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APPLICATION OF BACTERIAL AGENTS ON SUNFLOWER

Tsekhmeistruk M.H.
State Biotechnological University, Kharkiv, Ukraine.

The results on the effectiveness of biofertilizer GroundFix (5 and 8 L/ha for seedlings)
and bacterial agent HelpRost (3 L/ha in the “4 leaf pairs” phase) for confectionery sunflower
are presented. When GroundFix was applied at a dose of 5 L/ha, the yield increased; the gain
was plus 0.33 t/ha to the control without fertilizers and 0.36 t/ha with N3oP30K3o. When a com-
bination (GroundFix 5 L/ha + HelpRost 0.30 t/ha or 0.32 t/ha) was applied, the increment in
the yield was 0.32 and 0.30 t/ha, respectively. An increase in the biofertilizer dose to 8 L/ha
raised the yield by 0.32 and 0.30 t/ha, respectively; when this dose was co-applied with
HelpRost — by 0.42 and 0.58 t/ha, respectively.

There was a positive correlation (r = 0.37—1.00) between the yield and precipitation
amount during the growing period: a high positive effect of temperature in April (r = from
0.36—-0.72) and in June (r = 0.33—0.59) was noted.

Key words: sunflower, yield, bioagents, correlation coefficients, yield increments.

Introduction. Today, the mainstreams in the cultivation of major crops are green prod-
ucts, reduction in energy consumption for tits production and elevated soil fertility. Recently,
the global agricultural production has started to increasingly use microbial agents. They exert
positive effects; in particular they maintain stable levels of organic matter in soil. Application
of biological agents in crop cultivation technologies makes it possible to partially replace ni-
trogen from mineral fertilizers with cheaper biological nitrogen fixed by microorganisms from
the air [1].

Bioagents are categorized by their action as follows:

— Protection of plants against phytophages, phytopathogens, murine rodents;

— Boost in resistance of plants to pests;

— Improvement of nutrition (nitrogen, phosphorus, potassium) and increase in plant
yields;

— Stimulation of plant growth and development due to biologically active compounds;

— Improvement of soil structure and fertility [1].

Soil bacteria not only enrich soil with nutrients, but also improve physiological quali-
ties of soil. The more beneficial bacteria there are in soil, the higher its fertility is. In most
today’s soils, however, some microorganisms, which are considered indicators of fertility, are
on the verge of extinction. At the same time, young plant roots are inhabited by atypical, path-
ogenic microorganisms that compete with beneficial soil bacteria for nutrients. As a result, the
crop does not produce a full-scale yield. Application of Phylazonit helps to increase yields by
15—-40% depending on the crop while agricultural products meet the world and EU standards
[2].

Biologization itself, without individual calculation for each crop and for a specific
field, does not work. For example, bacteria from biologicals will simply die in some soils due
to lack of oxygen, so one need to provide special farming techniques to improve air flow into
soil. In some cases, there is no need for additional bacteria or fungi of several strains [3].

Ukraine is forcedly and spontaneously moving to organic farming with violations of its
basic principles: achieving a deficit-free balance of organic matter and biogenic elements, ad-
herence to scientifically sound crop rotations and soil-protecting technologies, use of biologi-
cal nitrogen, effective control of weeds, pathogens and pests. Under such conditions, soils get
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depleted and their physical and chemical properties deteriorate; the productivity of agroeco-
systems decreases and the product quality worsens [4].

Modern stimulants can not only regulate nutrient amounts consumed by plants, but also
help to resist various undesirable natural factors reducing yields. It was proven that growth
stimulant-treated seeds gave more even and hardier seedlings, which developed faster and had
stronger root systems [5].

The maximum yield of soybeans (1.27 t/ha) was obtained due to a set of measures in-
cluding microbiological agents applied during pre-sowing cultivation, pre-sowing seed treat-
ment and spraying crops: the yield increment amounted to 0.19 t/ha. Application of microbio-
logical agents with a complex mechanism of action, which are based on highly effective bacte-
rial strains, in soybean cultivation technologies, even under extreme weather, was an effective
measure that enhanced the crop productivity by 5.6-17.6% [6].

Seed treatment with bacterial agents significantly increased yields of all sunflower hy-
brids. Without Vympel, the Kyi hybrid increased its seed yield by 0.17—0.25 t/ha due to appli-
cation of Diazophyt; use of this complex agent gave an increment of 0.22—0.23 t/ha. For the
Yason hybrid, the increment was 0.13—0.17 t/ha; for the Zorepad hybrid, it was 0.15—0.32 t/ha.
A similar gain in yields was achieved with another nitrogen-fixing agent, KL-9, in the Kyi
hybrid. As to the other two hybrids, the effect of this agent was significantly stronger: the gain
amounted to 0.27—0.31 t/ha in Yason and 0.34—0.41 t/ha in Zorepad, which was attributed to
their longer vegetation periods. The strongest effect of bacterial agents was recorded with their
combination: 0.22—0.23 t/ha (Kyi), 0.24—0.34 t/ha (Yason), and 0.38—0.49 t/ha (Zorepad) [7].

Plant growth regulators, microfertilizers and pesticides increase sunflower seed produc-
tion by 0.08—0.17 t/ha in lines and by 0.14-0.21 t/ha in hybrids, accelerating propagation of
new hybrids and ensuring additional profits of 17,746—26,577 UAH/ha and 231-597 UAH/ha,
respectively [8].

The average yield was 4.38 t/ha in control and 5.36 t/ha in treated fields. The gain was
0.98 t/ha. These results were obtained through two sprayings with agent Biocomplex BTU for
technical crops during the growing period [9].

Sunflower cultivation on mineral fertilization combined with a microbial agent in-
creased the yield by 0.24 t/ha; mineral fertilizer itself, without microbial agent, increased the
yield by 0.27 t/ha; organo-mineral fertilizer — by 0.45 t/ha; organo-mineral fertilizer combined
with microbial agent — by 0.51 t/ha. Microbial agents significantly increased the sunflower
yield on organo-mineral fertilization, while the yield increment without seed inoculation was
0.22 t/ha [10].

The study was aimed to examine the effects of bacterial agents combined with two var-
iants of mineral fertilization on the sunflower yield.

Materials, methods and conditions. The main field experiments were carried out in
Department of Plant Production and Variety Investigations of the Plant Production Institute
named after V.Ya. Yuriev of NAAS of Ukraine in 2016—2018.

Winter wheat served as a forecrop for sunflower. Biofertilizer GroundFix (5 and 8
L/ha) was applied after sowing, on seedlings. Bioagent GroundFix (3 L/ha) on the Hudvin sun-
flower hybrid was used in the “3 true leaves” phase according to the experiment design.

The experiments were carried out in three replications. The record plot area was 50 m’;
the plots were arranged systematically. Mineral fertilization variants:

— No fertilizer (crop rotation background);

— N30P30K30 during pre-sowing cultivation.

Variants of application of biological agents:

1. Control

2. GroundFix 5 L/ha (spraying the soil);

3. GroundFix 5 L/ha + HelpRost 3 L/ha (“4 leaf pair” phase);

4. GroundFix 8 L/ha (spraying the soil);

5. GroundFix 8 L/ha + HelpRost 3 L/ha (“4 leaf pair” phase).

The soil was deep granular slightly leached chernozem. It had the following agrochem-
ical parameters: humus content (Tyurin’s method) — 5.8%; pH — 5.8; hydrolytic acidity — 3.29
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mg/eq per 100 g of soil. The nutrient reserves in the control (no fertilizer): nitrogen — 132
mg/kg; phosphorus — 104 mg/kg; potassium — 128 mg/kg. The nutrient amounts with mineral
fertilizer (N3oP30Ks0): nitrogen — 130-140 mg/kg; phosphorus — 180—200 mg/kg; potassium —
170—190 mg/kg of soil.

Data were statistically processed by variance and correlation analyses [11, 12].

HelpRost is an organo-mineral fertilizer for foliar application (spraying) of sunflower
plants during the growing period. Treatment during vegetation is recommended to be conduct-
ed in combination with biologicals or plant protectors. HelpRost contains the following ele-
ments and substances (g/L): major mineral elements (N — 82.5; P — 49.5; K — 77), mesoele-
ments (S — 26.4; Mg — 27.5), trace elements (B — 16.5; Zn — 7 .7; Fe — 1.65; Mn — 8.8; Cu —
4.4), biologically active compounds (vitamins — 0.22; amino acids — 11; peptides — 5.5; poly-
saccharides — 0.55). The dose was 1-3 L/ha, from the “2 leaf pair” phase to the head for-
mation.

GroundFix® is soil biofertilizer for mobilization of phosphorus and potassium from in-
soluble compounds, nitrogen fixation and enhancement of the efficiency of mineral fertilizers

The spring in 2016 was excessively wet and warm. The precipitation amount in March,
April and May exceeded the multi-year average by 28.4, 29.2, and 48.0 mm, respectively, or
by 100, 82, and 110% respectively. The average daily temperatures in March, April and May
exceeded the multi-year average by 4.1, 3.3, and 0.9°C: the sum of effective temperatures in
April and May was by 59.3 and 67.6°C higher than the optimal one — 42.2 and 143.0°C, re-
spectively.

In June, the average daily temperature was by 1.1°C higher than the multi-year average,
and the sum of effective temperatures during this month was by 63.2°C higher than the optimal
value (275.0°C). The precipitation amount was lower than the multi-year average by 20.0 mm
or by 32%.

The average daily temperatures in July and August were higher than the multi-year av-
erages by 1.9 and 2.2°C, respectively. The sum of effective temperatures was much higher
than the optimal values (411.5 and 396.2°C, respectively, with the multi-year averages of
346.7 and 282.0°C, respectively). The amount of precipitation exceeded the norm by 34.7 and
3.7 mm or by 50 and 8%, respectively.

In general, the spring-summer period (March—July) can be described as warm and suf-
ficiently wet; the precipitation amount was 120.3 mm, or by 50% more than the multi-year
average.

The warm weather persisted in August and September. The average daily air tempera-
ture was higher than the multi-year average by 2.2 and 0.4°C, respectively. The precipitation
amount in August was by 3.7 mm or by 8% higher than the multi-year average; in September
it was by 28.8 mm or by 66% lower than the multi-year average.

The spring in 2017 was wet and warm. The average daily temperatures in April and
May were very close to the multi-year averages; the precipitation amount in April exceeded
the multi-year average by 5.5 mm and it was less than the multi-year average by 19% in May.
At the same time, the greatest amount of precipitation (as showers) fell during the second 10
days of April and May — by 147 and 113% more than the multi-year average, respectively.

In June and July, the average daily temperatures also approached the multi-year aver-
ages; the precipitation amount was by 71 and 56% less than the multi-year average, respective-
ly.

The average daily temperature in August was by 4.1°C higher than the multi-year aver-
age; and the precipitation amount was by 35.5 mm or by 76% lower than the multi-year aver-
age.

The weather in the spring-summer period of 2018 was dry. Thus, the precipitation
amount in April-August was by 160.1 mm or by 61% less than the multi-year average. The
average daily temperature exceeded the multi-year average by 2.7°C. March in 2018 was by
3.1°C colder than the multi-year average, but all the other months were much warmer, espe-
cially April (by 2.8°C), May (by 3.08°C), and August (by 4.0°C).
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On average across the study years (2016—2018), March, April and August were warmer
by 2.3, 2.0 and 3.4°C, respectively.

At the same time, 2018 can be described as insufficiently wet. The precipitation
amount was by 81 mm more than the multi-year average in March only; in the precipitation
amounts in other months were lower than the optimal values: from 19.8 mm in June to 46.9
mm in August. On average across the study years, March had more precipitation than the mul-
ti-year average (by 35.2 mm); April and May were characterized by optimal amounts (plus 4.0
mm to the multi-year average in each month); and the precipitation was insufficient in June,
July and August (minus 25.4, 16.1 and 26.2 mm from the multi-year average, respectively).

Such contrasting weather allowed us to fully assess the adaptability and plasticity of
oilseeds.

Under the experimental conditions, combination of biofertilizer GroundFix and bacteri-
al agent HelpRost was the most effective variant (Table 1). When GroundFix was used at a
dose of 5 L/ha without fertilizer, the yield increased by 0.33 t/ha compared to the control;
when it was used with N3oP30K3 (basic fertilizer), the yield increased by 0.36 t/ha. When we
applied GroundFix 5 L/ha + HelpRost, the yield increment was 0.30 and 0.32 t/ha, respective-
ly. The efficiency of application HelpRost 3 L/ha in the “5—6 leaf pairs” phase of the crop was
-0.03 and -0.04 t/ha in the respective variants of mineral fertilization. When the biofertilizer
dose was increased to 8 L/ha, the yield increased by 0.32 and 0.30 t/ha, respectively; when the
increased dose was co-applied with HelpRost, the yield increment amounted to 0.42 and 0.58
t/ha, respectively. In our study, application of HelpRost plus GroundFix 8 L/ha allowed us to
additionally obtain 0.11 t/ha in the control and 0.28 t/ha with mineral fertilizer.

Table 1
Hudvin sunflower hybrid yield depending on basic fertilization, biofertilizer and bacterial
agent application, 20162018, t/ha

Basic fertilization (factor A) Increment result-
Variant (factor B) No fertiliz- ed from fertiliza-
er(control) N3oP30Kso tion
Control 2.57 2.83 0.20
GroundFix 5 L/ha 2.90 3.18 0.28
+/- to/from the control 0.33 0.36
GroundFix + HelpRost 2.87 3.15 0.28
+/- to/from the control 0.30 0.32
HelpRost effect -0.03 -0.04
GroundFix 8 L/ha 2.89 3.12 0.23
+/- to/from the control 0.32 0.30
GroundFix + HelpRost 3.00 3.41 0.41
+/- to/from the control 0.42 0.58
HelpRost effect 0.11 0.28
LSDys A-0.19;B-0.20; AB-0.18

Correlation analysis between the sunflower yield affected by biological agents and weath-
er/climatic conditions during the study period revealed a positive correlation (r = 0.37 - 1.00)
between the yield and precipitation amount during the growing period. The only exception was
GroundFix 8 L/ha + HelpRost 3 L/ha on N3oP30K3 fertilization and precipitation in June (r = 0.21

(Fig. 1).
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Fig. 1. Pearson's correlation coefficients between yield, precipitation amount and average daily
air temperature, 2016—2018

The average daily air temperatures had a much greater impact on the yield. There was a
strong positive effect of April temperatures, with correlation coefficient of 0.36—0.72, and of June
temperatures (r = 0.33—0.59), except for the ‘GroundFix 5 L/ha + HelpRost 3 L/ha’ combination
on basic fertilization with N3oP30K3o (r = - 0.25 and r = - 0.07, respectively). May temperatures
had a positive effect in the following variants: GroundFix 5 L/ha, GroundFix 8 L/ha and Ground-
Fix 8 L/ha + HelpRost 3 L/ha (r = 0.35, 0.32 and 0.39, respectively) as well as for the ‘mineral
fertilizer + GroundFix 5 L/ha’ combination (r = 0.34). In the other variants, the impact of this
factor was insignificant (r = 0.05—-0.28). July temperatures had a strong positive effect on the
yield (r = 0.39—0.72), while August temperatures, on the contrary, exerted a strong negative ef-
fect (r = - 1.00— - 0.90).

Conclusions. When GroundFix was used at a dose of 5 L/ha without fertilizer, the yield
increment was 0.33 t/ha compared to the control; when GroundFix was used at the same dose
with N3oP30K30, the increment amounted to 0.36 t/ha. By combining GroundFix 5 L/ha with
HelpRost, we obtained the yield increments of 0.30 and 0.32 t/ha, respectively. Increasing the
biofertilizer dose to 8 L/ha gave the yield gain of 0.32 and 0.30 t/ha, respectively. When the in-
creased dose was co-applied with HelpRost, the gain was 0.42 and 0.58 t/ha, respectively.

There was a positive correlation (r = 0.37—1.00) between the yield and precipitation
amount during the growing period. We noted a strong positive effect of April temperatures, with
correlation coefficient of 0.36—0.72, and of June temperatures (r = 0.33—-0.59).
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3ACTOCYBAHHA BAKTEPIAJIBHUX IIPEIIAPATIB I1PH BUPOILL|YBAHHI COHALLI-
HUKY

Hexmenctpyk M.T'.
Jlep>kaBHUIN O10TEXHOJIOTTYHUIA YHIBEPCUTET, YKpaiHa.

Mertoro nocaifzkeHHsi Oya0 BUBUMTH BIUIUB 3aCTOCYBaHHS OaKTepialbHUX IMpEnapariB 3a JIBOX
(oHIB MIHEpAIILHOTO JKUBJICHHS Ha PIBEHb YPOXKANHOCTI COHSIIHUKY.

Marepianu i meroaun. OCHOBHI MOJBOBI TOCHIIKEHHS TTpoBoAwian B mepioa 2016—2018 pp. y
BIJIUTI pOCIIMHHHIITBA T4 COPTOBUBYEHHS [HCTUTYTY pocnuHHuTBa iM. B.SI. FOp’eBa HAAH.
Ipynt — riuOOKMA  CIAOKOBWIYI'YBAaHMH  UYOPHO3€M i3 3€PHHUCTOKD  CTPYKTY-
poro.Binxapakrepusyerbes: BMicToM rymycy (3a Tropinum) 5,8 %; pH 5,8; rinpomniTuuHoO Kuc-
notHicTio 3,29 Mr/exs. Ha 100 T rpyHTY. 3anacu MOKMBHUX PEYOBUH Ha KOHTPOJI 6e3 100puB:
a3oT — 132 mr/kr, pocdop — 104 mr/kr, kainiit — 128 mr/kr; Ha (hoHaX i3 3aCTOCYBaHHAM MiHEpa-
npHUX 100puB (N30P30K30): azoT — 130—140 mr/kr, dpochop — 180—200 mr/kr, xamiit — 170—190
MI/KT TPYHTY.

Craructuuny 06poOKy MPOBOAMIN METOJIOM JAUCHEPCIHHOTO Ta KOPEIALIHHOTO aHaAMTI3Y.

OO0roBopeHHsi pe3yabTaTiB.PicT 1 po3BUTOK COHAMIHHUKY B yMoBax 2016—2018 pp. mpoxoaus y
KOHTPAaCTHUX TOTOJHHUX yMOBaX. XapakTepHOIO Oyiaa HEIOCTAaTHS BOJIOT03a0e3NedeHICTh B
KPUTUYHHH 1iepioa (UBITIHHA, (popMyBaHHS 1 HANIMB 3epHa), 0COOIMBO Ha (OHI MIABUIICHUX
TeMIepaTyp MOBITpsL.

B ymoBax nepioay AociikeHb HaOUIbII epeKTUBHUM OyJI0 KOMIUIEKCHE 3aCTOCYBaHHS 0i0-
no6pusa ['paynadikc ta GaktepianpHOro npenapary Xenn poct. [Ipu 3actocyBanH1 mpenapa-
Ty I'paynadikc B 1031 5 n/ra HagbaBKka ypoxKaiHOCT1, B OPIBHIHHI 10 KOHTPOJIIO, CKJIaJia Ha
¢doni 6e3 mobpus 0,33 T/ra, a mpu 3acTOCyBaHHI B OCHOBHE BHeceHHS N3oP30K30 — 0,36 T/ra,
npu Bukopuctansi I'payna ¢ike 5 n/ra + Xenn poct — o 0,30 ta 0,32 1/ra BianosingHo. Edek-
TUBHICTb 3aCTOCYBaHHs 3 Jji/ra mpenapaTy Xemm pocT y a3y 5—6 map JUCTKIB KyJIbTypH CKJIa-
na -0,03 ta -0,04 1/ra BiamoBigHO (GOHIB MiHEpaIbHOTO >KKUBIEHHA. [Ipu 30uIbIIeH] 103U Oi0-
no6puBa o 8 n/ra HagbaBKa yposkaitHocTi ctanoBmia 0,32 Ta 0,30 T/ra, a npu crniuibHOMY 3a-
crocyBanHi 3 Xemnm poct — 0,42 ta 0,58 T/ra.

BigmiueHo BUCOKMI MO3UTHBHUMN BILIMB TEMIIEpAaTyp KBITHS Ha ypO>KalHICTh, KOE(IIIEHT KO-
pemsii r= Big 0,36 mo 0,72 ta yepsHs — r= Big 0,33 mo 0,59, 3a BukmoueHHsM Bapianty [ 'pa-
yaagike 5 n/ra + Xenn poct 3 5i/ra Ha doni N3gP30K30 r= minyc 0,25 ta minyc 0,07.

BucnoBku. Ilpu 3actocyBanni npenapary ['payHndikc B 1031 5 n/ra HagOaBKa BpOXKailHOCTI B
MOPIBHSIHHI 3 KOHTpoJieM ckjana Ha (oHi 6e3 nodpus 0,33 1/ra, a mpu N3oP30Ksp — 0,36 1/ra,
IIpU CIIIbHOMY BUKOpHcTaHHI ['payny ¢ike 5 n/ra + Xenn poct — no 0,30 ta 0,32 1/ra Bigmno-
BigHO. [Ipu 36inbmeHH1 1o3u 6iogo0puBa a0 8 n/ra HagbaBKa BpoxaitHocTi ctanoBmia 0,32 Ta
0,30 1/ra, a mpu cniibHOMY 3acTocyBaHHi 3 Xeunr pocT — 0,42 ta 0,58 T/ra.

BceranoBneno nmo3utuBHy kopesiito (r= Big 0,37 mo 1,00) piBHS BpoKalHOCTI i3 CyMOIO OTa-
TIiB 3a BereTauiifiHuil nepio. BigMiueHO BUCOKUI MO3UTUBHUIN BILTUB TEMIIEPATYp KBITHS, KO-
ediuient kopensuii r= Big 0,36 1o 0,72 ta uepBus — r=Bix 0,33 mo 0,59.

Kniouosi cnosa: conswnux, ypoicatinicms, bakmepianvHuil npenapam, Koeg)iyicum Kopenayii,
npubasKa 8pOHCAUHOCMI.
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APPLICATION OF BACTERIAL AGENTS ON SUNFLOWER
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The study was aimed to examine the effects of bacterial agents combined with two variants of
mineral fertilization on the sunflower yield.

Materials and methods. The main field experiments were carried out in Department of Plant
Production and Variety Investigations of the Plant Production Institute named after V.Ya.
Yuriev of NAAS of Ukraine in 2016—2018.

The soil was deep granular slightly leached chernozem. It had the following agrochemical pa-
rameters: humus content (Tyurin’s method) 5.8%; pH 5.8; hydrolytic acidity 3.29 mg/eq per
100 g of soil. The nutrient reserves in the control (no fertilizer): nitrogen — 132 mg/kg; phos-
phorus — 104 mg/kg; potassium — 128 mg/kg. The nutrient amounts with mineral fertilizer
(N30P30K30): nitrogen — 130-140 mg/kg; phosphorus — 180—200 mg/kg; potassium — 170—190
mg/kg of soil.

Data were statistically processed by variance and correlation analyses.

Results and discussion. In2016-2018, sunflower plants grew and developed under very con-
trasting weather conditions compared to the multi-year averages. There was a water deficit
during the critical periods (anthesis, seed setting and filling), especially at elevated air temper-
atures.

In the study, biofertilizer GroundFix + bacterial agent HelpRost turned out to be the most ef-
fective combination. When GroundFix was used at a dose of 5 L/ha without fertilizer, the yield
increased by 0.33 t/ha compared to the control; when it was used with N3oP30K3( as basic ferti-
lizer, the gain in the yield amounted to 0.36 t/ha. When the ‘GroundFix 5 L/ha + HelpRost’
combination was applied, the gain was 0.30 and 0.32 t/ha, respectively. The efficiency of
HelpRost 3 L/ha in the “5—6 leaf pair” phase of the crop was -0.03 and -0.04 t/ha on the re-
spective mineral fertilization. When the biofertilizer dose was increased to 8 L/ha, the yield
was raised by 0.32 and 0.30 t/ha, respectively; when the increased dose was co-applied with
HelpRost, the increment was 0.42 and 0.58 t/ha, respectively.

There was a strong positive effect of April temperatures on the yield, with correlation coeffi-
cient of 0.36— 0.72, and of June temperatures (r = 0.33—0.59), except for the ‘GroundFix 5
L/ha + HelpRost 3 L/ha’ combination on basic fertilization with N3oP30K3o (r=-0.25 and r = -
0.07, respectively).

Conclusions. When GroundFix was used at a dose of 5 L/ha without fertilizer, the yield incre-
ment was 0.33 t/ha compared to the control; when GroundFix was used at the same dose with
N3oP30K30, the increment amounted to 0.36 t/ha. By combining GroundFix 5 L/ha with
HelpRost, we obtained the yield increments of 0.30 and 0.32 t/ha, respectively. Increasing the
biofertilizer dose to 8 L/ha gave the yield gain of 0.32 and 0.30 t/ha, respectively. When the
increased dose was co-applied with HelpRost, the gain was 0.42 and 0.58 t/ha, respectively.
There was a positive correlation (r = 0.37—1.00) between the yield and precipitation amount
during the growing period. We noted a strong positive effect of April temperatures, with corre-
lation coefficient of 0.36—0.72, and of June temperatures (r = 0.33—0.59).

Key words: sunflower, yield, bioagents, correlation coefficients, yield increments
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