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Influence of Certain Biostimulants on the Vegetative Growth of
Annual Moringa (Moringa oleifera. Lam)

ABSTRACT

Due to the importance of moringa leaves which can help improve the dietary diversity and
quality of households that need to improve their nutritional intake, being a potential alternate
source of protein, and for the sake of increasing its growth and yield, this study was conducted in
the Experimental Farm of the Faculty of Agriculture (Saba-Basha), Alexandria University, Egypt,
during two consecutive seasons of 2020 and 2021, to study the effect of biofertilizers, amino acids,
and seaweed extract and its combinations on the growth of Moringa (Moringa oleifera, L.). The
experiment was designed as split-split plot design it included 27 treatments with three replicates.
The results revealed that the highest significant values of vegetative growth as plant height (171.8
cm), stem length (87.30 cm), stem diameter (3.49 cm), leaves fresh weight (70.61 g), leaves dry
weight (13.35g ), number of leaves per plant (72.03), and number of leaves per shoot (54.41) were
achieved when the trees were soil bio-fertilized and sprayed with the investigated amino acid 700
mg/l + seaweed extract 700 mg/l + cerealine (T26) for both seasons of study. While the number of
branches per plant (15.28), shoot fresh weight (138.1g), and shoot dry weight (24.07g ) were
concerned, the highest values were obtained when the plants were treated with soil bio-fertilization
(Phosphorine), sprayed with amino acids, and seaweed extract, as the abovementioned treatments,
amino acid 700 mg/l + seaweed extract 700 mg/l + Phosphorine (T25), for both seasons of study
compared to the other treatments and control.

Key words: Moringa oleifera, vegetative growth, Phosphorine, cerealine, amino acid, seaweed extracd

INTRODUCTION

Moringa is the sole genus in the Moringaceae plant family. It includes 13 species ranging
in size from small herbs to huge trees from Africa and Asia's tropical and subtropical countries.
Moringa oleifera Lam, generally known as the "drumstick tree," Other popular names for this tree
are horseradish tree. Is the most extensively grown species, it is a shrub with a height of 5-12
meters and a diameter of around 30 cm. In Egypt, M. oleifera has been effectively cultivated
recently, as the total area planted with Moringa trees in all of the republic is about 1,000 feddan,
distributed among the governorates [1]. It is utilized in a variety of fields, including spices, flavor
and taste, herbal medicine, and beverages. Practically every portion of the tree has edible qualities
or other useful qualities, being a potential alternate source of protein. This is due to the flour's high
protein level, which is three times that of milk powder. Moringa leaves can help improve the
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dietary diversity and quality of households that need to improve their nutritional intake [2]. The
widespread use of conventional fertilizers in agriculture has disrupted soil ecology, polluted the
environment, and decreased soil fertility, all of which have negative consequences on human
health [2, 3 and 4]. To avoid this problem, it is necessary to renovate fertilization processes and
develop inventive new approaches to raise agricultural yields and decrease inputs, with an
emphasis on encouraging ecologically friendly agriculture [5].

Using chemicals (Biostimulators) that have a regulatory influence on plant growth and
development which include compounds like seaweed extract and amino acids, has lately become
a more widespread treatment in contemporary agricultural production. Natural extracts are crucial
in the biofertilizer process since they help to reduce the use of chemical fertilizers, produce a
natural product that is eco-friendly, and promote plant growth and productivity. In order to increase
growth and production, encourage soil nutrient absorption, and encourage antioxidant
characteristics, seaweed extract has developed into an efficient technique for fertilization when
used as a foliar spray [6].

Due to the components of seaweed extract that may operate synergistically at various
concentrations, while the method of action is yet unclear, the application of seaweed extract for
various crops was of considerable relevance [7]. The application of seaweed extract to soybean
increased yield as well as N, P, and K [6]. For mung bean, there was also a considerable increase
in seed production and pod weight [8].

Amino acids are a well-known biostimulant that serves as a building block for protein
synthesis, is involved in plant growth and development [9], and has good results for plant growth
as well as yield [10]. The role of biostimulants on nutrient availability, plant growth, chemical
composition, yield, and quality has been examined in a number of studies. According to research
by [11], spraying dry yeast and tryptophan over the leaves of moringa plants significantly
improved growth when compared to the control. The main purpose of this study is determine the
effect of some biofertilizers, amino acids and seaweed extract on vegetative growth of moringa
seedlings As well as, to find out the best fertilization treatment to improve the vegetative growth
of Moringa and reducing the intensive use of chemical fertilizers.

MATERIALS AND METHODS

During the 2020 and 2021 growing seasons, two field experiments were conducted at the
experimental farm of the Faculty of Agriculture (Saba Basha) Alexandria University, in the Abees
district of Alexandria, Egypt, to evaluate the response of soil bio-fertilization (Phosphorine and
Cerealine), and spraying with different rates of amino acids, and seaweed extract on the vegetative
growth of moringa of M. oleifera plants.



The physical and chemical characteristics of the experimental field soil were determined
during the two seasons, and the results are presented in Tables 1 and 2. In accordance with the
procedures described by [12].

Table (1) Some physical and chemical properties of the experimental soil in 2020 growing

seasons
Soil properties Values Unit
Clay 42.62 %
Mechanical Sand 15.80 %
analyses Silt 41.58 %
Soil texture Silty Clay -
pH (1:1, soil : water suspension) 7.80 -
EC (1:1, soil: water extract) 2.10 dS/m
K+ 0.91 meq/I
Soluble cations (1:2)  Cat++ 4.22 meq/I
(Cmol/kg soil) Mg++ 3.55 meq/I
Na++ 8.17 meq/I
Chemical . . CO-3+ HCO-3 2.22 meq/I
properties (Sgrgjoti;igagﬁ?s (1:2) CL- 11.19 meq/I
SO-4 0.6 meq/I
Calcium carbonate, 7.54 %
Total nitrogen, 0.50 %
Avaliable Phosphorus 3.80 mg/kg
Avaliable K 165.2 mg/kg
Organic matter 0.93 %




Table (2) Some physical and chemical properties of the experimental soil in 2021growing

seasons
Soil properties Values Unit
Clay 43.58 %
Mechanical Sand 14.71 %
analyses Silt 41.71 %
Soil texture Silty Clay -
pH (1:1, soil : water suspension) 7.83 -
EC (1:1, soil: water extract) 2.92 dS/m
K+ 0.85 meq/l
Soluble cations (1:2)  Ca++ 4.80 meq/I
(Cmol/kg soil) Mg++ 3.12 meq/l
Na++ 7.89 meq/I
Chemical . ) CO-3+ HCO-3 2.88 meg/I
properties ?ngoti}ﬁgaggﬁ;‘s (1:2) CL- 10.98 meq/I
SO-4 0.5 meq/I
Calcium carbonate, 6.89 %
Total nitrogen, 0.45 %
Avaliable Phosphorus 3.12 mg/kg
Avaliable K 171.1 mg/kg
Organic matter 0.98 %

The soil of the experiments was ploughed and divided into plots and rows then planted in
2.5 x 2.5 meter space, and the planting date was in March. Mineral fertilizers were applied
uniformly to all the research plots as ammonium nitrate (33.5% N) applied at 600 g/tree, 250 g/tree
of calcium superphosphate (15.5% P205), and 300 g/tree of potassium sulfate (48% K20). The
rate of calcium superphosphate was mixed within 0.15 m depth of top soil around the tree trunk at
one dose, while nitrogen and potassium fertilizer was applied in three equal doses, the first dose
was applied after 20 days after sowing, the second dose was applied after the first cut, and the third
dose was applied after the second cut. Also, biofertilizers, namely Phosphorine (containing P
dissolving bacteria including Bacillus sp.) and cerealine (produced by the Egyptian Ministry of
Agriculture and containing Bacillus polymyxa and Azotobacter chroococcum bacteria, each at 107
colony-forming units (CFU)/g carrier), as a source of nitrogen. And amino acids and seaweed
extract at (0, 350, and 700 ml/I) were applied as a foliar spray three times, the first one was sprayed
after planting, the second one was sprayed after the first cut, and the third one was sprayed after
the second cut. Control plants were sprayed with water. The plants were harvested three times in
the first and second seasons by cutting the vegetative parts to determine some morphological data.

] The experiment was designed as split-split plot design it included 27 treatments with
three replicates as follows:
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TO.
T1.
T2
T3.
T4.
TS.
T6.
T7.
T8.
T9.

T10.

T11

T12.

T13

T14.

T15

T16.

T17

T18.
T19.
T20.
T21.
T22.
T23.
T24.

T25
T26

Control (Untreated check).
Phosphorine

. Cerealine

350mg/l Seaweed extract

350mg/l Seaweed extract + Phosphorine

350mg/l Seaweed extract + Cerealine

700mg/l Seaweed extract

700mg/l Seaweed extract + Phosphorine

700mg/l Seaweed extract + Cerealine

350mg/I Amino acid

350mg/l Amino acid + Phosphorine

. 350mg/l Amino acid + Cerealine

350mg/l Amino acid +350mg/I Seaweed extract

. 350mg/lI Amino acid +350mg/l Seaweed extract + Phosphorine
350mg/l Amino acid +350mg/I Seaweed extract + Cerealine

. 350mg/l Amino acid +700mg/l Seaweed extract

350mg/l Amino acid +700mg/l Seaweed extract + Phosphorine
. 350mg/l Amino acid +700mg/l Seaweed extract + Cerealine
700mg/l Amino acid

700mg/l Amino acid + Phosphorine

700mg/l Amino acid + Cerealine

700mg/l Amino acid +350mg/l Seaweed extract

700mg/l Amino acid +350mg/l Seaweed extract + Phosphorine
700mg/l Amino acid +350mg/l Seaweed extract + Cerealine
700mg/l Amino acid +700mg/l Seaweed extract

. 700mg/l Amino acid +700mg/l Seaweed extract + Phosphorine
. 700mg/l Amino acid +700mg/l Seaweed extract + Cerealine

Vegetative growth measurements of Moringa plants as affected by the differential
investigated twenty seven treatments were evaluated through determining the response of the
following parameters: Plant height, Stem length, Numbers of branches / plant, Shoot fresh weight,

Leaves fresh weight and Leaves dry weight.

whe
stud
sign

The split-split plot design was used for arranging the above mentioned 27 treatments,
reas each treatment was replicated three times. All the obtained data in the two seasons of
y were statistically analyzed using the analysis of variance method according to [13]. The least
ificantly differences test (L.S.D.) at 0.05 was used in compare between means of the different

treatments

RESULTS AND DISCUSSION



1. The effect of fertilizing treatments on Plant height and stem length of M. oleifera plant.

The obtained results, given in Tables 3 clearly show that in the first and second seasons of
fertilizing, M. oleifera significantly increased the plant height and Stem length compared with
control plants. it was clear that the highest significant value of plant height and stem length was
achieved when the trees were soil bio-fertilized and sprayed with the investigated amino acid 700
mg/l + seaweed extract 700 mg/l + cerealine (T26) for both seasons of study, where the mean plant
height for both seasons was 171.8 cm. and the mean stem length for both seasons was 87.30 cm.
Furthermore, we found that all tested bio-fertilization, amino acid, and seaweed extract treatments,
as well as their combinations, improved shoot length and stem length especially at the highest
levels in both seasons. This increment may be related to the several functions of combinations of
bio-fertilization, amino acids, and seaweed extract.

The outcomes were consistent with those reported by [14 and 15]. They discovered that
the use of bio-fertilizers had a positive impact on all M. oleifera’s vegetative growth parameters.
However the effectiveness of these improvements varied depending on the bio-fertilizers used—
Microbine, Phosphorine, and Nitrobine. On the other hand, reported that rosemary plants' height
was significantly increased by both nitrobien and phosphorein in both cuttings of both seasons at
rates of 3 and 6 g/pot. Similarly [16]. In addition, Zayed [17] noted that soil inoculation with mixed
biofertilizer cultures led to longer Moringa plant lengths. The metabolism of plants and the
assimilation of proteins, both of which are essential for cell formation and hence increase fresh
and dry matter, may be significantly influenced by amino acids. Abd El-Baset [18] observed that
treating M. oleifera with amino acids at a rate of 3 cm®/L led to the most significant increase in
plant height in both seasons.

2. The effect of fertilizing treatments on stem diameter and number of branches per plant
of M. oleifera plant.

Concerning the stem diameter and the number of branches per plant of M. oleifera plants
as impacted by soil biofertilization and spraying with amino acids and seaweed extract, the data
presented in Table 4 clearly shows that the highest significant value of stem diameter was achieved
when the plants were cerealine soil bio-fertilized and sprayed with amino acids and seaweed
extract (T26), with a mean value for both seasons of 3.49 cm. Also, data indicate that there were
significant differences among the investigated treatments as far as the number of branches was
concerned, the highest values were obtained when the plants were treated with soil bio-fertilization
(Phosphorine), sprayed with amino acids, and seaweed extract, as the abovementioned treatments,
amino acid 700 mg/l + seaweed extract 700 mg/l + Phosphorine



Treatments

To Untreated

T1 Phosphorein

T2 Cerealine

T3 Seaweed 350mg/I

T4 Seaweed 350mg/l + Phosphorein 350mg/I

Ts Seaweed 350mg/l + Cerealine 350mg/I

Te Seaweed 700mg/I

Tz Seaweed 700mg/l + Phosphorein 700mg/I

Ts Seaweed 700mg/l + Cerealine 700mg/I

Tg Amino 350mg/I

T10 Amino 350mg/l + Phosphorein

T11 Amino 350mg/l + Cerealine

T12 Amino 350mg/l + Seaweed 350mg/I

Tis Amino 350mg/l + Seaweed 350mg/Il +
Phosphorein

T14a Amino 350mg/l + Seaweed 350mg/l +
Cerealine

Tis Amino 350mg/l + Seaweed 700mg/I

Ti6 Amino 350mg/l + Seaweed 700mg/l +
Phosphorein

T17 Amino 350mg/l + Seaweed 700mg/l +
Cerealine

Tis Amino acid 700mg/l

Ti9 Amino acid 700mg/l + Phosphorine

T20 Amino acid 700mg/l + Cerealine

T21 Amino acid 700mg/l + Seaweed extract
350mg/I

T22 Amino acid 700mg/l + Seaweed extract
350mg/1 + Phosphorine

T2s Amino acid 700mg/l + Seaweed extract
350mg/l + Cerealine

T24 Amino acid 700mg/l + Seaweed extract
700mg/l

T2s Amino acid 700mg/l + Seaweed extract
700mg/l + Phosphorine

Plant height (cm)

92.90
90.10
94.70
96.90
99.80
100.4
108.7
120.3

132.8

Season2020
2rdcut  3rdcut
89.30 98.60
102.2 114.4
100.6 111.4
92.40 101.6
105.7 116.5
102.9 113.9
96.30 106.1
112.1 1235
106.3 120.9
99.30 1135
113.3 125.0
111.8 125.6
102.7 116.0
1175 133.9
114.3 1335
107.0 1275
124.7 138.5
118.1 1335
110.3 128.4
125.9 140.7
124.2 141.0
113.9 133.6
130.5 154.9
127.0 154.5
118.9 140.4
1315 154.8

Season2021
1teut  2Mcut  3dcut
1329 1395 1455
1509 1555  164.2
1489 1533 1584
1483 1527 1623
1553 1609  183.1
157.8  163.7 1705
1384 1456 1586
1654  173.6 1804
169.7 1759 1834
1549 1622 1743

166 1734 1767
166.7 1755 1831
165.1 1736 1819
171.7 1779  186.0
1728 1790 1856
172.6 1778 1898
1746  180.0  186.1
1731 1763 1845
168.0 1732 1835
176.9 1809 1848
179.6 1858  189.8
1759 1809 1856
1809 1864 1915
1804 1844 1921
1843 1867  196.7
186.9  191.3  214.00

Mean

1129
126.8
1247
123.6
134.6
132.6
120.7
139.9
140.3
131.3
140.0
1417
137.6
1454

145.1

143.6
148.9

146.4
1423
150.7
152.9
148.3
157.4
157.9
157.9

168.6

Stem Length (cm)

Season2020
Istcut  2Mcut  3rdcut
1570  56.00  61.40
16.00 6840  75.30
1770  62.80  69.10
2100 6560  72.20
2470 7530  82.90
2630 7180  79.10
2430 7350  80.90
2570  86.00  94.70
2570  80.70  88.80
19.30 6220  68.40
2170  76.00  83.60
2200  69.70  80.20
2600 7290  92.10
2800 8370  92.20
2830 79.80  87.80
2670 8170  89.90
2970 9550  104.9
3000 8970  95.80
2400 7580  76.00
2370 8450  92.90
2600 77.60  85.20
2870 8100  89.10
3230 9300 1021
3430 8870  97.40
3300 90.80  99.90
3530 99.70  109.6

33.00
29.00
25.00
28.00
30.00
33.40
36.00
35.00

37.00

Season2021

2ndcut  3cut
58.00 63.20
70.00 77.80
63.00 73.20
66.80 75.20
78.10 85.00
74.00 82.90
76.30 83.00
88.00 98.00
82.40 90.00
66.00 70.40
78.50 85.30
72.40 84.20
76.70 96.20
85.50 98.00
81.20 90.00
83.60 91.50
96.50 107.9
93.70 100

97.00 80.00
88.00 96.90
79.40 90.80
84.00 91.50
96.00 104.7
90.00 101.2
92.00 106

108.8 118

Mean

45.22
54.08
50.67
53.80
62.00
60.20
60.50
69.90
65.63
51.22
61.20
58.75
65.15
69.40

66.18

66.98
71.75

73.70
63.63
68.50
64.5

67.38
76.92
74.60
76.12

84.73




T26 Amino acid 700mg/l + Seaweed extract 147.1 134.4 155.1 186.4 1926 21500 171.8  40.00 106.1 116.7  42.00 100 119 87.30
700mg/1 + Cerealine
L.S.D 3.29 2.02 5.47 10.74 10.57 942 - 314 4.24 2.03 3.9 5.83 9.79

Table (3): Average values of Moringa oleifera plant height and Stem Length as affected by Bio-fertilizers, Amino acids, and
Seaweed extracts and their combinations during 2020 and 2021 growing seasons



(T25), proved to be the most effective ones in enhancing and improving the mean number of
branches during both seasons, with a mean of 15.28 branch/ plant. It could be concluded that, based
on the data, foliar spraying of seaweed extracts and amino acids with soil bio-fertilization produced
greater results than using each component separately. These results are in line with those stated by
Radwan [19] stated that inoculation of moringa plants with biofertilization significantly increased
stem diameter at three cuts during both seasons in comparison to uninoculation treatments. Also,
[14 and 15], stated that M. oleifera plants treated with Phosphorine and Nitrobine biofertilizers
produced the highest values of stem diameter compared with the control and revealed that
Phosphorine was the most effective in increasing the number of branches per plant. Zewail [20]
claimed that the combination of seaweed at 2 ml/l and amino acids at 4 ml/l was the most successful
treatment for increasing the number of Phaseolus vulgaris branches. Atteya and Amer [21] found
that combining seaweed extract and amino acids improved the growth parameters of Hibiscus
sabdariffa plants.

3. The effect of fertilizing treatments on shoot fresh and dry weight of M. oleifera plant.

The response of shoot fresh and dry weight of M. oleifera plants to the different
investigated treatments, the data presented in Table 5 refers to the fact that the highly positive
response of shoot dry and fresh weight was detected with those plants that were bio-fertilized with
the Phosphorine bio-fertilizers conjoined with the application of the amino acid and seaweed
extracts as foliar sprays each at 700 mg/L (T25),. Herein, the maximum mean value of leaves' fresh
weight was detected at 138.1g, which proved to be the best one in this respect as compared with
the other investigated treatments, also treatment produced the heaviest shoot dry weight as
compared with the other investigated treatments, with a mean value for both seasons of 24.07g
during the 1st and 2nd seasons of study. Similar results indicated that it was preferable to spray
with the amino acid and seaweed extracts and soil bio-fertilization together to get a better response
than using each factor alone. These effects have been observed in various crops, Sriyuni [22]
advise using seaweed extract in conjunction with amino acids to increase the production of rice
and vegetative growth parameters. Additionally, according to [23], the use of the biostimulants
Phosphorene and Microbein had a significant positive influence on several of the Canino apricot
trees' observed vegetative development indices. [14 and [15], who assessed the impact of bio
fertilizers on the vegetative growth and chemical components of M. oleifera plants, they showed
that the application of the bio fertilizers Microbine, Phosphorine, and Nitrobine led to the highest
values of the dry weight of shoots.



Treatments

To Untreated

T1 Phosphorein

T2 Cerealine

Ts Seaweed 350mg/l

Ta Seaweed 350mg/l + Phosphorein

350mg/l

Ts Seaweed 350mg/l + Cerealine 350mg/I

Te Seaweed 700mg/I

Tz Seaweed 700mg/l + Phosphorein

700mg/l

Ts Seaweed 700mg/l + Cerealine 700mg/I

To Amino 350mg/l

Tio Amino 350mg/l + Phosphorein

T11 Amino 350mg/I + Cerealine

T12 Amino 350mg/I + Seaweed 350mg/I

Tz Amino 350mg/I + Seaweed 350mg/l +
Phosphorein

T4 Amino 350mg/I + Seaweed 350mg/l +
Cerealine

Tis Amino 350mg/I + Seaweed 700mg/I

Tis Amino 350mg/l + Seaweed 700mg/l +
Phosphorein

T17 Amino 350mg/l + Seaweed 700mg/l +
Cerealine

Tis Amino acid 700mg/I

Tis  Amino acid 700mg/l + Phosphorine

T20 Amino acid 700mg/I + Cerealine

T21 Amino acid 700mg/l + Seaweed extract
350mg/l

T22 Amino acid 700mg/I + Seaweed extract
350mg/l + Phosphorine

T2z Amino acid 700mg/l + Seaweed extract
350mg/l + Cerealine

T22 Amino acid 700mg/I + Seaweed extract
700mg/1

T2s Amino acid 700mg/I + Seaweed extract
700mg/l + Phosphorine

Stem diameter (cm)

Number of branches/plant

Season2020
Bteut  2Mcut  3cut
1.18 1.27 1.36
212 2.20 2.37
212 231 251
1.37 1.56 1.81
2.34 2.67 2.93
2.01 2.70 3.07
1.43 1.90 247
2.58 2.68 293
2.21 2.40 2.81
1.32 1.63 1.92
2.37 2.85 3.05
1.99 2.70 3.18
1.42 1.78 2.01
2.60 2.91 311
2.37 3.24 3.39
2.24 2.60 3.34
159 2.32 2.92
2.87 3.53 3.88
2.46 3.29 2.90
1.47 2.36 3.74
2.63 3.25 3.63
2.21 3.25 3.60
1.58 2.92 3.22
2.49 3.62 3.57
2.89 3.08 3.18
1.77 2.78 3.30

Season2021
Lteut 2Mcut  3cut
1.26 143 2.37
2.23 254 2.67
2.25 2.92 2.97
1.50 2.23 2.93
2.60 3.02 3.40
2.13 291 3.63
1.63 2.34 3.37
2.78 3.39 3.63
243 1.01 3.39
1.62 3.37 3.69
2.59 3.59 3.96
2.24 3.55 3.97
1.89 3.16 3.27
2.80 3.52 3.83
2.57 3.01 3.53
2.56 297 3.15
2.18 371 3.60
2.87 3.42 3.52
3.06 3.09 3.53
1.82 3.04 3.30
2.62 2.77 3.16
2.80 3.12 3.44
2.74 3.29 3.60
3.44 3.52 3.70
3.26 3.37 3.65
3.08 3.39 3.51

1steut
6.57
8.91
8.06
6.77
9.15

8.12
11.00
9.96
8.36
11.30
10.20
8.48

11.40

Season2020
2nd cut
7.23
9.80
8.86
7.41
10.10

9.15
7.53
10.20

9.21
8.05
10.80
9.83
8.22
11.20
10.10

8.39
11.30

10.20
8.93
12.10
11.20
9.19
12.30
11.20
9.29

12.50

3rd cut
7.95
10.80
9.75
8.18
11.20

10.00
8.30
11.20

10.20
8.85
11.90
10.80
9.13
12.30
11.20

9.23
12.40

11.30
6.55
13.30
12.10
10.10
13.70
12.40
10.30

13.80

1stcut
9.33
12.10
11.60
10.80
13.20

13.40
12.50
14.50

12.40
11.00
14.40
13.50
11.20
14.30
13.20

11.40
14.20

13.50
11.10
15.20
14.00
12.30
15.40
14.30
13.60

16.60

Season2021
2ndcout  3cut
10.10 11.30
13.40 15.00
12.60 14.00
12.40 14.00
13.90 16.00
14.40 16.00
12.50 14.00
15.20 17.00
12.90 14.00
11.40 12.10
15.40 17.00
13.90 14.00
12.40 13.30
14.80 16.00
13.20 14.30
12.20 13.00
15.20 16.00
14.40 15.70
12.10 13.00
16.20 16.70
15.50 18.00
12.50 16.00
16.30 18.50
15.10 17.00
13.90 17.00
17.40 20.00

Mean

8.75
11.67
10.81
9.927
12.26

11.87
10.28
12.89

11.19
9.785
13.23
11.83
10.30
13.13
11.87

10.31
13.23

12.41
9.967
14.08
13.54
11.41
14.50
13.37
12.10

15.28




T2s Amino acid 700mg/l + Seaweed extract 3.18 3.30 3.70 3.45 3.53 3.80 .3.49 10.40 11.30 12.50 14.80 15.40 18.00 13.73
700mg/1 + Cerealine
L.S.D 1.16 0.92 0.90 2.53 0.68 0.50 0.058 0.19 0.086 0.68 0.71 056 -

Table (4): Means of Stem diameter of Moringa oleifera and Number of branches as affected by Bio-fertilizers, Amino acids, and
Seaweed extracts and their combinations during 2020 and 2021 growing seasons



Shoot fresh weight (g) Shoot Dry Weight (g)

Treatments Season2020 Season2021 Mean Season2020 Season2021 Mean
Itcut 2Mcut  3dcut 1tcut 2™cut  3cut teut 2M™cut  3dcut Itcut 2™cut  3dcut

To Untreated 64.40 70.8 77.9 88.6 91 94.3 81.17 129 13.8 16.5 13.6 149 17.6 14.88

T1 Phosphorein 76.40 84.1 92.5 98.3 100 101.3 92.1 15.3 16.5 18.6 16.2 18.3 19.7 17.43

T2 Cerealine 67.90 74.7 82.2 92.3 93.7 97.3 84.68 13.6 15.3 17.3 14.4 16.2 18.9 15.95

Ts Seaweed 350mg/I 70.80 77.9 85.7 95.6 97.7 99.7 87.90 14.2 17.5 18.2 15.2 18.7 20 17.3

T4 Seaweed 350mg/l + Phosphorein 350mg/I 84.60 93.02 102.3 110.8 112 113.7 102.7 16.9 18 19.4 17.1 19.5 21 18.65

Ts Seaweed 350mg/l + Cerealine 350mg/I 75.50 83.1 914 98.3 100.7 103.7 92.12 15.1 16.5 17.8 16.2 18.3 20.3 17.37

Te Seaweed 700mg/I 78.30 86.4 94.7 103.8 107.3 110 96.75 15.7 17 17.8 16.6 18.9 21.3 17.88

Tz Seaweed 700mg/l + Phosphorein 700mg/I 92.90 102.1 112.3 118.6 120.3 122.7 1115 18.6 19.6 21 19.6 21 22.6 20.4

Ts Seaweed 700mg/l + Cerealine 700mg/I 85.10 93.6 102.9 111.4 116 119.7 104.8 17 18 19.1 17.8 19.1 20.5 18.58

To Amino 350mg/I 71.60 78.7 86.6 95.4 100 105 89.55 14.3 155 18.1 15.8 17.7 20.7 17.02

T10 Amino 350mg/I + Phosphorein 84.9 934 102.7 111 113.7 117 103.8 16.9 17.9 19.6 18.2 19.9 21.7 19.03

T11 Amino 350mg/I + Cerealine 75.5 84.7 91.3 100.7 105.7 108.3 94.37 15.1 16.1 17.9 16.4 17.2 19.9 17.1

T12 Amino 350mg/I + Seaweed 350mg/I 78.7 86.6 94.2 103.8 105.7 110.3 96.55 15.7 17.3 19.8 16.8 18.9 20.9 18.23

T1z Amino 350mg/l + Seaweed 350mg/l + 93.9 103.4 113.7 123.5 125.3 127.7 114.6 18.8 19.9 22.2 19.7 20.7 231 20.73
Phosphorein

T14 Amino 350mg/l + Seaweed 350mg/l + 83.9 92.3 101.5 111 114 116.3 103.2 16.8 18 19.6 18.4 19.6 21.8 19.03
Cerealine

Tis Amino 350mg/l + Seaweed 700mg/I 86.9 95.7 1052 1156 119.7 122.7 107.6 174 18.3 20.1 19.1 20 239 19.80

T1s Amino 350mg/l + Seaweed 700mg/l + 103.2 1135 124.8 135.2 137.7 139.7 125.7 20.6 21.3 22.3 215 22.6 24.7 22.16
Phosphorein

T1z Amino 350mg/l + Seaweed 700mg/l + 94.3 104.1 1132 1235 126 128.3 114.9 18.9 20 219 20.1 213 233 20.92
Cerealine

Tis Amino acid 700mg/l 79.5 87.5 96.2 104.9 108 110 97.68 15.9 17 18.9 17.3 18.9 20.8 18.13

Ti9 Amino acid 700mg/I + Phosphorine 94.4 103.8 114.2 124.7 128 132 116.2 18.9 19.8 215 19.8 213 24.4 20.95

T20 Amino acid 700mg/l + Cerealine 84.8 92.2 101.5 111.7 114.3 117.3 103.6 16.8 17.6 18.9 17.9 19.3 20.5 18.50

T21 Amino acid 700mg/l + Seaweed extract 87.6 96.2 105.8 115.3 119.3 123.3 107.9 175 18.7 21 18.9 20.4 23.7 20.03
350mg/I

T22 Amino acid 700mg/l + Seaweed extract 104.5 114.9 126.2 135.3 137.3 139 126.2 20.8 22 23.6 215 22.7 25 22.60
350mg/l + Phosphorine

T2s Amino acid 700mg/I + Seaweed extract 93.2 102.5 112. 128.4 131 134 116.9 18.6 204 21.2 19.6 215 23.7 20.83
350mg/l + Cerealine

T2s Amino acid 700mg/l + Seaweed extract 96.6 106.3 116.9 132.4 135 137.7 120.8 19.3 20.5 22.3 20.1 21.4 24.3 21.32
700mg/l

T2s Amino acid 700mg/l + Seaweed extract 114.6 126.1 138.7 148.3 150 150.7 138.1 229 235 24.3 235 24.3 25.9 24.07

700mg/l + Phosphorine




T2s Amino acid 700mg/l + Seaweed extract 104.5 114.9 1264 1379 142.3 145 1285 209 219 226 21.8 229 24.6 22.45
700mg/1 + Cerealine
L.S.D 9.95 1.79 1.8 6.93 7.29 9.07 0.13 1.65 1.83 0.95 1.42 2.16

Table (5): Means of Shoot fresh and Dry Weight of Moringa oleifera as affected by Bio-fertilizers, Amino acids, and Seaweed
extracts and their combinations during 2020 and 2021 growing seasons



4. The effect of fertilizing treatments on Leaves fresh and dry weight of M. oleifera plant.

The data tabulated in Table 6 indicates that there were significant differences among the
investigated treatments as far as leaf fresh and dry weights were concerned. The treatment (T26)
of amino acid 700 mg/I + seaweed extract 700 mg/l + cerealine, led to highly fresh and dry leaves
with a mean value of 70.61 and 13.35 g, respectively for both seasons, as compared with the other
investigated treatments. The results indicated that spraying with amino acid and seaweed extracts
and soil bio-fertilization yielded a greater response than utilizing each component alone. Similarly,
previous researches on other plants showed that on snap beans, Abou El-Yazied [24] indicated that
spraying plants with seaweed extract at a higher rate significantly increased leaf fresh and dry
weight per plant compared to control. Also, on Vicia faba, Salah El Din [25] reported that the
application of seaweed extracts resulted in an increase in shoot fresh weight in Vicia faba. Also,
Awad [26] demonstrated that providing potato plants with seaweed extract improved the dry weight of the
leaves/plant.

5. The effect of fertilizing treatments on Number of leaves/plant.

The number of leaves per plant of M. oleifera plants is registered in Table 7, and the data
indicate that there were significant differences among the investigated treatments as far as the
number of leaves per plant was concerned. Meanwhile, the highest values of the tested parameter
were obtained when the plants were sprayed with amino acid and seaweed extracts at 700 mg/L
with soil bio-fertilization with cerealine (T26), which proved to be the most effective ones in
enhancing and improving the investigated parameter with a mean value of 72.03 leaf/plant for both
seasons, followed by Phosphorine soil bio-fertilization with amino acid and seaweed extracts at
700 mg/L (T25), which came after and occupied the second rank in this respect with a mean value
of 71.44 leaf/plant for both seasons of study. The results indicated that spraying with amino acid
and seaweed extracts + soil bio-fertilization yielded a greater response than utilizing each
component alone. These results are in line with those stated by [14], who found that applying that
M. oleifera plants inoculated with Microbine biofertilizers produced the highest significant number
of leaves per plant as compared with the control. In the same direction, Abd El-Baset [18]
demonstrated that utilizing high concentrations of amino acids as foliar sprays on both M. oleifera
and M. ovalifolia plants gave a wonderful number of leaves compared to the control and stated
that the increase in the number of leaves means good growth and quality. In the same direction,
Vasantharaja [27] found that spraying cowpea plants with brown seaweed extract significantly
improved the number of leaves per plant in comparison to the control treatment.



Treatments

To Untreated

T1 Phosphorein

T2 Cerealine

Ts Seaweed 350mg/I

Ta Seaweed 350mg/l + Phosphorein 350mg/I

Ts Seaweed 350mg/l + Cerealine 350mg/I

Te Seaweed 700mg/l

Tz Seaweed 700mg/l + Phosphorein 700mg/I

Ts Seaweed 700mg/l + Cerealine 700mg/I

To Amino 350mg/l

Ti0 Amino 350mg/l + Phosphorein

T11 Amino 350mg/I + Cerealine

T12 Amino 350mg/I + Seaweed 350mg/I

Tis Amino 350mg/l + Seaweed 350mg/l +
Phosphorein

T14 Amino 350mg/l + Seaweed 350mg/I +
Cerealine

Tis Amino 350mg/I + Seaweed 700mg/I

Tis Amino 350mg/l + Seaweed 700mg/l +
Phosphorein

T17 Amino 350mg/I + Seaweed 700mg/I +
Cerealine

Tis Amino acid 700mg/I

Tie Amino acid 700mg/I + Phosphorine

T20 Amino acid 700mg/I + Cerealine

T21 Amino acid 700mg/l + Seaweed extract
350mg/1

T2z Amino acid 700mg/I + Seaweed extract
350mg/l + Phosphorine

T2s Amino acid 700mg/I + Seaweed extract
350mg/l + Cerealine

T24 Amino acid 700mg/I + Seaweed extract
700mg/l

T2s Amino acid 700mg/I + Seaweed extract
700mg/1 + Phosphorine

T26 Amino acid 700mg/l + Seaweed extract
700mg/l + Cerealine

Leaves fresh weight (g)

39.70
39.30
41.60
42.40
43.30
45.20
47.10
49.10
51.50

54.70

Season2020
2nd cut
29.70
33.70
34.40
30.10
35.60
34.70

37.70

29.70
39.10

41.80
33.10
44.30
42.70
31.50
39.80
49.40
35.90
54.20

59.70

3rd cut
25.60
29.10
34.00
32.90
34.70
33.30
29.40
31.10
33.90
39.10
40.10
38.10
38.40
40.90

39.80

41.10
41.70

40.20
48.90
47.80
49.40
55.30
50.00
56.20
59.90
61.00

63.80

Season2021
1teut  2Mcut  3rcut
39.90 42.60 40.30
42.80 41.30 40.50
44.40 41.90 40.30
4510 4480 4210
45.40 45.20 45.40
4310 4270 46.30
44.30 43.20 44.60
50.60 42.60 47.10
40.70 44.30 46.60
48.30 45.40 50.70
49.40 47.80 55.60
49.70 45.80 55.60
50.50 48.60 52.40
51.50 53.50 56.90
52.10 50.10 55.70
52.10 56.70 56.90
55.20 54.00 58.30
60.50 55.80 60.00
60.70 56.70 48.40
62.10 50.50 55.50
63.50 57.00 55.10
55.30 71.10 74.50
62.90 75.80 75.40
70.10 76.90 74.70
77.40 77.30 81.00
80.40 85.80 76.70
81.10 80.70 83.70

Mean

33.93
35.75
36.95
37.32
39.28
38.27
37.17
40.05
39.37
40.92
43.58
43.02
42.78
45.45

45.33

45.65
47.83

49.67
47.85
50.30
51.68
55.17
58.18
62.40
63.62
68.26

70.61

Leaves Dry weight (g)

Season2020
1stcut  2Mcut  3rcut
5.10 5.50 5.10
5.40 5.70 5.80
5.50 5.60 6.50
5.70 5.70 6.40
6.50 5.80 6.30
6.70 6.60 6.40
6.80 5.90 6.00
7.30 5.90 6.40
7.30 7.20 6.50
6.20 8.00 7.50
6.60 7.30 7.60
6.50 7.50 7.50
6.50 7.90 7.90
7.70 8.00 8.00
7.70 7.80 8.10
7.90 7.30 8.50
8.00 7.60 8.20
8.40 8.20 8.30
8.60 7.80 8.50
8.60 8.20 8.80
8.80 9.30 8.80
8.80 8.60 9.70
8.90 8.80 10.60
9.40 9.30 11.10
9.70 9.60 11.30
9.40 1040  11.20
9.30 1020  11.50

1t cut

8.40
8.50
8.60
8.70
9.20
9.20
8.80
9.40
9.40
10.20
10.90
10.30
10.20
10.80

10.80

10.00
11.50

12.30
12.50
13.60
13.80
14.60
14.80
14.70
15.90
16.30

15.90

Season2021
2ndcut  3rcut
8.60 8.80
8.30 8.30
8.40 8.40
9.00 9.20
9.10 9.50
9.40 9.50
9.00 9.40
9.70 9.50
9.60 10.20
10.10 9.20
1020  10.50
1040  10.30
10.60  10.40
11.50  10.40
1130  11.90
1140  12.60
1260  11.40
1240 1240
1250  12.40
1330  13.60
1350  13.40
1460  14.30
1460  14.70
1540  15.10
1560  15.90
16.20  16.40
16.30  16.90

Mean

6.92
7.00
7.17
7.45
7.73
7.97
7.65

8.37
8.53
8.85
8.75

8.92
9.40

9.62
9.88

10.30
10.40
11.02
11.30
11.80
12.10
12.50
13.00
13.31

13.35




L.S.D 1.67 4.80 5.16 2.18 6.24 3.20 —— 0.49 112 0.61 5.48 0.27 0.64

Table (6): Means of Leaves fresh and Dry weight of Moringa oleifera as affected by Bio-fertilizers, Amino acids, and Seaweed
extracts and their combinations during 2020 and 2021 growing seasons



Table (7): Means of number of leaves /plant of Moringa oleifera as affected by Bio-fertilizers,
Amino acids, and Seaweed extracts and their combinations during 2020 and
2021 growing seasons.

Number of leaves/plant

Treatments Season2020 Season2021 Mean
teut | 2¥cut | 39cut | 1%cut | 2™cut | 3%cut

To Untreated 3464 | 3800 | 4190 | 4804 | 4857 | 5518 | 4440
T Phosphorein 4102 | 4512 | 4663 | 5360 | 5463 | 6414 | 5087
T2 Cerealine 3491 38.39 42.24 51.59 54.27 55.94 46.22
T5 Seaweed 350mgll 3891 | 42.80 | 4674 | 5022 | 5542 | 5914 | 4887
ggoze;‘;"“d 350mg#l + Phosphorein 4860 | 5346 | 5545 | 6333 | 67.18 | 7042 | 5074
Ts Seaweed 350mg/l + Cerealine 4202 | 4592 | 5051 | 5802 | 6453 | 6933 | 5506
350mg/I

Ts Seaweed 700mg/l 4309 | 4536 | 4993 | 5657 | 6157 | 6475 | 5355
Tz Seaweed 700mg/l + Phosphorein 4652 | 5117 | 5629 | 5806 | 6492 | 6859 | 57.59

700mg/I

Igoie;‘f’eed 700mg/l + Cerealine 4449 | 4894 | 5383 | 5935 | 6417 | 6761 | 5640
To Amino 350mg/l 3849 | 4233 | 4656 | 5555 | 5674 | 6423 | 50.65
Ti0 Amino 350mg/l + Phosphorein 45.57 50.13 55.15 48.13 67.89 70.50 56.24
T.1 Amino 350mg/l + Cerealine 4000 | 4496 | 4945 | 5866 | 6329 | 6593 | 5387

T12 Amino 350mg/l + Seaweed 350mg/I 43.23 47.56 52.31 60.3 63.87 66.19 55.58

Tis Amino 350mg/l + Seaweed 350ma/l | 5461 | 5574 | 6131 | 7413 | 7500 | 8007 | 66.73
+ Phosphorein

Amino 350mg/l + Seaweed 350mg/l | 4661 | 5128 | 5641 | 6190 | 7131 | 7699 | 60.75
+ Cerealine

Tis Amino 350mg/l + Seaweed 700mg/I 47.88 50.64 55.70 60.22 59.64 62.99 56.18

Tis Amino 350mg/l + Seaweed 700mg/l | 5169 | 5685 | 6169 | 6401 | 7522 | 7863 | 64.68
+ Phosphorein

T1

IS

Tuz Amino 350mg/l + Seaweed 700mg/l | 4q44 | 5437 | 5981 | 6369 | 6955 | 7535 | 62.04
+ Cerealine

Tis Amino acid 700mg/l 4276 | 4704 | 5174 | 6020 | 6478 | 7083 | 5623

Tis Amino acid 700mg/l + Phosphorine 50.64 55.70 61.27 64.45 69.66 75.01 62.79

T Amino acid 700mg/l + Cerealine 4645 | 5107 | 5621 | 6440 | 69.77 | 6517 | 5885

T21 Amino acid 700mg/l + Seaweed
extract 350mg/I
T22 Amino acid 700mg/I + Seaweed
extract 350mg/l + Phosphorine
T2z Amino acid 700mg/l + Seaweed
extract 350mg/l + Cerealine
T2s Amino acid 700mg/l + Seaweed
extract 700mg/I
T2s Amino acid 700mg/l + Seaweed
extract 700mg/l + Phosphorine
T26 Amino acid 700mg/l + Seaweed
extract 700mg/l + Cerealine
L.S.D 2.53 221 2.02 16.8 10.07 10.09

48.04 52.84 58.13 68.09 75.87 80.60 63.92

56.30 61.93 68.12 64.76 73.22 76.94 66.88

51.79 56.98 62.67 76.39 73.18 77.09 66.35

51.12 56.23 61.85 73.79 80.07 84.45 67.92

57.43 63.18 69.49 73.39 77.63 93.28 71.44

54.93 60.43 66.47 74.71 79.33 90.56 72.03

6. The effect of fertilizing treatments on Number of leaves/ Shoot of M. oleifera plant.



The response of the number of leaves/ shoot of M. oleifera plants as impacted by soil bio-
fertilization and spraying with amino acid and seaweed extracts, presented in Table 8, revealed
that there were significant differences among the investigated treatments in relation to the number
of leaves/ shoot. The plants that were soil fertilized with the cerealine biofertilizers with the
addition of sprayed amino acid and seaweed extracts as foliar spray each at 700 mg/L (T26) gave
the highest number of leaves per shoot, with a mean value for both seasons 54.41 leaves per shoot
as compared with the other investigated treatments. The results indicated that spraying with amino
acid and seaweed extracts and soil bio-fertilization yielded a greater response than utilizing each
component alone. Corroborated similar findings and opined that on Amaranthus tricolor, Abdel-
Aziz [28] observed that the use of seaweed extract significantly increased the number of leaves.
Also, Mahmoud [29] reported that brown seaweed, Sargassum vulgare, considerably enhanced the
number of leaves on Raphanus sativus compared to the control. Furthermore, Shahira [30] stated
that applying foliar treatment of algal extracts to fenugreek plants enhanced the number of leaves
at the vegetative development stage considerably. Al-Hamzawi [31] observed that using a high
concentration of seaweed extract improved the total leaf number of Gazania and Chinese carnation
plants.



Table (8): Means of Number of leaves /shoots of Moringa oleifera as affected by Bio-
fertilizers, Amino acids, and Seaweed extracts and their combinations during
2020 and 2021 growing seasons.

Number of leaves/ Shoot

Treatments Season2020 Season2021 Mean
1steut | 2™cut | 39cut | 1tcut | 2" cut | 3" cut

To Untreated 3345 | 4583 | 4710 | 3711 | 4550 | 2398 | 3325
T, Phosphorein 3330 | 4162 | 4367 | 3063 | 4299 | 4400 | 3532
T, Cerealine 3700 | 40.93 | 4467 | 37.00 | 4193 | 4533 | 34.98
T3 Seaweed 350mgil 4004 | 2601 | 4767 | 4228 | 4674 | 4900 | 3862
;gosme;‘f’%d 350mg/l + Phosphorein 3728 | 4212 | 4625 | 4161 | 4332 | 4725 | 3676
;gofne;‘f’%d 350mg/l + Cerealine 3443 | 4240 | 4874 | 3776 | 4473 | 5024 | 3731

Ts Seaweed 700mg/l 3694 | 4054 | 4482 | 4061 | 4194 | 4549 | 3557
Tz Seaweed 700mg/l + Phosphorein 3391 | 4112 | 5233 | 3625 | 4247 | 5383 | 37.67

700mg/I

;'goifg‘/‘;"“d 700mgfl + Cerealine 3685 | 4032 | 4641 | 3685 | 4032 | 4674 | 3511
Ts Amino 350mg/l 3902 | 4165 | 4742 | 3999 | 4165 | 4742 | 3636
T10 Amino 350mg/l + Phosphorein 3462 | 3870 | 49.70 | 3462 | 38.70 | 49.76 | 3525
T.x Amino 350mg/l + Cerealine 4050 | 4560 | 4799 | 4050 | 4560 | 4799 | 37.96

Ti12 Amino 350mg/l + Seaweed 350mg/I 44.65 49.35 53.53 44.65 49.35 53.53 41.74

Tis Amino 350mg/l + Seaweed 350mg/l | 4510 | 4785 | 5205 | 3943 | 4785 | 5205 | 3987
+ Phosphorein

Amino 350mg/l + Seaweed 350mg/l | 4565 | 4704 | 5384 | 4366 | 4737 | 5013 | 40.00
+ Cerealine

T1s Amino 350mg/l + Seaweed 700mg/l | 4067 | 49.06 | 57.08 | 4733 | 5006 | 5384 | 42.80

Tis Amino 350mg/l + Seaweed 700mg/l | 4400 | 45020 | 5342 | 4649 | 5005 | 57.03 | 42.20
+ Phosphorein

Ti

IS

Tir Amino 350mg/l + Seaweed 700mg/l | 4363 | 4859 | 5157 | 4387 | 4620 | 5342 | 4061
+ Cerealine

Tis Amino acid 700mg/I 43.26 47.60 53.84 44.30 48.59 51.57 40.98

Ti9 Amino acid 700mg/I + Phosphorine 50.07 54.65 58.59 50.93 51.13 57.18 45.41

T20 Amino acid 700mg/I + Cerealine 47.36 55.25 55.93 51.40 55.58 57.59 45.96

T21 Amino acid 700mg/l + Seaweed
extract 350mg/I
Amino acid 700mg/l + Seaweed
extract 350mg/I + Phosphorine
T2s Amino acid 700mg/l + Seaweed
extract 350mg/l + Cerealine
T24 Amino acid 700mg/I + Seaweed
extract 700mg/I
T2s Amino acid 700mg/l + Seaweed
extract 700mg/l + Phosphorine
T26 Amino acid 700mg/l + Seaweed
extract 700mg/I + Cerealine
L.S.D 8.09 6.74 6.66 3.37 6.30 8.2

46.16 54.65 61.92 49.49 55.65 62.25 47.33

T2

N

53.81 59.94 66.71 54.15 60.27 66.71 51.30

57.62 63.61 61.62 54.95 63.61 61.62 50.90

50.09 61.86 61.92 52.09 61.89 65.26 50.50

58.53 63.28 68.93 58.53 63.28 66.26 53.38

58.19 65.51 67.12 58.52 66.51 68.79 54.41
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