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The application of biological active preparations (BAPs) and remote-sensing control in the management of agronomic
intervention are an important part of successful crop cultivation. The effects of foliar application of two BAPs (con-
taining amino acids or Abiestins®) on yield and yield-forming, as well eco-physiological traits calculated from infrared
thermographs data (crop water stress index, CWSI and index of stomatal conductance, Ig) of three hybrids of sunflower
were studied in field poly-factorial experiments, realised during two years (2012 and 2013). The results showed that
the application of selected BAPs has contributed to an increase of the sunflower yield, in particular through an in-
crease in the weight of thousand seeds (rp = 0.761, P < 0.001). Similarly, oil content in achenes was significantly high-
er in treatments with BAPs, mainly with preparation containing free amino acids. The study describes the quantitative
relationship between yield and quality of sunflower production (rp = —0.41, P < 0.01). Selected hybrids of sunflower
in two growth stages showed the significant differences in CWSI and Ig (both at P < 0.01), respectively. An analysis of
negative linear relation between the yield of achenes and CWSI (rp = —0.654, P < 0.001) confirmed that higher value
of plant stress resulted in a smaller yield and vice-versa. The opposite trend was observed between yield and Ig index
(rp =0.576, P < 0.001). The data obtained from IR thermography can be used for monitoring the physiological health
of sunflower plants, as well in potential prediction and control of yield.
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Sunflower currently is the world’s fourth most
important oil crop with a harvested area of about
25 million hectares in which 36 million tons of
achenes are produced on average. France is the larg-
est producer in EU countries, with a production of
around 1.6 million tons. The production in Slova-
kia is around 0.2 million tons. The average world
production of sunflower is 1.42 t/ha approximately.
The crop area, yield and overall production of sun-
flower have been relatively stable in Slovakia in the
past five years. The sunflower-cultivated area was
0.084 million hectares, the yield reached 2.3 t/ha
and the total production reached 0.196 million tons

in Slovakia in 2013 (FAO 2013). Complete and
homogeneous stands provide high yield while re-
specting limiting factors of productivity (Pasda &
Diepenbrock 1991; Zheljazkov et al. 2008). The
limiting factors of productivity of sunflower mainly
are soil and habitat conditions — geographic loca-
tion, altitude, soil quality and its properties (Helmy
& Ramadan 2009), climate and weather conditions
— temperature, precipitation, year (Wanjari et al.
2001), the ability of plants — photosynthetic activ-
ity, respiration, transpiration, size of assimilation
system, the genetic basis of the hybrid, resistance
to adverse factor and creation and reduction of yield
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forming elements (Gibbs 2004; Dalai et al. 2008)
and agricultural engineering and farming methods
— crop rotation, forecrop, soil cultivation, seed treat-
ment, sowing rate, nutrition and fertilisation, appli-
cation of biologically active substances, sowing,
protection against diseases and pests and the quality
of the harvest (Marschner 2003; Cerkal et al. 2011;
Elezovic et al. 2012).

The agricultural practice that is successfully em-
ployed to eliminate the negative effects of stressful
situation on crop productivity is the application of
biologically active preparations (BAPs) (Calvo et
al. 2014). Is well documented the positive effect of
foliar application of BAPs with amino acids as an
active substance on yield of many crops (Tejada &
Gonzales 2003; Jablonskyte-Rasce et al. 2013), in-
cluding sunflower (Rauf 2008; Matyas et al. 2014).
It has been observed that application of BAPs stim-
ulate photosynthetic performance and anti-oxidative
defence metabolism, in addition to water, light and
mineral use efficiency, as well uptake of mineral
nutrition. Finally, these plant responses minimise
the negative effects of environmental stresses on
crop productivity (Rhodes et al. 1999; Oosterhuis &
Robertson 2000; Djanaguiraman et al. 2004; Kovar
& Cerny 2012).

One approach that finds application in the man-
agement of the irrigation system, as well the screen-
ing ofbiological material and optimisation of agrono-
mic intervention, is the measure of the temperature
of leaf / crop (Jones et al. 2009). These approaches
use thermometers in contact with the leaves, or
(especially today) spot imaging and infrared cam-
eras. The temperature of the sheet resulting from
the plant and the power balance of the soil and the
atmospheric conditions change transpiration, which
is controlled by diffusion of water vapour through
the vents, and thus stomatal conductivity (gg). The
basic idea is that closure of stomata (decrease in g),
which occurs under the conditions of stress, result-
ing in the reduction of heat energy dissipation and
the temperature rise in the leaf lamina. Infrared (IR)
thermography of plant leaf / crop is a good tool for
assessment the stomatal conductivity, and the de-
tection of water stress plants, efficient use of water
management and irrigation (Jones 1999; Jones et al.
2009). Calculation of stress indices, which are based
on measurements of leaf temperature / vegetation, is

widespread in practice. The most common indices
used in field conditions are: stress degree days index
(SDD), temperature differential (AT, the tempera-
ture difference between leaf and air), the crop wa-
ter stress index (CWSI), water deficit index (WDI)
and the stomatal conductivity index (Ig) (Reginato
1983; Jones et al. 2009; Padhi er al. 2012). Sev-
eral studies from past decades have been used the
CWSI index to describe the water status of the crop
grown at field (Idso et al. 1981; Jackson et al. 1981;
O’Shaughnessy et al. 2011; Argyrokastritis et al.
2015). Taghvaeian et al. (2014) shows that CWSI
index can be used for effective monitoring of water
stress and scheduling irrigation in sunflower. This
study concluded that CWSI strongly correlated with
canopy growth intensity. The increase of CWSI val-
ue under crop water stress results in yield reduction.
Previously, Gardner et al. (1981) and Irmak et al.
(2000) correlated grain yields of corn with differ-
ences in canopy temperature and CWSI, respective-
ly. The polynomial relationship between CWSI and
both yield and protein content in soybean seeds was
reported (Candogan et al. 2013).

Currently, no study is available on the effect of
exogenous application of BAPs on stomatal activi-
ty calculated from IR thermography of sunflower
plants and their relationship to yield of the seed.
Therefore, the objectives of this study were to eval-
uate the effect of foliar application of selected bio-
logically active preparations on yield, yield-forming
parameters and oil content in seeds of sunflower, as
well to determine the relationship between yield and
CWSI and Ig indices calculated from IR thermog-
raphy in two different growth stages of sunflower
plants.

MATERIAL AND METHODS

Plant material and treatments

This experiment was conducted in order to in-
vestigate the effects of year-round weather condi-
tions, biological material (genotype) and treatment
by foliar preparations (containing the free amino
acids or Abiestins®) on selected yield-forming ele-
ments, yield and oil content in sunflower. The ex-
periment was performed during 2012 and 2013 at
the research fields of the Plant Biology and Ecol-
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ogy Centre, the Faculty of Agrobiology and Food
Resources of the Slovak University of Agriculture
(SUA) in Nitra, Slovakia (48°19'25.41"" N and
18°09'2.87"" E, altitude 250 m above sea level). The
experimental area is situated in the maize-growing
region (climatic region: warm; climatic sub-region:
mild dry or dry; climatic zone: warm and dry, with
mild winter and long sunshine) and soil is, accord-
ing to FAO classification, silt loam Haplic Luvisol
(WRB 2006; Simansky & Kovacik 2015). The ex-
periments were established by block method with a
completely randomised design of experimental field
plot trial (60 m? per one plot) in three repetitions.
Forecrop of sunflower (Helianthus annuus L.) in
seven-plot crop rotation was winter wheat (7riticum
aestivum L.). Soil cultivation (stubble ploughing,
autumn deep ploughing) and method of crop stand
establishment (alternate row distance 0.70 m, dis-
tance in row 0.22 m) were performed in accordance
with the principles of conventional technology of
sunflower cultivation. The soil fertilisation was de-
rived from soil agrochemical analysis for an expect-
ed yield of 3.0 t/ha. The plants were fertilised (i) in
2012 with nitrogen at the rate of 107 kg/ha urea, fol-
lowed by 50 kg/ha single superphosphate and of 200
kg/ha KCI and (ii) in 2013 at the rate of 200 kg/ha
DASA®™ 26/13, using fertiliser applicator FERTI
(FPM Agromehanica, Boljevac, Serbia). Fertilisers
containing P and K were applied to the soil during
autumn with deep ploughing. Fertilisers containing
N were applied to the soil during pre-sow ploughing

Air temperature [°C]

Date

in the spring. Climatic characteristics of the experi-
mental area were obtained from the Meteorological
Station of Horticulture and Landscape Engineering
Faculty of Slovak University of Agriculture in Nitra
(Figure 1).

Three hybridsofsunflower, NK Brio, NK Neoma
and NK Ferti, were used in the experiment. Three
variants were established as (i) control; (ii) vari-
ant with application of preparation containing the
amino acid [9.3% of L-a amino acids (Asp, Ser,
Glu, Gly, His, Arg, Thr, Ala, Pro, Cis, Tyr, Val,
Met, Lys, Ile, Leu, Phe, Trp) and 2.1% of N, as
well as 0.07% of zinc, 0.04% of manganase and
0.02% of boron] with trade name Terra-Sorb® Fo-
liar (Biobérica S.A., Barcelona, Spain) and (iii)
application of preparation containing the bio-
logically active substances (Abiestins®, minimal
content 40 g/L) from near polar plants with trade
name Unicum® (Ekoland Europe s.r.o., Praha,
Czech Republic). The control variant was with-
out foliar preparations. Preparations were applied
manually with pressurised hand sprayer (capaci-
ty 10 L) GammalO (Mythos Di Martino, Musso-
lente, Italy) twice during the growing season at
the following rates: (a) application of Terra-Sorb®
Foliar was done in two stages (first at 2—4 leaf
stage and second 20 days after the first applica-
tion), both in dose of 1.5 L/ha; b) application of
Unicum® was done in two stages (first at 2—4 leaf
stage and second during flowering), both in the
dose of 200 mL/ha.

(B)

Sum of precipitation [mm

Date

Figure 1. Mean daily air temperature (A) and sum of daily precipitation (B) during growth seasons of sunflower

in 2012 (full line) and 2013 (dash line)
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Calculation of yield-forming parameters and oil
content measurement

Heads were harvested manually and taken to the
laboratory, where yield-forming elements were de-
termined. The harvest was performed by small-plot
combine CLAAS (CLAAS GmbH & Co. KGaA,
Harsewinkel, Germany). The yield of achenes har-
vested from experimental area was re-calculated to
unit tonnes per hectare [t/ha]. Oil content in seed was
determined by a standard method using the Soxhlet
apparatus (Shahidi 2005). Prior to extraction, the
seeds were mechanically crushed using a laboratory
homogeniser to an average particle size of 1 mm.
The direct oil extraction was performed using pe-
troleum ether reagent at 60°C. Total extraction time
during the analysis was 60 minutes (15 min direct
extraction samples immersed in the extraction re-
agent and 45 min exposure to reagent vapours). Af-
ter extraction, the crude oil was directly weighed
and oil content was recalculated in the sample.

Calculation of CWSI and Ig indices

Measurement of leaf temperature (7°*") was car-
ried out in two different stages under plant develop-
ment, flowering and ripening (BBCH 63 and 87) by
hand IR thermal camera EasIR-4 (Bibus AG, Fehral-
torf, Switzerland). Thermal images were taken from
mature leaves of 10 plants which underwent exper-
imental treatment, between 11:00 and 13:00 hours
SCER from a distance 2.0 m perpendicular to the
lamina surface and at an elevation of 1.5 m. IR ther-
mal camera uses uncooled FBA detector with 160 x
120 pixel elements, sensitive in the spectral range of
8—14 pum and angular field of view of 20.6 x 15.5°,
with an accuracy +£2.0°C and thermal resolution
<0.1°C. Emissivity was set at 0.95. Two refer-
ences were used for measured minimal and maximal
surface temperature. Crop imaging was taken from
the continuous thermal images from two references
surfaces. The wet and dry artificial surface of green
colour was used to measure the minimal (7%) and
maximal (7%) temperature. Thermal images were
analysed with Guide IR Analyser (Bibus AG, Feh-
raltorf, Switzerland). Two lines were crossed over
lamina and average leaf temperature (T*) was de-
termined. Crop water stress index (CWSI) and sto-
matal conductance index (Ig) were calculated from
the following equations:

CWSI 3 (Tleaf _ Twet)
- (Tdry _ Twet)
B (Tdry _ Tleaf)

Ig - (Tleaf _ Twet)

Statistical analysis

The experimental data were graphically assessed
as mean values for each experimental member with
the corresponding standard deviation. Statistical
analysis was performed using Statistica software,
version 10 (StatSoft, Inc., Tulsa, Oklahoma, USA).
The normal distribution and homogeneity of exper-
imental results was tested by Kolmogorov—Smirnov
and Lavene’s test. Statistical differences between
the individual experimental members (genotype,
treatment, and year) were analysed by multi-facto-
rial ANOVA analysis and homogenous groups were
identified using Duncan’s post-hoc test at a signif-
icance level of P < 0.05. The correlation analysis
between experimental traits was expressed by the
Pearson correlation coefficient (rp).

RESULTS AND DISCUSSION

Yield-forming parameters

Yield forming elements (head diameter, weight
of head and weight of thousand achenes) were influ-
enced by genotypes, treatments, year-round weath-
er conditions and by its combined effect (Table 1,
2). The results of combined ANOVA showed high
significant influence of year-round weather condi-
tions on head diameter, weight of head and weight
of thousand achenes (Table 2). This phenomenon
has been reported by other researches (Amjed et
al. 2011; Rauf et al. 2012; Matyas et al. 2014).
The results confirmed course of year-round weath-
er conditions. Experimental years were unbalanced
and very different. In view of the observed average
monthly temperatures, as compared to the long-
term climate normal, both years can be considered
as above average. In terms of precipitation during
the growing season for both experimental years, it
was typical of an unequal course (Figure 1). Amjed
et al. (2011) and Matyés et al. (2014) observed that
head diameter was high influenced by genotypes.
Cerny et al. (2013) found significant influence of
genotype on weight of head. Rondanini et al. (2003)
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Table

1

Production and physiological traits of three sunflower genotypes treated with two bio-preparations during the
seasons of 2012 and 2013. Data represents the mean + standard deviation.

Genotype | Treatment | Year | Head diameter | Weight of head TWA Yield [t/ha] Oil content [%]
[mm] [g]
Untreated 2012 | 186.7+20.8*A 260.5+38.5%* 59.16+0.21¢B* 2.17+0.08%A* 51.20£1.912A%
ntreate
2013 | 200.3+2.5¢A 170.1+2.0¢F 34.60+0.83208% 1.84+0.05%¢* 61.84+0.50°¢"
2012 | 186.7+15.34 2425424 .5%487 | 63.20+0. 144 3.35+0.18%* 50.19+0.4328*
NK Brio Terra-Sorb
2013 | 186.0+£2.0A 118.4+2.5%A" 29.23+2.000A% 2.08+0.10%8* 58.47+£0.50%4"
Uni 2012 | 180.0+20.0%A% 180.4+34.8%4* 64.68+0.44<C* 2.70+0.4428* 54.36+0.55%*
nicum
2013 | 230.3+1.5¢8* 133.14£3.0°8* 25.36+2.00A% 1.06+0.042A* 58.67+0.508*
Untreated 2012 | 173.3+15.3A* 207.1£14.6%8* 54.03+0.1128* 2.62+0.073A* 52.31£1.71%AF
ntreate
2013 | 192.0+2.0%A* 127.3+£2.2b¢F 39.05+4.928¢ 2.78+0.02°¢* 52.25+0.60%"
NK T Sorb 2012 | 200.0+20.0°4 164.6+31.1748% | 48.80+0.19A% 2.35+0.118* 55.79+0.47°8*
erra-Sor
Neoma 2013 | 195.3+£4.0°A 116.2+2.0°%4¢ 26.93+0.90"A¢ 1.49+0.04°8* 52.75+0.53A%
Uni 2012 | 180.0+20.0°4 174.9+19.4%A% 64.32+0.17%¢* 3.13+0.378* 56.70£0.465*
nicum
Y 2013 | 190.0+2.0°8 131.6+1.4%8* 28.63+0.36"4" 1.54+0.03%4" 56.45+0.55%*
Untreated 2012 | 166.7+5.77*A 170.3+£17.5%8* 58.23+0.13%8* 2.49+0.08%A* 49.7641.532AF
ntreate
2013 | 184.0+2.0* 108.5+1.9%¢F 26.44+0.33B* 2.29+0.02¢¢* 55.72+0.47%
2012 | 175.0+5.0%4* 210.3£10.048% | 56.16+0.17°4" 2.91+0.2228* 54.62+0.40%8*
NK Ferti | Terra-Sorb
2013 | 190.0£2.0%* 119.2+1.9%AF 28.41+0.41°A* 2.11£0.02¢8* 54.06+£0.38AF
Uni 2012 | 176.7+17.6*4% 189.9+13.7A% 55.60+0.15%* 2.45+0.20%8* 50.18+0.478*
nicum
2013 | 194.0+2.0%8* 130.442.2%8* 31.62+0.38%A* 1.95+0.02°A* 52.76+0.388*
Table 1 continued
Genotype | Treatment | Year CWSI-4 CWSI-6 Ig-4 Ig-6
2012 | 0.50+0.02: 0.40+0.01%A% 1.00+0.084 0.72+0.00°¢*
Untreated
2013 | 0.47+0.02® 0.86+0.120A* 1.09+0.06" 0.394+0.05%A*
2012 | 0.42+0.03A% 0.31+0.05%* 1.23+0.05% 0.74+0.02%4*
NK Brio Terra-Sorb
2013 | 0.39+0.00%A* 0.79+0.23bAB* 1.21+0.01°% 0.38+0.05%8*
Uni 2012 | 0.56+0.06%A" 0.72+0.032A* 0.90+0.16%8* 0.58+0.01%8*
nicum
2013 | 0.50+0.01°A% 0.99+0.07°8* 0.734+0.04%4* 0.42+0.03%%
2012 | 0.53+0.03® 0.79+0.03°A% 0.88+0.09*A 0.56+0.01%¢*
Untreated
2013 | 0.54+0.05% 0.7340.042A* 0.93+0.12 0.42+0.03%A*
NK 2012 | 0.61+0.04%4 0.88+0.03¢A 0.79+0.072A* 0.47+0.00%4%
Terra-Sorb
Neoma 2013 | 0.60+0.01%* 0.81+0.13%A8 0.66+0.022A* 0.36+0.03°8*
Uni 2012 | 0.34+0.00%A" 0.55+0.04°A* 1.424+0.0828* 0.60+0.0228*
nicum
B 2013 | 0.49+0.01%4* 0.91+0.10%* 1.01+0.05%A% 0.48+0.02%4*
2012 | 0.52+0.00°5* 0.49+0.033A* 0.92:+0.012A* 0.67+0.02%¢*
Untreated
2013 | 0.59+0.02°8* 0.82+0.133A* 0.78+0.06%* 0.37+0.05%*
2012 | 0.31+0.04%4* 0.71+0.19%* 0.96+£0.1124 0.44+0.044%
NK Ferti Terra-Sorb
2013 | 0.53+0.020A* 0.74+0.10%A8 0.89+0.072A 0.38+0.028*
Uni 2012 | 0.42+0.01%* 0.60+0.05%* 1.26+0.1128 0.57+0.0428*
nicum
2013 | 0.47+0.03%* 0.77+0.07%B* 1.10+0.12%4 0.50+0.02%4*

Note: Small and large letters indicate significant differences (Duncan’s test, o = 0.05) between genotypes and
treatments, respectively. "Indicates significant differences between seasons.

TWA — weight of thousand achenes; CWSI — crop water stress index; Ig — stomatal conductance index; numbers
-4 and -6 are measurements during vegetation period
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observed that average weight of achenes is the de-
cisive yield-forming factor that plays an important
role in assessing the production potential of the sun-
flower hybrids. In this study, the significant influ-
ence of treatment on head diameter was not reported
(Table 2), which probably results from water defi-
cit in soil, mainly in 2013. It is well documented
that drought-induced inhibition of growth is gener-
al response of plant to water deficit (Baldini et al.
1997; Rauf 2008; Jones et al. 2009). On the other
hand, Kheybari et al. (2013) found the significant
effect of foliar-applied amino acids on head diame-
ter. We found significant influence of the treatment
on weight of head and weight of thousand achenes
(Table 2). The results of this study about the effect
of applying different preparations on sunflower
agree well with Hussain ef a/. (2012) and Matyas
et al. (2014). The combined effect of genotype x
treatments had significant influence on head diam-
eter. The weight of head and weight of thousand
achenes were influenced highly significantly (Table
2). Matyas et al. (2014) described non-significant

influence of this interaction on head diameter and
weight of head but high significant effect on weight
of thousand achenes. The combined effect of geno-
type X year had not significant influence on head
diameter. This result confirmed state of Matyas et
al. (2014). In weight of head and weight of thou-
sand achenes, we found high a significant influence
of this interaction (Table 2). Chimenti et al. (2001)
reported that the production process of sunflower is
a result of the properties of the parental lines of hy-
brids, course of weather conditions and its interac-
tion, which agree with our findings. The combined
effects of treatments x year had significant influence
on head diameter and weight of head. The weight
of thousand achenes was influenced highly signifi-
cantly (Table 2). This observation agrees with the
results of Matyas ef al. (2014). The interaction of
genotypes X treatments x year did not have a signif-
icant effect on the head diameter and weight of head
but it had a high significant influence on the weight
of thousand achenes.

Table 2

Analysis of variance in production and physiological

traits of sunflower genotypes treated with two bio-

preparations during the seasons of 2012 and 2013

Head Weight
diameter | of head [t/ha]
[mm]
Genotypes F 5.970 4.810
(G) P | 0.006 0.014
Treatments F 2.140
(T) P | 0133 0.016
Year (Y) F
ear

P

F
GxT

P

F
GxY

P 0.240 0.046

F 3.930 5.640
TxY

P 0.029 0.007

F 2.500 2.553
GxTxY

P 0.060 0.056

Oil
content
[%]

6.600
0.004

0.191

6.119
0.005

2.729
0.078
2.664
0.048

3.350 1.854
0.046 0.171

Note: greyscale of cells indicates significant differences at level < 0.05 (light-grey), < 0.01 (medium-grey)
and < 0.001 (dark-grey). TWA — weight of thousand achenes; CWSI — crop water stress index; Ig — stomatal
conductance index; numbers -4 and -6 are measurements during vegetation period
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Yield and oil content in achenes

The yield of sunflower was more favourable in
2012 when the achieved yield was higher in com-
parison with 2013 (Table 1). The results of com-
bined ANOVA showed high significant influence of
year weather conditions on the yield of sunflower
achenes (Table 2). The results agree well with other
researches (Pereyra-Irujo & Aguirrezdbal 2007;
Matyas et al. 2014), who confirmed high significant
influence of year-round weather conditions on the
yield of sunflower achenes. After evaluation of im-
pact of hybrids on the yield, we found that the high-
est yield was achieved in 2013 with the NK Neoma
hybrid, and the lowest in 2013 with NK Brio hybrid
(Table 1). The impact of genotype on the yield of
achenes was highly significant (Table 2). The results
agree with the observations of Bakhat et al. (2006),
Ibrahim (2012) and Matyas et al. (2014) who con-
firmed a significant influence of genotype on yield
of sunflower achenes. After influence assessment of
foliar preparations on the yield, we found that the
highest yield was in variant with Terra-Sorb® Fo-
liar preparation application in 2012 with NK Brio
hybrid (Table 1). This finding does not confirm to
Matyas et al. (2014) who recorded higher yield in
control variant. The lowest yield was found in vari-
ant with Unicum® preparation application in 2013

with NK Brio hybrid (Table 1). In our experiments,
we found high significant influence of treatment on
the yield of achenes (Table 2). The achieved results
agree well with Cerny & Veverkova (2012) who
stated that the impact of foliar preparations on yield
of sunflower achenes was significant. On the basis
of experimental results, we consider the foliar ap-
plication of preparations on stands of sunflower as
appropriate rationalization tool of its cultivation.
In the experiment, we found a a positive correla-
tion between the yield of achenes and the weight of
head and weight of thousands achenes. As weight of
head and weight of thousand achenes increases, the
yield of achenes also increases (Table 3). Matyas et
al. (2014) found positive correlation between yield
of achenes and weight of thousand achenes, but
negative correlation between yield of achenes and
weight of head. With the average of head, we found
the negative correlation. With the increase in the
head diameter was observed a decrease in the yield
of achenes (Table 3). The achieved results are con-
trary to the studies of Beg and Aslam (1984) and Ali
et al. (2007) who reported positive impact of head
diameter on yield of achenes. We assume that this
phenomenon could be influenced by two factors:
first, we assumed that achenes were filled poorly, or
second, it is possible that large inter-space occurred

Table 3

Correlation coefficients for production and physiological traits in three sunflower genotypes treated with two
biopreparations during the seasons of 2012 and 2013

Traits Head Weight of |  TAW Yield Oil CWSI-4 | CWSI-6 Ig-4 Ig-6
diameter head content

Head diameter 1

Weight of head | —0.1588 1

TAW —0.4857"| 0.788"" 1

Yield —0.502*" | 0.522" | 0.761""" 1

Oil content 0.444+ [-0.365" | —0.467" | —0.411"" 1

CWSI-4 0.145N 1-0.346" -0.311" | =0.365™ | —0.119™¢ 1

CWSI-6 0.349*" |=0.534"" | =0.617""" | —0.654"" | 0.602°""| 0.247 1

Ig-4 —0.208™ | 0.343" 0.388" 0.483° | —0.015™ | —0.762*"* | =0.440 " 1

Ig-6 -0.313" 0.6317+ 0.742~| 0.5767 | —0.632" | —0.117% | =0.786™" | 0.360"" 1

Note: Grey scale indicates ™ — not significant difference (white cell), ¥, * and """ significant differences at level
< 0.05 (light-grey), < 0.01 (medium-grey) and < 0.001 (dark-grey cell)
TWA — weight of thousand achenes; CWSI — crop water stress index; Ig — stomatal conductance index; numbers

-4 and -6 are measurements during vegetation period
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among the seeds. Less likely is the third possibility
that it may be a combination of the two possible fac-
tors. The combined effect of genotype X treatment
on yield of achenes was highly significant (Table 2).
Matyés et al. (2014) described significant influence
of this combine effect on yield of achenes, which
agrees well with our observations. The combined ef-
fects of genotype X year, treatment X year and geno-
type X treatment x year had a high significant impact
on the yield of achenes (Table 2).

We found that 2013 was more favourable for oil
content than 2012 (Table 1). The results of the com-
bined ANOVA showed that unbalanced course of
weather conditions had high a significant influence
on oil content in sunflower achenes (Table 2). The
significant influence of year-round weather condi-
tions on oil content of sunflower achenes was de-
scribed by Pereyra-Irujo and Aguirrezabal (2007)
and Echarte et al. (2013). The assessment of geno-
type impact on oil content showed that the highest
oil content was achieved in 2013 with the NK Brio
hybrid, the lowest in 2012 with the NK Ferti hybrid
(Table 1). The impact of genotype on oil content
was highly significant (Table 2). Pereyra-Irujo and
Aguirrezabal (2007), Gesch and Johnson (2013) and
Yasin et al. (2013) claimed that sunflower hybrids

70 —
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60 —

Oil content [%]
W
()]
|

45 = y=64.24-6.67x +0.96x*

40 — rP=-0.411;P=0.002
[ [ I [ [ [ [
05 1.0 15 20 25 30 3.5

Yield [t/ha]

Figure 2. Therelationship between yield of achenes [t/ha]
and oil content [%] in three sunflower genotypes. The
relationship represented two growing seasons and
application of bio-preparations.

Symbols: NK Brio — square; NK Neoma — circle; NK
Ferti — triangle; untreated plants — white; Terra-Sorb®
Foliar — black; Unicum® — gray. Solid line shows poly-
nomial quadratic regression, long-dash line shows 95%
confidence band and short-dash line 95% prediction
band.

shows differences in the oil content, which corre-
spond with our findings. The results of combined
ANOVA showed that the impact of treatment on oil
content was highly significant (Table 2). Our results
agree well with Cerny and Veverkova (2012), who
found a significant influence of foliar preparations
on oil content of sunflower achenes. In relation to
the fat content, a positive correlation was found
with the head diameter. The higher head diameter
also increased the fat content of achenes (Table 3).
In our experiments,oil content had a negative cor-
relation to the weight of head, weight of thousand
achenes and the yield. With decreasing weight of
head value, weight of thousands achenes and the
yield of achenes, the oil content increased (Table 3).
The results do not confirm of the findings of Matyas
et al. (2014) who found a positive correlation of
oil content with the weight of thousand achenes
and yield of achenes. The quantitative relationship
between sunflower yield and quality of production
(r,=-0.41,P<0.01) is shown in Figure 2. However,
the head diameter and weight of head has negative
correlation, as reported by the author. All combined
effects (G xT,GxY,TxYand G x T xY) had high
significant impact on oil content (Table 2).

Temperature indices

Sunflower productivity and oil content in achenes
are strongly affected by the availability of soil water
(Reddy et al. 2003; Rauf 2008) although sunflower
plants are commonly regarded as drought-tolerant
(Baldini et al. 1997). Nevertheless, many studies
showed that water deficit decreased the production
performance of sunflower. The yield reduction of
sunflower by water shortage depends on the growth
stage of the plant as well genetically determined re-
sistance and stress severity (Langeroodi ef al. 2014).
The most critical period for water availability is re-
productive stages of flowering and achenes filling
(Karam et al. 2007; Rauf 2008). This is the main
reason why we evaluated the water status during
two different stages of sunflower ontogeny using
infrared thermography. The reduction in the rate of
transpiration, caused by inhibition of stomatal open-
ing under drought condition, causes an increase of
the crop surface temperature. The leaf surface with
intensive transpiration is characterised by a low-
er temperature than the surrounding environment.
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In agro-biological research, as well as in practical
agronomy applications, the most widespread ex-
pression of these differences is the calculation of the
temperature difference (AT = T'f — 7). Because
AT (in many studies referred as canopy temperature
depression [CTD]) is directly influenced by many
physiological processes of plants, it is a good indi-
cator of biological fitness genotype in a given envi-
ronment.

In our study, the temperature indices were calcu-
lated in two principal yield-forming stages for sun-

flower (flowering and ripening). Sunflower hybrids
differed significantly in crop water stress index
(CWSI) and calculated stomatal conductance index
(Ig) (Tables 1 and 2). The mean value of crop water
stress index (CWSI) was 0.59+0.19 and significantly
smaller at 2012, mainly in flowering (CWSI-4). The
sum of precipitation in flowering period was 243.4
mm in 2012 and 154.2 mm in 2013, respectively.
Then, the redistribution of precipitation in both
years of growth period flowering and harvesting
was very different. As shown in Figure 1, July and
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o ROV 1®
§3.0— -T-
=25 -T-
=
E’ZO_ -1
~1.5 - —+
1.0 — N -T- -
y=3.511-2.487x > y=3.636 - 1.914x S~
0.5 = »,=-0365; P=0.007 T r,=-0.654; P<0.001
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0.00 025 0.50 0.75 1.00 0.00 025 0.50 0.75 1.00
CWSI CWSI
Figure 3. The relationships between yield of achenes [t/ha] and crop water stress index
(CWSI) in three sunflower genotypes. CWSI was measured at BBCH 63 (A) and 87 (B).
Relationships represented two growing seasons and application of bio-preparations.

Symbols: NK Brio — square; NK Neoma — circle; NK Ferti — triangle; untreated plants — white; Terra-Sorb® Foliar
— black; Unicum® — gray. Solid line shows linear quadratic regression, long-dash line shows 95% confidence band

and short-dash line 95% prediction band.

(A)

-

-7 y=0.943 + 1.371x
r,=0.482, P<0.001 7]

y=0.897 + 0.2.709x
rp=0.576, P < 0.001
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Figure 4. The relationships between yield of achenes [t/ha] and index of stomatal conductance (Ig) in

three sunflower genotypes treated with biologically
(A) and 87 (B).

Relationships represented two growing

[ [ [ [ [ [ [
0.00 0.25 0.50 0.75 1.00 1.25 1.50

Ig

active substances. Ig was measured at BBCH 63

seasons and application of bio-preparations.

Symbols: NK Brio — square; NK Neoma — circle; NK Ferti — triangle; untreated plants — white; Terra-Sorb® Foliar
— black; Unicum® — gray. Solid line shows linear quadratic regression, long-dash line shows 95% confidence band

and short-dash line 95% prediction band.
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August in 2013 was characterised by rainless period
with higher average daily temperature, as compared
with 2012. Thus, rainless period in 2013 reflects an
increase of water deficit in plants and water stress
as documented by the CWSI increase. During rip-
ening of achenes (August and beginning in Sep-
tember 2012), the significant (P < 0.01) increase of
CWSI was observed as a result of water deficit in
both years. Table 1 shows that genotype NK Brio
reached the lowest value of CWSI in both the exper-
imental years, indicating that this genotype is more
tolerant to drought than NK Neoma and NK Ferti. It
was observed that foliar application of BAPs leads
to a decrease of CWSI and therefore reduced water
stress only in the earlier growth period. This pre-
vention effect to water stress was evident using bio-
preparate Unicum®. Despite strong dependency of
temperature indices on environmental factors (soil
and plant water content, air temperature and humid-
ity, wind velocity; Jones 1999), the hybrid differ-
ences in overall mean levels of CWSI and Ig were
on some occasions highly significant (P < 0.01).
Genotypic differences were observed in many studies
with various field crops (Fischer et al. 1998; Padhi
et al. 2012; Zia et al. 2012), including sunflower
(Nielsen & Anderson 1989; Taghvaeian et al. 2014).
The analysis of variance showed a significant effect
(P <0.001) of all combined effects (G x T, G x Y,
TxYand G x T xY) on CWSI and Ig indices mea-
sured in both growth stages of sunflower plants (ex-
cept CWSI-6) (Table 2).

The relationship between temperature indices and
achenes yield of sunflower hybrids are demonstrat-
ed in Figures 3 and 4. The linear regression analysis
between CWSI and yield for each phase of ontog-
eny were explained by a 13% and 42% (P < 0.01)
of the variation in sunflower yield (Figure 3A, 3B).
The tighter negative relationship was found when
measuring CWSI during ripening of the seed. In
this growth stage, the filling of sunflower seeds is
very sensitive to stress situation (Rauf 2008). The
increase of stress intensity results in stomatal clo-
suring and so CWSI increases. It was also observed
(Taghvaeian et al. 2014) that CWSI measured for
sunflower hybrid strongly correlated with fraction of
intercept light and leaf area index and thus the plant
growth. Similar results for sunflower were observed
previously by Connor et al. (1985). In our study, the

reduced seed filling activity under ripening led to
a decline of TAW and this is documented by high
correlation coefficient with CWSI-6 (rp = —0.65,
P <0.001) (Figure 3).

The reciprocal parameter to CWSI, stomatal
conductance index (Ig), is calculated. Jones (1999)
showed the strong linear correlation between stoma-
tal conductance and I, index (also called as Ig), and
we used this parameter for the determination of its
relationship to yield of sunflower hybrids (Figure
4A, 4B). We found a strong (P < 0.001) positive cor-
relation of Ig to yield (r = 0.48 and 0.57 for phase
flowering and ripening, respectively). The maximal
observed level of Ig was about 3.5, which agrees
with detected maximal stomatal conductance mea-
sured for well-watered leaves of many plants (Jones
1999; Jones et al. 2009; Leinonen et al. 2006). With
decreasing Ig value, a reduction in stomatal conduc-
tance is seen and thus occurrence of stressful situa-
tion resulted in yield limitation.

CONCLUSIONS

The present study shows that foliar applications
of biologically active preparations (BAPs) positively
influences the production performance as well oil
content in seeds of selected sunflower hybrids at two
meteorologically different years. The results showed
that the application of selected BAPs significantly
increased of sunflower yield, in particular through
increase the weight of thousand seeds (r, = 0.761,
P < 0.001). Similarly, oil content in achenes was
significantly higher in treatments with BAPs,
mainly with the preparation containing free amino
acids. Analysis of indices derived from infrared
(IR) thermography confirmed that BAPs (containing
mainly free amino acids) significantly reduced the
sensitivity of stomata to stressful environmental
situations (lower CWSI and higher Ig). Therefore,
this response allows better plant water use and
carbon storage under drought and temperature
stresses, resulting in higher yield of achenes. Finally,
the data obtained from IR thermography can be used
for monitoring of physiological health of sunflower
plants, as well in potential prediction and control of
the yield.
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