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Summary: A Polish experience with 10 hybrids of sunflower field was made on the Chelopechene Field, Sofia, on cinnamon forest soil.
Sunflower hybrids are grown under non-irrigating conditions and under irrigation conditions with drip irrigation and microwaving.
The meteorological conditions during the study period determined the number of irrigations and the size of the irrigation and

irrigation norms of the culture.

It has been found that the yields obtained under irrigation conditions are higher than 13 to 46%, with drip irrigation giving better results

than sprinkling.

The Maritsa, San Luka and A58xC23 hybrids have been shown to be suitable for growing in non-irrigated conditions, while the

hybrids "Vokil", "Michaela" and "Maritsa" hybrids are irrigated.
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Introduction

The changing conditions in agriculture as a result of the onset of
climate change require adaptation of varieties and traditional
technologies for growing sunflower with limited resources,
including water.

The change in the overall technologies of agricultural production,
in accordance with the new conditions and needs of the
agricultural crops, also requires the use of water-saving and
energy-saving irrigation techniques and technologies appropriate
to their type and parameters and adapted to the biological needs
of agricultural crops

The good dry resistence of the sunflower allows us to grow in
irrigated conditions in our country. Its ability to overcome soil
and atmospheric droughts is due to its biological features - high
power and plasticity of the root system, xerophilic construction
of the leaves and the stem. At the same time, the sunflower is
sensitive to moisture, it responds very well to irrigation, and
droughts, especially in the critical phases, lead to a drastic
reduction in yield and severe deterioration in its quality. Under
very unfavorable conditions, even a lack of yields is possible in
Some years.

Cultivation of crops under non-irrigated conditions is a
prerequisite for allowing water stress during most of the
vegetation period, which is the reason for the reduction in yield.
(Hang, A.N., D.W.Evans, 1985).

Critical in regards to water stress is the period 20 days before and
20 days after flowering (Putnam, D.H., E.S. Oplinger, D.R.
Hicks, 2007). Critical phase lunches provide an average of 79%
of the optimal yield (but the range of variation is great - from 47
to 98%), (Mehandzhieva, A., R. Lazarov, 1978). According to
(Duane, R.B. 2003), a 20% reduction in the irrigation rate during
this phase leads to a 50% reduction in yield, with the yields
deteriorating sharply. The same reduction in the initial "sprouting
- inflorescence" phase yields only a 5% reduction in yield.
Research (Angelova, M., 2003) found that from the emergence to
the flowering of the sunflower, 26% of its wateruse is at the
expense of autumn-winter reserves in the soil layer. The sum of
the monthly precipitation during the autumn-winter, spring and
summer periods (August inclusive) has a positive effect on the
yields of sunflower. (Stoyanova, Y. et al., 1977). The results of
the research in the Plovdiv region (Tachsin, 2006) show that the
productivity of a number of modern sunflower hybrids is not
different from that established for other regions of the country.
Irrigation has a large reserve to obtain extra yields of the order of
30-40% (Mihov, lv. 1972.). In the Sofia field, 450-500 kg / dka
sunflower seed was obtained by spraying (Kraftti, G.)

The development of new hybrids of sunflower is also a potential
for obtaining high yields. Their adaptation to the diversity of soil
and climatic conditions of our country and the climate change in
the modern climate is insufficiently explored. This calls for field
trials to clarify the possibilities for growing these hybrids in
different regions of the country and to realize their productive
potential under irrigation conditions.
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In the implementation of the project "National Program for
Improvement of Dry Resistance and Cold Resistance of
Important Agricultural Cultures”, subproject "Sunflower", on the
territory of the experimental field of IMM in Chelopechene,
Sofia there were experiments on the impact of water-saving
irrigation technologies (drip and microworld) yields of new
hybrid varieties of sunflower crops and assessing their drought
resistance.

Main objective: To investigate the influence of the main
irrigation technologies (drip and micro irrigation) on the growth,
development and formation of yields in hybrid varieties of
sunflower crops, in the soil and climatic conditions of the Sofia
field.

Methodology of research

The researches were carried out in the field of experimentation of
the Institute of Meliorations and Mechanization - Chelopechene,
Sofia. The determination of sunflower productivity in non-
irrigated and irrigated conditions was carried out according to
developed and approved methodologies of IMM. The experience
was set in three replicates of 12.5 m2 plots. Each iteration
covered 2 lines x 25 nests from each hybrid. It is produced with
hybrid varieties of cultural sunflower: "San Luca", "Maritza",
"Michaela", 217 "s244R," Vokil ", A125xRHSP-1R, 134AxC6,
2607AxC23, A125xC37, A58xC23 under the conditions of the
fourth agglomeration group of the irrigation areas, in particular
on the Sofia field (Fig.1 and Fig.2).

Agrotechnics

The cultivation of the crop was carried out at a standard
agricultural equipment: sowing - 18-21 April; precursor - wheat;
sowing scheme: 0,70 m (line spacing) x 0,35 m (distance
between the nests inside the row); soil treatments: autumn deep
plowing at a depth of 0.25 - 0.28 m, discovery, spring pre-sowing
treatments, fertilization with phosphorus and potassium - P1oKjo;
feeding with Ny, The experience was brought to leavened
leptosol. It is characterized by the following water and physical
properties: FWD - 20.2% relative to the absolute weight of the
soil, volume density at FWD - 1.54 g / cm3 and wetting 10.38%
by weight of the absolutely dry soil.

To monitor the dynamics of soil moisture, soil samples
were taken and the size of irrigation norms was calculated.

Phenological observations and biometric measurements
were performed during vegetation.

Reported parameters: 1) The occurrence of
phenological phases - germination, budding, flowering,
physiological maturity, technical maturity; 2) Biometric

indicators - plant height, diameter of the cake in technical
maturity; 3) Yield: seed weight of one plant and weight per 1000
seeds, seed yield per unit area.
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Fig. 1. Experimental plot with drip irrigation system.

Irrigation

During the sprinkling, pre-irrigation humidity (PIH )in
the soil is maintained - 80% of the PIH, and 85% of the PIH in
drip irrigation. Irrigation standards are calculated using the
following formula:

M = 10H0{(0'{7HB - O'fp'“ )
Where:
M is irrigation norm [mm]
H - the depth of the active soil layer [m]

a- the bulk density of the soil [g/cm®]

0;7173 - marginal land moisture [% of absolute dry

weight of soil]

GHp.th.
T - soil humidity at the corresponding pre-

irrigation humidity [% of absolute dry weight of soil]

In drip irrigation variants, an irrigation rate reduction
ratio is used in accordance with the sowing scheme.

The sprinkling irrigation was realized through seasonal stationary
"Water Bird" system with the following parameters: polyethylene
pipes @20 mm, spray nozzle radius 3.0 m, working pressure 2-
2.5 atm, intensity 7.1 mm / h. With a sprinkler arrangement of 3.0
x 3.0 m, the system's flow rate is 0.32 I.

Drip irrigation is accomplished through Aqua Trax seasonal
system: 8 mm wall thickness of the seasonal pipeline, 16 mm
perforated by 0,20 m, working pressure 0,7-1,0 atm, flow 0,87 | /
h . The pressure in the irrigation systems is regulated by a
pressure regulator and the amount of water supplied is measured
by automatic water meters.

Meteorological conditions for 2009

The management of the irrigation regime in a particular
year depends on the dynamics of meteorological factors - rainfall,
air temperature and air saturation with water vapor. Their
manifestation, coupled with the transpiration features of crops,
determines the speed and dynamics of depletion of the productive
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Fig. 2. Experimental plot with micro
irrigation system.

water supply in the soil. Timely compensation of the water deficit
and the satisfaction of the needs of the crops with water is a
prerequisite for obtaining the planned yields and profitability of
the agricultural production, especially in the current conditions of
warming and drought.

The coverage of rainfall for the period April -
September (392.9 mm) in the series 1901 - 2009 is 27.2% and
characterizes the vegetation period as a moderately humid (Table
1). The rainfall for the April-September vegetation period is 26.4
mm or 7.0% higher than the average for the period 1901-2009.
Fallen rainfall during crop vegetation is unevenly distributed,
which has led to watering in the critical phases of sunflower
development. The July-August period when the flowering and
pouring of the grain in the sunflower is wet with a 5.45% yield,
favorable to the development of the crop. The precipitation
amount for July is 77 mm (Table 1 and Fig. 3), close to the
precipitation values for the average long-term for the period
1901-2009, and in August the rainfall is of the order of 128 mm,
which are 50 mm more than average. During the buttoning until
the flowering, the inflorescence and the number of seeds, the
rainfall was insufficient for the development of the crop, which
caused the need for irrigation. The April-June period is dry with a
guarantee of 82.7%. The May-June period is also dry with a
guarantee of 78.8%. The sum of rainfall in June is 47 mm, which
is 34 mm less than the average for the same period. In Fig. 4
shows that precipitation during the sunflower growing season is
mainly during the first and second ten days of July, as well as
during the first and second ten days of August.

Air temperature and water vapor saturation rate
influence the rate of lifecycle processes of the plant. Temperature
conditions during the 2009 sunflower growing season are
unfavorable to the growth and development of sunflower. The
temperature sum for the period April-September (3228,2°C)
characterizes the year as very warm with a guarantee of 19,2%
(Table 2). The July-August period is on average warm with a
provision of 37.1% (Table 2). Temperatures during the months
from April to September exceeded the average for many years,
from 3.9% to 7.2%, with the largest excess being observed for
May. Month July is colder with a deviation below the average for
the 108-year period a sum of -1.6%.
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Table 1. Amounts of rainfall and air temperature by months and deviations from the average for the period 1901-2009.

Amounts of rainfall. mm Sum of average day an((iznlght air temperature,
N Month Average for Deviation Iromhthe average for Deviation Iromhthe
2009 the period average for the the period average for the
period 2009 period
1901-2009 mm % 1901-2009 °C %
g | A 285 505 22 | -436 | 3263 3125 138 44
2 May 58,5 76,6 -18,1 -23,6 502,5 468,9 33,6 7,2
3 June 47,0 80,8 - 33,8 -41.8 586,3 555,2 31,1 5,6
4 | 771 61,9 152 245 641,3 652,1 108 | -16
5 | August 128,0 49,6 784 158,0 655,7 630,9 24,8 39
g | September 538 471 5,9 125 516,5 4896 26,9 55
April-
392,9 366,5 26,4 7,2 3228,6 3109,2 119,4 3,8
September
Total
May-September | 364,4 316,0 48,4 15,3 2902,3 2796,7 105,5 3,8
Table 2. Provision of meteorological factors for 2009
Periods Provision of air temperature % Provision of rain in
%
April - September 19,2 27,2
May - September 21,2 19,2
April - June - 82,7
May - June - 78,8
June-August 27,2 -
July August 37,1 5,4
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Fig.3 Amount of rainfall by months for 2009 and average for the period 1901-2009
m - monthly for 2009 r. - average for period 1901-2009 r.
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Fig. 4. ainfall for ten days for April-September 2009
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Fig. 5. The sum of the temperature by months for 2009 and on average for the period 1901-2009

m - monthly for 2009 r.

Results and discussion

Phenological development
The sowing of the sunflower in the Chelopechene - Sofia field
was done manually on April 16th. The mass sprouting for this
region is reported on May 11-13, and the buttoning on June 16-
17. The flowering of the plants began on July 1-2, and the mass
flowering of all hybrids occurred during the period 6-13 July,
first beginning the flowering of the hybrid "San Luke", followed
by hybrids "Maritsa", "Michaela", "AS58xC23 ". Later, the
hybrids "2179x244R", "2607AxC23" and "A125xC37" bloomed.
The harvesting of the hybrids takes place between September 15-
16. (Table 3).

Ta6smmua 3. Phenological development

Stage of Date of onset Days from the
development beginning of the
vegetation
Sowing 16 April 0
Sprouting 11 may 26
Budding 17 june 63
Mass bloom 13 july 89
Harvesting 16 september 154

Watering and irrigation regulations

- average for period 1901-2009 r.

The need for humidity of plants changes during vegetation. The
irrigation period for Sofia region for 2009 covers the time from
the second ten days of June to the third ten days of July. The
amount and timing of the irrigation depends on the quantity and
distribution of precipitation during the vegetation period, the
water and physical properties of the soil, the needs of the water
culture and the dynamics of the weather factors.

Sunflower sprouting begins in the first ten days of May
(May 10-11 and by the second ten days of June there was enough
moisture from precipitation for the normal development of the
crop.) At the end of the first ten days of June due to lack of
precipitation the first watering was filed on June 10. During the
next phase of "budding", two more irrigations were made during
the second and third ten days of June (17-20 June), as the rainfall
was insufficient.

Despite the fact that the year is moderately humid, the
uneven distribution of precipitation during the growing season is
the reason for the decrease of the moisture in the soil through the
critical phenophase "mass blooming", the developing of the
grain, which gave rise to the necessity of irrigation. During this
period, 2 irrigations with an average irrigation rate of 35 mm
were used for the drip irrigation in the period (July), and for the
micro-irrigation - one irrigation with an average irrigation rate of
40 mm. They were submitted for the period 23-29 July. (Table
4).

Evapotranspiration
In non-irrigating conditions, the size of the evapotranspiration
depends on the meteorological complex and on the natural water
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supply of the sunflower, and in irrigation conditions - soil Evapotranspiration values for drip irrigation and micro irrigation
humidity, rainfalls and irrigation rate. are about 407 and 402 mm respectively. The rainfall is 57%, and
The natural moisture evapotranspiration (non-irrigation) in the the irrigation rate provides 43% of the evapotranspiration.
hybrids is 232 mm (Table 4), which is formed only by rainfall -
100%.

Table 4.

Sunflower irrigation regimen 2009

N S Actual irrigations aturation rate, mnj
Irrigation Pre-lrr!gz_itlon — Date IrTigation rate
technology humidity Total number | Next irrigation mm '
Sprinkle 80% from PIH 4 I June 10th 40,0 170
irrigation 11 June 18th 50,0
I June 31 40,0
v July 23rd 40,0
Drip irrigation 85% from PIH 5 I June 10th 35,0 175
11 June 18th 35,0
111 June 31 35,0
v July 23rd 35,0
\Y Jul 29th 35,0
Table 5.
Evapotranspiration and forming elements - sunflower — 2009
Options ET rainfall Irrigation rate
mm
mm % mm %
1. Non-irrigated 232 232 100 - -
2. Drip irrigation 407 232 57 175 43
3. Sprinkle irrigation 402 232 57,7 170 42,3

Yields from hybrids of sunflower under non-irrigated conditions
San Luca hybrids -190 kg / dka, A58xC23-187 kg / dka. The

The formation of yields from sunflower hybrids grown under yields of the A125xC37-106 kg / dka and 134AxC6-109 kg / dka
non-irrigated conditions is the result of natural soil moisture. The hybrids are low, indicating that they are demanding for soil
data from Table 6 and Figure 6 show that in 2009 for the soil- moisture (Table 6). of the studied hybrids - biometric
meteorological conditions of the Sofia field the highest yields measurements and seed characteristics.
were from the hybrids: Maritsa -213 kg / dka, followed by the
Table 6.
Crops non-irrigated sunflower 2009 r.
Hybrids Yields kg/dka Relative yields %

1. San Luke 190 89

2. Maritsa 213 100

3. Michaela 162 76

4. 217,x244R 115 53

5. Vokil 134 63

6. A125xRHSP-1R 174 75

7. 134AxC6 109 51

8. 2607AxC23 171 80

9. A125xC37 106 50

10. A58xC23 187 88
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Fig. 6. Sunflower yields in kg / dka on average humid year without irrigation: 1 - "San Luca", 2 - "Maritsa"; 3 - "Michaela", 4 - 217 of which
are 244R, 5 - Vokil, 6 - A125xRHSP - 1R, 7 - 134AXC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.

Table 7. Results of biometric measurements and characterization of sunflower seeds in irrigated and non- irrigated conditions

non- irrigated Drip Drip Sprinkle Sprinkle
Diameter of weight of | Diameter of the | weight of | Diameter of the weight of 1000
Hybrids the cake, cm 1000 cake, cm 1000 cake, cm seeds, g
seeds, g seeds, g
1. San Luke 17 50,3 18 60,7 20 61,0
2. Maritsa 18 59,8 16 66,7 18 67,3
3. Michaela 17 47,8 17 56,8 20 60,1
4.2172h244R 15 62,8 18 81,9 18 81,4
5. Vokil 15 54,8 19 64,8 18 49,1
6. A125xRHSP-1R 15 62,6 15 76,6 17 70,7
7. 134AxC6 15 41,2 18 63,1 16 48,1
2607AxC23 17 50,7 20 55,8 18 53,0
9. A125xC37 16 48,4 20 59,1 16 52,1
10. A58xC23 16 68,5 18 57,1 19 56,2
Average 16 55 18 64,3 16,1 60

The data show that the diameter of the cake in the
irrigation variants varies from 15 to 20 mm. The largest sizes are
the cakes in the hybrid varieties - Vocil, A125xC37, 2607AxC23,
drip irrigated, and Snt. Luke and Mihaela- with spraying.

The weight of 1000 seeds also grows in irrigated hybrids,
with the heaviest grains being 55.8 to 81.9 g drier, and 52.1 to 81.4
g when sprinkled. The heaviest are the seeds of the variety 217 and
XX24R in both irrigation techniques (Table 7).

On average, of the ten tested hybrid sunflower varieties,
irrigation increased the weight of 1000 seeds by 15% (drip) and by
9% (sprinkling) to non-injected hybrids, with the highest increase in
the “2179x244R"-24% two irrigation techniques. The mass of 1000
seeds in non-irrigated sunflower is on average 55.0g, ranging from
individual hybrids from 41.2 to 68.6g

Yields hybrids of sunflower under irrigation conditions.

The plants’ needs for moisture during the growing season are
determined by both the hybrid characteristics and the weather
factors. With the irrigation being fed through the critical phases of
sunflower development, the need for readily available moisture is
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satisfied. Watering with both types of irrigation systems have been
implemented in the phase of buttoning and mass flowering. The
highest yields under irrigation conditions were obtained with the
Maritsa hybrids - 254 kg / dka (drip irrigation) and A58xC23 - 248
kg / dka (table 8 and table 9), (Fig.7 and Fig. 8). The results show
that they respond well to irrigation the hybrids: 2607AxC23 -
(251kg / dka), "Vokil" - (246kg / dka) - dripping and microdilution
hybrids - 2607AxC23 - (235kg / dka) - (232 kg / dka), "San Luca" -
(227 kg / dka).

The increase in yields is from 13 to 46%, with the highest increase
in yield due to irrigation at 46% (drip) and 38% (micro irrigation)
hybrids, followed by the 134AxC6 hybrid 40% (tab 10) and (Figure
9).

In microbonds, the hybrids were best suited to irrigation: "Vocall" -
38%, “2179x244R“- 29%. Less irrespective of irrigation Maritsa
hybrid with 9-17% increase of yield in both irrigation and San Luke
with 13-16%. This shows that in the soil-climate conditions of the
Sofia field, these hybrids can be grown without irrigation.

When comparing the two irrigation techniques, a larger increase in
yields due to the irrigation applied is obtained by drip irrigation.
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Table 8. Yields - drip irrigation- sunflower 2009

According to type. 1

Hybrids Yield kg/dka Average yield, %
1. San Luke 216 84
2. Maritsa 256 100
3. Michaela 233 91
4.2179h244R 172 67
5. Vokil 246 96
6. A125xRHSP-1R 234 91
7. 134AxC6 181 70
2607AxC23 251 98
9. A125xC37 144 56
10. A58xC23 234 91
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Fig. 7. Sunflower yields in kg / dka in medium humid year and drip irrigation: 1 - "San Luca", 2 - "Maritsa"; 3 - "Michaela", 4 - 217,x244R,
5-"Vocil ", 6 - A125xRHSP - 1R, 7 - 134AxC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.

Table 9. Yields — Sprinkle irrigation- sunflower 2009.

According to type 1
Hybrids Yield kg/dka Average yield %
1. San Luke 227 97
2. Maritsa 234 100
3. Michaela 232 99
4.2179h244R 160 68
5. Vokil 213 91
6. A125XxRHSP-1R 198 85
7. 134AxC6 145 62
2607AxC23 235 100
9. A125xC37 124 53
10. A58xC23 248 106

28 YEAR I, ISSUE 1, P.P. 22-30 (2018)



INTERNATIONAL SCIENTIFIC JOURNAL "SCIENCE. BUSINESS. SOCIETY" WEB ISSN 2534-8485; PRINT ISSN 2367-8380

2604
240+
220+
200+
1801
1601
140+
120+
100+

1 2 3 4 5 6 7 8 9 10

Fig. 8. Sunflower extracts in kg / dka in average humid year and sprinkle irrigation: 1 - "San Luca", 2 - "Maritsa"; 3 - "Michaela", 4
2179h244R, 5 - Vokil, 6 - A125xRHSP - 1R, 7 - 134AXC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.

Table 10. Sunflower yields at different ways of irrigation — 2009

Hybrid Yield in kg / dka at standard humidity 11%

Non irrigation Drip irrigation | Growth against the | Sprinkle Growth against the

non-irrigated type | irrigation non-irrigated type
% %
1. San Luke 190 216 13 227 16
2. Maritsa 213 256 17 234 9
3. Michaela 162 233 31 232 31
4. 217yyy244R 115 172 34 160 29
5. Vokil 134 246 46 213 38
6. A125xRHSP-1R 174 234 36 198 13
7. 134AxC6 109 181 40 145 25
2607AxC23 171 251 32 235 28
9. A125xC37 106 144 27 124 15
10. A58xC23 187 234 21 248 25
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Fig. 9. Sunflower yields in kg / dka in average wet year: 1 - "San Luke", 2 - "Maritsa"; 3 - "Michaela", 4 - 217? X 244R, 5 - Vokil, 6 -
A125xRHSP - 1R, 7 - 134AXC6, 8 - 2607AxC23, 9 - A125xC37, 10 - A58xC23.
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Conclusion

1. When growing sunflower under irrigation conditions, the yield
increases from 13 to 46%. The largest is in the Vokil Hybrid -
46% (drip irrigation) and 38% (micro irrigation).

2. The highest irrigation yields are obtained from the Maritsa
hybrid - 254-234 kg / dka and A58xC23 - 251-235 kg / dka. The
248 kg / dka, "Michaela" (232 kg / dka) and the A58xC23 - (248
kg / dka) also respond well to irrigation, with an increase in
irrigation yields of 25 to 46 percent.

3. The highest natural moisture yield (non-irrigating conditions)
were obtained from the Maritsa hybrids -213 kg / dka, followed
by the San Luca hybrids -190 kg / dka and the lowest in the
hybrids A125xC37 -106 kg / dka and 134AxC6 -109 kg / dka,
indicating that in their critical phase — flowering, these hybrids
are sensitive to soil moisture.

4. The smallest increase of the yield in both irrigation methods
was reported for the Maritsa, San Luka hybrids. The increase is
from 9 to 17%, indicating that in the Sofia region these hybrids
are suitable for growing without irrigation.

5. A meteorological feature of the year of study was developed,
which justified the implemented irrigation regime of the crops.
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