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Henyk Ya.V.Criteria for evaluation of effectiveness of phytomelioréion

of damaged ecosystems
Criteria for evaluation of effectiveness of phytdimtion activities are suggested. Ma-
in features for legal, economic, technological,ldm@cal and social evaluation of effective-
ness of the process of phytomelioration of damagedystems and activities for recovery of
productive biogeocoenoses are described.
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POSSIBILITIES OF CULTIVATION AND USE OF SORGHUM AND SUDAN
GRASS HYBRIDS (SORGHUM BICOLOR (L.) MOENCH) AS A BIOGAS
SOURCE IN NORTH-WEST POLAND

The results obtained from field experiment showeat Sorghum Sorghum bicolor) as
well Sudan grass hybridSdqrghum bicolor x S, sudanense) can be successfully cultivated on
the light sandy soils of the Szczecin Lowlands ead enrich the group of plants cultivated
for energy purposes, in particular for the producf silage for biogas plant. This was con-
firmed by the high fresh and dry mass yields ohtsgecies (Sorghum and Sudan grass) achi-
eved at the Agricultural Experiment Station of ¥Mest Pomeranian University of Techno-
logy in Szczecin in 2011 and by high potential @lg of biogas and methane possible to ob-
tain from one hectare.

Keywords:Sorghum, Sudan grass, maize, biomass yield, gielilogas and methane,
West Pomerania / north-west Poland

Introduction . Sorghum $orghum bicolor (L.) Moench.) is one of the most
important cereal plants (grain Sorghum) and is curréntthe fifth place worldwide
(after wheat, maize, rice and barley) with regard ttase and harves{d]. It can be
used not only for food for human, also for alcohotl deer production (grain and
stem) and as feed and fodder for animals (fresh, dilagie), and as energy plants for
biogas production (whole ensilaged plants). It is an ainspring short-day and ste-
nothermic plant (sprouts only at a temperature of X0 it belongs to the plants
using the C4 photosynthetic pathway and is cultivated @kseil complexes due to
its low soil requirements and high drought toleragjate
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In north-west part of Poland (West Pomerania) dominaadyssoils (light
soils) and not favourable climatic conditions for thetieation of stenothermic plant
species, e.g. maize. According to Aunski and Michalska (200()3] the average
annual air temperature is of about 8,1 °C and the ammeaipitation in the surroun-
dings of Stargard Szczéski (study area) fluctuates between 500 and 550 niimein
multi years 1961-1994. The region is characterizedddy and late springs with low
temperatures, particularly at nights, and by not warmnsers with a frequently
overcast sky and rains. In spite of these conditiomsctiftivation of maize as forage
crop and even for grain in increasing, and the yilglds not differ from those obta-
ined in other parts of the country. Therefore, the afitbn of other stenothermic
plant species, such as Sorghum, under the habitat worsdiif the Szczecin Low-
lands is possible, especially due to the significantnessgin the farming and techno-
logy of the cultivation of this "new" species in Euedp recent years.

The purpose of the research is to assess the yiefditential of selected
Sorghum and Sudan grass hybrids depending on the iniiteogen fertilizing in the
climate and soil conditions of the Szczecin lowlands.

Material and methods The field researctwas carried out in 2011 at the Ag-
ricultural Experiment Station in Lipnik near Stargard Zziiski (53°20'36.960"N,
14°58'130.908"E) on light sandy soil belonging to the rbstyvn soils. Soils in the
study area are classified according to the SystematiclishPRoils[4]. The soils in
this region were formed mainly from glacial deposits sediments deposited by gla-
cial melt water. In the classification of agriculturaltability this soil belongs to the
fifth complex (good rye soil suitability complex) and tiradation category IVb. The
experiment was established with 12 varieties of SorghuimSamghum-Sudan grass
hybrids. Sown were 5 varieties of Sorghusor@hum bicolor (L.) Moench): Goliath,
Pluto, Rona 1, Sucrosorgo 506 and Super Sile 20 as wélvaseties of Sorghum
and Sudan grass hybridSofghum bicolor (L.) Moench xS sudanense (Piper)
Stapf), in the study referred to as Sudan grass: FreygenGsrazer, Inka, Jumbo,
Lussi, Mithril and Susu. These all varieties were eatiéd with four levels of mine-
ral nitrogen fertilizing (0, 50, 100 and 150 kg N fdehna). During the entire experi-
ment they were uniformly fertilized with phosphorus grotassium (J0s and KO)
to an extent determined based on the contents of avaitabbe of both macro ele-
ments in the soil. The control object was K¥\&ergy maize (Zea mays L.) of the
variety Atletico, FAO 280, sown at the correct time, optifoa maize (02.05.2011).
The Sorghum and the Sudan grass, on the other hangl,sasan on 19 May 2011,
optimal for Sorghum — over two weeks later. Theseispawsere cultivated on plots
of 1,5 x 12 m (harvest of 14,25)in rows, spaced at 35cm, in four replications. To-
wards the end of September the plants were harvested (Phdte yield of fresh
and dry mass determined for each plot and calculateield per 1ha.

! Research financed by the Ministry of Science aigher Education in Poland out of the science findke years
2010-2013 as research project no. N N310 162938i(Rtivity of sorghum and Sudan grass phytomasstarmdloric
value as well as the specific methane yield depgndh mineral nitrogen fertilizing)

2 KWS Polska Sp. z 0.0. — Company that sells seknmize, sugar beet, rape, potato
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Photo 1. Harvest of Sorgh and Sudan grass WithANoIIand harv
Results The obtained biomass yield for all varieties of $org and Sudan

grass hybrids was high and amounted to maximum 8§ty = 1000 kg) of fresh
mass per 1 ha (Table 1). The yield of the Sorghum addrSgrass hybrid varieties

(Sorghum bicolor x S sudanense) varied between about 57 and 75 Mg of fresh mass

depending on the level of nitrogen fertilizing (PhotoT2)e SorghumSorghum bico-
lor) yield was greater and ranged between 66 and 86fMigsh mass per 1 ha, also
depending on the rate of mineral nitrogen fertilizingeTresh mass yield of both
species was large, even on objects without nitrogetiZanj (about 62 Meha') and
increased successively the higher the rate of minéralgen fertilizing from 50 to
150 kg N per 1 ha within the range of from about®@@tout 80 Mg per 1 ha (Table
1). The fresh mass yield of the energy maize (Zegsrhg of the cultivar Atletico
(280), cultivated under the same soil and climate cimmditand with a vegetation pe-
riod longer by over 2 weeks, were lower than the Sarghnd Sudan grass yield, but
not for all fertilizing variants. The average maize biomgstd amounted to about
63 Mg-h& and varied between about 51 and 78,5 Mg per 1 fpendiéing on the rate
of mineral nitrogen fertilizing (Table. 1).

Table 1. Fresh mass yield (Mg-Hjt of Sudan grass hybrids, Sorghum and Maize in
2011

Species Mineral N fertilizing[kgN-ha] Averagd
0 50 100 150
Sorghum 66,07| 7154 8356 85686 76,1
Sudan grass hybrids 57,10 65,97 69,02 75,13 61,03
IAverage for Sorghum and Sudan grasp 61,58 68,76,7476 80,39 71,87
[Maize 51,13| 52,93 67,67 785D 62,946
|Average 58,10 63,49 73,71 79,46 68,§6

*1Mg=1000kg

The biomass yields of SorghurSofghum bicolor) and Sudan grass hybrids
(Sorghum bicolor x S. sudanense) depended on the level of nitrogen fertilizing and
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were on average 15 % higher than the fresh mass yiglteanaize (Table 2). The
yield of Sudan grass hybrids was higher in comparisitim tie fresh mass yield of
the maize by average 12 % on objects without minetedgen fertilizing and by

25 % on objects fertilized with the smallest dosage abgén, i.e. 50 kg per 1 ha.
With the increased dosage of nitrogen fertilizing of KON per 1 ha, the Sudan
grass vyield increased only by 3 % in comparison withrfaize yield (Fig. 1), and
was even lower by 4 % than the maize biomass yieldbpects fertilized with the

highest rate of mineral nitrogen (150 kg N per 1 ha).

Y ‘ v‘!!_

Photo 2. Sorghum and Sudan grass at beginning op@enber (M. Bury)

The fresh mass yield of Sorghu®(ghum bicolor), on the other hand, was
on average 23 % higher than the maize yield and degeaisie on the applied dosage
of mineral nitrogen fertilizing. The Sorghum biomasslgion controlled objects was
about 29 % higher than the maize yield (Fig. 1, T@hlaVNith the increasing degree
of mineral nitrogen fertilizing from 0 to 50 kg N pehd, the Sorghum yield grew by
about 35 % in comparison with the maize yield. As theemsihnitrogen fertilizing
increased, this difference lessened to 23 % for 100 t@N% for 150 kg N in favor
of the Sorghum biomass (Table 2).

Table 2. Fresh mass yield (%) of Sorghum and Sudgass hybrids in comparison to
Maize yield (Maize yield = 100)

- Mineral N fertilizing[kgN-ha'] | Average Maiz
Species 0] 50 | 100] 150 =100
[Maize 100/ 100 100 100 100
Sorghum 129 135 123 109 123
Sudan grass 112 125 103 96 107
IAverage for Sudan grass and Sorghym [12030 113 102 115

The biomass vyield of both Sorghum species (Sudassdrgbrids as well as
Sorghum) on objects without mineral nitrogen fertilizifigkg N per 1 ha) was on
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average 20 % higher than the fresh mass yield of mBimemost important differen-
ce to the maize biomass yield was obtained with theggosf 50 kg N per 1 ha —
where the yield was about 30 % higher. On objects evesages of 100 and 150 kg
N per 1 ha were applied, the average fresh masd gielSudan grass and sweet
Sorghum was proportionately about 13 and 2 % higherttieamaize yield (Table 2).
40
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0kgN 50kgN 100 kg N 150 kg N per ha
Fig. 1. Increase of fresh mass yields (%) of Sorghand Sudan grass hybrids
in comparison to maize yield

The results revealed the extremely positive influefaaineral nitrogen ferti-
lizing on the fresh mass yield of maize as well as Suptass and Sorghum (Table
3). Regardless of the species and the amount of rhifietiizing the biomass yield
increased by about 18 % in comparison to the conhjelco without fertilizing.

The first level of nitrogen fertilizing (50 kg N) increzd the biomass produc-
tivity of all tested species in relation to the contrgkecbwithout nitrogen fertilizing
(0 kg N per 1ha) by about 9 %. The strongest reattidhis dosage of mineral nitro-
gen fertilizing showed the variants of Sudan grass hgl{gtiout 16 %), and the we-
akest reaction the maize of the variety Atletico — addib (Fig. 2).

With the increase of the dosage of mineral nitrogen fartdi from 50 to
100 kg N per 1 ha the fresh mass yield increasetidyrby an average of another
18 %, regardless of the species. The greatest indre#se biomass yield was obser-
ved for the maize — of about 28 % (Fig. 2), and the lgstdior the varieties of Sudan
grass and Sorghum (of about 6 % for the Sudan grass&®o for the Sorghum).

The application of the highest dosage of nitrogen fairidj (150 kg N) resul-
ted in a significant increase of the fresh mass yaéldll species of about 10 % in
comparison with the dosage of 100 kg N:if&able 3). The individual species reac-
ted differently to the increased mineral nitrogen feititiz the maize of the variety
Atletico reacted the strongest — the yield increaseabloyit 22 %, the Sorghum less —
the yield increased by about 10 %, and least of alStman grass hybrid varieties,
where the yield increased by about 6 % in comparisith the dosage of 100 kg
N-ha' (Fig. 2).

In general, after the application of the dosage of 1p0 k&', the fresh mass
yield of the tested Sudan grass and Sorghum varietissalyout 31 % higher (Table
3) than the yield from the control object (0 kg N pea)lh
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Table 3. Fresh mass yield (%) of Sorghum and Sudgass hybrids in comparison to
control object without fertilizing of nitrogen (0& N)

; Mineral N fertilizing[kgN-ha'] Average
Species 0 50 100 150 0 kgN-h& = 100
[Maize 100 104 132 154 122
Sorghum 100 108 126 130 116
Sudan grass 100 116 122 132 117
Average 100 109 127 137 118

The dry matter yields were also depending on the ratérofyen fertilization
and reach from about 19 to 21 Mg per hectare forl&organd Sudan grass cultivars
(table 4) and from about 18 to 26 Mg per 1 ha for silagize ("energy" cultivar At-
letico, FAO 280).

60

50 1
40
% 30

50kgN 100 kg N 150 kg N per ha
Fig. 2. Increase of fresh mass yields (%) of Mai&yrghum and Sudan grass hybrids in
comparison to control without fertilizing of nitrogn (0 kg N)

Table 4. Dry mass yield (D.M.) and biogas and Metlezyield per 1 ha

Specimens Mineral N fertilizing[kg N-ha'] Average
0 | 150
Sorghum
Yield of D.M. [Mg-ha"] 19,67 21,23 20,76
[Biogas*[Nm® ha’] 10798 11653 11412
[IMethane*{Nm’-ha’] 6019 6495 6361
Sudan grass
Yield of D.M. [Mg-ha] 19,36 20,45 20,38
|Biogas|[Nm®-ha’] 8734 9227 9194
IMethanglNm®-ha] 4804 5075 5057
Maize

Yield of D.M. [Mg-ha] 18,36 26,38 21,56
|Biogas|[Nm®-ha] 11772 16916 13822
IMethanglNm’-ha’] 6470 9297 7597

1 Nn7 — unit of mass for gases equal to the mass ofdt @ pressure of 1 atmosphere
and at a standard temperature of 20 °C

The biogas and methane productivity of investigated ccafmzilated on lite-
rature basd5] was high (table 4). The biogas production per béeillated from
about 9000 cubic meters (Njmfor Sudan grass to 11000 cubic meters for forage
Sorghum. The biogas production of energy maize waegtahan of Sudan grass and
Sorghum and reach in average up to 14008 pém1 ha (Table 4). The methane con-
tent was about 50 % of biogas yield. The results revethledextremely positive
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influence of mineral nitrogen fertilizing on the metbaneld of maize as well as Su-
dan grass and Sorghum (Table 4).

The last level of nitrogen fertilizing (150kgiNi") increased differently the
methane productivity of all tested species in relation éoctintrol object without nit-
rogen fertilizing (0 kg N per 1ha). The weakest reactvas observed of Sudan grass
varieties by increasing of about 6 % and also — bgl8on (increasing of 8 %). The
strongest reaction to this dosage of mineral nitrogetiliZarg showed the energy
maize, energy cultivar of KWS, Atletico (Table 4). Tihereasing of methane yields
in comparison to object without nitrogen was very lasd®ut 44 %.

Conclusions The results of the experiment has shown that Sorghum

(Sorghum bicolor) as well Sudan grass hybrid®(ghum bicolor x S sudanense) can
be successfully cultivated in West Pomerania and camfglementary crops to si-
lage maize (Zea mays L.) in the same soils- and clinmatditions.

The obtained fresh mass yields for all varieties ofgBom and Sudan grass
hybrids were high and amounted from 61 to 80 Mg pka Bnd dry matter yields
ranged from 19 to 21 Mia" depending on the level of nitrogen fertilizing. This has
been reflected in the high biogas yields.
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Bypu M., Xypu I'., Moscoxcep E., Kyznanc K., Ampoocu b., Bamyuybka Y.
MoxkauBicTh BHPOILYBAHHSI Ta BUKOPHMCTaHHSI COpPro il riopuaiB cyaaHcbKoi
Tpaeu (Sorghum bicolor(L.) Moench) sik pecypcy aJs orpumanHns 6iorasy y mis-
HiyHo-3axiaHii [Tonburi
1ns1xoM MOJIBOBOTO €KCHEPUMEHTY BCTAHOBJICHO, IO copro JBokoiipae (Sorghum bi-
color), a takos riopuau cyaancekOi Tpasu (Sorghum bicolor x S. sudanense) moxwa 3 ycri-
XOM BHPOIIYBAaTH Ha JIETKUX HiMmaHux rpyHrtax lllemincbkoi HH30BHHY, IO AACTb 3MOTY
30LIBIIMTH IPYITY POCIHH, SIKi KYJITUBYIOTHCS 3 METOK OTPUMAHHS €HEPril, HapUKIa, pu
BHUPOOHHIITBI cHJIOCY Juisi GiorazoBoi ycraHoBkd. Lle OyIio miaTBepkeHO BUCOKHM BpPOKAEM
cBXOI Ta cyxoi Macu 000X BHIIB (COPro i CyaaHCHKOI TpaBM), JOCSTHYTUM Ha CiTBCBKOrOC-
noAapebKiit nociianiit crannii 3axigHo-Ilomopebkoro TexHonoridHoro yHiBepeurery B 1lle-
uini y 2011p., a Takox po3paxoBaHO BUCOKHIT MOTEHIIIAI BUXO/Ly 0iora3y Ta METaHy 3 OJIHO-
o reKkrapa.

Kniouogi cnosa: copro, cynancbka Tpasa, KyKypy/a3a, BUXiJ OioMmacu, BUXin Giorasy i
Mmetany, 3axinHa [lomepanis, niBHiuHO-3axiqHa [lombima.

Bbypot M., Xypor I'., Mosconcep E., Kyenanc K., Ampoyncu b., bauiyyo-
Kkaa Y. Bo3M0O:XXHOCTh BbIPAINMBAHUS H HCNOJb30BAaHHUSI COPro U rHOpHAOB Cy-
AaHckoii TpaBbl (Sorghum bicolor(L.) Moench) kak pecypca ass mostyueHusi 6u-
orasa B CeBepHo-3anaaHoi [losbiie
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ITyTem momeBOro 3KCIeprMEHTa J0Ka3aHo, 4To copro asymsernoe (Sorghum bicolor), a
TaKkxke THOpUIBI CymaHckoit Tpasbl (Sorghum bicolor x S sudanense) MoxHoO ¢ ycrexom BbI-
pamuBarh Ha JIETKUX IecyaHbX rnousax lllennHckoit HU3MEHHOCTH, YTO MO3BOJIUT YBEJIMYHUTH
IPYIIy PACTSHUI, BRIPAIIMBAEMBIX IS YHEPTESTUUECKUX LIeliell, B YaCTHOCTH, TIPH IIPOU3BOI-
cTBE cuioca Juisi OMOra3oBoii yCTaHOBKU. DTO OBUIO MOJTBEPIKIEHO BHICOKUM YPOXKAeM CBe-
XKeli 1 cyxoil Macchl 000MX BHIOB (COPro U CyIaHCKOM TPaBbl), JOCTUTHYTBI Ha CETBCKOXO-
34iiCTBeHHOI ONBITHOH cTaHIy 3anagHo-IIoMOpCKOro TEXHOIOrHYECKOro YHUBEPCHTETA B
lermue B 2011r., a TakKe paccUMTaHO BHICOKMI MOTEHIIMAN BbIXO/a Ouorasa M MeTaHa c
OJTHOTO TeKTapa.

Knruegvie cnoga: copro, cygaHckas Tpasa, KyKypy3a, BEIX0A O1OMacchl, BBIX0]] Orora-
3a 1 MeTaHa, 3anajaHas [lomepanus, ceBepo-3anajHas Ilosbina.

V/IK 631.15:658.27 Acnip. HM. Bopuc' — HJITY Ykpainu, m. Tosie

YIIPABJIIHHA EKOJIOTTYHOIO BE3NEKOK EKCITIOPTHOI
JIAJIBbHOCTI NIAITPHEMCTB JIICOBOI'O TOCITOJAPCTBA
3A YMOB CTAJIOTO IPUPOIOKOPUCTYBAHHA

OOrpyHTOBaHO JIOITBHICTh CUCTEMHOT'O TiJIXO/y /0 YHPABJIiHHS €KOJIOTiYHO Oe3re-
KOIO €KCIIOPTHOI JisUIBHOCTI MiJIPHEMCTB JiCOBOTO rOCIOAapcTBa. BisHaueHO cKiIagoBi iH-
TErPOBAHOr0 MPOLIECY YIPABIIHHS 32 YMOB KOHLIEMIIIT CTalIoro NpupoaokopuctyBanss. Jloci-
JOKEHO Ta Ki1acu(ikoBaHO (pakTOpU BIUIMBY Ha €KOJIOTiYHY O€3IeKy MisUIbHOCTI JIICOBUX Miji-
npreMctB. ONMICaHO MeXaHi3M YIPaBIIiHHS HElO BiMOBiJHO 0 BCTAHOBJICHUX HOPM i BUMOT.

Knruosi cnosa: exonoriuna 6e3reka, eKCIOPTHA JiSUTBHICTB, CTale TPUPOIOKOPHCTY-

BaHHS, CUCTEMHUWI I IX1]1.

IMocranoBka npodaemu. CyyacHa KOHIEMIIS CTAIOTO MPUPOJOKOPUCTYBAH-
Hs, Ha AKifl IPYHTYETbCS €KOJOTiYHMH MEHEUKMEHT MepelyCiM BH3HA4ae LUKIiy-
HICTB MpoLecy yNpaBiIiHHS BUKOPUCTAHHSAM MPUPOTHUX pecypciB. CTOCOBHO €KCTIOp-
THOT IisFIBHOCTI Taka LMKJIIYHICTb MPOSBISETHCS B TOMY, L0 BUPOOHWYE HaBaHTa-
JKEHHSI Ha JIICOBI pecypcy KOMITCHCY€ETHCS 3aXOJaMHU 3 BiJHOBIICHHS JICiB, a TaKOX
3aX0JaMH i3 3aXUCTy JICIiB Bill IIKiIJTUBUX HACNIIKIiB, TIOB'SI3aHUX i3 BUPOOHUIITBOM
€KCIOPTHOI MPOAYKIIii.

CrorofHi B 6araTh0X JIOCIIHKEHHSX, IKi CTOCYIOThCS MPOOieM cTanoro (exo-
JIOTIYHOTO) MPUPOAOKOPUCTYBaHHS, OOIPYHTOBYETHCS, IO SKOJIOTiYHE YMpaBIiHHS
MPUPOIOKOPHUCTYBAHHAM, 30KpEMa JIiICOKOPHCTYBAHHIM, € CHCTEMOIO TEXHOJIOTiu-
HUX, OpraHi3aliifHo-eKOHOMIYHUX Ta IHCTUTYLIOHAILHO-PETYIIOBAIbHUX TPOLECIB,
AKi iHTerpoBaHi B 3arajbHUi MpoLec A AOCATHEHHsS OalaHCy iHTepeciB MPUPOAH,
CycmiibcTBa it ekoHOMikH. KpuTepiem Takoro OanaHCy € eKOJoTidHa Oe3meKa MisiTh-
HOCTi Cy0'€KTa TOCTIOIapIOBaHHS.

VYnpaeninHs GopMyBaHHSIM €KOJIOTiUHOT Oe3MeKN eKCOPTHOT MisTbHOCTI Mij-
NPUEMCTB JIiICOBOTO rocnofapcTBa NoTpedye 3acTOCyBaHHS CUCTEMHOIO MiAXOLy, OC-
KiJIbKM Tijl YOpaBliHCbKUM BIUITMBOM Cy0'€KTa YMpaBiliHHA mepeOyBalOTh BiHOCHO
CaMOCTIifHi, 4acTo cymepewInBi MPoLecH, SKi MOTPiOHO MEBHUM YMHOM TOEIHATH i
B3aemoy3roauti. To6To icHye mpobiieMa Mixk 6araToBEeKTOPHICTIO MmpoueciB (KOHTY-
piB), sKi GOPMYIOTH EKOJIOTiUHE CepelOBUILe eKCIIOPTHOT AisSNIBHOCTI MiANPHEMCTB
JIICOBOTO TOCTIONAPCTBA, i HEOOXITHICTIO iHTETpallii X MPOIeCciB y 3aralbHUiA mMpo-

! Hayk. kepisuuk: gou. T.YO. Tynuus, 1-p eKoH. HayK
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