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Abstract

Drought stress is one of the many factors that lead to decreased yield in both quality and quantity. One method to improve
plant resistance to this stress is application of biostimulants. The most widely used biostimulants are protein hydrolysates,
containing sea algae extract and humus compounds. In the present study, the influence of the amino acids as well as
combination of amino acids with Ascophyllum nodosum filtrate on broccoli (Brassica oleracea var. italica) plants cvs. ‘Agassi’
and “Tiburon’ was investigated. The plants were watered with Ascophyllum nodosum filtrate three days before planting and
sprayed three times with amino acids two, four and six weeks after planting. The present results show that biostimulants have a
significant effect on both gas exchange and transpiration rate both prior to the application of stress, under drought stress and
after re-watering. Biostimulant treatment led to an increase of drought tolerance in both studied cultivars but the final effect
depended on cultivar. “Tiburon’ cultivar turned out to be more tolerant to drought stress than ‘Agassi’. The application of
biostimulants resulted in an increase of photosynthetic rate, stomatal conductance, internal CO, concentration and
transpiration rate in ‘Agassi’ cultivar under drought stress. This effect was not observed in “Tiburon’. The chlorophyll content
was higher under drought stress as compared to the value prior to stress in both cultivars.

Keywords: amino acids, Ascophyllum nodosum, Brassica oleracea var. italica, photosynthetic properties, cultivar

Abbreviations: A-net photosynthesis rate, Ci-internal CO, concentration, E-transpiration rate, gs-stomatal conductance,

PPFD-photosynthetic photon flux density, RH - relative air humidity

Introduction

Drought stress is one of the many factors that lead to a
decreased yield in both quality and quantity. It affects
metabolic processes and gas exchange parameters (stomatal
conductance, internal CO; concentration and permeability of
cell membrane) (Yordanov e 4/, 2000). One of the first
responses of a plant to drought stress is stomatal closing, which
results in limited water loss (Galmes ez 4/,, 2007a; Rahbarian e
al., 2011). Decreasing internal CO, concentration (Ci) and
inhibition of ribulose-1, 5-bisphosphate carboxylase/oxygenase
enzyme activity and ATP synthesis lead to a decrease in net
photosynthetic rate under drought stress (Dulai ez 4/, 2006).

Exposure of plants to drought stress induces numerous
physiological and biochemical changes resulting in a
disturbance of normal growth and development (Wu ez 4/,
2012). Strong stress leads to disruption of cell structure and

metabolism  which may eventually result in arrest of
photosynthesis, disturbance of metabolism, and plant death
(Shao e al, 2008).

One method to improve plant resistance is application of
biostimulants. The biostimulants enhance abiotic ~ stress
tolerance, including tolerance to drought period (Ertani ez 4L,
2013, Colla ez al., 2015, Calvo ez al., 2014). The most widely
used biostimulants are protein hydrolysates, containing sea
algac extract and humus compounds (Ertani ez 4/, 2009).

Seaweeds form an integral part of marine coastal
ecosystems. It has been estimated that there are about 9,000
species of macroalgae broadly classified into three main groups.
@rown, red, and green algae). Brown seaweeds are the second
most abundant group comprising about 2,000 species and are
most commonly used in agriculture and among them
Ascophyllum nodosum L. is the most researched (Ugarte et al,
2006; Hong et al., 2007). Seaweeds are used for nutrient
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supplements such as biostimulants or biofertilizers to increase
the plant growth and yield (Khan ez 4., 2009).

According to Boselli ez al., (2015) protein hydrolysates
contributed to enhanced resistance to drought stress in
grapevine. There was an increase in biomass of stems and roots,
as well as sugar, phenolic compounds and anthocyanin content.
Ascophyllum nodosum extract application, under mild drought
stress, improved the leaf water relations and helped to maintain
the cell turgor pressure and reduce stomatal closure, which
resulted in a large leaf area and high photosynthetic rate, and
consequently enhanced growth (Xu and Lescovar, 2015). In
addition, the application of biostimulants results in increased
production of antioxidants in plants, which decrease their
sensitivity to stress conditions (Ertani ez al., 2011). Ascophyllum
nodosum affects carbon and nitrogen metabolism (Jannin ez 4L,
2013) and it also contains osmolytes such as mannitol, which
play a protective role in plants exposed to stress (Reed ez 4/,
1985).

Furthermore, protein hydrolisates containing proline and
betaine induce a secondary metabolism and enhance plant
resistance to stress (Ertani ef 4/, 2013). In addition, some of
these contain a lot of enzymes, such as nitrate reductase, malate
dehydrogenase, leucino-amino peptidase, phosphorilase and
phosphatase, enhancing resistance of plants to stress (Maini,
2006). By stimulating the main enzyme systems, protein
hydrolisates biostimulants improve utilization of nutrients in
plants, consequently leading to a better plant growth.

To the best of our knowledge, there is a lack of studies
regarding the physiological changes of broccoli plants following
biostimulant treatment especially under stress conditions. The
present study focused on determining the influence of amino
acids and Ascophyllum nodosum filtrate biostimulants on
several selected physiological parameters and chlorophyll
content in two broccoli cultivars under drought stress, before
stress and after re-watering, A description of the physiological
response of broccoli to drought stress and application of
biostimulants may provide a test that is both quick and
practical for determining which cultivars in cultivations

biostimulants will be necessary and beneficial.

Materials and Methods

Plant materials and treatments

The experiment was conducted using two broccoli cultivars
‘Agassi’ and “Tiburon’ in a growing chamber in 2015. These
cultivars differ in the length of their growing season. ‘Agasssi’
belongs to the early cultivars, and “Tiburon’ belongs to a later one.
The temperature was 18/16 °C (day/night), photoperiod 16
hours, relative humidity 90%, photosynthetic photon flux
density 150 pmol-m? s”. Broccoli seedlings were produced in
0.09 dm” pots filled with peat substrate for growing cruciferous
vegetables (Kronen-Klasmann). The seedlings with three-four
leaves were transplanted to larger containers (5 dm’). Before
planting, minerals were supplemented to the maximum
optimum level (in mg dm™ of substrate): N-NO; - 250; P - 200;
K - 600; Ca - 1600; Mg - 160 + microelements. Additionally,
during the growing period the plants were fed with complex
fertilisers.

The plants were watered with Ascophyllum nodosum filtrate
three days before planting and sprayed three times with amino
acids two, four and six wecks after planting. Drought stress

occurred due to discontinuation of watering for two days (one
week after last application of amino acids). The physiological
measurements were noted before stress, during stress and two
days after re-watering,

The level of soil water content was monitored with soil
moisture probes. The water capacity of the soil was 40% v/v and
under drought stress water content decreased to

15%v/v.

Physiological measurements

Photosynthesis intensity (A), transpiration (E), stomatal
conductance (g), and internal CO; concentration (C;) were
measured using the LCpro + system (ADC BioScientific),
which automatically set levels of CO, (360 ppm), PPFD 400
umol-m™s”, RH (50%) and air temperature (20 °C), depending
on the program selected. It enabled automatic change of
parameters while taking measurements. Gas exchange was
determined with a leaf chamber in LCpro+ (an area of 625
cm’). Net photosynthesis rate was automatically calculated as the
difference between CO, concentrations in the air coming in and
out of the measurement chamber (umol:m™s™). The rate of air
flow through the LCpro+ chamber was approximately 200
ml-min”. The measurements were made when all the parameters
were stabilised.

Relative chlorophyll content was measured with an OSI
CCM-200 Plus leaf chlorophyll meter (ADC BioScientific Ltd.)
on the same leaves that were used for photosynthesis
measurements.

Statistical analysis

The experiment was established as a two-factor design, in
four replicates (one plant in each). The significance of the
biostimulants and the time of measurement (before drought
stress, during stress and after re-watering) to the physiological
parameters were determined with the ANOVA. Differences
between the means were estimated with the Duncan test
atasignificance level of P=0.05.

Results and Discussion

Gas exchange and transpivation rate

Drought stress is associated with changes in gas exchange
and consequently varations in photosynthetic rate, which is
directly related to yield (Subrahmanyam e al., 2006; Galmés ez
al., 2007b; Sikuku ez 4/, 2010).

The results show that biostimulants have a significant effect
on both gas exchange and transpiration rates both prior to the
application of stress, under drought stress and after re-watering,
The effect of their application depended on the cultivar (Tables
1-4). In ‘Agassi’ cultivar, when plants were treated with
biostimulants, the photosynthetic rate (A) was significantly
higher prior to and during stress, as well as after re-watering,
However, in ‘Tiburon’ cultivar a significant influence of
biostimulants on photosynthetic rate was observed only after
re-watering  The increase in photosynthesis rate after
biostimulant treatment is consistent with the results obtained
by Pramod et 4/. (2000) in pepper, Mikiciuk and Dobromilska
(2014) in tomato and Xu and Leskovar (2015) in spinach. The
biostimulants containing protein hydrolisates affect N and C
metabolism (Ertani e 4/, 2013). According to Colla (2015)
due to the rise in photosynthesis and energy supply for cell
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metabolism generated by protein hydrolisates applications, the
increase of N assimilation in plants may be a result of the
positive effects of protein hydrolisates on the production of C
skeletons and energy supply, which are needed for amino acid
biosynthesis.

Under stress conditions, a reduction in stomatal
conductance (g;) can have conservative effects because it allows
the plant to save water and improve water use efficiency
(Warren et al., 2004; Chaves et al., 2009). Campos ez al. (2014)
reported that after four-days of drought stress the g value
decreased by 60%.

In the current research in ‘Agassi cultivar stomatal
conductance of plants treated with biostimulants before stress
and after re-watering almost doubled, while during stress it was
almost three times higher than in plants not treated with
biostimulants. In “Tiburon’ cultivar a significant increase in g in
plants treated with biostimulants as compared to control
occurred prior to drought stress and after re-watering, No eftect
of biostimulants on g value was found during drought stress.
The increase in g after biostimulant application was in
agreement with the results of the studies of Xu and Leskovar
(2015). According to these authors application of Ascophyllum
nodosum under drought stress in spinach resulted in an increase
of approximately 71% in stomatal conductance. They
concluded that Ascophyllum nodosum application improved
leaf water relations and helped to maintain cell turgor pressure
and reduced stomatal closure, increased photosynthetic rate,
and consequently enhanced growth.

In this study, in both cultivars exposed to drought stress,
the stomatal conductance decreased in all plants (Table 2). In
‘Agassi’ cultivar g value was about 45% of its value before stress

and much higher (70% and 73%) after application of amino
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acids and amino acids + Ascophyllum nodosum filtrate,
respectively. In “Tiburon’ cultivar g value was 67%, 56% after
amino acids and 71% after amino acids + Ascophyllum
nodosum filtrate application. After re-watering g value
increased in all the plants except “Tiburon’ control plants. A
considerable decrease in g value under drought stress followed
by an increase after re-watering was also reported by Wu et 4/.
(2012) in his study of cauliflower.

The stomatal conductance is strictly correlated with CO;
content in internal CO, concentration (C;) (Flexas and
Medrano, 2002; Zlatev and Yordanov, 2004). According to
Lawlor and Tezara (2009) at the beginning of the drought
stress period C; value decreases and rises during severe stress. In
the current study a significant increase in C; value under stress
was observed in ‘Agassi cultivar in plants untreated with
biostimulants (Table 3). Using biostimulants did not cause any
change in C; content in either cultivar. Lack of changes in C;
value in ‘Tiburon’ before stress, under stress and after re-
watering showed higher resistance to stress of this cultivar as
compared to ‘Agassi’ genotype.

Stomatal closure not only leads to reduced stomatal
conductance and extension of internal CO; concentration, but
also reduces the transpiration process (Souza et al, 2004;
Miyashita e¢ al, 2005; Harb ez al, 2010). In the study by
Mikiciuk and Dobromilska (2014) biostimulant application
was found to induce a reduced transpiration rate. The results
are inconsistent with the present findings, where application of
biostimulants to ‘Agassi’ cultivar contributed to an increase in
transpiration intensity both before and during stress (Table 4).
This confirms the observations of Xu and Leskovar (2015),
who observed a 42% increase in transpiration rate under
drought stress after Ascophyllum nodosum extract was applied.

Table 1. Photosynthesis rate (A) prior to stress, under stress and after re-watering of two broccoli cultivars treated with biostimulants

Photosynthesis rate (umol CO,-m?s™)

Trearment Prior to stress Under stress After re-watering Mean
‘Agassi’
Control 9.83 c* 2.27d 9.15¢ 7.08 B
Amino acids 12.30 ab 12.60 ab 11.84 ab 1224 A
Amino acids + Ascophyllum nodosum filtrate 1293 a 13.14a 1146b 1251 A
Mean 11.69 A** 9.34C 10.82 B
‘Tiburon’
Control 12.08 ab 12.37 ab 9.64 c 1136 B
Amino acids 12.30 ab 13.47 a 12.37 ab 1272 A
Amino acids + Ascophyllum nodosum filtrate 10.83 be 12.09 ab 11.66 b 11.53 B
Mean 11.74B 12.64 A 1123 B

*Values marked with the same letter do not differ significantly ac P=0.95
**Values marked with the same capital letter do not differ significantly at P=0.95

Table 2. Stomatal conductance (g;) prior to stress, under stress and after re-watering of two broccoli cultivars treated with biostimulants

Stomatal conductance (mmol-m™2.s7)

Trearment Prior to stress Under stress After re-watering Mean
‘Agassi’
Control 0.31d* 0.14¢ 0.36d 0.27C
Amino acids 0.64 ab 0.45 cd 0.68 ab 0.59B
Amino acids + Ascophyllum nodosum filtrate 0.74a 0.54 be 0.78a 0.69 A
Mean 0.57 A** 0.38 B 0.60 A
‘Tiburon’
Control 0.67 be 0.45d 0.45d 0.53B
Amino acids 0.85a 0.48d 0.74b 0.69 A
Amino acids + Ascophyllum nodosum filtrate 0.60 ¢ 0.43d 0.70 be 0.57B
Mean 0.71 A 0.45C 0.63B

*Values marked with the same letter do not differ significantly ac P=0.95
** Values marked with the same capital leter do not differ significantly ac P=0.95
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Table 3. Internal CO; concentration (Ci) prior to stress, under stress and after re-watering of two broccoli cultivars treated with biostimulants

Internal CO: concentration (ppm)

Treacment Prior to stress Under stress After re-watering Mean
‘Agassi’
Control 274.8 c* 3274a 284.3 bc 2955 A
Amino acids 290.23 b 285.7 be 294.7 b 2902 A
Amino acids + Ascophyllum nodosum filtrate 288.5 bc 285.2 be 298.2b 290.6 A
Mean 284.5 B** 299.4 A 2924 B
“Tiburon’
Control 289.5a 286.0 a 294.8 a 290.1 A
Amino acids 297.1a 285.9a 297.0a 2933 A
Amino acids + Ascophyllum nodosum filtrate 304.5a 283.7a 294.0a 2941 A
Mean 297.0 A 2852 A 2953 A
*Values marked with the same letter do not differ significantly at P=0.95
** Values marked with the same capital letter do not differ significantly ac P=0.95
Table 4. Transpiration rate (E) prior to stress, under stress and after re-watering of two broccoli cultivars treated with biostimulants
Treatment Transpiration rate (mmol-m™s™)
Prior to stress Under stress After re-watering Mean
‘Agassi’
Control 2.14 b* 0.76 f 1.62 cde 1.51B
Amino acids 2.77 a 1.39¢ 1.84 bed 2.00 A
Amino acids + Ascophyllum nodosum filtrate 2.84a 147 de 1.97 be 2.10A
Mean 2.58 A** 121C 1.81B
‘Tiburon’
Control 2.59b 131e 1.67 cd 1.86B
Amino acids 323a 1.37 de 193¢ 2.18A
Amino acids + Ascophyllum nodosum filtrate 2.83b 1.36 de 1.75¢ 1.98 B
Mean 2.88 A 135C 1.78 B
"Values marked with the same letter do not differ significantly ac P=0.95
** Values marked with the same capital letter do not differ significantly at P=0.95
Table 5. Chlorophyll content prior to stress, under stress and after re-watering of two broccoli cultivars treated with biostimulants
Treatment Chlorophyll content
Prior to stress Under stress After re-watering Mean
‘Agassi’
Control 76.9b 87.0 ab 45.9d 69.9B
Amino acids 77.1b 88.7a 59.0 ¢ 74.9 AB
Amino acids + Ascophyllum nodosum filtrate 79.5 ab 81.0ab 78.6 ab 79.7 A
Mean 77.8B 85.6 A 61.2C
“Tiburon’
Control 76.2b 91.7 a 77.0b 81.6 A
Amino acids 71.7b 84.2 ab 76.6b 775 A
Amino acids + Ascophyllum nodosum filtrate 79.6 ab 83.5ab 80.9 ab 813 A
Mean 75.8B 865 A 782 B

*Values marked with the same letter do not differ significantly ac P=0.95
**Values marked with the same capiral lerter do nort differ sienificantlv at P=0.95

In ‘Tiburon’ cultivar a significant effect of amino acid
treatment was observed only prior to stress. After re-watering
the biostimulants did not affect the transpiration rate in either

cultivar.

Chlorophyll content

The typical response to oxidative stress under drought is the
reduction of chlorophyll content. Chlorophyll degradation
and/or chlorophyll synthesis deficiency occur when plants are
subjected to drought stress (Ahmed ez 4/, 2009; Rahbarian ez
al.,2011; Guo et al,, 2016). According to Hussein ez 4l. (2008)
drought stress resulted in chlorophyll content increase, while
Farhad ez al. (2011), Pirzad et 4l. (2011) and Ma et al. (2015)
did not observe any significant changes in its content.
According to Jannin e a/. (2013) the beneficial influence of
applying seaweed extract is due to its providing plants with
many components such as phytohormones, betaines, polymers

and nutrients, many of which may work synergistically.
Seaweed extracts are not only a source of cytokinins, %ut they
enhance their endogenous synthesis as well (Wally ez 4/, 2013).
Cytokinins develop protective effects on chloroplast (Zavaleta-
Mancera ¢t al.,, 2007) and consequently they affect chlorophyll
content.

Many authors have pointed out a considerable chlorophyll
content increase after treatment with biostmulants (Whapham
et al., 1993, Spinelli ez al, 2009; Thirumaran ez al, 2009,
Shehata et al., 2011). These are in accordance with the present
findings, but only in ‘Agassi’ cultivar, where mean chlorophyll
content was significantly higher after application amino acids +
Ascophyllum nodosum filtrate.

In the present study an increase in chlorophyll content
under drought stress conditions, as compared to the value prior
to stress, was observed in control in “Tiburon’ cultivar and in
‘Agassi’ cultivar after amino acids treatment (Table 5).
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However, when both amino acids + Ascophyllum nodosum
filtrate were used, the difference was insignificant. After re-
watering a decrease in chlorophyll content occurred only in
‘Agassi’ cultivar, in both plants untreated with biostimulants
and in those treated with amino acids. Following amino acids +
Ascophyllum nodosum filtrate application in ‘Agassi’ and in
“Tiburon’ cultivars no significant differences in chlorophyll
content were observed, either after re-watering or before stress.

Conclusions

The present research showed that the biostimulant
treatment led to an increase of drought tolerance in both
studied cultivars. The application of biostimulants resulted in
an increase of photosynthetic rate, stomatal conductance,
internal CO; concentration and transpiration rate in ‘Agassi’
cultivar under drought stress. This effect was not observed in
‘Tiburon’. Chlorophyll content was higher under drought

stress as compared to the value prior to stress in both cultivars.
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