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Abstract

Background and Objective: Green technology has been used to generate bio-fertilizers in the most environmentally friendly way possible.
The objective of this study was to study the effect of foliar application of algal extracts as bio-stimulants forimproved groundnut growth
and seed yield parameters. Materials and Methods: During the two growing summer seasons of 2019 and 2020, two field experiments
were conducted in South Tahrir Province, El-Beheira Governorate, Egypt to investigate the impact of foliar spraying with fresh and dried
green algae extracts on groundnut (Arachis hypogaea L.). A complete randomized block design with three replications was utilized, with
foliar sprays of fresh greenalgae (1,2,3and 4 g L"), dried green algae (1,2,3and 4 g L=") and control (spray with water). Results: All foliar
sprays with algal extracts significantly boosted all of the examined parameters. The use of fresh green algae significantly improved plant
vegetative growth characteristics, chlorophyll, N, P and K content of leaves and seed production quantity and quality. Fresh green algae
treatment with 2 g L=" surpassed other treatments in seed yield, pod yield and oil yield. The percentage of increase over control treatment
are 60.6, 62.4 and 74.5% in seed, pod and oil yield per fed, respectively. Conclusion: It can be concluded that this study pays attention
to using green algae extracts as bio-stimulant due to the presence of some plant growth-stimulating compounds and their nitrogen,
phosphorus and potash content. Foliarapplication of fresh green algae proved toimprove the growth, yield and oil content of groundnut.
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INTRODUCTION

The agriculture sector has recently been confronted with
new and concurrent challenges to increase productivity to
feed the world’'s growing population while also reducing
environmental impact and preserving natural resources for
future generations, all while maintaining low production costs
to compete in a globalized economy'2. Modern agriculture
must reconsider its techniques to provide food in a
sustainable manner3. The use of plant bio-stimulants is an
innovative and environmentally beneficial strategy that can
minimize reliance on chemical inputs, particularly synthetic
fertilizers, while also ensuring production stability under
unfavourable environmental and edaphic factors*¢. Plant
bio-stimulants, according to the most recent European Union
Regulation (2019/1009), are "Fertilizing products capable of
stimulating plant nutrition process irrespective of the
product’s nutritional content’. Algal extracts, which include
both macro-and microalgae, account for up to 40% of the
overall bio-stimulant industry?®.

Groundnut ranks thirteenth among food crops,
fourth among oilseeds and third among protein sources for
humans globally®. The cultivated area of groundnut was
27.94 million hectares of land, with an average production of
47.1 million tons per year and global production of about
1.7 tha!, butits average productivity in Africa was assessed®
tobe 1.10tha™".

Foliar sprays of biostimulants can be quite successful
since the nutrients can transfer from plant leaves to their roots
in a very short time. Some algal extracts can be utilized as a
foliar spray and are classified as biostimulants™'. It produces a
variety of favourable effects, including increased root and
shoot development, higher yields and enhanced tolerance to
abiotic and biotic conditions'2. Previously, the algal extracts
were found to contain cytokinins, auxins and polyamines.
There are plant growth regulators that have been detected in
algae extracts recently, for example, gibberellins, abscisic acid
and brassinosteroids'®. The positive impact of algal extracts
foliar application on beans was shown in increased growth
parameters and seed yield and quality, as compared to the
control™®,

Table 1: Physical and chemical properties of the experiment soil

The objective of this research was to assist farmersin easy
approaches for increasing groundnut crop output potential.
As a result, we studied the effect of foliar application of algal
extracts as bio-stimulants forimproved groundnut growth and
seed yield parameters.

MATERIALS AND METHODS

Study area: Two field experiments were conducted in the
summersof2019and 2020in South Tahrir Province, El-Beheira
Governorate, Egypt, to examine the effects of foliar application
of green algae extracts (fresh and dry) on groundnut growth,
seed vyield and seed quality on sandy soil. Groundnut
(Arachis hypogaea L) variety c.v. Giza 6 was covered with
bacteria inoculants soon before sowing and planted in two
seasons, April, 2019 and May, 2020.

Sample collection: Samples were collected from 0-30 depth
and examined according to the method defined by
Estefan et a/'” as shown in Table 1.

Algae treatments were (control, 1,2,3and 4g L") in both
fresh and dry green algae (control plants spray with tap water)
where the treatments were added in two doses, the first
dosage (30 days after sowing) and the second dose
throughout the pod development period (60 days after
sowing). Samples were taken randomly at vegetative growth,
75 days after sowing, to measure plant height, plant fresh
weight, root length, root circumference and total chlorophyll.

Potassium, phosphorus and nitrogen fertilizer were
applied at the recommended rates in the forms of potassium
sulfate (50% K,O) at a rate of 25 kg K,O/fed, calcium
superphosphate (15.5% P,0;) at a rate of 60 kg P,Os/fed
during seedbed preparation and nitrogen fertilizer in the form
of urea at a rate of 45 kg N/fed in two equal doses.

Inthefirstand second seasons, groundnut was harvested
on September 5th. The experimental design was a complete
randomized block design with three replications, witha 16 m?
experimental unit area (4 rows, 4 m long and 60 cm between
rows).

Particle size distribution

pH (1:2.5) EC(dSm™) OM (%) CaCo; (%) Sand (%) Silt (%) Clay (%) Texture class
8.53 1.1 0.95 15 93 47 23 Sandy
Cations (meqL™") Anion (meq L")

Na* K* Ca*t Mg*+* CO;~ HCO;~ Cl- SO,~
3.50 151 332 1.20 0.40 3.90 1.78 3.54
Available macronutrients (mg/100 g soil) Available micronutrients (mg kg~")

N P K Fe Zn Mn Cu
16.30 4.00 17.10 10.60 0.08 4.90 0.02
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Table 2: Chemical composition and mineral of algae extract and HPLC
chromatogram hormones of algae extract

Element Concentration
N (%) 13.30
P (%) 222
K (%) 213
Mg (%) 0.22
Na (%) 0.01
Ca (%) 033
Fe (ppm) 1936.00
Zn (ppm) 68.00
Mn (ppm) 21.00
Cu (ppm) 18.00
Protein (%) 19.06
HPLC chromatogram hormones of algae extract a sample (mg g~')
Indole acetic acid 13.66
Indole butyric acid 3.25
Gibberellic acid 1.19

Table 3: Amino acids content of the used algae extract

Amino acid Abbreviation Concentration
Aspartic ASP 1.85
Serine SER 0.70
Proline PRO 0.67
Alanine ALA 1.55
Methionine MET 0.33
Leucine LEU 0.29
Phenylalanine PHE 0.87
Lysine LYS 0.70
Cysteine CyC 0.22
Threonine THR 0.83
Glutamic GLU 224
Glycine GLY 1.07
Valine VAL 1.1
Isoleucine ISOL 0.71
Tyrosine TYR 0.53
Histidine HIS 0.24
Arginine ARG 0.98
Total amino acids 15.89

Preparation of algae extract:

Alga extract: The Cyanophyta blue-green alga Spirulina
platensis was mass-produced in continuous cultures at the
NRC's Algal Biotechnology Unit. Alga extract was prepared as
early described by Enan et a/'®. Alga extract was subjected to
chemical analysis according to Chapman and Pratt'®. Chemical
analysis concerning available macro-and micro-nutrients is
listed in Table 2. Quantification of hormones (Table 2), indole
acetic acid, indole butyric acid and gibberellic acid was
performed by High-Performance Liquid Chromatography
(HPLC), LC- 10AD, Shimadzu. Furthermore, amino acid content
(Table 3) was determined according to El-Sayed et a/%.

At harvest, a random sample of 6 plants from each
experimental unit was taken, plants were uprooted from
the soil and pods were manually removed. The pods were
air-dried until the full dry was constant and the number of
pods/plant, the number of seeds/plant, the weight of
pods/plant (g) and weight of seeds/plant (g) were determined.
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The entire plot was harvested and the pods were air-dried to
measure seed yield/fed, pod yield and oil production/fed.

Chemical analysis of seed and leaves was performed
using Chapman and Pratt's’ procedures. The
El-Nasharty et a/*' was used to determine the oil content of
the seeds. Using R version 4.0.2, data were statistically
evaluated according to Snecdecor and Cochran?,

RESULTS

Effect of algae extract on growth parameters and yield
characteristics of groundnut

Growth parameters: Table 4 indicate that all growth factors
such as plant height (cm), shoot fresh and dry weight
(g/plant), branches numbers, Total chlorophyll and root
circumference recorded the highest values with foliar
application of fresh algae extract (2, 3, 4 and 1), respectively
and followed by dry algae (4, 3, 2 and 1) and control. Both
fresh and dry algae significantly increased groundnut growth
and vyield characters compared with control. Fresh algae
extract at rate 2 g L=' (Fresh 2) recorded the greatest value in
plant height, shoot fresh and dry weight of groundnut with
relative increase 20, 17 and 26%, respectively while dry algae
atrate4 gL~ (dry4) recorded 16,9,11% compared to control.
When compared to control plants, the algae extract exhibited
a substantial promoter impact on the examined growth
parameters of groundnut at varied rates, notably fresh algae
2glL"and driedalgae4g L.

Yield characteristics: Table 5 and Fig. 1 observed that
application of algae with different rates gradually increased
yield production of groundnut. It was noticed that the
application of fresh algae with 2 g L=" increased the pod yield
production of groundnut by about 62% as compared with
control. The increasing rate of dry algae to 4 g L= gives a 22%
relative increase in the pod yield production compared with
control. The oil yield production of groundnut increased by
74% with the treatment of 2 g L™ fresh algae as compared
with control and 38% relative increase with dry algae at a rate
of4glL™"

Table 5 and Fig. 1 showed a highly significant increase in
seed yield and its components of groundnut cultivated in
sandy soil with foliar application of fresh and dry algae extract.
Fresh algae at a rate of 2 g L' surpassed other treatments in
seedyield, pod yield and oil yield. The percentage of increases
above the control treatment are 60.6, 62.4 and 74.5% in seed,
pod and oil production per fed., respectively. These increases
were caused by an increase in growth (plant height, number
of branches and pods per plant).
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Fig. 1: Effect of green and dry algae extract application on oil yield kg/fed and pod yield kg/fed of groundnut grown on sandy

soil

Table 4: Effect of green algae extracts application (fresh and dry) on growth parameters of groundnut grown on sandy soil (combined analysis of two successive

summer seasons of 2019 and 2020)

Algae extract Shoot fresh Shoot dry Number of Root Root Plant Total chlorophyll
treatments (g L") weight (g) weight (g) branches/plant  circumference (cm) length (cm) height (cm) (SPAD)
Control 115 74.0 7.0 20.0 16.6 50.0 44.6
Fresh 1 128 85.3 8.0 240 203 58.6 526
Fresh 2 135 933 9.3 29.0 223 60.0 59.6
Fresh 3 130 90.3 83 26.0 220 60.0 58.0
Fresh 4 130 88.6 8.0 246 203 60.0 55.6
Dry 1 118 77.0 7.6 18.0 16.6 56.0 48.0
Dry 2 120 78.6 8.0 20.0 18.3 57.6 50.3
Dry 3 120 80.6 83 240 18.3 58.0 513
Dry 4 125 823 83 23.0 19.6 58.0 52.6
LSD 2.6805 2.7795 0.79 1.452 1.5491 2.7266 1.3985

Table 5: Effect of green algae extracts application (fresh and dry) on seed yield and its components of groundnut grown on sandy soil (combined analysis of two

successive summer seasons of 2019 and 2020)

Algae extract Number of Weight of Empty Pod yield Number of Weight of Seed yield Qil Qil yield
Treatments (g L") pods/plant pods/plant (g) pods (kg/fed) seeds/plant seeds/plant (g) (kg/fed) (%) (kg/fed)
Control 26.0 31.0 9.0 1240.0 356 220 880.0 52.2 460.3
Fresh 1 343 380 9.0 1520.0 55.0 29.0C 1160.0 55.2 641.1
Fresh 2 45.0 503 15.0 20133 65.3 353 14133 56.8 803.2
Fresh 3 40.6 45.6 12.0 1826.7 61.0 336 1346.7 583 785.2
Fresh 4 380 40.0 8.6 1600.0 58.0 313 12533 534 669.7
Dry 1 27.0 326 83 1306.7 41.0 243 9733 520 506.4
Dry 2 27.6 320 8.0 1280.0 44.6 240 960.0 53.6 514.5
Dry3 30.0 36.0 9.0 1440.0 50.0 27.0 1080.0 56.3 609.1
Dry 4 33.0 376 8.3 1506.7 53.6 293 11733 54.1 635.4
LSD 2.0262 1.9208 1.0334 76.832 1.7148 2.1684 86.737 0.9309 51.468

Effect of algae extract on nutritional status in leaves
and seeds of groundnut: Effects of investigated treatments
on the nutrients content are presented in Table 6.
From which it was noticed that application of fresh algae
treatments at different rates had markedly increased the
nutrients content in leaves of groundnut, with a relative
increase of 34% N, 43% P and 20% K when treated
with fresh algae at the rate of 2 g L' compared with
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control and 16% N, 11% P and 7% K for dry algae at the
rateof4g L.

Application treatments of fresh algae at different rates
had markedly increased the nutrients content in seeds of
groundnut Table 6, with a relative increase of 42% N, 64% P
and 16% K when treated with fresh algae at the rate of 2g L™
compared with control and 28% N, 19% P and 12% K with dry
algae attherateof4g L.
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Table 6: Effect of fresh and dry algae extract application on some macro (%) and micro (ppm) nutrients content in groundnut leaves and seeds grown on sandy soil

(combined analysis of two successive summer seasons of 2019 and 2020)

Algae extract Leaves Seeds

treatments

(gL N(©%) P(%) K(®%) Fe(ppm) Mn(ppm) Zn(ppm) Cu(ppm) N(%) P(%) K(%) Fe(ppm) Mn(ppm) Zn(ppm) Cu(ppm)
Control 3.2 0.37 1.83 74.0 66.0 217 2.0 323 0036 043 11.0 233 313 3.00
Fresh 1 3.8 0.42 1.93 146.7 195.0 29.7 5.0 420 0045 049 14.0 467 37.0 467
Fresh 2 43 0.53 220 2383 2123 39.7 9.7 460 0059 050 18.3 7.33 39.7 6.33
Fresh 3 3.9 0.44 2.03 162.3 208.7 353 8.7 450 0049 049 15.3 6.00 37.7 467
Fresh 4 3.9 0.44 2.00 149.0 199.3 300 53 437 0047 050 15.0 5.00 377 467
Dry 1 33 0.39 1.87 90.0 94.0 253 33 363 0039 044 13 233 313 333
Dry 2 35 0.40 1.93 983 97.0 26.7 33 350  0.040 046 12.3 267 323 333
Dry 3 3.6 0.40 1.93 101.3 99.7 273 3.7 400 0042 046 12.7 4,00 333 3.67
Dry 4 3.7 0.41 1.97 1253 1753 273 40 413 0043 048 14.0 433 36.0 433
LSD 0.0461 0.0298 0.1353 3.6012 2.6805 22252 14125 02961 00032 00245 12575  0.9712 2376 1.0401

Table 6 reveal that the addition of different ways of algae
extract significantly increases the content of some macro and
micronutrientsin shoots and seeds which resultin better seed
yield and quality of groundnut, while the control gave the
lowest values. The effect of fresh algae at a rate of 2 g L™
caused significantly increased elements nutrition content in
shoots and seeds of groundnut plants grown under sandy soil
compared with other treatments. Which gives the highest
values of N, P and K% and increased elements nutrition
contentin shoots and seeds of (Fe, Mn and Cu ppm). While dry
algae at rate 1 g L' and control gave the lowest values of
elements nutrition content in shoots and seeds.

DISCUSSION

In this field experiment, the effects of fresh and dry algae
on groundnut vegetative development were explored. Growth
characteristics (plant height, leaf numberand branch number)
were determined to be greater than the control, as indicated
in Table 4. Micro and macronutrients abound in algae. Algal
extracts, unlike chemical fertilizers, are decomposable,
non-toxic, non-contaminating and non-harmful to humans
and other living organisms?. This is one of the reasons why
algae extracts have become increasingly popular in organic
and sustainable agriculture in recent years?. Algae extracts as
a novel biofertilizer comprising nitrogen, phosphorus,
potassium, calcium, magnesium and sulphur, as well as zinc,
iron, manganese, copper, molybdenum and cobalt, as well as
growth  regulators, polyamines, natural enzymes,
carbohydrates, proteins and vitamins, have been used to
boost growth and yield?. Because of the presence of a variety
of plant growth stimulating chemicals as well as their
nitrogen, phosphorus and potash content, algae extracts have
been applied as foliar and soil treatments in crop production
systems for decades??7,

Algal bio-fertilizer has demonstrated several benefits and
numerous studies suggest that it has a positive impact on
plant development?®?, Algae extracts fertilizers increase the
concentration of macro and micro-nutrients, amino acids,
growth regulators and vitamins, which promote the growth
development of plants3®*'. According to Bandonill et a/?*?,
algae extract of blue-green algae were able to boost rice
plant development in terms of plant height, the number of
panicles m=2 and the number of spikelets m=2 The
experiment looked at the effect of blue-green algae on
rice plant development and reported that there wasa
2-3 quintal ha="increase in grain output when compared to
the control®.

In terms of the response of groundnut plants to foliar
applications of fresh and dry algae, it is obvious that foliar
application of fresh algae considerably boosted plant length
in both seasons, followed by dry algae, when compared to the
control treatment (spraying with fresh water). Green algae
extract boosting impact can be attributed to its high
quantities of amino acids, organic matter, vitamins and
growth hormones such as cytokinins, gibberellins and auxins
(IBA and IAA), all of which promote cell division and
enlargement. It also includes macronutrients like nitrogen,
phosphorus and potassium, which are necessary for plant
growth development, as well as micronutrients such as Ca, Cu,
Fe, Mg, Mn, P and Zn, which play an important role in the
division of the cell and elongation and promote
photosynthesis, which affects the growth of plants. These
results agree with those found by the previous studies'#+%,

Table 6 shows the influence of green and dried algae
extracts on the mineral content of groundnut leaves. The
findings presented demonstrated that foliar spraying with
fresh algae extracts increased N, P and K levels in groundnut
leaves when compared to dry algae and the control. With
2 g L7 fresh algae extract, the maximum nitrogen,
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phosphorous and potassium levels in leaves were obtained.
Algae liquid extract improves nutrient absorption and is
regarded as an excellent source of nutrients for plants. This
liquid provides nutrients to plants and increases plant
production. All the essential minerals are provided by algae,
these essential minerals may be sometimes absent in fresh
water and food crops grown in mineral-depleted soils. Algae
extracts contain 20-50% minerals in their dry weight3®.

Micronutrients in Groundnut treated with the fresh algal
extract (2 g L") had higher levels of Fe, Mn and Zn. Iron is
essential for chlorophyll production. Furthermore, Fe is found
in many plant enzymes that play important roles in the
oxide redox processes of photosynthesis and respiration’.
Manganese (Mn) is an activator of several enzyme activities
and assists in photosynthesis. Manganese is a component of
the complex PSIlI protein, SOD and phosphatase and it
stimulates decarboxylase and dehydrogenase. The Mn
deficiency causes growth inhibition, chlorosis and necrosis,
early leaf fall and poor re-utilization®. It is possible to
conclude that liquid algae extracts might be used as a
low-cost eco-friendly product for sustainable agriculture. This
conclusion is consistent with the findings of Rudresh et a/*!,
who discovered that the use of bio-stimulants such as algae
extracts increases the production and quality of the bean
plant.

Table 4 shows that the chlorophyll content of groundnut
leaves is high. In terms of the influence of foliar application,
the findings demonstrate that spraying plants with the two
types of algal extracts (fresh and dried) considerably enhanced
the chlorophyll content of the leaves when compared to the
control treatment over the two studied seasons. The
application of fresh algal extract (2, 3,4 and 1) resulted in the
maximum chlorophyll concentration, followed by dry algae
(4,3,2and 1) and control. These findings might be explained
by the presence of some nutritional elementsin fresh extracts
of algae, such as N and Mg, which play an important role in
chlorophyll molecule structure. They also contain betaines
and cytokinins, which aid in the decreased breakdown of
chlorophyll.  These results agree with those of
Abou El-Yazied eta/'* on the bean, Sarhan3> on cucumber and
Nawar and lbraheim“? on pea.

Under normal conditions, the groundnut plant fixes
enough nitrogen through a symbiotic interaction with
bacteria of the genus Bradyrhizobium. Groundnut plants can
fix up to 297 kg/ha/year of N by biological N fixing. In an area
with an anticipated pod output of 3t ha=!, about 190 kg of N
are removed'¥. The maximum concentration of photosynthetic
pigments in maize and wheat leaves, according to
Sary et al®3, was observed in plants with the most vegetative
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growth. Abou El-Yazied et a/'* attributes the rise in groundnut
output to an increase in chlorophyll content in the leaves as a
result of higher N absorption. Foliar application of fresh green
algae proved to be efficient to improve growth traits,
increasing the yield and oil content of groundnut plants. For
that, the recommendation of this study is to use green algae
extracts as bio-stimulant due to the presence of some
plant growth-stimulating compounds and their nitrogen,
phosphorus and potash content.

CONCLUSION

Results of this study pay attention to the use of green
algae extract as bio-stimulant due to the presence of some
plant growth-stimulating compounds and their nitrogen,
phosphorus and potash content. Foliar application of fresh
green algae proved to be efficient to improve growth traits,
increasing the yield and oil content of groundnut plants.

SIGNIFICANCE STATEMENT

This study pays attention to using green algae
extracts as bio-stimulant due to the presence of some
plant growth-stimulating compounds and their nitrogen,
phosphorus and potash content. Foliar application of fresh
green algae proved to be efficient to improve growth traits,
increasing the yield and oil content of groundnut plants. This
study will help the researcher to uncover the important role
of algae extracts as bio-stimulants that many researchers
were not able to explore. Thus, a new theory on these
bio-stimulants concentrations and combinations and possibly
other combinations, may be arrived at.

ACKNOWLEDGMENTS

This study was carried out by the National Research
Centre (NRC), Plant Nutrition Department and Fertilization
Technology Department as part of the Egypt-German Project
"Micronutrients and Other Plant Nutrition Problems"
(Coordinator, Prof. Dr. M.M. El-Fouly).

REFERENCES

Colla G. and Y. Rouphael, 2020. Microalgae: New source of
plant biostimulants. Agronomy, Vol. 10.
10.3390/agronomy10091240.

Jagermeyr, J., 2020. Agriculture's historic twin-challenge
toward sustainable water use and food supply for all. Front.
Sustain. Food Syst., Vol. 4. 10.3389/fsufs.2020.00035.



10.

11.

12.

13.

14.

15.

16.

17.

Asian J. Plant Sci,, 21 (4): 740-747, 2022

Colla, G.and Y.Rouphael, 2015. Biostimulants in horticulture.
Sci. Hort,, 196: 1-2.

Calvo, P., L. Nelson and J.W. Kloepper, 2014. Agricultural uses
of plant biostimulants. Plant Soil, 383: 3-41.

Colla, G., M. Cardarelli, P. Bonini and Y. Rouphael, 2017. Foliar
applications of protein hydrolysate, plant and seaweed
extractsincrease yield but differentially modulate fruit quality
of greenhouse tomato. Am. Soc. Hort. Sci., 52: 1214-1220.
Yakhin, O.I, A.A. Lubyanov, |.A. Yakhin and P.H. Brown, 2017.
Biostimulants in plant science: A global perspective.
Front. Plant Sci., Vol. 7, 10.3389/fpls.2016.02049.

Rouphael, Y. and G. Colla, 2018. Synergistic biostimulatory
action: Designing the next generation of plant biostimulants
for sustainable agriculture. Front. Plant Sci, Vol. 9.
10.3389/fpls.2018.01655.

Chiaiese, P., G. Corrado, G. Colla, M.C. Kyriacou and
Y. Rouphael, 2018. Renewable sources of plant
biostimulation: Microalgae as a sustainable means to
improve crop performance. Front. Plant Sci, Vol. 9.
10.3389/fpls.2018.01782.

Taru, V.B., I.Z. Kyagya, S.I. Mshelia and E.F. Adebayo, 2008.
Economicefficiency of resource use in groundnut production
in Adamawa State of Nigeria. World J. Agric. Sci., 4: 896-900.
Mahmoud, M\W.S., E.Husseinand K. Ashour, 2020. Sequential
path analysis for determining the interrelationships
betweenyield andits componentsin peanut.Egypt.J. Agron.,
42:79-91.

El-Nwehy, S.S., A.l. Rezk and A.B. El-Nasharty, 2021. Role of
bio-stimulants in crop production under salinity stress. A
review. Middle East J. Agric. Res., 10: 188-206.

El-Nwehy, S.S., AB. El-Nasharty and A.E.H.. Rezk, 2018.
Enhance sunflower productivity by foliar application of
some plant growth bio-stimulants under salinity conditions.
Biosci. Res., 15: 1763-1768.

Stirk, W.A., G.D. Arthur, AF. Lourens, O. Novak, M. Strnad and
J. van Staden, 2004. Changes in cytokinin and auxin
concentrations in seaweed concentrates when stored at an
elevated temperature. J. Appl. Phycol., 16:31-39.
El-Yazied, A., A.M.El-Gizawy, M.I.Ragaband E.S.Hamed, 2012.
Effect of seaweed extract and compost treatments on
growth, yield and quality of snap bean. J. Am. Sci., 8: 1-20.
Sary, D.H., S.S. EI-Nwehy and A.M.A. Mokhtar, 2020. Effect of
algae extracts foliar application on yield and quality of
soybean (Glycine max L.) grown on calcareous soil under
irrigation water regime. Plant Arch., 20: 2417-2430.

Kocira, A., R. Kornas and S. Kocira, 2013. Effect assessment
of kelpak SL on the bean yield (Phaseolus vulgaris L.).
J. Cent. Eur. Agric., 14: 545-554.

Estefan, G., R. Sommer and J. Ryan, 2013. Methods of Soil,
Plant, and Water Analysis: A Manual for the West Asia and
North Africa Region. 3rd Edn., ICARDA, Lebanon, Pages: 243.

746

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Enan, S.A.AM., AM. El-Saady and A.B. El-Sayed, 2017. Impact
of foliar feeding with alga extract and boron on yield and
quality of sugar beet grown in sandy soil. Egypt. J. Agron.,
38:319-336.

Chapman, H.D. and P.F. Pratt, 1974. Methods of Analysis for
Soils, Plants, and Waters. University of California, Division of
Agricultural Sciences, Oakland, Pages: 309.

El-Sayed, AB. S.A. Shehata, S.S. Taha, H.A. Hamouda,
K.F. Abdelgawad, and D.M. Youssef, 2018. Algae extract
overcoming the adverse effects of saline stress in hydroponic
grown tomato plants. J. Food, Agric. Environ., 16: 92-99.
El-Nasharty, A.B.,S.S.EI-Nwehy, A.E.H.Il. Rezkand O.M.Ibrahim,
2017. Improving seed and oil yield of sunflower grown in
calcareous soil under saline stress conditions. Asian J. Crop
Sci., 9: 35-39.

Snecdecor, G.W.and W.G. Cochran, 1989. Statistical Methods.
8th Edn., Wiley-Blackwell, United States, Pages: 524.
Yarnpakdee, S.,S.Benjakuland T.Senphan, 2019. Antioxidant
activity of the extracts from freshwater macroalgae
(Cladophora glomerata) grown in Northern Thailand and its
preventive effect against lipid oxidation of refrigerated
eastern little Tuna slice. Turk. J. Fish. Aquat. Sci., 19: 209-219.
Craigie, J.S., 2011. Seaweed extract stimuli in plant science
and agriculture. J. Appl. Phycol., 23: 371-393.

Abd EL-Monem, E.AA. and S.E. Abd-Allah, 2008. Effect of
green algae cells extracts as a foliar spray on vegetative
growth, yield and berries quality of superior grapevines.
Am. Eurasian J. Agric. Environ. Sci., 4: 427-433.

Wally, 0S.D, AT. Critchley, D. Hiltz, J.S. Craigie and
X.Han etal,2012.Regulation of phytohormone biosynthesis
and accumulation in Arabidopsis following treatment with
commercial extract from the marine macroalga Ascophy/llum
nodosum. J. Plant Growth Regul., 32: 324-339.

El-Nwehy, S.S., All. Rezk, A.B. El-Nasharty, O.A. Nofal and
H.H. Abdel-Kader, 2020. Influences of irrigation with diluted
seawater and fertilization on growth, seed yield and nutrients
status of Salicornia plants. Pak. J. Bio. Sci., 23: 1267-1275.
Khan, W., U.P. Rayirath, S. Subramanian, M.N. Jithesh and
P.Rayorath et a/, 2009. Seaweed extracts as biostimulants of
plant growth and development. J. Plant Growth Regul.,
28:386-399.

Scieszka, S. and E. Klewicka, 2018. Algae in food: A general
review. Crit. Rev. Food Sci. Nutr., 59: 3538-3547.

Ronga, D., E. Biazzi, K. Parati, D. Carminati, E. Carminati
and A. Tava, 2019. Microalgal biostimulants and
biofertilisers in crop productions. Agronomy, Vol. 9.
10.3390/agronomy9040192.

Malyan, SK., S. Singh, A. Bachheti, M. Chahar and
M.K. Sah et al, 2020. Cyanobacteria: A Perspective Paradigm
for Agriculture and Environment. In: Trends of Microbial
Biotechnology for Sustainable Agriculture and Biomedicine
Systems: Diversity and Functional Perspectives, Rastegari,
A.A., AN.Yadavand N.Yadav (Eds.), Elsevier, UK, pp: 215-224.



32.

33.

34.

35.

36.

37.

Asian J. Plant Sci,, 21 (4): 740-747, 2022

Bandonill, EH., J.CA. Cacerez, M.D. Malabayabas and
M.R. Martinez-Goss, 2018. Blue-green algae: A promising
biofertilizer for rice cultivation. Philipp. J. Crop Sci., 42: 62-63.
Verma, D.C. and D.K. Srivastava, 2019. Response of mixed
blue-green algal biofertilizer on yield of rice (Oryza sativa) of
Uttar Pradesh. Biotech. Today, 8: 73-75.

Nour, K., N. Mansour and W. Abd El-Hakim, 2010. Influence of
foliar spray with seaweed extracts on growth, setting and
yield of tomato during summer season. J. Plant Prod.,
1:961-976.

Sarhan T.Z., 2011. Effect of bread yeast application and
seaweed extract on cucumber (Cucumis sativus L.) plant
growth, yield and fruit quality. Mesopotamia J. Agric,
39:26-32.

Latique, S., H. Chernane, M. Mansori and M. El Kaoua, 2013.
Seaweed liquid fertilizer effect on physiological and
biochemical parameters of bean plant (Phaesolus vulgaris
variety Paulista) under hydroponic system. Eur. Scient. J.,
9:174-191.

Seif, Y.LA,, S.E.M. EI-Miniawy, N.A.LA. EI-Azm and A.Z. Hegazi,
2016. Response of snap bean growth and seed yield to seed
size, plant density and foliar application with algae extract.
Ann. Agric. Sci., 61: 187-199.

747

38.

39.

40.

41.

42.

43.

EL Arroussi, H., R. Benhima, A. Elbaouchi, B. Sijilmassi and
N. EL Mernissi et al, 2018. Dunaliella salina
exopolysaccharides: A promising biostimulant for salt stress
tolerance in tomato (So/anum lycopersicum). J. Appl. Phycol.,
30:2929-2941.

Curie, C. and J.F. Briat, 2003. Iron transport and signaling in
plants. Annu. Rev. Plant Biol., 54: 183-206.

Sajedi, N.A., MR. Ardakani, A. Naderi, H. Madani and
M.M.A. Boojar, 2009. Response of maize to nutrients
foliar application under water deficit stress conditions.
Am. J. Agric. Biol. Sci., 4: 242-248.

Rudresh, D.L, M.K. Shivaprakash and R.D. Prasad, 2005.
Tricalcium phosphate solubilizing abilities of 7richoderma
spp.in relation to P uptake and growth and yield parameters
of chickpea (Cicer arietinum L.). Can. J. Microbiol.,
51:217-222.

Nawar, D.A.S.and S.K.A.lbraheim, 2014. Effect of algae extract
and nitrogen fertilizer rates on growth and productivity of
peas. Middle East J. Agric. Res., 3: 1232-1241.

Sary, D.H., S.S. EI-Nwehy and A.M.A. Mokhtar, 2020. Effect of
algae extract foliar application on yield and quality of
soybean (Glycine max L.) grown on calc-areous soil under
irrigation water regime. Plant Arch., 20: 2417-2430.



	AJPS.pdf
	Page 1


