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Influence of biopreparations on biomass yield
and grain efficiency of energy corn
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Abstract. The possibilities of using resources of the plant biomass as an
effective renewable energy source are analyzed. The issues of the current
state of corn for grain production, peculiarities of its cultivation and the
possibility of using agrarian residues in corn production to produce energy
are considered in the study.

Introduction

Currently the donunant global trend in the energy sector 15 increasing the cost of natural
products and gradual replacement of traditional energy resources by the analogues of plant
origin, which, on the one hand, eliminates the dependence from the traditional fuels, and, on
the other hand, reduces the pollution of the environment, creates new sirategies for using the
vegetable biomass crops. Undoubtedly Uloame 1s lecking for cheap biofeedstock, new
techmological solutions and the necessary mitastructure for cultvation and biomass
processing on the basis of chemical and biological processes, thermo conversion,
bloconversion m various biofuels: iqmd, gaseous and sohd Consequently, the use of
vegetable biomass (straw) 15 becoming mnereasingly important in the form of selid biofuels
to Increase energy autonomy [1].

The sigmificant growth of bioenergy in the EU from 74 mullion tons m 2005 to 140 mllion
tons m 2016 and the expected contmbution of biomass to the energy balance, which m
accordance with the National Renewable energy action plans in general must be equal to 130
million tons i 2020 and 235 — 282 mulhen tens m 2030 for the EU. The potental of the
biomass 15 large, but at the same time 15 charactenized by strong uncertainty. For example, n
2030 1t wall be 235 — 375 mullion tons, and especially m the long-term estimate 1t will be
equal to 195 — 505 million tons wmtil 2050. The researches camed out for the EU countries,
as well as Ulzaine have defined the theoretical, as well as techmical ecolegical and
sustainable potential of crop residues, the necessity to collect the agncultural residues on the
basis of sustamability and taking into account the peculianities of varous plant vaneties,
compefitive use and annual fluctuations in yield, as well as the application of compensation
means for the mamtenance of seal fertility (green and mineral fertilizers, mamure) [2].
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A big potenial of biomass i Uloame belongs to agricultural residues, which also have
the name of harvest remains of agncultural products are represented, primanly, by cereal
straw and stems of maize.

The plant biomass resources are effective renewable source of energy m agniculture and
are avallable in all regions of Ukrame. What 15 important, they can be processed mto energy
and fuel without any difficulties. Biomass 15 called an orgamc substance, which 15 produced
by plants as a result of photosynthesis. Wood and vegetable biomass of energy crops should
be attnbuted to ordmary forms of biomass. Much of biomass 15 formed in the proeduction and
processing of crop production mn the form of by-products: straw, stems, sunflower husk, com
forks, etc. The ratio gram part of the crop and not gramn (straw) 1s approxumately 1:1 (for
corn, this figure 1s 1:1.3-1.5), so the annual volume of straw formation is close to the overall
production.

The use of vegetable biomass for bioenergy needs can be conducted through direct
combustion, biogas preduction from agrnicultural and domestic wastes, or ethyl alcohol
production to obtain motor fuels. The main potential 15 agricultural waste-straw of gram
crops, the stems of rapeseed, maize and sunflower. As a result of scienhific analysis 1t has
been established that the lughest econonue potential of the plant biomass waste has by
products of oilseeds (rapeseed, sunflower), with the total coefficient of 1.34 —1 40, somewhat
lower — the stems of maize (0.74), and the smallest — cereal sttaw and leguminous crops —
0.10-013[1].

If we consider the types of mgh-performance energy crops that can be used to produce
solid biofuel, they are: [1, 14].

- Permanent cereals (Miscanthus, Millet lososimmlar, Kostrytsya, etc.), with the term

of collection and use in 2 — 3 years;

- Woody crops (hybnd willow, poplar, etc.). As a rule, these cultures are fast-growmg
and can be used within 10 — 20 years after the plantmg;

- Agncultural crops (waste of production and processing). The vohune of biological
waste crops 1s significant, and their specific weight depends on the type, methods of
collection, processing, etc.

- The last of the type of energy crops should paid close afttention to as they have a
number of significant advantages, such as:

- the annual renewal and have a poorly used resource;

- Do not requre special technologies for their cultivation, because they are by
products;

- Mimmum capital expenditure on the purchase of mechamzation funds for storing up
by products;

Low cost of by crops pmdmts as the main raw material for biofuel production [1].

Sml and climatic conditions m mest regions of Ukraine are favourable for cultivation of
both ngh-performance energy and agneultural crops, which m the process of processing can
serve as a source for biofuel production. In terms of energy blomass agricultural production
wastes make up about 4.8%, but therr pecubianty 15 that they are renewed annually and are
not frequently used resources.

The purpose of the research was to determine the peculiarities of mycorhization, growth
regulators and plant development m the growth, development and formation of gramn
productivity and biclogical waste of plants for the preparation of biofuel hybnds of maize in
the Western Forest-5Steppe of Ukrame.

Experiments were camed out in the field crop rotation of the experimental field of the
State Agranan and Engmeenng University m Podilhia, which, under the conditions of heat
supply and bumidification, belongs to the southem moist agro-climatic region. Within the
framework of the following research subject: State Apgranan and Engineermg Umversity in
Podilha: «Agrobiomass of Ukrame for power potential of Central and Eastern Europes, com
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was chosen as the basic culture for the research, because 1t 15 a promusing source of raw
materials for energy both in the production of ethanol and vegetable oils, and as biomass for
mereasing the resource of solhid fuels.

Research methods

The soil of the State Agrarian and Engineering University in Podilia field is typical black
currant with little humus, heavy loamy on the loess. The experimental area was characterized
by the following agrophysical and agrochemical properties of the soil: the content of humus
(by Tyurin) - 3.8-4.4%. alkaline hydrolyzed nitrogen (by Cornfield) - 122-126. the content
of mobile phosphorus by Chirikov - 90-120, exchangeable potassium — 190-230 mg per kg
of soil, the capacity of absorption and the amount of absorbed elements. respectively, 32-34
and 30-33 mg/eq. per 100 g of soil. Hydrolytic acidity is 2.3-2_8 mg/eq. per 100 g of soil, and
the degree of saturation with the elements — is close to absolute — 94.7-99.0%. The sown area
of the unitary field was 45.0, and the accounting — 25.2 m® in four-time repetition.

The sown area of the unitary field was 45.0, and the accounting — 25.2 m® in four-time
repetition. Ilocls smifcHiOBATH B TpeTl Jekaml xBiTHA. 14 DoclBy BHEOPHCTOBYBAIH
rISpPEIH KVEYPYI3H PI3HEX Ipyn cTETI0CTL [lonepeanus — cof. 3acTOCOBYBATH PETyISTOPHE
pocTy Agrostimulin 1 Zeastimulin Ha Eyxypyasl sBHUaHHIE (Zea mays) yEpaiscerol 1
sakopIoEHe] cemerml: Ariia, PRI9H32 Pioneer, DK 315 Monsanto. The sowing was carried
out in the third decade of April. Corn hybrids of different groups of ripeness were used in
sowing. Predecessor was sova. Agrostimulin and Zeastimulin growth regulators were used
with corn ordinary (£ea mays) of Ukrainian and foreign breeding: ARILA, PRI9H3Z Pioneer,
DK 315 Monsanto. In order to settle the root and root area with micorrhizal fungi and
saprophytic rhizosphenc bactena Melanonz® (manufacturer of BTU-Center Ukraine) was
wsed. In our study, we conducted two spraving of crops during the vegetation of plants, in the
following periods: 1) 4-6 real leaves; 2) 8-10 real leaves. The mentioned phase was
established when at least 75% of the plants were included in it. Corn cultivation technology
is commaon for the zone, except the investigated elements of technology.

Results and Discussion

Comn 15 -lngh-performance plant of tropical engin. Its homeland 13 Middle and South
America, explammg the needs of plants i the heat for its growth and development. Maize
for a short period of time y1elds more orgamic mass than other culfivated plants. Thanks to
the progress in breeding areas the maize growing zones have advanced far northward i
recent years.

Com gram 15 a valuable raw matenial and 15 widely used m vanous sectors of the
processing industry: starch, foed, medical We produce flour, gramn, alcohel, glucose,
molasses, o1l and many other products. Peeled forks are used for making furfurel, plastics,
and other products. We also get greens, jucy feed from com. Accordng to the content of
feed umits per hectare 1t 1s somewhat mfenor to the beet and all silage crops predominates
[5]

USA 15 a world leader mn gross harvest and the yield of com for gram. In 2014 - 2015
marketing year 361 mullion tons (36.4% global harvest of thas crop) of com was harvested in
this counfry, getting an average 107.3 ¢/ha. China also produces about 216 nullhon tons of
com for gram (Brazl - 85 million tons of com for gram, EU — 76 mulhen tons of comn for
graim, Ukrame-28.5 million tons of com for gram) i 2014 — 2015 marketing vear.. Heavy
yield of maize 15 connected with the development of agnicultural science and the use of
biotechnology to create hybnds, which since 2000 provides a growth of yields in the United
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States of 2% annually. At comparative tests Amencan farmers reach the yield of com for
gramn over 250 c/ha. In 2015, the National Association of Com Producers announced the
establishment of a world record in Virgima — more than 334 ¢/ha of Gram Grade Pioneer®
P1197TAM™ | com [7, 8].

Comn for gram and gram-pivet mixture takes the gross second place among cereals in the
EU. Besides, com 15 cultivated, primanly, for gram. 75.7 million tons of grains and 2.4
million tons of the gram-pivot mixture were harvested in 2014 France produces 18.4 mullion
tons of com for gram (it 1s 24 3% of the EU gross collection in 2014, Romama-11.73 nullion
tons, Hungary-9.17 nullion tons and Italy-8.33 nullion tons. The lughest yield was i Spain-
112.4 c/ha, Austria-107.9 c/ha, Germany-106.8 c/ha and France-103._8 c/ha [8].

The lughest gross harvest of comm for gram m Ewrope is obtamed m Ulkramne. Gross
production of com mn 2018-2019 the marketing year was about 35.6 mullion tons, which 1s
almost 11 nullion tons more than mn the previous marketmg year (Table 1). Such a leap was
achieved through favourable condifions during the vegetation period of culture that cansed
high yield culture at the average of 7.8 thha (at annual 5.5 — 6.6 tha). The record gross
collection resulted m the growth of export of culture — almost 10 mulhion tons m comparison
to 2017 — 18 marketing year [9].

Table 1. Production and consumpiion of com m Uloaine

Balance of corn, [ 4py4ne 201516 201617 2017718 2018/19+
thonsand tons
TlomaTeorl 3amacH
et 1992 2130 1354 1796 1631
Collected  area, 1677 “ ey .
T 4627 4084 4252 4481 4557
Yield, tons'ha 6.2 57 6.6 53 78
Production 38457 REERE 38075 14660 35569
Tmport 30 30 3E ETy EE)
Total Offer 30518 25461 20457 36505 37232
Export 19623 16672 71281 17870 77580
Feed consumphion 6475 5802 1629 3546 58ED
Food processinz 124 126 130 126 123
Tndustrial ﬂ
comsumption 535 471 631 £93 516
Seads 540 505 518 153 151
Loss 186 140 140 140 117
Intemal -
Setrtion 18415 24106 27662 24874 35582
Trailing balances 2103 1354 1796 1631 1650
*Predictive information

Sowurce: The automated balance of supply and demand for pram i Ukrame, FAQEBED

There are four agricultural chimatic zones for maize in Ulkraine: steppe, forest-steppe,
forest area, mountamous areas of the Carpathians and the Crimea steppe. Each zone has soil
features, molsture conditions and temperature, which sigmficantly affect the crop. The penod
when com can actively develop and accummlate organic matter, 1s linuted by date of steady
transiion of average daily amr temperature at 10°C. An mmportant feature of the thermal
regime of com 15 its duration in conjunction with a high moisture adsorptivity [4].

When growing maize, except the basic products (gran), a lot of by products are formed
— stems, leaves, wrappers and rests of cabbage heads, which can be used as raw material for
biofuel and biogas production. Modem technologies for harvesting com on gram practice
leaving the by-products on the fields. If the combines are not equipped with choppers, there




E35 Web of Conferences 154, (10K (240200) hittps=fdod.orgd 1105 Ve 3sconf 2020 5400 (08
ICeRER 2009

15 a need to use cufters, aggregated with fractors, which allow to qualitatively grind and
distnbute plant residues on the surface of the field

In Ukrame, the by-products of comn for gram are mainly used as ferhhzer, for growing
mushrooms in protected ground, as well as by-products are traditionally used m hivestock as
food and bedding and n some regions — as solid biofuel, namely, rectangular and round totes,
gramules and briquettes [1, 11]. The unused rests are often bumed m the fields, which 13
officially bammed in Ulkramme and 15 very harmful to the environment and soil [12].

For energy purposes, corn 1s used m various forms. Flant rests of com m the form of leaf-
stalk mass, maize rods are often used for direct combustion or for the production of vanous
types of solid fuels. The gramn part of the com harvest 15 used to produce ethanol and
vegetable oils, which are the basis of hiquid fuels. Therefore, when growing com for gram its
energy potential can be fully wsed For example, com cods can be used to produce fuel
gramules when threshing the begmnings of com at stationary points. The charactenstics of
granules represented m the Ulmaman market are as follows: diameter 6 — 8 mm, humdity
7.3%, ash content 2.6%, lower heat of combustion 4168 keal'kgz (174 mlkg) [1, 11, 13].

Biomass as energy resources 15 widely used m the agnculture of Poland, Hungary, the
Czech Bepublic, n particular, such ay‘icujmral by products as straw of cereals, com and
sunflower stalks, etc. These energy resources can be effectively used if they are located at a
short distance from the heating facility. Thus, the straw 15 burned m the form of briquettes,
pressed rolls or bales of rectangular section or m crushed form. At the same time, harvesting
of straw 15 most effectrvely carned out when pressed in rolls or bales. Application of fixation
1 the form rells makes their energy usage easier.

The burming of biomass 15 the oldest and easiest way to obtam energy, but in many cases
this method 15 considered to be economucally feasible. The heterogeneity of biomass, In terms
of chemical composition and physical properties, causes certam difficulties both m the
process of combustion and emission of components that are side products of the process [1,
11,15, 16,17, 18].

The mdustnial harvesting of byproducts of com for gram 15 frequently used m the world.
Thus, mn the US the plant specialized m the production of bioethanol] from the hignocellulosic
raw matenials of Du Pont Company (Nevada, lowa) 15 able to process 375 thousand tons of
comn siraw ammually. At this, the alienation of biomass 1s carmied out on the pnnciples of
sustainable development m fulfilling the condibions and recommendations of natural
Resources Conservation Service of the USA. In determining the volume of harvesting of
bypreducts of com for gram m Ulraimne the balance of humms and muiments mmst be taken
nte account, to avold such consequences as erosion and deterioration of characteristics of
the soil Recently high price for energy resources made the farmers to work out the
technology of com for gramns harvesting based on application of modem equipment, m
particular, high-performance Baling machines. You can expect the volume of byproducts
usage of comn for grain i the energy sector will merease, because 1t has better burning
charactenistics than straw of grains.

According to the ash melting charactenistics com straw 15 simlar to the wood biomass.
To harvest the byproducts of corn for gramn for energy use 1t is necessary to reduce the
biomass humudity to 20 % It 1s necessary to coordinate the worlang plans of the harvesting
company with the weather forecast. A properly selected technology and equipment are
important factors to ensure the proper quality of biomass [4].

The share of by-products of grain for com for alienation and further energy use 1s
deternuned mainly by yields, but it can be adjusted by maling reasonable norms of mineral
and organic fertilizers (Table 2} [3].

Tahble 2 Procedurs for determunmyg the byproducts vohume of corn for grain for alienation
| Condition | Limitation
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Minmum Maximum

Agrochimatic Zons Forest Steppe, Forest area Steppe

Crop rotation Be-Com After sunflower and sugar

Ieets

Wield of basic Products Mlore than 3.0 tha Lass than 2.0 tha

hloisture The degree of morshre supply | Less  than 30 mm  of
m the root soil layer 15 more | precipitation per meonth
than 60%%

Erosion Slopa of the field surface to 4 | Tilt the fisld surface more than
", presence of protectre | 4°
tunber strips

Soil cultration Technology IMo-till, Mininmm Ploughing

Fertilizers Orzanic and nuneral Ounly mmeral

Balance of Humms Positive Magatire

Weather conditeons durmg | Dry weather Heav ramfall

harvestmg

Sigmificant reserve of mncreasing the yield of corn and the improvement of grain quality
are plant growth regulators and mcrobiological preparations that merease the yield of gram
and green mass by 10— 20%, or 0.5 - 0.9 tha of gram and 3.0 — 9.0 tha of green mass. Seed
treatment regulators of growth are combimed with treatment and nucroelements processing.
Effectiveness of growth regulators m the treatment of seeds and spraying of crops 1s almost
identical It has been determumed that growth regulators accelerate plant growth and
development, increase themr resistance to high temperatures and dry weather. Spraying of
matze crops with the regulators of growth are camed out m the development phase of 3 -9
leaves mn tank muixtures with insurance herbicides. Rates of growth regulators per 1 hectare
are the following: Zeastimmulm — 15 ml, Agrostimulin — 20 ml.

Crops are sprayed with flow rate of working selution 250 — 300 L'ha. The combmation of
pre-seeding treatment of seeds and spraying of crops by regulators of growth accelerates the
development of plants, increases the resistance of plants to high temperatures, enhances the

development of the leaf surface, increases the content of chlorophyll, mereases the content
of protem and fat, increases grain harvest by 0.7 — 1.5 tha and green mass by 5.0 - 10.0 tha
[5].
We also used miyeorrhizal forming drug Melanonsis m our stody.
Melanonz® Complex mycorrluzal preparation for nufrniion and protection agamnst
diseases, detoxicant.
Applln:atmn effect:
activates colomzation of root and rhizesphere by mycorrhizal fungi and saprophytic
rhizosphere bactena;
mcreases the area of absorption by the root system of plants due to formation and
development of mycorrhiza;
neutralizes m soil the toxic effects of pathogenic microorganisms, pesticides, man-
made factors;
contributes to development of natural antibiotics by colomzed fimgl and bactenia
and mhibition of pathogens development (fusarum blight, late blight, alternanosis,
black, basal bacteriosis, etc.) and pests (nematodes, etc);
improves seed germunation and survival of seedlings;
improves plant mmumity;
provides plants with nutrients n an easily accessible form necessary for growth and
development.

According to the results of the research conducted at State Agranan and Engmeering
Umversity m Podilha, the posiive mfluence of bie shmmlators and nuerebiclogical
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preparations, both on the gam of gram and the merease of the byproducts was revealed, and
consequently the potential resource of raw matenials for different types of biofuels.

In conducted research the processing of com crops on gram by growth regulators was
carried out m the followmg terms: 1) 4-6 real leaves; 1) 8-10 real leaves. This phase was
established when at least 75% of the plants were nclhoded m it

The obtamed results mdicate a positive effect on the combination of preseeding treatment
of corn seeds by the Melanonz-forming Drug® with the subsequent use of Agrostimmlin and
Zeastmulim growth regulators in entical growth penods the crop. The mncrease m yield
control was Zeastimmln — 0.57 — 1.32 tha, Agrostimulin — 0.60 — 1.60 tha (Table 3). The
protem content in grain has also changed in positive way: Zeastimulin 5.58 — 6.60%, and
Agrostimmulus — 5.59 — 6.70%. The studied hybnids had different levels of yields: Amia—9.60
— 1101 t'ha, PR39H32 Pioneer — 9.28 — 999 tha and DK 315 Monsante — 10.96 — 12.56
t’ha. The use of growth regulators in phase 4-6 of leaves and m 3-10 of leaf phase activates
biochemical processes m plants, which causes not only mncrease m yield of com for gramn,
but also mprovement of product quality.

The application of growth regulators on the basis of a microbiclogical product with com
n our researches caused high grain productivity of plants and biomass. The better nufriion
of com — the more intensive 1s the process of growing.

The height of cereals charactenizes the stem size, reflecting the general state of the plant,
including the size of the biomass, reflecting the conditions of culfivation. Pesitive correlation
dependence 1s set between yield and plant height. The most intensive increase in the length
of the stem 15 observed at 7-8 stages (ncreased growth of mflorescences) of organogenesis.
The results of the study on dynamics of biomass increasing showed a substantial increase i
com biomass after application of growth regulators (Table 4). Obviously, in phase 4 — 6
leaves, when the com plant passes to the root nutntion and begins to mtensively buld up
vegetative mass, foliage apphication of growth regulators intensifies the synthesis of orgame
matter. In conducted researches the accumulation of biomass m plants was as follows:
Zeastmulm — 0.21 — 1.30 tha, Agrostimmlin — 0.25 — 0.32 tha. The hybnds of com mn the
phase of complete ripeness provided a different amount of green mass, which can be used to
obtam ofuels: Amma—23.52-29 98 tha, PR39H32 Pioneer —28.43-35 .26 tha and DK 315
Meonsanto — 31.51 —45.80 tha.

Table 3 Com yisld hvbnds according to the processing of seeds and foliar appheation

Hybrid Presowing seed | Foliar Yield Protein
(Factor A) treatmeant (factor | farilhizmg n —— Em.mmt.
B) (Facterc} | Tha Yo
control

Without 1 9,680 - 3,66

processing 2 1026 +1,56 6,24

Ariia 3 10,34 +0,74 6,25

1 10,22 +,52 5,58

Melanorii 2 10,93 +1,33 6,62

3 1101 +1.41 6,67

. 1 918 - 6.00

;TELE 3 5,84 0,36 5.63

PE39H32 3 259 +1,71 6,66

Pionesr 1 985 +0.57 5,58

Melanorii 2 1044 +1,16 6,30

3 10,60 +1.32 6,60
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Without 1 1096 - 6,00
procassing 2 11,58 +0,63 6.24
DE 315 3 1195 +1.03 6.67
MMonsanto 1 11.568 0,50 6,70
Melanerii 2 12,34 +1,38 5.59
3 1256 +1,60 6,66

HIP).5 T'ra A=0090, B=0.064, C=0.073, AB=0127, AC=0 156 BC=0110, ABC=0220

Note: 1. Without feeding (zpraying warer); 2. Zeastimulin — 13 mltha; Agrestimulin — 20 mltha.

Table 4 The dynanmue of formation of cormn greaen mass, tha

Hybrid Presonmng  see u].?a.: . Phase of prowth and development of corn plants
(Factor A) E;“”“m (fac &Tﬂﬁ ; 510 | Ejection | Fal
leavas laan-es of Pamicon | npeness
ithont 1 0,18 915 3090 2352
m;ﬂi‘;ﬂg p 0.21 980 314 1594
i B 023 10,10 [3523 2796
1 0.20 9,98 3493 2852
Melanorii p 0.25 1002 [3524 1998
B 0,28 1343 [40.90 2911
ithost 1 0.21 1285  [43.50 2843
brocessing p 0.27 1391 [4643 1937
PRIGHI2 g 0,28 1505 [57.44 3229
Piomeer 1 0,26 1152|5391 1041
Melanorii p 0.30 1297 [5822 3263
3 0,31 9.3 5892 33,26
. 1 0,19 1235 [3285 3151
Eﬁ‘jﬂg B 024 | 1431 |61 3535
DI 119 g 0,26 1563 [37.24 36,83
Ponsante 1 0,21 1365  |3603 3543
Melanorii p 0.23 1486  [43.76 4290
3 0,25 1689  [48.36 4580

Nere- 1. Withowr feeding (spraving water); 2. Zeastimulin — 15 mlha; dgrosrimulin — 20 mitha

Conclusions and recommendations

Energy sector 15 one of the most important and mmtegral components of the economic
complex of UkTaine. At the same time, energy securify is one of the weakest components of
national secunty of our country. Anup-to-date task 15 to reduce the consumption of expensive
mmported fiuel such as natural gas and oil, and to create ovwn alternative renewable of energy
sources with the simultaneous solution of ecological problems and development of energy
saving technologies. Accordng to leading experts mn the field of bioenergy, the economic
potential of biomass 1s about 30 mullion. tones per year, which can provide up to 14% of
Ulzame’s needs in primary energy, of which 17 nmllion tons are available today [1].

Biological dmgs Zeastimulin and Agrostinmling as well as microbiological prepa.raunn

Melanonz® used i our research positively mfluenced both the increase of biomass and gram
productivity of energy com. The lughest yield was fixed with the varant of hybnd of DK
315 Monsanto 12.56 tha, which provided the amount of green mass of waste — 45.80 t/ha,
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respectively, the potential resource of raw matenals for production of diffsrent types of
biofuels of energy com became higher at 30%.
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