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ABSTRACT

The effect of Pink Pigmented Facultative
Methylotrophic (PPFM) bacteria as a bio-stimulant
on vegetative growth, macro-nutrient elements (N,P
and K) contents, chemical constituents and volatile
oil percentage and components in rosemary plant
(Rosmarinus officinalis L.) were studied during 2018
and 2019 seasons. Plant height (cm), number of lat-
eral branches/plant, herb fresh & dry weights and
root fresh & dry weights of rosemary plant were all
greatly affected with all applied treatments of PPFM
when compared with the control. The hugest effect
was recorded by 1% PPFM bacteria spraying in
both studied seasons. However, no significant effect
was recorded due to PPFM applied treatments on
P%. Highest values of total carbohydrates were rec-
orded by both 1 and 3%. PPFM bacteria spraying in
both studied seasons. Whereas, the highest values
of C/N ratios were obtained with 3% PPFM in first
season and 1% PPFM in the second one. A sub-
stantial effect from PPFM bacteria spraying was ob-
served through its effect on reducing the level of
NOsz and NO:2 in rosemary herb when compared with
the control. In any case, 3% of PPFM bacteria
spraying was more effective than other treatments
in recording the least values of NO3z and NOz in first
season compared to the control. Volatile oil % was
enormously increased with 3% PPFM bacteria
spraying in both studied seasons than other treat-
ments or control. The main components of volatile
oil of rosemary plant were Camphor, Eucalyptol,
Verbenone, Borneol, Pinene, Pinanone, Bornyl ac-

etate and Camphene. The treatments of PPFM bac-
teria spraying immensely stimulated the component
% in volatile oil of rosemary herb than in the control.
It could be concluded that the application of PPFM
bacteria as foliar spraying in rosemary plant produc-
tion had many advantages especially reducing NO3s
and NOz levels and increasing volatile oil % and vol-
atile oil fractions not to mention it increased the per-
cent of active ingredients.

Keywords: PPFM bacteria, Rosemary plant, NPK,
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INTRODUCTION

The present work is adapted to evaluate one of
the most important medicinal and aromatic planti.e.
rosemary plant (Rosemarinus officinalis L.) and
maximize quality and quantity of this plant. Rose-
mary, one of many species follow lamiaceae family,
is a woody herbaceous plant originated from the
Mediterranean region. Many places in southeast
Spain process and imported rosemary herb, as a
singular spice trade used for many purpose such as
antioxidant protection (Cuvelier et al 1996).

The extracts of the rosemary plant treat many
diseases as a hepatic protective possibility
(Raskovic et al 2014) minimizing the rate of Alz-
heimer’s illness (Habtemariam, 2016) and its anti-
angiogenic effect (Kayashima and Matsubara,
2012). On the other side, ground rosemary herb
could be used as a food protection due to its ability
in preventing all types of contamination either oxi-
dation or microbial effect (Nieto et al 2012). How-
ever, rosemary dry herb is beneficial in reducing
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synthetic antioxidants in different commodities
where it has many techniques help the consumers
in avoiding many stomach troubles.

For these beneficial effects for rosemary herb, it
widely used as a spice and medicinal traits around
the world and cultivated for a long time. In ancient
Egypt, Mesopotamia, China and India rosemary
herbs employed as a aromatic and medicinal, cook-
ing and cosmetic materials. The main purpose of
rosemary cultivation is volatile oil production which
extracted from the herb of plant at flower bud stage,
which considered the suitable period for high quality
and quantity volatile oil production. (Raskovic et al
2014).

Also, the herbs of rosemary are used as a good
taste spice and the oil is applied in perfume and
saver industries and aromatic curing for many dis-
eases (Mizrahi et al 1991). Many researchers con-
cluded that the volatile oil of rosemary has many ad-
vantages (Wada et al 2004), antifungal & bacteria
and antitumor material (Pintore et al 2002) and
used in conventional medicine for chore tics and
many human diseases (Slamenova et al 2002).
Also, a great effect to volatile oil of rosemary herb
was also documented by (Socaci et al 2008) who
mentioned that it enhance the blood circulation of
the limbs, antirheumatic effect and relieve the pain
the pain of neuralgic .

Pink-pigmented  facultative  methylotrophs
(PPFMs) bacteria is isolated from many material,
particularly from leaf surfaces (Corpe and Rheem,
1989), and proved affiliation with pretty 70 plant
species including many economic plants (Corpe,
1985 and Holland and Polacco, 1994) which make
them exciting as potential agents surviving and
helping plant growth and / or suppressing disease.

Certain isolates are known to release auxins
(Doronina et al 2002), cytokinins (Koenig et al
2002) and vitamin B12 (Basile et al 1985). Interac-
tions with the plant nitrogen metabolism mediated
by using bacterial urease and consequently the fea-
sible position of this in seed germination body struc-
ture have additionally been described (Holland and
Polacco, 1994). Bacteria of the genus Methylobac-
terium had been observed to nodulate legumes of
the genus Crotalaria (Sy et al 2001) which indicat-
ing robust plant bacteria interactions.

As for the PPFM populations on crop plant life
or on medicinal and fragrant plant life which include
their dynamics, available data are contradictory and
fragmentary. The available previews studies on
PPFM populations became discovered on clover
field crop which are described on a two-sampling
base and higher levels of PPFMs associated with

leaves had been detected at some stage in the sum-
mer season months as compared with the populace
detected during early spring and late fall (Corpe,
1985).

In another constrained survey dutch clover sam-
ples were collected all through 1.5 months and no
population changes befell in the course of this era
(Corpe and Rheem, 1989). On the opposite hand,
Hirano and Upper, (1991) at some point of a 1.5-
month survey on snap found populace variations for
the duration of the considered sampling period.

The phyllosphere harbors are a various organi-
zation of microorganisms and therefore the interac-
tion between the plant and microbes greatly af-
fect the physiological activities of the plant. PPFMs
are the prime population of the phyllosphere area of
a good kind of plant species (Raja et al 2008 &
Ochsner et al 2015). From this view, this work be-
comes designed to the effect of PPFM as a bio-stim-
ulant on best of rosemary plant. Generally, PPFMs
microorganism companies are labeled as a-proteo-
bacteria, capable of growing even on single carbon
compounds like methanol and methylamine
(Madhaiyan et al 2012). Many types of Methylobac-
terium sp. had synergistic effect of the host plant by
way of producing indole ethanoic acid (IAA).

They synthesize a range of auxins and cytokin-
ins which are used by the host plant life for growth
and development additionally increasing many ac-
tive ingredient substances. Many researchers pro-
nounced the position of PPFMs in enhancing plant
increase, seed germination, seed vigor index, plant
yield, lively materials and systemic resistance of the
plant (Mizuno et al 2013). Methylotrophic micro or-
ganism on plant floor either as a spraying remedy or
naturally discovered act throughout a symbi-
otic courting with the host plants as they get bene-
fited via methanol emitted from flora as a by-prod-
uct of pectin degradation (Tani et al., 2012).

Thus, the intention of this study became to eval-
uate the impact of PPFM microorganism as a bio-
stimulant on growth, herb yield, chemical compo-
nents, volatile oil content and important oil additives
of rosemary (Rosmarinus officinalis L.) plant.

MATERIALS AND METHODS

This study was done during the two successive
seasons of 2018 and 2019 to evaluate the impact
of foliar spray of pink pigmented facultative
methylotrophic bacteria (PPFM) on vegetative
growth, chemical components, volatile oil content
and volatile oil components of rosemary (Rosematri-
nus officinalus L.) plant.
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The experiment took place in the Ornamental
Nursery, Faculty of Agriculture, Ain Shams Univer-
sity, Cairo, Egypt. The rosemary transplants were
sown on the first week of March in both studied sea-
sons in 35 cm diameter plastic pots filled with peat
moss and sand (1:1), one seedling for each pot. The
seedlings selected were uniform in shape and ex-
posed to all horticultural practices including irriga-
tion, fertilization and pest management as recom-
mended in this respect.

The solution of PPFM (10° CFU/ml.) bacteria
were sprayed 4 times beginning from the first of May
in both studied seasons, one spray every 15 days.
Pots were coordinated in a complete randomized
block design where 4 treatments of PPFM bacteria
were used in 4 replicates and each replicate con-
tained 4 pots = 64 rosemary plants for each season.

PPFM bacteria solution was obtained and do-
nated from the Microbial Inoculants Center, Faculty
of Agriculture, Ain Shams University. The concen-
tration of PPFM was 10° CFU /ml. (colonies forming
unit). The following four treatments were created :

1- Control (sprayed with distilled water)

2- 1% PPFM concentration (10 ml/liter)

3- 2% PPFM concentration (20 ml/liter)

4- 3% PPFM concentration (30 ml/liter)

At first of September in each season, the follow-
ing data were recorded:

1- Vegetative growth parameters

Plant height (cm) from 5 cm of pot surface to
maximum height, number of lateral branches / plant
, herb fresh & dry weights/ plant (g) and root fresh &
dry weights/ plant (g).

2- Macronutrient contents (N, P and K%)

Nitrogen was determined according to Guebel,
et al (1991), phosphorus was determined as stated
by Bringham (1982) and potassium in a manner
corresponding to Westerman (1990).

3- Chemical constituents

Total carbohydrates were determined as g/100
dry weight of herb according to the method de-
scribed by A.O.A.C (2005). C/N ratio was calculated
by separator of total nitrogen by total carbohydrates.
Nitrate (NOs) and Nitrite (NOz) contents were meas-
ured as method reported by A.O.A.C. (2012).

Volatile oil % was determined by fresh herb ex-
tracting proma water distillation method laid down
by Novak et al (2002). The amount of volatile oil %
was evaluted according to the procedure provided
by Charles and Simon (1990)

4- Volatile oil components

Chemical constituents of volatile oil of the herb
were analysed using the Trace GC Ultra/Mass
spectrophotometer ISQ (Thermo Scientific, GC/MS)
apparatus to determine their main components
(Charles and Simon, 1990).

Statistical analysis

Results were statistically analyzed using the
analysis of variance (ANOVA) as described by
Snedecor and Cochran (1990). The method of
Duncan’s multiple range tests was applied for the
comparison between means as be prescribed by
Waller and Duncan (1969).

RESULTS AND DISCUSSION
1- Vegetative growth parameters

Data in Tables (1, 2 and 3) show the effect of
foliar spray of pink pigmented faculative
methylotrophic bacteria (PPFM) on vegetative
growth parameters of rosemary (Rosemarinus offic-
inalis L.) plant.

Plant height was considerably affected with all
used concentrations of PPFM bacteria spraying
than in the control. The greatest increase was ob-
tained with 1% concentration followed by 2% and
3%, in first season. The same trend of results were
also found in the second season, but 2% and 3%
PPFM bacteria spraying were similar in their effect
on plant height. An evident increase in number of
lateral branches in rosemary plant was obtained
due to spraying of PPFM bacteria when compared
to the control. Also, 1% concentration of PPFM bac-
teria recorded the highest values of number of lat-
eral branches than 2% or 3% treatments. Significant
differences between the used treatments of PPFM
existed in both seasons except in the first season
where 3% of PPFM was similar to control.
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Table 1. Effect of PPFM bacteria spraying as a bio-
stimulant on plant height and number of lateral
branches in rosemary (Rosmarinus officinalis L.)
plant, during 2018 and 2019 seasons.

Plant height (cm) No. of lateral

branches / plant
Treatments
2018 2019 2018 2019

season | season | season | season
Control 41.19d | 41.15c | 19.50c | 24.63d
1%PPFM | 48.13a | 56.12a | 28.57a | 31.13a
2% PPFM | 43.32b | 46.93b | 21.82b | 30.50 b
3% PPFM | 42.00c | 46.24b | 19.63¢c | 29.56 ¢

® PPFM = Pink Pigmented Facultative Methylotrophic bacteria.
® Values followed by the same letter (s) are not significantly dif-
ferent at 5 % level (Waller and Duncan, 1969).

Table 2. Effect of PPFM bacteria spraying as a bio-
stimulant on herb fresh weight and herb dry weight
in rosemary (Rosmarinus officinalis L.) plant, during
2018 and 2019 seasons.

Herb fresh weight Herb dry weight

Treatments ©) 9)

2018 2019 2018 2019

season | season | season | season
Control 74.75d | 59.33d 20.75¢c | 15.82d
1% PPFM | 9494a | 83.12a 25.44a | 26.36 a
2% PPFM | 85.00b | 75.67b | 23.13b | 19.99b
3%PPFM | 83.81c| 63.15¢c | 20.75c | 19.02¢c

® PPFM = Pink Pigmented Facultative Methylotrophic bacteria.
® Values followed by the same letter (s) are not significantly differ-
ent at 5 % level. (Waller and Duncan, 1969).

Table 3. Effect of PPFM bacteria spraying as a bio-
stimulant on root fresh weight and root dry weight in
rosemary (Rosmarinus officinalis L.) plant, during
2018 and 2019 seasons.

Root fresh weight | Root dry weight
Treatments 9) )

2018 2019 2018 2019

season | season | season | season

Control 26.97d| 21.85c 14.60c | 11.11d
1% PPFM | 34.28a| 33.27a | 18.11a | 17.59a
2% PPFM | 30.40b | 28.43b | 15.24b | 1451b
3% PPFM | 28.69c | 22.17c | 15.13b | 12.27c

® PPFM = Pink Pigmented Facultative Methylotrophic bacteria.
® Values followed by the same letter (s) are not significantly differ-
ent at 5 % level. (Waller and Duncan, 1969).

Herb fresh and dry weight values of rosemary
plant showed that all PPFM bacteria spraying treat-
ments greatly increased their values than in the con-
trol. However, 1% PPFM was superior than 2 or 3%
treatments in increasing values of fresh and dry
herbs. Significant differences were clear either be-
tween the different treatments or between the treat-
ments and control.

Root fresh and dry weights of rosemary plant
were largely affected with PPFM bacteria spraying
as a bio-stimulant than control. The effect was cor-
related with the used concentrations where the
treatment of 1% PPFM was superior in this regard
followed by 2% whereas 3% came last.

The obtained facts are similar to those explained
through Holland (1997) who referred to that PPFMs
Spp as microorganism symbionts of plants, de-
vour plant waste products and release metabolite
products useful to the plant which has notable influ-
ence on seedling expansion by way of generating
plant growth regulators like zeatin andassociated
cytokinins  and auxins and modify agro-
nomic tendencies like branching, seedlings energy
rooting and heat/ bloodless tolerance. Also, on
this respect, Madhaiyan et al (2006) discov-
ered that Methylobacterium, as plant symbionts,
has useful consequences on dealt with plant boom
through direct or indirect mechanisms, which in-
clude production of enzymes and secretion of com-
pounds concerned in bio control or is order suppres-
sion.

Similar outcomes which were in a agreement as
accomplished have been also observed by thus
found by Meena et al (2012) who mentioned that
foliar application of PPFM appreciably advanced
root and shoot length and number of leaves in to-
mato vegetation. Also, Madhaiyan et al (2012)
stated that utility of PPFM as foliar spray notably ex-
panded plant top and plant dry weight in cotton and
sugarcane. They said that thus extraordinary results
attributed to the growth of overall cytokinins and
PPFM population with act as a bio-stimulant com-
ponent.

Clearly, PPFM bacteria is a tremendously diver-
sified institution of microorganisms abundantly gift
at the phyllosphere vicinity of several plant species
together with medicinal and fragrant vegetation and
enhance the plant increase with the aid of producing
a wide type of phytohormones (Meena et al 2012
and Mizuno et al 2013). The promoting impact of
PPFM bacteria on vegetative boom was also men-
tioned in many flowers (Gashti et al 2014). The
mode of action for the promoting effect might be ex-
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plained by way of the truth that PPFM microorgan-
ism have the potential to provide some growth reg-
ulators which include auxins and cytokinins (Lee et
al 2006 and Nadali et al 2010).

These increase promoters have initial first rate
outcomes on enhancing mobile division and cell en-
largement. Generally, it may be concluded that
Methylobacterium is one such microbe that acts as
little farmers, nurturing and protecting plants at each
stage (Holland et al 2002).

2- Macronutrients contents (N, P and K%)

Data in Table (4) show that spraying of PPFM
as a bio-stimulant on rosemary plant greatly im-
proved leaves contents of N, P and K during the two
studied seasons. Nitrogen (N) content was in-
creased with 1% PPFM spraying in first season and
with 3% in second season. However, no significant
effect to PPFM spraying was detected on phospho-
rus (P) content in both studied seasons. Moreover,
potassium (K) % values showed that spraying of
PPFM at 1, 2, and 3% greatly increased K% of rose-
mary plant than in the control. Higher values of K%
were obtained with 2% PPFM bacteria spraying in
first season, and with 3% PPFM in second season.

Table 4. Effect of PPFM bacteria spraying as a bio-stimulant on N, P and K contents (as percent-
ages in leaves) in rosemary (Rosmarinus officinalis L.) plant, during 2018 and 2019 seasons.

N % P % K %
Treatments 2018 2019 2018 2019 2018 2019
season season season season season season
Control 1.45b 1.99 a 0.21a 0.23 a 1.52b 1.80 a
1 % PPFM 1.66 a 1.84b 0.2la 0.24a 167 a 1.79a
2 % PPFM 1.54 ab 1.74¢ 0.23a 0.25a 1.71a 1.67Db
3 % PPFM 1.55 ab 2.00 a 0.27 a 0.24a 1.56 b 1.83a

® PPFM = Pink Pigmented Facultative Methylotrophic bacteria.
® Values followed by the same letter (s) are not significantly different at 5 % level. (Waller and Duncan, 1969).

In this respect, similar findings were found
out via Madhaiyan et al (2012) who located that in-
oculation with PPFM stepped forward nutrient up-
take of tomato, pepper and rice vegetation when in
comparison to non-inoculated plants. Also, Om-
base et al (2003) indicated that foliar sprays of
PPFM gave evident will increase in N, P and K up-
take in groundnut plant. However, a super impact to
PPFM micro organism on phosphate solubilization
and uptear by means of the plant and therefore rec-
orded high degree of P on plant leaves was lo-
cated by means of Jayashree et al (2011). In an-
other observe with the aid of Holland and Polacco
(1994) in which they stated that PPFMs are involved
in the N metabolism of colonized plants with the aid
of production of urease enzyme and this finding
could explaine the splendid impact on N content be-
cause of PPFM applied inside the present study on
rosemary plant.

3- Chemical constituents

Data in Tables (5 and 6) show the effect of
PPFM bacteria spraying on total carbohydrates,
C/N ratio, nitrate and nitrite contents and volatile oil
content of rosemary plant. Evident increases in total
carbohydrates were observed due to PPFM bacte-
ria spraying at 1, 2 and 3% compared with the con-
trol in the first season. In this regard, 1% concentra-
tion of PPFM was superior than 2 or 3%. concentra-
tions in increasing total carbohydrates of rosemary
plant. Values of C/N ratio demonstrated that the
highest value in first season (13.24) was recorded
by 3% PPFM bacteria spraying, whereas in the sec-
ond season (9.23) it was recorded by 1% PPFM
when compared to the remaining treatments. On the
other hand in second season, it was noticed that 3%
PPFM treatment recorded less C/N ratio values
(6.62) than in the control (8.27).
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The beneficial effect to PPFM bacteria spraying
was clearly obtained with nitrate and nitrite accumu-
lation in rosemary herb in both studied seasons. Un-
treated rosemary herb contained 92.20 and 118.6
ppm of nitrate in first and second season, respec-
tively, whereas it decreased to 72.39 and 79.3 ppm
with 3% PPFM spraying. The other PPFM treat-
ments recorded medium values of nitrate content
and still less than control. Additionally, an evident
decrease in nitrite content in rosemary herb with all
PPFM bacteria spraying than control was obtained,
where, it decreased from 7.88 ppm in control to 1.61
ppm in 3% PPFM in first season. In second season,
nitrite content decreased from 8.96 ppm in control
to 5.37 ppm in 3% PPFM bacteria spraying.

Table 5. Effect of PPFM bacteria spraying as a bio-
stimulant on total carbohydrates and C/N ratio in
rosemary (Rosmarinus officinalis L.) plant, during
2018 and 2019 seasons.

Total C/N ratio

Carbohydrates %

Treatments
2018 2019 2018 2019

season | season | season | season
Control 17.60c |16.46 ab| 12.13c 8.27b
1% PPFM 21.08a | 16.46a | 12.70b | 9.23a
2 % PPFM 19.44b | 15.80b |12.62bc| 7.25b
3 % PPFM 20.52a |16.33ab| 13.24a | 6.62d

® PPFM = Pink Pigmented Facultative Methylotrophic bacteria.
® Values followed by the same letter (s) are not significantly differ-
ent at 5 % level. (Waller and Duncan, 1969).
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Significant differences were clear either be-
tween different treatments or between the applied
treatments and control (refer to table 6 for details).
The great effect to PPFM spraying as a bio-stimu-
lant to the increase of volatile oil % of rosemary
plant is considered one of the most important find-
ings in this research work.

Clearly, volatile oil % was greatly affected with
all applied spraying treatments of PPFM compared
to control in both studied seasons. The highest val-
ues of volatile oil % (0.60 and 0.70%) were recorded
with 3% PPFM in first and second season, respec-
tively. Next, 2% PPFM recorded the second order of
volatile oil followed by 1% PPFM treatment.

The obtained records are in concord with those
located via Cervantes-Martinez et al (2004) who
established that the inoculation of PPFMs was ob-
served to increase the photosynthetic pastime and
consequently acquire total carbohydrates with the
aid of improving the variety of stomata, chlorophyll
concentration and malic acid content material of the
plant. It is well called described by means of
Roozeboom, (2011) that nitrate (NOs) and nitrite
(NO2) accumulation in plant life is affected by some
factors, e.g. immoderate use of nitrogen fertilizer,
nutrient deficiencies (P, K and Mg), environmental
factors (drought, sunlight, frost, hail, diseases or
temperature) and plant elements consisting of plant
type (medicinal flora, vegetables, forage). So, the
application of PPFM as a bio-stimulant can solve
many troubles in natural and smooth agriculture
through reducing the degrees of NOsand NO: that's
considered critical and critical in medicinal herb con-
sumption as they are regarded to be directly con-
sumed with the aid of human beings both fresh and
dry.

Table 6. Effect of PPFM bacteria spraying as a bio-stimulant on NOs and NO2 contents and on per-
centage of volatile oil in rosemary (Rosmarinus officinalis L.) plant, during 2018 and 2019 seasons.

NOs (ppm) NO2 (ppm) Volatile oil %
Treatments 2018 2019 2018 2019 2018 2019
season season season season season season
Control 92.20 a 118.6 a 7.88 a 8.96 a 0.12d 0.13d
1% PPFM 80.44 b 95.7b 430b 8.24 a 0.20c 0.30c
2 % PPFM 76.73 c 822c 3.76 b 5.55b 0.40b 0.40b
3 % PPFM 72.39d 79.3d 161lc 5.37b 0.60 a 0.70 a

® PPFM = Pink Pigmented Facultative Methylotrophic bacteria.

® Values followed by the same letter (s) are not significantly different at 5 % level. (Waller and Duncan, 1969).
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2- Volatile oil components

Itis clear from data in Table (7) that PPFM bac-
teria spraying on rosemary plant greatly affected
volatile oil components during the two studied sea-
sons. The main components were observed in rose-
mary volatile oil were Camphor, Eucalyptol, Verbe-
none, Borneol. Pinene, Pinanone. Bornyl acetate
and Camphene.

All applied PPFM bacteria spraying at 1, 2, 3%
recorded high values % of volatile oil components
than control, where control recorded 83.30 and
85.25% in first and second season, respectively,
whereas the applied treatments as a general view
recorded 95.82 and 94.60 for the two studied sea-
sons.

Table 7. Effect of PPFM bacteria spraying as a bio-stimulant on volatile oil components in rosemary (Ros-
marinus officinalis L.) plant, during 2018 and 2019 seasons.

Volatile Oil First season Second season

Components control 1% 2% 3% control 1% 2% 3%
PPFM | PPFM | PPFM PPFM | PPFM | PPFM

a-Pinene 5.00 8.78 7.25 6.14 5.31 7.25 7.77 8.02
Camphene 2.59 3.00 3.43 3.16 2.01 3.43 2.64 3.06
Thuja-2,4(10)-diene 0.88 1.00 1.25 1.14 1.18 1.25 0.88 0.94
B-Pinene 1.23 1.09 1.18 1.20 1.00 1.18 0.65 0.80
B-Myrcene 0.72 1.83 1.06 1.40 0.99 1.06 0.72 1.03
Delta 3-Carene 0.90 1.31 1.47 1.24 0.90 1.47 0.87 0.94
p-Cymene 1.02 1.28 1.30 1.00 1.10 1.20 1.80 0.98
D-Limonene 2.34 2.34 3.98 3.03 3.03 3.48 3.01 3.42
Eucalyptol (1,8-Cineole) 10.8 9.91 8.95 8.70 8.36 9.09 9.5 9.01
a-Terpinolene 0.90 0.97 1.20 1.00 0.80 1.20 1.20 1.20
Linalool 5.17 6.26 6.30 6.74 6.08 6.30 6.48 6.10
chrysanthenone 0.80 1.01 1.09 1.28 1.80 1.09 0.74 1.00
Camphor 13.12 14.55 15.45 | 15.49 14.43 15.45 | 15.70 | 16.46
trans-3-Pinanone 0.99 0.83 0.88 1.31 0.89 0.88 0.88 1.01
endo-Borneol 7.27 8.71 8.32 8.00 7.00 8.32 8.35 7.99
3-Pinanone, cis 3.64 3.17 3.21 3.04 3.00 3.21 3.44 3.16
4-Terpineol 1.37 1.19 1.24 1.23 1.28 1.24 1.27 1.23
a-Terpineol 2.01 3.08 3.51 2.42 2.83 3.51 3.51 3.29
Nopol 2.1 2.14 2.16 214 2.09 2.16 2.14 2.13
I-Verbenone 7.67 8.56 8.72 8.04 7.53 8.22 7.70 8.33
p-Menth-2-en-7-ol, trans 2.41 1.92 2.03 218 2.76 2.03 2.35 2.34
p-Menth-2-en-7-ol, cis- 2.06 3.27 3.34 3.84 2.22 3.34 3.38 3.00
L-Bornyl acetate 3.62 3.63 3.78 3.50 3.47 3.78 3.18 3.65
Caryophyllene 2.52 2.17 2.35 2.94 2.74 2.35 1.98 2.18
Caryophyllene oxide 1.16 0.96 1.07 1.63 1.43 1.07 1.08 1.06
Geranyl acetone 1.00 1.20 1.30 1.23 1.02 1.08 1.20 1.20
Total 83.30 94.16 95.82 | 93.02 | 85.25 | 9464 | 9242 | 93.53

® PPFM = Pink Pigmented Facultative Methylotrophic bacteria.

The highest values of Camphor (16.46%) were
recorded by 3% PPFM in second season, whereas
untreated rosemary plant recorded higher values of
both Eucalyptol and Pinanone than treated plants in
first season. Additionally, the highest values of Ver-
benone (8.72%) was recorded 2% PPFM in first
season, Borneol (8.71%) and Pinene (8.78%) with
1% PPFM in first season. Regarding Bornyl acetate

and Camphene the higher values were recorded by
1% and 2% PPFM bacteria spraying. The stimulant
effect to PPFM bacteria on volatile oil % and volatile
oil components could by explained by the syn-
ergestic effect and producing plant growth regula-
tors which enhancing plant growth and improve the
production of volatile oil content and increase the
level of active substances.
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Also, the present study data on the enhanced
effect to PPFM bacteria , on Volatile oil contents and
percentage are similar to those found by Abdelaziz
et al (2007) on rosemary, Mahfouz and Sharaf-
Eldin (2007) on fennel, El-Hadi et al (2009) on
mentha, Ordookhani et al (2011) on sweet basil
and Khalesro et al (2012) on anis.

Finally, it could be recommended to apply PPFM
bacteria as a foliar spray on rosemary plant to im-
prove both quantity and quality through many man-
ifested advantages especially increasing volatile oil
% and volatile oil fractions the percent of active in-
gredients reducing NOs and NOz levels.
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