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ABSTRACT
The aim of the research was to determine the influence of biostimulants amino acids and amino acids +
Ascophyllum nodosum filtrate on two broccoli cultivars ‘Agassi’ and ‘Tiburon’ and their response to soil
drought. The plants were watered with Ascophyllum nodosum filtrate before planting and sprayed with
amino acids after planting three times. Chlorophyll fluorescence measurements were performed before, during and after stress. They showed a considerable difference in cultivars’ response to stress, with ‘Agassi’
being more sensitive. Application of biostimulants enhanced the tolerance to drought stress. Maximum photochemical efficiency of PSII was unchanged, whereas the quantum yield of electron transport and photochemical fluorescence quenching values increased and the non-photochemical fluorescence quenching decreased. Moreover, the apparent photosynthetic electron transport rate rose. Chlorophyll content index was
affected by the cultivar and application of biostimulants.
Key words: amino acids, Ascophyllum nodosum filtrate, quantum yield of electron transport, fluorescence
quenching, chlorophyll
Abbreviations: F0 – initial fluorescence, Fv/Fm – maximum photochemical efficiency of PSII, Fm – maximal
fluorescence in the dark-adapted state, Y – quantum yield of electron transport, qP – photochemical fluorescence quenching, qN – non-photochemical fluorescence quenching, ETR – apparent photosynthetic electron transport rate, CCI – chlorophyll content index

INTRODUCTION
Plant biostimulants include diverse substances
and microorganisms that enhance plant growth
[Calvo et al. 2014]. They are classified into the following major groups: humic and fulvic acids, protein
hydrolysates, seaweed extracts, chitosan and other


biopolymers, inorganic compounds, and beneficial
fungi and bacteria [du Jardin 2015]. Some of them
influence the growth of shoots and roots [Lisiecka et
al. 2011], as well as yield quality and quantity
[Mikiciuk and Dobromilska 2014]. Both protein hy-
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drolysates and seaweed extracts affect primary and
secondary metabolism [Ertani et al 2013, Xu and
Leskovar 2015]. They lead to an increase in antioxidant content, such as carotenoids, polyphenols and
flavonoids [Colla et al. 2015].
Seaweed extracts contain cytokinins, auxins, abscisic acid, gibberellins, sterols and polyamines. They
are also a source of micro and macronutrients
[du Jardin 2015]. A typical response of plants to seaweed extracts is an increase in chlorophyll content.
The effect is caused by the cytokinins found in seaweed extracts which impart protective effects on
chloroplast [Zavaleta-Mancera et al. 2007] and, consequently, affect the chlorophyll content.
Protein hydrolysates have a considerable impact
on the enzymes participating in carbon and nitrogen
metabolism [Ertani et al. 2013]. An increased assimilation process after using protein hydrolysates may
result from their beneficial effect on production of
C skeletons and energy needed for amino acid biosynthesis [Colla et al. 2015].
Drought stress is one of the main factors limiting
the yield quality and quantity of vegetables. It is especially important in plants with high water requirements, broccoli being one of them. The experiments
conducted on various plant species have proved that
application of biostimulants may lead to increased
resistance to stress conditions [Ertani et al. 2013,
Calvo et al. 2014]. However, to date the research on
the effect of biostimulants on broccoli plants is limited. Hence, the aim of the experiment presented in
this paper was to determine the response of two broccoli cultivars to drought stress after the application of
two popular and easily accesssible biostimulants
containing amino acids and Ascophyllum nodosum
filtrate. The measurements were taken prior to and
during the stress treatment, and also after rewatering
to reveal the possibility to plants to regenerate, if
possible.
To determine the changes occurring in plants under drought stress, chlorophyll fluorescence parameters were measured. The method is commonly used to
record physiological changes in plants under different
stress factors in many plant species [Björkman and
Demmig 1987, Rohaček 2002, Dias and Brűggemann
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2010, Bączek-Kwinta et al. 2011]. In our study the
changes in the following parameters were discussed:
initial fluorescence, maximum photochemical efficiency of PSII, quantum yield of electron transport,
photochemical and non-photochemical fluorescence
quenching, maximum primary yield of photochemistry of photosystem II and photosynthetic electron
transport rate.
MATERIALS AND METHODS
Plant materials and treatments
The experiment was conducted on plants of two
broccoli cultivars, ‘Agassi’ and ‘Tiburon’ in a growing
chamber. The temperature was 18/16°C (day/night),
photoperiod 16 hours, relative humidity 90%, photosynthetic photon flux density 150 μmol·m–2 s–1. Broccoli seedlings were produced in 0.09 dm3 pots filled
with peat substrate for growing cruciferous vegetables (Kronen-Klasmann, Klasmann–Deilman Polska
Sp. z o.o., Poland). When the seedlings had threefour leaves, they were transplanted to bigger containers (5 dm3). Before planting, the nutrients were supplemented to the maximum optimum level (mg·dm–3
of substrate): N–NO3 – 250; P – 200; K – 600;
Ca – 1600; Mg – 160 + microelements (Fe – 10;
Mn – 3; Cu – 12; B – 3; Zn – 1; Mo – 1). Additionally, during the growing period the plants were fed
with 0.5% KristalonTM blue (Yara Poland Sp. z o.o.).
The plants were watered with Ascophyllum nodosum filtrate (Arysta LifeScience Polska Sp z o.o.,
Poland) three days before planting and sprayed with
amino acids (Arysta LifeScience Polska Sp z o.o.,
Poland) three times – two, four and six weeks after
planting. Control plants were not treated with biostimulants. Drought stress was achieved by discontinuation of watering for two days. Physiological
measurements were taken before stress, during stress
and two days after rewatering. The water content in
the substrate was determined with moisture sensors
5TE and Em50 data logger (Decagon Devices, Inc.,
USA). The water capacity of the soil was a 40% (v/v)
and during the drought stress water content decreased
to 15% (v/v). After rewatering water content increased to 40% (v/v).

www.hortorumcultus.actapol.net

Kałużewicz, A., Bączek-Kwinta, R., Krzesiński, W., Spiżewski, T., Zaworska, A. (2018). Effect of biostimulants on chlorophyll fluorescence parameters of broccoli (Brassica oleracea var. italica) under drought stress and rewatering. Acta Sci. Pol. Hortorum
Cultus, 17(1), 97–106. DOI: 10.24326/asphc.2018.1.9

Measurements
Plant stress level caused by the studied factors
was determined by measuring chlorophyll fluorescence (OS1–FL Fluorometer, OptiSciences Inc.,
USA). Fluorescence parameters: F0, Fm, Fv were determined after eight hours of darkness using photosynthetic photon flux density (PPFD) <0.15 μmol·
m–2s–1. Fm was measured after 0.8 s saturating white
light pulse (>15 000 μmol·m–2s–1 PPFD). Fv/Fm was
calculated. Y was calculated according to Genty et al.
[1989], while qP and qN parameters were calculated
according to Schreiber et al. [1986].
Chlorophyll content index (CCI) was measured
with OSI CCM–200 Plus leaf chlorophyll meter
(ADC BioScientific Ltd., UK) on the same leaves
that were used for chlorophyll fluorescence measurements.

Statistical analysis
The experiment was established as a three-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 rewatering) to the physiological parameters was
determined with the ANOVA. Differences between
the means were estimated with the Newman-Keuls
test at the significance level of P = 0.05.
RESULTS
Analysis of ANOVA showed that the values of F0,
Fm, Y, qP, qN, ETR and CCI parameters depended on
the cultivar, while there was no such correlation for
Fv/Fm. Application of biostimulants affected Fv/Fm
values significantly and had a considerable influence
on Y, qP, qN, ETR, and CCI (tabs 1 and 2).

Table 1. ANOVA F-values for F0, Fm, Fv/Fm, and Y parameters
Object
A
B
A×B
C
A×C
B×C
A×B×C

F0

Fm

Fv/Fm

Y

30.01**
2.75 ns
0.83 ns
4.17*
0.51 ns
6.77**
0.67 ns

11.95**
1.20 ns
0.61 ns
3.40*
3.87*
1.33 ns
1.91 ns

0.47 ns
4.45*
0.56 ns
12.58**
7.28**
4.85**
1.66 ns

38.44**
33.66**
57.16**
7.46**
16.70**
29.78**
12.78**

A – cultivar, B – treatment (control, AA, AA + AN), C – term of measurementbefore stress, under stress, after rewatering)
* significance level P = 0.90
** significance level P = 0.95, ns not significant at P = 0.95

Table 2. ANOVA F-values for qP, qN, ETR and CCI parameters
Object
A
B
A×B
C
A×C
B×C
A×B×C

qP

qN

ETR

CCI

15.64**
8.12**
34.62**
4.37*
6.17**
12.98**
8.22**

45.07**
48.38**
49.67**
97.88**
8.74**
81.06**
69.32**

71.01**
64.77**
86.94**
7.85**
31.14**
33.05**
24.46**

23.17**
6.62**
1.01 ns
20.99**
7.13**
3.28*
1.28 ns

Explanations, see Table 1
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* C = Control; AA = amino acids; AA + AN = amino acids + Ascophyllum nodosum filtrate

Fig. 1. The influence of AA and AA + AN on F0, Fm and Fv/Fm parameters of two
broccoli cultivars before drought stress, under stress and after rewatering. The values
are means of four determinations SD. Means sharing the same letter are not significantly different from each other

100

www.hortorumcultus.actapol.net

Kałużewicz, A., Bączek-Kwinta, R., Krzesiński, W., Spiżewski, T., Zaworska, A. (2018). Effect of biostimulants on chlorophyll fluorescence parameters of broccoli (Brassica oleracea var. italica) under drought stress and rewatering. Acta Sci. Pol. Hortorum
Cultus, 17(1), 97–106. DOI: 10.24326/asphc.2018.1.9

* C = Control; AA = amino acids; AA + AN = amino acids + Ascophyllum nodosum filtrate

Fig. 2. The influence of AA and AA + AN on Y, qP and qN parameters of two broccoli
cultivars before drought stress, under stress and after rewatering. The values are means
of four determinations SD. Means sharing the same letter are not significantly different
from each other
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* C = Control; AA = amino acids; AA + AN = amino acids + Ascophyllum nodosum filtrate

Fig. 3. The influence of AA and AA + AN on ETR parameter of two broccoli cultivars before drought stress, under stress and after rewatering. The values are
means of four determinations SD. Means sharing the same letter are not significantly different from each other

Under drought stress the changes in chlorophyll
fluorescence parameters depended on the biostimulants and the cultivar. In ‘Agassi’ control plants, both
under drought stress and after rewatering, the value
of F0 increased in comparison with the value before
stress (fig. 1 a). No significant changes were observed in the plants treated with biostimulants, both
amino acids (AA) and amino acids + Ascophyllum
nodosum filtrate (AA+AN) in ‘Agassi’ and in all
objects in ‘Tiburon’ cultivar (fig. 1 b). Fm value decreased only in ‘Agassi’ plants after rewatering when
AA were applied (fig. 1 b). A different tendency was
observed for Fv/Fm values which did not differ significantly in ‘Agassi’ objects treated with biostimulants, while dropped in control plants to the lowest
level. Fv/Fm values slight increase in ‘Tiburon’ plants
during stress when AA were used. The difference still
could have been noticed after rewatering (fig. 1 c).
Plants treated with biostimulants showed an increased Y value in ‘Agassi’ cultivar (fig. 2 a). An
increase in qP and a decrease in qN only in ‘Agasssi’
cultivar in comparison with the control object was
observed (fig. 2 b, c).
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When biostimulants were used, the ETR value in
‘Agassi’ cultivar increased during drought stress
(fig. 3 a). It should be emphasized that during stress
a considerable decline in ETR value in ‘Agassi’ control plants was observed, while the value increased in
the ‘Tiburon’ cultivar. There were no statistically
significant differences in ETR value between the
control objects and the plants treated with biostimulants during drought stress in the ‘Tiburon’ plants.
The highest value of CCI in control object in
‘Tiburon’ cultivar was stated, while the lowest after
AA treatment in ‘Agassi’ cultivar.
DISCUSSION
Measurement of chlorophyll fluorescence is a non-invasive method of determining the physiological
state of plants [Roháček and Barták 1999, Zlatev
and Yordanov 2004, Efeoglu et al. 2009]. Our study
aimed to determine the influence of the applied
biostimulants on the following parameters of chlorophyll fluorescence: F0, Fm, Fv/Fm, Y, qP, qN
and ETR.
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* C = Control; AA = amino acids; AA + AN = amino acids + Ascophyllum nodosum filtrate

Fig. 4. The influence of AA and AA + AN on CCI of two broccoli cultivars before drought
stress, under stress and after rewatering. The values are means of four determinations SD.
Means sharing the same letter are not significantly different from each other

In plants subjected to drought stress F0 increases and Fm decreases [Zlatev and Yordanov 2004,
Bączek-Kwinta et al. 2011, Caulet et al. 2014].
F0 increase may result from inhibition of the acceptor
side of PSII or indicate the occurence of photoinhibitory damage in response to water stress [Bertamini
and Nedunchezhian 2003]. In our study, there was an
increase in F0 only in the control object indicating the
protective impact of biostimulants on photosynthetic
apparatus in broccoli.
In our experiment, Fm decrease in comparison
with the value before the stress was found only after
rewatering following application of AA in ‘Agassi’.
In ‘Tiburon’ plants treated biostimulants the
changes in Fm values were not significant (fig. 1 b).
A decrease in the values of Fm under drought stress
was also observed in the study by Efeoglu et al.
[2009]. According to Borek et al. [2016] F0 and Fm
values are connected with the content of photosynthetic pigments, and low content of photosynthetic
pigments results in low F0 and Fm values. However,
our study does not confirm this correlation. A significantly lower value of F0 was found only in the
control object in ‘Agassi’ cultivar before drought

www.hortorumcultus.actapol.net

stress, whereas CCI was considerably lower after
rewatering (fig. 4).
Fv/Fm reflects the potential quantum efficiency of
PSII and is used as a sensitive indicator of plant photosynthesis performance [Maxwell and Johnson
2000]. Fv/Fm decrease in stress conditions reveals that
the photochemical capacity of PSII is diminished
[Demmig and Björkman 1987], which is connected
with a decrease in the transport of electrons from
PSII to PSI [Sikder et al. 2015]. According to Brestic
and Zivcak [2013], the values of Fv/Fm start to decline below 70% of relative water content in leaf.
A significant decrease in the value of Fv/Fm under
drought stress was also confirmed by Rahbarian et al.
[2011] and Hu et al. [2010], while a slight decline in
the value of Fv/Fm was found by Zlatev and Yordanov [2004] or Bączek-Kwinta el al. [2011]. In our
study, the value of Fv/Fm in the ‘Agassi’ cultivar significantly decreased only after rewatering in the control object (fig. 1 c). In plants in which AA and
AA+AN were used there was no difference in the
value of Fv/Fm before stress, during stress, and after
rewatering. In ‘Tiburon’ the Fv/Fm value in the control object slight decreased after rewatering, com-
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pared with the value prior to stress. It slight increased, however, during stress, and after rewatering
in plants treated with AA (fig. 1c). A decrease in
Fv/Fm after rewatering in the control object of
‘Agassi’ plants was accompanied by a decline in CCI
value (fig. 4), which is consistent with the study by
Borek et al. [2016].
In our study, the values of Y and qP in the control
of ‘Agassi’ cultivar fell during drought stress and
after rewatering, while qN value increased (fig. 2a, b
and c, respectively). In ‘Tiburon’ qP value not
changed. The decline in qP in the ‘Agassi’ plants in
the control object suggests that the degree of openness of the PSII reaction center was lower than that
of the ‘Tiburon’ ones [Li et al. 2006]. A decrease in
the value of qP and an increase in qN under drought
stress were also found by Subrahmanyam et al.
[2006] and Przybysz et al. [2010] after applying the
biostimulant Asahi, in drought stress conditions, too.
The reduction of Y and photochemical quenching
(qP) values suggests that Y is dependent mainly on
the proportion of the reaction centers, which are
photochemically “open”, rather than on the efficiency
of the absorbed photons in reaching a reaction center.
The increase in qN accompanied by a decrease in
Fv/Fm is the result of the large proportion of absorbed
light energy not being used by the plants in the photosynthesis process [Zlatev and Yordanov 2004].
Hence, no change in the value of Fv/Fm, an increase
in Y and qP values, a decrease in qN during drought
stress in plants treated with biostimulants in our
study, indicate their higher stress resistance as compared to the control.
Changes in chlorophyll fluorescence parameters
are closely related to changes in basic physiological
features such as photosynthetic rate (A), stomatal
conductance (gs) and internal CO2 concentration (Ci).
In the first part of our research [Kałużewicz et al.
2017] conducted on ‘Agassi’ and ‘Tiburon’ cultivars
in the same conditions as presented in this paper,
drought stress resulted in a more than fourfold decrease in A value, double fold decrease in gs and
a significant increase in Ci but only in control plants
of ‘Agassi’ cultivar. This correlation was not found in
‘Tiburon’ cultivar. In both cultivars in plants treated
with biostimulants, drought stress did not change
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A and Ci values, which indicates their increased tolerance to stress.
ETR is a measure of the electron transfer rate in
leaves [Li et al. 2006]. According to Hura et al.
[2007] the value of ETR under drought stress in
wheat plants decreased from several to several tens of
percent, depending on the cultivar. In our experiment,
the value of ETR in ‘Agassi’ significantly decreased
during drought stress and after rewatering only in the
control plants, while it significantly increased in the
plants treated with biostimulants during stress
(fig. 3a). In the ‘Tiburon’ cultivar under drought
stress the ETR value increased after AA+AN treatment. A similar tendency was also noted by Caulet et
al. [2014] in two strawberry cultivars treated with
furostanol glycosides. The increase in the value of
Y and ETR meant that the PSII reaction centers were
open, captured the light energy for photochemical
reactions and photosynthesis proceeded normally.
According to many authors drought stress resulted
in lower chlorophyll content [Arzani and Yazdani
2008, Farooq et al. 2009, Guerfel et al. 2009]. The
correlation was not observed in our own study either
in the control object or after application of biostimulants (fig. 4). The lack of correlation between Ascophyllum nodosum treatment and chlorophyll content
was also confirmed by Xu and Leskovar [2015].
In our research CCI value depended on both the
cultivar and the applied biostimulants (tab. 1). However, no significant interaction between these two
factors was found. A considerable differences in
chlorophyll content in different wheat cultivars was
observed by Chandrasekar et al. [2000], and the cultivars that were more resistant to drought stress were
characterised by higher chlorophyll content. Our
study confirmed a significant effect of interaction
between the cultivar and time of measurement (before, during or after drought stress) on the CCI value.
However, an increase level of chlorophyll content
was found only in the control object in ‘Tiburon’
cultivar.
CONCLUSIONS
The study shows that the response of broccoli cultivars to drought stress varied, with ‘Agassi’ being
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characterized by greater sensitivity. Plants of
‘Agassi’ cultivar treated with biostimulants had
greater tolerance to drought stress. This was confirmed by the lack of change in Fv/Fm, accompanied
by an increase in the value of Y and qP and a decrease in qN. In those plants, an increase in the value
of ETR were observed. The CCI value depended on
both the cultivars and the biostimulant treatment.
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