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1. Introduction

Broccoli (Brassica olerica L.) belongs to cruciferous 
family, a plant of genus Brassica, with 18 chromosomes 
(Dixon, 2007). It is famous for its good taste, flavor and 
maximum nutritional and curative or palliative value. 
It contains 89.1% water, 2500 IU of vitamin A and 113 mg 
of vitamin C/100g (Dhaliwal, 2012). High contents of active 

phytochemicals (glucosinolates and sulphoraphane) in 
broccoli proved it as vegetable having anti-cancer attributes 
(Guo et al., 2001; Zhao et al., 2007). In the recent decade, 
the consumption and interest of broccoli increased due 
to its nutritive value (Martínez-Sánchez et al., 2008). 
The busy lifestyle abridged the time devoted to cook 
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quality of broccoli. In this regard, the effects of pre-harvest 
foliar spraying of seaweed extracts and amino acids on 
five promising broccoli varieties were investigated under 
local climate conditions. Therefore, the aim of this study 
was to evaluate the crop growth, yield and activity of 
antioxidant enzymes of promising broccoli varieties under 
foliar application of bio-stimulants.

2. Material and Methods

2.1. Experimental material

Seeds of the five cultivars vis., Marathon, Barostar, 
Waltham-29, Green Pia and Premium were acquired from the 
local market of Faisalabad. Two commercial bio-stimulants 
“Wokozim” (active ingredient seaweed extract) and “Isabion” 
(a source of amino acid) were purchased from “Jaffar Brothers 
limited” and “Syngenta Pakistan”, respectively. Three types 
of fertilizers viz. Urea, Diammonium phosphate (DAP) 
and Muriate of Potash (MOP) acquired from Institute of 
Horticultural Sciences, University of Agriculture Faisalabad.

2.2. Experimental site and land preparation

This field-based research trial was conducted at Vegetable 
Research Area, Institute of Horticultural Sciences, University 
of Agriculture Faisalabad, during 2018-19. The experimental 
site was ploughed with the help of cultivator, followed 
by rotavator application to finely pulverize the soil. After 
ploughing and planking a tractor driven ridger was used to 
prepare ridges having dimensions (36ʺ × 36ʺ). Recommended 
dose of fertilizer (by Agriculture Department of Punjab) was 
broadcasted at experimental site uniformly. Urea, DAP and 
MOP were broadcasted at the rate of 50 kg, 80 kg and 15 kg 
acre-1 respectively to meet the nitrogen, phosphorous and 
potash requirement.

2.3. Design and treatments

The experiment was conducted in randomized 
complete block design (RCBD) having three replications. 
Five promising varieties i.e., Baroster = V1, Green Pia = V2, 
Marathon = V3, Premium = V4, Waltham-29 =V5, and nine 
treatments of bio-stimulants viz., To = control; T1 = Izabion 
2 ml L-1; T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; 
T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; 
T6 = Seaweed Extract 6 ml L-1; T7 = Izabion 2 ml L-1+ Seaweed 
Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml 
L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1 were 
used in the experiment. 

2.4. Field management

The 30 days old broccoli seedlings of five different 
cultivars were transplanted on top of ridge while 
maintaining 1.5 feet plant to plant distance. After 
transplanting, seedlings were observed on regular basis 
and dead or injured seedlings were replaced with healthy 
ones from the nursery. Ten treatments of bio-stimulants 
were evaluated for their efficacy to stimulate growth, 
yield and nutritional quality. In the control treatment of 
bio-stimulant plants were not treated with biostimulants. 

food, so the use of slightly processed leafy vegetables 
marketed as ready-to-eat salads has been augmented 
(Martínez-Sánchez et al., 2012). In the world market, about 
40% of this vegetable is sold as fresh, while the remaining 
60% is sold as frozen food (Stoessel et al., 2012). However, 
lack of promising varieties and production technology, 
retarded crop growth, poor plant population, hampered 
yield and low quality are major bottlenecks in successful 
production of broccoli.

Bio stimulants are  substances applied to agricultural 
and horticultural crops to enhance yield, mend quality, 
augment plant tolerance to biotic or a-biotic stress, and 
increase nutritional efficacy (Du Jardin, 2015). The use 
of bio stimulants in agriculture has known as suitable 
alternative of synthetic fertilizer to increase the yield and 
dietary value of food crops. Bio stimulants are known as 
good healthy compounds that promote healthy impacts on 
plants (Haider et al., 2012). Majorly, these bio stimulants 
reduce the synthetic fertilizer usage, thus positively 
influencing vegetative and reproductive growth of plant 
(Nardi et al., 2009). The application of bio stimulants in 
vegetables induces earliness; enhances fruit set and fruit 
size (Yakhin et al., 2017). Bio stimulants affects plant 
processes by influencing physiological (Vaccaro et al., 2009) 
and biochemical mechanism (Ertani et al., 2013). 
Bio stimulants enhance nitrogen assimilation through onset 
and transcription of N metabolism (Ertani et al., 2009). 
Furthermore, initiation of the metabolic systems 
associated with the production of phenyl propanoids in 
plants treated with bio stimulants thus entails that how 
these molecules react to modulate the stress situations 
(Schiavon et al., 2010).

Among bio stimulants, seaweed and amino acid extract 
have been used throughout the world for promoting plant 
growth and yield (Herrera et al., 2014). Seaweed based bio 
stimulants improve drought tolerance water use efficiency, 
and nutrient utilization in plants (Arioli et al., 2015). Seaweeds 
constitute many important compounds like amino acid, 
proteins, lipids, phenol, fibre, polysaccharides and pigments 
which are valuable for health benefits and agriculture 
utilization (Mišurcová et al., 2011; Pérez and Rojas, 2016). 
Seaweed extracts application in agricultural practices 
improve germination of seed, flowering, leaf quality 
and functioning, root development and architecture, 
improves defense mechanism against pest and pathogens 
(Zhang et al., 2002), fulfills deficiency of nutrients 
(Arioli et al., 2015). Amino acids are obtained by enzymatic 
protein hydrolysis from agro based industrial by-products, 
both from animal waste e.g. epithelial tissues, collagen, 
and plants e.g. crop residues (Du Jardin, 2015). These 
bio-stimulants contain macro and microelements as well as 
fats (Parrado et al., 2008). Protein hydrolysates act as stimulus 
for nitrogen and carbon metabolism (Schiavon et al., 2008). 
Amino acids not only augment plant defense mechanism but 
also the ability to tolerate stresses e.g. salinity, temperature 
and oxidative stress (Ertani et al., 2013).

In Pakistan, broccoli was introduced as salad crop 
however it could not make a significant mark in its 
cultivation (Zubair et al., 2017). At present, there is a 
little or information on the effect of foliar application of 
seaweed extract and amino acids on growth, yield and 
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While other nine treatments of bio-stimulants were applied 
through foliar application on five broccoli cultivars using 
hand held sprayer. Application of foliar sprays was repeated 
at fortnightly starting from 30 days after transplanting. 
The constant numbers of sprays per plant were applied 
with 20 ml solution per plant.

2.5. Observations and measurements

2.5.1. Growth and development traits

Plant height of randomly selected three plants was 
measured from the bottom horizontal to the top end of 
the main pole with a measuring tape. Numbers of leaves 
plant-1 of each treatment were counted manually. Leaves 
were collected from each treatment of each replicate to 
measure leaf area using a digital leaf area meter in cm2. 
Broccoli plants were uprooted and excised into roots 
and shoots with the help of sterilized scissor and then 
their shoot fresh weight was measured with the help of 
electronic digital weighing balance (3000g/0.1g Electronic 
Balance, made in China) (Arshadullah and Zaidi, 2007). 
Stem diameter of randomly selected three plants from 
each treatment was recorded at final harvest by the use 
of digital Vernier clipper at stem base. Previously, shoots 
taken from each individual plant were placed in separate 
paper bag and kept in air dry oven for 72 hours at 70 ◦C then 
shoot dry weight was measured using electronic digital 
weighing balance. The fresh and dry weight was expressed 
in grams (g). Broccoli heads from each harvested plant were 
kept separately, followed by weighing on electronic digital 
weighing balance. The shoots arising from leaf axils after 
harvesting of main curd develop into secondary curds. 
The numbers of these secondary curds were recorded. 
The secondary curds from three randomly selected plants of 
each treatment were harvested and weighed on electronic 
digital weighing balance and their means were calculated. 
Broccoli heads from each harvested plant were kept 
separately, followed by weighing on electronic weighing 
balance to get the broccoli yield and expressed in grams.

2.5.2. Biochemical traits

At commercial maturity stage fresh sample of broccoli 
were harvested from each treatment. Ice box was used 
to transport samples from field to lab. To measure total 
soluble solids (TSS) juice of fresh samples was acquired 
by using juice extractor (Philips HR 1860, Amsterdam, 
Netherlands). One drop of extracted juice from each 
sample was placed on absolutely dry refractometer 
(N-50E handheld refractometer, Atago Co. Ltd., Tokyo, Japan) 
prism and readings were recorded and expressed as °Brix 
as explained by Esturk et al. (2014). Total soluble sugars 
of fruit juice were determined by following method of 
Yemm and Willis (1954). Juice of one gram fresh sample 
was extracted in 3 ml distilled water and centrifuged for 
15 minutes at room temperature.

Then, anther solution (0.2 g in 100 mL of H2SO4), was 
added in 1 mL of extract, cooled for 5 minutes (in ice) 
and mixed thoroughly. Each sample was observed at 
620 nm and the sugar concentration was expressed 
in % according to glucose calibration curve as followed 

by Cocetta et al. (2015). Superoxide dismutase (SOD) 
activity was assayed after following the protocol of 
Štajner and Popović (2009) by measuring 50% blocking 
of photochemical reduction of NBT. Aliquots of plant 
extracts (100 µL) were mixed with 500 µL of phosphate 
buffer (pH 5), 200 µL of methionine, 100 µL of riboflavin 
and 800 µL of distilled water and placed under UV light 
for 15 minutes, followed by analysis at 560 nm absorbance 
by using UV-Vis spectrophotometer (U2020, IREMCO). 
One unit of SOD activity was expressed on the basis of 
protein contents as U mg-1 protein. The catalase activity was 
detected by mixing 100 µL H2O2 (5.9 mM concentration) 
in 100 uL of plant extract as explained by Bartosz (1995). 
UV-Vis spectrophotometer (U2020, IREMCO) was used 
to take the reading at absorbance of 240nm. Peroxidase 
activity was determined by following method explained 
by Chance and Maehly (1955). 100 uL of plant extract was 
taken and mixed with reaction mixture that involves 800 µL 
of phosphate buffer (50 mM, pH 5), 100 µL of H2O2 (40 mM) 
and 100 µL of 20 mM guaiacol. Readings were taken at 
absorbance of 470 nm by using UV-Vis spectrophotometer 
(U2020, IREMCO).

2.6. Statistical analysis

This research trial was laid out following factorial 
arrangement under RCBD with three replications having 
three plants each (Steel et al., 1997). The data was subjected 
to Tuckey’s test for estimation of significance between 
treatments. Values of p ≤ 0.05 were taken as significant. 
Sigma plot 12.3 was used for developing graphs.

3. Results

The application of bio stimulants in terms of Isabion 
and seaweed extract depicted significant impact on plant 
height and number of leaves of broccoli (Figure 1 and 2). 
The highest plant height (48 cm) was observed in T3 
(6 ml L-1 Isabion application) that is also statistically at par 
with T9 (combination of 6 ml L-1 Isabion + 6 ml L-1 seaweed 
extract). Contrarily, the lowest plant height was observed 
in control treatment (T0) that was 35 cm. Amongst 
cultivars; Barostar gave the highest plant height (46 cm) 
while the lowest plant height (34 cm) was recorded for 
Waltham-29. Similarly, foliar application of 6 ml L-1 Isabion 
resulted in maximum number of leaves (19) that was 
statistically at par when combination of 6 ml L-1 Isabion 
and 6 ml L-1 seaweed extract (T9) was applied (Figure 2). In 
case of cultivars; Green pia produced maximum number 
of leaves (17) that was statistically at par with Baroster 
while, Premium gave the minimum maximum number 
of leaves (14). Application of 6 ml L-1 Isabion alone or 
when applied in combination with seaweed extract 
(T8 and & T9) increased the stem diameter to maximum 
value (24 mm). While, reduced dose of Isabion (2 & 4 ml L-1) 
or seaweed extract (2 & 4 ml L-1) did not increased the 
stem diameter significantly (Figure 3). In case of cultivars; 
on an average maximum stem diameter (22 mm) was 
recorded for Marathon and Green Pia followed by 
Premium (20 mm) cultivar. Whereas, the lowest stem 
diameter (19 mm) was recorded for cultivar Barostar. 
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Figure 1. Impact of bio-stimulants foliar application on plant height (cm) of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 2. Impact of bio-stimulants foliar application on numbers of leaves of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 3. Impact of bio-stimulants foliar application on stem diameter (mm) of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).
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On an average, the maximum value for leaf area (509 cm2) 
was recorded when 4 ml Isabion (T2) and 4 ml L-1 
Seaweed extract (T5) alone or in combination (T8) applied 
exogenously. Whereas, the control treatment gave the 
minimum leaf area (461 cm2) as presented in Figure 4. 
In case of cultivars, maximum leaf area was recorded 
for Marathon (607 cm2) followed by Barostar (559 cm2), 
Waltham-29 (465 cm2), Green Pia (431 cm2), and Premium 
(394 cm2).

Date presented in Figure 5 and Figure 6 showed that 
bio-stimulant application in the form of Isabion (T3) 
or Seaweed extract (T5) alone or in combination gave 
maximum shoot fresh weight (193 g) and dry weight 
(27 g) as compared to control treatment (182 g fresh 
weight and 25 g dry weight). Regarding cultivars: the 
highest shoot fresh weight (213 g) dry weight (29 g) was 
attained in Waltham-29 followed by cultivar Premium. 

Whereas, lowest fresh and dry weight was recorded for 
cultivar Green pia (Figure 5 and 6). It was observed that 
application of bio-stimulant did not influence the number 
of secondary curds (Figure 7). However, Waltham-29 cultivar 
produced significantly higher number of secondary curds (9) 
followed by Marathon (6) and Green Pia (5). While minimum 
number of secondary curds (4) were recorded in Barostar and 
Premium cultivars. It was observed that exogenous application 
of bio-stimulant increased the broccoli yield significantly as 
represented in Figure 8. Among the bio-stimulant treatments, 
4 ml Isabion or 4 ml L-1 Seaweed extract either in alone 
or in combination exhibited the highest yield potential 
(569 g) as compared to control treatment (529 g). In case of 
cultivars, the highest yield (751 g) was observed in broccoli 
cultivar Waltham-29 followed by Marathon (645 g), and 
Green Pia (509 g). While minimum broccoli yields (437 g) 
was recorded for Baroster cultivar (Figure 8).

Figure 4. Impact of bio-stimulants foliar application on leaf area (cm2) of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 5. Impact of bio-stimulants foliar application on shoot fresh weight (g) of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).
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Figure 6. Impact of bio-stimulants foliar application on shoot dry weight (g) of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1. 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 7. Impact of bio-stimulants foliar application on number of secondary curds of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 8. Impact of bio-stimulants foliar application on yield potential (g) of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).
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Data presented in Figure 9 sowed that total soluble 
solids (TSS) were not influence by bio-stimulant 
application or across the cultivar. However, maximum 
TSS (7 °Brix) was recorded when 4 ml L-1 Seaweed 
extract was exogenously applied on cultivar Barostar. 
While, least TSS (4.7 °Brix) value was recorded when 
Seaweed extract was applied on Green Pia cultivar. 
Among bio-stimulant treatments, 4 ml Seaweed extract 
and 4 ml L-1 Isabion application exhibited the increased 
TSS contents (Figure 9). Statistical analysis revealed that 
total soluble sugars did not influence significantly across 
the cultivars or bio-stimulant treatments. However, on 
an average the highest total sugar (86%) was recorded in 
non-treated Barostar plants while, minimum total sugar 
contents (63%) was observed in cultivar Marathon when 
it was treated with 6 ml L-1 Isabion (Figure 10). Data 
revealed that application of 2 ml L-1 Seaweed extract 
increased the SOD activity and gave the maximum value 
of SOD activity (868 U mg-1 Protein). Increasing rate of 
application of bio-stimulant decreased the SOD activity 
and least SOD activity was recorded when 4 ml L-1 
Isabion in combination with 4 ml Seaweed extract was 
applied (Figure 11). In case of cultivars, the highest SOD 
activity (742 U mg-1) was noted in Green Pia cultivar. 

Whereas, the lowest SOD activity (710 U mg-1) was noted in 
Barostar cultivar. The highest protein contents values (0.27) 
were recorded under the exogenous application of 
bio-stimulant in treatment T5 (2 ml L-1 Seaweed extract), 
T7 (2 ml L-1 Seaweed extract in combination with 2 ml L-1 
Isabion) and T8 (4 ml L-1 Seaweed extract in combination 
with 4 ml L-1 Isabion). Regarding cultivars maximum protein 
contents were noted for Barostar cultivar (0.27), while 
minimum protein contents (0.24) were recorded in Premium 
cultivar (Figure 12). Data regarding CAT activity depicts that 
the highest CAT activity (4.71 nmol min−1 g−1 proteins and 
4.46 nmol min−1 g−1 proteins) were recorded when 2 ml L-1 
and 4 ml L-1 Isabion was applied on Waltham-29 and Green 
pia cultivars, respectively (Figure 13). While, minimum CAT 
activity was recorded in control treatment as compared to 
treatments where bio-stimulant were exogenous applied. 
Data regarding POD activity revealed that application of 
6 ml L-1 Isabion (T3) and application of 6 ml L-1 Isabion in 
combination with 6 ml L-1 Seaweed extract (T9) enhanced 
the POD activity to maximum 38 µmol min−1 g−1 protein 
and 30 µmol min−1 g−1, respectively (Figure 14). However, 
minimum POD activity was recoded for premium cultivar 
(26 µmol min−1 g−1) when reduced dose of Isabion 
(2 ml L-1 Isabion) was used (23.7 µmol min−1 g−1).

Figure 9. Impact of bio-stimulants foliar application on total soluble solids (cm) of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 10. Impact of bio-stimulants foliar application on total soluble sugars of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).



Brazilian Journal of Biology, 2023, vol. 83, e2633028/12

Iqbal, W. et al.

Figure 11. Impact of bio-stimulants foliar application on superoxide dismutase of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1. 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 12. Impact of bio-stimulants foliar application on protein contents of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05).

Figure 13. Impact of bio-stimulants foliar application on catalase activity of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; 
T7 = Izabion 2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; 
Values sharing different lettering for a parameter are different significantly (p ≤ 0.05). 
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Similarly, El-Abagy et al. (2014) also investigated the effect 
of Isabion on growth and productivity of onion and 
found that plant height responded positively to different 
application rates and sources of Isabion. Similar trends 
were shown in case of seaweed extract foliar application 
on potato and found that seaweed extract foliar application 
increased plant growth significantly in comparison to 
control treatment (Haider et al., 2012). Research study of 
Khan et al. (2012) explained that application of seaweed 
extract and amino acid mixtures resulted in increased 
leaf size (41.5%), number of bunches cane-1, chlorophyll 
content (18.15 mg g-1), (6.66%), rachis length (13.5%), and 
berry weight (14.78%). Increment in leaf size could be 
attributed to increase in level of endogenous hormonal 
that was attained due to the hormonal action of seaweed 
extract application. Similarly, the increase in leaf size could 
be attributed to the increased physiological response 
caused by the organic matter in the seaweed extract. Sugar 
act as an effective signal molecule and a direct substrate 
of intermediate metabolism. Hence the availability of 
sugar is a powerful driving force for plant growth and 
development (Zheng et al., 2016). In addition, the increase 
in leaf area is due to the iron and manganese content in 
the seaweed extract, which strengthens the endogenous 
hormone levels of the treated plants, thereby enhancing 
the photosynthesis process, resulting in an increase 
in chlorophyll production, and a positive impact on 
growth parameters. Foliar application of seaweed extract 
significantly increased the size of watermelon leaves 
because of the presence of auxins, gibberellins, cytokinins, 
ethylene precursors and betaine, which may enhance the 
growth response of plants (Abdel-Mawgoud et al., 2010). 
The results confirmed by the study of Khan et al. (2012) 
that applying seaweed during flowering and fruit setting 
can increase the leaf area of grapes by 1.7 times. Increased 
chlorophyll contents due to exogenous application of 
seaweed extract could be attributed to increase in the 
respiration and photosynthesis rates and higher level of 
amino acid in treated plants (Awad et al., 2007).

4. Discussion

The growth, yield and quality of broccoli were 
considerably improved by application of bio-stimulants 
(Figure 1-14). Exogenous application of bio-stimulant limits 
the negative effect of environmental stress on crop especially 
leafy vegetables. The research study of Toscano et al. (2021) 
concluded that application of natural bio-stimulants acquired 
from plants resulted in improving crop yield and quality. 
Similarly, study of Kałużewicz et al. (2018) concluded that the 
nutritional quality of vegetables increased significantly when 
treated with bio stimulants. The growth and development of 
broccoli depends on cell growth and cell cycle progression 
(Sablowski and Dornelas, 2014). Exogenous application of 
bio-stimulant in the form of Seaweed extract and Isabion 
contain compounds such as hormones and plant growth 
regulators, which are known to promote cell growth, basal 
metabolism, and gene expression regulating nutrient 
uptake (Du Jardin, 2015). Hence, for enhanced growth rate 
under normal growing conditions, an adequate supply of 
free amino acid (Isabion) is essential (Zheng et al., 2016). 
Application of bio-stimulant augmented the root and 
shoot growth that could be attributed to availability of 
phosphorus and potassium in seaweed extract. Phosphorus 
and potassium in seaweed extract facilitated the root 
growth that enhanced the root shoot growth ratio along 
with positive effects on enhancing photosynthesis and 
meristematic growth in treated plants (Herrera et al., 2014). 
Beside these macronutrients seaweed extract also contains 
natural growth hormones (auxins and cytokinins).

These growth hormones resulted in enhanced growth 
of plant via stimulating enlargement and division of cells, 
which accordingly increase plant height (Marhoon and 
Abbas, 2015). Results of this study are also supported 
by the study of Awad et al. (2007) which concluded that 
foliar application of Isabion enhanced plant growth, 
yield and other attributes in garlic. It also explained that 
enhanced plant growth, yield and other attributes in garlic 
could be attributed to influence of amino acid directly 
or indirectly on physiological activities of the plants. 

Figure 14. Impact of bio-stimulants foliar application on peroxidase activity of broccoli cultivars. To = control; T1 = Izabion 2 ml L-1; 
T2 = Izabion 4 ml L-1; T3 = Izabion 6 ml L-1; T4 = Seaweed Extract 2 ml L-1; T5 = Seaweed Extract 4 ml L-1; T6 = Seaweed Extract 6 ml L-1; T7 = Izabion 
2 ml L-1+ Seaweed Extract 2 ml L-1; T8 = Izabion ml L-1+ Seaweed Extract ml L-1; T9 = Izabion 6 ml L-1+ Seaweed Extract 6 ml L-1; Values sharing different 
lettering for a parameter are different significantly (p ≤ 0.05).
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Exogenous application of bio-stimulants augmented the 
anti-oxidative behavior in the form of increased SOD, POD 
and CAT activities. Research study of Vasconcelos et al. (2009) 
concluded that influence of bio-stimulant on anti-oxidative 
behavior is mediated by its composition. Accumulation 
as well as synthesis of antioxidant enzymes might be 
connected to higher nutrients contents and enzymatic 
activity that is involved in phytochemical homeostasis 
(Ertani et al., 2014). Bio-stimulant application in the form 
of amino acid on Capsicum chinensis L. not only enhanced 
the antioxidant activity but also ascorbate and capsaicin 
concentration. Study of Kulkarni et al. (2019) concluded 
that application of bio-stimulant governs a positive 
effect on increasing phenylalanine ammonia lyase, an 
enzyme involved in synthesis phenolic acids. Similarly, 
increased antioxidant activity was observed in garlic 
leaves under the application of humic acid (Ekin, 2019). 
Vasantharaja et al. (2019) stated a positive bio-stimulant 
effect related to the on antioxidant activity and phenols 
contents of Vigna unguiculata. Furthermore, bio-stimulants 
primed maize plants protected against oxidative stresses 
by augmenting the the activity of superoxide dismutases 
(Trevisan et al., 2019) a key enzymes associated to 
the antioxidant defence by catalysing the enzymatic 
dismutation of superoxide to H2O2 (Wang et al., 2016).

5. Conclusion

The results exhibited that different concentrations of 
amino acid and seaweed extract have enhanced growth, 
yield and nutritional quality of different selected broccoli 
cultivars. The results also exhibited that combined 
application of 4 ml L-1 seaweed extracts + 4 ml L-1 amino acid 
yielded the highest production, and quality and upregulated 
the antioxidative behaviour of selected broccoli cultivars. 
Moreover, among cultivars Walthom-29 and Marathon 
outperformed in the local condition.

Acknowledgements

We are especially obliged to the Directorate of farms, 
Institute of Horticultural Sciences, University of Agriculture, 
for administrative, manpower and technical assistance 
during the course of study.

References

ABDEL-MAWGOUD, A.M.R., TANTAWAY, A.S., HAFEZM, M. and 
HABIBH, A.M., 2010. Seaweed extract improves growth, yield 
and quality of different watermelon hybrids. Research Journal 
of Agriculture and Biological Sciences, vol. 6, no. 2, pp. 161-168.

ARIOLI, T., MATTNER, S.W. and WINBERG, P.C., 2015. Applications 
of seaweed extracts in Australian agriculture: past, present and 
future. Journal of Applied Phycology, vol. 27, no. 5, pp. 2007-2015. 
http://dx.doi.org/10.1007/s10811-015-0574-9. PMid:26435578.

ARSHADULLAH, M. and ZAIDI, S.A.R., 2007. Role of total plant dry 
weight in the assessment of variation for salinity tolerance 
in Gossypium hirsutum (L.). Balance (Alexandria, Va.), no. 110, 
pp. 600.

Enhanced plant growth and yield due to seaweeds 
extract application could be attributed to increased plant 
nutrient absorption, improved nutrient status through 
several mechanisms including asymbiotic nitrogen fixation, 
dissolved nutrients, iron-absorbing, and production of 
volatile organic compounds (Calvo et al., 2014). Exogenous 
application of Isabion plays a signal transduction role in 
regulating plant roots to obtain nitrogen, reducing nitrate 
and ammonium influx and transport carrier transcription 
(Fan et al., 2006; Miller et al., 2008). Increased flowering 
in plants treated with different levels of bio-stimulants 
was noted as compared to control that could be attributed 
to enhanced cell division (Calvo et al., 2014). Cytokinins 
present in bio-stimulants (seaweed extract) interferes 
with the cellular mechanism, helps in reduction of 
chlorophyll degradation, enhances chlorophyll production 
and photosynthesis processes that led to positive effects 
on growth parameters (Khan et al., 2012).

The increase in the diameter of the treated broccoli 
head may be due to the activity of the plant growth 
regulator present in the bio stimulants. Since the diameter 
of the fruit is the result of the activity of endogenous 
growth regulators, such as increased activity of auxin, 
it stimulates cell division and expansion, and cytokinin 
is related to cell division and thickening of other plant 
organs (Kitano et al., 2008). The increase in curd weight 
might be attributed to the increase in leaf chlorophyll 
content, improved the photosynthesis rate and overall 
health of the broccoli plant. Our results are confirmed 
by the study of Norrie and Keathley (2006) who 
explained that exogenous application of seaweed extract 
increased the berry weight by 26.5%. Seaweed extract 
is known to be yield booster as it enhances activity of 
nitrate reductase which convert nitrate to nitrite. As it 
is an important element for plants to produce proteins, 
nucleic acids and chlorophyll (Thiviya et al., 2022). 
A biostimulants contain micro, macro nutrients along 
with promoting hormones like cytokinins, auxins and 
betaines, which increase chlorophyll production that 
leads to increase vegetative growth and productivity 
(Shehata et al., 2011).

Results clearly showed that total sugars contents vary 
significantly among treated plants. However, control 
treatment exhibited higher total sugars as compared to 
other bio stimulants treated plants. The increase in fruit 
sugar content could be due to the conversion of certain 
components of carbohydrates such as starch into sugars 
by the action of enzymes during ripening (Karemera and 
Habimana, 2014). Moreover, increase in total soluble sugars 
might be due to the increase in the hydrolysis of starch and 
polysaccharides into soluble sugars during plant growth. 
Similarly, higher respiration rate of the curd converts 
stored sugars or starches into energy, to ensure early 
ripening. On the other hand, preharvest-treated amino 
acids and seaweed maintained the rapid growth of total 
sugars during plant growth, which may be related to slow 
plant respiration, high levels of antioxidant enzymes, and 
defense mechanisms against hyper maturity. In Addition, 
the increasing tendency of reducing sugars in fruits and 
vegetables during ripening might be due to the conversion 
of fruit starch to sugars (Wills et al. 1989).

https://doi.org/10.1007/s10811-015-0574-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26435578&dopt=Abstract


Brazilian Journal of Biology, 2023, vol. 83, e263302 11/12

Impact of bio-stimulants on broccoli production

HAIDER, M.W., AYUB, C.M., PERVEZ, M.A., ASAD, H.U., MANAN, A., 
RAZA, S.A. and ASHRAF, I., 2012. Impact of foliar application 
of seaweed extract on growth, yield and quality of potato 
(Solanum tuberosum L.). Soil & Environment, vol. 31, no. 2, pp. 157-162.

HERRERA, R.M.H., RUVALCABA, F.S., LOPEZ, M.A.R., NORRIE, J. 
and CARMONA, G.H., 2014. Effect of liquid seaweed extracts 
on growth of tomato seedlings (Solanum lycopersicum L.). 
The Journal of Applied Psychology, vol. 26, pp. 619.

KAŁUŻEWICZ, A., BĄCZEK-KWINTA, R., KRZESIŃSKI, W., SPIŻEWSKI, T. 
and ZAWORSKA, A., 2018. Effect of biostimulants on chlorophyll 
fluorescence parameters of broccoli (Brassica oleracea var. italica) 
under drought stress and rewatering. Acta Scientiarum 
Polonorum. Hortorum Cultus, vol. 17, no. 1, pp. 97-106. 
http://dx.doi.org/10.24326/asphc.2018.1.9.

KAREMERA, N.J.U. and HABIMANA, S., 2014. Effect of pre-harvest 
calcium chloride on post-harvest behavior of mango fruits 
(Mangifera Indica L.) cv. Alphonso. Universal Journal of Agricultural 
Research, vol. 2, no. 3, pp. 119-125. http://dx.doi.org/10.13189/
ujar.2014.020307.

KHAN, A.S., AHMED, B., JASKANI, M.J., AHMED, R. and MALIK, 
A.U., 2012. Foliar application of mixture of amino acids and 
seaweed (Ascophylum nodosum) extract improve growth and 
physicochemical properties of grapes. International Journal of 
Agriculture and Biology, vol. 14, pp. 383-388.

KITANO, M.M., KUSUMOTO, T., TARKOWSKI, P., TARKOWSKI, K.K., 
VACLAVÍKOV, K., MIYAWAKI, K. and KAKIMOTO, T., 2008. 
Cytokinins are central regulators of cambial activity. Proceedings 
of the National Academy of Sciences of the United States of America, 
vol. 105, no. 50, pp. 20027-20031. http://dx.doi.org/10.1073/
pnas.0805619105. PMid:19074290.

KULKARNI, M.G., RENGASAMY, K.R., PENDOTA, S.C., GRUZ, J., 
PLAČKOVÁ, L., NOVÁK, O., DOLEŽAL, K. and VAN STADEN, J., 
2019. Bioactive molecules derived from smoke and seaweed 
Ecklonia maxima showing phytohormone-like activity in 
Spinacia oleracea L. New Biotechnology, vol. 48, pp. 83-89. 
http://dx.doi.org/10.1016/j.nbt.2018.08.004. PMid:30098416.

MARHOON, I.A. and ABBAS, M.K., 2015. Effect of foliar application 
of seaweed extract and amino acids on some vegetative and 
anatomical characters of two sweet pepper (Capsicum Annuum L.) 
cultivars. International Journal of Research Studies in Agricultural 
Sciences, vol. 1, no. 1, pp. 35-44.

MARTÍNEZ-SÁNCHEZ, A., GIL-IZQUIERDO, A., GIL, M.I. and FERRERES, F.A., 
2008. Comparative study of flavonoid compounds, vitamin C, and 
antioxidant properties of baby leaf Brassicaceae species. Journal 
of Agricultural and Food Chemistry, vol. 56, no. 7, pp. 2330-2340. 
http://dx.doi.org/10.1021/jf072975+. PMid:18321050.

MARTÍNEZ-SÁNCHEZ, A., LUNA, M.C., SELMA, M.V., TUDELA, J.A., 
ABAD, J. and GIL, M.I., 2012. Baby-leaf and multi-leaf of green 
and red lettuces are suitable raw materials for the fresh-cut 
industry. Postharvest Biology and Technology, vol. 63, no. 1, 
pp. 1-10. http://dx.doi.org/10.1016/j.postharvbio.2011.07.010.

MILLER, A.J., FAN, X., SHEN, Q. and SMITH, S.J., 2008. Amino acids 
and nitrate as signals for the regulation of nitrogen acquisition. 
Journal of Experimental Botany, vol. 59, no. 1, pp. 111-119. 
http://dx.doi.org/10.1093/jxb/erm208. PMid:18093964.

MIŠURCOVÁ, L., MACHŮ, L. and ORSAVOVÁ, J., 2011. Seaweed 
minerals as nutraceuticals. Advances in Food and Nutrition 
Research, vol. 64, pp. 371-390. http://dx.doi.org/10.1016/B978-
0-12-387669-0.00029-6. PMid:22054962.

NARDI, S., CARLETTI, P., PIZZEGHELLO, D. and MUSCOLO, A. 2009. 
Biological activities of humic substances. In: N. SENESI, B. XING and 
P.M. HUANG, eds. Biophysico-chemical processes involving natural 
non-living organic matter in environmental systems. Hoboken: 
Wiley, pp. 305-339. http://dx.doi.org/10.1002/9780470494950.ch8.

AWAD, E.M.M., EL-HAMEEDA, M.A. and SHALL, Z.S., 2007. Effect of 
glycine, lysine and nitrogen fertilizer rates on growth, yield and 
chemical composition of potato. Journal of Agricultural Science, 
vol. 32, pp. 8541-8551.

BARTOSZ, G., 1995. Druga twarz tlenu. Warszawa: Wydawnictwo 
Naukowe PWN.

CALVO, P., NELSON, L. and KLOEPPER, J.W., 2014. Agricultural uses 
of plant biostimulants. Plant and Soil, vol. 383, no. 1-2, pp. 3-41. 
http://dx.doi.org/10.1007/s11104-014-2131-8.

CHANCE, B. and MAEHLY, A.C. 1955. Assay of catalases and 
peroxidases. In: N.O. KAPLAN and S.P. COLOWICJ, eds. Methods 
in enzymology. New York: Academic Press, pp. 773-775. 
http://dx.doi.org/10.1016/S0076-6879(55)02300-8. 

COCETTA, G., ROSSONI, M., GARDANA, C., MIGNANI, I., FERRANTE, A. and 
SPINARDI, A., 2015. Methyl jasmonate affects phenolic metabolism 
and gene expression in blueberry (Vaccinium corymbosum). 
Physiologia Plantarum, vol. 153, no. 2, pp. 269-283. http://dx.doi.
org/10.1111/ppl.12243. PMid:24943920.

DHALIWAL, M.S., 2012. Handbook of vegetable crops. New Delhi, 
India: Kalyani Publishers.

DIXON, G.R., 2007. Vegetable Brassica and related crucifers. UK: 
CAB International Wallinford.

DU JARDIN, P., 2015. Plant biostimulants: definition, concept, 
main categories and regulation. Scientia Horticulturae, vol. 196, 
pp. 3-14. http://dx.doi.org/10.1016/j.scienta.2015.09.021.

EKIN, Z., 2019. Integrated use of humic acid and plant growth 
promoting rhizobacteria to ensure higher potato productivity 
in sustainable agriculture. Sustainability, vol. 11, no. 12, p. 3417. 
http://dx.doi.org/10.3390/su11123417.

EL-ABAGY, H.M., EL-TOHAMY, W.A., ABDEL-MAWGOUDA, M.R. 
and ABOU-HUSSEIN, S.D., 2014. Effect of different amino acid 
sources and application rates on yield and quality of onion in 
the newly reclaimed lands. Middle East Journal of Agriculture 
Research, vol. 3, no. 1, pp. 81-88.

ERTANI, A., CAVANI, L., PIZZEGHELLO, D., BRANDELLERO, E., 
ALTISSIMO, A., CIAVATTA, C. and NARDI, S., 2009. Biostimulant 
activity of two protein hydrolyzates in the growth and nitrogen 
metabolism of maize seedlings. Journal of Plant Nutrition and Soil 
Science, vol. 172, no. 2, pp. 237-244. http://dx.doi.org/10.1002/
jpln.200800174.

ERTANI, A., PIZZEGHELLO, D., FRANCIOSO, O., SAMBO, P., 
SANCHEZ-CORTES, S. and NARDI, S., 2014. Capsicum chinensis 
L. growth and nutraceutical properties are enhanced by 
biostimulants in a long-term period: chemical and metabolomic 
approaches. Frontiers in Plant Science, vol. 5, no. 5, pp. 375. 
http://dx.doi.org/10.3389/fpls.2014.00375. PMid:25136346.

ERTANI, A., SCHIAVON, M., MUSCOLO, A. and NARDI, S., 2013. Alfalfa 
plant-derived biostimulant stimulate short-term growth of 
salt stressed Zea mays L. plants. Plant and Soil, vol. 364, no. 1, 
pp. 145-158. http://dx.doi.org/10.1007/s11104-012-1335-z.

ESTURK, O., AYHAN, Z. and GOKKURT, T., 2014. Production and 
application of active packaging film with ethylene adsorber to 
increase the shelf life of broccoli (Brassica oleracea L. var. Italica). 
Packaging Technology & Science, vol. 27, no. 3, pp. 179-191. 
http://dx.doi.org/10.1002/pts.2023.

FAN, X., GORDON-WEEKS, R., SHEN, Q. and MILLER, A.J., 2006. 
Glutamine transport and feedback regulation of nitrate reductase 
activity in barley roots leads to changes in cytosolic nitrate pools. 
Journal of Experimental Botany, vol. 57, no. 6, pp. 1333-1340. 
http://dx.doi.org/10.1093/jxb/erj110.

GUO, J.H., LEE, S., CHIANG, F. and CHANG, C., 2001. Antioxidant 
properties of the extracts from different parts of broccoli in 
Taiwan. Journal of Food and Drug Analysis, vol. 9, no. 2, pp. 96-101.

https://doi.org/10.24326/asphc.2018.1.9
https://doi.org/10.13189/ujar.2014.020307
https://doi.org/10.13189/ujar.2014.020307
https://doi.org/10.1073/pnas.0805619105
https://doi.org/10.1073/pnas.0805619105
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19074290&dopt=Abstract
https://doi.org/10.1016/j.nbt.2018.08.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30098416&dopt=Abstract
https://doi.org/10.1021/jf072975+
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18321050&dopt=Abstract
https://doi.org/10.1016/j.postharvbio.2011.07.010
https://doi.org/10.1093/jxb/erm208
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18093964&dopt=Abstract
https://doi.org/10.1016/B978-0-12-387669-0.00029-6
https://doi.org/10.1016/B978-0-12-387669-0.00029-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22054962&dopt=Abstract
https://doi.org/10.1002/9780470494950.ch8
https://doi.org/10.1007/s11104-014-2131-8
https://doi.org/10.1016/S0076-6879(55)02300-8
https://doi.org/10.1111/ppl.12243
https://doi.org/10.1111/ppl.12243
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24943920&dopt=Abstract
https://doi.org/10.1016/j.scienta.2015.09.021
https://doi.org/10.3390/su11123417
https://doi.org/10.1002/jpln.200800174
https://doi.org/10.1002/jpln.200800174
https://doi.org/10.3389/fpls.2014.00375
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25136346&dopt=Abstract
https://doi.org/10.1007/s11104-012-1335-z
https://doi.org/10.1002/pts.2023
https://doi.org/10.1093/jxb/erj110


Brazilian Journal of Biology, 2023, vol. 83, e26330212/12

Iqbal, W. et al.

VACCARO, S., MUSCOLO, A., PIZZEGHELLO, D., SPACCINI, R., PICCOLO, 
A. and NARDI, S., 2009. Effect of a compost and its water-soluble 
fractions on key enzymes of nitrogen metabolism in maize 
seedlings. Journal of Agricultural and Food Chemistry, vol. 57, 
no. 23, pp. 11267-11276. http://dx.doi.org/10.1021/jf901808s. 
PMid:19891475.

VASANTHARAJA, R., ABRAHAM, L.S., INBAKANDAN, D., 
THIRUGNANASAMBANDAM, R., SENTHILVELAN, T., JABEEN, 
S.A. and PRAKASH, P., 2019. Influence of seaweed extracts on 
growth, phytochemical contents and antioxidant capacity of 
cowpea (Vigna unguiculata L. Walp). Biocatalysis and Agricultural 
Biotechnology, vol. 17, pp. 589-594. http://dx.doi.org/10.1016/j.
bcab.2019.01.021.

VASCONCELOS, A.C.F.D., ZHANG, X., ERVIN, E.H. and KIEHL, J.D.C., 
2009. Enzymatic antioxidant responses to biostimulants in 
maize and soybean subjected to drought. Scientia Agrícola, 
vol. 66, no. 3, pp. 395-402. http://dx.doi.org/10.1590/S0103-
90162009000300015.

WANG, W., XIA, M.X., CHEN, J., YUAN, R., DENG, F.N. and SHEN, 
F.F., 2016. Gene expression characteristics and regulation 
mechanisms of superoxide dismutase and its physiological roles 
in plants under stress. Biochemistry (Moscow), vol. 81, no. 5, 
pp. 465-480. http://dx.doi.org/10.1134/S0006297916050047. 
PMid:27297897.

WILLS, R.B.H., MC-GLASSON, W.B., GRAHAM, D., LEE, T.H. and 
HALL, E.G. 1989. Physiology and biochemistry of fruits and 
vegetables. In: R.B.H. Wills, ed. Postharvest: an introduction to 
the physiology and handling of fruits and vegetables. New York: 
Van Nostrand Reinhold, pp. 17-38.

YAKHIN, O.I., LUBYANOV, A.A., YAKHIN, I.A. and BROWN, P.H., 2017. 
Biostimulants in plant science: a global perspective. Frontiers in 
Plant Science, vol. 7, no. 7, pp. 2049. http://dx.doi.org/10.3389/
fpls.2016.02049. PMid:28184225.

YEMM, E.W. and WILLIS, A.J., 1954. The estimation of carbohydrates 
in plant extracts by anthrone. The Biochemical Journal, 
vol. 57, no. 3, pp. 508-514. http://dx.doi.org/10.1042/bj0570508. 
PMid:13181867.

ZHANG, Z.G., ZHANG, L., CROLL, S.D. and CHOPP, M., 2002. 
Angiopoietin-1 reduces cerebral blood vessel leakage and 
ischemic lesion volume after focal cerebral embolic ischemia 
in mice. Neuroscience, vol. 113, no. 3, pp. 683-687. http://dx.doi.
org/10.1016/S0306-4522(02)00175-6. PMid:12150788.

ZHAO, H., LIN, J., GROSSMAN, H.B., HERNANDEZ, L.M., DINNEY, 
C.P. and WU, X., 2007. Dietary isothiocyanates, GSTM1, GSTT1, 
NAT2 polymorphisms and bladder cancer risk. International 
Journal of Cancer, vol. 120, no. 10, pp. 2208-2213. http://dx.doi.
org/10.1002/ijc.22549. PMid:17290402.

ZHENG, S., JIANG, J., ZOU, S. and WANG, C., 2016. Effect of kelp 
waste extracts on the growth and development of pakchoi 
(Brassica chinensis L.). Scientific Reports, vol. 6, pp. 38683. 
http://dx.doi.org/10.1038/srep38683. PMid:27934911.

ZUBAIR, M., DAUD, M., MCKAY, G., SHEHZAD, F. and AL-HARTHI, 
M.A., 2017. Recent progress in layered double hydroxides 
(LDH)-containing hybrids as adsorbents for water remediation. 
Applied Clay Science, vol. 143, pp. 279-292. http://dx.doi.
org/10.1016/j.clay.2017.04.002.

NORRIE, J. and KEATHLEY, J.P., 2006. Benefits of Ascophyllum nodosum 
marine-plant extract applications to ‘thompson seedless’ 
grape production. Acta Horticulturae, no. 727, pp. 243-248. 
http://dx.doi.org/10.17660/ActaHortic.2006.727.27.

PARRADO, J., BAUTISTA, J., ROMERO, E.J., GARCÍA-MARTÍNEZ, A.M., 
FRIAZA, V. and TEJADA, M., 2008. Production of a carob enzymatic 
extract: potential use as a biofertilizer. Bioresource Technology, 
vol. 99, no. 7, pp. 2312-2318. http://dx.doi.org/10.1016/j.
biortech.2007.05.029. PMid:17601731.

PÉREZ, F.G. and ROJAS, C.P., 2016. Ecopedagogía y ciudadaníaplanetaria. 
San José: De La Salle Ediciones.

SABLOWSKI, R. and DORNELAS, M.C., 2014. Interplay between cell 
growth and cell cycle in plants. Journal of Experimental Botany, 
vol. 65, no. 10, pp. 2703-2714. http://dx.doi.org/10.1093/jxb/
ert354. PMid:24218325.

SCHIAVON, M., ERTANI, A. and NARDI, S., 2008. Effects of an alfalfa 
protein hydrolysate on the gene expression and activity of 
enzymes of the tricarboxylic acid (TCA) cycle and nitrogen 
metabolism in Zea mays L. Journal of Agricultural and Food 
Chemistry, vol. 56, no. 24, pp. 11800-11808. http://dx.doi.
org/10.1021/jf802362g. PMid:19053364.

SCHIAVON, M., PIZZEGHELLO, D., MUSCOLO, A., VACCARO, S., 
FRANCIOSO, O. and NARDI, S., 2010. High molecular size humic 
substances enhance phenylpropanoid metabolism in maize 
(Zea mays L.). Journal of Chemical Ecology, vol. 36, no. 6, pp. 662-669. 
http://dx.doi.org/10.1007/s10886-010-9790-6. PMid:20480387.

SHEHATA, S.M., ABDEL-AZEM, H.S., EL-YAZIEDB, A.A. and 
EL-GIZAWY, A.M., 2011. Effect of foliar spraying with amino 
acids and seaweed extract on growth chemical constitutes, yield 
and its quality of celeriac plant. European Journal of Scientific 
Research, vol. 58, no. 2, pp. 257-265.

ŠTAJNER, D. and POPOVIĆ, B., 2009. Comparative study of antioxidant 
capacity in organs of different Allium species. Open Life Sciences, vol. 4, 
no. 2, pp. 224-228. http://dx.doi.org/10.2478/s11535-009-0010-8.

STEEL, R.G.D., TORRIE, J.H. and DICKEY, D.A., 1997. Principles and 
procedures of statistics: a biometrical approach. New York, USA: 
McGraw Hill.

STOESSEL, F., JURASKE, R., PFISTER, S. and HELLWEG, S., 2012. 
Life cycle inventory and carbon and water food print of fruits 
and vegetables: application to a Swiss retailer. Environmental 
Science & Technology, vol. 46, no. 6, pp. 3253-3262. 
http://dx.doi.org/10.1021/es2030577. PMid:22309056.

THIVIYA, P., GAMAGE, A., GAMA-ARACHCHIGE, N.S., MERAH, O. 
and MADHUJITH, T., 2022. Seaweeds as a source of functional 
proteins. Phycology, vol. 2, no. 2, pp. 216-243. http://dx.doi.
org/10.3390/phycology2020012.

TOSCANO, S., FERRANTE, A., BRANCA, F. and ROMANO, D., 2021. 
Enhancing the quality of two species of baby leaves sprayed with 
moringa leaf extract as biostimulant. Agronomy (Basel), vol. 11, 
no. 7, pp. 1399. http://dx.doi.org/10.3390/agronomy11071399.

TREVISAN, S., MANOLI, A. and QUAGGIOTTI, S., 2019. A novel 
biostimulant, belonging to protein hydrolysates, mitigates 
abiotic stress effects on maize seedlings grown in hydroponics. 
Agronomy (Basel), vol. 9, no. 1, pp. 28. http://dx.doi.org/10.3390/
agronomy9010028.

https://doi.org/10.1021/jf901808s
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19891475&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19891475&dopt=Abstract
https://doi.org/10.1016/j.bcab.2019.01.021
https://doi.org/10.1016/j.bcab.2019.01.021
https://doi.org/10.1590/S0103-90162009000300015
https://doi.org/10.1590/S0103-90162009000300015
https://doi.org/10.1134/S0006297916050047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27297897&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27297897&dopt=Abstract
https://doi.org/10.3389/fpls.2016.02049
https://doi.org/10.3389/fpls.2016.02049
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28184225&dopt=Abstract
https://doi.org/10.1042/bj0570508
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13181867&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13181867&dopt=Abstract
https://doi.org/10.1016/S0306-4522(02)00175-6
https://doi.org/10.1016/S0306-4522(02)00175-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12150788&dopt=Abstract
https://doi.org/10.1002/ijc.22549
https://doi.org/10.1002/ijc.22549
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17290402&dopt=Abstract
https://doi.org/10.1038/srep38683
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27934911&dopt=Abstract
https://doi.org/10.1016/j.clay.2017.04.002
https://doi.org/10.1016/j.clay.2017.04.002
https://doi.org/10.17660/ActaHortic.2006.727.27
https://doi.org/10.1016/j.biortech.2007.05.029
https://doi.org/10.1016/j.biortech.2007.05.029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17601731&dopt=Abstract
https://doi.org/10.1093/jxb/ert354
https://doi.org/10.1093/jxb/ert354
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24218325&dopt=Abstract
https://doi.org/10.1021/jf802362g
https://doi.org/10.1021/jf802362g
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19053364&dopt=Abstract
https://doi.org/10.1007/s10886-010-9790-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20480387&dopt=Abstract
https://doi.org/10.2478/s11535-009-0010-8
https://doi.org/10.1021/es2030577
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22309056&dopt=Abstract
https://doi.org/10.3390/phycology2020012
https://doi.org/10.3390/phycology2020012
https://doi.org/10.3390/agronomy11071399
https://doi.org/10.3390/agronomy9010028
https://doi.org/10.3390/agronomy9010028

