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ABSTRACT

Two pots experiments were carried out in Sabahia Horticulture Research Station,
Alexandria through the two successive seasons of 2004 and 2005 to study the effect of
biofertilizer and different rates of mineral fertilization NP ({nitrogen and phosphorous) on
growth; yvield, percentages of essential cil and its components as well ds N,P and K uptake
of rosemary planis grown in sandy and calcareous soils. These experiments were planned
in split-split plot design. The main plots were occupied by the two types of soils (Sandy and
Calcareous). Twa rates of biofertilizer inoculations (with and without) were the sub-plots.
Biofertilizer was added as Nitrobein and Phosphorein (i:1 rafio, ww). Sub-sub plots
contained of different four rates of mineral (NP} fertilization. N and P fertilizers were added
at two rates include low rate (L) and high rate (H) equals to (50 and 87 kg N/fed), (15 and 20
kg P20s/fed) respectively. The tested four minerai (NP) fertilization treatments can defined
as LL, LH, HL and HH. Ammonium nitrate (33.5% N) and phosphoric acid (85% and 1.6
g/cm3 specific gravity) were used as sources of N and P nutrients respectively.

The results indicated that, generally, afl vegetative growth parameters i.e. plant
height, number of main branches, fresh and dry weight, also the oil yield per plant gave the
highest values in plants grown in calcareous soil and received biofertilization with mineral
(NP) fertilizer at the rate of HL (high nitrogen + low phosphorous) followed by HH (high
nitrogen + high phosphorous). The lowest results in this respect aimost were recorded on
plants grown in sandy soil and fertilized by (NP) fertilization at rate LL (low nitrogen and low
phosphorous) without biofertilization. By using Gas Chromatography-Mass Spectrum
Technigue (GC-MS), sixteen components were identified in rosemary essential oil.
Camphor, borneol and verbenone are considered the main principle components besides
other important components such as 1,8 cineol, linalool, alpha-Terpineol, bornyl acetate,
beta-myrcene and camphene. The rest components were found in small amounts. Most of
components were significantly affected by the interaction between the.factors under study
but every component responded to the applied treatments in a different manner. The highest
content of camphor was obtained in plants fertilized with the treatment of LL + biofertilizer in
Sandy soil. While.the maximum percentage of borneol was recorded in plants fertilized with
the treatment of HL + biofertilizer in calcareous soil. The best result of verbenone was in
plants grown in sandy soil and fertilized with the treatment of HL combined with
biofertilization. Also the result illustrated that-in general-the plant nutrients uptake (NPK) as
well as the soil macronutrients (NPK) availability produced the maximum values in plants
grown in Calcareous soil and fertilized with mineral {NP) at the rate of HH and / or HL plus
biofertilizer inoculation.
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INTRODUCTION

Rosmarinus officinalis L. (Fam. Lamiaceae or Labiatae) is one of
the earliest and renowned of the medicinal herbs. It is indigenous to
Southern Europe and the volatile oil is produced in the South of France,
Yugoslavia, Spain and North Africa (Trease and Evans, 1985). Rosemary
had many uses in the past. The ancient Egyptian carried the rosemary
boughs at wedding and placed on coffins at funerals. Also, they placed the
leaves under pillows tc prevent nightmares. The ancient Greeks and
Romans burned the leaves as incense (Philip, 1974).

Rosemary water was used as beatifying and cleaning facial wash.
The herb was used as a condiment and medicinally to strengthen the
memory and nerves and to prevent baiding and condition hair. Rosemary oil
is clear and has a warm sharp, Camphoraceous taste which has,
surprisingly, very little bitterness. It contains borneol, resin, bitter principle
and tannin (Mahran, 1967). lts Volatile oil helps to normalize a high
cholesterol level in blood, hence its use in arteriosclerosis (Tisserand, 1987).

Nitrogen and Phosphorus play an essential role in the mineral
nutrition of medicinal and aromatic plants. However, in the recent years
many constraints have been raised due to their adverse impact on the
public health, environmental and national income. To confront this problem,
it was necessary to develop alternative methods of supplying nutrients to
the growing plants as the biofertilizer utilization. Biofertilization is used in
order to compensate a part of the mineral fertilizer doses, taking in
consideration the complementary or synergetic effects of such combination
between bio- and mineral fertilization. This could be of economic value from
the applied point of view of minimizing the used rates of mineraj fertilizers
and consequently reduce agricultural costs as well as soil poliution.
‘Biological fertilizers are generally, based on altering the rhizospher flora, by
seed or soil inoculation with certain organisms, capable of inducing
beneficial effect on a compatible host. Bio-fertilizers mainly comprise
nitrogen fixer, phosphate dissolvers or Vesicular Arbuscular Mycorrhizae
and silicate bacteria. These organisms may affect their host plant by one or
more mechanisms such as nitrogen fixation, production of growth
promoting substance or organic acids, enhancing nutrient uptake or
protection against pathogens (Bashan ef al. 1989).

. Several studies have been carried out to investigate the effects of
mineral fertilizers or bio-fertilizers solely on the medicinal and aromatic
plants production, but there were lack of informations regarding such plants
produced under the combination between the mineral and biofertilizer.
However, Abd El- Latif et al. (2002} on chamomile plants found that, the
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best results of growth and oil yield were recorded with combination
between ammonium sulphate at 200 kg/fed. and biogein at 2 and 4 kg/fed.

Recently, there is a tendency for expanding in cultivation of medicinal
and aromatic plants in newly reclaimed lands as sandy and calcareous soils.
So, the work reported here aimed to fulfill the information gape regarding the
combined effects between the bio-fertilization and different rates of mineral
nitrogen and phosphorus on growth, yield and chemical composition of
rosemary plants grown in sandy and calcareous soils.

MATERIALS AND METHODS

The present experiments were carried out in Sabahia Horticulture
Research station, Alexandria, through the two successive seasons of 2004
and 2005 to study the effect of biofertilization in combination with mineral
nitrogen (N} and phosphorus (P} on growth, yield, essential oil components
and N, P and K uptake in dried herb of rosemary plants grown in sandy and
calcareous soils.

Terminal stems cuts of Rosmarinus officinalis (rosemary) plants
were obtained from Medicinal and Aromatic Plants Research Department in
Sabahia, Horticulture Research Station and planted in pots 20 cm diameter,
on March 2™ in seasons of 2003 and 2004. One terminal stem cut was
planted in each pot. Plants were transferred to the final size of glazed pots
of 40 cm diameter and 8 kg of soil capacity on September 4™ and 7" in the
first and second seasons of 2003 and 2004 respectively. Two types of soils
were used, the first one was sandy soil collected from the Experimental
Farm of South Tahrir Horticultur Research Station, Ali Mubarak Farm at El-
Bostan area, and the second one was calcareous soil obtained from
Nubaria Agricultural Research Station at North Tahrir area. Soil samples
were analyzed for main chemical and physical properties according to the
standard procedures (page, 1982 and Klute, 1986). Results of two soil
samples analysis are presented in Table 1a. Also, soil samples were
subjected to laboratory analysis at the end of the experiments.

~ During pot preparation for cultivation chicken manure was mixed by
the two types of experimental soils with rate of 3g organic fertitizer /pot (10
m3/ed). Also samples of used organic manure during the two seasons
were taken and subjected to laboratory analysis (Table 1b).

The used biological fertilizers (biofertilizers) in the experiment -
includes nitrogen fixing bacteria (NFB) and phosphate dissolving bacteria
(PDB). Strains of NFB (Azospinllum spp.) under commercial name
'Nitrobein', whereas PDB (Bacillus megaterium) under commercial name
'‘phosphorein’ were used (1:1 ratio, w:w). Biofertilizers were used at two
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rates, with and without biofertilizer. The biofertilizers were mixed

immediately before sowing terminal stems cuts of rosemary plants and
irrigated directly.

Table 1a. Some physical and chemical characteristics of the experimental
sandy and calcareous soils.

Soil Type
Characteristics Sandy Calcareous
Sample 1 | Sample 2 | Sample 1 [ Sample 2

Sand; % 94.90 93.90 85.70 795
Soil texture class ‘Sand Sand LS LS
FC; % - 11.30 11.70 18.60 18.20°
PWP; % 6.01 5.75 8.50° 8.40
EC; dS m™” (Soil paste)  0.39 0.36 0.40 0.62
pH (1:2.5) 9.05 9.02 7.80 7.90
OM; % 0.15 0.12 0.52 0.21
CaCO;; % 5.21 5.40 23.50 215
NO;+NH.;mg kg™ - 40.35 4915 | 80.2 488
NaHCO;-P;mgkg™ 10.52 1242 | 218 17.5
Exch.-K; mg kg“ 132.50 12070 - 225 88.5
LS, loamy sand FC, field capacity PWP, permanent wilting point

Table 1b. Some chemical and nutritional characteristics of the used
chicken manure.

Organic | Growing | OC|[om [ N[P]|K]|CN
fertilizer season P % ratio

Chick Sample1 | 821 1410 2401 1.16 .0.18 085 12.16
ICKeN | sample2 | 819 14.69 25.02 1.22 017 0.93 12.04

- Different four rates of mineral fertilization (NP fertilizers) were
applied. N and P fertilizers were added at two rates include low rate (L) and
high rate (H) equal to (50 and 67kg Nffed), (15 and 20kg P,Os/fed),
respectively. The tested four mineral NP fertilization treatments can defined
as LL, LH, HL, and HH. Ammonium nitrate (33.5%N) and phosphoric acid
(85% and 1.6 g/cm® specific gravity) as sources of N and P nutrients
respectively, were added as 1.2 and 1.6 g/pot Amm. nitrate and 0.12 and
0.16ml/pot phosphoric acid for L and H rates respectively. Phosphorus
fertilizer was applied in one dose before transplanting. While the N fertilizer
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was added in three equal doses at 30 and 60 days after transplanting,
whereas the third dose was applied 3 weeks after the first cut. Potassium
sulfate (48% K.O) was added to all treatments at rate of 100kg fertilizer /fed
(0.8 gm/pot) in three equal doses at the same time of amm. nitrate
applications.

The treatments were distributed in split split-plot in a
randomized complete block design (RCBD) withr three replications. The
main plot was occupied by the two soils type (sandy and calcareous), the
two rates of biofertilizers (without and with) were the sub plots within main
plots. While the sub sub plots were consisted of the four rates of NP
mineral fertilization (LL, LH, HL and HH). So there were 16 treatments in
each replicate (2x2x4). Every treatment was consisted of three pots.

The rosemary plants were given all the recommended agronomic
management. At full blooming the plants were harvested 2 times in everx
season. In the first season the first and second cuts were on March 30
and October 5™ (2004), respectlvely In the second season, the first and
second cuts were on April 4" and October 7" (2005}, respectively. The
plants were harvested by cutting the vegetative part 10 tm above the soil
surface.

The following data for every cut were recorded for each treatment;
plant height (cm), number of the main branches per plant, fresh and dry
weight per plant (g), percentages of essential oil and its constituents. Also
the macronutrients (NPK) uptake in dry herb were determined.

The essential oit was extracted by water distillation according to the
methed described by British pharmacopia (1968) and oil constituents were
determined by using the Gas Chromatography-Mass Spectrum {GC-MS)
Technique with the conditions as follows:

Information Condition
Instrument EI;-I% )5890 Mass spectrophotometer 5989, Hewlett Packared
Column HP/5 30m x 0.25 mm x 0.25um film thickens,
Stationary phase Polyphenyle methyl silioxane,
Flow rate 0.6 mi Helium min™
Column temp. 50-200 °C,:
Rate temp. 6°C min“,

Injection temp. 200 °C,
Detector temp. 1220 °C,
Recorder HP
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The oil constituent's percentage was estimated from the measured
peak area of the chromatograms according to Gunther and Joseph (1978).

Macro- (N, P, K) nutrients were determined in rosemary dried herb.
Samples were dried at 65 °C then ground and wet digested using H;SO,
and H,O, (FAO, 1980). N, P and K concentrations were determined using
Gerhard Vapodust 50 nitrogen distillation unit, spectrophotometer 21D and
Jenway flame photometer, respectively, (Westerman, 1990}.

Appropriate analyses of variance were performed using SAS
software (SAS institute, 1985). Comparisons among means of the different
treatments were carried out;, using Duncan’s multiple range tests as
iflustrated by Gomez and Gomez (1983).

RESULTS AND DISSECTION
Initial State of the Experimental Soil

Results of soil analysis in the two soil types of the study were
presented in Table (1a). The analysis of the calcareous soil indicated low
organic matter content. Mineral nitrogen (NO;+NH,), and exchangeable K
were at moderate level whereas available P at adequate level. Soil not
saline with high total CaCO;%. The water holding capacity at moderate
level and the available water about 10%.

However, sandy soil analysis showed very low organic matter content,
mineral nitrogen (NOa+NH,), available P and exchangeable K, all nutrients
were under the critical level of response to fertilization and were very low. Soil
profle has light texture of sandy (>92%), and soil was not saline.
Correspondingly, the soil under consideration was characterized by low fertility
and low water holding capacity, and low available water (about 5%).

Organic Fertilizers

Some main fertilizer characteristics of chicken manure used in the
experiment was presented in Table (1b). The results indicated that the
manure was not rich in organic carbon (OC) and organic matter content.
Total macronutrient content indicted that, chicken manure was relatively
rich in N which had narrow C/N ratio, whereas P and K contents in chicken
manure were not high reflecting low supplying capacity with P and K
nutrients. Application of significant amount of organic manures to the soil
has been a successful practice for improving the physical and chemical
conditions as well as its productivity (Tate, 1989).

Vol. 12 (1), 2007 14



J. Adv Apric. Res. ( Fac. Agric. Saba Basha)

I. Growth and yield characteristics
Main Effects

Data of growth and yield characters in terms of plant height, number
of main branches per plant (Table 2), both fresh and dry weight per plant
(Table 3) indicated that, all growth characters of all cuts of the experimental
seasons significantly increased for plants grown in calcareous soil than that
of sandy soil. The only exception to this general trend was detected in the
first cut of the first season with number of main branches per plant giving
an insignificant difference between the effects of Sandy and calcareous
soils. These results may due to the higher content of nutrients and organic
matter in calcareous soil than in sandy soil as shown in (Table 1a). These
results are in a good agreement with those of El-Kouny {2002) who found
that, the fresh weights of tomato fruits grown in sandy and calcareous soils
were (550, 710 gm per plant} and (650, 750 gm per plant) respectwely
when each soil was treated with saline waters of 6dSm™ and 3dSm
orderly. But our results conflict with those obtained by Youssef ef al. (1998)
who stated that, the highest herbage yield of Ocimum basilicum plants were
obtained from plants fertiized with 4gmN/pot and grown in clay soil
followed by sandy soil then calcareous soil.

it could be observed from the previous data (Table 2 and 3) that in
general when the biofertilizer inoculation was applied, positive responses in
all growth characters in all cuts were recorded against control (unfertilized

plants). The favorable effects of the biofertilizer may be explained on the

basis of the beneficial effects of bacteria on the nutrient availability, vital
enzymes, hormonal stimulating effects on plant growth or the increasing of
photosynthetic activity (Bashan et al. 1989). Several researchers have
investigated the effect of biofertilization on a number of lamiaceae
(Labiatae) plants [Kandee!l et al. (2002) on Ocimum basilicum, Eid and
Ghawwas (2002) and El-Ghadban et al. (2002) on Majorana hortensis, and
El-sayed (2004) on Salvia officinalis}.

Also, results clearly indicated that, there were significant differences
_ between the different rates of mineral (NP) fertilization. The treatment of HL
(high nitrogen.and low phosphorus rates) and/or HH (high nitrogen and
high phosphorous rates) gave the best effect on growth and vyield
characters. Generally the least values were obtained in plants received the
treatment of (LL) (Low nitrogen and low phosphorus rates). The significant
positive effect on plant growth as a result of the fertilization by N and P can
be explained by the important roles played by these elements in the
different physiological processes within the plant, which in tumn affect plant
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growth. Nitrogen is present in the structure of protein molacules. White
phosphorus is an essential constituent of nucleic acids and phospholipids
(Devlin, 1975). The effect of (NP) fertilization on growth and yield of most
aromatic and medicinal plants was studied by numerous investigators [El-
Sayed ef al. (2003) on Ocimum basilicum, El-Ghawwas {2002) and Khater
et al. (2003) on Ambrosia martima, Sadek (2002) on Cymbopogon citratus

STAPF., Dasha et al. (2006) on Mentha arvensis L. and many others].

Table 2. Influence of bic-and mineral fertilization on plant height (cm)
and number of branches of rosemary plants cultivated'in sandy
and calcareous soils during the two growing seasons of 2004

and 2005
Plant heigl:stu No of main branches
Soil Type Bio NP 17 season 2*" season 1> season 2 season
Inoc. rates (¥ P 1™ 2 Kk T 1™ 2
cut cut cut cut cut cut cut cut

Sandy 4149 4350b 4111b 4221b 10.00a 21.04b 9.25b 20.00b
Calcareous . 4293a 46.83a 4420a 44.74a 1067a 2742a 11.00a 24.46a
Without 41.39b 43.39b 4058b 4185b 9.75b 23.38b 8.96b 10.50b
With 43.03a 4694a 4474a 4510a 10.92a: 25.08a 11.29a 24.96a
LL 40.04b 39.13c 39.91b 39284 858c 13.17¢ 8.17¢c 12.25d
LH 41.39b 43.83b 40.20b 4293¢ 9.83b 2192h 942b 1842¢c

HL 4314a 4841a 4532a 4659 11.17a 31.08a 11.58a 30.50a

HH 44.26a 49.28a 4520a 45.11b 11.75a 30.75a 11.33a 27.75b

Sandy Without LL 40.50 3767 3833 3833 7.00 11.33 6.66 10.33

LH 3543 3300 3667 4000 1033 1467 8.33 11.67

HL 4110 4533 4283 4170 1000 2533 1067 2467

HH 4557 4900 4013 4327 1066 2967 8.67 19.00

With LL 4167 3887 3867 3623 800 10.33 7.33 11.33

LH 4367 4833 4133 4480 1000 20.00 9.67 19.00

HL 4123 4910 4580 4790 1233 3167 11.00 31.67

HH 4243 4687 4800 4547 1167 2533 1167 32.33

Calcareous Without LL 39.33 4167 4153 40.10 8.00 17.33 8.00 12.00
LH 4167 4467 38,57 4027 9.33 2467 7.67 19.33

HE 4423 4600 4397 4697 1067 2833 1033 2967

HH 42.97 49.80 45.4 4413 1200 3567 1133 29.33

With LL 3867 3833 4410 4243 1133 1367 1067 1533

LH 4480 4933 4423 4667 9.67 2833 1200 2367

HL 46.00 53.20 4857 4977 1167 3900 1433 36800

- HH 4577 51.67 4720 4757 1267 3233 1367 3033

LSD 0.05 4.66 4.65 3.76 4.30 3.09 Y 331 2.84 3.34

Bio Inoc. = bio-fertilizer inoculation, NP rates = Nitrogen and Phosphorus fertilization rates, L

= jow, H =high

LL= low N and low P fertilization rate, LH= low N and high P fertilizatiorg rate
HL= high N and low P ferfilization rate, HH= high N and high P fertilization rate
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Table 3. Influence of bic-and mineral fertilization on fresh and dry weight per
plant (gm) of rosemary plants cultivated in sandy and calcareous
soils during the two growing seasons of 2004 and 2005

Fresh weight Dry weight
Soil Bio NP 1% season 2% season 1~ season 2" season
Type Inoc.  rates’ ¥ 2 1" 2™ K Fid 1 ™

cut cut cut cut Ceut | cut cut cut
Sandy 81.77b 9453b 78.44b 00.16b 29.84b 34.76b 28.93b 3282Zb
Calcareous 92.41a 111.16a 89153 103.70a 33.95a 42.22a 32.30a 37.71a
Without _ 8458 ©9414b 77.11b 80.81a 30.898a 36.20b 28.25b 32.46b
With ' 89.60a 111.55a 9048a 104.06a 32.80a 40.78a 32.98a 38.07a
LL 74.37c 59.04c 73.08¢c 73.81d 27.34b 21.76c 26.63c 26.24d

LH 82.46b 99.08b 77.53b 86.57¢ 2991b 3593b 2827b 32.09¢c
HL 84.72a 131.98a 93.11a 120.05a. 34.57a 4893a 33.77a 43.56a
HH 96.81a 121.25a 91.45a 107.30b 35.76a 47.34a  33.80a  35.16b

Without LL 69.33 50.00 6520 6717 - 2570 1835 2385 24.56

LH 74.90 65.80 69.13  64.33 2724 2423 2565 2394

- HL 7500 11333 81.23 99.56 2687 4193 2978 3581
S HH 82.80 11667 8097 10743 3110 4276 2994 39.19
a With LL 7215 53.33 68.00 6522 2592 1974 2507 2350
LH 89.44 11744 7767 886.80 3288 4218 28.78 3206

HL 98.33 12411 9247 11310 3595 4585 3412 4069

HH 92.22 11656 9313 11567 33.09 4300 3428 4282

Without LL 62.64 89.50 71.10 72.44 2308 3308 2558 2496

LH 89.48 95.56 69.87 91.13 3226 3527 2577 33.74

§ HL . 101.88 106141 87.81 11850 37.00 3929 3155 4251
o HH 12056 11611 91.53 97.90 4461 5464 3388 3498
3 With LL 9333  43.33 8803 9043 3465 7 1588 3200 3195
g LH 76.00 11750 9343 10200 2727 4204 3287 3862
HL 103.67 18442 11122 149.03 3845 ©68.63 39064 5523

HH . 91.67 136,67 10017 10820 3418 4894 3710 39.64

LSD 0.05 7.80 39.29 8.07 9.78 8.30 7.19 5.00 6.34

Bio Inoc. = bio-fertilizer inoculation, NP rates = Nitrogen and Phosphorus fertifization rates, L
= low, H =high

LL=low N and low P fertilization rate, LH= low N and high P femllzat!on rate

HL= high N and low P fertilization rate, HH= high N and high P fertilization rate

Interaction effects

The interaction between the soil type, biofertilizer and different rates
of (NP) fertilization had significant effect on most treatments of growth and
yield characters. The maximum values of plant height, number of main
branches, fresh and dry weight per plant were 53.20 cm, 39, 184.42 gm
and 68.63 gm per plant, respectively. These results were obtained in plants
fertilized by bioferilizer and received the mineral fertilization (NP} of
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treatment (HL) grown in calcareous soil in the second cut of the first
season. The superiority of biofertilizer + HL may L e attributed to the high
solubility of these nutrient (N and P) besides the m crobiclogical processes
can change the unavailable forms of nutrients into available ones that can
be easily assimilated by plants (Dawa et al.- 200(). These results are in
agreement with those obtained by Menesy et al. |2002) on dill, coriander
and parsley, Abd E!-Latif and Salem (2002) on Tagetes minuta, L and
Maheshwari ef al. (1998) on paimarosa (Cymbopiogon martini var. motia)
who found that the highest dry-matter yield weri: recorded by applying
Azotobacter spp. At 2kg/ha together with 20kg N + 20kg p/ha.

ll. Herb chemical composition
- Essential oil percentage

- Essential oil yield per plant.
Main effects

Data tabulated in Table (4) cleared that, the rosemary essential oil
percentages were not affected by the soil type eithe:r sandy or calcareous in
all cuts of the two seasons. While the oil yield pur plant was higher with
calcareous soil than with sandy soil. These risults may be due to
increasing the corresponding herb vield in calcareous soil over sandy soil
as shown in Table (3). In contrast Youssef ef al. (1998) reported that basil
plants grown in sandy soil and received 4 gm N/pat recorded higher values
of oil content and oil yield per plant than those grovm in calcareous soil.

Data in Table (4) revealed that, generally iipplication of biofertilizer
inoculation stand favorable and responsible for thz statistically increments
in oil percentage and yield per plant during growing seasons compared with
control treatment (without biofertilization). Thiz stimulated effect of
biofertilizer application on rosemary oil content an yield may be attributed
to its role on the physiological and biochemical priscesses in plants. In this
respect similar results were obtained by Kandeel of al. (2002) on Ocimum
basilicum, El-Sayed (2004) on Salwa officinalis and Shaalan (2005) on
Nigella sativa.

Also, it could be observed from data in the: same Tabie (4) that, the
oil percentages and yield per plant were affectec| by the different rates of
(NP) fertilization with variable degrees of significance in the experimental
seasons. In general, the highest mean values of il percentages and yield
were found with the treatment of rate (HL) followed by (HH). The important
role of nitrogen and phosphorous on oil content a1d yield of most aromatic
and medicinal plants was studied by many researchers [Sadek (2002) on

Vol. 12 (1), 2007 18,



J. Adv Agric. Res. ( Fac. Agric. Saba Basha)

Cymbopogon citratus STAPF., El-Sayed et al. (2003) on Ocimum
basilicum, Dasha et al. (2)06) on Mentha arvensis L. and others].

Interaction effects

The presented cata (Table 4), also showed that, there were
promotive effects for the: combination between biofertilizer and different
rates of mineral fertilizati»n (NP) on oil percentages and oil yield per plant
of rosemary plants cultiviited in-sandy and calcareous soils. These results
might be attributed to their enhancing effect on vegetative growth, in terms
of the. fresh yield and increasing the uptake of nutrient by roots of plant
especially phosphorous «lement. However, the most important compound
in which phosphate gioups one linked by pyrophosphate bonds is
adenosine triphosphate (ATP). The energy absorbed during photosynthesis
or released during respiration is utilized in the synthesis of the
pyrophosphate bonds in adenosine triphosphate (ATP). In this form, the
energy can be convey:sd to various undergoing processes such as
activation uptake and the: synthesis of various organic compounds such as
volatile oils (El-Ghadbar ef al. 2002). The maximum mean values of olil
percentages (0.74%) was obtained when the biofertilizer were applied with
the treatment of (LL) ir second cut of the second season in calcareous
soil. While the best resu ts of oi! yield per plant was (0.411 ml per plant). It
was recorded as a result of the combination between biofertilization and the
mineral (NP) fertilization at the treatment of (HL) in second cut of the first
season, also in the czlcareous soill. These resulis agreed with those
obtained by Abdel-Latf and Salem (2002) on Tagetes minuta, L,
Maheshwarni et al. (1998) on palmarosa (Cymbopogon martinii var. motia).
They found that applying of Azofobacter spp. at 2kg/h together with 20kg
N/h + 20kg p/ha were praduced the maximum oil yield per plant.

Essential oil components.

Data on percentage means of rosemary essential oil components
are given in Table (5) and shown in Fig (1a and 1b). Sixteen components
were identified in rosernary essential oil by using Gas Chromatography
Mass Spectrum Technique (GC-MS). Three components of them are
considered main princisle components such as; camphor, borneol and
verbenone. There are tiome other important components; i.e. 1,8-cineol,
linalool, alpha-Terpineol, bornyl acetate, beta-myrcene and camphene. The
rest components were found in small amounts.
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Table4. Influence of bio-and mineral fertilization on oil percentage and oil
yield per plant of rosemary plants cultivated in sandy and
calcareous soils during the two growing seasons of 2004 and 2005

Qil % Qii yieid / plant, mi
Soil Bio NP 1" season 2 season 1" season 2™ season
Type Inoc. rates, 4™ ™ 1= P 1™ 7™ ™ P
cut cut cut cut cut cut . cut cut
Sandy 0.600a 0.576a 0.62Ba 0648a° 0.180p 0.202b 0.182b 0.210b
Calcarecus 0.608a 0.588a 0.638a 0628a 02068 0.250a 0.206a 0.232a
Without 0.579b 0.56%9a 0.626a 0.614b 0.180b 0.209b 0.180b .0.200b
With 0.620a (0.595a (0.639a 0.661a 0.207a 0.244a 0.208a 0.242a
LL 0608b 0565b 0643ab 0653ab 0.167b 0.120c 0.172c 0.168d
LH 0.568¢c 0568b 0610b 0.618b 0.170n 0.208b 0.171c 0.195¢c
HL 0.638a 0.610a 06150 0678a 0.220a 0.298a 0.208b 0.285a
HH 0.603b 0.585ab  0.663a  0.603bc 0.216a 0.278a 0.225a 0.236b
LL 0.520 0.610 0.700 0.560 0.133 0.112 0.167 0.138
Without LH 0.580 0.480 0.640 0.640 0.158 0.117 0.164 0.183
- HL 0.640 0.560 0.620 0.720 0172 0235 0.185 0.258
2 HH 0.550 0.600 0.570 0.580 0172 0257 0170 0.231
3 With LL 0.640 0.570 0.580 0.720 0.166 0.113 0.145 0.147
LH 0.600 0.630 0.550 0.610 0.197 0.265 0.158. 0.195
HL 0.6380 0.610 0.670 0.620 D.244 0.280 0.229 0.280
HH 0.590 0.550 0.690 0.650 0.195 0.237 0.236 0.278
Ly 0610 0.480 0.600 0.590 0.141 0.162 0.153 0.147
" Without LH 0.520 0.530 0.690 0.570 0.167 0.186 0.178 0.192
2 HL 0.630 0.670 0,580 0.640 0233 0264 0182 0271
e HH - 0.580 0.610 0.710 0.600 0.259 0.333 0.240 0.210
3 With LL 0.660 0.580 0.690 0.740 0228 0093 0220 0237
] LH 0.570 0.630 0.560 0.650 0.158 0.264 0.134 0.242
© HL 0.600 0.600 0.590 0.660 0.231 0411 0234 0.3
HH 0.690 0.580 0.680 0.5670 4.238 0.284 0.252 0.226
LSD 0.05 0.07 0.12 0.11 0.12 0.06 0.08 0.05 0.07

Bio Inoc. = bio-feriifizer inoculation, NP rates = Nitrogen and Phosphorus feriilization rates, L
= low, H =high

LL= low N and low P fertilization rate, LH= fow N and high P fertilization rate

HL= high N and low P fertilization rate, HH= high N and high P fertilization rate

Main effects
Data in Table (5) and Fig (1a and 1b} cleared that, in most cases,
the oil components percentages were positively andfor significantly higher
in plants cultivated in calcareous than in sandy soil. In this respect Youssef
et al. (1998) reported that, volatile cil of Ocimum basilicum L. plants grown
in calcareous soil contained the most hydrocarbon terpenes. While those in
sandy soil produced that most oxygenated compounds.
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Also, the previous data, aimost, demonstrated that, the percentages
of oil components were insignificantly affected by biofertilizer application.
On the contrary, Eid and Ghawws (2002) on marjoram plants, mentioned
that the highest values of a-pinene, p-pinene, Ocimene, borneol, linalyl
acetate and geranyl acetate were obtained as a result of applying
microbein {(4gm/plot).

From the above mentioned results, it was noticed that, there were
different levels of significance between the different rates of (NP)
fertilization in most oil components. The response of components to
different rates of (NP) fertilization differ from component to another.

Interaction effects

Data on the interaction effects among the three tested factors
cleared that, the interaction had significant effect on most oil components.
Data in the same Table (5) and Fig. (1a and 1b) showed that the highest
content of camphor was (21.40%) and obtained in plants fertilized with the
treatment of (LL) combined with biofertilizer and grown in sandy soil. While
the maximum percentage of borneol was (22.69%) and recorded in plants
received the treatment of (Hi.) combined with biofertilizer and cultivated in
calcareous soil. Meanwhile the treatment of (HL) combined with biofertilizer
inocultation was the most effective one in ingreasing the verbenone
component in oil plants grown in sandy soil. The highest value of
percentage of 1,8 cineol was (11.81%) and produced in plants oil grown in
sandy soil and fertilized with the combination of LH and biofertilizer. The
highest percentage (8.44%) of Linalool was recorded in plants fertilized with
the rate of (LL) combined with biofertilizer and grown in calcareous soil.
The maximum percentage of alpha-Terpineol, bornyl acetate, beta-myrcene
and camphene were 6.32, 5.99, 4.11 and 4.60%, respectively and found in
fertilized plants oil with biofertilizer combined with (NP) at the rate of HL
and cultivated in calcareous soil. Our results coincide with those obtained
by Graven et al (1991) and Abd El-Latif and Salem (2002) on Tagetes
minuta L. who reported that, the percentages of dihydrotageton and cis-
tagetone increased due to the combination between mineral fertilizer (NPK)
and biofertilizer (1:1 Nitrobien and Phosphorien, w:w), but the percentages
of limonene and B-ocimene were reduced.
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Table 5. Influence of bio-and mineral fertilization on essential oil constituents of resemary piants cultivated in sandy and calcareous soils
during the second cut of the second growing season of 2004 and 2005

Essential Oil Constituents

Soll Bio NP 1 2 3 4 5 [ 7 8 3 10 1 12 13 4 15 18

Typs nec. rates
Sandy - 0.52a 5.58a 7.50a 222a 19.56m 2.26a 16500 20Ba 4.63b 364b 1683b 268b 3.050 1588 1478 1.37b
Calcareous 039b 233 7.57a 166h 1866b 203b 10.06a 2188 517a_ 433a 17442 3052 3.47a =185a 1.38b 1.74a
Without 046a 432a 7.58a 186a 18.65a 2.19a 17552 213a 483a 393a 17.23a 280a 317a 150 1.40a 1.50a
With 044a 3.58b 7.57a 200a 17.57b 2.10a 18.01a 213a 496a 4043 17.09a 264a 335 162a 1.44a 1,60a
[N 0.56a 5.44a 7.83a 226a 19.058 2358 1641b 208ab 4.78a 371b 17.02b 268b 289c 153b L1478 1.16¢
LH 040a 5492 7544 2.10a 18.18b 207b 16.86b 205 4.78a 393 1688b 278b 3.i1bc- 1.84a 1.43a 1480
HL 037b 235b 727a 163b 1562c 182 19058 2.15ab 5.16a 442a 1653 3.10a 36528 16%b 127> 1.80a
HH 040b 255 7B8a 179b 18.65b 2353 1880 223a 4B7a 385 1621c 291ab 320  160ab 1.52a 1.76a
T 7 Twithout LL 051 462 745 268 2010 233 1821 213 477 376 1732 283 316 1.85 1.10 1.38
LH 067 1181 747 219 2120 211 1125 181 396 310 1457 222 244 210 21t 092
HI, 044 243 TA7T 179 1785 208 1728 210 497 405 1883 208 341 152 147 182
§ HH 039 360 805 243 1954 262 1889 222 487 387 1490 287 315 144 138  1.87
n ‘With Ll 068 1030 780 212 2140 237 1251 190 421 318 1638 231 260 1.09 133 088
i LM 0.67 79 159 245 20.26 217 1519 1.90 439 322 16.40 238 273 1.40 1.56 1.08
HL 045 183 781 195 1852 231 1912 216 505 373 2035 289 344 151 107 153
HH 038 183 745 217 1747 228 1953 235 481 422 1626 299 344 175 170 178
Without  LL 052 385 783 199 1804 228 1666 212 507 402 1729 272 304 130 184 1.15
LH 029 025 795 154 1336 176 2138 227 575 470 1957 343 375 188 119 210
§ HL, 047 512 712 210 1892 241 17143 220 431 3892 1680 241 297 141 132 140
I3 HH 0.42 2.57 7.3 0.33 19.18 2,20 19.61 219 487 399 18.44 2.92 3.46 1.74 0.81 1.66
5 With L 053 268 844 224 1047 280 186 2148 505 389 709 285 319 138 160 126
K] LH  "033 198 713 220 1791 222 1960 214 503 468 1697 309 352 201 086 184
v HL 013 000 B88 069 707 077 2269 215 632 5859 1802 411 480 237 123 274
HH 041 221 785 22t 1843 231 4718 217 485 346 1524 287 309 145 218 173
L5D0.05 019 1.66 _1.82 0.71  3.00 081 234 052 1,24 149 162 082 082 4.47 _0.33 158

Bio Inoc. = bio-fertilizer inoculation , NP rates = Nitrogen and Phosphorus fertilization rates, L = low, H =high, LL= low N and low P fertilization rate, {H= low N and high P
fertilization rate, HL= high N and low P fertilization ale, HH= high N and high P fertilization rate

Essential oil constiluents
1. Alpha pinene 2. 1,8 Cineol 3. Linaloo) 4. O-Ethylphenol S. Camphor B. Beta-pinena 7. Borneol 8. 4-Terpinech

-§. alpha-Terpineol 10. Bormyl acetate 11. Verbencne 12. Bela-Myrcene 13. Camphene 14. Pipgritenone 15. Beta-Caryophllene  16.Famesene
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Macronutrients Uptake
Main effects

The main effects of the tested parameters (soil type, inoculation
treatments and mineral fertilization rate) on rosemary plants NPK uptake
were presented. in Table (6), for first and second cuts during the two
growing seasons.

The results show that about all evaluated parameters of rosemary
plants was affected significantly to the accomplished treatments. The
results indicated that nutrients uptake were higher in second cut than in the
first one. Soil type were affected significantly NP uptake in the two cuts
during the two growing seasons, whereas in the first season K uptake
affected insignificantly by soil type. The result indicated that the nutrients
uptake was higher under calcareous soil than sandy soil; it may due to
higher content of nutrients and organic matter (Table 1a). Inaculation with
microorganisms (nitrogen fixing bacteria (NFB) and phosphate dissolving
bacteria- (PDB)) increased NPK uptake of rosemary over the two growing
seasons in the two cuts more than the un-inoculated treatments, Carter ef
al. (1999) concluded that in regard to the function of soil as a medium for
plant growth, soil microbial biomass (SMB) controlains a store of labile
plant nutrients (e.g, N and P) and that microbially mediated N
mineralization can meet a significant portion of plant N requirements.
Mineral fertilization were significantly affect NPK uptake in the two growing
seasons through the fwo cuts. Mostly the highest values for nutrients
uptake were found in treatments of high rate of (HH) of NP fertilization
except some cases of higher uptake in treatment of (HL) high rate of N and
low rate of P fertilization.
interaction effects

The results of interaction effect between the tested parameters
indicated that significant differences were obtained for N, P in the first
growing season only whereas K uptake showed significant differences
during the two growing seasons. Inoculation using NFB and PDB under
sandy and calcareous soils resulted in higher NP and K uptake than the
other un-inoculated treatments (without) under different mineral fertilization
rates. The uptake of N, P and K in rosemary plants was increased
positively and/or significantly when N applied with high rate under the two
rates of P fertilization; indicate the importance of N fertilization either with or
without inoculation by biofertilizers. The results showed higher response to
P fertilization under sandy soil than under calcareous soil, especially under
inoculated treatments; it may due to low available P in sandy soil than
calcareous soil {Table 1a) which indicated that P level for sandy soil was
under critical level for response to P fertilization (Amer, 1995).
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Table 6. Influence of bic-and mineral fertilization on N, P and K uptake (g per pot) for rosemary plants cultivated in sandy and calcarecus
soils during the wo growing seasons of 2004 and 2005

N uptake P uptake K uptake
Soil Bio NP 1™ season Z season 1™ sgason 7™ season 1> season 2™ spason
Type Inoc. Rates 1% ™ [ ™ il Fal [ ™ [ ™ [l Fad
cut ~  cut cut cut cut cut cut cut cut cut cut cut

Sandy G2B4b 0430b 0330b 043206 022/b 0486b 0273 05000 0411a 04968 029b 03560
Calcarecus 0345a O0550a 0395a 0522a 0462a 06542 0433a 0619a  0432a 0533a 0408a 0477a
Without 0273b 0444 0311b 0435d 0323b 0501b ©0305b 0472b 0424a O0471b 0308b 0357b
With 033 a_ 0553a 0416a 0521a 0367a 06398 04028 0B54s 04208 05588 0396a 0477a
iL T 0229d 0284c 0204¢ 033 ¢ 0272c¢ 0297d 0278d 0390c¢c 0371c 0277c 0278b 02734
LH 0287c¢ O447b 0311c 0412b 0326h 0531c 0324c 0517b 0382c 0468b 0315p 0.383¢
HL 0345b 0866a 0.413h 059a 0.345p 0676b 0384b 06693 0436b 0648a 0394a 0485b
HH 0378a 0598a 0437a 05773 0436a 07758 (426a 0663a (487a 06668a 0422a 0O547a

Without LL 0.187 0.210 0.219 0.278 Q.150 0.206 0181 0.345 0.355 0 261 0 200 0208

LH 0.228 0.278 0.255 0.306 0.207 0.339 0.231 0.373 0.425 0378 0247 02X

- HL 0.238 0.541 0.304 0.480 0.174 0.455 0210 0.466 0.354 0.581 ¢ 288 0.346

2 HH 0.308 0.564 0,335 0.545 0.255 0,633 0.321 0.646 0.480 0.660 0275 0361

3 Wwith L. 0.230 0.245 0.201 0.208 0.197 0.332 0.212 0.343 0.347 0.265 0217 0204

LH 0287 0.515 0.247 0410 0.278 0.758 0.288 0.485 0.441 0.518 0.206 0.330

HL 0.316 0.601 0.444 0.562 0.248 0679 0.368 0.618 0.442 0.624 0471 0562

HH 0.303 0.581 0.470 0.608 0.331 0.721 0.487 0.719 0.450 0.727 0.494 0.617

Without LL 0177 0.443 0.292 0.323 0.286 0.397 03212 0.325 0,390 0.384 0303 0.296

- LH 0.246 0.455 0272 0.448 0.417 0.536 0.340 0.475 0.336 0.458 0.320 0.419

F HL 0.363 0.548 0.388 0.582 0.444 0.534 .391 0.595 0.500 0.401 0.412 0.555

@ HH 0.456 0.781 0.437 0.489 0.643 0.907 0.461 0.553 0.558 0.601 0.430 0.444

3 T with LL 0.331 0.240 0.372 0.399 0471 0.253 0.410 0.550 0,331 0.214 0.306 0.3y

3 LH 0.301 0.568 0.374 0.514 0.404 0.726 0.440 0.726 0.368 0.517 0.401 0.471

HE 0.463 0.975 0.523 0.831 0.523 1.043 0.574 0.999 0.473 0.927 0.521 0.726

HH - 0448 0.729 0.508 0.594 0.508 0.842 0.548 0.734 0.461 0675 0.487 0.521

LSD 0.05 N 0.07 0.08 ns ns 0.06 0.08 ns ns 0.05 0.06 0.05 0.05

Blo inoc. = bio-fertilizer inoculation, NP rates = Nitrogen and Phosphorus fertilization rates, L = fow, H =high
LL= low N and low P fertilization rate, LH= low N and high P fertilization rate
HL= high N and low P fertilization rate, HH= high N and high P fertilization rate

(eysed eqes duBy “oeq ) ‘say oSy Apy



J. Adv Agric. Res. ( Fac. Agric. Saba Basha)

Nitrogen fertilization is generally needed because of its mobility in
soils and the large amounts needed by plants. The response of rosemary
plant to the NPK supply is an important determinant for accurate NPK
fertilizer recommendations. Development of recommendations according to
dry matter production and nutrients uptake rates during each crop growth
stage has the potential of increasing the final yield. Both efficiency and
production may be optimized by N fertilization practices that maximize plant
growth rates early and during”the growing season, while sustaining an
adequate plant cancpy (Westermann and Kleinkopf, 1985).

The K uptake data illustrate significant increase with inoculation by
biofertilizers and high rats of NP fertilization under the two types of soils,
reflecting the importance of application of K fertilizers under the role of
balanced fertilization.

Ili. Soil Macronutrient Availability
Main effect

Soil magcronutrients (NPK) availability as affected by mineral
fertilization and biological inoculation (combined analysis for two seasons)
were presented in Table (7). The data indicated that availability of nutrient
related to soil type, inoculation treatment and fertilization type and rate. The
results showed higher levels of N, P and K in calcareous soil than sandy
soil as a result of initial state analysis (Table 1a), whereas inoculation with
microorganisms [nitrogen fixing bacteria (NFB) and phosphate dissolving
bacteria (PDB)] generally increased level of nutrients availability comparing
with uninoculated treatments. This may due to’ increase soil microbial
biomass (SMB) as this parameter reflects a soil's .ability to store and cycle
nutrients and organic matter, and has a high turnover rate relative to the
total soil organic matter (Gregorich et al. 1994 & 1997). Also type and rate
of mineral fertilization affect on N and P availability levels at the end of the
two growing seasons, the results indicated that increasing level of
fertilization increased residual nutrients in the soil.

Interaction effects:

The interaction of tested soil type, inoculation and fertilization
indicating the importance of managing all parameters at the same time to
insure fertility build up and sustainability. The results showed that under
sandy and calcareous soils inoculation with microorganisms increased
availability of N, P and K nutrient under all alternatives of NP rates
comparing with the control treatment (uninoculated).
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Table 7. The concentrations of N, P and K in soil samples as affected by
mineral fertilization and biological inoculation (combined
analysis for two seasons of 2004 and 2005)

Soil Bio NP N, P, K,
Type Inoc. Rates mg kg™ mg kg™ mg kg
Sandy 39.02b 1946 b 115.70b
Calcareous 4490 a 2480 a 23450 a
Without 38.03b 17.91b 164.32 b
With 4560 a 26.35a 197.23 a
LL 38.10b 18.32d 177.92 a
LH 3843 b 23.89hb 169.56 ¢
HL 45.50 a 2037 ¢ 177.85b
HH 4581 a 25.95a 175.13 a
=  Without LL 31.50 12.80 114.3
2 LH 28.62 13.12 108.6
& HL - 4350 13.84 110.9
HH 40.25 16.60 112.5
With LL 36.80 20.46 121.40
LH 37.50 31.08 122.50
HL 46.50 18.25 118.50
HH 47.60 29.50 116.80
w Without LL 38.50 16.59 192.60
3 LH 39.80 22.65 188.85
2 HL 41.50 22.48 200.50
§ HH 42.80 25.20 195.60
S With LL 45.60 23.42 283.30
LH 47.80 28.70 258.30
HL 50.50 26.90 281.50
HH 52.60 32.50 275.60
LSD 0.05 ‘ 4.25 317 5.33

Bio Inoc. = bio-fertilizer inoculation, NP rates = Nitrogen and Phosphorus
fertlhzatlon rates,
= low, H =high
LL- low N and low P fertilization rate LH= low N and high P fertilization rate
HL= high N and low P fertilization rate, HH= high N and high P fertilization rate

Awad and Hegazi (2002) on potato, Awad et al. (2004) on alfalfa
and wheat, Abd El-Latif ef al. (2002) on chamomile plants and other
researchers indicated that, NP fertilization under inoculation with

Vol. 12 (1), 2007 28



J. Adv Agric. Res. ( Fac. Agric. Saba Basha)

biofertilizers produced higher production and decreased nitrate content.
From the commercial viewpoint the produce was good and had the value-
added factor of the low nitrate. The latter is an extremely remarkable factor
because the European Union is drafting a directive on the allowable NO,
content in vegetables and other medicinal plants, which increase the
chance of Egyptian growers to export additional amounts to EU countries
and safe environment from NO, leaching.

CONCLUSION

It could be concluded that, the growth and yield of rosemary plants
i.e. (plant height, number of main branches, fresh and dry weight per plant)
as well as oll yield per plant were higher in plants given biofertilization plus
mineral ferlilization (NP) at the rate of HL [(high ‘hitrogen + low
phosphorous) equals to (67kg N/fed. + 15kg onslfed)] and grown in
calcaresus soil than of those in sandy soil.

The responses of different essential oil components to the
interaction effects between the three tested factors were in different trends,
but there were significant differences between most treatments.

Also, generally, N, P and K plant uptake as well as soi
macronutrients (NPK) availability increased in plants grown in calcareous
soil with biofertilization and (NP) fertilization at the rate of HH equals to
[(67kg Nfed + 20kg P.Og/fed) and / or HL equals to (67kg Nffed + 15kg
P.Osffed)], respectively.
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