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ABSTRACT

A field experiment was carried out 1o investigate the effect of pre-sowing
inoculation of marjoram with Azofchacter chroccoccum, Bacillus circulans, vesicular
arbuscular mycorrhizae(VAM) or their mixture in the presence of full or half of the
recornmended field rate of the inorganic NPK fertilization on the plant growth, microbial
activities in the rhizosphere, volatile oil yield and chemical compaosition. Parameters
related fo the above- mentioned measures of performance were recorded. Data of this
study showed that mixed inoculation with the three biofertilizers supplemented with
haif dose of NPK gave the highest and significant increases in the growth parameters,
oit % and oil yield feddan” aswell as, the N, P and K % in piant herb . The above-
mentioned treatmenl increased the concentration of the constituents volatile oit,
gerany! acetate, cineoie, linalool, limonene and a-terpenclene, whiie decreased the
concentrtion of o-terpineol compared with the control. Mixed inoculation also, raised
total microbial densities and also those of azotobacters and B.circufans in marjoram
rhizospheric soll and increased CO; evolution, Nz-ase aclivity and mycorrhizal root
infecticn, as well as, spore production .On the other hand, inoculation with eiiher of
A.chroococcum or B.circufans amended with half dose of NPK decreased the above-
mentioned parameters compared with uninoculated plants supplemented with the full
dose of NPK feriilizaticn, but VAM applied alone or in conjugation with the bacterial
partners significantly enhanced thase parameters .

INTRODUTION

Recently, there has been an increasing awareness of the undesirable
impact of mineral fertilizers con the environment, as well as, the potentialiy
dangerous effects of chemical residues n plant lissues on the numan health.
As a result of this awareness, strict regulations have been imposed in several
countries (especially in the European markets) prohibiting the import of
“chemically-grown”  products. These restrictions are also, applied for
medicinal plants as the addition of heavy doses of chemical fertilizers
adversely affects extraction of active constituents . This finding is faced by
the high requirement of many medicinal plants for NPK mineral fertilizers .
This has led growers of crop, medicinal and aromatic plants in many
countries to adopt orgamic and biclogical agriculturai  practices
Biofertilization is known to compensate apart of the mineral fedilizers to
minimize high rates of mineral fertilizers and consequently reduce agricultural
costs, as well as, soil polivtion. Majorana horlensis L. plantis considered
as one of the mostimportant medicinat and aromatic crop in Egypt for local
and foreign markets with high production and great applications { foods,
medicine and perfumes ) Many lrals have been conducted in this concern
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for raising the productivity of this plant . In this respect, El-Gadban et af.
(2002) reported that marjoram plants amended with the highest level of
compost (15 m’ feddan™) either alone or in conjugation with a mixture of N-
fixing bacteria showed considerable increments in growth characters and
contents of N,P and K, as well as ,essential oil (%) and also components of ol
(o-terpineol, a-terpenoclene, cinecle and linalool) compared with mineral
fertilization treatment. Also, Abo El-Ala (2002) in his study on marjoram and
basil showed that root colonization by Nj-fixers and P-dissolving bacteria was
mostly stimulated in the rhizosphere of inoculated plants with a mixture of
these microorganisms . This incculation treatment, also significantly improved
plant growth and oil yield. Similarly, Kandeel et al. (2002} reported that dual
inoculation of sweet basil with Azofobacter + Azospirlium supplemented with
half or full dose of the recommended mineral N-fertilizer, significantly
increased plant growth, oil % and yearly oil yield plot'compared with
unincculated plant given full dose of nitrogen . Balabel (1997) showed highly
significant yield responses of potato to K fertilization and inoculation with
B.circulans. Concerning the effect of VAM, Gautam and Sharma (1996) found
that VAM colonization varied in different medicinal plant roots and spores
count ranged between 200 to 8900 spores 100 g”'of soil . Higher spore count
supporied good growth . Abdul-Khalig and Janardhanan {1998) studied the
influence of 3 VA mycorrhizal fungi, Glomus aggregatum, G. fascicutatum
and G. mosseae on 6 cultivated mints and found that inoculation with VAM
fungi increased the shoot biomass of all species . Azcon and Barea (1998)
demonstrated that mycorrhizal inoculation largely improved NP and K uptake
by lavender plant roots . EL-Sawy et al. (1998) stated that inacuiation with a
mixture of Azofobacter, Azospirillum and VAM amended with the full dose of
P as rock-phosphate and inorganic N-fertilization, in combination with VAM
inoculation, remarkably increased the growth of Ammi visnaga plant and its
production of khellin . This increase, was accompanied by a high percentage
of mycorrhizal root infection and rhizospheric N;-ase activity .

This study aimed to evaluate the effect of incculation with
A.chroococcum, B.circulans and VAM or their mixture in the presence of half
or full dose of the recommended field rate mineral NPK-fertilizers, on the
arowth, oil yield and chemical comgosition of marjoram plant. The positive
responses of marjoram plants to increased levels of mineral fertilization was
considered in this study. Therefore, inocuiation with either of 3 biofertilizers,
ie. A.chroococcum, B.circulans and VAM or their mixture was conjugated
with the full and the half of the recommended field of NPK-fertilization . The 2
above-mentioned rates were splitted into 3 doses to: aj minimize the adverse
effect of the batch application of mineral nutrients on N,-fixation or
mycorrhizal coionization . b) stimulate a more prolonged effect of those
biofertilizers . Mcreover, the sustained effectiveness of biofertilizers under the
above-mentioned conditions, will accommodate the high nulrient
requirements of marjoram plants.
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MATERIALS AND METHODS

A field experiment was conducted at the Experimental Farm, Faculty
of Agriculture, Ain Shams University, Shobra El-Kheima, for two successive
seasons (2000/2001 and 2001/2002). The experiment aimed to study the effect
of the interaction between NPK fertilization and single or combined
inoculation with 3 biofertilizers {A.chroococuum, B.circulans and vesicular
arbuscular mycorrhizae ) on the growth, oil yield and chemical cormposition of
marjoram plant .

Seeds and soil

Seeds of marjoram (Majorana hortensis L., Femily Lamiaceae) were
obtained from Medicinal and Arcratic Research Department of Horticulture
Institute, Dokky, Cairo, Egyot, to be used in this study. The soil of the
Experimental Farm of Fac. Agric.Ain Shams Univ., was used for
experimentation. The chemical properties of the soil were determined before
cultivation using a method described by Page {1882) = The data of the
analysis are in Table {1} .

Table {1): Physical and chemical analysis of the soil used for growing
marjoram plant .

Sand % 24.‘.5__1
Physical analysis Silt % 227
Clay % 52.6
Soil texture Clay
Electrical conductivity (dSm™ ) . 1.3
PH 73
CO:~ -
‘ HCQ\S' 4-Q
Soluble anicns ( meg/L ) or 38
S04 2.7
Ca_ 38

Soluble cafions ( meqg/L ) :;Lg» 2.6 -
Chemical analysis b 2"_2
K 19
GaC0z % 1.1
Fe 91.4
s : . Mn 35.6
Available micronutrients (ppm) 7] 183
Cu 16.4
Available phosphorus (mg g™ ) 0.3
Total nitrogen (mg 100g™" ) 102
Crganic matier % 1.22

Organic manure ,mineral and bio-fertilizers

al-A farm yard manure was provided from the Milk Replacer Center, Fac.
Agric, Ain Shams Univ., Shobra EI-Kheima, Cairo, Egypt. It has an organic
carben of 24 3 and 22 8%, total nitrogen of 1.3 and 1.1%, C/N ratio of
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(18.69 :1) and (20.73:%), organic matter of 455 and 47.2%, moisture
content of 586 and 7.4% ,P%= 0.4 and 0.3, K%= 1.7 and 1.5 and pH were
6.7and 6.6 for the first and second seascns, respectively, and chemically
analyzed according to Page (1982) .
b)-Ammonium nitrate {33.5 % N) .calcium superphosphate (15.5 % P,0s)
and potassium suiphate (48 % KO ) were used for NPK fertilization,
respectively. The inorganic NPK were used at two rates:
1-Full of the recommended field rate ,i.e. 300,200 and 100 kg fed. 'of
ammonium nitrate, calcium superphosphate and potassium sulphate equal
(100, 31 and 48 kg fed.™') of the N, P,Os and K,0 respectively .
2-Half of the recommended dose ,i.e. 150,100 and 50 kg fed.”" equal (50,15.5
and 24 kg fed™) of N, P,Os and KO respectively . Calcium
superphosphate was added during soil preparation, while N and K were
added into 3 equal doses as follows: a) 30 days after transplantation b) 2
weeks after the first harvest, and ¢) 2 weeks after the second harvest . Nine
treatments were represented in complete randomized block design with 3
replicates as follows
1- Uninoculated{Control) + full dose cf NPK .
2- A.chroococeccum + half dose of NPK .
3- A.chroococcoum + full dose of NPK
4- Bcirculans + half dose of NPK .
5- B.circulans + full dose of NPK
8- VAM + half dose of NPK .
7-VAM + full dose of NPK.
8-A mixture of A.chmococcum +B.circuians +VAM+half dose of NPK
9-A mixture of A.chmococcum +8.circufans +VAME fuil dose of NPK.
c)-Azotobacter chroococcum Az M15 originated from the rhizesphere of
Majorana hortensis L. and the silicate bacterium (Bacitius circufans ATCC
4513) which was provided from Cairo Mircen, Fac. Agric., Ain Shams Univ
Shoubra El-Kheima, Egypt, were used in this investigation . The two strams
were grown separately on modified Ashbys medium (Abd El-Malek and
Ishac,1868 } and medified Alexandrov's medium (Zahra, 1969) for 7 and 4
days at 28 & 2 °C, respectively. Vesicular arbuscular mycorrhizae (VAM)
spores extracted from ‘the rhizosphere of marjoram planis by wet-sieving
and decanting technigue (Gerdemann and Nicolson 1983} .and were
propagated on roots of maize plants under green house conditions for 12
weeks and then used in this study. The spores represented twe main
genera of VAM.i.e Glomus and Gigaspora .

Experimental techniques
Seeds and seedlings inoculation

Seeds and developed seedlings of marjoram used for inoculation
ireatments were inoculated prior to sowing in nursery (mid November 2000 or
2001 ) and directly before transplantation in the field. Inoculation was carried
out by soaking of seeds or immersing the seedling roots in ceil suspensnon of
either A chroococcum or B.circulans (contained about 10° cells mi)or their
mixtures for 30 minutes. Cell culture prepared for bacterial inocuiation was
supplemented with arabic gum (16%) as an adhesive agent. Inoculated
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seeds were dried at room temperature for 1 hour before sowing in nursery .
VAM spores manipulated as a single biofertilization treatment or in
com.bination with bacterial mixture, was aPplied by pipetting 3 mi of spore
suspension (contained abgut 100 spores ml™ ) in seedbed in nursery .

Layout of experiment

The farm yard manure was added to the whole soll area used for
experimentation one month before cultivation (January) at a rate of 25 m> fed”
At the beginning of February, the soil was prepared into 27 plots . The area of
each plot was 4m2(2x2 m) which contained 3 rows. Ten weeks old seedlings
were transplanted in the soil with a distance of 30 cm between transplants.
The total number of transplants was 18 plot”' . Ammonium nitrate, calcium
superphosphate and potassium suiphate were used for NPK fertilization |

At full blooming (during June, August and October), the plants were
harvested 3 times and a range of parameters were recorded as follows:

(1)Growth parameters

Plant growth parameters of marjoram, i.e. plant height, number of
branches plant' and herb fresh and dry weights plant” or fed.”" for each
harvest during both seasons were recorded .

(2)Microbiociogical parameters

Microbiotogical parameters of marjoram rhizosphere were evaluated
at the 1%, 2™ and 3" cut by determining total microbial count and counts of
B.circutans on modified 8unt and Rovira {Abd El-Hafez, 1966)and modified
Alexandrov (Zahra ,1969) media, respectively, using the decimal plate count
technique. Estimates of Azotobacter populations were determined by MPN
technique using Cochran's Tables (Cochran, 1950} The rates of CO;
evolution were determined at each cut according to the method of Pramer
and Schmidt {1964) modified by Shehata {1972). Nitrogenase activity in the
rhizosphere cf plants was estimated by acetylene reduction assay (ARA)
according to the method of Scholihorn and Burris (1967) .

Mycorrhizal infection (%) in reots of marjoram plants was recorded in
root samples coilected from plants grown under different treatments
according to the method described by Phillips and Hayman (1970) and
mycorrhizal spore densities was also carried out according to Gerdemann
and Nicolson (1963).

(3)Quantification and analysis of volatile oil

The volatile il percentage cof plant herb at each harvest was
determined according to Guenther (1961) .Gas liquid cnromatography (GLC)
analysis was also performed on oil samples taken from the first harvest
during 2000/2001 season in the Central Lab., Fac Agric., Ain Shams Univ
Shobra Ei-Kheima. Caio, Egypt . The volalile oil constituents of marjoram oil
were identified according to Bunzen ef al. (1969)

(4)Plant chemical analysis

NPK contents in dry plant herb were determined during the first
growing season after wet digestion . Nitrogen % was determined according to
A.O.A.C(1820) and P as well as K were determined according to the methed
deseribed by Chapman and Pratt {1978) .
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Statistical analysis

Data of the 3 harvests of either of the 2 seasons were statistically
analyzed according to the procedure described by Snedecor and Cochran
(1981) and Duncan s Multiple Range Test was used to differentiate means of
CO; evolution and No—ase activity by using the method of Waller and Duncan
{198%9).

RESULTS AND DISCUSSION

1-Influence of biological and NPK fertilizers on the microorganisms
number and microbial activities in rhizosphere of marjoram plant:
1.1.Densities of total microbial flora, silicate bacteria and azotobacters:

Cata presented in Table (2) showed that densities of total microbial
flora, silicate bacteria and azotcbacters were considerably affected by
inoculation, cutting time and NPK mineral fertilization. The highest densities
of total microbial flora and azotobacters were 157.8 x 10° and 70.3 x 10° cfu
g’ dry rhizospheric soil, respectively at the second cut of the piants
inocuiated with a mixture of the three bicfertilizers in the presence of half
dose of NPK fedilizers. Density of silicate bacteria was reached to level
(108.2 x 10%fu g’'dry rhizospheric soil) at the third cut in mixad inoculation
treatments in the presence of full dose of NPK mineral fertilizers . This may be
due to the maximal preduction of biclegically fixed nitrogen during the
maturity stage of plant growth (Nelson, 1983) . Monib et al. (1979) found that
inocuiation - of barley grains with A.chroococcum, significantly increased
azotobacters population, especially in the rhizosphere .

Table {2): Effect of inoculation with A.chroococcum, B.circulans, VAM
or their mixture in the presence of full or half dese of NPK
fertilizers on counts of total microbial flora, silicate bacteria
and azotobacters population in rhizosphere soil of marjoram
plant at 2000/2001 seasons.

Treatments T™ | SB* [ AZ | ™M | SB | AZ | TM | SB | AZ
- L !
Inoculation P:;: Firstcut Second cut | Third cut
Uninocuiated fa' | 245 | 123 53 545 | 192 | 165 | 328 | 35.1 14.2

Kotk hd' | 458 | 16.4 | 234 | 866 | 255 | 67.3 { 734 | 452 | 495
: ] fd 1 328 | 205 | 122 | 772 | 348 | 456 | S4.T | 516 | 384
B ckouiiis hd | 749 | 346 | 165 | 1223 | 527 | 220 | 1050 | 71.8 | 204
} fd | 638 [ 53.8 | 143 | 1112 | 658 | 186 | 813 | 923 | 160
hd | 466 | 215 174 | 724 | 386 | 279 | 832 | 616 | 231

¥
Vay Td_| 332 | 236 | 150 | 683 | 448 | 207 | 521 | 683 | 186 |
2= hd | 983 | 57.6 | 47.2 | 1578 | 714 | 70.3 | 1945 | 975 | 532 |
Mixture fd | 84.7 | 623 | 357 | 1ab2 | 86.2 | 526 | 1153 | 1082 | 478 |
1 fel:full dose. 2 hd:half dose 3 VAM: Vesicular arbuscuiar mycorrhizae.

4 Mixture: A.chroococcum + B.circulans + VAM.
5 TM : Total microbial fiora «10° cfis g™'dry soll.
6 $8 : Silicate bacteria x10” cfu g™ dry soil.
7 AZ:Azotobacter population x10* cfu g™*dry soil.
1.2C0O; evolution and nitrogenase activity
CO, evaluation and nitrcgenase activity in marjoram rhizosphere
were periodically estimated to evaluate microbial activities in the root zone as
affected by application of bacterial and VAM inoculants. Data in Table (3}
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Table (3): Effect of Inoculation with A.chroococcum, B.circulans, VAM
or their mixture in the presence of full or half dose of NPK

fertitizers on CO,

evolfution and nitrogenase activity in the

rhizosphere of marjoram plant at 2000/2001 season

=t [N N;-ase CO, N:-ase CO; [N;-ase

Treatments ed’ | activity’ | emitted | activity | emitted Lctivi
__Inoculation NPK Rate First eut Second cut Third cut
Uninoculated fd" 315 | 142 | 614 | 284 | 383 | 186
hg* 42,6 35.3 64.3 775 552 | 41.4
Achmacomeum——¢g 363 | 29.5 | 585 | 612 | 516 | 352
: Hd 572 | 268 | 713 | 556 | 67.5 | 328
Bcioutans Fd 505 | 256 | 662 | 432 | 624 | 265
T Hd 344 | 244 | 608 | 646 | 548 | 346
7d 2927 | 225 | 530 | 527 | 417 | 303
: Hd 622 | 402 | 906 | 1104, 737 | 586
Motuwe Fd §15 | 373 | 782 | 843 | 641 | 49.8
1 fd: full dose. 2 hd:half dose

3 VAM: Vesicular arbuscular mycorrhizae 4 Mixture: Achroococcum + B.girculans + VAM

5 in mg €O, 100g™ dry soil
6 in n moles CoMy b g' dry soil

]Inogu! e Maln effects Co; emifted N;-ase activity
" Uninoculated 47.06d 15074
A. chfoococcum 61.29¢ 30020
8. circulans 72350 2041 ¢
VAM 5281 a 19.10 cd
Mixture 81.38a 4008 a
NPK rate
Full dose 85.11a 23.82b
Half dose 64.30 a 288138
Cutting time
1% cut 53.95¢c 18.19 ¢
2 cut 7577a —3171a
3% cut 64.53 b 27.19b
Significance
Inaculation e o
NPK rate i =
Cutting time G %
Inferaction NS NS

a,b.c.d : Means with the same letter are not significantly different .

Tt = (P<0.01)

* = (P <0.05)

NS = Not significant

showed that CO, evolution and N,ase actviy. significantly increased in the
rhizosphere of marcram plants to reach their maximal levels at the second
cut then decreased at the third cut. Under that conditions the maximum levei
of CO,evoluted and N;-ase activity were recorded with a mixed inoculation in
the presence of half dose of NPK fertilizers. being, 0.6 mg CC, 100g™ dry

rhizospheric seoil and 1104 n moles C;H; h'g

dry rhizospheric sail,

respectively = Rhizosphere soil of uninoculated marjoram plants gave the
lowest levels of CO, evolution. These resulis were in accordance with those
of Abo El-Ala {2002) who reportec that statistical main effects on the rate of
CO; evolution due to application of multi-tiofertilizer inoculant in the presence
of half or full dose of mineral N and P was significantly higher, compared with
that of unincculated marjoram plants at the secend cut . Heavy applicatiori of
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inorganic N-fertilizers is known fo inhibif N,-ase activity of Ny—fixers
(Pedersen et al, 1978). Low doses of N-feriilizers, on the other hand,
promote the establishment of welt functional N,-fixing asscciation {Neyra and
Dobereiner,1977) .

1. 3.Mycorrhizal root infection and spore production

Data in Table {4) revealed that miycorrhizal infection. of marjoram
roots, remarkabiy increased by inoculation with a mixture of azotobacters,
silicate bacteria and VAM and supplementation with half dose of inorganic
NPK ferilizers, being 4883% at the 3 cut. The corresponding spores
density produced under this condition was 7.62 x 10° spores g soil. Data,
also show that inoculation with VAM appeared 1o strengthen the stimulatory
effect of inoculation with diazotrophs. These findings confirm in part with
those obtained by Bagyaraj and Menge (1978) who reported that tomato
plants inoculated with both Glomus fasciculatus and A.chroococcum gave a
nighest mycorrhizal root infection and spore production . The positive effect
noticed on VAM inoculated plants, may be due to that mycorrhizae promote
absorption of nutrients from soil by the growing plants . This fact is
demonstrated by Ross and Harper (1970) and Allen(1921)

Table(d): Effect of inoculation with A.chroococcum, B.circufans, VAM
or their  mixture in the presence of full or half dose of NPK
fertitizers on mycorrhizal root infection of marjoram plant at
2000/2001 season .

Spore Spore Spore ‘
Roc';t number | . R°9E number . ROU.’[' numbes
Treatments Irfection 3 4 | infection 3 A frfection A3
" {x10" g p’ {x10" g “ (x40" g
Yo Yo . Y 2
soil) s0il) 50il}
. NPK . %,
Inoculation rate First cut Second cut Third cut
Uninecuiated fd" 1.21 0.21 712 | 110 1383 223
| ha* 3.92 077 15.71 183 19.82 3.43
A clooococcum fd 2.5 Q.45 182 16.76 225
T Bkl hd 243 0.63 1452 145 18,63 228 |
e id 1.82 0.34 12.32 132 17.34 223
VAM? hd 7.60 1.23 2227 243 37.55 625 |
: fd 520 | 1.14 19.35 221 35.00 587 |
Miture® hd 11.22 1.7 2971 | 460 48.83 762 |
b fd 337 155 27.65 254 42.60 545 |
1 fd: full dose 3. VAM: Vesicular arbuscular mycarrhizae
2.hd: half dose 4. Mixture: A.chroococcuar + B.circulans + VAM

2.Influence of hiological and NPK fertilizers on plant growth, oil yield
and chemicat composition of marjoram plant :
2.1. Plant growth parameters ;

Data of growth performance of marjeram plants are expressed in
plant height (Table 5), number of branches plant” (Table 8) and herb fresh
and dry weights (Tables 7 and 8 ) during the two seasons . It is clear from
these Tables that, inoculation with A.chroococcum or B.circulans in the
presence of half dese of inorganic NPK-fertifizaticn, remarkably decreased
the different plant growth parameters compared with the uninocualted control
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given the full dose of NPK. Inthe meantime, addition of full dose of NPK to
Azotobacter inoculated plants, increased the recorded values over the
contral  However, increases were insignificant in the first season, and
reached to significant levels during the second one compared with the
control. Also, plants inoculated with 8.circulans and amended with full dose of
NPK showed insignificant stimuiation in different plant growth cheracters
against the control. VAM inoculation in the presence of half or fuli dose of
inorganic NPK, significantly increased vegetative growth compared wilh the
control. However, the most significant increments in different piant growth
parameters were detected during both seascns with mixed inoculation
treatment in the presence of half dcse of NPK compared with the
uninoculated plants given full dose of NPK {control). Application of the triple
inocuta with fuli dose of NFK reduced growth parameters compared with
those obtained from plants amended with half dose of NPK and grown under
the same condition . This finding may be due to the effect of higher dose cf
the mineral fertilizer that inhibited the activity of bacterial and fungal mixture.
The adverse effect may also extend to the ability of the N,- fixing bacteria to
release  phytohormones which are known to stimulate plant growth,
absarption of nutrients and photosynthesis (Fayez et al. , 1985} . The silicate
bacteria are also known to decompose aluminosilicate minerals, thus
releasing potassium in an available form and enhance K uptake by the plants
{Lauwers and Heinen, 1974 } . The VAM colonization also enhance nutrients
uptake of nitrogen,  phosphorus, petassium, calcium and  water
{Lampkin,1984) . The overall results of plant growth reperted in this study,
were in harmony with those obtained by El-Sawy ef al {1998) on Ammi
visnaga, Abdul Khalig and Janardhanan (1298) on mint, El-Gadban ef /.
{2002} on marjoram, Ato El-Ala (2002) on marjoram and sweet basil and
Kandeel ef a/. {2002) on sweet basil plants .

Table{5): Effect of inoculation with A.chroococcum, B.circulans, VAM or
their mixture in the presence of full or half dose of NPK fertilizers
onh marjeram plant height.

Plant height {cm)) |
Treatments 2001 season/First 2000 | Second 200112002 season ]
Inoculation T;g 1"cut [ 2%%cut | 3%ut | 1%cut | 2™cut | 3"cut
Uninoculated fd' 4567 | 5017 | 4317 | 48.17 | 4867 | 4067
hd* 4850 | 49.33 | 4183 | 5050 | 47.33 | 40.17
.Ch
ALROECCCUN fd 4917 | 56.17 | 5383 | 62.83 | 4833

hd 46.33 48.83 | 4117 47.50 44 33 38.67
fd 47.67 53.33 | 44.33 54.33 49.67 46.83
VAM® hd 51.83 5533 | 45.17 53.50 53.67 47.83
fd 52.83 50.83 | 47.83 57.33 56.83 50.33

B.circufans

Mistura® hd 55.17 58.67 48.50 56.67 58 33 51.83 |
| 4717 | 5333 | 4233 | 5750 | 48.33 | 4333 |
LS.D at5% 5.85 2.72 3.59 4.47 B8.04 | 697
LSD a1 % 805 | 375 | 495 | 6.16 | 832 | 960 |
1 fd: full dose 3. VAM: Vesicular arbuscular mycorrhizae
2.hd: half dose 4. Mixture: A.chroococcum + B.oircutans + VAN
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Table (6): Effect of inoculation with A.chroococcum, B.circulans, VAM
or their mixture in the presence of full or half dose of NPK
fertilizers on number of branches marjoram plant .

Gl ~ Branches number plant”™ |
i 2001 season/First 2000 | Second 2001/2002 season
Inoculation P::ts 1%cut | 2™%ut | 3%cut | 1%cut | 2™cut | 3"cut
Uninoculated fd" | 767 | 11.33 | 17.67 | 8.33 | 12.67 | 1667
hd* | 867 | 1067 | 17.67 | 7.33 | 11.00 | 15.67
Adloscoccym fd_| 8.33 | 14.33 | 19.33 | 8.67 | 1467 | 19.33
: hd | 833 | 10.33 | 17.33 | 8.00 | 11.33 | 15.67
Bapesien fd | 7.00 | 12.67 | 1867 | 8.33 | 13.33 | 17.67
— ha | 8.0C | 1367 | 21.33 | 8.33 | 14.33 | 19.00
fd | 8.67 | 14.33 | 2267 | 8.67 | 15667 | 21.33
T " hd | 9.33 | 15.67 | 23.33 | 8.33 | 15.33 | 22.33
fd | 7.67 | 13.67 | 20.33 | B.00 | 12.67 | 19.00
LSD. ath% 138 | 209 | 173 | NS | 141 | 124 |
LSD.at1 % 189 | 288 | 238 | NS | 195 | 1.70
1 fd: full dose 3. VAM: Vesicular arbuscular mycorrhizae
2.hd: half dose 4. Mixture: Achroococcum + B.circulans + VAM

Table (7): Effect of inoculation with A.chroococcum, B.circulans, VAM
or their mixture in the presence of full or half dose of NPK
fertilizers on the herb fresh and dry weights of marjoram
plant during 2000/2001 season’

2 hd: haifdose

3 VAM: Vasicular arbuscular mycorrhizae

Treatments | FW® of herb (g)plant” [DW® of herb(g)plant” 5{;&?
Inoculation Nl_ftf 1eut [2%cut| 3@ cut 1™ cut {2¥cut| 3% cut | FW [DW
Uninoculaled | fd' | 11033 | 18350 | 15350| 27.50 | 47.50 | 43.17 | 8.052 | 2.127

hd® | 11617 | 169.83 | 149.17 | 28.17 | 44.83 | 42.17 | 7.833 | 2.073
A.chroococcum
fd | 12017 | 19483 | 15583 | 29.50 | 49.83 | 4467 | 8.475 | 2.232 |
hd | 10667 | 16667 | 15350 | 26.33 | 44.17 | 4367 | 7.683 | 2.055
B.circulans
fd | 117.33 | 18567 | 16433 | 20.33 | 4867 | 4567 | 8412 | 2.226
il hd | 12650 | 208.50 | 16783 | 31.83 | 51.17 | 47.83 | 0.051 | 2.355
fd | 12533 | 26333 | 18217 | 31.17 | 61.50 | 52.50 | 9.780 | 2.613
hd | 139.33 | 257.17 | 192.33 | 35.83 | 66.83 | 55.50 | 10608 | 2.847
Mixture” . = diak,
fd | 12183 | 210.33 | 16250 | 30.67 | 54.33 | 54.67 | 8.804 | 2.352 |
|
LSD.at5% 1522|2424 | 883 | 380 | 576 | 242 [0.434 o.mTa\
[L.S.D.aﬂ% 2097 1 33.38 [ 1216 | 537 | 7.94 | 3.34 o.sgvlo_ms]
1fd: full dose - 5.FW: Fresh weight of herb plant ' (g) .

& DW: Dry weight of herb plant” (g}

4 Mixture: Achroococcumn + B.circulans + VAM
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Table (8): Effect of inoculation with A.chroococcum, B.circulans, VAM or their
mixture in the presence of full or half dose of NPK fertilizers on the herb.
fresh and dry weights of marjoram piant during 2001/2002 season.
o Y’ of herb

5 -1 K]
Treatrfnji\ts F—Vi" of herb (giplant ‘ DW* of herbig}plant (tonlfed
NPK

o ™ eut f“cm—‘ 3“’cutr[1"cut cut | 3®cut | FW (Y
Uninoculated 19"l 11483 | 19567 | 15050 | 2917 | 51.17 | 42.50 | 8208 | 2211

Inoculation

Ach o 0T 11550 | 18683 [ 14683 | 29.50 | 4983 | 4133 | 8.085 | 2172
roecoce fd | t30.33 3367 | 67.83 | 46.17 | S.366 | 2.478
o hd | 10250 | 17267 | 14467 | 26.50 | 45.00 | 40.83 | 7.557 | 2022
Soiculens  E 11833 | 20080 | 16650 | 30.33 | 5233 | 4367 | 8616 | 2274
| van® hd | 12367 | 22333 | 16867 | 3217 | 57.17 | 46.67 | 9.282 | 2.445 |
R fd | 13717 | 24050 | 184.83 | 34.17 | 61.33 | 52.83 | 10017 | 2670 !
Mixture® hd | 14487 | 24350 | 19233 | 37.53 | 83.67 | 5450 | 10449 | 2.808
fd | 12533 | 20167 | 15367 | 32,17 | 52.00 | 43.83 [ 8852 | 2304
LSD.ats % 678 | 2786 | 175 | 225 | 661 | 398 | 0569 | 0.096
[ LSD.at1% 933 | 3765 | 2472 | 309 | 773 | 544 | 0783 1 0122
1fd: full dose a N 5.FW: Fresh weight of herb plant™ (g) .
2 hd: halfdose 8 DW: Dry welght of herb plant” {g)

3 VAM: Vesicular arbuscutar mycorrhizae 7 SY: Stimated yisld of herb fed™ (ton)
4 Mixture: Achroococcum + B.clrcutans + VAM

2.2.Herb contents of volatile oil and its constituents :
2.2.1.Volatile cil content

Data presented in Table (9) clearly showed that volatile oil
percentage of marjoram herb was considerably influenced by different
inoculation treatments combined with inorganic NPK-fertilization . The ieast
records were generally observed in uninoculated control piants in all harvests
during the twa growing seasons . The highest oil percentage. on the other
hand, was produced by plants treated with the tripie inocula in the presence
of half dose of NPK, in the second rank plants inoculated with VAM given full
dose of NPK lied of magnitude .The increases in ol % obtained from these
two above-mentioned freatments were significant when compared with the
control. However, the differences between these two treatments were not
significant . !noculation with Azotobacter or Baciius given half dose of NPK
showed insignificant increases in oil percentages of marjeram compared with
the control . On the other hand, inoculation with A.chroococcum, B.circuians
,and their mixture with VAM in the presence of full dose of NPK or inoculation
with VAM alone with half dose of NPK, significantly increased the oii % over
the control . Plants treated with the mixed inoculation treatment and amended
with the half dose of NPK gave the highest significant increases compared
with other treatments. This treatment yielded abcut 15 fold of ol yield in
comparison with the control at both seascns . The second higher value was
recorded for piants inoculated with VAM given full dose of NPK. However,
plants incculated with A.chroccoccum or B circulans amended with half dose
cf NPK gave lower level of the yearly oil yield fed™' compared with the control,
but those incculated with either A.chroococcum, B.circutans, of their mixture
plus VAM given fuil dose of NPK orinoculation with VAM alone given haif
dose of NPK | significantly increased oil yield over the control . Similar
findings were obtained by E! Gadban et al (2002) on marjoram, Kandee! et
al {2002) on basil and Abo El-Ala (2002} on marjoram and basii plants.
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Table (9): Effect of inoculation with A.chroococcum, B.circulans, VAM
or their mixture in the presence of full or half dose of NPK fertilizers
on percentages and yearly volatile oil yield {fed " “Yof marjoram
herb.

Treatments [ “Volatile Oll %
s First 2000/2001 season T Second 2000/2001 season

M__{_ a1 T o o T
Inoculation PK] feut | 2%t | 3cut | EYOS | 1Mcut | Z7cut [ 3"cut | EYO
Unincculated fa' [ 151 | 143 | 137 | 3024 | 1.48 | 141 | 1.39 | 31.38
hd* | 157 | 143 | 140 | 2082 | 156 | 1.40 | 1.35 | 30.60
A.chroococcum | _L - j
fa [ 180 | 1.51 144 | 3360 | 158 [ 1498 [ 145 | 3720
I T Thd [ 151 | 145 [ 140 | 267C | 152 | 1.38 | 140 | 2928
B.circutans : 1
fd | 153 | 149 | 141 132827 157 | 145 | 1.43 [ 3348 |
wap | M [ 85 | 185 | 744 3642 | 165 | 156 | 149 | 3642 |
[fa [ 172 | 163 | 151 [ 41084 | 1.75 | 165 | 152 | 43.38
_.)____L‘_J
. "hd | 175 | 163 | 153 [ 4614 | 180 | 160 | 155 | 4832
Mixure I B
Lfd 1.79 | 163 | 151 | 3822 | 167 | 1.56 | 155 } 36.90
LSD. at5% [ 007 | 0.03 | 006 | 1.73 | 005 | 004 | 003 | 165
LSD at1 % [ 009 | 0.04 | 009 | 238 | 007 | 005 | 005 | 2.28 |
° o { | | J
1 fd: full dose

2.hd: haif dose

3. VAM: Vesicular arbuscular mycorrhizas
4. Mixture: A.chroococeum + B.circulans + VAM
5.EYQ: Estimated Yearly oil yield fed™ (liter)

2.2.2, Volatile oil constituents

GLC analysis of marjoram volatile oil mixture showed that oil samples
obtained from uninoculated control plants showed the presence of 12
components {see chromatogram 1). Ten of them were identified, while the
other two components (peaks No.9 and 12 ) were not identified due to the
lack of the authentic samples . Data presanted in Table (10 ) indicate that the
major oil components in marjoram oil sample from plants of the control
treatment were : a-terpineol, gerany! acetate, cinecle and citronellol, while the
other components were found in small quantities . Mixed inoculation in the
presence of half or full dose of NPK, resulted in increased concentrations of
geranyl acetate, cineole, linalool, limonene and a-terpenoclene while
decreased concentration of a-terpinecl was detected in comparison to the
uninoculated control plants. Geraniol concentration tended to increase due to
inocculation with VAM or A.chrooccccum plus application of full or haif dose of
NPK compared with the control . Citronellol concentration on the other hand,
was not affected due to different treatments . Similar results were recorded by
El-Gadban el al. {2002) on marjoram plant .
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10

Recorder response

Rt (mfn)
Chromatogram (1 A typical sample  GLC trace shows the
separation of constituents of marjoram volatile oil for the

control  treatment {given full dose of inorganic  NPK-
fertilization)
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Table {10): The obtained constituents of marjoram volatile oil and
their percentage as affected by single or mixed
inocutation with A.chroococcum, B.circulans and
VAM combined with inorganic NPK fertilization during
2000/2001 season.

i Treatments
Paak Inocudation
No. [Components| Uninocuiated |A.chroococcum| B.circulans | VAM® | Mixture”
’ NPK rates
fd' hd* | fd | hd Fd [ hd [ Fd | hd | fd
i 2-Pinene i 189 1.82 1.74 292 | 213 [185|1.81] 0.89 [072
7] N-Pinena i 681 783 8.53 7.85 | 591 |893 664 4.31 [431
i3 Limonene | 5.80 577 5.31 5.38 543 | 8051821 779|773
H Cineole 1072 0.11 1022 1020 | 1044 [ 1089 [ 1143 | 1240 | 1425
5 Linaloocl 3.23 3 383 342 [ 382 [332]300] 5.51 |570
B Cltronelol 8.24 831 | 634 871 | 57t [631]633] 6.1 [596
7 Garaniol 4.53 887 8.90 5090 | 41t |712[765] 5.30 i«tsz
B ke -Tarpineot i 78 | 231 | 85 | »55 [z%|ze| B3| 268
] Unidentified 1.85 2.52 179 337 | 231 1 1.51]205] 087 | 112
10 Gerami acstse 1861 2074 AH2 20 | 201 | 1987 | 2072 B2 2844
" ki~ Terpenciene 587 5861 565 913 | 600 [800[6.02] 6.62 [591
12 |Un|'demjﬁe-d 1.03 1.94 1.06 2.24 178 [124 | 078 | 0.17 | 1.07
1 fd: full dose 3.VAM: Vesicular arbuscular mycorrhizae
2.hd: half dose 4. Mixture: A.cliroococcum + B.oirculans + VAN

2.3.N, P and K percentages in plant herb

Data in Table (11) indicated that N, P and K percentages in
marjoram plant herb were considerably influenced by the inoculation with
A.chroococcum, B.circutans, VAM or their mixture combined with NPK
fertilizers . The highest NP and K percentages were recorded for mixed
inoculation of manoram supplementation of half dose of NPK . Plants
inoculated with VAM given full dose of NPK, and half dose of NPK
represented the second and third order of descending magnitude where N, P
and K % were higher than ather treatments . On the other hand, plants
inoculated with A.chroococcum or B.circulans in the presence of half dose of
NPK, showed decreased N, P and K % in their tissues compared with the
unincculated controt plants. Treating plants with A chreococeum, B.circulans or
their mixture plus VAM with full dose of NPK amendment increased N,P and
K % in marjoram plant herb over control plants . Similar results were obtained
by Azcon and Barea (1998) on lavencer, El-Gadban ef & (2002) on
marjoram and Kandeel et &/, (2002jon basil plants
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Table (11): Effect of inoculation with A.chroococcum, B.circulans, VAM
or their mixture in the presence of full orhalf dose of NPK
fertilizers on N, P and K% in marjoram piant herb at 2000/2001

season. o o o
[ Treatments | N [T P% [ K%
| Inoculation ':;K 1#eut! 2%cut] 3%cut | 1™ cut | 2% cut { 3% cut | 1% cut | 2% cut (37 cut|
Uninoculated  hd' | 2.41 | 287 | 2.74 | 047 | 052 | 057 | 2.73 | 281 | 279 |
| Achroococcum _|hd” | 230 | 249 | 267 | 042 | 053 | 057 | 269 | 280 | 2.83
A.chreococcum _fd 249 | 272 | 275 | 048 | 054 { 058 | 272 | 293 | 2.97 |
B circulens hd 229 | 243 | 2.59 | 037 | 047 | 054 | 265 | 275 | 2.81
| 8.circulans il 235 | 257 | 275 | 047 | 054 { 059 | 284 | 294 | 295
[ VAM’ d 268 [ 283 | 298 | 057 | 0.61 [ 073 | 279 | 289 | 2.99
VAM ke 207 | 3.01 | 311 | 063 | 0.59 | 0.77 | 281 | 297 | 308
Mixture® hd 312 1321 | 3251085 | 083 | 086 | 2.87 { 298 | 3.12
Mixture fd 242 | 273 1289 | 059 066 071 | 277 | 288 | 293
1 fd: full dose 3. YAM: Vesicular arbuscular mycorrhizae
2.hd: half dose 4. Mixture: A.chroococcum + B.circufans + VAM
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