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Introduction

Over thousands of years of evolution, plants, as sessile organisms, have undergone
adjustments to adapt to the different conditions of the environment to which they are
exposed. In general, this adaptation comes from the identification of a set of small stimuli,
which need to be identified and transcribed by plants to transform into an adaptive response.
In superior plants, this transmission is carried out by chemical messengers and/or by
endogenous hormones (Taiz et al., 2017).

The definition of a plant hormone is an organic, non-nutrient compound, naturally occurring
and produced in the plant, which at low concentrations (104 M) promotes, inhibits or

modifies morphological and physiological processes in the plant (Castro, 1998; Cato, 2006).
The literature also reports that for there to be responses in plants, the hormone must be in
sufficient amounts in cells, be recognized and captured by specific receptors and have its
responses increased by secondary messengers (Taiz & Zeiger, 2013; Taiz et al., 2017). It is
worth remembering that plant hormones play important roles ranging from germination stimuli
to maturation processes and, therefore, are fundamental in the components of productivity
and quality of the harvested product (Cato, 20086).

According to the European Biostimulants Industry Council (EBIC) biostimulants can contain
substances or microorganisms that stimulate the natural processes of plants in order to
improve or increase the absorption and/or efficiency of nutrients, tolerate stress, improve
quality and increase yields of the crops to which they are applied (Schukla et al., 2019; Rosa et
al., 2021).

The use of biostimulants and/or biofertilizers in the most diverse crops, such as soy, corn,
beans, wheat, barley and vegetables in general, such as: brassicas, tomato, strawberry, grape,
among others, has gained space in modern agriculture (Rayorath et al. al., 2008; Kumar &
Sahoo, 2011; Schukla et al., 2019; Rosa et al., 2021; Shukla & Prithiviraj, 2021), especially when
it comes to mitigating the different types of stress to which plants are subjected. Among
biofertilizers, Ascophyllum nodosum has been highlighted to promote plant growth and
development, with its use gaining prominence from seed germination to resistance to biotic or
abiotic stresses (Khan et al., 2009; Kumar & Sohoo, 2011; Carvalho, 2013; Shukla et al., 2019).
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Ascophyllum Nodosum and its applications in agriculture

Ascophyllum nodosum (L) Le Jol. is a macroscopic seaweed, rich in polysaccharides and
unsaturated fatty acids, with a large amount of enzymes and bioactive peptides (Shukla et al.,
2019; Rosa et al., 2021).

It is worth remembering that A. nodosum extract has several precursors and hormone
regulators in plants, among which cytokinin (Wani et al., 2016; Khan et al., 2011;), gibberellic
acid (Wally et al., 2013) and auxin (Rayorath et al., 2008; Shukla et al., 2019). It is worth noting
that auxin is a hormone produced in the shoot and is related to root growth and that cytokinin
is a hormone synthesized in the roots, redistributed through xylem to the shoot of plants,
stimulating their development (Salisbury & Ross, 2012; Taiz et al., 2017).

Due to its versatility in how it is used, A. nodosum extract is applied for everything from

seed treatment to foliar sprays, localized “drench” applications and fertigation or through a
combination of these methods (Mackinnon et al., 2010). As responses to these applications,
improvements have been observed in vegetative growth, increased absorption of nutrients,
stimulation of the antioxidant system, activation of defense metabolism and attenuation of
stresses, mainly water, thermal and saline (Chouliaras et al. 2009; Rosa et al., 2021). In general,
all these benefits resulted in improved productivity and also in the quality of the harvested
product.

a) Seed Treatment

Using A. nodosum in seed treatment increased the activity of an amylase that is independent
from gibberellin, thus improving germination potential, embryonic development and
maintaining seed vigor (Rayorath et al., 2008). These data corroborate those found by
Carvalho (2013) for beans and soy and those found by Santos et al. (2019) for sunflower,
where seeds treated with A. nodosum extract showed a higher emergence speed rate, root
length, plant height, number of pods, number of grains per pod and productivity.

In the same way that it happened for bean, soy and sunflower crops, the application of A.
nodosum in corn seed treatment promoted root growth (48%), increased the number of
grains per ear (62%) and the dry weight of grains (103%) when compared to the control
treatment (Carvalho, 2013). This increase in the root system is due to the increase in amylase
independent from gibberellin promoted by the application of A. nodosum (Rayorath et al.,
2008). It is well-known that amylase increases the metabolic conversion that originate the
seedlings, favoring the growth and establishment of plants in the field (Marcos Filho, 2015).
For the developmental and reproductive parameters, it is related to the increments to the
greater mobilization of photoassimilates to the pods and fruits when the plant is at this stage
(Khan et al., 2009; Marcos Filho, 2015).

The literature has also shown that corn plants that were treated with A. nodosum showed
greater root length and volume, especially secondary roots (Figure 1), which are responsible
for absorbing water and nutrients (Ertani et al., 2018).
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Figure 1. Comparison between untreated corn roots (left) and corn roots treated with algal extract (right). The
image was obtained using the Epson Expression 10000XL 1.0 system, equipped with the WinRHIZO analysis
system. (Ertani et al., 2018).

b) Efficiency in using nutrients and improvements in the harvested
product

Recent studies report that the application of A. nodosum improves the absorption and
efficiency of nutrients and, consequently, reflects on the final quality of the fruit (Norrie et al.,
2002; Khan et al., 2009; Frioni et al., 2018; Pereira et al., 2020).

Thus, increases in macro and micronutrient concentrations in corn, wheat, tomato, spinach
and olive trees were reported after application of A. nodosum extract (Chouliaras et al., 2009;
Fan et al., 2013; Sen et al., 2014; Di Stasio et al., 2018; Shukla & Prithiviraj, 2021).

The A. nodosum extract induces the production of glutathione synthetase, an enzyme that
is responsible for converting ammonium into glutamine in an important pathway of nitrogen
(N) assimilation metabolism in plants (Oliveira et al., 2002). Still in the N metabolism, the
application of A. nodosum induces increases in the expression of nitrate reductase, another
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important enzyme in the N assimilation process as it is responsible for converting nitrate to
nitrite (Fan et al., 2013). Showing the importance of this compound in the absorption pathways
and increase in the efficiency of nitrogen use by plants.

Nutrient concentration was evaluated in corn plants treated with A. nodosum extract and

it was found that the levels of elements such as calcium (Ca), magnesium (Mg), sulfur (S)
and molybdenum (Mo) increased by up to three times after the extract was applied when
compared to the control treatment (Ertani et al., 2018). Also, according to the authors,
elements such as boron (B), iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu) increased
their concentrations, but at a lower intensity than those mentioned above.

Biological aging is nothing more than an oxidative process that causes membrane degradation
associated with cell tissue death (Hodges et al., 2004). When associated with post-harvest
processes, biological aging is linked to decreased enzymatic activity, loss of pigments and
membrane ruptures, always resulting in quality losses (Hodges et al., 2004; Fan et al., 2014).

Literature has shown that the application of A. nodosum increases not only the quality of
the harvested product but also the shelf life (Fan et al., 2014; Frioni et al., 2018). This work
shows that the application of algae extract induces changes in physiology, mainly related to
the secondary metabolism of plants, which improve shelf life (Fan et al., 2014). Among the
related compounds, we can mention phenolic and anthocyanins compounds and enzymes of
the antioxidant system - (e.g. peroxidases) - which slow down the degradation process and
maintain the integrity and turgor of cells (Fan et al., 2014).; Di Stasio et al., 2018; Frioni et al.,
2018; Melo et al., 2018).

c) Stress mitigation

Plants under stress increase the amount of reactive oxygen species (EROS) that disrupt

cell homeostasis leading to apparent oxidative damage and even cell death (Zhang et al.,
2016; Rosa et al., 2021). As stated earlier, plants are able to adapt to alleviate stressful
situations through their adaptive responses to the environment and these responses involve
physiological, biochemical and morphological changes (Taiz et al., 2017; Rosa et al., 2021).

In Brazil, the main stresses that plants are subject to are water deficit and, as a consequence,
excess light; high temperatures and, occasionally, the salinity that may occur, largely due to
the nutrient sources used in fertigation or in drier areas and pest and disease attacks. Bearing
in mind that all these, in one way or another, resulted in the production of EROS in different
parts of the plants and under different intensities.

Water deficit has a direct influence on the photosynthesis process by affecting the opening
and closing of stomata, CO2 assimilation and, consequently, low protein assimilation and sugar
conversion (Santaniello et al., 2017). The result of these alterations results in high levels of
EROS, mainly hydrogen peroxide and superoxide radicals.

(Santaniello et al., 2017).
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To attenuate the damage caused by EROS due to lack of water are the metabolic control of
transpiration, photosynthesis, increased enzyme activity (SOD, CAT, APX) and osmotic and
stomatal controls (Santaniello et al., 2017; Pereira et al., 2020; Rosa et al., 2021). Remembering
that most of these processes are regulated by abscisic acid. The morphological changes of
roots, both in volume and in length, are also adaptation mechanisms that occur for plants to
explore a greater volume of soil and have more access to water and nutrients.

Always related to the water deficit, there is excess light and the increase in respiration and
transpiration to maintain the temperature of the leaves. Thus, while the absorbed light is

used by the photosynthetic apparatus, thermal energy is dissipated so that it does not cause
damage to chlorophylls (Santaniello et al., 2017; Taiz et al., 2017). On the other hand, when
there is a surplus of light, which happens under water deficit, if this dissipation does not occur,
there is an accumulation of EROS and the enzymatic mechanisms must act to mitigate the
damage (Santaniello et al., 2017; Pereira et al., 2020).

During photosynthesis and respiration, there is a sequence of reactions that always involve
strong electron reducers, and among the products of the reactions are superoxide radicals,
hydrogen peroxides and hydroxyl radicals that are highly reactive EROS (Sewelam et al., 2016;
Taiz et al., 2016; Taiz et al. al., 2017). For cells to detoxify, antioxidant metabolism must be
activated and several enzymes and nutrients are necessary for this process to take place, as
can be seen in Figure 2 (Sewelam et al., 2016; Taiz et al., 2017).
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Figure 2. Sequence of events leading to the formation of Reactive Oxygen Species (ROS) in plants and enzymes
involved in the detoxification process in cells. Adapted from Sewelam et al. (2016) and Taiz et al. (2017).
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Applications of A. nodosum targeting plant tolerance to both biotic and abiotic stresses have
been widely used in agriculture (Jayaraman et al., 2011; Rosa et al., 2021; Shukla & Prithiviraj,
2021).

Responses to stress attenuation have been attributed to the different methods of action that
are possible through the application of A. nodosum (Shukla et al. 2019). The main modes of
action presented are increased hormonal modulation; osmotic control; improvement in nutrient
efficiency and utilization; in nitrogen and sulfur metabolism; on the activities of the antioxidant
system and on secondary metabolism; conformational changes; enlargement of the root
system; among others (Khan et al., 2009; Santaniello et al., 2017; Shukla et al., 2019; Pereira

et al., 2020).

IMPROVER
MAX

Maximum Potential in seed treatment

As seen so far, algae extracts are applied under different forms and intentions, but always
with the same aim of improving the response of plants through stimuli, whether in terms of
efficiency of use and improvement of the harvested product or in the attenuation of stress.
Thus, Improver Max Technology offers the best response in the field in seed treatment for
grasses, especially for corn, wheat and rice crops.

Improver Max improves seed coating and is compatible with microorganisms used in TS
(Figure 3).

A)

IMPROVER
MAX

Control
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B) Trichoderma Azospirillum

IMPROVER
MAX

Figure 3. (A) Recoating wheat seeds, where some seeds were left uncoated in the control treatment while in
the Improver Max treatment, the seeds were more uniformly treated. (B) Compatibility of Improver Max with
Tricoderma spp. and Azospirillum spp.

In addition to better seed coating and compatibility with TS microorganisms, Improver Max
offers a balance between physiological and nutritional effects all in one product:

I. It enhances the expression of seed vigor, promoting greater uniformity in the initial
development of plants.

Il. It promotes greater development of the root system, allowing a greater volume
of exploited soil.

lll. The formation of a deep and branched root system promoting greater physiological
balance and increasing tolerance to water deficit, especially when it comes to crops planted
in a rainfed system (Figure 4).
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Control MPROVER
MAX

Figure 4. Control treatment plants (left) and Improver Max plants (right) at V-6 stage under dry conditions for 12
days without rain (Photo: Innovation Center - ICL South America).

As a result of these benefits, there is a greater accumulation of biomass in corn plants starting
in the initial stages. In addition to this increase, there is also an increase in the nutrient content
of the shoots of the plants in the field (Figure 5). Showing that in addition to improvements

in plant metabolism, Improver Max also promoted greater plant growth and access to more
nutrients upon emergence.
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Figure 5. Nutrient accumulation in corn plants at the V6 stage. Source: ICL s Innovation Center South America.

Molybdenum (Mo) plays an important role in drought resistance, as it participates in the
regulation of abscisic acid, which will induce the accumulation of compatible solutes, act to
close the stomata and in root growth (Marschner et al., 2012; Taiz et al., 2012; Taiz et al. al.,
2017).
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Improver Max increases stress tolerance in the initial moments of the crop, promoting

the osmotic adjustment of the water potential of the plants without reducing turgidity and
preventing dehydration (Figure 8). It is worth noting that as the soil dries, its water potential
becomes increasingly negative and plants can only absorb water when their water potential

is more negative than that of the soil (Taiz et al., 2017). Thus, the osmotic adjustment and,
consequently, the accumulation of compatible solutes through the cells is a process that aims
to protect the membranes against desiccation, replacing water molecules or preventing their
exit. Leaves that can make the osmotic adjustment maintain turgidity at lower water potentials,
which allow them to continue to grow and make it easier for the stoma to open (Taiz et al.,
2017).

It has been observed that, in general, increase in cooling tolerance is related to an increase
in the concentration of compatible solutes in the cells. The accumulated solutes are: proline,
sugar alcohols (sorbitol and mannitol) and betaine.

- Osmotic effect: through vacuole accumulation, sugars decrease the amount of ice formed
and can therefore increase the cell’s tolerance to increased dehydration

- Water crystallization is directly related to the concentration of solutes and it is expected that
the higher the concentration of solutes in the cell and the higher the presence of hydrophilic
substances, the lower the lethal temperature and evidently the higher the tolerance of the
cell, and considering that the amount of frozen water is equivalent to cellular dehydration, the
higher the concentration of cellular juice, the lower the dehydration and consequent damage.

- Mo in ABA regulation: Mo deficient plants are more sensitive to low temperature stress,
probably due to the effect of Mo on ABA biosynthesis.

Learn more about this new technology with proven results in the field (Figures 6 to 8)!

Rice crop results
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Figure 6. Comparison between rice seedlings under control treatment (A) and seedlings treated with Improver
Max (B); shoot and root length (C), shoot and root area (D) and shoot and root volume (E) of rice seedlings at the
V3 stage. Productivity results in irrigated rice fields (F and G).
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Corn crop results
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C)

Corn crop results

Figure 7. Comparison between corn seedlings under control treatment (A) and seedlings treated with Improver
Max (B); Productivity results in cornfields conducted across the country (C).

Wheat crop results
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Figure 8. Comparison between wheat seedlings under control treatment (A) and seedlings treated with Improver
Max (B); shoot and root length (C), shoot and root area (D) and shoot and root volume (E) of wheat seedlings at
the V3 stage. Productivity results in wheat fields (F).
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seed treatment
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Recommended Dose:
Rice: 1.0 mL/kg of seed
Corn: 100 mL/ha

Wheat: 1.5 mL/kg of seed

No. 05 - August/2021 /L\ICL 15



Stress in grasses: understanding the physiology

Innovation Center | News \ and management for mitigation.

BIBLIOGRAPHY

Carvalho, M. E. A. Efeitos do extrato de Ascophyllum nodosum sobre o desenvolvimento e
producdo de cultivos. Dissertagdo (ESALq / Fisiologia e Bioquimica de Plantas), Piracicaba,
2013, 69p.

Castro, P. R. C. Utilizacado de reguladores vegetais na fruticultura, na horticultura e em plantas
ornamentais. Piracicaba: ESALQ-DIBD, 1998. 92p.

Cato, S. C. Acdo bioestimulante nas culturas do amendoinzeiro, sorgo e trigo, interagdes
hormonais entre auxina, citocinina e giberelinas. Tese (ESALq, Fitotecnia), Piracicaba, 2006, 73

p.

Chouliaras, V.; Tasioula, M.; Chatzissavvidis, C.; Therios, I.; Tsabolatidou, E.;: The effects of a
seaweed extract in addition to nitrogen and boron fertilization on productivity, fruit maturation,
leaf nutritional status and oil quality of the olive (Olea eropea) cultivar Koroneiki. J. Sci. Food
Agricul., v. 89, p. 984-988, 2009.

Di Stasio, E., Van Oosten, M. J,, Silletti, S., Raimondi, G., dellAversana, E., Carillo, P.; Maggio,
A. Ascophyllum nodosum-based algal extracts act as enhancers of growth, fruit quality, and
adaptation to stress in salinized tomato plants. J. Appl. Phycol., v.30, p. 2675-2686, 2018.

Ertani, A.; Francioso, O.; Tinti, A.; Schiavon, M.; Pizzeghello, D.; Nardi, S. Evaluation of seaweed
extracts from Laminaria and Ascophyllum nodosum spp. as biostimulants in Zea mays L. using
a combination of Chemical, biochemical and morphological approaches. Front. Plant Science,
v. 9, article 428, 2018.

Fan, D. Hodges, D. M.; Critcheley, A. T.; Prithiviraj, B. A comercial extract of brown macroalga
(Ascophyllum nodosum) affects yield and the nutritional quality of spinach in vitro. Commun.
Soil Sci. Plant Anal., v. 44, p. 1873-1884, 2013.

Fan, D.; Kandasamy, S.; Hodges, D. M.; Critcheley, A. T.; Prithiviraj, B. Pre-harvest treatment of
spinach with Ascophyllum nodosum extract improves post-harvest storage and quality. Scient.
Horticul., v. 170, p. 70-74, 2014.

Frioni, T.: Sabbatini, P.; Tombesi, S.: Norrie, J.; Poni, S.; Gatti, M.; Palliotti, A. Effects of a
biostimulant derived from the brown seaweed Ascophyllum nodosum on ripening dynamics
and fruit quality of grapevines. Sci. Hortic., v. 232, p. 97-106, 2018.

Hodges, D. M.; Lester, G. E.; Munro, K. D.; Toivonen, P. M. A. Oxidative stress:
importance for postharvest quality. Hortscience, v. 39, p. 924-929, 2004.

Jayaraman, J.; Norrie, J.; Punja, Z. K.; Commercial extract from the brow seaweed Ascophyllum

nodosum reduces fungl diseases in greenhouse cucumber. J. Appl. Phycol., v. 23, p. 353-361,
2011.

No. 05 - August/2021 IL\ICL 16



Stress in grasses: understanding the physiology

Innovation Center | News \ and management for mitigation.

Khan, W.; Rayirath, U. P.; Subramanian, S.; Jithesh, M. N.; Rayorath, P.; Hodges, D. M.;
Critchley, A. T.; Craigie, J. S.; Norrie, J.; Prithiviraj, B.; Seawed extracts as biostimulants of
plant growth and development. J. Plant Growth Regul., v. 28, p. 386-399, 2009.

Kumar, G.; Sahoo, D. Effect of seaweed liquid extract on growth and yield of Triticum aestivum
var. Pusa Gold. J. Appl. Phycol., v. 23, p. 251-255, 2011.

Mackinnon, S. A.; Craft, C. A,; Hiltz, D. Ugarte, R. Improved methods of analysis for betaines
in Aschophyllum nodosum and its commercial seaweed extract. J. Appl. Phycol., v. 22, p. 489-
494, 2010.

Marcos Filho, J. Seed vigor testing: an overview of the past, presente ande future perspective,
Sci. Agric., v. 72, n.4, p. 363-374, 2015.

Melo, T. A.; Serra, . M. R. S.; Sousa, A. A.; Sousa, T. Y. O.; Pascholati, S. F. Effect of
Ascophyllum nodoum seaweed extract on post-harvest “Tommy Atkins” mangoes. Rev. Bras.
Frutic., v. 40, n. 3, (e-621), 2018.

Norrie, J.; Branson, T.; Keathley, P. E. Marine plant extracts impact on grape yield and quality.
Acta Hortic., v. 594, p. 315-319, 2002.

Oliveira, A. L.; Urquiaga, S. Dobereiner, J. Baldani, J. I. The effect of inoculating endophytic N2-
fixing bacteria on micropropagated sugarcane plants. Plant Soil, v. 242, p. 205-215, 2002.

Pereira, L.; Morrison, L.; Shukla, P. S.; Critchley, A. T. A concise review of the brow macroalga
Ascophyllum nodosum (Linnaeus) Le Jolis. J. Appl. Phycol., v. 32, p. 3561-3584, 2020.

Rayorath, P.; Jithesh, M. N.; Farid, A.; Khan, W.; Palanisamy, R.; Habkins, S. D.; Critchley, A. T;
Prithiviraj, B. Rapid bioassays to evaluate the plant growth promoting activity of Ascophylum
nodosum (L.) Le Jol. Using a model plant, Arabdopsis thaliana (L.) Heynh. J. Appl. Phycol., v.

20, p. 423-429, 2008.

Rosa, V. R.; Santos, A. L. F.; Silva, A. A.; Sab, M. P. V.; Germino, G. H.; Cardoso, F. B.; Silva, M.
A. Increased soybean tolerance to water deficiency through biostimulant based on fulvic acids
and Ascophyllum nodosum (L.) seaweead extract. Plant Physiology and Biochymistry, v. 158, p.
228-243, 2021.

Salysbury, F. B.; Ross, C. W. Fisiologia das plantas. Sao Paulo, Cengage Leaning, 2012, p. 391-
393

Santaniello, A.; Scartazza, A.; Gresta, F.; Loreti, E.; Biasone, A.; Tommaso, D.; Piaggesi, A;
Perata, P. Ascophyllum nodosum seaweed extract alleviates drought stresse in Arabidopsis by
affecting photosynthetic performance and related gene expression. Front. Plant Science, v. 8,
article 1362, 2017.

No. 05 - August/2021 IL\ICL 17



Stress in grasses: understanding the physiology

Innovation Center | News \ and management for mitigation.

Santos, P. L. F.; Zabotto, A. R.; Jordao, H. W. C.; Villas-Boas, R. L.; Broetto, F.; Tavares, A. R.
Use of seaweed-based biostimulant (Ascophyllum nodosum) on ornamental sunflower seed
germination and seedling growth. Ornam. Hortic., v. 25, n.3, p. 231-237, 2019.

Sen, A.; Srivastava, V. K.; Singh, R. K.; Singh, A. P.; Raha, P.; Ghosh, A. K.; De, N.; Rakshit,

A.; Meena, R. N.; Kumar, A.; Prakash, O.; Ghosh, M. K.; Manea, M.; Upadhyay, P. K. Soil and
plant responses to the application of Ascophyllum nodosum extract to no-till wheat (Triticum
aestivum L.). Com. Soil Sci. Plant Anal., v. 46, p. 123-136, 2014.

Sewelam, N.; Kazan, K.; Schenk, P. M. Global plant stress signaling: reactive oxygen species at
the cross-road. Front. Plant Science, v. 7, article 187, 2016.

Shukla, P. S.; Martin, E. G.; Adil, M.; Bajpai, S.; Critchley, A. T.; Prithiviraj, B. Ascophyllum
nodosum-based biostimulants: Sustainable applications in agriculture for the stimulation of
plant growth, stress tolerance, and disease management. Front. Plant Science, v. 10, article
655, 2019.

Shukla, P. S.; Prithiviraj, B. Ascophyllum nodosum biostimulant improves the growth of Zea
mays grown under phosphorous impoverished conditions. Front. Plant Science, v. 11, p. 1-17,
2021.

Taiz, L., Zeiger, E. Fisiologia Vegetal. 5th. ed. Porto Alegre, Artmed, 2013.

Taiz, L.; Zeiger, E.; Maller, |. M.; Murphy, A. Fisiologia e desenvolvimento
vegetal. 6th. edn. Porto Alegre, Artmed, 2017.

Zhang, J.; Liu, J.; Yang, C.; Du, S.; Yang, W. Photosynthetic performance of soybean plants to
water déficit under high and low light intensity. South Afr. J. Bot., v. 105, p. 205-279, 2016).

No. 05 - August/2021 IL\ICL 18



Impact for a Sustainable Future

Customer Service:

Av. Paulista, 1754 - 3° andar

CEP 01310-920 - Sdo Paulo - SP
Phone: (11) 3016-9600 (S&o Paulo)
0800 702 5656 (other locations)
www.iclamericadosul.com

Certified System:

(0 150

9001

74007

N
B
3
<
c
o
@
2
(%
>



