
HaKoBOMY piBHi. [l[poaHanizoBaHo NOAiIOHICTb Y IHTEHCUBHOCTI BUAINEHHS
CO2 nig pi3HUMK KynbTypaMn. Hanbinbwa nofibHicTb 3a BUAINEHHAM BY-
FMEeKNCNoro rasy BigMiyeHa y rpyHTax nepesory Ta nig KoCTpuuew o4ve-
PeTSHO, NPO WO CBiAUYNTb, YTBOPEHUIN HUMK KnacTep (puc. 4), 6An3bKo
A0 HUX 3HaxoguTbca cBiTYrpac. [Jpyrun knactep yTBOPEHUM COpProMm rib-
pnay «MepnoBun» Ta MickaHTycom. HeobxigHo BigMiTUTK TiCHY B3aEMOAIt0
MiX yCiMa AOCNIAXEHUMUN KyNbTypaMMu.

CyyacHuM cTaH pPo3BUTKY CYCMiNIbCTBA XapaKTEPU3YETLCA IHTEHCU-
BHUM BTPYYaHHSM JIIOAWMHW B NPUPOLHI Npouecu, wo obyMoBOE nopy-
LWeHHA YHKLiIOHYBaHHA GioreoueHosiB. B arpoekocucteMax, Ha BigMiHy
BiA4 NPMPOAHUX, BESINKA YAaCTKa MOXMBHUX E€NEMEHTIB BUKIIOYAETHCA 3
Kpyroobiry npu Biguy>KeHHi BPOXat HacnigoK uboro 3pocTae ix aediuunt
B PPYHTI. Y FPYHTI BOAOPO3UYMNHHI MOXMBHI PEYOBUHMU, IKi MOBHICTIO HE BU-
KOPUCTOBYHOTLCA POCSIMHAMWN, TUMUYACOBO 3aKPIiNJOTLCS B Tisli MiKpoop-
raHismis. licng 1X BigMMPaHHS | pO3KNaAaHHS BOHM 3HOBY NepexoaaTb Y
OOCTYNHi $OpMM | BUKOPUCTOBYHOTLCA pocinHamu. B ubomy Bunagky pu-
30chepHi MiKpoopraHiaMu BUCTYNawTb K OionorivyHi «3akpinnwoBayi»
(Mazyp, 2002). Nonynsuito MikpoopraHiaMiB MOXKHa po3rnagaTh SK nep-
LWOPAAHY eNeMeHTaPHY OAMHULI0 MIKPOOHOro LEeHO3Y Ha NonynsauinHoMy
piBHi. [Mpn BM3Ha4eHHi BNAMBY A0BpPMB Ha FPyHTOBY Mikpodnopy cnig
BIAMITUTW, WO MIKPOOPraHi3Mu BiAirpatoTb BaXINBY posib Y GOPMYyBaHHI
FPYHTOBOI POMIOYOCTI i BIIMBAIOTb Ha JKMBJIEHHS POC/MH. IX KOpeHi no-
psAg i3 NOrNMHAHHAM BOOM | NOXUBHUX €/IEMEHTIB 3 FPYHTY BUAINAIOTb
KiHLEBI MPOAYKTN 0OMiHY peYOBWH: BYFNEKUCOTY, HAAMLLOK COMEen, op-
raHiyHi peyoBMHU, a TaKoXK PepMeHTn — KaTanasy, ypeasy, aminasy, iH-
BepTas3y, Ninasy Ta iHWi, SKi BNAMBAKTb Ha FPYHT i CNPUSAIOTb NepeTBo-
PEHHIO BAXXKOAOCTYNHUX GOPM MOXKUBHUX PEYOBMUH Yy NIErKOAOCTYMHI. A
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rONI0BHE, WO Ui OpraHiYyHi BUAINEHHS KOpeHeBOl CUCTEMU € MOXKUBHUM
cybcTpaTtoM ons HITPUPiKyUMX FPYHTOBMX MiIKPOOPraHi3MiB, siKi po3Ta-
LWOBYHOTbCA Yy pusocdepi. ¥ npoueci XKUTTEQIANbHOCTI POCAUH BUAINA-
I0TbCS TOKCUYHI pe4yoBMHW. | BOHM He MMHYTb Nuwe Yyepes Te, WO MiKpoo-
praHiamMu yTuni3yoTb pocnuHHi Bigxoan (Bymxepak, 1992).

1,00 0,01 0.02 0,03 0,04 0,05 0,08 0.07

Puc. 4. T'pad knactepHoro aHanisy obcsriB eMicii giokcmay KapboHy rpyHTOM
nig, pi3HUMN EHEPrETUYHMMU KyNbTYpPaMu

BigoMo, Wwo arpoxiMiyHi NOKa3HUKN OepHOBO-MiO30/INCTUX F'PYHTIB
nig BnAMBoM depMeHTOBaHUX A06pMB MOAINWYTLCSA. 30KpeMa BCTAHO-
BJIEHO, WO IX 3aCTOCYBaHHA CMpUSE MiOBULLEHHIO BMICTY BYrneul Ha
0,11-0,20%, pyxomoro ¢docdopy Ta 06MiHHOro Kanito — Ha 14-102 i 13-
33 Mr/Kr rpyHTy BiANOBIAHO, @ TAKOX 3HUXEHHI0 KMCIIOTHOCTI FPYHTOBO-
ro po3uunHy Ha 0,27-0,34 noka3Huka pH (Faspuniok, 2009).

Copro — UiHHMIA BWUA, 3€PHOBMKX | KOPMOBUX KyJNbTyp, BONIOAIE BUCO-
KMUMWU afanTUBHUMW BNAaCTUBOCTAMWU A0 HECNPUATAMBUX arpoKniMaTmy-
HUX | PPYHTOBMX YMOB. BigMiHHMMK pucamm €: BUCOKa MOCYXOCTIMKICTb
POC/WNH | 3AATHICTb JIerwe NepeHoCUTN eKCTPeMasbHi NiTHI TeMnepaTypw;
OOCTaTHS CONECTINKICTb; BiNibll EKOHOMHE BMTPAYaHHSA BOJIOMM Ha ogu-
HULID BPOXalo; CNPUATAMBICTE K nonepenHuKa pas 6araTtbox KynbTyp
(Yamypnues, 2012).

Hamn npoaHanizoBaHo BUAINEHHS BYrNEKUCNOro rasy 3-nig pisHux
riopuaiB LYKPOBOrO COPro 3a BUKOPUCTAHHA Pi3HUX CUCTEM YAOOPEHHS.
Ak BMAOHO, 3 NpeAcTaBfIEHUX Ha PUCYHKY 6 JaHUX, cUcTeMa yaobpeHHs
CYTTEBO He BMNJINBAE HA EMICil0 BYFJIEKMCNOro ra3y 3-nif pi3Hux ribpupis
copro.
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MpocnigKoBYETLCA aHanoriyHa A0 BULLEONUCAHOI AMHAMIKa, a ca-
Me: MiHiManbHi NokasHukM BennduHm emicii CO2 cnoctepiratoTbesa y KBiT-
Hi Ta YepBHi, NpU YoMy K Ana ribpuay «3y6p» (puc. 5), Tak i ana ribpuay
«Meposuin» (puc. 6).

~—4— KOHTPO/b ——QOpakyn 20 kr/ra
Opakyn 20 kr/ra+ N60P&60K 60 Opakyn 20 kr/ra+ N?OP?0K 90
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KBITEHb TpaBeHb YepBeHb nUneHb HOBTEHb

Puc. 5. InHaMika anxanbHOT aKTUBHOCTI FPYHTY nig Sorghum bicolor (L.)
Moench ribpuay «3y6p» , kr CO, /ra

~—4— KOHTPO/1b ——QOpakyn 20 kr/ra
Opakyn 20 kr/ra+ N60P&0K 60 Opakyn 20 kr/ra+ N?0OP?0K 90
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Puc. 6. InHaMika anxanbHOT aKTUBHOCTI FPYHTY nig Sorghum bicolor (L.)
Moench riépugy «Megosuin» , kr CO, /ra

MakcuMyM BuAineHHa npunagae Ha TpaBeHb. LlikaBow BusiBMnacs
pi3HUUA ONnsa pi3HuMX ribpuais copro y nundi. Tak, gna ri6pnay «Mepo-
BUIM» BiAMiYa€eTbCca 3HauyHe 3HMXKeHHS eMicil CO2, HaToMicTb eMicia CO; 3-
nig riopmnpy «3yb6p» 3HAX0AMUTbLCS HA PiBHI KOHTPOJIbHUX 3HAYEHb, 3@ BU-
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K/TIOYEHHSIM CUCTEMU yA06peHHa «MynbTukoMnnekc Opakyn y KinbKoCTi
20 kr/ra 3 popaBaHHAM NeoPsoKso».

MpoaHanizoBaHo NofibHicTb 0b6cAriB eMicil giokcnay KapboHy rpyH-
TOM nig uykposuM coproM (Sorghum bicolor (L.) Monench) 3a Bnausy pi-
3HUX BapiaHTiB yaobpeHHs (puc. 7). MokasaHo HaMBinbly NOAibHICTb Y
KinbkocTi BuaineHoro CO2 y KOHTPONILHOMY BapiaHTi Ta BapiaHTi 3 goaa-
BaHHAM MynbTukomnnekcy Opakyn y KinbkocTi 20 kr/ra. Ui aBa BapiaHTu
YTBOPHOKTb HAWTICHIWKMMA KNacTep NofibHOCTI, Xo4a fBa iHWMX BapiaHTn
pocnigy (MynbtukoMnnekc Opakyn y KinbkocTi 20 Kr/ra 3 goaaBaHHAM
NeoPesoKso Ta MynbTukomnnekc Opakyn y KinbkocTi 20 kr/ra 3 gogaBaH-
HAM NooP9oKgp) Tako 3HaxomaTbCcA Yy TiCHIA B3aeMofil, i MicTaTbca y
NPOMIXKKY MEHLLUOMY N'ATU eBKNiQ0BUX OANHULb.

1130 0,1135 0,1140 0,1145 0,1150 0,1155 0,1160 0,1165 0,1170 0,1175
Puc. 7. 'pad knacTtepHoro aHanisy obcsarie eMicil giokcnay KapboHy rpyHTOM
nig uykposum coprom (Sorghum bicolor (L.) Monench)

BucHoBku. [Noka3aHo, WO HaMBULWMUA NMOKA3HUK iIHTEHCUBHOCTI AU-
XaHHS FPYHTY MaB Micue y npobax, BigibpaHux nicns opaHku. OueBuaHo,
NiOTPMMAHHA FPYHTY Y PO3NyLWeEHOMY i 3BifibHEHOMY Bif Oyp'siHIB CTaHi
MA€E CTUMYJTIOKYMIA BNINB HA PICT | PO3BUTOK IPYHTOBOI MiKPObioTH, SKa |
Buainsana 6inbwy KinbKicTb Byrnekucnoro rasy. Kinokicte CO2, wo Buai-
NSAETLCS 3 FPYHTY B pe3ynbTaTi MOro gUXaHHSA, BiQHOCHO 3arasbHoro ob'-
EMY BUAINEHHS i3 IPYHTY Mig UYKPOBMM coprom copTy 3yb6p nNpaKTU4HO
He BiApi3HATbLCS.
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BcTaHoBNEHO, WO BEAIMYNHU OMUXANbHOI aKTUBHOCTI 33 BUOINIEHHAM
CO;2 Bigpi3HatTbca y 1,2-6 pasis, WO CBiAYUTb NPO CYTTEBY Pi3HULIIO Me-
TaboniyHmx npouecis. Cnuctema ynobpeHHs BUABASIE 3HAYHUW BMIMB Ha
npoaykyBaHHs CO2 rpyHTOM. BnavMB UMX YMHHUMKIB, 3HAYHOK Mipoto, 3a-
NEeXUTb Big, NorogHux ymos. CnpuaTAuBi rigpoTepMiyHi yMOBU aKTUBI3Y-
I0Tb AiSNIbHICTb FPYHTOBOI MiKpOdI0pKN OPHOIO Wapy FPYHTY.
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HOPM MoceBa CEMSH Ha OpPOLLAaeMbiX CBeT/IOKaWTaHoBbIX noyBax HuxkHero lMo-
BOJIXKbS1. M3BecTns HUXKHEBOMKCKOrO arpoyHUBEPCUTETCKOMO KOMMJIEKCa: HayKa U
BbicLIee npodeccunoHanbHoe obpasosaHune. 2012. Ne 2 (26). C. 46-51. 15. De Jong
E., Redmann R., Ripley E. A. A comparison of methods to measure soil respira-
tion. Soil Sci. 1979. V. 127. P. 300-306. 16. Dijkstra P., Williamson C.,
Menyailo O. et al. Nitrogen stable isotope composition of leaves and roots of
plants growing in a forest meadow. Isotopes Environ. Health Stud. 2003. V. 39.
P. 29-39. 17. Freiziene D., Kadziene G. The influence of soil organic carbon,
moisture and temperature on soil surface CO2 emission in the 10th year of dif-
ferent tillage-fertilization management. Zemdirbyste Agriculture. 2008. Vol.
95. Ne 4 P. 29-45. 18. Gadgil R. L, Gadgil P. D. Suppression of litter
decomposition by mycorrhizal roots of Pinus radiate. NZ J. For. Sci. 1975. V. 5.
P. 33-41.
19. Heinemeyer A., Di Bene C., Lloyd A.R. et al. Soil respiration: implications of
the plantsoil continuum and respiration chamber collarinsertion depth on
measurement and modelling of soil CO, efflux rates in three ecosystems. Euro
pean J. of Soil Sci. 2011. V. 62. P. 82-94. 20. Lunderggrth H. Carbon dioxide
evolution of soil and crop grows. Soil Sciences. 1997. Vol. 23. N2 6. P. 417-453.
21. Menyailo 0. V., Huwe B. C. N-mineralization and denitrification as function
of temperature and water potential in organic and mineral horizons of forest
soil. J. Plant Nutr. Soil Sci. 1999.V. 162. P. 527-531. 22. Subke J. A,, Inglima I,
Cotrufo M. F. Trends and method ological impacts in soil CO, efflux
partitioning: A meta-analytical review. Global Change Biology. 2006. V. 12.
P. 921-943. 23. Vose J. M,, Elliott K. J., Johnson D. W. Soil CO, flux in response
to elevated atmospheric CO, and nitrogen fertilization: patterns and methods.
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Lewis Publishers, Boca Raton. P. 199-208.
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CO2 EMISSIONS FROM SOILS UNDER ENERGY CULTURES

Global warming is one of the most important environmental
problems today, which is why studying the impact of any factor on
CO2 outflow is an important task. Despite numerous studies, the
effect of growing energy crops on CO ; emissions from soils remains
unclear.

The article presents the results of the study of the intensity of
“respiration” of soils under energy crops under different fertilizer
systems. It is shown that the differences in carbon dioxide
emissions from the soil under different energy crops depended on
the temperature, humidity, organic matter content and peculiarities
of cultivation. Intensification of this process after plowing is noted.

The seasonal dynamics of the potential capacity of the soil to
produce CO2 under the same conditions of humidity and
temperature with a maximum in July and gradual extinction by
autumn is noted. It is determined that daily fluctuations in the
intensity of CO2 emissions are 5-10% of the average daily level. A
decrease in CO2 emissions was found in June with a further
increase in July, which may be due to hot conditions, which caused
a depressing effect on the growth and development of the soil
microbiota.

The influence of cultivated culture on the dynamics of CO ;
emission index has been studied. Due to root respiration, the total
flow of CO2 from the soil surface increases by an average of 1.2-
6 times in the cultivation of energy crops, which indicates
differences in metabolic processes. The fertilizer system affects the
production of CO, by the soil and largely depends on weather
conditions. Favorable hydrothermal conditions activate the activity
of the soil microflora of the arable soil layer.
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In general, studies have confirmed the importance and
necessity of monitoring soil respiration as an indicator of the
stability of agroecosystems in the context of climate change.

Keywords: energy crops; soil "breathing”; CO, dissipation into
the atmosphere.
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