


   OPEN ACCESS Asian Journal of Plant Sciences

ISSN 1682-3974
DOI: 10.3923/ajps.2023.206.214

Research Article
Influence of Applying Seaweed Extracts and NPK Fertilizer on
Vegetative Growth, Flowering Traits and Seed Yield of Borage
(Borage officinalis L.)

Ali Sabah Alhasan, Majeed Kadhem Abbas and Dalal Tareq Al-Ameri

Department of Horticultural Sciences, Agricultural College, University of Al-Qadisiyah, Al-Diwaniyah, Al-Qadisiyah, Iraq

Abstract
Background and Objective: Borage is a medicinal plant with different culinary and medicinal uses. It is also cultivated for commercial
oil production. Little information is available regarding the influence of the type of fertilizer on borage performance under different
environmental conditions. Therefore, there is a need to determine the impact of some fertilizers such as seaweed and NPK on several
agronomic parameters. Materials and Methods: Fertilizer treatments include seaweed (2 g LG1) and NPK (2 g LG1) in addition to control.
The study was conducted using a completely randomized design with three replications. Results: Results showed that both types of
fertilizers significantly increased plant traits measured over the control. Some of those traits included, plant height, vegetative biomass,
chlorophyll content, seed yield and harvest index. Conclusion: It can be concluded that applying these fertilizers was beneficial in
increasing vegetative growth as well as seed yield of borage.
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INTRODUCTION

Medicinal plant species have been utilized to control
several human diseases for thousands of years because these
plants contain different active compounds with several
beneficial pharmacological properties1. One of these medicinal
plant species is borage (Borago officinalis L.) which is
considered native to the Mediterranean area and is
commercially cultivated in different regions of the world for its
oil and other secondary metabolisms2. It is also planted for
medicinal, culinary and oil production. The top producers in
the world are the UK, Canada and New Zealand3. Leaves and
flowers of borage also contain several active compounds that
are utilized in different dietary supplements. These active
compounds  include  tannin,  saponins,  mucilage,  vitamin  C
and pyrrolizidine, in addition to calcium and potassium.
Moreover, the seed oil of borage contains a high value of
polyunsaturated fatty gamma-linolenic acid (GLA), used as
antithrombotic, lower blood pressure, inhibited cholesterol
and also is used for reducing side influences of diabetes4-6.

Under different environmental conditions, the dry matter
yield is estimated to be 2500 kg dry matter per hectare. The
serious  problem  in  borage  production  is  the  unlimited
process of flowers and seeds falling. In general, the average
rate of seed yield is estimated to be about 400 kg haG1.
However, the average rate of seed fallen is about 320 kg haG1,
while the seed yield of borage that can be obtained is
estimated to be about 80 kg haG1 seed7. Moreover, several
abiotic  and  biotic  factors  also  influence  plant  growth  and
seed production of borage8,9.

There is little information on the effect of plant nutrient
management (i.e., fertilizer type, application time, application
rate and method of fertilizer application) on this medicinal
plant, especially for its use during the plant growth and
reproduction stage. The type of fertilizer used is a critical
aspect of plant nutrient management since it affects the
development and seed production of borage plants grown
under a variety of environmental conditions. Thus, the
purpose of this pot study was to determine the influence of
seaweed extracts and NPK fertilizer on borage plant growth
and yield components when grown in a shade-net house.

MATERIALS AND METHODS

Study area: The present study was carried out on borage
(Borago officinalis L.) grown under shade-net house
conditions   in   the   College   of   Agriculture,   University   of
Al-Qadisiyah, Iraq, in the 2021 season.

Experimental design: Each pot was filled with 10 kg of peat
moss and sandy soil (1:1) and soil samples were taken from
each pot for soil analysis. The soil texture used in the study
was  silty  loam  with  a  pH  of  7.9.  It  contains  total  nitrogen
(80 parts per million), total phosphorus (34.5 parts per million)
and total potassium (96 parts per million) and has an EC of
0.93 (ds mG1).

The borage’s seeds were obtained from a local market in
Al-Diwaniyah city, Al-Qadisiyah Province, Iraq and were sown
in the nursery during the fall season of 2020. Uniform
seedlings  40  days  old  were  transported  into  plastic  pots
(10 kg) during the winter season of 2020. Two grams of
seaweed extracts and NPK fertilizer were added to 1 L of
distilled water and foliar application was applied to avoid the
loss of plant nutrients by leaching if soil application was used.
The control treatment was only sprayed with distilled water.
These fertilizer treatments were laid out in a Completely
Randomized Design (CRD) with three replications.

Numerous plant parameters were measured during the
flowering stage and also at the time of harvest. These plant
parameters included plant height, total leaf numbers,
chlorophyll content, root length, root fresh and dry weight,
stalk  fresh  and  dry  weight,  leaf  fresh  and  dry  weight,
leaves-to-shoot ratio and vegetative biomass, while flowering
traits included total flower numbers, total flowering branch
number and flowering branch fresh and dry weight. The seed
yield per plant was determined.

Statistical  analysis:  The  data  on  morphophysiological
characteristics and seed yield were evaluated statistically using
variance analysis in three replications and the treatment
means were compared using the least significant difference
(LSD) at the 0.05 level of probability. Excel was used to analyze
variance and correlation analyses, as well as to create
histograms comparing treatments.

RESULTS AND DISCUSSION

Figure 1a clearly showed that applying NPK or seaweed
extract at 2 g LG1 for each caused a significant increase in plant
height over the control. The NPK treatment was superior in its
effect. Plant height was 53.4 cm at the NPK treatment in
comparison to 40.0 cm for the control treatment. The same
results were held for the number of leaves per plant.
Treatment    with    NPK    recorded    the    highest    number
(22.5 leaves per plant), while treatment with seaweed extract
came second with 16 leaves per plant in comparison to
control    treatment   which   recorded   the   lowest   number
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Fig. 1(a-b): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on (a) Plant height and (b) Leaves
number per plant of borage (Borage officinalis  L.)

(9 leaves per plant) (Fig. 1b). Thus, it was clear that spraying
NPK fertilizer increased plant growth. These macronutrients
are required for growth because they are involved in the
manufacture of chlorophyll, nucleic acids, proteins, enzymes
and cell membranes. Additionally, NPK nutrients are required
for photosynthesis, respiration and transpiration, as well as
osmotic control10. Berti et al.11 reported that, plant height was
affected by nitrogen and phosphorus and the interaction
between nitrogen and potassium. Additionally, Alhasan and
Hussein12   concluded   that   nitrogen   applied   at   rates   of
60 or 80 kg N haG1 had positive effects on spearmint’s
vegetative growth as well as agronomic characteristics and
production of essential oil. The current study’s findings
corroborated previous findings13-15. Additionally, the
enhancing effect of seaweed extract on plant height and leaf
number was because the extract contains a diverse array of
macro and micro nutrients and organic components such as
plant growth hormones, amino acids, vitamins, betaines and
sterols16,17, all of which have been shown to stimulate plant
growth and yield while increasing nutrient uptake from the
soil. Halpern et al.18 revealed that, seaweed fertilizer was
effective as a source of extra nutrients, biostimulants and
organic fertilizers (biofertilizers). The current results have been
proven earlier19-21.

The SPAD chlorophyll meter has been used to measure
the chlorophyll content. The SPAD chlorophyll measured
during the three intervals behaves similarly in each interval in
response to the different treatments (Fig. 2a-c). Based on the
results of the analysis of variance, the effect of the two kinds
of fertilizers on chlorophyll content was significant. Seaweed
extract treatment resulted in the highest SPAD chlorophyll for
the three intervals. Values for chlorophyll due to seaweed
extract treatment were  31.5,  36.5  and  41.4  after  30,  40  and
50 days, respectively. However, plants of control treatment
had the lowest SPAD chlorophyll with values of 23.8, 25.9 and
26.8 for the intervals mentioned above, respectively.

Numerous investigations confirmed that seaweed extract
application raised leaf chlorophyll concentrations
positively18,20,22,23, which was consistent with our findings.
Yusuf et al.24 stated that, the application of seaweed extract
resulted in a higher chlorophyll content compared to the
control treatment, which they attributed to the seaweed
extract’s betaines reducing chlorophyll breakdown. Also,
Ashour et al.21 found that, using seaweed extract
(commercially  called  True-Algae-Max,  TAM®)  on  C.  annuum
at different concentrations improved significantly yield
components of the plant in addition to increasing the
amounts of chlorophyll, ascorbic acid, flavonoids and total
nutrients. Additionally, several researchers discovered that
applying seaweed extract enhanced leaf surface area,
indirectly increasing chlorophyll content25. However, NPK
treatment increased SPAD chlorophyll significantly over the
control treatment but not to the extent of seaweed extract
treatment. Nitrogen and potassium are essential nutrients that
affect the growth and performance of plants. Nitrogen
influences chlorophyll synthesis and photosynthetic efficiency,
whereas potassium influences the permeability of the cell wall,
the activity of several components and hence the overall
activity of the plant26. Additionally, nitrogen and magnesium
elements can be released by chemical fertilizers and
incorporated into the chlorophyll molecule’s porphyrin ring.
Potassium enhances nitrogen’s influence on photosynthesis
through an oligodynamic role or participation in the energy
transformation, activating kinases and osmotic absorption27.
Current results agreed with other results26,28-31.

For flowering branches number per plant, the results
showed that the highest number was due to NPK treatment
(11.7 flowering branches number per plant). Control treatment
gave the lowest number (4.8), while seaweed extract
treatment resulted in 7.1 flowering branches number per plant
(Fig. 3a). However, the results revealed that seaweed extract
treatment recorded the highest number of flowers per plant
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Fig. 2(a-c): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on  (a)  Chlorophyll  content  at
30  days  after  planting,  (b)  Chlorophyll  content  at  40  days  and  (c)  Chlorophyll  content  at  50  days  of  borage
(Borage officinalis  L.)

Fig. 3(a-b): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on (a) Flowering branches number
per plant and (b) Flower number per plant of borage (Borage officinalis  L.)

which  gave  38.5  flowers  number  per  plant  compare  to
26.5 and 19.0 flowers number per plant for NPK and control
treatments, respectively (Fig. 3b). This increase in these two
plant parameters due to NPK and seaweed extract treatments
can be attributed to the promoting effect of the two kinds of
fertilizers. The NPK fertilizer increases plant growth and
development due to the enhancement of the biochemical and
physiological functions of plants such as photosynthesis,
respiration, protein, enzymes and lipid synthesis and cell
membranes10. In addition to other components, seaweed

extracts contain hormones such as auxin, gibberellin and
cytokinin. These hormones are meant to stimulate vegetative
and reproductive growth in plants, allowing them to grow and
bear flowers32. The current results agreed with previous results
which confirmed that foliar application of NPK caused a
significant  increase  in  cucumber  plant  height  and  the
number of  branches,  leaves  and  flowers33  and  the  results 
of Rathore et al.34, who found that number of branches per
plant was significantly affected by the foliar application of
seaweed extract.
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Fig. 4(a-c): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on (a) Root length cm, (b) Fresh
dry weight of root (g/plant), (c) Dry weight of root (g/plant) of borage (Borage officinalis  L.)

Concerning root length, the NPK treatment recorded the
highest value (39.0 cm), while the control treatment recorded
the lowest value (23.8 cm). The seaweed extract treatment
recorded a value of 33.9 cm for root length (Fig. 4a). It was
reported   that   the   application   of   various   NPK:TAM
(seaweed  extract)  ratios  have  an  enhancing  effect  on
growth, yield and NPK content of cucumber (Cucumis sativus)
under greenhouse conditions. Also, applying TAM with and
without mixes of ordinary NPK applications improves chemical
and physical features related to immunity, productivity and
stress defense35. For root fresh weight, the NPK treatment
recorded the highest value (3.15 g/plant), which is significantly
different from the other treatment and the control. The
seaweed extract treatment recorded a value of 2.30 g/plant for
the root fresh weight (Fig. 4b). Interestingly, root dry weight
behaves differently from the fresh weight trend where
seaweed extract resulted in a higher value rather than NPK
treatment (Fig. 4c). The current results agreed with other
results15,21,27.

For leaves and stalk fresh weight, spraying NPK fertilizer
also resulted in the highest values of leaves and stalk fresh
weight compare to applying seaweed extract on the borage
plant or control treatment (Fig. 5a-b). The fresh weight of
leaves and stalk were 15.1 g/plant and 16.5 g/plant,
respectively  at  the  NPK  treatment  compared  to  11.8  and
13.7 g/plant, respectively for the two parameters at the control

treatment. In the same way, flowering branches fresh weight
(Fig.  5c)  recorded  the  highest  value  at   NPK   treatment
(43.0 g/plant), while seaweed extract treatment recorded a
value of 30.0 g/plant. However, the control treatment gave the
least fresh weight value and was far from the other two
treatments  (10.0  g/plant).  The  increase  in  fresh  weight  of
these  parameters  due  to  spray  with  NPK  and  seaweed
extract  was  due  to  the  enhancement  of  the  plant  growth
by the two kinds of fertilizers. Organic and non-organic
fertilizers are known to promote nutrient uptake, activate the
physiological/biochemical process in the plant and enhance
the action of plant growth regulators. Ngosong et al.33

reported that, the relative increase in cucumber yield and
vegetative parameters after the application of foliar NPK
fertilizer is likely due to the target-oriented foliar feeding that
delivered an appropriate amount of essential nutrients directly
to plants with greater nutrient use efficiency (NUE).
Additionally, Ashour et al.21 shown that seaweed extracts have
a substantial effect on the growth and yield of eggplant
plants. Dry weight supposes to behave similarly to that of
fresh weight due to the use of NPK and seaweed extract
fertilizers. Dry weight accumulation reflects plant growth
activity. For leaves, stalk and flowering branches’ dry weight,
results showed that dry weight was the highest due to NPK
treatment (Fig. 6a-c). The current results agreed with the
previous results15,21,27,29,31,33,36.

210

45

40

35

30

25

20

15

10

5

0

R
o
o
t 

le
n
g
th

 (
cm

)

Control Seaweed NPK

Source of fertilizer

(a) 4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Control Seaweed NPK

Source of fertilizer

(b)

F
re

sh
 w

ei
g
h
t 

o
f 

ro
o
t 

(g
/p

la
n
t)

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Control Seaweed NPK

Source of fertilizer

(c)

D
ry

 w
ei

g
h
t 

o
f 

ro
o
t 

(g
/p

la
n
t)



Asian J. Plant Sci., 22 (1): 206-214, 2023

Fig. 5(a-c): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on (a) Fresh weight of leaves
(g/plant),  (b)  Fresh  weight  of  stalk  (g/plant)  and  (c)  Fresh  weight  of  flowering  branches  (g/plant)  of  borage
(Borage officinalis  L.)

Fig. 6(a-c): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on (a) Dry weight of leaves
(g/plant),   (b)  Dry  weight  of  stalk  (g/plant)  and  (c)  Dry  weight  of  flowering  branches  (g/plant)  of  borage
(Borage officinalis  L.)
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Fig. 7(a-b): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on (a) Leaves to shoot ratio and
(b) dry weight of vegetative biomass (g/plant) of borage (Borage officinalis  L.)

Fig. 8(a-b): Influence of applying two sources of fertilizer (seaweed and NPK fertilizer at 2 g LG1) on (a) Seed yield (g/plant) and
(b) Harvest index (HI) of borage (Borage officinalis  L.)

Table 1: Correlation coefficients of studied traits
Traits 1 2 3 4 5 6 7 8
1: Chlorophyll content 1
2: Leaves number per plant 0.1455 1
3: Number of flowering branches 0.4514 0.3791 1
4: Number of flowers 0.7998 0.2287 0.0783 1
5: Root length 0.3984 0.6319 0.6930 0.3774 1
6: Vegetative Biomass 0.6688 0.6452 0.7815 0.4403 0.7473 1
7: Seed Yield 0.6931 0.2657 0.4472 0.7231 0.6509 0.4835 1
8: Harvest Index 0.4548 -0.0438 0.1101 0.5936 0.3258 0.0221 0.8811 1

Leaves to shoot ratio didn’t show significant differences
due to the use of either seaweed extract or NPK fertilizer in
comparison to the control treatment (Fig. 7a). Vegetative
biomass yield increased significantly due to both seaweed
extract   and   NPK   treatments.   It   reached   the   value   of
15.0 and 18.2 g/plant for the two treatments, respectively,
while  the  control  treatment  resulted  in  the  lowest  biomass
(9.9 g/plant) (Fig. 7b). In addition, seed yield also increased
significantly due to the fertilizer treatments over the control.
Seaweed extract produced the highest value of seed yield
(0.57 g/plant), which differs significantly from that of foliar
application  of  NPK  treatment  (0.41  g/plant)  and  control
(0.20 g/plant) (Fig. 8a). It has been found that the foliar
application of NPK increased grain yield of basil30 and yield
components of soybean37. Also, Yao et al.38 indicated that, the
application of seaweed extract significantly increased tomato

yield, which is regarded as the increased photosynthetic
capacity of plant leaves. Additionally, Rathore et al.34 reported
that, foliar application of seaweed extracts considerably
improved soybean yield characteristics. The harvest index (HI)
is a ratio of the economic performance of total dry matter
output that serves as a proxy for a plant’s capacity to distribute
resources between vegetative and reproductive structures39.
The analysis of variance revealed a significant influence of
seaweed extract and NPK fertilizers on the harvest index.
Harvest index followed a similar trend to seed yield, with
seaweed extract having a greater harvest index than NPK
treatment or control (Fig. 8b).

Correlation coefficients: Association coefficient analysis
(Table 1) revealed a substantial positive correlation between
seed  yield  and  chlorophyll  content,  root  length  and  flower
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number per plant trait. So, improving morphological traits
such as chlorophyll content, root length and vegetative
biomass could increase the number of flowers, which leads to
an increase in the seed yield because seed yield had a strong
positive correlation with the flowering trait (0.7231). Between
the number of leaves per plant and the harvest index, the least
significant negative connection was identified (-0.0438). As a
result, each increase in the number of leaves results in a
decrease in the harvest index of borage.

CONCLUSION

The  seaweed  extract  and  NPK  fertilizer  were  effective
in increasing significantly the plant growth parameters
measured for the borage crop over the control treatment. The
NPK treatment is superior over seaweed extract treatment in
most plant parameters measured, while seaweed extract was
superior in some others such as chlorophyll content, seed
yield and harvest index.

REFERENCES

1. Hoveida, Z.S., M.R. Abdollahi, A. Mirzaie-Asl, S.S. Moosavi and
J.M. Seguí-Simarro, 2017. Production of doubled haploid
plants from anther cultures of borage (Borago officinalis  L.)
by the application of chemical and physical stress. Plant Cell
Tissue Organ Cult., 130: 369-378.

2. Fernandes,    L.,    J.A.   Pereira,   J.A.   Saraiva,   S.   Casal   and
E.      Ramalhosa,      2018.      The      effect      of      different
post-harvest   treatments   on   the   quality   of   borage
(Borago officinalis) petals. Acta Sci. Polonorum Technologia
Aliment., 17: 5-10.

3. Seifzadeh,        A.R.,       M.R.       Khaledian,       M.       Zavareh,
P.  Shahinrokhsar  and   C.A.   Damalas,   2020.   European 
borage (Borago officinalis  L.) yield and profitability under
different  irrigation  systems.  Agriculture,  Vol.  10.
10.3390/agriculture10040136.

4. Miceli, C., A. Moncada, F. Vetrano, G. Iapichino, F. D’Anna and
A. Miceli, 2020. Effect of agronomic practices on yield and
quality  of  borage  at  harvest  and  during  storage  as
minimally-processed produce. Agronomy, Vol. 10.
10.3390/agronomy10020242.

5. Borowy, A., M. Chwil and M. Kaplan, 2017. Biologically active
compounds and antioxidant activity of borage (Borago
officinalis L.) flowers and leaves. Acta Sci. Pol. Hortorum
Cultus, 16: 169-180.

6. M. Gupta and S. Singh, 2010. Borago officinalis  Linn. An
important    medicinal    plant    of    Mediterranean    Region.
Int. J. Pharm. Sci. Rev. Res., 5: 27-34.

7. Asadi-Samani, M., M. Bahmani and M. Rafieian-Kopaei, 2014.
The chemical composition, botanical characteristic and
biological activities of Borago officinalis: A review. Asian Pac.
J. Trop. Med., 7: S22-S28.

8. Torabi, F., A. Majd and S. Enteshari, 2015. The effect of silicon
on alleviation of salt stress in borage (Borago officinalis  L.).
Soil Sci. Plant Nutr., 61: 788-798.

9. Ghasemnezhad, A., M.K. Aghaei and M. Ghorbanpour, 2019.
The Importance of Iranian Borage (Echium amoenum  Fisch.
Mey):  A  Critical  Review.  In:  Medicinal  Plants,  Swamy,  M.K.,
J.K. Patra and G.R. Rudramurthy (Eds.), CRC Press, Boca Raton,
Florida, ISBN: 9780429259968, pp: 51-57.

10. Eleiwa, M.E., S.A. Ibrahim and M.F. Mohamed, 2012.
Combined effect of NPK levels and foliar nutritional
compounds on growth and yield parameters of potato plants
(Solanum tuberosum  L.). Afr. J. Microbiol. Res., 6: 5100-5109.

11. Berti,   M.T.,   S.U.   Fischer,   R.L.   Wilckens,   M.F.   Hevia   and
B.L. Johnson, 2010. Borage (Borago officinalis L.) response to
N, P, K, and S fertilization in South Central Chile. Chil. J. Agric.
Res., 70: 228-236.

12. Alhasan, A.S. and H.A. Hussein, 2022. Effect of applying
different levels of nitrogen fertilizer on growth and essential
oil of spearmint (Mentha  spicata  L.).  Int.  J.  Agric.  Stat.  Sci.,
18: 137-140.

13. Ling, F. and M. Silberbush, 2002. Response of maize to foliar
vs. soil application of nitrogen-phosphorus-potassium
fertilizers. J. Plant Nutr., 25: 2333-2342.

14. Oyewole, C.I. and M. Mera, 2010. Response of roselle (Hibiscus
sabdariffa  L.) to rates of inorganic and farmyard fertilizers in
the Sudan Savanna Ecological Zone of Nigeria. Afr. J. Agric.
Res., 5: 2305-2309.

15. Abbas, M.K. and A.S. Ali, 2011. Effect of foliar application of
NPK on some growth characters of two cultivars of roselle
(Hibiscus sabdariffa  L.). Am. J. Plant Physiol., 6: 220-227.

16. Sivasankari,     S.,     V.     Venkatesalu,     M.     Anantharaj     and
M. Chandrasekaran, 2006. Effect of seaweed extracts on the
growth and biochemical constituents of Vigna sinensis.
Bioresour. Technol., 97: 1745-1751.

17. Khan,  W.,  U.P.  Rayirath,  S.  Subramanian,  M.N.  Jithesh  and
P. Rayorath et al., 2009. Seaweed extracts as biostimulants of
plant  growth  and  development.  J.  Plant  Growth  Regul.,
28: 386-399.

18. Halpern,   M.,   A.   Bar-Tal,   M.  Ofek,  D.  Minz,  T.  Muller  and
U.  Yermiyahu,  2015.  The  Use  of  Biostimulants  for
Enhancing Nutrient Uptake. In: Advances in Agronomy,
Sparks, D.L. (Ed.), Academic Press, Cambridge, Massachusetts,
ISBN: 9780128021378, pp: 141-174.

19. Szczepanek,    M.,    E.    Wszelaczy½ska,    J.    Pobereóny    and
I. Ochmian, 2017. Response of onion (Allium cepa  L.) to the
method of seaweed biostimulant application. Acta Sci.
Polonorum Hortorum Cultus, 16: 113-122.

213



Asian J. Plant Sci., 22 (1): 206-214, 2023

20. Kocira, A., M. Ðwieca, S. Kocira, U. Z»otek and A. Jakubczyk,
2018. Enhancement of yield, nutritional and nutraceutical
properties of two common bean cultivars following the
application of seaweed extract (Ecklonia maxima). Saudi J.
Biol. Sci., 25: 563-571.

21. Ashour,  M.,  S.M.  Hassan,  M.E. Elshobary, G.A.G. Ammar and
A. Gaber et al., 2021. Impact of commercial seaweed liquid
extract (TAM®) biostimulant and its bioactive molecules on
growth and antioxidant activities of hot pepper (Capsicum
annuum). Plants, Vol. 10. 10.3390/plants10061045.

22. Spinelli, F., G. Fiori, M. Noferini, M. Sprocatti and G. Costa,
2010. A novel type of seaweed extract as a natural alternative
to   the   use   of   iron   chelates   in   strawberry   production.
Sci. Hortic., 125: 263-269.

23. Krajnc, A.U., A. Ivanuš, J. Kristl and A. Šušek, 2012. Seaweed
extract elicits the metabolic responses in leaves and
enhances growth of pelargonium cuttings. Eur. J. Hortic. Sci.,
77: 170-181.

24. Yusuf, R., P. Kristiansen and N. Warwick, 2019. Effect of two
seaweed products and equivalent mineral treatments on
lettuce (Lactuca sativa  L.) growth. J. Agron., 18: 100-106.

25. Lola-Luz, T., F. Hennequart and M. Gaffney, 2013.
Enhancement of phenolic and flavonoid compounds in
cabbage (Brassica oleraceae) following application of
commercial seaweed extracts of the brown seaweed,
(Ascophyllum nodosum). Agric. Food Sci., 22: 288-295.

26. Akamine,  H.,  A.  Hossain,  Y.  Ishimine,  K.  Yogi,  K.  Hokama,
Y. Iraha and Y. Aniya, 2007. Effects of application of N, P and
K alone or in combination on growth, yield and curcumin
content  of  turmeric  (Curcuma  longa  L.).  Plant  Prod.  Sci.,
10: 151-154.

27. Mahmoodi,    P.,   M.   Yarnia,   V.   Rashidi,   R.   Amirnia   and
A. Tarinejhad, 2018. Effects of nano and chemical fertilizers on
physiological efficiency and essential oil yield of Borago
officinalis  L. Appl. Ecol. Environ. Res., 16: 4773-4788.

28. Jannin, L., M. Arkoun, P. Etienne, P. Laîné and D. Goux et al.,
2013. Brassica napus growth is promoted by Ascophyllum
nodosum  (L.) Le Jol. seaweed extract: Microarray analysis and
physiological  characterization  of  N,  C,  and  S  metabolisms.
J. Plant Growth Regul., 32: 31-52.

29. Alhasan, A.S., D.T. Al-Ameri, M.S. Al-Baldawy, M.K. Abbas and
H.H.   Hasan,   2020.   Influence   of   foliar   application    of
NPK  on  growth,  essential  oil  and  seed  yield  of  basil
(Ocimum basilicum  L. Cvdolly). Plant Arch., 20: 288-291.

30. Alhasan, A.S., 2020. Effect of different NPK nano-fertilizer rates
on agronomic traits, essential oil, and seed yield of basil
(Ocimum basilicum  L. cv Dolly) grown under field conditions.
Plant Arch., 20: 2959-2962.

31. He, C., L. Zhang and X. Li, 2022. Plant performance and soil
fungal community impacts of enhancing Dioscorea opposita
with  spraying  foliar  fertilizer  with  different  nutrient
element   combinations.   Agronomy,   Vol.   12.
10.3390/agronomy12092017.

32. Quilty, J.R. and S.R. Cattle, 2011. Use and understanding of
organic  amendments  in  Australian  agriculture:  A  review.
Soil Res., 49: 1-26.

33. Ngosong,  C.,  B.N.  Nkiambuo,  C.B.  Tanyi,   R.N.   Nkongho,
J.N. Okolle, A.E. Egbe and A.S. Tening, 2018. Comparative
study of soil and foliar NPK fertilizers on the yield and income
of cucumber (Cucumis sativus  L.). Asian J. Adv. Agric. Res.,
Vol. 8. 10.9734/AJAAR/2018/45721.

34. Rathore,   S.S.,   D.R.   Chaudhary,   G.N.   Boricha,   A.   Ghosh,
B.P. Bhatt, S.T. Zodape and J.S. Patolia, 2009. Effect of
seaweed extract on the growth, yield and nutrient uptake of
soybean (Glycine max) under rainfed conditions. South Afr. J.
Bot., 75: 351-355.

35. Hassan,  S.M.,  M.  Ashour,  N. Sakai, L. Zhang, H.A. Hassanien,
A. Gaber and G. Ammar, 2021. Impact of seaweed liquid
extract biostimulant on growth, yield, and chemical
composition  of  cucumber  (Cucumis  sativus).  Agriculture,
Vol. 11. 10.3390/agriculture11040320.

36. Selassie, Y.G., 2015. The effect of N fertilizer rates on
agronomic parameters, yield components and yields of maize
grown on Alfisols of North-Western Ethiopia. Environ. Syst.
Res., Vol. 4. 10.1186/s40068-015-0048-8.

37. Yagoub, S.O., W.M.A. Ahmed and A.A. Mariod, 2012. Effect of
urea, NPK and compost on growth and yield of soybean
(Glycine max  L.), in semi-arid Region of Sudan. Int. Scholarly
Res. Not., Vol. 2012. 10.5402/2012/678124.

38. Yao, Y., X. Wang, B. Chen, M. Zhang and J. Ma, 2020. Seaweed
extract improved yields, leaf photosynthesis, ripening time,
and  net  returns  of  tomato  (Solanum  lycopersicum  Mill.).
ACS Omega, 5: 4242-4249.

39. Aghdam, S.M., F. Yeganehpoor, B. Kahrariyan and E. Shabani,
2014. Effect of different urea levels on yield and yield
components   of   corn   704.   Int.  J.  Adv.  Biol.  Biomed.  Res.,
2: 300-305.

214


	AJPS.pdf
	Page 1


