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Abstract: The present study was conducted on Majorana horfensis L. plants during the two successive
seasons 2009 and 2010 at the nursery of Medicinal and Aromatic plants Research Department, Horticulture
Research Institute, Agriculture Research Center, Ministry of Agriculture, Dokdka, Giza, Egypt. This work was
designed m order to investigate the possibility of reducing the need for NPK chemical fertilization as well as
improving plant productivity by using bacterial biofertilization as an alternative. The plants of control treatment
received only the full recommended rate of NPK chemical fertilization as ammonium sulphate (20.5%N) at the
rate of 300 kg/feddan, calcium superphosphate (15.5% P,0.) at the rate of 300 kg/feddan and potassium sulphate
(48% K,0O) at the rate of 150 kg/feddan. For the other treatments, a single mnoculum or mixture of different
inoculum combinations of Azospirillum brasilense as a nitrogen fixing bacteria (NFB), Bacillus megatheritm
var. phosphaticum as a phosphate solubilizing bacteria (PSB) and Frateuria aurantia as a potassium
solubilization bacteria (KSB) were used in combination with NPK chemical fertilizer as quarter or half dose of
the full recommended rate. Results obtained showed that most of the fertilization treatments caused more
positive effects on plant height, number of branches per plant, herb fresh weight per plant, herb air dry weight
per plant, dry weight of herb per plant, leaves: stems fresh weight ratio, essential oil percentage, oil yield per
plant, o1l compoenents percentages, total chlorophyll and carotenoids contents in fresh leaves as well as total
carbohydrates, N, P and K percentages in the oven (70°C) dry herb. So, partial substitution of chemical NPK
fertilizer by bio-fertilizer was recommended. Generally, plants received] /ANPK dose with the biofertilizer gave
higher values than those received 1/2NPK with the same biofertilizer during the three cuts of both seasons. Gas
chromatography analysis of volatile oil indicated that the main components were terpinen-4-ol, linalool and
sabmene. The components were positively affected by different combined treatments between biofertilization
and chemical NPK fertilizer. The treatment of 1/ANPKANFB+PSB was the most efficient among the used
treatments for improving most of vegetative characteristics, active constituents and chemical composition of
marjoram plants as well as reducing the requirements of NPK chemical fertilizer by 75%.
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INTRODUCTION

Marjoram (Majorana hortensis L.) plant 1s a perenmial
herb, belonging to family Lamiaceae, indigenous to
Mediterranean countries. It was known to the ancient
Egyptians, Greeks and Romans [1]. Marjoram herb, aerial
parts, is wed including the stems, leaves and white
blossoms. It 1s cultivated as culinary herbs and garden
plants as well. The leaves are used as flavoring. Majorana
hortensis L. 13 valued as a medicinal plant for improving
antiseptic, antispasmodic, carminative, stimulant and
expectorant and nerve tonic theumatic habits, stimulates
moreover the blood circulation, nerve habits, muscle pain,

muscle theumatism, arthritis, flu, cold, bronchitis, stucked
cough, asthma, hiccups, slow digestion, bad appetite,
menstruation problems, low blood pressure, worm
infections, cramps and mould infections [2, 3].

The three essential macronutrients that all plants
need for growth are mitrogen (N), phosphorus (P) and
Potassium (K). Even only one of the nutrients needed is
in short supply, plant growth i1s limited and yield 1s
reduced especially under harsh growth condition of
sandy soil. However, intensive cultivation results in the
soil being deficient in these mmportant nutrients. The use
of synthetic NPK fertilizers replaces the chemical
components that are taken from the soil by growing
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plants. They maintain soil productivity and significantly
support food security to improve the quality and quantity
of the food available today, although their long-term use
1s debated by environmentalists. With fertilizers, yield of
the plant can often be doubled or even tripled; fertilizers
can also be tailored to suit the type of crop that 1s bemng
grown, creating a better growing environment. Mineral
fertilizers are one of the most important tools for
agricultural development and will continue to play a
decisive role and this irrespective of which new
technologies may yet emerge [4].

Biofertilizers are one of the most promising
alternatives of supplying nutrients required for the
growing plant to substitute chemical fertilizers for safe
healthy production for human and the environment.
Biofertilization mainly comprises nitrogen fixers
(i.e. Rhizobium, Azotobacter, Azospirillum, Azolla or blue
green algae), phosphate dissolvers (vesicular arbuscular
mycorrhizae) and potassium solubilizers (Bacillus and
Pseudomonas, which are termed as silicate bacteria).
These organisms may affect their host plant by one or
more certain microbial processes such as nitrogen fixation,
production of growth promoting substances like auxins
and gibberelling, organic acids, changing unavailable
forms of nutrients into available ones that can be easily
assimilated by plants, synthesis of vitamins, amimo acids
or elimination of the plant enemies including microbial
pathogens, insects and weeds and improving vegetative
growth, photosynthetic pigments and chemical
composition [5-7].

Although biofertilizers are useful for recycling
elements and reserving natural resources many
researchers recommended not to use bio-fertilizers alone
but they used them to reduce the need for chemical
fertilizers which have adverse deleterious envirommental
effects on public health and national income as well as
reduce the cost of fertilizers and labor. In this respect,
Kandeel et al. [8] reported that dual inoculation of sweet
basil plants with Azotobacter+Azospirillum supplemented
with half or full dose of the recommended mineral
N-fertilizer significantly increased oil percentage and
yearly oil yield / plot compared with umnoculated plants.
Sakr [9] found that fertilizing senna plants with half dose
of N fertilizer (200 Kg ammonium sulphate / fed) in
association with biofertilization (Azospirillum brasilense,
Bacillus polymyxa, Azotobacter chroococcum, Klebsiella
pneumonia and Pseudomonas putida) increased total
herb fresh weight per plant, total carbohydrates as well as
N, P and K contents in leaves more than using
nitrogenous or bio- fertilizers singly. Kandeel and Sharaf
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[10] on Majorana hortensis 1. found that inoculation with
Bacillus circulans in the presence of half dose morganic
NPK fertilization remarkably increased the different plant
growth parameters compared with full dose of NPK
(300 Kg/fed ammonium sulphate, 300 Kg/fed calcium
super phosphate and 150 Kg/fed potassium sulphate).
Al-Qadasi [11] recommended that applying composite
culture of Azotobacter, Azospirillum and Bacillus plus
quarter dose of NPK fertilizer led to lugh vegetative
growth (plant height, number of branches per plant, herb
fresh and dry weights per plant), oil percentage and oil
yield per plant as well as contents of total carbohydrates,
total chlorophyll, carotenoids, N, P and K of Ocinnm
basilicum herb. Mahfouz and Sharaf-Eldin [12] reported
that a mixture of Azotobacter chroococcum, Azospirillium
liboferum and Bacillus megatherium applied with 50% of
the recommended dosage of NPK increased vegetative
growth of fennel plants (plant height, number of branches
per plant and herb fresh and dry weights per plant), total
carbohydrates, oil yield per plant and oxygenated
compounds in the essential oil as well as mtrogen,
phosphorus and potassium levels compared to chemical
fertilizer treatment. El-Mekawy [13] on Thymus capitatus
L. found that plant height, branches number per plant,
fresh and dry weights of herb per plant, essential oil
percentage, essential o1l yield per plant and total
carbohydrates content significantly increased as a result
of moculation of Azotobacter chroococcum and
Azospirillum  lipoferum  with  inorganic fertilizer
(300 kg Ammonium mtrate /fed equal to 100 kg N)
followed by the same m xture plus 50 kg N/fed and
then control (100 kg N/fed) treatment. Azzaz ef ol [14] on
fennel plants indicated that plant height, number of
branches per plant, herb dry weight /plant, essential oil
percentage and essential o1l yield /plant as well as N, P
and K percentages in dry herb were augmented as a result
of using the recommended NPK +Bio-fertilizer mixtures of
Azotobacter sp. Bacillus megatherium var Phosphaticum
and Bacillus circulans, compared to other treatments
including the recommended dose of NPK separately. Abo-
Baker and Mostafa [15] on Hibiscus sabdariffa, revealed
that applying 50% of the recommended dose of NPK plus
mixture of Azospirillum sp. (nitrogen fixing bactena, NFB)
and Bacillus polymyxa (phosphate dissolving bacteria,
PDB) improved plant height, number of branches per
plant, shoots and roots fresh weights and sepal yield per
feddan as well as N, P, K and total chlorophyll contents
compared to the control (full recommended dose of NPK
alone). Hellal et al. [16] on Anethum graveolens 1.,
indicated that the highest values of plant height, number
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of main branches, fresh and dry weights of herb per plant,
o1l yield and total chlorophyll content as well as N, P and
K percentages in dried herb were recorded with the
of bio-fertilizer (Azotobacter
Azospirillum  lipoferum,

combined {reatment
chroococcum, Bacillus
polymyxa, Bacillus megatherium and Pseudomonas
fluorescens, mixed m equal parts) plus two third of
nitrogen fertilizer recommended dose (200 kg/fed
ammonium sulphate) compared to using the biofertilizer in
combination with 1/3 or complete recommended dose of
mineral nitrogen fertilizer.

The objective of this study was the judicious use of
NPK chemical fertilization by investigating the effect of
moculation with bacterial cultures of nitrogen fixing
bacteria (Azospirillum brasilense), Phosphate solubilizing

megatherium var. phosphaticum)
solubilization bacteria (Frateuria

bacteria (Bacillus
and potassium
aurantia) as biofertilization, smgly or as different
combination mixtures, combined with NPK chemical
fertilizer as quarter or half dose of the full recommended
rate on vegetative traits, active constituents and chemaical
composition of marjoram (Majorana hortensis 1..) plants
i order to decrease the environmental hazard from
chemical fertilizer as well as obtaining a high quality
product under the experimental conditions.

MATERIALS AND METHODS

The present study was conducted during the two
successive seasons of 2009 and 2010 at the nursery of
Medicinal and Aromatic Plants Research Department,
Horticulture Research Institute, Agriculture Research
Center, Mmstry of Agriculture, Dokki, Giza, Egypt.
Seeds of Majorana hortensis 1.. were secured from
Agriculture Research Center, Ministry of Agriculture,
Giza, Egypt. Seeds were sown cn November 15 of the two
seasons in plastic pots (50 cm diameter) filled with sandy
loam soil. Seedlings were transplanted on February 1* of
both seasons using plastic pots (30 cm diameter) filled
with sandy loam soil (three seedlings per pot). After two
weeks, the seedlings were thinned to one plant per pot.
Thereafter, the usual agricultural practices were followed
as recommended. The mechamcal and chemical
characteristics of the soil used as growing media during
the two seasons (Table 1) were carried out at laboratories
of Agriculture Research Center, Ministry of Agriculture,
Giza.

The plants of control treatment received only the full
recommended rate of NPK chemical fertilization, Egyptian

Mimstry of Agriculture and Land Reclamation [17],
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including ammonium sulphate (20.5%N) at the rate of 300
keg/feddan (5.33 g/ pot), calcium super phosphate
(15.5% P,0.) at the rate of 300 kg/feddan (5.33 g / pot)
and potassium sulphate (48% K,0) at the rate of 150
kg/feddan (2.67 g/ pot). Calcium superphosphate (P)
was 1ncorporated with the potting medium of all
treatments before transplanting. Ammonium sulphate and
potassium sulphate (N and K) were added at three equal
doses, the first addition was applied 45 days after
transplanting (on March 15%), the second one was added
on May 15" (after two weeks of the first cut) and the third
dose was added on Julyl5™ (after two weeks of the
second cut).

Biofertilizers (singly or as different combination
mixtures) were used in combination with NPK chemical
fertilizer (quarter or half dose of the full recommended
rate). Biofertilizer inoculations liquid bacterial cultures of
Azospirillum brasilense as a nitrogen fixing bacteria
(NFB), 5.5 x 10° cell /ml; Bacillus megatherium var.
phosphaticum as a phosphate solubilizing bacteria (PSB),
7.2 x 10° cell /ml and Frateuria aurantia as a potassium
sclubilization bacteria (KSB), 6 x 10° cell /m] were cbtained
from the Bio Agriculture Research Center, Faculty of
Agriculture, Ain Shams University. For the biofertilization
treatments, roots of transplants were soaked for 30
minutes n the liqud suspension contains single moculum
or mixture of different inoculum combinations in equal
proportions, then plants were directly transferred to the
prepared pots. Additional boost (five m] of each inoculum
used according to the treatment) was injected m a hole
adjacent to the plants after one week from chemical NK
application. The experiment included fourteen treatments
1n addition to the control. Plants were harvested at three
times during each season, the first one at commencement
of the flowering on May 1%, the second one on Julyl* and
the third cut was on September 1%,

At harvesting, the studied characteristics were
determimmed on the investigated plants of different
treatments. Plant vegetative parameters were recorded as
plant height (cm ), number of branches per plant, fresh
and air dry weights of herb per plant (g), dry weight of
herb per plant m gram (oven dried at 70°C) and leaves:
stems fresh weight ratio. Chemical analyses were made at
laboratory of the Medicinal and Aromatic Plants
Department, Horticulture Institute, Agriculture Research
Center, Ministry of Agriculture, Dokki, Giza, Egypt.
The essential o1l percentage was determmed i the fresh
herb. The
essential oil were described in the British Pharmacopoeia

distillation and the determination of the

[18]. O1l yield per plant was calculated by multiplying the
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Table 1: The mechanical and chemical analysis of the soil used as growing media during the two seasons of 2009 and 2010

Physical analysis

Sand% Clay%o Silt% Texture class
55.2 185 26.3 Randy loam
Chemical analysis
Soluble cations and anions (meg/L) Available elements (ppm)
pH EC dS/m HCOy Cl S04 Ca™ Mg*t Na* Kt N P K
7.5 4.45 2 17.14 33.48 18.67 14.4 12.79 6.76 243 208 340.7

percentage of the oil by weight of the fresh herb per plant.
The essential oil obtained from the fresh herb in the third
cut of the second season was analyzed using DsChrom
6200 Gas Chromatograph equipped with a flame ionization
detector for separation of volatile o1l constituents. The
use of GL.C in the quantitative determination was achieved
by following Hoftman [19] and Buzon ef af. [20] methods.
Total chlorophyll as well as carotenoids contents (mg/g)
were determined in fresh leaf samples [21]. Dried herb
(oven dried at 70°C) was analyzed to determine
percentages of total carbohydrates [22], nitrogen [23],
phosphorus [24] and potassium [25].

The experiment layout was arranged in a randomized
complete block design (RCBD) with three replicates. Each
block contamed fifteen fertilization treatments that
allocated randomly. Each replicate contained 3 pots. Data
collected for vegetative growth characteristics and active
constituents were subjected to analysis of variance and
the means were compared using the "Least Significant
Difference (LSD)" test at the 0.05 level [26].

RESULTS AND DISCUSSION

Effect of Chemical and Bio-fertilization on Vegetative
Characteristics

Plant Height: Data presented in Table 2 showed that
during the first season most of fertilization treatments
significantly increased the height of Majorana hortensis
L. plants as compared to the control (the full
recommended rate of NPK chemical fertilizer). Plants
1/ANPK+NFB+PSB  treatment gave the
significantly higher plants m the three cuts. In the first
and third cuts, the plants received the recommended NPK

received

rate (control) were the shortest plants, whereas in the
second cut, the lowest plant height was recorded with
plants received 1/ZNPK+NFB + PSB + KSB treatment.
As to the second season, in the first and second cuts,
some treatments significantly increased plant height of
Majorana hortensis L. as compared to the control,
whereas in the third cut most treatments significantly
mcreased plant height as compared to the control plants.
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In the three cuts, plants received 1/ANPKANFB +PSB
treatment gave the significantly higher plants. Tn the
second cut, plants received 1/ANPK+NFB + PSB + KSB
treatment gave the same highest plant height. Such
results are in agreement with those reported on Ocimnm
basilicum [11), fennel [12], Thymus capitatus [13],
Hibiscus sabdariffa [15), guar [27], Carum carvi [28, 29],
marjoram [30] and sage [31].

In both seasons, the mean of the three cuts revealed
that all treatments mcreased plant height than the control
except 1/2NPKANFB+ PSB + KSB treatment which gave
the lowest mean plant height, whereas plants received
1/ANPKANFB+ PSB gave the highest mean plant height.
Generally, in both seasons in all cuts, plants received
1/NPK with biofertilizer were lugher than those received
1/2NPK with the same biofertilizer.

Number of Branches/Plant: Data presented in Table 2
showed that in the three cuts of both seasons, most of
fertilization treatments regardless of significancy
increased number of branches per plant of Majorana
hortensis L. plant as compared to the control
(the recommended rate of chemical NPK fertilizer).
Plants received 1/ANPK+NFB+PSB treatment gave higher
mumber of branches/plant as compared to the other
combined treatments. In the first cut of the first season
and 1n the second and third cuts of the second season,
plants received 1/2NPK+NFB+ PSB + KSB treatment gave
the lowest number of branches/ plant. Plants received
1/2NPK+NFB+ KSB treatment gave the lowest number of
branches/ plant in the second cut of the first season and
in the first cut of the second season. In the third cut of the
first season, control plants gave the lowest number of

branches/plant.
In both seasons, the mean of the three cuts revealed
that most treatments increased the number of

branches/plant as compared to the control. The highest
mean number of branches/plant was recorded with plants
recelved 1/ANPK+NFB +PSB. In all cuts of both seasons,
plants received 1/4ANPK with biofertilizer gave higher
number of branches/plant than that received 1/2NPK with
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the same biofertilizer. The obtained positive effects on
number of branches per plant due to applying chemaical
and biofertilizers are coincided with those reported on
Ocimum basilicum [11], fennel [12, 32,33], sage [31],
Thymus capitatus [13] and Hibiscus sabdariffa [15, 34].

Leaves Stems Fresh Weight Ratio: Data presented
in Table 3 revealed that in the three cuts of the first
seasory,
significantly

leaves: stems fresh weight ratio was
of fertilization
treatments as compared to the control. Plants received
1/4ANPK+PSB treatment had significantly higher leaves:

stems fresh weight ratios as compare to the other

increased by most

treatments, 1n most cases.

The lowest leaves: stems fresh weight ratios were
recorded with plants received 1/4ANPK+NFB+ PSB,
1/2NPKANFB+ K SB and control treatments, respectively.
The mean of the three cuts revealed that all fertilhization
treatments increased the leaves: stems fresh weight ratio
except 1/2NPK+NFB+ KSB, as compared to the control.
The highest mean leaves: stems fresh weight ratio was
recorded with plants received 1/4ANPK+PSB.

As to the second season, m the first and second
cuts, few treatments significantly increased leaves: stems
fresh weight ratios as compared to the control, whereas
most treatments in the third cut sigmficantly mcreased
leaves: stems fresh weight ratios as compared to
the control. The sigmificantly ligher leaves: stems fresh
weight ratios were recorded with plants received
1/ANPKANFB+ PSB, 1/4NPK+KSB and 1/4NPK+PSB in
the first, second and third cuts, respectively as compared
to the other treatments, in most cases. The lowest leaves:
stems fresh weight ratios were recorded with plants
received 1/2NPKANFB+PSB+KSB in the first and third
cuts and with plants received 1/2ZNPK+ PSB+ KSB
treatment in the second cut. The mean of the three cuts
revealed that some treatments increased the leaves: stems
fresh weight ratio as compared to the control. The highest
mean leaves: stems fresh weight ratio was recorded with
plants received 1/ANPK+KSB, whereas the lowest mean
leaves: stems fresh weight ratio was recorded with plants
received 1/2NPK+NFB+ PSB + KSB.

In both seasons, combinations between half dose of
chemical NPK fertilization and bio-fertilizer were generally
less effective than adding quarter dose of chemical
fertilization with the same bio-fertilizer in most cases.
Results obtaned agreed with Abd El-Azim [31] who found
that fertilizing Salvia officinalis 1.. plants with 150 Kg
ammonium sulphate, 130 Kg calcium superphosphate and
100 Kg potassium sulphate /fed caused a significant
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increase in leaves: branches ratio. In this respect, Sakr [9]
found that fertilizing semna plants with full dose of N
fertilizer (400 Kg ammonium sulphate / fed) gave the
highest leaf: stem fresh weight ratio compared to other
treatments  including biofertilization  (Azospirillium
brasilense, polymyxa,
chroococcum, Klebsiella pneumonia and Pseudomonas
putida) either alone or associated with half dose of

Bacillus Azotobacter

nitrogen PK were used as a basal dressing for all
treatments at 300 Kg calcium superphosphate / fed and
100K g potassium sulphate / fed.

Fresh, Air Dry and Dry Weights of Herb/Plant:
Data presented in Tables 3 and 4 showed that in both
seasons, in the first cut few treatments significantly
increased herb fresh, air dry and dry weights of Majorana
hortensis 1.. plant as compared to the control. Tn the
second and third cuts most treatments sigmficantly
increased herb fresh, air dry and dry weights/plant of
Majorana hortensis 1. as compared to the control. Tn both
seasons, m each cut, the plants received 1/ ANPK+NFB+
PSB treatment gave the significantly heavier herb fresh,
air dry and dry weights/plant as well as the lnghest total
weights/season. Generally, the total of the three cuts
revealed that most treatments increased herb fresh, air dry
and dry weights/plant than the control. Such results are
in agreement with those reported on senna [9], Ocimum
basilicum [11], fennel [12], Thymus capitatus [13],
Hibiscus sabdariffa [15], sage [31] and Euryops
pectinatus [35].

On the other hand, n most cases, plants received
1/2NPK+ NFB + KSB treatment gave the lowest herb
fresh, awr dry and dry weights/plant as well as total
weights/season as compared to the other combined
treatments. Generally, in all cuts of both seasons, plants
received 1/4NPK with biofertilizer gave heavier herb fresh,
air dry and dry weights/plant as well as total
weilghts/season than those received 1/2NPK with the
same biofertilizer. Fertilizing marjoram plants with NPK
plus biofertilizers resulted i a positive impact on biomass
production compared to the control. Plants receiving bio-
nitrogen fertilization produced higher number of both
branches and leaves giving higher fresh weights and total
herb air dry and dry yields.

Effect of Chemical and Bio-fertilization on Active
Constituents of Marjoram Plant

Essential Oil Percentage: Data presented in Table 5
showed that in both seasons, most treatments

significantly mereased essential o1l  percentage of
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Table 2:  Effect of chemical and bio-fertilization on plant height and number of branches per plant of marjoram plant during the two growing seasons of 2009 and 2010

Plant height (crm) Mumber of branches/ plant

First Season Second Season First Season Second Season
Treatments et 2cut 3t Mean 1" cut cut 3Mcut Mean 1" cut 2t ot Mean 1"t 2%t Fcut  Mean
Control (NPE) 42.67 2522 18.00 2863 51.00 2422 121 31.44 11.44 1556 17.22 1474 11.22 14.33 21.67 15.74
14NPEANEFB 46.33 32.22 2447 3441 5078 2478 19.8% 31.81 13.89 1633 21.22 17.15 13.56 1611 21.22 16.96
14NPEA+PEB 51.11 35.89 2589 3763 5567 2867 27.00 37.11 14.89 1878 22.33 1867 1378 19.00 23.33 18.70
14NPEAESEE 46.44 3256 2378 34.26 4922 26.44 26.00 33.89 1333 1656 20.67 1635 1222 15.44 2089 16.18
14NPEA+NFE+ PEB 52.55 36.00 2778 3878 5745 2956 29.33 3878 1589 2022 23.11 1974 14.39 1978 24.56 12.74
14ANPEANFBHERE 47.11 31.67 2333 34.04 42867 2322 23.89 31.93 12.89 1567 20.00 1619 12.22 1533 21.22 16.26
14NPEAPSB+ KRB 49.56 3244 2511 3570 5333 23.44 24.55 337 13.00 16.89 2044 1678 13.00 1600 2244 17.15
14NFPEA+NFB+PSB+ESE 47.89 30.89 2444 3441 5044 2956 24.33 34778 1356 16.44 22.89 17.63 1278 1511 22.22 16.70
1/2NPEANFB 4489 3100 2033 3207 4222 22.44 22.89 29.18 1311 1556 20.67 1645 1156 14.89 2078 1574
1/2NPEA+PEB 46.89 30.56 2444 3396 42.00 2511 23.00 30.04 1311 16.56 20.67 1678 12.11 17.44 22.56 17.37
12NPE+ KRB 46.11 3122 2233 3322 40.67 21.33 21.33 2178 11.44 16.00 2044 15.96 1167 14.67 2022 15.52
1/2NPEANFB+ PRB 49.44 3122 2500 3522 41.00 25.44 23.33 29.92 1345 1656 21.22 17.08 1256 17.58 23.22 17.78
1/2NPEANFB +K5B 45.89 3022 22358 3289 4378 211 21.22 2870 1111 1411 18.33 14.52 1078 14.22 2011 15.04
1/2NPE+PSB+ KSB 48.56 31.67 2256 34.26 40.11 22.33 23.22 28.55 1148 14.33 15.67 15.16 1111 15.22 067 15.67
1/2NFPE+NFB+PSB+ESE 45.33 12.11 2055 2833 3667 2211 22.44 27.07 11.00 1611 20.00 1570 10.94 12.89 12.56 14 .46
L.3D.5% 240 310 2.60 4.10 1.90 150 0.59 1.60 MN.E 1.30 0.90 170

Control (NPE): Full recormrrnended rate, 1MNPE. Quarter of recormended rate, 1/22PE. Half of recommended rate
NFB: Nitrogen fixing bacteria, FSB: phosphate solubilizing bacteria, KoSB: petassium solubilization bacteria

Table 3: Effect of chernical and bio-fertilization on leaves: sterns firesh weight ratio and herb fresh weight of marjoram plant during the two growing seasons of 2009 and 2010

Leaves: stems fresh weight ratio Herb firesh weight (g/plant)

First Season Second Season First Season Second Season
Treatments Isteut  2ndcut 3rd cut  Mean Isteut  2ndecut 3rdcut Mean st cut Zndeut  3rdcut Total Istcut  2ndeout 3rdcut Total
Control (NPE) 31.35 1652 866 1884 39.62 2475 17.88 2742 4323 2082 13.14 7712 55.27 29.60 23.02 107.89
1MNPE+NFB 3348 2092 1876 2439 42.29 23.67 20.55 28.34 47.62 2847 2394 100,03 5918 3829 2659 12408
14NPEA+PEB 4456 2697 2332 3162 5320 29.02 22.14 34779 5443 3374 2577 113.94 6204 4777 29.37 13918
1MNPEAKER 39.03 2203 1642 2583 47.61 3636 2183 35.27 47.87 2647 2079 9513 47.83 3566 2594 10943
14NPEA+NFE+ PEB 26.69 19.47 1751 2122 54.24 25439 20,97 33.57 5446 3551 26.28 11625 6551 4218 31.74 14543
1MNPEANFBHESB 29.34 2014 2266 2405 37.60 1685 2084 25.10 40.90 2803 23.00 9193 5478 3104 2697 11279
1MNPEAPSB+KSB 39.53 2193 2049 2732 42.33 24.31 21.20 29.28 4880 2957 24.8%  103.26 5831 3991 2753 12575
14NFPEA+NFB+PSB+ESE 397 19.05 1438 2438 3629 20.64 17.84 24.92 4342 29.67 20.28 98.37 5579 3724 27.86 12089
1/2NPE+NFB 3617 2089 2086 2597 3570 23.01 12.51 26.07 44.90 2428 2207 9125 3226 2929 2596 9451
1/2NPEA+PEB 3175 2363 1869 2669 2503 31439 20.64 25772 4522 2959 21.68 96.49 3344 3903 2837 10584
1/2NPE+KSB 3896 2448 21.89 2844 2174 21.41 20.26 21.14 44.08 2572 2028 90.09 3126 2528 2130 714
1/2NPEA+NFE+ PEB 3837 1894 1644 2458 2298 22.08 2164 22.23 4349 3278 22.13 10440 3907 4240 28779 11026
1/2NPEA+NFB +E5B 2972 12.26 13.67 1855 2718 19.08 20.52 22.26 3834 21.94 16.68 7696 30.27 2230 22.20 7477
1/2NFE+ PEB+ K&B 3117 2199 1623 2313 2740 14.60 1277 20.59 40.03 2659 19.02 8564 3858 2796 2610 924
1/2NFPE+NFB+PSB+ESE 33.24 2312 1711 2449 2136 16.28 16.86 18.17 3880 2670 20.17 85.67 3552 29.08 26.44 91.04
LaD 5% 490 3.80 310 480 3.50 1.60 5.40 430 330 7.80 480 160

Corntrol (NPE) Full recorrmended rate, 14NPE: Quarter of recommended rate, 1/2NPE: Half of recormmended rate
NFB: Nitrogen fixing bacteria, PSB: phosphate solubilizing bacteria, KXSB: potassium solubilization bacteria

Table 4: Effect of chernical and bio-fertilization onherb air dry weight and dry weight of marjeram plant during the two growing seasons of 2009 and 2010

Herb air dry weight (g/plant) Herb dry weight (g/plant)

First Season Second Season First Season Second Season
Treatments Teut  cut 3aut Total 1" cut eut Meut  Total 1" ot 2 cut 3ot Total "ot 2®at 3*cut Total
Control (NFE) 20.09 886 5.67 3462 2544 14.22 10.81 5047 1470 7.08 4.47 26.25 1879 loos 783 35.63
14NPEANEFB 21.92 12.62 1068 4522 2801 1974 13.14 6089 1612 o.68 814 3401 2012 1302 S04 42.18
14NPEA+PEB 26.31 16.19 12.02 5452 29.82 2178 13.7¢ 6536 1851 11.47 876 3874 21.09 16.24 9.99 47.32
14NPEAESEE 2334 12.11 938 44.83 2248 17.74 12.47 52.69 1628 o0 7.07 3235 1626 1212 882 37.20
14NPEA+NFE+ PEB 26.81 16.81 12.08 5570 3341 22.80 15.61 71.82 1852 12.07 294 3953 2227 1638 10.79 49 44
1ANPEANFBAHESE 19.93 13.36 11.1¢ 4443 2615 1470 1278 53.63 1391 @53 782 3126 1863 1055 917 3835
14NPEA+PSB+ ESB 22.12 13.52 11.94 4758 2996 17.55 131 60.62 16.59 10.05 246 3510 19.83 13.57 936 4276
14NFPEA+NFB+PSB+ESE 22.58 13.48 917 4523 2822 16.52 13.20 57.94 1646 10.09 6.90 3345 1897 12.66 9.47 41.10
1/2NPEANFB 20.98 10.58 10.05 4161 2115 12.81 12.67 46.63 15.27 826 7.50 3103 1335 .96 883 32.14
1/2NPEA+PEB 20.54 13.67 10.24 4445 2344 17.06 14.85 5535 1537 10.06 7.37 3280 13.07 13.27 9.65 35.99
12NPE+ KRB 19.77 1162 219 40,58 15.89 11.21 10,23 3733 14.99 874 6.90 3063 1063 .60 724 647
1/2NPEA+NFE+ PEB 2179 14.70 9.96 4645 2030 19.38 14.72 54.4 16.83 11.15 7.52 3550 13.28 14.42 979 37.49
1/2NPEANFB +K5B 17.07 9.50 743 34.00 1545 10.3% 10.84 35.63 13.04 748 5.67 26.17 1029 758 755 2542
1/2NPE+PSB+ KSB 16.56 12.55 .01 3812 1926 12.21 12.2% 4376 1361 o4 6.47 2912 1312 @51 887 31.50
1/2NFPE+NFB+PSB+ESE 17.83 11.65 877 3825 16.25 13.47 1216 41.88 1319 9.08 6.86 2913 12.08 989 299 30.95
L3D 5% 2.10 1.30 0.99 330 180 032 1.27 1.17 073 1.36 1.21 056

Control (NPE): Full recormrrnended rate, 1MNPE. Quarter of recormended rate, 1/22PE. Half of recommended rate
NFB: Nitrogen fixing bacteria, FSB: phosphate solubilizing bacteria, KoSB: petassium solubilization bacteria
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Table 5: Effect of chemical and bio-fertilization on essential oil percentage and oil yield of marjoram plant during the two growing seasons of 2009 and 2010

Essential oil percentage

Essential oil yield (ml /plant)

First Season Second Season First Season Second Season

Treatments "out Pout 3% cut Iean Mot Mot 3Mout IMean Meut 2ot ot Total Meout 2%cut 3cut Total
Control (MFPE) 0.45 058 0.42 048 0.4% 0.53 0.54 0.52 012 0.12 0.06 0.37 0.27 018 012 0.55
14NPEANEFB 0.52 058 0.47 052 0.54 0.63 071 0.63 0.25 0.17 011 0.53 032 0.24 019 075
14NPEA+PEB 0.65 .60 0.53 059 0.74 0.53 058 0.2 035 0.20 0.14 0.69 04s 025 017 o.sg
14NPEAESEE 0.67 059 0.54 Q.60 0.61 0.52 045 0.53 032 0.18 011 0.59 029 01g 012 0.60
14NPEA+NFE+ PEB 073 071 0.61 0.8 sz 075 075 077 040 0.25 0.1¢ 081 054 036 0.24 114
1ANPEANFBAHESE 0.67 Q.60 0.57 061 0.57 0.53 059 0.56 0.27 0.17 013 0.57 0.31 018 018 0.63
14NPEA+PSB+ ESB 070 0.7 0.49 0e2 0.54 073 072 066 034 0.20 012 0.6 031 029 0.20 0.80
14NFPEA+NFB+PSB+ESE 0.63 058 042 054 [eR+2) 072 .60 0.65 031 0.17 0.09 0.57 03¢ 027 017 0.80
1/2NPEANFB 0.4% 0.50 0.37 045 0.53 0.53 070 0.59 022 0.12 0.08 0.4z 021 018 018 0.55
1/2NPEA+PEB 073 0.5 075 071 .85 074 074 073 033 o.19 0.1¢ 0.68 033 029 021 083
1/2NMPE+EEB 074 Q.85 .63 087 081 0.58 045 0.54 033 0.17 013 0.63 019 014 010 043
1/2NPEA+NFE+ PEB 056 057 0.59 057 075 0.54 055 061 028 o.19 0.13 0.60 0239 023 016 0.68
1/2NPEANFB +K5B 072 0.57 0.52 Q.60 0.57 0.52 058 0.55 028 0.13 0.0% 0.50 0.17 01z 012 041
1/2NPE+PSB+ KSB 0.57 052 0.35 048 0.54 072 072 0.66 023 0.14 0.07 0.44 021 0.z0 019 0.60
1/2NFPE+NFB+PSB+ESE 061 051 0.33 048 0.55 073 .60 0.63 024 0.14 o.07 0.45 020 021 016 0.57
L3D 5% 0.04 003 0.07 .05 0.04 Q.05 0.04 0.03 0.03 0.05 003 0.02

Corntrol (NPE) Full recorrmended rate, 14NPE: Quarter of recommended rate, 1/2NPE: Half of recormmended rate
NFB: Nitrogen fixing bacteria, PSB: phosphate solubilizing bacteria, KXSB: potassium solubilization bacteria

Majorana hortensis L. fresh herb as compared to the
control. 1/2NPK+KSB treatment resulted in the highest
essential oil percentage in the first cut of the first season,
while 1/ANPK+NFB+ PSB treatment resulted m the highest
values in the second cut of the first season as well as the
second and third cuts of the second season. The
treatment included 1/2NPK+PSB resulted in the highest
essential oil percentage in the third cut of the first season
and m the first cut of the second seasen. In both seasons,
the plants received 1/2NPK+PSB gave the highest mean
of essential o1l percentage. In many cases, m both
seasons, plants received 1/4NPK with biofertilizer gave
higher essential o1l percentage than those received
1/2NPK with the same biofertilizer. These results are
consisting with those reported on Ocimum basilicunm
plants [8, 11], Thymus capitatus [13] and fermel plants
[14].

Essential Qil Yield per Plant: Data presented in Table 5
showed that in both seasons, most treatments
significantly increased essential oil yield of Majorana
hortensis 1. plant as compared to the control. Tn all cuts
of both seasons, plants received 1/ANPK+NFB+ PSB gave
higher essential oil yield as compared to other combined
treatments. In the first season, the plants received
recommended NPK treatment (control plants) gave the
lowest essential oil yield, whereas plants received
1/2NPK+NFB +KSB gave the lowest essential o1l yield in
the first and second cuts of the second season. These
results are m agreement with those reported on fennel
plants [12, 14], Thymus capitatus [13] and Anethum
graveolens [16].
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In both seasons, most treatments increased total
essential o1l yield per plant as compared to the control.
Also, plants received 1/ANPKANFB+ PSB treatment gave
the highest total essential oil yield per plant m both
seasons. Generally, in both seasons, plants received
1/NPK with biofertilizer gave higher essential o1l yield per
plant than those received 1/2NPK with the same
biofertilizer.

Essential Oil Components: The percentages of the
essential components according the gas
chromatography (GC) analysis of oil samples are shown
in Table 6. The GC profile of the essential o1l of the plants
showed sixteen compounds (presenting approximately
94.60-98.75 % of essential oil composition),
g-thujene, «-pinen, sabinene, B-myrcene, «-terpine,
a-phyllandrene, B-phyllandrene,  limonene, linalool,

o1l to

namely

linalyl acetate, terpmen-4-ol, thuyanol, a-terpineol,
thuyan-4-ol and p-caryophyllene as well as one unknown
(UK). The components
terpinen-4-ol  (the most important
component), linalool, limonene, p-Phyllandrene and

components main were

essential o1l
sabmene. This agrees with prior studies, as it was
reported that essential oil components of marjoram are

sabinene,
paracyimene,
B-phellandrene.

a-humulene.

monoterpenoids:  g-pinene,  beta-pinene,
d-terpinene,  y-terpinene,
¢-phellandrene,
B-caryophyllene,
linalool, terpine-4-ol,

myrcene,
terpinolene
Sesquiterpenoids:
Monoterpenols:

4

a-terpineol,
., trans-thuyanol-4. Terpenic esters:
linalyl-acetate, terpenyl-acetate, geranyl-acetate.

Phenol-methyl-ethers: trans-anethol [3]. Also, Edris et al.

cisthuyanol-
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[36] stated that essential oil components of marjoram are
terpinen-4-ol, trans-sabinene hydrate, linalool, thujanol,
terpinolene and thymol. El-Ghorab et al. [37] estimated the
volatile extract compositions of marjoram (Majorana
hortensis Moench) leaves by gas chromatography-mass
spectrometry (GC-MS). The major compounds were
terpmen-4-ol, v-terpmene, trans-sabinene hydrate,
linalool, trans-sabinene hydrate acetate, thujanol,
terpinolene and thymol.

Data presented in Table 6 and Figs. 1-4 showed that
the effect of different fertilization treatments on
percentages of the essential oil components differed
according to each treatment. The highest terpinen-4-ol
content (26.29%) was found in the o1l of plants fertilized
with 1/4ANPK+NFB+ PSB, followed by plants received
1/ANPKAKSB (24.72%) then the treatment 1/2ZNPK+NFB
+PSB+ KSB (22.22%), compared to the control (18.91%).
For linalool, 1/2NPK+NFB +PSB treatment gave the
highest components percentage (34.98%), followed by
1/4NPK+KSB (33.83%) followed by 1/2NPK+NFB +PSB
(31.95%) then 1 MANPKANFB + KSB (31.33%). Regarding to
limonene content, the result showed that most fertilization
treatments decreased limonene except 1/2NPK+NEFB+
KSB. On the contrary, most fertilization treatments
resulted in higher sabinene percentage as compared to the

control (5.56%). 1/4ANPK+NFB+ PSB treatment gave the
highest p-Phyllandrene content (11.27%) compared to
other treatments. All fertilization treatments decreased the
¢-phyllandrene content compared to the control (5.43%)
except the treatment consisting of 1/ANPK+NFB which
increased the percentage to 6.40%. The highest value of
sabinene content (8.47%) was detected m o1l of plants
fertilized with 1/4ANPK+NFB.

Among the different fertilization treatments,
1/72NPKANFB+PSB was the most effective treatment for
increasing the total content of mam components
(giving a value of 98.75%) followed by 1/2NPK+PSB
treatment (98.62% ), while the lowest total content of main
components (94.60%) was noticed with 1/ANPK+NFB +
KSB treatment whereas the control recorded 95.99%.

Effect of Chemical and Bio-fertilization on Pigments,
Total Carbohydrates and Elements Contents of Marjoram
Plant

Leaf Pigments Contents: Data presented in Table 7
revealed that m the three cuts of both seasons the
synthesis and accumulation of total chlorophyll and
carotenoids in fresh leaves of Majorana hortensis L.
plants were increased by the application of most
fertilization treatments, as compared to the control

Table 6: Effect of chernical and bio-fertilization on essential oil components of marjoram plant during the two growing seasens of 2009 and 2010

Treatments

Control 1ANPE 1MNPE 1/4NPE 14NPE+ 14NPE+ MNPE+

o1l components®o MPK) +MNFE +PEB

1ANPE+NFB 1/2ZNPE 1/2NPE 1/2ZNPE 1/2NPFE+ 1/2MFPE+

1/2NPE+  1/2NPE+NFB

+KSB NFB+PSB NFB+EKSB PEB+ KSB +PSB+KSBE  +NFB  +PSB  +KSB  NFB+PSB NFB+ESB PESB+ESE +PSBHESE

@-Thujene 053 0% 062 036 071 0.59 066 0.57 051 054 063 046 054 0.43 0.60
a-pinen 0D4¢ 087 078 040 0.67 0.55 063 068 071 06 060 074 0.60 0.57 073
Sabinene 556 847 761 462 243 5.56 665 627 £33 624 657 669 635 6.64 £.50
D -Myroene 248 321 297 191 2.92 275 272 302 262 28 269 2.93 2.69 2.81 297
a-Terpine 382 388 422 290 5.84 3.7 494 441 413 413 445 369 422 414 428
a-Phyllandrene 543 280 295 299 .40 2.41 2,50 5.08 490 469 249 411 475 2.81 4.68
p-Phyllandrene 500 713 741 517 1127 732 908 859 793 808 837 7.05 818 771 860
limenene 855 740 766 8322 7.98 7.97 734 7.99 733 745 745 7.76 599 857 7.56
Linalool 2044 3195 2019 3383 1527 3111 2629 2880 2074 30011 2932 3498 27.65 2694 26.64
Linalyl acetate 181 147 157 200 1.50 1.49 187 169 195 205 148 188 191 171 1.95
UK D61 050 052 070 0.65 0.45 085 0.80 110 095 052 089 091 0.54 0.70
Terpinen-4-ol 1891 17.06 2062 2472 2629 1773 21,12 1978 1953 2013 1985 1683 20,06 2141 2222
Thuyanol 437 438 535 576 610 5.03 562 464 564 653 557 6522 540 5.03 615
a-Terpineol D82 104 110 124 0.82 1.01 062 081 057 070 055 078 0.84 071 0.65
Thuyar-4-ol 232 230 192 1&l 2.29 2.85 2,02 2.21 239 214 262 212 2.54 265 2.24
p-Caryophyllene 278 229 153 132 0.89 2.89 233 168 209 135 304 162 1.96 247 2.02
Total components 9599 9568 9609 9775 9803 9460 9524 9702 9747 9862 9640 9875 97.59 9614 9830

Control (NPE): Full recorrrnended rate, 1MNPE. Quarter of recornmended rate, 1/2HPE.: Half of recommended rate

NFB: Nitrogen fixing bacteria, PSB: phosphate solubilizing bacteria, KXSB: potassium solubilization bacteria
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Table 7: Effect of chemical and bio-fertilization on total chlorophyll and carotenoids contents of marjoram plant during the two growing seasons of 2009 and

2010

Total chlorophy 1l content {mg/g fresh weight) Carotenoids content (mg/g fresh weight)

First Season Second Season First Season Second Season
Treatments 1# cut et 3 cut Peut  2cut 3 cut 1 cut 2@eut 3cut  1%cut Pout 3 cut
Control{NPK) 1.20 1.20 1.75 0.76 0.57 0.95 0.36 0.21 0.25 0.14 0.18 0.20
1/4NPK+NFB 1.62 1.66 1.92 1.83 1.27 1.15 0.61 0.24 0.85 0.31 0.28 0.58
1/4ANPK+PSB 1.60 1.53 1.94 1.61 1.10 1.14 0.46 0.25 0.65 0.22 0.24 0.44
1/4ANPK+KSB 1.46 1.66 1.95 1.48 1.00 1.13 0.37 0.24 0.73 0.23 0.23 0.48
1/ANPK+NFB+ PSB 2.01 2.03 2.39 1.98 1.36 1.19 0.62 0.30 1.03 0.49 0.39 0.76
1ANPKANFB+KSB 1.63 2.00 1.90 1.87 1.04 1.11 0.66 0.30 0.81 0.21 0.25 0.51
1/4NPK+PSB+ KSB 1.38 1.35 1.97 1.49 0.91 1.37 0.50 0.26 0.60 0.16 0.21 0.38
1MNPEANFR+PSB+KSB 1.91 1.74 2.28 1.58 1.10 1.30 0.49 0.25 0.62 0.23 0.24 0.43
1/2NPKANFB 1.32 1.24 1.76 0.96 0.62 0.99 0.44 0.22 0.43 0.15 0.19 0.29
1/2NPK+PSB 1.62 1.25 1.92 1.57 1.06 1.12 0.61 0.26 0.96 0.20 0.23 0.58
1/2NPK+ KSB 1.55 1.57 1.82 1.40 0.92 1.13 0.60 0.24 0.82 0.20 0.22 0.51
1/2NPKANFB+ PSB 1.43 1.63 1.81 1.51 1.07 1.06 0.51 0.24 0.50 0.21 0.22 0.35
1/2NPK+NFB +KSB 1.60 1.78 2.13 146 1.25 1.27 0.60 0.22 0.63 0.18 0.19 0.40
1/2NPK+ PSB+ KSB 1.84 1.85 2.07 1.68 1.21 1.20 0.65 0.22 0.69 0.21 0.21 0.45
1/2NPKANFB+PSB+KSB 1.39a 1.53 1.98 1.21 0.74 1.14 0.41 0.22 0.56 0.16 0.20 0.36

Control (NPK): Full recommended rate, 1/4NPK: Quarter of recommended rate, 1/2NPK: Half of recommended rate
NFB: Nitrogen fixing bacteria, PSB: phosphate solubilizing bacteria, KSB: potassium solubilization bacteria

Table 8: Effect of chemical and bio-fertilization on total carbohydrates and nitrogen contents of marjoram plant during the two growing seasons of

2009 and 2010

Total carbohydrates (%6 of diy weight) N (2% of dry weight)

First Season Second Season First Season Second Season
Treatments #eut  2%cut  3cut Freut  2cut 3 cut 1# cut 2¥cut 3cout  1fcut 2ot 3@ cut
Control{NPK) 14.37 15.36 14.33 15.13 1637 16.33 1.46 1.45 1.39 1.23 1.22 1.25
1/4NPK+NFB 17.28 22.22 18.77 21.23 23.21 24.68 2.15 2.07 2.09 1.89 1.76 2.02
1/4ANPK+PSB 2272 18.27 19.26 17.78 25.07 2551 2.13 1.99 2.00 1.85 1.70 1.90
1/4ANPK+KSB 19.75 15.81 24.69 17.84 1679 17.83 1.51 1.64 1.39 1.24 1.38 1.38
1/4NPK+NFB+ PSB 2519 24.20 26.15 25.53 2643 25.98 2.37 2.35 2.4 216 2.00 217
1ANPKANFB+KSB 18.77 15.84 24.69 25.68 24.56 24.63 2.26 2.09 2.30 1.99 1.80 2.11
1/4NPK+PSB+ KSB 17.04 16.79 17.28 24.20 1684 17.28 1.94 1.66 1.56 1.66 1.39 1.86
1MNPEANFR+PSB+KSB 24.69 23.70 15.33 21.73 1926  22.27 2.28 2.06 2.20 1.99 1.76 2.01
1/2NPKANFB 17.28 19.75 19.26 18.27 1830 19.26 2.18 1.83 1.93 1.89 1.55 1.84
1/2NPK+PSB 17.28 16.32 15.80 17.35 24.64 1731 1.91 1.67 1.88 1.63 1.39 1.66
1/2NPK+ KSB 14.81 16.33 16.30 16.84 1732 17.83 1.45 1.38 1.36 1.19 1.11 1.22
1/2NPKANFB+ PSB 16.30 23.70 1877 17.28 20.25 24.63 2.19 1.99 2.03 1.88 1.70 1.86
1/2NPK+NFB +KSB 15.31 15.81 15.80 16.81 1926  23.59 1.89 1.91 1.07 1.60 1.63 1.54
1/2NPK+ PSB+ KSB 20.25 21.68 20.25 15.41 1732  17.78 1.73 1.62 1.83 146 1.37 1.55
1/2NPKANFB+PSB+KSB 14.62 15.41 15.83 15.89 1736 17.32 1.93 1.74 1.64 1.66 1.44 1.77

Control (NPK): Full recommended rate, 1/4NPK: Quarter of recommended rate, 1/2NPK: Half of recommended rate
NFB: Nitrogen fixing bacteria, PSB: phosphate solubilizing bacteria, KSB: potassium solubilization bacteria
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15 L

Fig.1: Chromatogram of marjoram essential oil obtained by hydrodistillation of control
la-Thujene, 2.a-Pinene, 3. Sabinene, 4 .3 Myrcene, 5. a —Terpinene, 6. a- phyllandrene 7. [3-
phyllandrene ,8. Limonene, 9. Linalool, 10.Linalyl aetate, 11.U.K, 12.Terpine-4-ol, 13. Thuyanol, 14. &
terpineol, 15. Thuyan-4-ol, 16.3-caryophllene

.......
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Fig. 22 Chromatogram of marjoram essential oil obtained by hydrodistillation of 1/4 NPK+ NFB +PSB treatment
la-Thujene, 2.a-Pinene, 3. Sabinene, 4. B Myrcene, 5. a —Terpinene, 6. a- phyllandrene 7. [3-
phyllandrene ,8. Limonene, 9. Linalool, 10.Linalyl acetate, 11.U.K, 12.Terpine-4-ol, 13. Thuyanol, 14. &
terpineol, 15. Thuyan-4-ol, 16.3-caryophllene
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Fig. 31 Chromatogram of marjoram oil obtained by hydrodistillation of 1/4 NPK+ K SB treatment
la-Thujene, 2.a-Pinene, 3. Sabinene, 4. B Myrcene, 5. a —Terpinene, 6. a- phyllandrene 7. [3-
phyllandrene ,8. Limonene, 9. Linalool, 10.Linalyl acetate, 11.U.K, 12.Terpine-4-ol, 13. Thuyanol, 14. &
terpineol, 15. Thuyan-4-ol, 16.3-caryophllene
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Fig.4: Chromatogram of marjoram oil obtained by hydrodistillation of 1/2NPK+ NFB+ PSB treatment
la-Thujene, 2.a-Pinene, 3. Sabinene, 4 .B Myrcene, 5. a —Terpinene, 6. a- phyllandrene 7. [3-
phyllandrene ,8. Limonene, 9. Linalool, 10.Linalyl acetate, 11.U.K, 12.Terpine-4-ol, 13. Thuyanol, 14. &
terpineol, 15. Thuyan-4-ol, 16.3-caryophllene
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Table 9: Effect of chemical and bio-fertilization on phosphorus and potassium contents of marjoram plant during the two growing seasons of 2009 and 2010

P (2% of dry weight)

K (%6 of diy weight)

First Season

Second Season

First Season Second Season

Treatments 1* cut %ot 3¥cut Prewt  2eout 3 out 1# cut 2% eyt 3out 1% cut 2ot 3™ out
Control{NPK) 0.15 0.14 0.16 0.09 0.08 0.09 1.39 1.34 1.32 1.12 1.09 1.14
14NPK~+NFB 0.19 0.20 0.21 013 014 0.11 1.58 1.43 1.50 1.30 1.14 1.36
14NPK+PSB 0.22 0.22 0.16 015 015 0.15 1.69 1.58 1.62 1.41 1.32 1.42
14NPK+KSB 0.22 0.20 0.20 015 013 0.16 1.68 1.53 1.59 1.39 1.27 1.32
14NPK+NFB+ PSB 0.29 0.27 0.25 0.22 0.20 0.18 1.87 1.78 1.85 1.58 1.48 1.46
14NPKANFB+KSB 0.24 0.24 0.25 017 017 0.18 1.74 1.53 1.72 1.44 1.26 1.55
14NPK+PSB+ KSB 0.22 0.21 0.19 015 014 0.15 1.74 1.68 1.64 1.45 1.41 1.42
1ANPKANFB+PSB+KSB 0.22 0.22 0.20 015 015 0.14 1.44 1.43 1.41 1.18 1.15 1.14
1/2NPK+NFB 0.18 0.17 0.17 011 011 0.10 1.33 1.29 1.39 1.06 1.02 1.03
1/2NPK+PSB 0.21 0.20 0.19 014 013 0.14 1.64 1.38 1.58 1.37 1.11 1.42
1/2NPK+ KSB 0.18 0.16 0.17 011 0.09 0.12 1.69 1.73 1.77 1.41 1.46 1.32
1/2NPK+NFB+ PSB 0.19 0.18 0.19 012 012 0.13 1.79 1.53 1.64 1.51 1.25 1.71
1/2NPK+NFB +K8B 0.18 0.18 0.19 012 011 0.12 1.83 1.69 1.79 1.54 1.39 1.60
1/2NPK+ PSB+ KSB 0.19 0.18 0.17 012 011 0.13 1.77 1.57 1.69 1.48 1.30 1.67
1/2NPK+NFB+PSR+KSB 0.21 0.21 0.22 0.15 0.14 0.14 1.64 1.36 1.45 1.35 1.13 1.46

Control (NPK): Full recommended rate, 1/4NPK: Quarter of recommended rate, 1/2NPK: Half of recommended rate
NFB: Nitrogen fixing bacteria, PSB: phosphate solubilizing bacteria, KSB: potassium solubilization bacteria

(the recommended rate of chemical NPK fertilizer) which
recorded the lowest values. In both seasons, the highest
total chlorophyll and carotencids contents 1 fresh
leaves of Majorana hortensis L. plants were generally
recorded with plants received 1/4NPK+ NFB + P3B
treatment. Such results are in agreement with those
reported on Ocimmgm basilicum [11], Hibiscus sabdariffa
[15] and Anethum graveolens [16].

In both seasons in most cases, plants received
1/ANPK with biofertilizer gave higher values of total
chlorophyll and carotenoids in fresh leaves of Majorana
hortensis 1. than those received 1/2NPK with the same
biofertilizer and this trend of effect was more obvious with
carotenoids content.

Total Carbohydrates (%): Data presented in Table 8
revealed that m the three cuts of both seasons the
synthesis and accumulation of total carbohydrates in
Majorana hortensis L. plants was mcreased by the
application of all fertilization treatments, as compared
to the control which recorded the lowest values. In the
three cuts of both seasons,the Thighest total
carbohydrates in dry herb of Majorana hortensis 1.
plants was generally recorded with plants received
1/4ANPK+ NFB + PSB treatment. Such results are in line
with those reported on semna plants [9], Ocinmm
basilicum [11], fermel plants [12] and Thymus capitatus
[13].

Generally, plants received 1/4NPK with biofertilizer
gave higher percentages of total carbohydrates m dry
herb of Majorana hortensis L. plants than those received
1/2 NPK with the same biofertilizer in the three cuts of
both seasons.
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Elements Content (N, P and K %): Data presented in
Tables 8 and 9 revealed that in the three cuts of both
seasons, N; P and K% of herb dry matter of Majorana
hortensis L. plants were increased as a result of most
fertilization treatments, compared to the control In
both seasons, the lighest N, P and K percentages of
dry herb were m general recorded with plants received
1/ANPKANFB+ PSB treatment. Only one exception to this
general trend of effect was recorded with plants received
1/ANPKA+NFB+ K SB treatment giving the same highest P%
that was recorded in the third cut of both seasons. In
most cases, the lowest N % of herb dry matter of
Majorana hortensis 1.. plants was recorded with plants
received 1/2NPK+ KSB treatment, whereas the lowest P %
of dry herb was recorded with plants received the
recommended rate of NPK (control plants). Mostly, the
lowest K % of dry herb was recorded with plants received
1/2NPK+NFB. Such results are in agreement with those
reported on semna plants [9], Ccimum basilicum [11],
fennel plants [12 and 14], Hibiscus sabdariffa [15] and
Aunethum graveolens [16].

Generally, in both seasons, plants received 1/4NPK
with biofertilizer gave higher values of N, P and K% of dry
herb of Majorana hortensis 1.. plants than those received
1/2NPK with the same biofertilizer in both seasons.

DISCUSSION
The favorable effect the vegetative
characteristics, i respect of producing taller and heavier
plants with an mcrease in number of branches per plant

as well as fresh; air dry and dry yields of marjoram
herb, especially with feeding plants with chemical and

on
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biofertilizer can be explained by the important role of N, P
and K in the different physiological processes within the
plant, which 1n turn affect the plant growth. Nitrogen 1s
present 1n the structure of purines, pyrimidines found in
the nucleic acids RNA and DNA which are essential for
synthesis of protein molecules. Besides, N is present in
coenzymes which are essential to the function of many
enzymes that play roles in the synthesis of all metabolic
intermediates, cellular structure components and storage
components which constitute the plant body and are
required for the meristmatic activity and growth of cells
and organs. N 1s biologically combined with C, H, O and
S to create amino acids, which are the building blocks of
proteins and form protoplasm (the site for cell division)
needed for plant growth and development. N is found in
cytochromes which are a major part of the chlorophyll
molecule and is therefore necessary for photosynthesis
and respiration. N is a necessary component of several
vitamins. Phosphorus 1s an essential constituent of
nucleic acids and phosphelipids and has a positive effect
on photosynthesis and respiration; it plays a major role in
energy storage and transfer as ADP, ATP, DPN and TPN.
It 15 also required in large quantities in young cells such
as shoots and root tips, 1t also aids in root development,
flower initiation. Unlike N and P, K does not form any vital
organic compounds in the plant, but the presence of K is
vital for plant growth because it 18 known to be an enzyme
activator that promotes metabolism, 1t 1s associated with
many enzymes involved in photosynthesis, organic
compound synthesis and translocation of photosythates
(sugars) for plant growth or storage m roots and assists
mn regulating the plant’s use of water by controlling the
opening and closing of leaf stomates. Through its role
assisting ATP production, K ivolves n protein
synthesis and has been shown to unprove disease
resistance in plants [40-43].

The positive effect of bio-fertilization on plant
height can be explained, at least in part, by that
Azospirillum  species are plant growth-promotive
bacteria whose beneficial effects have been postulated
to infiuence the hormonal balance of the plant and to
secrete phytohormones (e.g. indole-3-acetic acid (TAA),
cytokinins and gibberellins) which could stimulate plant
growth, absorption of nutrients and photosynthesis
process. Gibberelling have many direct demonstrated
effects on shoot elongation. In addition, Azotobacter
and Azospirillum fix N, reduce membrane potential of
the root and synthesize some enzymes such as ACC
deaminase that modulate the level of plant hormones.
Also, phosphobacteria improve plant growth due to
biosynthesis of plant growth substances rather than their
action 1n solubilizing morganic phosphate by secreting
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phosphatase enzyme and liberating phosphorous from
organic compounds which make phosphorus available to
the plants [44-57].

The effect of biofertilizer on increasing the essential
oil synthesis in the herb might be attributed to their
enhancing effect on increasing the uptake of nutrients by
plant roots especially phosphorus element as phosphate
group one linked by pyrophosphate bonds 15 adenosine
triphosphate (ATP). Essential oils are terpenoids based
on integral C5 units (isopernoid). Biologically active
1sopernoid requires acetyl-COA, ATP and Nicotinamide
adenine dinucleotide phosphate (NADPH) for synthesis.
Hence, the biocsynthesis of essential oil is dependent on
inorganic P content in the plant [58]. The increase in oil
yield might be due to changes m leaf o1l gland population
and monoterpenes biosynthesis [59]. The response of
volatile oil content to nitrogen fertilization might be
attributed to that nitrogen increases the ability of the
plant to produce new meristemic cells as well as their
metabolism to produce dry matter with essential oil
production. These results agree with those of Omer [60]
and Omer et al. [6]1] who found a positive correlation
between nitrogen fertilizer and essential oil content in
herbage of Origamum syriacum and Ocimum americanum,
respectively.

The increase in chlorophylls content is attributed to
the existence of nitrogen (either from chemical or bio
source) m the structure of the porphyrin which 1s found
in chlorophyll pigments. The favorable effect of the
different fertilization treatments on the synthesis and
accumulation of carbohydrates may be attributed to the
increase 1 the contents of chlorophylls and cytochrome
enzymes results in an increment in the photosynthetic rate
and a promotion m carbohydrate synthesis
accumnulation. The merease in the contents of nutrients in
the dry matter of Majorana hortensis as a result of the
fertilization treatments is reasonable, since raising NPK
levels as a result of fertilization treatments in the root
medium led to more root growth. This may be
accompanied by converting the unavailable forms of
nutrient  elements to available forms by the
microorganisms in biofertilizer, more absorption of
essential elements {rom the soil and their aceumulation in
plant tissues [40, 62]. In addition, the non symbiotic N,-
fixing bacteria (Azospirillum) produces adequate amounts
of TAA and cytokinins with increasing the surface area
per umt root length and enhancing the root hair formation
with an eventual mcrease on the uptake of nutrients from
the soil [53, 63]. In this regard, Belimov et al. [64] reported
that the inoculation with bacterial mixtures provide a
more nutrition for the plants and improvement in root
uptake of both mtrogen and phosphorus as a balance

and
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result of mechanism of interaction between nitrogen
fixing and phosphate solubilizing bacteria. Phosphate
solubilizing bacteria (Bacillus polynyxa) release organic
and inorganic acids which reduce soil pH leading to
change of phosphorus and other nutrients to available
forms ready for uptake by plants [65].

CONCLUSION AND RECOMMENDATION

It can be concluded that, under the conditions of the
experiment, marjoram plants significantly responded to
different combination treatments between NPK chemical
fertilizer and bio-fertilizers, which positively improved
vegetative characters, active constituents and chemical
composition of marjoram plants. Also, plants received
1/4NPK with biofertilizer gave higher values for most
characteristics than those received 1/2NPK with the same
biofertilizer. Generally, 1/ANPK+NFB+ PSB was the best
treatment. So, this work may be considered as an applied
work to replace at least partly biofertilizers instead of
chemical NPK fertilizers to reduce the costs of fertilizers
and labor as well as to avoid the hazard of environmental
pollution and improving the plant productivity.
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