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ABSTRACT

Two pot experiments were carried out during growth seasons of 2016 and 2017 at the experimental station of faculty of
agriculture, Benha University. The investigation target was to find out the effect of using plant growth promoting rhizobacteria
either PGPR-group (A) containing 7x10° cell suspension of each (Azo. lipoferium D178, B. megaterium ATCC14581 and B.
circulans ATCC4513) or PGPR-group (B) containing 7x10° cell suspension of each (A. chroococcum EMCCN1458, B.
megaterium ATCC14581 and B. circulans ATCC4513) individually or in combination with mineral fertilization rates (25, 50, 75
and100%) NPK on the vegetative growth characteristics and chemical constituents of Moringa oleifera plant at 75 and 150 DAS.
The combination of plant growth promoting rhizobacteria PGPR group (A) and inorganic fertilizers treatments gave the highest
values of dehydrogenase (DHA), alkaline phosphatase (ALP) and nitrogenase (N,-ase) activities as compared with each one
individually. In all treatments, enzymes activities were increased to reach the maximum values after 90 DAS. The highest values
of enzymes activity recorded for treatment which inoculated with PGPR group (A) and amended with % of mineral fertilizers
followed by treatment which inoculated with PGPR group (B) amended with % mineral fertilizers. Vegetative growth
measurements, photosynthetic pigments, promoting endogenous phytohormones, total phenolics, flavonoids and ascorbic acid
contents as well as the highest values of antioxidants activity were recorded for treatment that inoculated with PGPR group (A)
amended with % of mineral fertilizers followed by treatment that inoculated with PGPR group (B) amended with % mineral
fertilizers, respectively compared to mineral fertilization. Abscisic acid was reduced with different applied treatments as
compared to the control, but the reduction was more obviously clear for treatment of PGPR group (B) amended with % mineral
fertilizers. While, salicylic acid was increased with the different tested treatments compared with the control and reached its
maximum values with PGPR group (B) amended with % mineral fertilizers and PGPR group (A) with % mineral fertilizers
treatments, respectively.

Keywords: Moringa oleifera, Rhizobacteria, PGPR, Nitrogenase,
Phytohormones and Antioxidants activity
Corresponding Author: E-mail: Mohamed.abdelal@fagr.bu.edu.eg

INTRODUCTION

Moringa oleifera is the most widely cultivated
specie of family Moringaceae, order Brassicales
according to Fahey (2005).

All organs of the moringa plant are edible but the
root which is used as a condiment in the same way as
horseradish contains the alkaloid spirochin, a potentially
fatal nerve paralyzing agent as concluded by Foidl et
al., (2001) and Orwa et al., (2009). The entire plant is of
high protein, vitamins, mineral and carbohydrate
contents, high value of nutrition to both of humans and
livestock. Seeds have high oil content (42%) which
edible and with medicinal uses according to Foidl et al.,
(2001) and Abdulkarim et al., (2005). It has naturalized
in many locations in the tropics and widely cultivated in
Africa Fahey (2005).

With the increase of population pressure, cost,
side effects and development of resistance to allopathic
drugs for infectious diseases, uses of medicine of plant
sources for a wide variety of human ailments are
increasing. So, large scale production of medicinal
plants using modern cultivation technologies is being

Phosphatase, Dehydrogenase, Vegetative growth,

Plant growth promoting rhizobacteria (PGPR)
are bacteria colonizing plant rhizosphere which
enhancing plant growth during many mechanisms i.e.,
Nitrogen fixation, Phosphate solubilization, quorum
sensing and so on as mentioned by Bhattacharya and
Jha (2012). PGPR offer several ways for replacing
chemicals fertilization, pesticides and so on therefore,
increasing quality has significantly resulted in their
increases demand.

The medicinal plants quality i.e., active
compounds content is largely influenced by abiotic as
well as biotic rhizosphere factors. The rhizosphere
microbes play important roles in improving medicinal
plants value. The roles of microbes for plant growth,
availability of nutrients, diseases resistance as well as
yield quality of medicinal plants are investigated.
Inoculation with PGPR and AM fungi represents a
sustainable technology for enhancing quantity and
quality of the components of medicinal plants.
However, selection and inoculation with efficient
bacteria or fungi for a particular plant is necessary for
medicinal  plants cultivation as reported by
Egamberdieva et al., (2013).

practiced across Asian countries to meet the high
demand of such plants. The pests and diseases of plant
are hampering growth and quality of medicinal plants.
In addition, excessive use of pesticides may degrade the
medicinal plant products quality. Thereby, the
development of innovative technologies for medicinal
plants cultivation is required as reported by
Egamberdieva et al., (2013).

The objective of this study is to evaluate and
understand the mechanisms of plant growth promotion
by rhizobacteria as well as ameliorate growth
performances and active compounds of moringa plant
using bioinoculants of PGPR combined with mineral
fertilizer  levels. Hence, integrated  nutrients
management program of fertilization for moringa
production and its active compounds could be achieved.
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MATERIALS AND METHODS

Bacterial strains and plants

The PGPR inocula (Azotobacter chroococcum
EMCCN1458, Bacillus megaterium, Bacillus circulans
and Azospirillum. lipoferium D178 were obtained from
Microbial Resource Center (MIRCEN) Cairo, Egypt.

Moringa oleifera seeds were obtained from
Agricultural National Research Center, Giza, Egypt.

Experimental design: Pot experiments were
carried out on the 5" of May to 5" of October, during
the two growing successive seasons of 2016 and 2017 in
Greenhouse at Faculty of Agriculture, Benha
University, Qalyoubia, Egypt.

Plastic pots 30cm diameter were filled with a
mix of 6 kg clay loam soil of pH 8.04, organic matter
3.5%, bulk density 1.36 g cm™, field capacity 52.6%
and wilting point 16.95% as well as 100 g compost
[herbal plant residues and cattle manure (50:50) are: pH
7.6, electrical conductivity (EC) 2.7 dS m™, organic
matter values 31.7, N 1.9 and P 0.91% with a porosity
62.67%]. Prior to Moringa oleifera sowing, seeds were
divided into three groups, two were coated by dipping
seeds in mixture of 20% Arabic gum as an adhesive and
inoculation with either PGPR group (A) which
containing 7x10° cell suspension of each (Azo.
lipoferium D178, B. megaterium ATCC14581 and B.
circulans ATCC4513) or PGPR group (B) which
containing 7x10° cell suspension for each of A.
chroococcum EMCCN1458, B. megaterium
ATCC14581 and B. circulans ATCC4513 for 30 min
before sowing and the control (full dose of N, P and K
mineral fertilizers only). Seeds were sown in each pot
(2:3 seeds pot™) and nine experimental treatments with
five replicates for each were arranged in a randomized
complete block design as in the following setup
(Table 1):

Table 1. Experimental design

Treatments Description

T1 Control (full dose of mineral fertilizers i.e., N, P
and K)

T2 Biofertilizer only (group A)

T3 Biofertilizer (group A) + ¥ dose of mineral
fertilizers

T4 Biofertilizer (group A) + %2 dose of mineral
fertilizers

T5 Biofertilizer (group A) + ¥ dose of mineral
fertilizers

T6 Biofertilizer only (group B)

T7 Biofertilizer (group B) + ¥ dose of mineral
fertilizers

T8 Biofertilizer (group B) + % dose of mineral
fertilizers

T9 Biofertilizer (group B) + % dose of mineral
fertilizers

Moringa plant was weakly irrigated and the
PGPR strains were applied at 30, 60 and 90 DAS.
Chemical fertilizers were supplemented in pots with the
assigned rats of the proposal experimental treatments;
full recommended dose is 54 kg N / fed. as ammonium
sulfate 20.5 % N, 25 kg P,Os / fed. as calcium super

phosphate 15.5 % P,0Os and 35 kg K,O / fed. as
potassium sulfate 48 % K,O. It looks to be true that the
activity of dehydrogenase (DHA), alkaline phosphatase
(AIP) as well as nitrogenase (N-ase) were determined
at 0, 30, 60, 90, 120 and 150 DAS. After 75 and 150
DAS, plant samples were collected for measuring
different growth characteristics as well as chemical
constituents.
Measurements of microbial enzymatic activity

Dehydrogenase and alkaline  phosphatase
activities were determined using spectrophotometer at
464 and 400 nm, respectively according to Schinner et
al., (1997). Whereas, nitrogenase activity was
determined according to Okafor and MacRae (1973).
Morphological ~and  chemical  compositions
measurement

Plant height (cm), stem diameter(cm), no. of
leaves plant™, root, stems and leaves fresh as well as dry
weights plant™, total dry weight and total leaf area
plant™ were estimated at 75 and 150 (DAS) according
to Deriaux et al., (1973). Chlorophyll A, B as well as
carotenoids colorimetrically measured in moringa
leaves at 75 and 150 DAS using method of Wettestein
(1957). Endogenous Phytohormones i.e., IAA, GAS3,
salicylic acid as well as abscisic acid were determined
in moringa shoots at 150 DAS using high performance
liquid chromatography as described by Koshioka et al.,
(1983). Cytokinin was measured by HPLC as described
by Nicander et al., (1993). The antioxidants activity was
determined according to method of Lee and Lee (2004).

Ascorbic acid content mg g™ fresh weight was
determined as described by A.O.A.C. (1990). Total
phenolic compounds content was
spectrophotometrically determined according to Shen et
al., (2009) and total flavonoids was estimated
according to Mohdaly et al., (2012) in moringa leaves at
75 and 150 DAS during 2017 season.
Statistical analysis

Results data were statistically analyzed and the
means were compared using the Least Significant
Difference test (L.S.D) at 5% level according to
Shedecor and Cochran (1980).

RESULTS AND DISCUSSION

Soil microbial enzyme activities

Nitrogen fixation by Rhizobacteria is considered
one of the most beneficial processes. Nitrogen is a vital
nutrient for plant and it is not available due to the high
energy required for breaking the triple bond between the
two atoms. Rhizobacteria during nitrogen fixation were
able to convert gaseous nitrogen (N,) to ammonia (NH3)
that makes it available to the host plant, thereby
supporting and enhancing plant growth Cain et al.,
(2011).

Phosphorus is the second important mineral for
plant. It exists in soil as mineral salts or incorporated
into organic compounds. Despite  phosphorus
compounds being abundant in agricultural soils, the
majority of them exist in an insoluble form Miller et al.,
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(2010). Moreover, phosphate solubilization using plant
associated bacteria considered one of the major
mechanisms for promoting plant growth. This involves
bacteria producing phosphatase and releasing organic
acids into the soil, thereby solubilizing the phosphate
complexes and converts them to orthophosphate that it
is available to plant uptake.

The PGPR tend to have strong effects when
applied with mineral fertilizers. The combination of
PGPR and mineral fertilizers recorded higher values of
DHA, ALP and N,-ase activities compared with each
one individually (Tables 2, 3 and 4). With all
treatments, DHA, ALP as well as N,-ase activities were
increased from the beginning to reach the highest values
after 90 DAS. That means, in the beginning microbial
enzymes activity did not active enough and that may be
attributed to small plant age which accompanied by a
few root exudates. Moreover, PGPR strains need some
time for colonizing plant root and attaining significant
population on the host root system before being ready
for beginning its activities. On the 90™ DAS, the activity
was reached its maximum values, since this may be
attributed to enough nutrients from root exudates and
root debris which represent nutritional substances to
different soil microorganisms. This may be due to the
effect of PGPR boost inoculation in supporting its
colonization on plant root. After 90 DAS, such activities
were decreased again, since this may be attributed to the
nutrients shortage in the rhizosphere or the complete
decomposed organic fertilizer or effects of rhizosphere
on soil microbial enzymes activity. Moreover,
intracellular enzymes activity was short lived, since they
were degraded by protease unless they were adsorbed
by clay or immobilized by humic molecules, Burns and
Dick (2002).

In the same order, data in Tables (2, 3 and 4)
show that all applied treatments which inoculated with
biofertilizer PGPR group (A) exerted higher values of
the estimated microbial enzymes activity than that
inoculated with PGPR group (B). These results may be
due to the effect of Azospirillum strain which has
specific mechanisms for interacting with roots and
evenly colonizing of the root interior. This endophytic
living could mean that the N, fixed may have been
principally transferred by direct and rapid transfer as
occurs in legume nodules, rather than through the death
and mineralization of semi-symbiotic diazotrophs James
(2000). Moreover, endophytic bacteria gain mechanical
protection by host, protection against high light
intensities, low soil pH and they have favorable,
suboptimal oxygen conditions Kallio (1978). Kohler et
al., (2007) concluded that the roles of inoculation are
proliferating of microorganism as well as improving the
microbiological activities in the rhizosphere. Similarly,
Chauhan et al., (2017) showed that microbial
community is the main component of ecosystem which
plays critical role in the nutrient biochemical
transformation such as N, fixation. Thereby, N becomes
available to plant growth for several years without N
fertilization due to biological fixation. This process
catalyzed by N,-ase is necessary to maintain fertility in
several ecosystems. The ability of fixing N, is widely
distributed among many bacterial groups in several
ecosystems.

In few words, the highest values of the three
enzymes activity were recorded for treatment of
inoculating with PGPR group (A) and amended with %
of mineral fertilizers followed by treatment that
inoculated with PGPR group (B) and amended with %
mineral fertilizers.

Table 2. Effect of applied treatments on dehydrogenase activity in cultivated soil with moringa.

Dehydrogenase activity (ug TPF g dw h'') DAS
150 0

Treatments 0 30 60 90 120 30 60 90 120 150
1% season (2016) 2" season (2017)
T1 12 17 20 32 33 26 10 14 22 31 24 18
T2 15 18 44 52 49 22 12 17 41 46 44 31
T3 17 22 57 69 57 52 12 26 59 65 51 22
T4 17 28 64 84 72 36 14 31 71 77 63 34
T5 16 36 78 96 73 47 12 42 85 91 48 39
T6 13 18 25 41 38 22 13 25 46 41 36 25
T7 15 21 34 47 44 37 14 22 42 45 44 31
T8 15 25 56 62 46 31 12 36 55 67 51 37
T9 13 29 63 77 59 52 16 39 65 71 62 27
T1to T9 see Table 1
Table 3. Effect of applied treatments on alkaline phosphatase activity in cultivated soil with moringa.
AlKaline phosphatase (ug pNP g™ h™) DAS
Treatments 0 30 60 90 120 150 0 30 60 90 120 150
1% season (2016) 2" season (2017)
T1 7.2 15.4 21.7 32.9 28.4 17.6 5.4 12.3 19.7 28.0 22.5 13.6
T2 8.4 12.6 19.0 334 30.7 214 7.6 14.5 235 35.6 31.0 16.4
T3 7.3 15.3 24.0 38.3 325 18.8 6.8 16.2 26.3 39.4 27.6 18.0
T4 5.5 16.7 29.6 42.0 39.1 22.5 8.2 15.7 28.8 38.6 26.8 22.6
T5 6.6 19.4 35.8 48.2 41.3 29.9 7.1 20.4 385 44.3 36.5 27.4
T6 8.0 111 17.3 26.0 35.0 21.3 12.6 15.8 19.9 275 21.3 13.2
T7 4.0 10.7 15.1 28.0 33.6 22.7 9.8 18.5 17.6 33.0 18.6 16.3
T8 6.6 9.3 19.3 32.2 25.5 14.6 10.6 19.3 25.5 38.7 15.0 11.6
T9 7.3 13.8 24.5 37.6 27.2 19.5 7.3 16.8 29.9 355 25.4 19.8
T1to T9see Tablel
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Table 4. Effect of applied treatments on nitrogenase activity in cultivated soil with moringa.

Nitrogenase (unL. C;H, g™ dw h™)
DAS

Treatments—g 30 60 90 20 150 | O 30 60 90 20 150

T season (2016) 2™ season (2017)
TI 24 249 316 338 276 214 | 105 225 377 497 555 377
™ 151 275 398 489 389 332 | 118 258 383 444 417 323
T3 146 313 475 576 444 428 | 159 290 435 577 272 259
T4 137 387 523 633 371 354 | 93 325 446 730 625  33.0
TS5 194 452 689 871 713 623 : 122 393 597 845 714 422
T6 88 161 370 425 310 228 | 187 216 323 444 389 275
T7 105 278 394 557 534 286 : 145 222 362 478 290 337
T8 139 364 482 599 693 352 | 142 288 357 522 484 318
T9 164 392 555 734 779 428 97 314 475 614 322 398
T1to T9see Table 1

Vegetative growth parameters

In present study, the effects of mineral and
biofertilizers on moringa growth performance have been
studied. The following morphological characteristics as
plant height, stem diameter, no. of leaves plant?, total
leaf area plant™, root, stem and leaves fresh as well as
dry weights of moringa plant at 75 and 150 DAS were
recorded in Tables (5 and 6).

The obtained results revealed that individual
inoculation with bioinoculants recorded the lowest
values of the most vegetative growth characteristics. All
treatments that amended with NPK mineral fertilizers
levels either individually or combined with
bioinoculants gave higher records for all of the tested
parameters than that inoculated with bioinoculants
solely. The highest values of vegetative growth
characteristics were recorded with using inoculation by
PGPR group (A) combined with % dose of mineral
fertilizers during the two growing seasons.

Also, similar data evidently confirm the
stimulatory and significant effects of different applied
treatments upon dry matter production and its
accumulation in moringa shoot. In general, data in
Tables (5 and 6) not only being a direct result for the
vigorous growth obtained with bioinoculants and
mineral fertilizers treatments but also considered as
indicator for expectable high vegetative vyield of
moringa plant.

In this respect, Dobbelaere et al., (2003) found
that the inoculation with Azospirillum sp. resulted on
increasing root and aerial parts dry weights of the PGPR
inoculated plant.

Inoculation seeds of several crops and
ornamental plants with mixture of PGPR before
planting enhanced growth characteristics Zehnder et al.,
(2001).

Many symbiotic PGPR and free living
rhizobacterial species are found for IAA and GA;
production in the soil rhizosphere and thereby, play
significant roles in increasing root surface area as well
as root tips number in several plants Han and Lee
(2006).

Several studies indicated the positive effects of
microorganisms on medicinal plants growth and
performance improvements. In addition, for nitrogen
fixing, Azospirillum spp. improving root growth during
generation of stimulating compounds and this resulting
in increasing both water and nutrients uptake thereby,
increasing plant general performance as well Tilak et
al., (2005). Kloepper et al., (2007) indicated that
Azospirillum spp., Azotobacter spp. as well as
Pseudomonas spp. are important growth stimulating
bacteria which in addition for biological fixing of N,
and solubilizing of phosphate in the soil, considerably
affect plant growth regulators i.e., auxins and
gibberellins as well as cytokinins, thereby improving

plant performance.

Table 5. Effect of bio and chemical fertilization on some morphological characteristics of Moringa oleifera L.
plant at 75 DAS during 1% and 2" seasons.

Root Stem Leaves Stem Leaves Root Total Total leaf
ﬁg?% digﬁﬁ{anter Iggvgg fresh fresh fresh dry dry dry dry area
Treatments (cr%) (cm) lant weight  weight  weight weight weight weight weight plant®
P gplant® gplant® gplant® gplant® gplant® gplant® gplant® (cm®
1™ season (2016)
T1 108.85 0.83 13.61 18.29 33.03 12.48 6.89 2.95 411 1460 172.52
T2 87.47 0.72 12.33 14.64 25.50 10.93 5.48 2.66 2.89 11.03  147.80
T3 99.62 0.76 13.21 18.14 27.53 11.64 5.74 2.79 441 12,94  153.63
T4 111.25 0.84 13.72 21.12 41.42 15.50 8.26 3.60 5.01 16.22  181.33
T5 147.65 0.86 14.74 23.81 45.98 17.92 9.36 4.17 6.33 19.86  224.06
T6 81.41 0.64 11.74 11.15 25.31 9.69 7.36 2.23 2.67 12.26  136.12
T7 95.87 0.91 12.66 14.33 27.87 10.27 5.43 2.84 4.13 1240  155.19
T8 104.63 0.80 13.80 18.12 34.68 11.52 7.83 2.58 3.77 1418  168.32
T9 102.68 0.93 14.18 19.17 35.62 14.84 5.81 3.63 4.45 13.89  187.26
L.S.D. 0.05 4.53 0.11 0.69 2.58 3.84 2.06 1.91 0.47 1.84 1.22 8.56
2™ season (2017)

Tl 116.97 0.74 13.48 22.02 28.26 12.11 7.41 3.40 5.59 16.40 167.17
T2 107.24 0.63 10.37 17.92 22.71 10.82 6.93 2.88 3.51 13.32 14458
T3 103.17 0.76 11.19 22.32 26.78 12.81 7.34 3.02 4.34 1470 170.14
T4 108.78 0.77 13.89 23.30 33.73 15.38 8.78 3.84 6.09 18.71 18247
T5 119.41 1.05 14.45 26.54 47.50 16.99 11.38 4.44 7.02 22.84  197.23
T6 73.94 0.60 10.56 13.86 22.22 8.16 6.02 2.46 2.85 11.33  158.70
T7 105.32 0.72 12.26 15.60 36.19 12.75 7.89 3.14 3.04 14.07  145.19
T8 119.61 0.95 14.11 16.88 38.14 13.24 8.78 3.17 3.40 1535 173.42
T9 127.82 0.89 16.92 23.04 39.29 13.33 8.67 3.32 4.57 16.56  196.04
L.S.D. 0.05 3.73 0.09 1.13 3.41 4.47 1.52 0.96 0.38 1.07 0.91 10.82
T1to T9see Tablel
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Table 6. Effect of bio and chemical fertilization on some morphological characteristics of Moringa oleifera L.
plant at 150 DAS during 1% and 2" seasons.

Root Stem  Leaves Stem Leaves  Root Total Total
hPeI?r;\tt dizsirt'ﬁ(re?er ::gvg: fresh fresh fresh dry dry dry dry  leaf area
Treatments (cr%) (cm) Plant! weight  weight weight weight weight weight weight plant™
gplant? gplant® gplant! gplant® gplant® gplant? gplant? (cm?)
1% season (2016)
T1 140.16 1.31 39.76 41.76 44,57 30. 42 10.17 7.57 6. 23 23.97  445.30
T2 118.78 1.15 32.13 31.63 42.05 21. 36 7.94 6.19 5.59 19.72  339.71
T3 122.05 1.35 35.73 37.59 43.46 28.68 8.23 6.58 5.88 20.69  366.87
T4 142.40 1.43 41.63 35.77 56. 93 32.83 10. 84 7.96 7.62 26.42  477.16
T5 157.43 1.58 47.43  40.92 57.88 33.55 11.50 8.91 8.14 28,55 584.06
T6 126.30 1.17 28.62  24.37 50. 61 22.20 8.66 6.98 6.36 22.00 283.42
T7 136. 13 1.25 43.36 28.06 5253  26.69 8.17 7.73 6.50 22.40 451.15
T8 134.83 1.36 47.30 35.70 51.17 27.52 9.24 8.05 7.40 2469  478.34
T9 154. 35 1.30 51.60 36.16 55.28 3141 10.01 8.84 7.22 26.07 532.40
LS.D. 0.05 7.92 0.08 2.14 5. 67 4.15 3.11 2.02 1.07 0.77 2.20 46.85
2" season (2017)
T1 130. 75 1.63 34.02 30.15 44, 35 28.44 8. 52 6.21 7.40 22.13  376.57
T2 120.34 1.32 3230 26.02 42.65 2293 8. 40 6.16 6.09 20.65 364.18
T3 142.18 1.45 41.13 26.27 43.64 26. 62 9.29 7.79 7.82 2490  339.20
T4 161.13 1.74 4639 38.38 54.03 33.80 9.77 7.93 8.43 26.13  503.07
T5 154. 03 1.70 49.63  40.45 59.81 34.08 10. 60 8.72 8.61 2793 557.31
T6 132.70 1.24 27.68  33.82 52.70 21.39 7.70 6.13 5. 47 19.30 22547
T7 146. 64 1.41 3766 36.53 52.95 24.51 8.35 6. 25 6.85 21.45  441.36
T8 149.93 1.52 4363  37.67 54.17 27.12 9.91 6. 74 7.70 24.35  458.30
T9 153. 76 1.50 45,53 3819 57.68 3123 10.21 7.07 8.93 26.21  460.53
LSD. .05 6.40 0.06 1.94 4.15 3.88 2.23 1.87 0.89 1.12 1.72 33.20
T1to T9see Table 1
Azotobacter bacteria are able to produce number, fresh as well as dry weight of Anethum

antifungal compounds which fighting plant diseases as
well as improving viability and plantlets germination,
thereby improving overall of plant growth Chen (2006).
Sanches Govin et al., (2005) observed that biological
fertilizers application improved the shoots performance
of Calendula officinallis L. as well as Matricaria
recutita L. plants. Youssef et al., (2004) found that plant
height, dry and wet weight of the shoots were increased
in Salvia officinalis L due to the biological fertilizers
application. In the same manner, favourable results were
observed due to the effects of Azospirillum and
Azotobacter as well as phosphate solubilizing bacteria
on Majorana hortensis medicinal plant. PGPR were
known for promoting plant growth and seedlings
emergency Minorsky (2008). Similarly, Mahfouz and
Sharaf-Eldin  (2007) found that application of
biofertilizer, which was a mixture of Azotobacter
chroococcum, Azospirillum lipoferum and Bacillus
megaterium combined with chemical fertilizers (only
50% of the recommended dosage of NPK) increased
vegetative growth of fennel plants as compared to
chemical fertilizer treatments only.

Bacillus and Pseudomonas were identified for
having critical roles in cell elongation, escalating ACC
deaminase activity and promoting plant growth Sgroy et
al., (2009).

Arab et al., (2015) recorded that the combined
treatment of biofertilizer with different NPK (0, 25, 50,
100%) NPK (full dose of NPK fertilizer =150:75:50 mg
kg™ pot™) fertilizer rates significantly increased the
morphological traits of marigold plants. Moreover,
Said-Al Ahl et al., (2015) concluded that the combined
treatment between biofertilizers and N at 60 kg N fed™.
gave the largest values of plant height, branches

graveolens L. plant.
Phytochemical constituents
Photosynthetic pigments

Data in Table (7) reveal that moringa plant
inoculated with PGPR group (A) and amended with %
of mineral fertilizers, followed by treatment that
inoculated with PGPR group (B) and amended with %
mineral fertilizers gave the highest leaves content of
chlorophyll a, b, chl. a+b as well as carotenoids at 75
and 150 DAS comparison to the other applied
treatments and the control (mineral fertilizers)
treatments. Herein, it was clear that the most effective
treatment led to maintain the highest content of
photosynthetic pigments is recorded with using
inoculation of PGPR group (A) combined with % dose
of mineral fertilizers during the both seasons.

Therefore, it could be concluded that increasing
leaf area as well as increment of dry matter
accumulation Tables (5 and 6) as well as photosynthetic
pigments Table (7) in leaves of moringa plants reverse
the stimulating effect of these treatments on the
photosynthetic  efficiency process, thereby more
photosynthates being created as well as enhancing
minerals translocation from root to leaves. Results of
photosynthetic pigment traits as affected by using
bioinoculants of PGPR is coincided to Arab et al.,
(2015) where they found that the combined treatment of
biofertilizer with different NPK (0, 25, 50, 100%) NPK
(full dose of NPK fertilizer = 150:75:50 mg kg™ pot™)
fertilizer rates significantly increased the chlorophyll
index of marigold plant. Said-Al Ahl et al., (2015)
reported that using the biofertilizers increased
chlorophyll A, B as well as total carotenoids content of
Anethum graveolens L. plant.
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Table 7. Effect of bio and chemical fertilization on photosynthetic pigments (mg g™ fr. wt.) content of
Moringa oleifera L. leaves at 75 and 150 DAS during 1 and 2™ seasons.

At 75 DAS At 150 DAS
Chlorophyll (mg g fr. wt.) . Chlorophyll (mg g™* fr. wt.) .
Treatments ChLA Ch.B (A+B) Carotenoids ChLA Chl.B (A+B) Carotenoids
1% season (2016)
T1 1.24 0.98 2.22 1.81 1.17 0.67 1.84 1.67
T2 1.13 0.69 1.82 0.82 0.89 0.64 1.53 0.90
T3 1.16 0.88 2.04 0.86 1.12 0.77 1.89 1.89
T4 1.66 0.75 2.41 1.28 1.23 0.80 2.03 1.78
T5 1.73 0.77 2.50 1.51 1.53 0.93 2.46 1.81
T6 1.20 0.61 181 0.72 0.81 0.65 1.46 0.94
T7 1.28 0.58 1.86 0.89 0.90 0.67 1.57 1.72
T8 1.14 0.80 1.94 1.27 1.21 0.66 1.87 0.98
T9 1.67 0. 69 2.36 1.42 1.40 0.71 2.11 1.83
2" season (2017)

T1 1.76 0.90 2.66 0.87 1.13 0.77 1.90 1.54
T2 1.24 0.85 2.09 0.84 1.10 0.54 1.64 0.63
T3 1.65 0.94 2.59 1.52 1.44 0.65 2.09 1.85
T4 1.87 0.84 2.71 0.92 1.21 0.70 1.91 1. 06
T5 1.94 0.76 2.70 0.95 1.25 0.93 2.18 1.56
T6 1.43 0.98 2.41 0.80 1.05 0.72 1.77 0.62
T7 1.57 0.92 2.49 1.27 1.29 0.63 1.92 1.75
T8 1.56 0.96 2.52 1.16 1.70 0.62 2.32 0.92
T9 1.92 0.93 2.85 0.89 1.32 0.64 1.96 1.26
T1to T9see Table 1

Endogenous phytohormones

Data reported in Table (8) show that the highest
values of endogenous phytohormones content were
observed in inoculated plants with the PGPR group (A)
amended with ¥ of mineral fertilizers and PGPR group
(B) amended with % of mineral fertilizers, followed by
treatment that inoculated with PGPR group (A)
amended with % of mineral fertilizers, respectively
compared with the control (full dose of mineral
fertilization).

Regarding auxins level, it was highly increased
in moringa shoots with all bioinoculants treatments that
amended with NPK mineral fertilizers levels compared
with that of the control. In the same order, the
treatments of PGPR group (B) amended with % mineral
fertilizers followed by PGPR group (A) with ¥ mineral
fertilizers were the most effective treatments which
were highly increasing auxins content compared with
the control and the other applied treatments.

For gibberellins level, data clearly showed that
the level of gibberellin like-substances in moringa
shoots was increased with PGPR group (B) amended
with % mineral fertilizers and PGPR group (A) with %
mineral fertilizers as compared with other and control
treatments.

Moreover, data in Table (8) clearly indicate that
level of cytokinins was positively responded to the
different applied treatments. Since the activity was the
lowest in cases of the control. In this respect, the
treatment of PGPR group (A) amended with % mineral
fertilizers was the most effective treatments which
highly increased cytokinins.

Obtained increment of endogenous
phytohormones in moringa plants could interpret both
of the obtained modifications in growth characteristics
improvement Tables (5 and 6) and metabolical
performance Table (7).

Also, data in Table (8) show that salicylic acid
level increased with the different tested treatments
compared with the control and reached its maximum
values with PGPR group (B) amended with % mineral

fertilizers and PGPR group (A) with % mineral
fertilizers treatments, respectively.

In this respect, these results being of great
interest for interpreting obtained vigorous growth of
moringa plant as obvious in the present study.

Obtained results are in agreement with those
mentioned by Kloepper et al., (2007) and Sakr et al.,
(2014) who indicated that Azospirillum, Azotobacter
and Pseudomonas as well as Bacillus are the important
growth stimulating bacteria in addition to biological
fixing of N, and solubilizing soil phosphate, thereby
affecting on plant growth regulators especially auxins
and gibberellins as well as cytokinins resulting in
improvement of the plant performance. Also, it is
secreting indol-3-acetic acid, gibberellins and kinetin
phytohormones Mali and Bodhankar (2009). The IAA
stimulates cell division, shoot elongation, root
proliferation, root hair number and formation of lateral
and adventitious roots as well as floral buds and fruit
development. Cytokinins affect root initiation and cell
division as well as cell enlargement and increase root
volume.

Azospirillum promotes plant growth by several
mechanisms including N fixation, production of
phytohormones  (i.e., auxins, gibberlines and
cytokinins), phosphate solubilization and mobilization,
promoting root growth and enhancing water and
minerals uptake as reported by Bashan and de-Bashan
(2010); Purushothaman et al., (1980); Bottini et al.,
(1989); Crozier et al., (1988) and Strzelczyk et al.,
(1994).

Gibberellins  promote cell division and
elongation, root and root hair abundance. Subsequently,
Azospirillum induces great root system growth, surface
area and volume, leading to improve water and mineral
uptake, resulting in enhancing foliage parameters and
accumulation of dry matter and nutrients in shoots.
Furthermore,  Azospirillum  produces  polyamine
cadaverine synthesized from lysine amino acid
correlated with cell growth Cassa'n et al., (2009).
Azospirillum lipoferum produces gluconic organic acid
which reduces pH of the medium to help in solubilizing
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insoluble phosphate in rock phosphate Rodriguez et al.,
(2004) and then released soluble phosphate in the soil is
ready for uptake by plants.

Besides providing P to plants, the phosphate
solubilizing bacteria also, augment growth of plants by
N, fixation, synthesizing plant growth promotion
substances as indole acetic and gibberellic acids Ding et

(2005) and Vikram et al., (2007). Potassium
dissolving bacteria bring available K into soil solution
to benefit soil fertility and plant K uptake by excreting
organic acids i.e., citric, oxalic, malic and succinic as
well as tartaric. Acidolysis of the rhizospher helps in
chelating silicon and aluminum cations bound to
insoluble K bearing minerals Prajapati and Modi (2012)
and Meena et al., (2014). Bacillus sp. release
siderophores, high affinity iron chelating compounds for
scavenging insoluble iron from minerals and form
soluble Fe complexes which can be taken up by active
transport Tian et al., (2009).

Antioxidants content and free radicals scavenging
activity
Total phenolics and flavonoids content

Results in Table (9) indicated that total phenolics

and flavonoids were influenced by fertilizer source and

fertilization rates. It was observed that the treatment of
inoculation with PGPR group (A) or group (B) and
amended with % of mineral fertilizers increased total
phenolics and flavonoids content in Moringa oleifera L.
leaves at 75 and 150 DAS during 2017 season. Total
phenolics and flavonoids were enhanced with treatment
that inoculated with PGPR group (A) and amended with
% of mineral fertilizers followed by treatment that
inoculated with PGPR group (B) and amended with %
mineral fertilizers respectively, compared to mineral
fertilization. It was apparent that treatment inoculated
with PGPR group (A) and amended with % of mineral
fertilizers, where it was observed that total phenolics
and flavonoids had the highest values (total phenollcs
was 46.12 and total flavonoids was 29.26 mg g™ dry
wt.). The present results suggested that the application
of treatment inoculated with PGPR and amended with
mineral fertilizers rates can enhance Moringa oleifera L.
non-enzymatic antioxidants content. Obtained results
were in harmony with those mentioned by Arab et al.,
(2015) where they concluded that the combined
treatment of biofertilizer with NPK fertilizer rates
significantly increased the flavonoids content of
Calendula officinalis L. plant.

Table 8. Effect of bio and chemical fertilization on endogenous phytohormones of Moringa oleifera L. plant

at 150 DAS during 2" season.

. Promoters Inhibitors Salicylic acid
T Glbberellms AuXins Ig g~ fr. wt. Cytoklnms Total % Abscmc % Ul %
reatments 3indole Indole - q -
ug g* acetic  butyric T_otal Hg  Hggt promoters relative acid ugg™ relative g relative
fr.wt. acid acig 9 L fr.wt. fr.wt. ug g fr.wt. to control  frwt.  to control fr.wt. to control
T1 85.82 1198 1192  23.90 150.71 260.43 100.00 3.30 100.00 8.24  100.00
T2 111.91 7.82 30.03 37.85 218.36 368.12 141.35 151 45.76 4.89 59.34
T3 103.20 17.19 2881  46.00 349.94 499.14 191.66 2.08 63.03 1357 164.68
T4 112.50 12.76 6.30 19.06 398.35 519.91 199.64 2.31 70.00 18.91 229.49
T5 133.01 3752 6071  98.23 315.81 547.05 210.06 2.77 83.94 2577 31274
T6 128.79 28.15 4211 70.26 182.26 381.31 146.42 1.60 4848 17.46 211.89
T7 132.80 33.93 59.64 9357 161.06 387.43 148.77 1.78 53.94 13.75 166.87
T8 131.62 26.34 5947  85.81 288.73 506.16 194.36 1.26 38.18 14.08 170.87
T9 147.35 4484  95.06 139.90 253.96 541.21 207.81 2.19 66.36 34.14 414.32
T1to T9see Tablel

Table 9. Effect of bio and chemicals fertilization on some non-enzymatic antioxidants and free radicals
scavenging activity of Moringa oleifera L. leaves at 75 and 150 DAS during 2" season.

At 75 DAS At 150 DAS
Total Total : DPPH Total Total DPPH
Treatments phenollcs ﬂavon0|ds As;gitablc scavenging phenollcs flav0n0|ds ASC((:)I('jbIC scavenging
mg g Ydry mg g Ydry mg g frwt. aCtlr\gltX Hug mg g Ydry mg g Ldry mg g* frwt, acthIt}f Hg
T1 41.78 27.28 1.40 18.16 44.54 28.15 2.49 19.41
T2 36.77 24.59 2.36 17.74 39.22 27.89 2.54 18.30
T3 38.03 25.86 212 18.57 40.18 26.47 2.08 20.54
T4 43.45 27.43 2.27 19.64 4534 28.17 3.02 21.92
T5 46.12 29.26 1.18 22.85 45.91 32.28 3.62 22.13
T6 33.94 21.32 251 16.64 41.50 25.09 2.32 19.24
T7 34.28 25.66 1.70 16.89 39.83 27.90 244 21.08
T8 35.85 24.07 1.08 19.08 45.70 28.83 2.90 20.77
T9 42.22 23.97 1.67 20.76 44.12 26.46 3.18 21.60
T1to T9 see Table 1 DPPH: 1, 1-Diphenyl-2-picrylhydrazyl
Said-Al  Ahl et al (2015) Showed that reached using treatment inoculated with PGPR group

treatments of 60 kg N fed™ combined with biofertilizer
gave the highest total flavonoids content in fertilized dill
plants.
Ascorbic acid content

Data presented in Table (9) clearly indicated that
the effect of different applied treatments on ascorbic
acid content in Moringa oleifera L at 75 and 150 DAS
during 2017 season. It was observed that ascorbic acid
content was maximized with treatments of PGPR group
(B) solely at 75 DAS meanwhile, its highest value was

(A) and amended with % of mineral fertilizers at 150
DAS. In contrast, the reduction in ascorbic acid content
under high mineral fertilization rates was mentioned in
other studies Seung and Adel (2000); Hassan et al.,
(2005) and Toor et al., (2006).

Inoculation with PGPR enhanced the production
of total phenolics, flavonoids and ascorbic acid contents
in moringa plant (Table 9). The increase in secondary
metabolites production under inoculation with PGPR in
the present study go on line with Weibel et al., (2000)
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and Ibrahim and Jaafar (2011) where they reported that
plants grown under inoculation with PGPR conditions
have higher micronutrients content than conventionally
grown plants . Considering the fact that some of
chemical reactions in cells involve minor elements,
either directly or indirectly, this could explain why
biofertilized plants exhibited higher production of
secondary metabolites Bimova and Pokluda (2009).
Also, Heaton (2001) reported that the type and value of
fertilizer as well as the level of application directly
influence the level of nutrients available in plants and
indirectly influence plant physiology and the
biosynthesis of secondary compounds (phytonutrients)
in plant.

In general, increasing total phenolics, flavonoids
and ascorbic acid content with different applied
treatments considered as a direct result of increasing
both photosynthesis rate and efficiency. Also, that was
preceded with large photosynthetic area Tables (5 and
6) and high concentration of photosynthetic pigments
Table (7) under the application of biofertilizer and
mineral fertilizer treatments.

The DPPH scavenging activity

Data in Table (9) indicated the effects of
fertilizer source and rates of mineral fertilizers on DPPH
scavenging activity. Data clearly indicated that
treatments inoculated with PGPR group (A) and
amended with % of mineral fertilizers and the DPPH
antioxidant activity recorded the highest value being
22.85 pg ml™ followed by treatment inoculated with
PGPR group (B) and amended with % mineral
fertilizers, and the least was the inoculation with PGPR
group (B) solely treatment being (16.64 pg ml™).

Results imply that the usage of biofertilizer can
enhance the radical scavenging activity in moringa plant
and reduce the usage of mineral fertilizers rates. It must
be noted that the DPPH assay principally measuring the
activity of watersoluble antioxidants Frankel et al.,
(1994).The combination of phenolics and ascorbic acid
produced a synergistic effect on DPPH radical
scavenging activity Murakami et al., (2003). Other
studies reported the increase of total phenolics,
flavonoids, ascorbic acid content and DPPH scavenging
activity with usage of bioinoculants of PGPR and
mineral fertilizers levels Bimova and Pokluda (2009)
and lbrahim et al., (2013).

CONCLUSION

Based on these findings it can be concluded that,
as response to microbial enzymatic activities, the
highest values of vegetative growth, photosynthetic
pigments, endogenous phytohormones, total phenolics
and flavonoids were obtained for inoculated treatment
with Azo. lipoferium D178, B. megaterium and B.
circulans (group A) amended with % of mineral
fertilizers. Moreover, using ¥ of the recommended
mineral fertilizers in combination with biofertilizers had
high growth and yield of moringa plant without
significant differences when using the highest treatment
(full  dose of mineral fertilizers). Using of
biofertilization decreases the environmental pollution
that caused by excessive application of mineral
fertilizers.
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