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The impact of foliar spray fertilizers (Aton Az) on the resistance of spring barley
(Hordeum vulgare L.) against to individual and combined UV-B radiation and drought
effects were investigated. Barley seeds were sown in pots prepared with neutral pH peat
substrate. When the 2" true leaf unfolded, i.e. 7 days after germination, the first spray with
microelement and free amino acid fertilizers was carried out; two days after this application,
the different irradiation (1 and 3 kJm2 d-') UV-B doses and drought effects were started.
Exposure lasted for 6 days. The main characteristics of all investigated indicators were
assessed at the end of exposure. The largest positive effects of fertilizers on the photosyn-
thetic rate and water use efficiency of barley were found solely under the impact of drought.
Foliar spray fertilizers decreased oxidative stress injury in the leaves by decreasing the
malondialdehyde content under solely effects of drought and UV-B radiation, while under
the combined effect of the mentioned stress factors, the changes were statistically insignifi-
cant. A stronger positive impact of foliar fertilization was detected on the content of photo-
synthetic pigments (¢ and b) at solely UV-B radiation effect than at combined effect of
investigated factors, when significant changes were detected only in individual cases.

Keywords: barley, drought stress, foliar spray fertilizers, photosynthetic rate, UV-B
radiation

Introduction

Foliar application of fertilizers has potential benefits, including the possibility of supply-
ing nutrients to the plant when soil conditions restrict root uptake or during periods of
rapid growth (Del Amor and Cuadra-Crespo 2011). Also, foliar application of ameliora-
tive and anti-stress substances is one method that may decrease the harmful effects of
stress on plants (Ibrahim and Ramadan 2015). The application of amino acids was found
to have a positive effect on plant growth which overcomes the harmful effect of some
environmental stresses such as drought. The importance of amino acids came from their
wide use for the biosynthesis of a large variety of non-proteinic nitrogenous materials, i.e.
pigments, vitamins, coenzymes, and purine and pyrimidine bases. Studies have proved
that amino acids can directly or indirectly influence the physiological activities of plant
growth and yield (Hammad and Ali 2014; Shafeek et al. 2016).
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The effect of drought stress and UV-B radiation on crop plants varies depending on the
intensity of stress and the crop growth stage (Singh et al. 2014). The effect of UV-B on
plants depends on radiation rates and wavelength, and has a cumulative character; the
longer the time of exposure, the greater the effect of its action (Bandurska et al. 2013).
Some of the deleterious effects of UV-B radiation on plants include DNA damage, dila-
tion and disintegration of cellular membranes, photooxidation of leaf pigments and phy-
tohormones, and inhibition of photosynthesis (Reddy et al. 2013). The UV-B protective
mechanism in plants involves photoreactivation to repair DNA damage, accumulation of
UV-B absorbing compounds (e.g., phenolic compounds) and waxes in the leaf epidermis
to partially block UV-B radiation (Singh et al. 2014). Therefore, the plant responses are
not stress responses but are rather associated with UV-B protection or amelioration of
damage (Bandurska et al. 2013).

Drought stress causes a wide range of biochemical and physiological changes that
negatively affect plant development and productivity. Water deficit induces stomatal clo-
sure, limits CO, uptake by leaves and reduces the potential activity of Calvin cycle en-
zymes, particularly Rubisco, due to the absence of substrate (Nawaz et al. 2015). The
photosynthetic apparatus can be damaged by reactive oxygen species (ROS) generated
when stomata are closed, reducing photosynthesis and growth (Sharma et al. 2012). Some
of the plant responses to water deficit are directly triggered by changes in tissue water
status, while others are due to changes in the level of plant growth regulators. A decrease
in the level of auxins, gibberellins and cytokinins and an increase of abscisic acid, jas-
monic acid, ethylene, and salicylic acid levels are often observed in drought stressed
plants (Pospisilova 2003).

In nature, abiotic stresses often interact to produce combined impacts on agroecosys-
tems. Understanding the interactive effects of stress factors is particularly important when
their combined effect cannot be predicted based on evidence from single stressor studies
(Singh et al. 2013). Moreover, experiments on the interactive effect of drought stress and
UV-B radiation on plant growth and development are scarce (Bandurska et al. 2013).
Reports about the influence of foliar application on the combined effect of the mentioned
factors are even rarer. For these reasons, the aim of this work was to study the influence
of foliar application of microelements and amino acids on the physiological and bio-
chemical parameters of barley, its growth under combined UV-B radiation and the effect
of drought stress.

Material and Methods

Plants’ growing conditions and experimental design

Spring barley (Hordeum vulgare L., cv. ‘Aura’) was chosen for investigation. Experi-
ments were carried out in a vegetation room with a controlled environment. The growth
conditions in the phytotron chamber were: photoperiod of 14 h, average temperature of
20-25 °C, and relative humidity of 60%. Philips Master Green Power CG T 600 W lamps,
with a light intensity at the plant level of 14,000 Lx, provided light.
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Barley (15 individual plants per pot) was sown in a neutral (pH 6.0-6.5) peat substrate
in 0.5 L pots (10 cm in diameter). In each treatment, there were three pot replications.
When the 2" true leaf unfolded, i.e. at leaf development stage (Meier 2001) the first spray
on the leaves was carried out with fertilizers containing microelements and free amino
acids (Aton AZ: 5.8% free amino acids, 1.2% Ca, 0.1% B, 1.1% Fe, 0.8% Mn, 0.1% Mo
and 1.3% Zn). According to the manufacturer’s recommendations, 0.1% concentration
solution was made. Within 2 days after the first fertilizer application, the different irradia-
tion (1 and 3 kJ m2 d-") UV-B doses and drought stress were started. UV-B radiation was
provided by UV-B fluorescent tubes TL 40W/12 RS UV-B Medical (Philips); the doses
were chosen according to the previous experiments (Brazaityté et al. 2006). The moisture
of the substrate was measured every day with a soil moisture meter Delta-T HH2 (Cam-
bridge, UK) and to ensure that the moisture of well-watered (WW) and drought stressed
(DS) treatment variants were approximately 85% and 55%, respectively, less or more
water was added every day. Experimental exposure lasted for 6 days. The second and
third fertilizer spray applications were made on the 3 and 5% days of exposure. The main
characteristics of all investigated parameters were assessed at the end of exposure, i.e. on
the 6™ day.

Gas exchange measurements

Gas exchange parameters were measured with a portable photosynthesis system LI-6400
(LI-COR, USA). Net photosynthetic rate (umol CO, m2 s7'), intercellular CO, concen-
tration (umol CO, mol air!), transpiration (mmol H,O m2 s!) and water use efficiency
(wmol CO, mmol H,0!) of the 3™ fully expanded leaves were registered every 3 seconds
for 5 minutes in five randomly selected plants of each treatment variant; from these data,
a mean of daily measured indices was calculated. Environment conditions during meas-
urements were: air flow rate — 400 pmol s!, block and leaf temperature — 24 °C, CO,
concentration in sample cell — 350-400 pmol CO, mol ', relative humidity in sample cell
—30%, and lightness in quant — 120 pmol m=2 s,

Determination of photosynthetic pigments

The third fully expanded leaves were harvested and photosynthetic pigments were ana-
lyzed using a Genesys 6 spectrophotometer (ThermoSpectronic, USA) in 100% acetone
extracts prepared according to Wettstein’s (1957) method. Photosynthetic pigments were
expressed in mg/g of fresh weight.

Determination of malondialdehyde (MDA)

Concentration of MDA, the end-product of lipid peroxidation, was used as a biomarker of
membrane oxidative damage. MDA content was determined by reaction with thiobarbitu-
ric acid according to Blokhina et al. (2003).

Cereal Research Communications 45, 2017



JANUSKAITIENE and KACIENE: Foliar Spray Changes Barley Response 393

Determination of dry weight

At the end of the experiment, the plants were harvested and dried in an oven at 60 °C
until constant dry foliage biomass was obtained. The biomasses were expressed in mg/
plant.

Statistical analysis

ANOVA was used to determine the effects of foliar spray, UV-B and drought effect. For
independent variables, comparisons were made using the Student’s #- and U-tests. All
analyses were performed by STATISTICA and the results were expressed as mean values
and respective confidence intervals (CI) with a significance level of 5% (p <0.05).

Results
Gas exchange parameters

Photosynthetic rate decreased in barley plants at both watering variants exposed to UV-B
radiation (Fig. 1A). The highest 94.5% (p <0.05) decrease of photosynthetic rate was
detected for drought stressed barley plants, compared to the control. The combined effect
of UV-B and drought stress was higher than the individual effect of UV-B. Foliar fertiliza-
tion had a positive effect on the photosynthetic rate of stressed barley, but was statisti-
cally significant (p <0.05) only for WW and 1 and 3 kJ UV-B exposed, and solely drought
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Figure 1. The effects of foliar spray fertilizers on photosynthetic rate (A), intercellular CO, concentration (B),

transpiration rate (C), water use efficiency (D), chlorophyll a (E), b (F), carotenoids (G) and chlorophyll a:

chlorophyll b ratio (H) of well-watered (WW) and drought stressed (DS) and with 1 and 3 kJ UV-B exposed

barley plants. The values are means + CI s; significant differences (p<0.05) between treatments are denoted
with different letters
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stressed plants, when the photosynthetic rate with foliar spray treated plants was 8.6%,
26.1% and 5 times higher, respectively, compared to the reference treatment.

Intercellular CO, concentration increased in barley of well-watered plants and those
treated with UV-B radiation (Fig. 1B), while intercellular CO, concentration in drought
stressed and treated with UV-B plants decreased in comparison to the reference treatment.
Foliar fertilization significantly decreased intercellular CO, concentration in well-
watered and exposed to 3 kJ barley plants and solely drought stressed ones by 12.5%
(»<0.05) and 47.7% (p <0.05), respectively, compared to the reference treatment.

The transpiration rate of well-watered plants was significantly higher than drought-
stressed ones (Fig. 1C). Individual UV-B exposure did not have a statistically significant
effect on the transpiration rate of barley plants. The combined effect of 1 and 3 kJ UV-B
and drought stress decreased the transpiration rate of barley plants by 88.4% (p <0.05)
and 76.5% (p <0.05), respectively, compared to the control plants. Foliar fertilization
increased transpiration in barley exposed to 1 kJ under WW conditions by 12.5%
(» <0.05) and decreased transpiration in barley exposed to 3 kJ under WW conditions by
25.2% (p <0.05) compared to the reference treatment.

The water use efficiency of well-watered barley plants decreased under increasing
UV-B radiation (Fig. 1D), while the lowest water use efficiency of drought stressed plants
was detected for plants that were not exposed to UVB. Under individual 1 and 3 kJ effect,
water use efficiency decreased by 12% (p <0.05) and 45% (p <0.05), respectively, and
under combined increased by 7.5% (p < 0.05) and decreased by 29.2% (p < 0.05), respec-
tively, compared to the WW and non-UV-B exposed plants. Foliar fertilization had a
strongly positive effect only on WW and with 3 kJ UV-B exposed, and only drought
stressed plants, when water use efficiency with foliar spray treated plants was 69%
(»<0.05) and 11 times (p <0.05) higher, respectively, compared to the reference treat-
ment.

Photosynthetic pigments

Under well-watered conditions, the contents of photosynthetic pigments decreased after
UV-B exposure, while under drought stress, the photosynthetic pigments content in-
creased compared to the non-exposed to UV-B (Fig. 1E-G). The positive effect of foliar
fertilization was the highest for WW plants, when the content of pigments was 22%
(» <0.05) and 25% (p <0.05) higher compared to the reference treatment. The combined
effect of UV-B and drought stress foliar fertilization was not so strong and statistically
significant only for 3 kJ UV-B and the drought stress variant. The highest increase of ca-
rotenoids was detected for combined 3 kJ UV-B and drought stress effect.

Malondialdehyde (MDA)

With increasing intensity of stress, the content of MDA in barley leaves was likewise in-
creased (Fig. 2A). MDA concentration under solely 1 kJ UV-B effect was twice higher
than in WW and non-UV-B exposed (control) plants, and under combined 3 kJ UV-B and
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Figure 2. The effects of foliar spray fertilizers on the content of malondialdehyde (MDA) (A), fresh (B) and

dry (C) shoot biomass of well-watered (WW) and drought stressed (DS) and with 1 and 3 kJ UV-B exposed

barley plants. FW — fresh weight; the values are means + CI,) 5; significant differences (p <0.05) between treat-
ments are denoted with different letters

drought stress it increased 5.7 times compared to the control. Foliar fertilization had a
positive effect on oxidative stress formation, and MDA concentration in barley leaves
after foliar fertilization decreased, but was only statistically significant under individual 1
and 3 kJ UV-B and individual drought stress effects, when it decreased by 35, 33 and 14%
(p <0.05), respectively.

Biomass parameters

The highest changes of fresh and dry shoot biomass were detected under drought stress
effect (Fig. 2); fresh biomass decreased in barley at both watering variants exposed to
UV-B radiation (Fig. 2B). Foliar fertilization had a positive effect on fresh biomass of
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UV-B stressed barley, but was statistically significant (p <0.05) only for WW and with
1 kJ UV-B exposed, and combined 1 kJ UV-B and drought stressed plants, when fresh
mass with foliar spray treated plants was 16.2% and 49% higher, respectively, compared
to the reference treatment. The changes in dry biomass were the same as fresh; however,
the statistically significant effect of foliar spray was detected only for combined 1 kJ
UV-B and drought stressed plants (Fig. 2C).

Discussion

The foliar application of fertilizers is an effective agronomical practice in crop produc-
tion, with a substantial influence on both yield and particularly grain quality (Ghasemi et
al. 2013). In this study, there was investigated the effects of foliar spray fertilizers with
free amino acids (Aton AZ) on photosynthetic parameters and growth of barley plants,
which were exposed to UV-B radiation and drought stress. Results obtained showed that
with foliar application, Aton AZ increased the photosynthetic rate, water use efficiency
and biomass; also, foliar fertilization alleviated the negative effects of drought and UV-B
radiation stress by decreasing the MDA content. The highest effect of investigated treat-
ments was detected for drought stress (F' = 18490.6, p <0.001), and the combined effect
of UV-B radiation and drought stress significantly affected eleven parameters of the
twelve investigated.

Plant responses to UV-B radiation and drought stress strongly depend on the duration
and intensity of stress. UV-B radiation sometimes enhances resistance to water deficit and
vice versa. Increased resistance can arise as a result of the activation of mechanisms of
stress avoidance and tolerance (Bandurska et al. 2013). In this study, both solely and
combined effects of UV-B and drought stress decreased the photosynthetic parameters of
barley. Biophysical processes, which include CO, transport through the leaf and stomata,
and biochemical processes located in the chloroplast thylakoid membranes, stroma, mito-
chondria and the cytosol of the cell, determine the net rate of CO, assimilation. Whereas
the increase in intercellular CO, level (in well-watered plants and treated with UV-B ra-
diation) also indicates that net photosynthesis is reduced by reducing CO, fixation by
Rubisco, and can also include conditions in which enzymes of the Calvin cycle (other
than Rubisco) limit the rate of photosynthesis (Januskaitiene 2011). Barley plants ex-
posed to UV-B show both a decreased photosynthetic rate and increased intercellular CO,
concentration. This demonstrates for both stress factors an intense effect on dark reac-
tions in photosynthesis as was mentioned above. On the other hand, the decreased photo-
synthetic rate in drought stressed plants could first be attributed to stomatal factor (Syvert-
sen and Garcia-Sanchez 2014). Gupta and Berkowitz (1987) suggested that under drought
conditions, chloroplasts lose high amounts of K to further depress photosynthesis.

Foliar fertilization had a statistically significant (p <0.05) positive effect on photosyn-
thetic rate and water use efficiency of solely 3 kJ UV-B exposed, as well as solely drought
stressed plants. It can be assumed, that with fertilization added amino acids, for example,
proline, in addition intervened in the osmotic adjustment processes, also had other func-
tions which helped to maintain a better status of the photosynthetic structure of cells, for
example, protected enzymes and stabilized biological membranes (Gimeno et al. 2014).
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Literature indicates that UVB radiation has been shown to increase (Poulson et al.
2006), decrease (Qaderi et al. 2007) or have no effect on chlorophyll content (Newsham
and Robinson 2009). It is known, that carotenoids are anti-stress pigments, shield chloro-
phyll from the miseries of light, excess of light or UV-B like harmful radiations and also
act as antioxidants (Yadav et al. 2016). The highest increase of carotenoids was detected
for combined 3 kJ UV-B and drought stress effect in this experiment too. In other and this
research works an increment of carotenoids in barley plants during UV-B irradiation was
not observed, because barley is less tolerant to UV-B than other plants (Blum et al. 2005).
We can make an assumption that protective and adaptive reactions of above given type in
barley emerged only under combined UV-B and drought stress conditions. On the other
hand, the increase of carotenoids also might be explained by the increase of dehydration
level of drought stressed plants.

Foliar fertilizers have helped to overcome the individual UV-B radiation induced
stress, since the contents of chlorophylls a and » were higher (p <0.05) in the sprayed
barley leaves compared to the reference treatment (Fig. 1E-G). This confirms the forego-
ing hypotheses of a positive effect of amino acids on the membrane structure (Gimeno et
al. 2014). The positive effect of foliar fertilization on drought stressed and exposed to
UV-B plants was not so regular, i.e. under drought conditions and 1 kJ UV-B exposure
foliar fertilization more increased chlorophyll b, while under drought conditions and 3 kJ
exposure — chlorophyll . Hammad and Ali (2014) got close results: the application of
amino acids alleviated the negative effect of drought stressed plants and significantly
enhanced the content of photosynthetic pigments in leaves.

Lipid peroxidation increased significantly when UV-B radiation increased and the
changes were even higher under the combined effect of UV-B and drought stress (Fig.
2A). The exposure of plants to different adverse environmental conditions causes oxida-
tive stress and, under these conditions, the mechanisms that contribute to de-energization
of photosystems, such as photorespiration and the Mehler reaction, increase the produc-
tion of H,0, and, in some cases, 0,2 (Del Amor and Cuadra-Crespo 2011). Our results
showed decreased photosynthetic rates and growth (Fig. 1A, Fig. 2B, C). Foliar fertiliza-
tion diminished the intensity of oxidative stress, and MDA concentration in barley leaves
after foliar fertilization with amino acids decreased. The positive role of different imple-
ments with amino acids in abiotic stress tolerance was reported by Singh (1999), who
mentioned that this type of fertilizers includes certain amino acids (for example, proline)
and some ammonium compounds. These compounds are thought to play a pivotal role in
plant cytoplasmic osmotic adjustment in response to drought stress. The results confirm
those reported by Alaei et al. (2012) on wheat plants.

Biomass accumulation has decreased by increasing the intensity of the stress, and foliar
fertilization significantly increased fresh and dry weight of barley exposed to 1 kJ UV-B,
and 1 kJ UV-B and drought stressed plants (Fig. 2B, C). Foliar fertilization substances with
amino acids enhance cell division and nutritional status, resulting in an increased number
of leaves and dry weight of leaves, stems and roots. The application of this kind of ferti-
lizer improves growth, which may be due to their role in increasing cell division and en-
largement and forming more tissues and organs (Hammad and Ali 2014). The positive ef-
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fect of foliar fertilization may be due to the fact that it is a natural source of amino acids
and most essential elements (Shafeek et al. 2016), which improved plant vegetative growth
and overcome the inhibitory effect of drought stress (Hammad and Ali 2014).

The study reveals that the positive effect of foliar fertilization showed up on photosyn-
thetic rate, water use efficiency and antioxidant system of solely 3 kJ UV-B exposed and
solely droughts stressed plants, while under stronger combined effect of UV-B and
drought stress the effectiveness of foliar fertilization was much weaker.

Based on the results the following conclusions can be made.

Drought stress had maximal effects and the highest changes of all investigated physi-
ological, morphological, and biochemical parameters of barley (¥ = 18490.6, p <0.001).
The most significant effects of exanimated combinations of stressors on investigated pa-
rameters were under combined UV-B radiation and drought stress conditions, when the
impact of this combination of factors significantly affected eleven parameters of the
twelve investigated.

The largest positive effect of foliar spray fertilizers on the photosynthetic rate of barley
were under the solely impact of the drought. For example, the photosynthetic rate of fer-
tilized barley was more than 6 times higher than in untreated plants (p <0.05).

Foliar spray fertilizers decreased the MDA content under the individual effects of
drought and UV-B radiation, compared to reference treatment (p < 0.05); under combined
effects of these factors, the changes were statistically insignificant.

Foliar spray fertilization increased the content of photosynthetic pigments @ and b at
solely UV-B radiation effect (p <0.05), while in the combined effect of the investigated
factors, significant changes were detected only for individual cases.
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