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Purpose. Determine the efficiency of photosynthesis of soybean varieties ‘Ustia’, ‘Kordoba’,
‘Estafeta’ as affected by the use of microfertilizers and growth regulators. Methods. Field,
laboratory. Results. The article presents the results of research to study the effectiveness of
photosynthesis in the cultivation of different varieties of soybean. It was found that the treatment of
plants with microfertilizer Yara Vita Mono Molitrak in the budding phase (0.25 I/ha) + in the
flowering phase (0.25 I/ha) in combination with the growth regulator Radostym ensured a leaf area
(1000 m?/ha) increase of 7.2 m%*ha in variety ‘Ustia’, 7.6 in ‘Kordoba’ and 5.2 in ‘Estafeta’,
compared to control. At the same time, the efficiency of using the growth regulator Biosil against
the background of double treatment with the microfertilizer was at the level of the treatments with
single treatments with Yara Vita Mono Molitrak in the budding phase (0.25 I/ha) in combination
with appropriate growth regulators. Conclusions. It was investigated that the leaf surface area of
‘Ustia’ variety with foliar fertilization using Yara Vita Mono Molitrak microfertilizer in the
budding phase (0.25 I/ha) in combination with growth regulators Biosil and Radostym was 38.8 and
39.2 thousand m%ha. The use of microfertilizers twice in combination with the above-mentioned
growth regulators contributed to the increase of leaf area to the level of 38.9 and 39.5 thousand
m?/ha, respectively. Similarly, in ‘Kordoba’ soybean variety, the best option was the use of Yara
Vita Mono Molitrak in the budding phase (0.25 I/ha) + in the flowering phase (0.25 I/ha) in
combination with the growth regulator Radostym, which helped to increase the leaf area to 39.5
thousand m?/ha. Foliar fertilization with microfertilizers combined with the use of growth regulators
provides the formation of maximum NPP. Thus, in ‘Ustia’ variety, it was 1.47 and 1.45 g/m?, in
‘Estafeta’ 1.82 and 1.82 g/m? of dry matter per day.

Keywords: efficiency of photosynthesis; accumulation of dry matter; net productivity of
photosynthesis; photosynthetic potential.
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BMicT cyxoi MacH i 30J14 y JIMCTKAX Ta CTe6/1aX 6i0eHepreTUYHMUX KyJIbTyp

I. I. Boiikxo', B. O. I'pumenko’, T. I1. Hosikosa?, O. II. Illepuenxo’

Ynemumym 6ioenepeemuunux kynomyp i yykposux 6ypsaxie HAAH Yxpainu, eyn. Kniniuna, 25, m. Kuis,
03110, Yxpaina
2V mancoxutl deporcasnuil nedazoziunuil ynieepcumem imeni Iaena Tuuunu, eyn. Cadoea 2, m. Ymans, 20300

Merta. BuzHauntu BMICT cyX0i Macu 1 30JIM y JIMCTKaX Ta crebyax 010€HEepreTUYHUX KYIbTYp
(MickaHTyc, cBiTurpac, Bep06a). Meroau. 3pa3ku BiOMpalu HaNpHKIHIII BEreTalifHOro mnepiony
(>koBTeHb). BwmicT cyxoi Macu BH3Ha4YaaM TEPMOIPABIMETPUYHUM METOZOM, BMICT 30IM —
CHAJIOBAaHHAM B MyQeinbHii neui. Pe3yabTaTu. BMICT cyXxoi Macu y TUCTKaX 3MIHIOBABCS 3aJI€KHO
BiJl POKY IMpPOBEIEHHS JOCHIPKEHb 1 KynbTypH. Tak, y cepegHbOMY 3a POKM IPOBEJCHHS
JOCII/DKEHb 11ei MOKa3HUK HaliBUIMM OyB y cBiTYrpacy Ta Bepbu — 65,8-66,0 % 3 BmMicToM 30511
4,3-4,5 %. Y auctkax MiCKaHTycy BMICT cyxoi Macu O0yB Ha 9—10 % HMKYMM MOPIBHSIHO 3 HIIMMHU
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E€HepreTHYHUMH KylIbTypamu. Bmict 305 OyB Ha piBHI 2,8 %, abo B 1,5-1,6 pa3a. @i3uko-xiMiuHi
MOKA3HUKHU JIMCTKIB €HEPreTHYHUX KYJAbTYP 3MIHIOBAINCH 3AJIEKHO Bi POKY IOCHIIKEHHS. Y
JUCTKAX MICKaHTYCY BiH 3MiHIOBaBcs Bix 59,9 1o 60,2 %, cBirurpacy — Big 54,5 1o 76,9 %, a Bepou
— Big 60,7 10 72,2 %. BMICT 3071 3MiHIOBAaBCS Y MEHIIOMY Jialla30Hi BCIX EHEPreTUIHHUX KYIBTYP.
VY crebnax MiCKaHTyCy BMICT CyXO1 Macu 3HaX0AuBCs B Mexax Bix 57,5 % no 58,9 %, y cirurpacy
BiH OyB HaiOuTemuM — Bim 54,9 mo 65,3 %, a B crebnax Bepobu — Bix 51,3 mo 57,1 % 3a pokwm
npoBeneHHsT AocmipkeHb. Ctebna BCIX EHEPreTHYHUX KYIbTYp Malld HWKYMA BMICT 3011
MOPIBHSHO 3 JIMCTKaMH. 30KpeMa, Iei MOKa3HWK y JINCTKaX MickaHTycy OyB Ha piBHi 1,5-1,6 %,
cBiturpacy — 1,3-2,2, Bepou — 2,0-2,5 %, a6o B 1,5-3,0 paza. BucHoBku. Bmict cyxoi Macu i 3051
y JUCTKaX Ta cTe0siaX 3MIHIOETHCS 3aJI€KHO BiJ] BUAY €HEPreTHYHOI KynbTypu. HaliBumumii BMicT
cyxoi Macu pOpMY€EThCS B JIUCTKaxX cBitarpacy (54,5-76,9 %) ta Bepou (60,7—72,2 %). BmicT 3011
CTaHOBHTH BimmoBigHO 4,1-4,9 % 14,0-4,5 %. Y crebiax MiCKaHTYCy BMICT CyXOi MacH CTaHOBUTH
57,5-58,9 %, ceiturpacy — 54,9-65,3 %, Bepou — 51,3-57,1 %. BMicT 3011 y cTeOIaX MICKaHTYCY
craroBuTh 1,5-1,6 %, cBiTurpacy — 1,3-2,2, Bepou — 2,0-2,5 %, abo B 1,5-3,0 paza.

Knrwowuoei cnosa:. ceimuepac; mickanmyc, 8epba, émicm CyXoi Macu, emicm 30iu; JUCHKU,
cmebna.

Beryn

Huni 3pocrae monmut Ha BHpoOHUUTBO OiloeHeprii. IIpoaHanizoBaHO 3HAYHY KUIBKICTb
KYJIbTYp IIOJI0 MpHUAATHOCTI 171 1i BupoOHuuTBa [1]. JloBeneHo, 1mo Taki KyJbTypy MOBUHHI MaTH
HU3bKY COOIBApPTICTh BUPOILYBaHHS 1 BUCOKY BiJlayy €Heprii. Y CBITI MOYajJu BUPOLIYBAaTH BEITUKY
KUIBKICTh BHCOKOIPOAYKTUBHHUX E€HEPreTUYHUX KYJIbTYp, OloMaca SIKHX BUKOPUCTOBYETHCS IS
BUpOOHUIITBA OlomanuBa [2, 3]. biomanuBo — 1e opraHiyHi MaTepiajii POCIWHHOTO Ta TBAPUHHOTO
MOXODKEHHS (JIEPEeBHHA, COJIOMa, POCIUHHI 3aJIUIIKHA CUTBCHhKOTOCTIONNAPCHKOTO BUPOOHUIITBA, THIN
Ta 1H.), IO BUKOPUCTOBYIOTHCS [UIsi BHUpOOHUITBA eHeprii [4]. [ns BupoOHHMITBA eHeprii
MEePEBAYKHO 3aCTOCOBYIOTH TBEpIy OioMacy, a TaKOX OTPHMMaHI 3 Hei PiAKiI Ta ra3omojIiOHI BUIU
nanuBa —0loau3enb, 0ioeTaHou, Oiora3. biomaca € BiZHOBIIOBAHUM, €KOJOTIYHO YHMCTHM ITAJIMBOM,
BUKOPHUCTAHHS SIKOTO HE MIPU3BOIUTH JI0 30UTBIIIEHHS MTAPHUKOBOTO €eKTy [5].

[IpoayKTUBHICT, OIOCHEPTETHYHHUX POCIHH 3aJICKUTh Bif 3a0e3medeHHs iX (akTopaMu
KUTTA. J[nHaMiKa pOCTY 1 pO3BUTKY OI0CHEPTETUYHUX POCIUH € BIIOOPaKEHHSM THUX IPOIIECIB, K1
BiIOyBalOThCS Ha KJIITUHHOMY piBHI [6, 7]. 3a yMOBH CHOpPUSTIMBUX TIOTOJHUX YMOB,
30aJ1aHCOBAHOTO PEKUMY MIHEPAJbLHOIO KUBJICHHS POCIHH, MIABUIIEHOTO BMICTY XJIOpOoduTy B
JUCTOBUX IUIACTUHKAX, IHTEHCUBHOTO Mpouecy (OTOCHHTE3Y BiAOYyBa€ThCs 3HAUHE HAPOCTAHHS
BEreTaTUBHOI MacH, IO € SKICHUM NOKa3HUKOM HAKOMHUYEHHS CTPYKTYPHUX €JIEMEHTIB KIIITHHH,
MMOKa3HUKOM TEXHOJIOTIYHOI SKOCTI, 1[0 B CBOIO Yepry BIUIMBAE Ha (GOPMYBAHHS IPOAYKTUBHOCTI
Ol0CHEepPreTUYHUX POCIIUH [8§, 9].

SIKicHU# Ta KUIbKICHHI CKIIaa HaA3eMHOi iToMacu 1 AMHaAMiKa HAKOMUYEHHSI CTPYKTYpPHO-
(GyHKIIOHATBHUX ¥ OIOJIOTIYHO aKTHUBHUX CIIOJIYK Ma€ 3aJeKHICTh BiJl BUJOBUX OCOOIMBOCTEH Ta
nepioay Bereranii. Pi3Hi CiTbChKOTOCHOMAPChKI KYJIBTYPU Y CBOEMY CKJIaJli MICTSTh HEOJHAKOBY
KUIBKICTB CYXHX PEYOBHH. IX KibKicTh 06YMOBJIEHA B IIEpIIy Yepry GioNOTiYHUMH 0COOIHBOCTAMU
KYJIbTYPH, a TaKOXX BU3HA4Ya€ TEXHOJIOTIYHI SIKOCTI oTpumanoro Bpoxkaro [10]. IlpumatHicTs mms
BUPOOHMIITBA OlONajvBa BU3HAYAETbCS HE JIMILE BHXOJOM CyXOi pEeUYOBMHHM, a W BMIcTOM ii B
OJIMHUIII MacH.

Mema oOocnidycens — BU3HAUUTH BMICT CyXOi MacH 1 30JM Yy JIMCTKax Ta crebiax
010eHepreTHYHUX KyJabTyp (MICKAaHTYC, CBiTUrpac, Bepoa).

Marepiaan Ta MeTOANKA J0CJTi/IKEHb

Hocmimpkennss npooauian ynpoaosxk 2011-2020 pp. BupomryBanu eHepreTudHi KyiabTypH
npoco mpyrononione (Panicum virgatum L.) (cBiturpac), Bepba mpyromojiOHa (€HEpreTUYHA)
(Salix viminalis L.) i mickantyc rirantcekuii (Miscanthus x giganteus J. M. Greef & Deuterex
Hodkinson & Renvoize) na SntymkiBeskiii JJCC. Bona posramoBaHa B 30HI HECTIHKOTO
3BoJIokeHHs 3axinHoro Jlicocteny YkpaiHu B MiBHIYHO-3axXiIHiM yacTuHi BinHuUIBKOI 067acTi HA
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teputopii  Bapcekoro  paitomy. IpyHT gocmimmoi  craHumii  cBimio-cipmii  omigzoseHumit
CepeIHbOCYTIMHKOBHN. ban porodocTi ckinanae 56, a eKoJIoro-arpoxXiMivHui — 78, BMICT TyMYCy €
HU3BKHM 1 CKiagae Bcboro 1,87 %. 3abe3nedeHicTs IpyHTY a30TOM JIyXe HU3bKa 1 CTaHOBHUTH 81 Mr
Ha | KT IpyHTY, 110 OOYMOBIIIOE HEOOXTHICTh MEPIIOYEPTOBOTO HOTO BHECCHHS SIK 1] OCHOBHHIA,
TaK 1 M MepeanociBHUN OOpOOITOK, a TakoX 3a HEOOXIMHOCTI — TPOBEICHHS ITiKUBICHHS.
3abe3neueHicTh KajieM Ta pochopom € miaBUIIEHOIO i ckiianae BinnosinHo 118 1 139 mr/kr rpyHTYy.
3a piBHEM KHCIIOTHOCTI JiaHE T0JIe € OJU3bKUM JI0 HEHTpPaIbHOTO, a 0ajl pOaIOYOCTI M0 TyMyCy
ckiagae Bcboro 40, o € T0CUTh HU3bKUM MOPIBHSAHO 3 IHITUMH TUTIAMH IPYHTIB.

[TomepenHUKOM JJIs1 BUPOILIYBaHHS OlOCHEPreTUYHHUX KyJAbTYp Oylla MIICHUIS O3UMA.
Jlocmiayn 3akiiaganucs BIiAMOBIAHO 1O 3araJIbHONPUUHATHX METOJHMK BUPOIILYBAHHS €HEPreTUYHHX
KyneTyp [11]. Bwmict cyxoi macw BU3HAYaidW TEPMOTPABIMETPHYHUM METOJOM, BMICT 30JIM —
CHATIOBAHHAM B My(enbHIi nedi BiqnoBigHo 10 Metoauku [12, 13]. 3pa3ku BinOupaiu HampuUKIHIlI
BereTaniiHoro mepiogy (KOBTEHb). Jlnsi cratucTUyHOiT OOpPOOKM pe3yNbTaTiB  OCITIKEHb 1
BU3HAYCHHS JOCTOBIPHOCTI OJIEpPKAHUX EKCIIEPUMEHTAIFHUX JaHUX BUKOPUCTOBYBAJIH ITaKeT
crannaptHux nporpam «MS Office Excel» 1 nucnepciiinuii ananiz 3a metoaukoro b. O. [locnexosa.

Pe3yabTaTH pociiakeHb

BMmict cyxoi Macu y JIMCTKax 3MIHIOBaBCS 3aJIe)KHO BiI POKY MPOBEACHHS AOCTIDKEHb 1
KynbTypu (Tabm. 1). Tak, y cepeaHpoMy 3a pPOKM TPOBEACHHS MJOCTIKCHb IIeH MOKa3HUK
HaWBHUIMM OyB y cBiTurpacy Ta Bepom — 65,8-66,0 % 3 Bmictrom 30mm 4,3-4,5 %. Y nucTkax
MICKaHTyCy BMicT cyxoi Macu OyB Ha 9-10 % HWKYUM TOPIBHSIHO 3 IHIIUMHU CHEPTEeTHYHHMU
KylbTypamu. Bmict 305w OyB Ha piBHI 2,8 %, abo B 1,5-1,6 paza. ®@i3uko-XiMi4HI TOKa3HUKH
JUCTKIB E€HEPreTUYHUX KYJIbTYpP 3MIHIOBAIMCH 3aJI€KHO B POKY AOCITUDKEHHS. Y JHCTKax
MICKaHTyCy BiH 3MiHIOBaBcs Bif 59,9 mo 60,2 %, cBiturpacy — Bix 54,5 mo 76,9 %, a BepOu — Bifg
60,7 no 72,2 %. BmicT 3011 3MIHIOBAaBCS Y MEHILIOMY J1ara30Hi BC1X eHEPreTUYHUX KYIbTYP.

Tabnuys 1
BMicT cyxoi pe4oBHHH i 3011 y JIMCTKAX 0ioeHepreTHYHUX POCTUH, %o
Pik MPOBCACHHA BwmicT cyxoi macu Bwmict 3011
JOCTIIKEHb
MickaHTyc
2015 60,2 3,0
2016 59,9 2,5
Cepenne 60,1 2,8
CaiTurpac
2011 54,5 4,5
2009 58,4 4,6
2014 65,1 4,3
2012 65,3 4,1
2015 67,2 4,6
2016 67,4 4,8
2020 71,7 4.4
2019 76,9 4,9
Cepenne 65,8 45
Bep0ba

2015 60,7 4,5
2016 62,1 4,3
2020 69,1 4,0
2018 72,2 4,5
Cepenne 66,0 4.3
HIPg 05 3,5 0,2
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Otxe, JUCTKH CBITYTpacy Ta BepOM MarTh HaWBUINMI BMICT cyxoi macu (54,5-76,9 %),
npoTe BULIMA BMicT 3011 (4,1-4,9 %).

VY crebmax MICKaHTyCy BMICT CyXOi MacH 3HaxXoJIUBCS B Mexax Bim 57,5 % mo 58,9 %, y
cBiTurpacy Bin OyB HaiOuIbIIMM — Bix 54,9 no 65,3 %, a B crebnax Bepobu — Bin 51,3 o 57,1 % 3a
POKH MPOBECHHS A0CiKeHb (Tadi. 2). Ctebna BCiX eHEPreTUYHUX KYIbTYP MaJl HIDKYHHA BMICT
30J1M TIOPIBHAHO 3 JIMCTKaMH. 30KpeMa, Lei MOKa3HHWK y cTe0iiax MickaHtycy OyB Ha piBHI 1,5—
1,6 %, cBiturpacy — 1,3-2,2, Bep6u — 2,0-2,5 %, a6o B 1,5-3,0 pa3za.

Tabnuys 2
BwmicT cyxoi Mmacu i 30,1 y cTebJ1ax GioeHepreTHYHUX POCauH, %0
P HPOBCICHI BwmicT cyxoi macu Bwmict 3011
JOCITIDKEHb
MickaHTyc
2016 57,5 1,5
2015 58,9 1,6
Cepenne 58,2 1,6
CaiTurpac
2011 54,9 2,0
2016 54,9 1,3
2009 59,3 2,2
2015 59,6 1,3
2012 61,5 1,6
2019 62,2 1,2
2020 63,0 1,0
2014 65,3 1,5
Cepenne 60,1 1,5
Bepba

2020 51,3 2,0
2018 53,0 2,0
2016 53,1 2,0
2015 57,1 2,5
Cepenne 53,6 2,1
HIPg 05 2,8 0,1

OTxe, B cepelHbOMY 3a POKU IPOBEAEHHS JOCIIKEHb Ha KiHEllb BEreTallli eHepreTHUHUX
KyJIbTYp HaWBHUIIMHA BMICT cyxoi macu OyB y crebnax Bepou — 71,5 %, HaliMeHwuit B crebnax
MickaHTycy — 57,2 %. HaitOunpmuii BmicT 3011 — 2,2 % OyB y crebiax cBiTurpacy, HalMeHIIHH —
B crebnax Bepou 1,5 %.

BucHoBxknu

BwMicT cyxoi MacH 13011 y TUCTKaxX Ta cTe0JIaX 3MIHIOETHCS 3aJI€KHO BiJl BUJLy €HEpPreTHYHO1
KynpTypH. HaiiBumuit BMicT cyxoi macu ¢opmyeTbess B JUCTKax citurpacy (54,5-76,9 %) Ta
Bepou 60,7-72,2 %. Bwmict 3o0mu craHoButh BiamoBimHOo 4,1-4,9% 1 4,0-4,5%. Y crebnax
MICKaHTYCY BMICT CyXOi Macu cTaHOBHUTbH 57,5-58,9 %, cBiturpacy — 54,9-65,3 %, Bepou — 51,3—
57,1 %. Bwmict 3011 y crebnax mickaHTycy craHoBuTh 1,5-1,6 %, cBiturpacy — 1,3-2,2, Bepou —
2,0-2,5 %, a6o B 1,5-3,0 pa3a.
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Purpose. Determine the content of dry mass and ash in the leaves and stems of bioenergy
crops (miscanthus, switchgrass, willow). Methods. Samples were taken at the end of the growing
season (October). The dry matter content was determined by thermogravimetric method, ash
content by burning in a muffle furnace. Results. The dry matter content of the leaves varied
depending on the year of research and crop. Thus, on average over the years of research, this figure
was highest in switchgrass and willow, 65.8-66.0% with an ash content of 4.3-4.5%. The content
of dry mass in miscanthus leaves was 9-10% lower compared to other energy crops. The ash
content was at the level of 2.8% or 1.5-1.6 times. Physico-chemical parameters of the leaves of
energy crops have changed since one year of the study. In miscanthus leaves it varied from 59.9 to
60.2%, switchgrass from 54.5 to 76.9%, and willow from 60.7 to 72.2%. The ash content varied in a
smaller range of all energy crops. In the stems of miscanthus, the dry matter content was in the
range from 57.5% to 58.9%, in switchgrass it was the largest, from 54.9 to 65.3%, and in the stems
of willow from 51.3 to 57.1% over the years of research. The stems of all energy crops had a lower
ash content compared to the leaves. Thus, this indicator in miscanthus leaves was at the level of
1.5-1.6%, switchgrass 1.3-2.2%, willow 2.0-2.5% (1.5-3.0 times). Conclusions. The content of
dry mass and ash in the leaves and stems varies depending on the type of energy crop. The highest
content of dry mass is formed in the leaves of switchgrass (54.5-76.9%) and willow 60.7-72.2%.
The ash content is 4.1-4.9% and 4.0-4.5%, respectively. The content of dry mass in miscanthus
stems is 57.5-58.9%, switchgrass 54.9-65.3%, willow 51.3-57.1%. The content of ash in the stems
of miscanthus is 1.5-1.6%, switchgrass 1.3-2.2, willow 2.0-2.5% or 1.5-3.0 times.

Keywords: switchgrass; miscanthus; willow; dry matter content; ash content; leaves; stems.
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