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ABSTRACT

Two field experiments were carried out during two summer successive
seasons of 2004 and 2005 at the Experimental Station of the Medicinal and Aromatic
Plants, Fac. Agric., Mansoura Univ. to evaluate the effect of phosphorus fertilizer
levels (0, 15.5, 23.25, and 31 kg P20s/ fed) with or without bio-fertilizers (VA-
Mycorrhizae and phosphorein) on vegetative growth, herb yield and essential oil
content as well as mineral elements (N, P and K) of marjoram plant.

Data revealed that plants treated with phosphorus recorded considerable
increments with regard to growth characters, herb yield, essential oil content,
components and mineral elements. The best results in this concern were obtained by
using the highest level of phosphorus (31kg P20s/ fed).

Also, obtained data showed that bio-fertilizers (VA-Mycorrhizae and
phosphorein) improved the growth characters expressed as plant height, number of
branches, plant fresh and dry weight, herb yield, essential oil content and mineral
elements compared with control.

The interaction between mineral and bio-phosphate improved plant growth
which gave higher herb yield, essential oil content and mineral elements resulted from
Mycorrhizae treatment with 23.25 or 31 kg P20s/ fed, compared with other treatments.
The highest values resulted from Mycorrhizae with 31 kg P20s/ fed treatment plants.

INTRODUCTION

An increasing interest in the cultivation and production of medicinal and
aromatic plants has bean recently noticed in Egypt in order to cover the
increasing demands of the local industries as well as export purpose, among
these plants marjoram.

Majorana hortensis, L. (Fam. Lamiaceae), is indigenous to the Eastern
Mediterranean countries and is cultivated commercially in Asia, Southern
Europe and some areas in the United States. The plant is perennial, bushy
herb approximately grows 60 cm height with small white, sometimes pinkish
flowers in tight. The leaves are oval about 2.5 cm long, dusty green, very
aromatic when crushed and bloooms June to August (Keville, 1999).
Marjoram is a tender plant and is usually grown as an annual. It is rightly
named sweet marjoram; the leaves are sweetest when taken just before the
plant flowers. It is entirely aromatic in all parts and the aroma is strong. Dried
leaves and the oil used as spices in the food industry (Sanecki, 1975).

Oil of marjoram is an essential oil obtained by steam distillation from
the dried herb, including terpenes, terpineols, esters and ketones. This oil
plays a minor role in perfumery (Panda, 2000).

Dried leaves as well as the essential oil are widely used in many
industries and pharmaceutical preparations as stimulating, antiseptic,
carminative, digestion and antioxidant (Bellakkadar et al., 1988).
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Phosphorus is considered the second essential nutrient element in both
plants and microorganisms. Characteristically, under phosphorus deficiency
shoot growth is much more depressed than photosynthes. The finely tuned
homeostasis of phosphorus in the cytosol and chloroplasts is one reason for
this and a higher activity of various enzymes of carbohydrate metabolism
(Rao et al.,, 1990). Of course, with severe phosphorus deficiency various
parameters or photosynthesis are impared (Lauer et al., 1989). In spite of the
considerable addition of phosphorus to soil, the amount available for plant is
usually low. Mohamed and Abd El-Hafez (1982) reported that after
fertilization with calcium super phosphate, the level of available phosphorus
decreases sharply after a short period from application. They added that this
case is widespread in alkaline soils, since the available phosphorus in the
added fertilizer is rapidly transformed to tricalcium phosphate, thus, become
unavailable to the plant.

With respect to the repromoting effect of P-fertilizer on growth of
plants, this may be due to that phosphate regulates enzymatic processes, the
phosphorylation of adenosine diphosphate (ADP) to adenosine triphosphate
(ATP). Also, phosphate acts as an activator for some enzymes, leading to
enhancement of the metabolism process and formation of new cells (Dhillon,
1978). Mousa (1990) reported that invariable produce profitable responses.
Phosphorus is necessary for protoplasm formation, and considerable
influence by the quantity of plant available nitrogen. Ahmed and Zayed (1994)
mentioned that treated plants of fenugreek with 200 kg / fed calcium super
phosphate gave the highest values of plant height, number of branches, plant
fresh and dry weights The phosphorus alone generally enhanced the growth,
yield parameters and volatile oil content of Nigella sativa, L. plants (Mohamed
et al., 2000).

Balanced nutrition is very important for obtaining vigorous vegetative
growth, high production and good quality. Nile valley soils faced numerous
deteriorating problems during the last decades, among which is the shifting to
the alkaline side, using plant nutrients in unavailable forms. Most farmers are
applying intensive and non-rational rates of mineral fertilizer. Most of these
fertilizer elements are either fixed in the soil or leached and become
insaccessible by plant. Several investigators indicated that soil inoculation
with phophorus solubilizing bacteria improved soil fertility and plant
productivity by releasing phosphorus element (Hauka et al., 1990). Also,
El-Sheekh (1997) stated that, under Egyptian soil conditions, using bio-
fertilizer phosphate with or instead of mineral phosphate apparently increased
the available P concentrations in both soil and plants.

Furthermore, the excessive use of mineral fertilization represents the
major cost of crop production and creates pollution of agroecosystem.
Kandeel and Sharaf (2003) on marjoram, Eisa (2004) on sage and Heikel
(2005) on thyme mentioned that bio-fertilizer (phosphorein) increased
vegetative growth, herb vyield, volatile oil percentage and chemical
components (N, P and K).

Mycorrhizae fungus is one of the most important bio-fertilizers, hence
these fungi link plant and soil, transport nutrients to the plant roots and
carbon compounds to the soil. Mosse (1981) found that Mycorrhizae fungi
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may enhance plant growth by improving the supply of nutrients of low mobility
in soil by direct and indirect modifications in the rhizosphere. The most
distinct growth enhancement effect by VAM occurs by improving supply of
mineral nutrients of low mobility in the soil solution, predominantly
phosphorus. External hyphae can absorb and translocate phosphorus to the
host from soil outside the root depletion zone of non-mycorrhizae root supply.
As a rule in VAM plants uptake, the rate of phosphorus per unit root length is
2 - 3 time higher than in non-mycorrhizae plants (Nielsen and Jensen, 1983).

The influence of application of Mycorrhizae on some medicinal and
aromatic plants has been studied by many workers. Ezawa & Yoshida (1994)
on Tagetes patula plants, Kandeel & Sharaf (2003) on Majorana hortensis
plants, Eisa (2004) on Salvia officinalis plants and Mohamed & Saad (2004)
on Achillea milefolium plants showed that, inoculation with VAM increased
growth parameters, herb vyield, volatile oil content and chemical composition
when compared with control.

The use of symbionts is more economical and much better than the
use of chemical fertilizers, which has already raised the pollution of the
environment. Thus, attention should be directed in Egypt, to the use of
microorganisms as bio-fertilizers to provide nutrients for higher plants without
any pollution to the environment.

This study aimed to explore the response of marjoram plants growth,
herb yield and essential oil productivity to mineral and / or bio-fertilizer
phosphorus treatments as well as their interaction.

MATERIALS AND MOTHEDS

Two field experiments were carried out during two successive summer
seasons of 2004 and 2005 at the Farm of Medicinal Plants, Fac. Agric.,
Mansoura Univ. to study the response of marjoram plants growth, herb yield
and essential oil productivity to mineral and / or bio-fertilizer treatments of
phosphorus as well as their interaction.

Seeds of marjoram were sown in prepared nursery beds on October 51
in both seasons. The growing seedlings were transplanted after 80 days from
sowing at 30 cm apart on the eastern side of row in an irrigated soil. The soll
of the experimental location was clay-loam.

Randomized soil samples were obtained from the field to determine the
physical and chemical contents according to the standard method
described by Wilde et al. (1985). Soil properties are presented in Table A.

Table (A) : Physical and chemical properties of the experimental soil in
the two seasns 2004 and 2005.

Clay . Sand Organic Available nutrients (ppm)

o) |5 Topy | matter@) | PP TN T P [ K [ zn | Fe | Mn
40.7 33.2 26.1 2.01 8.18 | 53.7 [12.9 392 | 142 | 835 | 12.86
40.4 33.6 26.3 2.03 8.21 | 53.2 | 125 | 367 | 1.34 | 7.79 | 12.54

Each experiment included twelve treatments representing the interaction
between four application rates of mineral phosphorus 0, 15.5, 23.25 and 31
kg / fed as calcium super phosphate (15.5 % P20s) with or without bio-
fertilizers (VA-Mycrohizae and phosphorein). The phosphorus fertilizer levels
were randomly located in the main plot, whereas, the sub-plots were devoted
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for bio-fertilizers. The sub-plot area was 4.5 m2, which consisted of 5 ridges.
Each ridge was 1.5 m length containing 5 plants at distance of 30 cm and
between ridges was 60 cm. Mineral and bio-phosphate fertilizers were added
during the field preparation. The nitrogen and potassium mineral fertilizers
were applied as the recommended rates, 200 kg / fed ammonium sulfate
(20.5 % N) and 100 kg / fed potassium sulfate (48 % K20O).

In both seasons, the plants were harvested three times yearly by
cutting the aerial parts of each plant (10 cm) above the soil surface. The first
cut was on May 15" (at commencement of flowering), the second one was
done on July 15%, while the third one was done on September 15 (two
month intervals). Five plants were randomly chosen from each experimental
unit at the three cuts, respectively in both seasons. The vegetative growth
parameters [plant height number of branches, plant fresh and dry weight and
herb yield] were recorded.

The essential oil percentages were determined from dry leaves using
100 g samples for each cut. The distillation of essential oil and the
determination were described in the Egyptian Pharmacopoeia (1984). The oil
content was calculated by multiplying oil percentage by weight of dry leaves
per plant (ml / plant) and per feddan (Liter / fed). The essential oil obtained
from the second cut of the second season was analyzed using Gas Liquid
Chromatography Technique (GLC), which carried out at the Central
Laboratory, Fac. Agric. Cairo Univ.

The quantitative determination of main components of oil samples were
subjected to GLC analysis and calculated following the methods of Guenther
and Joseph (1978).

Mineral elements was carried out in the Laboratory of Chemical Dept.,
Fac. Agric. Mansoura Univ. Leaf samples were dried in an electric oven at
70°C for 48 hrs then finely ground for chemical determination according to
A.O.A.C. (1970). Nitrogen percentage was determined according to micro-
kjeldahl method Jackson (1967). Phosphorus percentage was determined
colorimetrically according to Murphy and Reily (1962). Potassium percentage
was determined using the Atomic Absorption Spectrophotometer (3300)
according to Wilde et al. (1985).

After all cuts at 2005 season rhizospheric soil was micro-biologically
analyzed for the desities of phosphoate-solubilizing bacteria on Allen (1969)
medium. VAM fungi spores were collected from soil samples by sieving-
decanting method individual spores had to be hand for identification (Trappe
1982).

The split-plot design in a compeletly randomized block with 3 replicates
was used in both growing seasons. Obtained data were subjected to the
statistical analysis of variance (ANOVA) in split plot design as mentioned by
Gomez and Gomez (1984).

RESULTS AND DISCUSSIONS

1- Vegetative growth

. Data presented in Tables (1 and 2) indicated that there were
significant differences among all treatments. Phosphorus fertilization applied
at the highest rate 31 kg P20s / fed significantly increased stem length and
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number of branches compared to other treatments at the three cuts in both
seasons. The application of phosphorien and Mycorrhizae treatments gave
significant differences over the control treatment at the three cuts of the two
seasons.

Table (1) : Effect of mineral and bio-phosphate fertilizers and their
combination on plant height (cm) of marjoram plant during
2004 and 2005 seasons for three cuts.

Plant height (cm)

Treatments

First season Second season
P20s (kg / fed) 1tcut  2™cut 39cut | 1tcut 2cut  39cut
0.0 41.99 44,70 37.91 42.08 44.44 39.29
15.5 45.72 48.63 42.23 46.53 49.06 42.64
23.25 50.81 52.46 46.91 50.99 53.01 46.87
31 53.73 54.08 49.44 53.83 54.85 49.05
LSD at 0.05 3.25 1.54 1.94 3.42 2.45 1.79
Bio-phosphate
0.0 44.31 47.80 41.88 44.89 47.78 42.04
Phosphorein 48.38 50.00 4391 48.53 50.46 44.10
VAM 51.50 52.10 46.58 51.66 52.78 47.25
LSD at 0.05 2.15 1.48 1.85 2.21 2.12 1.67
Interaction

0.0 37.58 42.58 35.45 36.54 40.57 37.13
0.0 Phos. 42.51 44.27 37.45 43.49 45.10 38.94
VAM 45.89 47.24 40.83 46.21 47.64 41.79
0.0 42.98 46.58 39.28 44.52 46.64 39.54
155 Phos. 45.84 48.84 42.68 45.94 49.05 42.48
VAM 48.35 50.48 44.72 49.13 51.49 45.89
0.0 46.25 49.58 44.28 46.48 49.94 43.56
23.25 Phos. 50.52 52.64 46.25 51.03 53.23 46.58
VAM 55.65 55.16 50.21 55.45 55.86 50.46
0.0 50.43 52.45 48.52 52.00 53.98 47.91

31 Phos. 54.65 54.25 49.25 53.65 54.45 48.38
VAM 56.12 55.53 50.54 55.85 56.12 50.86

LSD at 0.05 4.29 2.97 3.69 4.42 4.25 3.34
Bio: Bio-fertilizers VAM : Vesicular Arbuscular Mycorrhizae Phos.: Phosphorein

The combination between the highest level of mineral phosphate (31kg
P20s / fed) and bio-fertilizers (phosphorein and VA-Mycorrhizae) fertilized
plants resulted in the highest plant height and number of branches at all three
cuts in the two seasons. Also, the combination between phosphate at 23.25 Kg
P20s / fed and bio-fertilizers had a higher significant effect on the vegetative
growth characters, whereas the untreated plants (control) gave the lowest
values, in all cuts of both seasons. The data showed, in general, few
differences among the means of the various fertilizer treatments. The increase
in plant height and number of branches due to the VAM inoculation may be
referred to enhancing some physiological processes in the plant roots,
stimulated bud formation and consequently may increase lateral branching
habit in treated plants (Gea et al., 1994). These results go well with those of
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Abd El-Latif (2002) on caraway, EL-Ghadban et al. (2003) on marjoram and
Mohamed & Saad (2004) on yarrow.

Table (2) : Effect of mineral and bio-phosphate fertilizers and their
combination on number of branches / plant of marjoram plant
during 2004 and 2005 seasons for three cuts.

Number of branches / plant

Treatments

First season Second season
P20s (kg / fed) 1stcut  2dcut 39cut | 1stcut 2™cut 39cut
0.0 8.22 11.00 17.44 8.00 12.33 16.33
15.5 9.22 11.78 19.33 9.00 13.67 17.22
23.25 10.22 12.78 21.11 10.00 14.55 17.89
31 10.56 13.33 22.45 10.67 14.89 19.56
LSD at 0.05 1.15 0.90 1.23 0.94 2.12 1.54
Bio-phosphate
0.0 8.59 11.25 18.67 8.75 13.17 17.09
Phosphorein 9.67 11.92 20.25 9.42 13.75 17.58
VAM 10.42 13.50 21.34 10.09 14.67 18.59
LSD at 0.05 1.02 0.60 1.12 0.57 1.24 1.32
Interaction
0.0 6.67 10.33 16.33 7.33 11.67 15.67

0.0 Phos. 8.33 11.00 17.67 8.00 12.33 16.33
VAM 9.67 11.67 18.33 8.67 13.00 17.00
0.0 8.67 11.33 18.00 8.33 12.67 16.67
155 Phos. 9.33 11.67 19.33 9.00 13.67 17.00
VAM 9.67 12.33 20.67 9.67 14.67 18.00
0.0 9.33 11.33 19.33 9.33 14.00 17.33
23.25 Phos. 10.33 12.33 21.33 10.00 14.33 17.67
VAM 11.00 14.67 22.67 10.67 15.33 18.67

0.0 9.67 12.00 21.00 10.00 14.33 18.67

31 Phos. 10.67 12.67 22.67 10.67 14.67 19.33

VAM 11.33 15.33 23.67 11.33 15.67 20.67

LSD at 0.05 2.04 1.21 2.23 1.14 2.47 2.64
Bio: Bio-fertilizers VAM : Vesicular Arbuscular Mycorrhizae Phos.: Phosphorein

2- Plant weight :

Data presented in Tables (3 and 4) revealed that P fertilization at the
highest rate (31Kg P20s/ fed) significantly increased herb fresh weight 577.5,
569.0 g / plant and herb dry weight 136.0, 132.9 g / plant respectively, as
total cuts in both seasons compared with control.

The combination between the highest rate of P fertilization and bio-
phosphate produced higher herb fresh weight (575.7 and 564.9 g / plant)
and herb dry weight (135.4, 132.1 g / plant) respectively, as total cuts in both
seasons. The positive effect of phosphorus may be due to the role of
phosphorus in photosynthes and respiration in addition to its role in cell
division and development of merestematic tissues (Mengel and Kirkby, 1996).
The increases in plant fresh and dry weight may be related to active bacteria
in  phosphorein, which is capable to convert tricalcium phosphate to
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monocalcium phosphate (Sherief et al., 1997). These results are ingreement
with Shalan et al. (2001) on chamomile and Helmy (2003) on roselle.

Results presented in Tables (3 and 4) also showed that the combination
between the highest rate of mineral phosphate and VA-Mycorrhizae had the
superiority to increase marketable herb fresh weight (591.0, 590.3 g / plant)
and dry weight (139.2, 137.5 g / plant) respectively, in the two seasons as
total cuts. Such result may be attributed to the main role of VAM fungi to
achive maximum growth by increasing uptake of soil phosphate more than
other nutrients and stimulation of rapid growth may thus occur. The increase
in plant fresh and dry weight may be attributed to phosphorus uptake and
increased P percentage in plant tissues.

The considerable improvement by VAM fungi in the production of
enzymes may enhance respiration of the host root (Mohamed and Saad,
2004). These results coincided with Kandeel and Sharaf (2003) who reported
that, plants inoculation with VA-Mycorrhizae significantly increased fresh and
dry weight of marjoram plant.

Table (3) : Effect of mineral and bio-phosphate fertilizers and their
combination on herb fresh weight (g /plant) of marjoram
plant during 2004 and 2005 seasons for three cuts.

Herb fresh weight (g /plant)

Treatments First season Second season
P20s (kg / fed) 1stcut 2" cut 3 cut Total |[1Stcut 2™ cut 3 cut Total
cuts cuts
0.0 132.1 196.4 170.7 499.2 | 136.0 210.3 168.1 514.4
15.5 138.9 204.6 181.8 525.4 | 1405 217.7 180.6 538.7
23.25 145.2 217.0 194.3 556.5 | 146.2 223.1 188.7 557.9
31 148.6 225.1 203.8 5775 150.1 226.0 192.9 569.0

LSD at 0.05 8.4 3.7 4.8 9.6 4.7 6.5 5.9 10.9

Bio-phosphate

0.0 1359 205.0 181.0 521.9 | 139.4 212.8 1743 526.5
Phosphorein 123.5 192.2 165.3 481.0 | 131.1 200.1 159.5 490.7

VAM 146.8 218.6 1945 559.8 | 147.1 227.0 191.8 566.0
LSD at 0.05 4.9 2.8 4.2 8.1 3.4 5.2 6.1 10.3
Interaction

0.0 1235 192.2 165.3 481.0]131.1 200.1 159.5 490.7
0.0 Phos. | 132.2 196.1 170.5 498.8 | 136.2 2115 168.4 516.1
VAM [ 1405 2009 176.4 517.8 [ 140.8 219.2 176.3 536.3

0.0 133.6 198.1 172.8 504.5]137.0 213.6 1715 5221
155 Phos. | 138.7 201.3 180.2 520.2 | 1394 2151 180.7 535.2
VAM [ 144.4 2145 1925 5514 [ 145.0 2243 189.6 558.9

0.0 1405 209.7 186.2 536.4 | 1415 2175 1821 5411
23.25 | Phos. | 1452 212.8 196.3 554.3 | 146.9 220.7 186.7 554.3
VAM [ 149.8 228.6 2005 578.9 [ 150.1 231.1 197.2 5784

0.0 146.1 219.8 199.8 565.7 | 148.0 219.8 184.1 551.9
31 Phos. | 147.2 225.3 203.2 575.7 | 149.7 224.7 190.5 564.9
VAM | 152.4 230.2 208.4 591.0 | 152.6 233.5 204.2 590.3

LSD at 0.05 9.7 5.6 8.4 16.2 6.8 104 122  20.6

Bio: Bio-fertilizers =~ VAM : Vesicular Arbuscular Mycorrhizae = Phos.: Phosphorein
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Table (4) : Effect of mineral and bio-phosphate fertilizers and their
combin ation on herb dry weight (g / plant) of marjoram
plant during 2004 and 2005 seasons for three cuts.

Herb dry weight (g /plant)

Treatments -
First season Second season
st nd rd st nd rd
P.0s (kg / fed) 1stcut 2" cut 39 cut Total |18t cut 2" cut 3 cut Total
cuts cuts
0.0 29.6 43.6 379 1112 | 29.3 45.1 34.0 106.5
155 31.8 47.6 425 1218 | 315 48.3 39.6 1174
23.25 33.8 50.9 457 1304 | 35.1 50.6 43.6 127.3
31 345 53.0 48,5 136.0 | 36.4 52.7 458 1329

LSD at 0.05 2.4 1.1 1.1 3.3 1.1 15 1.9 4.5
Bio-phosphate

0.0 31.2 47.3 42.1 120.6 | 32.1 47.6 38.6 116.3
Phosphorein 32.2 48.4 43.7 124.3 | 33.1 48.8 40.8 120.7

VAM 34.0 50.6 452 1298 | 34.1 51.2 42.8 126.1
LSD at 0.05 1.8 0.9 1.0 2.1 0.8 1.2 1.8 2.1
Interaction

0.0 275 427 36,7 1069 | 283 427 318 100.8
0.0 Phos. | 295 436 379 1110 294 451 343 106.8
VAM 319 446 392 1157 | 303 476 36.0 1119
0.0 304 46.1 40.2 116.7 | 30.7 464 36.5 1116
155 Phos. | 314 468 424 1206 31.3 47.7 401 1171
VAM 33.6 498 448 1282 | 325 50.8 422 1235
0.0 327 488 43.8 1253 | 339 493 424 1236
23.25 | Phos. | 338 50.1 46.2 130.1| 352 50.1 434 126.7
VAM 349 538 472 1359 | 36.1 524 450 1315
0.0 340 517 476 1333 | 354 52.0 438 129.2
31 Phos. | 340 53.0 484 1354 36.6 521 454 1321
VAM 354 542 496 139.2 | 373 541 481 1375
LSD at 0.05 3.6 1.8 2.0 4.2 1.6 2.4 3.6 4.2

Bio: Bio-fertilizers VAM : Vesicular Arbuscular Mycorrhizae Phos.: Phosphorein

3- Essential oil productivity :

The essential oil percentage and content in the dried leaves of marjoram
varied due to phosphate fertilizer treatments (Table, 5). Highest oil
percentages were (1.71, 1.63 and 1.51 %) and (1.69, 1.63 and 1.43 %)
respectively, in the three cuts in the first and the second seasons. These
values were obtained from plants fertilized with the highest phosphate level
(31 kg P20s / fed).

Concerning the effect of inoculated plants with phosphorein and VA-
Mycorrhizae, there were significant increases on the plant essential olil
percentage and content. Similar results of positive effect of phosphorein and
VA-Mycorrhizae on the essential oil productivity were obtained by Shalan et
al. (2001) on chamomile, Abdel-Kader & Ghaly (2003) on coriander, Kandeel
& Sharaf (2003) on marjoram and Mohamed & Saad (2004) on yarrow.

The combination between the high level of mineral phosphate fertilization
and bio-phosphate caused an increase in the essential oil percentage (1.70,
1.63 and 1.50 % respectively) and (1.69, 1.64 and 1.44 % respectively) of the
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three cuts at both seasons. In the same Table P fertilization at the highest
rate (31 kg P20s / fed) combination with Mycorrhizae had increased
marketable oil percentage (1.75, 1.65 and 1.53 %, respectively) and (1.71,
1.65 and 1.45 %, respectively) in the three cuts at both seasons. These
increases might be attributed to the enhancing effect on vegetative growth, in
terms of fresh yield and increased uptake of nutrients by root of plant
especially phosphorus element. However, the most important compound in
phosphate group which linked by pyrophosphate bonds is adenosine
triphosphate (ATP). In this form, the energy can be conveyed to various
undergoing processes such as activation uptake and the synthesis of various
organic compounds such as essential oil (EI-Ghadban et al., 2003).

Table (5): Effect of mineral and bio-phosphate fertilizers and their
combination on essential oil percentage / plant of marjoram plant
during 2004 and 2005 seasons for three cuts.

Treatments . Essential oil percentage / plant (%)
First season Second season
P20s (kg / fed) 1stcut  2cut 39cut | 1stcut 2cut 39cut
0.0 1.64 1.55 1.46 1.63 1.55 141
15.5 1.68 1.59 1.48 1.65 1.60 1.42
23.25 1.69 1.62 1.50 1.67 1.62 1.43
31 1.71 1.63 151 1.69 1.63 1.43
LSD at 0.05 0.01 0.02 0.01 0.02 0.01 0.02
Bio-phosphate
0.0 1.65 1.57 1.47 1.63 1.58 141
Phosphorein 1.68 1.60 1.49 1.66 1.61 1.43
VAM 1.72 1.62 151 1.69 1.62 1.44
LSD at 0.05 0.01 0.01 0.01 0.02 0.01 0.01
Interaction
0.0 1.61 1.52 1.44 1.59 154 1.39
0.0 Phos. 1.64 1.54 1.46 1.63 1.55 141
VAM 1.68 1.58 1.48 1.66 1.57 1.42
0.0 1.65 1.56 1.46 1.63 1.57 1.40
15.5 Phos. 1.68 1.59 1.48 1.65 1.60 1.42
VAM 1.71 1.61 1.51 1.68 1.62 1.44
0.0 1.66 1.59 1.47 1.65 1.60 141
23.25 Phos. 1.68 1.62 1.50 1.66 1.63 1.43
VAM 1.74 1.65 1.52 1.71 1.64 1.46
0.0 1.67 1.62 1.49 1.66 1.61 1.43
31 Phos. 1.70 1.63 1.50 1.69 1.64 1.44
VAM 1.75 1.65 1.53 1.71 1.65 1.45
LSD at 0.05 0.02 0.02 0.02 0.04 0.02 0.02

Bio: Bio-fertilizers VAM : Vesicular Arbuscular Mycorrhizae  Phos.: Phosphorein

In addition data presented in Table (6) revealed that the essential oil
content markedly increased as P rate were increased 2.19 and 2.14 ml / plant
as a total cuts in both seasons compared with the control plants.These values
were obtained from plants fertilized with the highest phosphate level (31 kg
P20s / fed).
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Moreover results presented in Table (6) showed the combination
between mineral phosphate, phosphorein and VA-Mycorrhiza on oil content.
It was observed that the highest values were recorded due to the treatment of
high level of phosphorus (31 Kg P205 / fed) combined with VA-Mycorrhizae
(2.27 and 2.23 ml / plant) as a total cuts in both seasons. Also, the
combination between the treatment at 23.25 Kg P205 / fed plus VA-
Mycorrhizae had a higher oil content (2.22 and 2.14 ml / plant). The same
trend was observed from the combination between mineral and bio
phosphate at the same treatments. These results may be a consequent of the
increase in plant fresh and dry weight as a result of bio-fertilization, as well
as, the increase in the essential oil percentage.

Table (6): Effect of mineral and bio-phosphate fertilizers and
their combination on essential oil content (ml / plant) of
marjoram plant during 2004 and 2005 seasons for three cuts.

Essential oil content (ml / plant)

Treatments -
First season Second season
P,0s (kg / fed) 1tcut 2™cut 39cut Total | 18cut 2cut 39cut Total
cuts cuts
0.0 0.49 0.67 0.55 1.71 0.48 0.70 0.48 1.65
155 0.53 0.75 0.63 1.92 0.52 0.77 0.57 1.87
23.25 0.57 0.83 0.68 2.08 0.59 0.83 0.63 2.04
31 0.59 0.86 0.73 2.19 0.62 0.86 0.66 2.14
LSD at 0.05 0.03 0.02 0.01 0.10 0.03 0.03 0.02 0.09
Bio-phosphate
0.0 0.51 0.75 0.62 1.88 0.53 0.76 0.55 1.83
Phosphorein 0.54 0.77 0.65 1.96 0.55 0.79 0.59 1.92
VAM 0.59 0.82 0.69 2.09 0.58 0.83 0.62 2.03
LSD at 0.05 0.02 0.01 0.01 0.09 0.02 0.02 0.01 0.07
Interaction

0.0 0.44 0.65 0.53 1.62 0.45 0.66 0.44 1.55
0.0 Phos. 0.48 0.67 0.55 1.70 0.48 0.70 0.48 1.66
VAM 0.54 0.70 0.58 1.82 0.50 0.74 0.51 1.75
0.0 0.50 0.72 0.59 181 0.50 0.73 0.51 1.74
155 Phos. 0.53 0.74 0.63 1.90 0.52 0.76 0.60 1.88
VAM 0.57 0.80 0.68 2.05 0.55 0.82 0.61 1.98
0.0 0.54 0.78 0.63 1.95 0.56 0.79 0.60 1.95
23.25 Phos. 0.57 0.81 0.69 2.07 0.58 0.83 0.62 2.03
VAM 0.61 0.89 0.72 2.22 0.62 0.86 0.66 2.14
0.0 0.57 0.84 0.71 212 0.59 0.84 0.63 2.06

31 Phos. 0.59 0.86 0.73 2.18 0.62 0.85 0.65 2.12

VAM 0.62 0.89 0.76 2.27 0.64 0.89 0.70 2.23

LSD at 0.05 0.04 0.02 0.02 0.18 0.04 0.04 0.02 0.14
Bio: Bio-fertilizers ~ AM : Vesicular Arbuscular Mycorrhizae Phos.: Phosphorein

4- Essential oil components :

Data presented in Table (7) and illustrated in Figure (1) identified 9
compounds formed from 96.2 to 99.3 % of the oil, indicating the effect of
mineral and bio-phosphate fertilization and their combination.

Cineole was the major constituent forming from 12.1 to 42.9 %, followed
by Linalyl acetate (2.8 - 33.8 %), Carvacrol (9.4 - 32.1 %), Limonene (6.9 -
11.8 %), a-Terpinene (3.5 - 8.4 %), Geranyl-acetate (2.6 - 7.4 %), B-pinene
(2.0 - 5.9 %), methyl chavicol (1.7 - 5.8 %) and a-pinene (0.8 - 2.5 %).
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It is evident from the results that phosphorus fertilization increased the
percentages of carvacrol, a-terpinene, a-pinene components in marjoram oil.
The highest percentage of B-pinene 5.9% was obtained from the highest
levels of phosphorus 31 Kg P205 / fed.

The inculation with VAM-Mycorrhizae increased the percentage of carvacrol
and methyl chavicol.

Concerning the effect of the combination between the P fertilizer at the rate
of 15.5 Kg P205 / fed had the highest percentage of Linalyl acetate 33.8 % of
marjoram oil. The highest value of cineole (42.9 %) and limonene (11.8 %) were
produced from the highest level of phosphorus fertilizer and VAM fungi
combination. The constructive effect may be due to VAM fungi which could
encourage plant growth, absorption of nutrients (N, P, K, Mn, Zn and Fe),
efficiency of nutrient and the metabolism of photosynthesis (Reynders & Vlassak,
1982).

Table (7) : Effect of mineral and bio-phosphate fertilizers and their
combination on the essential oil components (%) of
marjoram plant from the second cut at 2005 season.

TAreatmentBs Essential oil components (%)

2 2 = © |[=o|<=3| ° |30 S

P20s . 3 5 e o | =2E| 28 S 25 g
Bio S| £ S ® |35z | Sz|va

(Kg/fed) a a £ £ 53|28 g |83 =
S a e o ® ol § |©o°= [

0 25 | 10 | 6.9 [ 235|128 | 48 | 298| 65 | 84

0 Phos. 2.0 1.5 75 239|137 ] 49 | 314 | 54 7.8
VAM 1.9 1.9 85 | 238|152 | 57 | 321 | 56 3.6

0 16 | 14 | 88 | 189|254 | 41 |29.2| 51 | 35

15.5 Phos. | 14 | 28 | 98 | 136 | 333 | 1.7 | 253 | 74 | 35
VAM 0.8 29 108|127 | 338 | 1.8 | 25.7 | 65 3.7

0 10 | 31 | 112|121 302 | 25 | 278 | 7.1 | 4.0

23.25 Phos. 1.0 32 | 116|306 |204 | 54 | 200 ] 2.6 4.3
VAM 1.6 42 115|354 |20.7 | 58 | 129 | 34 3.7

31 0 15 | 59 |105|419 168 | 48 | 94 | 32 | 5.2
Phos. 1.8 51 | 108 | 420 | 16.2 | 4.7 | 103 | 3.8 4.6

VAM 1.1 49 1118|429 | 165 | 48 9.7 3.2 4.4

Bio: Bio-fertilizers ~ VAM : Vesicular arbuscular mycorrhizae Phos.: Phosphorein

These results agreed with Clark and Mematy (1981) on peppermint
indicated that, photosynthesis is an important determinate of essential oil
composition. Also, they came to the conclusion that, physiological factors
may significantly affect the composition of terpenes produced in any given
environment.

5- Herb and oil yield

. Data in Table (8) revealed significant differences in dried herb yield
due to different levels of phosphorus fertilizer (0, 15.5, 23.25 and 31 kg P20s /
fed).
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Figure (1): Effect of mineral and bio-phosphate fertilizers and their
combination on the essential oil components (%) of
marjoram plant during 2005 season.
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Fertilization with the highest level of mineral P produced the heaviest
herb yield 3.02 and 2.95 ton / fed respectively, in the both seasons compared
with the control plants. Concerning the effect of bio-fertilizer (phosphorein and
Mycorrhizae) increased yearly herb yield.

In regard to the combination effect, the obtained data indicated that
heaviest yearly herb yield was obtained from plants fertilized with P at the rate
of 31 kg P20s / fed plus Mycorrhizae 3.09 and 3.05 ton / fed in both seasons.
These results agreed with El-Ghadban et al. (2003), Kandeel and Sharaf
(2003) on marjoram.

Data presented in Table (8) showed that different levels of P fertilizer had
significant differences in essential oil yield. Fertilization with the highest level of
mineral phosphate produced the highest yearly essential oil yield 48.66 and
47.48 liter / fed respectively, in the both seasons. Meanwhile, the control plants
was significantly the lowest.

Table (8): Effect of mineral and bio-phosphate fertilizers and their
combination on yearly dried herb and essential oil yield / fed
of marjoram plant during 2004 and 2005 seasons.

Yearly dried herb yield Yearly essential oil yield
Treatments (ton / fed) (iter / fed)
P20s (kg / fed) 15t season 2"d season 15t season 2"d season
0.0 2.47 2.37 38.07 36.73
155 2.71 2.61 42.74 41.48
23.25 2.89 2.83 46.22 45.33
31 3.02 2.95 48.66 47.48
LSD at 0.05 0.12 0.11 2.02 1.98
Bio-phosphate
0.0 2.68 2.59 41.72 40.55
Phosphorein 2.76 2.68 43.61 42.72
VAM 2.88 2.80 46.44 45.00
LSD at 0.05 0.11 0.09 1.58 1.39
Interaction
0.0 2.38 2.24 35.99 34.44
0.0 Phos. 2.46 2.37 37.77 36.88
VAM 2.57 2.49 40.44 38.88
0.0 2.59 2.48 40.44 38.66
15.5 Phos. 2.68 2.60 42.22 41.77
VAM 2.85 2.74 45.55 44.00
0.0 2.78 2.75 43.33 43.33
23.25 Phos. 2.89 2.82 46.00 45.11
VAM 3.01 2.92 49.33 47.55
0.0 2.96 2.87 47.11 45.77
31 Phos. 3.01 2.93 48.44 47.11
VAM 3.09 3.05 50.44 49.55
LSD at 0.05 0.22 0.18 3.15 2.77
Bio: Bio-fertilizers VAM : Vesicular Arbuscular Mycorrhizae Phos.: Phosphorein

Concerning the effect of bio-fertilizer (phosphorein and Mycorrhizae)
increased yearly oil yield. In regard to the combination effect, the obtained
data indicated that highest oil yield was obtained from plants fertilized with P
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rate of 31 kg P20s / fed plus Mycorrhizae (50.44 and 49.55 liter / fed) in both
seasons. The increase in essential oil yield per feddan may be due to the
increase in yearly herb yield, as well as the increament in the oil percentage
as a result of inoculating plants by phosphorein and VAM fungi with the
different levels of mineral phosphorus. These results are in harmony with
those obtained by EI-Ghadban et al.(2003)on marjoram

6- Mineral elements :

Data presented in Table (9) indicated that mean values of N, P and K
contents of marjoram were significant increased with increasing rates of
mineral P fertilizer from 15.5 up to 31Kg P205 / fed, compared with the
untreated ones during the two experimental seasons. The highest values of
N, P and K percentages were produced from treated plants with the highest
level of phosphorus fertilization.

Table (9): Effect of mineral and bio-phosphate fertilizers and their
combination on the percentages of mineral elements N, P and
K (%) of the marjoram plant during 2004 and 2005 seasons
for three cuts.

Mineral elements percentages (%)

Treatments N % | P % | K %
P,Os Bio First season
(Kg/ fed) I1stcut 2"cut 39cut [15tcut 2" cut 39 cut] 15t cut2"cut 3 cut
0 2.54 2.61 2.74 0.48 0.52 0.57 2.78 2.84 2.81

0.0 Phos. 256 264 276 | 049 054 059 (281 886 284
VAM 258 266 278 | 051 057 0.62 | 286 2.87 2.86

0 256 265 277 | 051 057 060 (281 287 285
15.5 Phos. 258 267 280 | 054 061 064 | 294 289 287
VAM 263 269 285 | 058 065 066 [ 295 291 2.89

0 259 269 283 | 055 062 066 (297 291 288
23.25 Phos. 262 272 286 | 058 064 068 | 295 295 292
VAM 264 274 288 | 063 068 071 [ 298 298 294

0 260 273 286 | 057 066 069 | 096 294 296
31 Phos. 263 275 288 | 059 067 071 | 298 296 297
VAM 267 275 293 | 064 069 072 | 299 298 298

Second season

0 259 265 279 | 053 059 058 | 274 282 285
0.0 |Phos. 262 268 284 | 054 062 059 | 279 884 288
VAM 264 269 286 | 057 064 064 | 283 289 2.89
0 261 269 286 | 055 062 061 (279 288 287
15.5 |Phos. 264 273 289 | 059 065 065 | 285 289 289
VAM 266 278 292 | 061 068 068 | 289 293 292
0 265 277 290 | 059 066 066 | 289 292 298
23.25 |Phos. 268 284 292 | 062 067 068 | 293 295 293
VAM 272 286 294 | 065 069 0.69 | 296 298 2.96
0 272 287 291 | 063 069 068 | 295 295 295
31 Phos. 274 286 293 | 064 070 069 | 297 297 297
VAM 276 287 295 | 064 071 070 [ 298 299 298

Bio: Bio-fertilizers VAM : Vesicular Arbuscular Mycorrhizae Phos.: Phosphorein

1306



J. Agric. Sci. Mansoura Univ., 32 (2), February, 2007

Also, data in the same Table indicated that plants fertilized by 31 kg P20s
/ fed combined with VA-Mycrohizea caused an increase in N, P and K
percentages in the three cuts during both seasons when compared with the
untreated ones. The combination between phosphorus levels at the rate of
15,5 to 31 Kg P205 / fed with phosphorein and Mycorrhizae had no
significant effect on N, P and K contents of marjoram leaves. Similar results
were obtained by Helmy (2003) on roselle and Kandeel & Sharaf (2003) on
marjoram.

The effect of mineral and bio-phosphorus on total bacteria (P-
solubilizing) and spores of Vesicular Arbuscular Mycorrhizae (VAM) fungi
counts were investigated. Data presented in Table (10) showed that the
introduced phosphate dissolving bacteria and spore of VAM fungi were able
to actively colonize the rhizosphere of marjoram plants when compared with
uninoculated ones. The density phosphate dissolving bacteria an spore of
VAM fungi were increased in the rhizosphere of marjoram plants with
increase phosphorus fertilizer level. The population size of tested P-
dissolving bacteria and spore of VAM fungi indicated an active rhizosphere of
VAM fungi and were found in most phosphorus and inoculation
combinations.

The treatments fertilized with 31 Kg P205 / fed was most active followed
by the treatments with 23.25 Kg P205 / fed, then 15.5 Kg P205 / fed.
These findings are in harmony with Abdel-Fattah and Shabana (2000) on
cowpen plants.

Table (10) : Effect of mineral and bio-phosphate fertilizers and their
combination on number of phosphate solubilizing bacteria in
soil of marjoram plant at 2005 season.

Treatments Cou_nts spore of VAM Coupts of P-solubizing

fungi (x 10 ® cell / g soil) bacteria (x 10 5 cell / g soil)
A B Second season

(KZZ/(f);d) Bio Istcut | 2cut | 3dcut | 1stcut | 2" cut | 34 cut
0 0.02 0.06 0.07 1.02 1.24 1.68

0 Phos. 0.05 0.07 0.07 3.24 2.94 3.25
VAM 0.75 1.04 1.05 2.51 1.97 2.01

0 0.03 0.07 0.09 1.45 1.78 1.81

15.5 Phos. 0.06 0.07 0.12 6.58 5.83 6.73
VAM 1.21 2.04 2.04 3.85 2.45 3.42

0 0.06 0.09 0.09 2.58 2.01 2.09
23.25 Phos. 0.06 0.11 0.21 7.81 6.78 7.82
VAM 2.09 2.91 3.01 3.98 231 3.15
31 0 0.08 1.02 1.02 2.86 2.54 3.52
Phos. 0.07 1.01 1.01 8.12 7.86 8.34
VAM 2.52 3.04 3.04 6.21 3.12 3.72

Bio: Bio-fertilizers ~ VAM : Vesicular Arbuscular Mycorrhizae Phos.: Phosphorein

The aforementioned results of the present study, recommended to
fertilize marjoram plants with the combination of 31 Kg P205 / fed with VA-
Mycorrhizae to produce high yield of herb with good essential oil quality.
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Also, using bio-fertilizers may be considered as a substitute and/or to
decrease the mineral fertilizers application and consequently reduce the
environment pollution.
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