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ABSTRACT: Two field experiments were conducted at the Experimental Farm of
Facuity of Agriculture, Menoufia University during two successive seasons 2016 and
2017 to evaluate the effect of different Nx-fixing bacterial strains such as Azospirillium
lipoferum, Azotobacter chroococcum and Bacillus polymyxa individually or in
combination with urea fertilization rates (0.0, 50, 100 and 200 kg/fed/season). The data
reveals that the treated plants with Azotobacter chroococcum gave the highest values of
plant height and mean number of branches / plant and consequently heavier frash weight
of plant in addition, L- ascorbic acid content followed by Bacillus polymyxa in the three
cuts in both growing seasons. In addition, the vegetative growth parameters as well as L-
ascorbic acid gradually increased with increasing urea up to 100 kg/fed/season in the
two experimental seasons. Furthermore, the application of Azotobacter chroococcum
plus the moderate level of urea {100 kg/fed/season) gave the best values in terms of
vegetative growth parameters as well as L-ascorbic acid in comparison with the other
interaction treatments and the control in the two experimental seasons.
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INTRODUCTION and contaminate environment severely.
Moringa (Moringa oleifera Lam.) tree is (Dai et al, 2004). Therefore, the
the most widely cultivated species of a application of bio fertilizers in agriculture
monogeneric family, the Moringaceae, has become of great necessity nowadays
which is native to the sub-Himalayan for not only in order to reduce the cost of
tracts of India, Pakistan, Bangladesh and chemical fertilizers but also to decrease
Afghanistan. (Fahey, 2005). Moringa the adverse effects of chemical fertilizers
oleifera L. has gained much importance on soil and plant environment and to
in the recent days due to its multiple ensure more crops productivity in
used and benefits to agriculture and addition to get high quality products free
industry. It is considered as one of the of harmful agrochemicals for human
World’s most useful trees, as almost safety. Verma and Hock (1995). In this
every part of the moringa tree can be concern, Dash and Gupta (2009) on
used for food, medication and industrial Moringa oleifera L.and Aryeb and
purposes (Ashfaq et al., 2012). Currently, Youssef (2013) Pinus halepensis L.
a real challenge for the workers in the reported that the application of different
field of agricultural research is to stop biofertilization separately or in
the use of expensive combinations with suitable doses from
agrochemicals/chemical fertilizers which chemical fertilization enhanced plant
negatively affect the environment as well growth and improved its chemical
as human health and also results in constituents.  Similar results were
decrease of soil fertility. Chemical reported by Fagbenro et al. (2013) and
fertilizers are used to replenish soil N, in Darwish (2015) on Moringa oleifera L.

large quantities, they are highly costly
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Accordingly, the present investigation
was cohducted for studying the effect of
inoculating the growing media of Moringa
oleifera L. plants with different N: fixing
bacterial strains separately or in
combination with different urea
fertilization doses.

MATERIALS AND METHODS

A field experiment was carried out
during the two successive growing
seasons of 2016 and 2017 at the
Experimental Farm of the Faculty of
Agriculture, Menoufia University to
evaluate the effect of both different doses
of urea fertilizer (46% N) and different N»-
fixing bacterial strains as bio-fertilizers
separately or in-combinations on the
growth characters, herb vyield and
chemical constituents of Moringa oleifera
L. plants.

The experimental soil was clay loamy
and its physical and chemical properties
are presented in Table (1 a and b).

The seeds were sown in seed beds on
the 15t of March in each season and were
held in a greenhouse until transplanting
date. The soil was carefully prepared and

divided into plots 1 x 2 m and each plot
contained three lines as replicates at 50
cm between the lines and each line
contained 5 plants. The seedlings were
transplanted at the Experimental Farm on
the 5th of April in both seasons (about 8-
10 cm-height) at a distance of 20 cm
between plants. During soil preparation,
the recommended doses from calcium
super phosphate of 150 kg/ fed (15.5%
P20;) and 100 kg/fed potassium sulphate
(48% K20) were added in each growing
season. The treatments were arranged in
a complete randomized block design
including 16 treatments with three
replicates for each.

Source of N-chemical fertilizer:
Nitrogen fertilizer was used in the
form of urea (46% N) at levels of 0 (N,), 50
(N4), 100 (N2) and 200 (N3} kg / fed /
season. The N-fertilization doses were
added in three equal side dressings
during the growing period. The first
addition was after two weeks from
transplanting meanwhile, the second and
the third doses were added after two
weeks from the first and the second cuts,
respectively in both growing seasons.

(Table 1 a): Physical properties of the experimental soil.

Coars

e

sand %

Texture
grade

Water field
capacity %

Organic
matter %

3.84

2.30 38.80 Clay loamy

(Table b): Chemical properties of the experimental soil.

Total
P205 %

C.EC
mg/100 g

EC

minfhos/cm
at 25°C

Soluble ions mg/100g

Cat++ Na+ K+

Mg++

0.26 2560
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Source of biofertilizers:

The active strains of Azospirillum
lipoferum, Azotobacter chroococcum and
Bacillus polymixa, which were obtained
from Agricultural Microbiology Research
Department, Soil, Water and Environment
Research Institute, Agricultural Research
Center, Giza, Egypt. The bacterial strains
were used in current study as biofertilizer
treatment. The drown plants were
inoculated three times with 300 mL from
each bacterial strain added with irrigation
water. The first inoculation was applied
one week after transplanting while the
second and the third inoculations were
applied one week after the first and the
second harvesting cut, respectively.

The treatments of bio and N- chemical
fertilization could be arranged as follows:

1- Control without bio (By) or urea
fertilization (Ny).

2. Inoculation with Azospirillum
lipoferum (B1).

3- Inoculation with Azotobacter

chroococcum (B:2).

4- Inoculation with Bacillus polymyxa (B3)

5- Urea fertilization at 50 kg / fed (N4)
without bio fertilization (Bo).

6- Urea fertilization at 100 kg / fed (N3)
without bio fertilization (Bo).

7-Urea fertilization at 200 kg / fed (Ns)
without bio fertilization (Bo).

8- Inoculation with Azospirillum
lipoferum (B1) + 50 kg / urea / fed (N4).

8- Inoculation with Azospirillum

lipoferum (B1) + 100 kg / urea/ fed (N;).
Inoculation  with  Azospirillum

lipoferum (B1) + 200 kg/urea/ fed (N3).

11-  Inoculation with  Azotobacter
chroococcum (B;) + 50kg /urealfed
(Na).

10-

12- Inoculation with Azotobacter
chroococcum (B2) +100kg/ureaffed
(N2).

13- Inoculation with Azotobacter

chroococcum (B2)+200kg/urea/fed (Ns).
14- Inoculation with Bacillus polymyxa
(Bs) +50kg/urea/fed (N,).
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15- Inoculation with Bacillus polymyxa
(B3) +100kg/urea/fed (N2).

16- Inoculation with Bacillus polymyxa
(B3) +200kg/urea/fed (N3).

Harvesting:

The plants were cut three times during
the growing season. In each harvest, the
plants were cut leaving about 15 cm
above the soil surface. The first cut was
done on July 15%". Mean while, the
second and the third cuts were occurred
on September 22" and November 15,
respectively in both seasons.

1. Vegetative growth characters:
For each cut the following data were

recorded:

1- Plant height (cm).

2- Mean number of main branches /
plant.

3- Total fresh weight (g /plant).

4- Total fresh weight of plant (ton /ffed
fseason).

2. The determination of chemical
constituents:

L-ascorbic acid content (mg /100g
fresh leaves) was determined according
to the methods described by (A.O.A.C.
1990).

RESULTS AND DISCUSSION
Vegetative growth parameters:
1. Plant height:

1.1. Effect of bio fertilization:

The data in Table (2) show that the
plant height significantly increased as a
result of inoculation with the different
kinds of microbial strains in comparison
with uninoculated plants in the three cuts
in the two experimental seasons. The
tallest plants were produced by
Azotobacter chrocoocum in comparison
with other biofertilization treatments and
control plants which produced the
shortest plants on the three cuts in both
seasons.
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The increment of plant height as a
result of using the different N,-fixing
bacterial strains could be explained
through their effect in providing moringa
plants with nitrogen required for protein

and cytokinins synthesis and
consequently enhancing cell division.
(Wagner and Michael, 1971). These

results agreed with those obtained by
Dash and Gupta (2009) and Zayed (2012)
on Moringa oleifera L.

1.2. Effect of urea fertilization:

As far the data in Table (2) observed
that the plant height gradually increased
with increasing urea fertilization level up
to 100 kg ffed /season. Otherwise, the
application of highest urea dose (200 kg /
fed /season) caused a reduction in this
conhcern in the two growing seasons. On
the other hand, the significantly lowest
values in this concern were obtained by
the plants grown without urea addition.

These results are in harmony with
those obtained by El-sayed and Abdel
wahab (2018) on Moringa oleifera L.

1.3. Effect of interaction between bio-
and urea fertilization levels:

The data in Table (3) indicate that the
plant height of moringa plants increased
as a result of the application of the
different combinations treatments
between bio fertilization and the different
rates of urea fertilization when compared
to control plants. The best results in this
respect were realized by the application of
Azotobacter or Bacillus + the moderate
urea fertilization level (N;) in the different
cuts of both seasons.

These results are similar to those
obtained by Dash and Gupta (2009), El-
Baha et al. (2016) and Balakumbahan et
al. (2018) on Moringa oleifera L.

2. Mean number of branches/plant:
2.1. Effect of bio fertilization:

The data in Table (3) showed clearly
that the mean number of branches / plant
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was significantly augmented in the most
cases as a result of inoculating the
growing media of moringa with bio
fertilizers in comparison with the control
plants in the two experimental seasons.
The treatment of Azotobacter chroococum
resulted in the highest values of the mean
number of branches/plant followed by the

treatments of using  Azospirillum
lipoferum and  Bacillus  polymyxa,
respectively.

The effective role of the application of
bio fertilization in increasing the mean
number of branches / plant could be
attributed to the role of the applied N:-
fixing bacteria in producing endogenous
phytohormones such as GA; IAA and
Cytokinins and consequently stimulating
cell division and building more vascular
tissues Youssef et al. (2004).

These results are in accordance with
those obtained by Zayed (2012) on
Moringa oleifera L. and Soliman et al.
(2015) on Delonix regia L.

2.2. Effect of urea fertilization:

The data in Table (3) revealed that the
mean number of branches /[ plant
significantly increased with increasing
urea fertilization level up to 100 kg / fed in
both growing seasons. Whereas the
addition of the highest urea level (200 kg /
fed) caused a reduction in this respect in
the three cuts during two growing
seasons.

These results are in harmony with the
findings of Badran et al. (2016) and Sarwar
et al. (2017) on Moringa oleifera L.

2.3. Effect of interaction between bio-
and urea fertilization levels:
Regarding the effect of the
combinations treatments between bio
fertilization and the different applied urea
rates it could be observed that the mean
number of branches / plant markedly
improved as a result of the interaction
between hio fertilization and the urea



Ragia M. Mazrou and H.Z. El - Sebay

ov 99’ 08’ 8g" oL s’ ("Nxg) uonoessyu)
0z e’ ov’ 62" s¢” VA (‘'N) uoneziey N
0z e’ ov’ 62" s¢” VA (g) uonezisy -oig
o pIg Ind pug o 3si o pig o puzg no s
£10Z UOSESS pU0d3S 3L 910z UOSEaS Js11 YL %S e s
- 8L | Lz | os'L | 2Tl - 62°C | 99 | 00T | 8L) - 00C | 2vz | 9L | 2v'L ueajy
8.’ | 00Z | LWe | 2oL | eeL | 82T | vz | L2z | 002 | 68'L | €02 | 00Z | s5T | 68°L | 191 tg
g0c | 681 | 822 | 8L | 29V | ove | oez | zze | €e2 | 002 | STz | LT | 00e | 00T | 68°L g
o'l | 681 | 002 | 2L | 00 | LT | eez | s |68 | 9L | 2LV | 0vZ | T2T | vl | 1L 'g
8z'L | vvL | 95L | 2Z)L | 680 | 681 | 0Lz | Lk [ 821 | 95 | 0s'h | 221 | 68°L | €€ | 00) g

{/1L0Z) uoseas puodag

- 90C | 9¢€°C | 2L'L | 9g°L - 19C | S0'C | 9€°C | 80C - S¢C | ¥v9C | 16') | 85} uesjy
¥6'L e | v | 8LL | Pl 19¢ 68C | 00 | ¥¥'C | L1T 91¢ €eT | 99C | 00C | 99°) tg
Ie¢ | S8°C | 00°C | 68'L | 8L°L 162 68C | L9C | LL'Z | 95°¢ 0S¢ S6C | €2 | LL'C | 66°) ‘g
<L’ | 88'L | LTS | L9 | 2T 6E°C §5C | 88°C | ¢CC | B8'L L6°L e | v¥e | 88°L | ¥PL ‘g
€51 | L9'L | B68'L | §5'L | 00°L 6l°¢C €eec | 89'C | 00T | LL'L Sl 66°L | L' | 99'L | €2’} g

(910Z) uosess )s114

‘Waj'olg
"Hod'N

N2 pliyy ayl IND puUoIIS AY | LRI s]no BunsaaleH

uespy | °N ‘N ‘N 'N uespy N ‘N ‘N 'N ueajy N ‘N ‘N 'N

*210Z pue 9102 Jo suoseas Buimolb aupy
Buunp " esegero ebuuopy Jo ue|d ; ssysuelq Jo JSqUINU UBSW 3} UO UOIDEISIUI JISY} pue ucnezi|ile) eain pue-old jo wau3 (g) slqel

226

Faculty of Agriculture, Menoufia University, Shebin E-kom, Egypt
mujareg@gr ail.com

https:/Avww facehook.com/M enoufia) oumalEG/

hittp:/#/mu.menofia.edu.eg/agr_smag2/Home/ar
MENOUFIA JOURMNALS



Effect of chemical and bio fertilization on the growth and L-ascorbic acid ...........

fertilization levels in comparison with the
control in the three cuts in the two
experimental seasons. The highest
number of main branches obtained from
combination treatment between
Azotobacter chroococcum plus urea at
medium level when compared with the
other interaction treatments between bio
and urea fertilization levels in the three
cuts of the two growing seasons.

These results are in agreement with
those obtained by Abdou et al. (2016) and
Balakumbahan et al. (2018) on Moringa
oleifera L.

3. The total fresh yield / plant
3.1. Effect of bio fertilization

The data in Table (4) clearly indicated
that the mean of total fresh weight /plant
fcut increased as a result of using
different biofertilizer strains in
comparison with the control without
inoculation in the three harvesting cuts of
each experimental season. The treatment
of inoculation with Azotobacter resulted in
the best results in this concern in
comparison with other biofertilizers and
control in the three cuts in both season.

These results are in close agreement
with those reported by Faramawy (2014)
Prosopis chilensis L.and Soliman et al.
(2015) on Delonix regia L.

3.2. Effect of urea fertilization:

From the data recorded in Table (4) it
could be noticed that that the application
of different doses of urea increased the
values of the mean of total fresh weight
/plant /cut than untreated plants in the
three cuts during the two growing
seasons. The heaviest fresh weight / plant
was obtained by using the moderate
doses of urea than those of the highest
and lowest urea level and the control
plants in both seasons.

The positive effect of using chemical
N- fertilization was stated by Matallawa
(2012) on Moringa oleifera L.
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3.3. Effect of interaction between bio-
and urea fertilization levels:

It is clear from the data in Table (5)
that application of the different urea
fertilization levels individually or in
combination with the different N:-fixing
bacterial strains gave heavier fresh
weight / plant / cut than the untreated
plants during both growing seasons.
Fertilization with Azotobacter
chroococcum + medium urea fertilization
level resulted in the best results in this
respect in both experimental seasons.

These results are In accordance with
those obtained by El-Baha et al. (2016)
and Ganaw (2017) on Moringa oleifera L.

L-ascorbic acid content (mg /100g
fresh leaves):

As far the data in Table (5) that L-
ascorbic acid content In the leaves
clearly improved as a result of the
application of either biofertilization
untreated plants in the two growing
seasons. The relatively higher ascorbic
acid content was obtained by inoculation
with Azotobacter chroococcum followed
by Bacillus polymyxa or Azospirillum
lipoferum during the two growing
seasons. These results could be
supported by the findings of Zayed (2012)
on Moringa oleifera L.

Concerning the effect of using urea it
could be noticed that the best results this
respect were obtained by providing the
plants with the moderate rate (100 kg /
fed / season) of urea fertilization Table
(5). These results are in accordance with
those obtained by Dania et al. (2014) and
Abdel-Hamid (2015) on Moringa oleifera
L. Furthermore, the data in Table (4)
indicate that L-ascorbic acid content was
considerably increased through the
synergistic effect between bio-and urea
fertilization compared with the control
without bio or urea fertilization in the
three cuts of the two growing seasons.
The highest values in this respect were
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obtained by the treatment of interaction
between Azotobacter chroococcum and
(N2) in comparison with the other
interaction treatments and the control in
the three cuts of both growing seasons.

Such results could be supported by
the findings of Darwish (2015) on
Moringa oleifera L.

CONCLUSION

From the aforementioned results it
could be concluded that the application
of biofertilization, especially inoculation
of the growing media of moringa plant
with Azotobacter chroococcum and
using urea fertilization dose at 100 kg /
fed/season realized the best growth and
L-ascorbic acid content in fresh leaves
when compared with the other
fertilization treatments and the control.
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