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UNDER DRIPPING IRRIGATION SYSTEM
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Two successive field experiments were carried out at El-

Maghara Research Station in middle Sinai which belongs
to Desert Research Center (DRC) during 2003-2004 and 2004-
2005 seasons to study the effect of biofertilization with
Azotobacter chroococcum and  Bacillus megatherium as
Nitrogen fixing and phosphate dissolving bacteria, respectively,
on the growth, yield and essential oil proportion of Thymus
vulgaris L. plant grown in sandy soil using dripping irrigation
system. They were applied by three methods: soil drench, foliar
spray and both soil drench plus foliar spray (10° cfu /ml).

The obtained data revealed that the best yields of the
essential oil per feddan, plant yield and total microbiological
counts were obtained applying combinations of both bacterial
isolates as soil drench plus foliar spray method. Applying A.
chroococcum and B. megatherium as foliar spray and soil
drench reported the highest total microbial counts. On the other
hand, phosphate solubilization by B. megatherium inoculation
Wwas more effective in increasing phosphate solubilization than
inoculation with 4. chroococcum. Finally, the application of
biofertilizers increased the antagonistic activity of 7' vulgaris
essential oil against some tested pathogenic microbes,

Keywords: Azotobacter chroococeum, Bacillus megatherium, phosphate

dissolving bacteria, sandy soil, Thymus vulgaris, biofertilization,
antimicrobial activity.

Yhyme (Thymus vulgaris 1.) belongs to the lamily of Lamiaceae distributed
n different areas of the Mediterrancan Sea, Asia and Central and Fastern
Europe (Shalaby and Razin, 1992: Radi ef al., 2004). Herbal medicine 7
vulgaris is prescribed oral for dry cough, laryngitis, bronchitis, asthma,
culinary infection and chronic gastritis. Morcover, the herb is applied

CamsScanner - lss > suadll


https://v3.camscanner.com/user/download

94 Abd El-Gawad, A.M. and W.M.Abd Bl Azim

extermally against fungal infections, rheum
gum infections (Blanco et al., 1998).

Many authors reported the significant effects of biofe
growth of several plants,

atism, arthritis, tonsillitis and

rtilizers on the

¢.g. Mentha viridis L. (Attia and Hoda, 2004) and
Salvia officinalis (Youssef et al.. 2004). Bact

of living bacteria, which are applied to seeds, roots or soils (o improve plant
growth parameters and crop yield. However, Azotobacter species might be
more effectuve when combined with other bacterial fertilizers, particularly
Bacillus megatherium, so inoculation with a bacterial mixture could improve
crop vield (Brown er al., 1964: Reynders and Vlassak. 1982).

Moreover, Azotobacter species are able to improve the nitrogen uptake
by plants through nitrogen fixation and also 1o synthesize biologically active
compounds such as vitamins, gibberellins, nicotinic acid, panthenic acid,
biotin, heteroauxin and other compounds which stimulate the growth and
vield of plants and are also able to produce fungistatical substances (conactin
group) inhibiting the growth of some plant pathogenic fungi (El-Shazly,
2003: Revillas er al., 2005). On the other hand., phosphate dissolving bacteria

have the ability to secrete a phosphatase enzyme, which transforms organic
phosphate into mnorganic phosphate compounds to be av

ailable for plant
uptake (Abd El-Gawad. 1999; Khan et al., 20006).

The aim of this stud
biofertilizers on the developm
conditions of El-Maghara Res
effects of thyme essential ol a

eral fertilizers are preparations

Y is to investigate the effect of specific
ent of the thyme plant grown under sandy soil
earch Station. The study included antagonistic
gainst some pathogenic microorganisms.

MATERIALS AND METHODS

Evaluation of Biofertilizer Applications in the Field
A field experiment was established a El-Maghara Research Station of
Desert Research Center (DRC) during two successive seasons, 2003-2004,

and 2004-2005 to study the effect of Azotobacter chroococcum and Bacillus

megatherium var. phosphaticum as biofertilizers on the growth of thyme
plant in sandy soils.

Bacterial Culture Preparation

The systematic biotechnology was used taking fresh liquid cultures 48
hrs old from pure local strains of 4. chroococcum and B, megatherium var,
phosphaticum, previously isolated from the rhizosphere of the soils at El-
Maghara area, purified and identified according to Bergey's Manual (1984),

as biofertilizers in the form of single and mixed inoculations at the rate of
~10% cfu/ml.

Application Methods

Bacterial strains were applied separately or in combination as soil
drench and/or foliar spray treatment. Five months old thyme seedlings were
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soaked in a single or mixture of bacterial suspensions (10* cfu/ml) for 3hrs
before transplanting (carboxy methyl cellulose 0.5% was used as an adhesive
agent). Control plants were soaked in water only.
1 - for soil drench

Bacterial suspensions (10° cfu/ml) were applied as drench to the soi
around seedlings at planting time. An additional water (reatment was
preformed as a confrol.

2 - for foliar spray treatment
Bacterial suspensions (10° cfu/ml) were applied as foliar spray over

seedlings atl planting time. A water spray treatment was preformed as a
control.

Twenty one days later bacterial suspensions were applied once again
for both foliar spray and soil drench treatments. This experiment included
nine treatments within a split plot design; the unit area was 20 mZ. Each unit
included three rows, each row was 20 m in length and 100 cm width. The
physical and chemical analyses of soil, irrigation water and sheep manure
are presenied in tables (1 — 4). Soil analyses were carried out at the Soil
Analysis Laboratory of DRC. During the growing season, congenital
cultural practices were conducted where experimental plots were irrigated
using a drip irrigation system for 1/2 h/day. Also, sheep manure of 20
m’/feddan as organic manure was provided with 31 kg P,Os/feddan, mixed
with the soil before sowing, N and K fertilizers were added at rate of 60 kg
N/fed. as NH,;NO; and 75 kg K,0/fed. as K>SOy into three equal doses.
Table (1). Particles size distribution of the experimental soil.

Very coarse | Coarse sand | Medium sand|  Fine sand Very fine sand| Silt and clay
sand (%) (%) (%) %) (%) (%) Soil texture
21 mm) | (1:0.5mm) (0.5:0.25mm)| (0.25:0.1mm) | (0.1:0.063mm (<0.063mm)
1.27 l 5.90 15.30 61.28 12.82 343 Sandy
Table (2). Chemical properties of the experimental soil.
E.C. O.M. Soluble cations Soluble anions (megq./1)
P (dSm’!) %) [eq )
Bl . K’ Na’ Mg | Ca"* | COy HCO; | CI SOy
8.70 0.67 0.47 009 | 243 | 0.80 3.20 - 3.00 138 | 2.14
[_Tnble (3). Irrigation water analysis.
pli E.C. OM. SO]?:};C?]I;U“S Soluble anions (meq./)
1Sm’! Y% '
Wibe') " %X Tne Mg To [cor TheorT o SO,
8.30 4.00 0.4 0.69 | 24.60] 3.48 11.401 - 4.40 32.20| 3.57
Table (4). Sheep manure analysis.
0.C. N C/N P | K | Fe [ Mo | Zn | Cu
% % pH
ppm
1200 [ 1% 1250 [22 128  [35 |39 [ 15 [ 79 1.5
O.C. organic carbon

Egyptian J. Desert Res., 58, No.1 (2008)

CamsScanner - lss > suadll


https://v3.camscanner.com/user/download

90 Abd El-Gawad, A M. and WANLAbd El Azim

Plant Growth Parameters
Ihe harvested cuts were taken in June and September in the both

easons. Meanwhile, fresh and dry weights (g/plant), dry weight (kg/feddan)

and ol vield (1 /feddan) were recorded at each cut.

Chemical Analysis

The chemical analysis included chlorophyll a and b and carrotenoids
according to Cherry (1973). The highest percentage of essential oil in
different treatments and the control was determined using GLC analysis

(apparatus model PRO-GC Pye Unican Philips with Column PEGA 10%).

The total nitrogen was also determined according to a modified Kjeldahl

method as described by Allen (1959).

Total Count of Seil Microorganisms

Soil samples of the 7. vulgaris rhizosphere were collected at the end
of the first and second cut in both seasons and analyzed for tolal count of
microorganisms according to Bunt and Rovira (1955) as follows:

a- For counting and growing phosphate dissolving bacteria, the same
medium was used after addition of 5 ml sterile solution of 10 % of
K-HPO, and of 10 ml of sterile solution of 10% CaCl; to each 100 ml of
the medium (Abd El-Hafez, 1966).

b- For counting and growing azotobacters, nitrogen deficient medium was
used as described by Abd El-Malek and Ishac (1968).

Antimicrobial Activity

The antimicrobial activity of T. vulgaris essential oil was proved
against some pathogenic microorganisms, namely, Bacillus subtilis,

Staphylococcus aureus, Candida albicans, Salmonella typhi, Escherichia

coli, Rhizoctonia solani and Aspergillus albus. These microorganisms were

provided by the Animal Health Department and Plant Pathology Unit, DRC.

The antimicrobial activity was determined by the agar diffusion technique

using filter paper discs according to the method of Maruzzella and Balter

(1959). Culture medium was prepared using nutrient broth and nutrient agar

medium according to the method of Waksman and Lechevalier (1962).

Statistical Aanalysis

Data were analysed according to the procedure analysis of variance "Anova"

reported by Snedecor and Cochran (1982). Treatment means were compared

by the Duncan's multiple Range Test at 5% level of probability.

RESULTS AND DISCUSSION

Effect of Biofertilizers Applied as Foliar Spray and/or Soil Drench
Treatments on the Plant Growth Character

Data in tables (5, 6 and 7) show that thyme seedlings treated with 4.
chroococeum and B. megatherium as individual or in mixture using various
application methods like foliar spray and/or soil drench possessed
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Signiﬁcantly higher amounts of fresh, dry weights and dry yield as compared
to untreated plants. The highest fresh weight/plant and dry yield/feddan were
gained when biofertilizers were applied in combination. The differences
within treatments may be related to either the variation of nutrient
accumulations, or to the type and nature of growth co-factors variation due
to biofertilization. Both nutrients and growth co-factors varied within the
used biofertilizer organisms, these variations depended upon the prevailing
environmental conditions (Holla and Vaverkova, 1993) and on cuts. The

plant age as well may play a role in this respect.
Table (5). Effect of biofertilizers applied as foliar spray (FS) and/or soil

drench (SD) treatments on thyme plant fresh weight (g).

Egyptian J. Desert Res., 58, No.1 (2008)

First season (2003-2004)
Treatment First cut Second cut
Fertilizen {z0f0+ Avotet
control | Azoto. | Bacil, ,Bacil. mean | control | Azote. | Bacil, l:a ?’ mean
Methods acil.
FS 9.53 16.77 15.47 17.60 14.84 53.40 83.12 67.55 85.50 72.39
SD 8.97 20.17 18.88 20.50 17.13 64.40 99.40 £8.35 112.43 91.25
FS+SD 10.53 | 2033 19.90 20.63 17.85 61.37 101.33 | 91.73 121.00 93.86
Mean 9.68 19.09 18.08 19.58 16.61 59.72 94,62 82.54 106.44 85.83
LS.D Methods 0.75 Methods 3.00
P<' 005 Fertilizer 1.09 Fertilizer 1.87
== [Methods *fertilizer 1.67 Methods *fertilizer 3.24
Second season (2003-2004)
Treatment First cut Second cut
Fertilizen]
control | Azoro. | Bacil A‘zoh'ﬁ mean | control | Azoto. Bacil. Atal?‘l mean
Bacil. Bacil.
Methods
FS 1097 | 32.38 27.69 32.84 2597 43.68 8332 64.51 96.36 71.97
SDh 11.53 | 44.54 37.79 51.00 36.22 48.97 101.12 | 96.81 138.34 96.31
FS +SD 12.53 49,33 41.04 56.71 39.90 53.19 111.63 99.53 139.61 100.99
Mean 11.68 42.08 35.51 46.85 34.03 48.61 98.69 86.95 124.77 £9.76
Methods 5.70 Methods 1.78
L.S.D. Fertilizer 5.00 Fertilizer 1.85
P<0.05 Methods *fertilizer 8.67 Methods *fertilizer 3.19
zoto.=Azotobacter chroococcum , Bacil=Bacillus megatherium.
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Table (6) Effect of biofertilizers applied as foliar spy
drench (SD) treatments on thyme
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ay (FS) and/or g

plnnli!ﬂ'_“_'c;lu'_l!_(g)_; |

First season (2003-2004) —
Treatment First cut Second e
Fertilizey Arote+ [
control | Azete. | Racil Racil mean | control | Azoro, | pa il.
\'"h‘?l: 140 40 4.00 S49 4.75 1840 2510 -TUT—
D) 310 o 591 T4 5.7 297 | 208 33707
ES<SD ol 6os [ 508 212 | S5 | 1870 [ 3066 | 3798
Mean 308 013 350 633 3.32 19,09 2858 | 2176
NMethods 0.08 Methods 0.81
LSD b ier 016 Fertilizer 111
P 608 tethods *fertilizer  0.09 Methods *fertilizer .02
] Second season (2003-2004)
[ Treatment First cut Second eut
Fertilizer i Azoto+ Azoto+ [
control | Aweto. | Bacil Baci, | mean [ control | Azofo. | Bacil, Bacit, | mean
Methodsy
S 1 IS31 | V1SS | 1364 | 1121 | 1505 | 3659 | 2299 35.09 | 2985 |
sD 290 1797 | 14258 19.86 11.77 16.70 38.23 | 2980 | 5374 34,67
ES «ND 430 18 45 17.12 2111 15.30 16.21 42.05 | 3537 S4.08 | 3603
Mean 3174 17.24 | 1451 18.20 13,42 15.99 35.62 | 293 47,64 | 3.4
Methods 0.30 Methods 0.49 —
LSD Fertilrer 0.69 Fertilizer 0.69
Po00s Methods *fertilizer 1.19 chlhuds *fertilizer 1.21 ‘[
Hzef0.= dzetobacter chroococcum | Bacil=Bacillus megatherium

Table (7). Effect of biofertilizers applied as foliar spray (FS) and/or soil

drench (SD) treatments on thyme plant dry
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weight (kg/feddan),
First season (2003-2004)
Trearment First cut Second cut
Fertilizer
v +
control | Azore. | Bacil AB‘ “?:- mean | control | Azoto. | Bacil ,:;nr;:[' mean
Methods S B
FS 2940 | 4536 | 3864 | 4614 | 3989 | 15456 210.81 | 171.47 | 21650 | 188.34
sD 17.64 5368 | 4984 59.14 | 45.08 184.55 | 251.83 | 194.70 | 312.12 | 23580
FS -SD 052 | §586 | 5020 | s9.84 | 49.11 | 157.08 257.57 | 233.35 | 316.20 | 241.05
\fean 3585 | 5163 | 4623 | 5504 | 9460 16540 | 240.07 | 199.84 | 281.61 | 221.73
Lsp  ethods 0.66 Methods 6.77
P< 005 Fertilizer ‘ 133 Fertilizer 9.29
Methods *fertilizer 231 Methods *fertilizer  16.09
Second season (2003-2004)
Treatment First cut Second cut
Fertilizer Jr—
control | Azo10, i | Avotot % 0% | mean
Methods sl K Baci. | ™ean | control | Azoto. | HBacil |"p o
S 3382 112858 | 9957 | 11355 | o413 12642 | 223.36 | 191.24 | 294.73 | 20894
Fsm 2433 | 15098 [ 12057 | 16685 115.68 | 14031 | 321.10 | 25032 | 451.44 _12”_:_:_
M D | 3612 [ 15498 [ 14546 [ 17230 12847 | 136.16 | 353.22 | 297.11 | 454.27 | 310. 7
=S 3142 | 14485 | 12187 | 15290 11276 | 13430 | 29923 | 24622 | 400.15 | 26997
Methods 236
3 < Methods 4.13
 cox'd Brlsord e L Fertilizer 5.87
crilizer  10.00 Methods *fertilizer  10.17 ———
— H00.= Arot0bacier chroococcum | Bacij= Bacillus megatherium
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photosynthetic Pigments

Data prcsent.cd in table (8) show that the highest photosynthetic
pigment con?clentratlonls were recorded in the mixed (reatment with IbliaLr
spray in addition to soil drench. The results revealed that:

a) Different treatments not only affected photosynthetic
concentrations in leaves of the thyme plant, but also regulated
between the chlorophyll A; chlorophyll B and the tota] ¢
carrotenoids.

b) The time of cut collection seemed to influence the photosynthetic
pigments and in general environmental conditions play a role in
photosynthetic regulations.

Table (8). Effect of biofertilizers applied as foliar spray (FS) and/or soil

drench (SD) treatments on photosynthetic pigments (mg/g fresh
weight) of thyme plants.

pigment
the ratio
hlorophylls and

First season (2003-2004)
Treatment First cul Second cut
Fertilizer]

Chlorophyll | control | Azoto. | Bacil 'Lz:::.r control | Azoto. | Bacil, "w“,ﬁ

Methods ; Bacil.
A 0.427 0.525 0.507 0.602 0.485 0.601 0.600 0,679

FS B 0.231 0.278 | 0.238 | 0.298 0.290 0.372 | 0.365 0.406
Total A+B 0.658 0.803 | 0.745 | 0.900 0.775 0.973 | 0.965 1.085

Carrotenoid 0.144 0.162 0.166 0.167 0.154 0.173 0.171 0.187

A 0.420 0.557 | 0.539 | 0.639 0.422 0.686 | 0.614 0.702

D B 0.232 0.250 | 0.334 | 0.368 0.250 0.422 | 0.355 0.430
Total A+B 0.652 0.807 | 0.873 | 0.1007 0.672 1.108 | 0.969 1.132

Carrotenoid 0.135 0.160 | 0.175 | 0.180 0.149 0.183 | 0.164 0.173

A 0.482 0.696 | 0.643 [ 0.702 0.546 0.811 0.681 0.956

FS +SD B 0.228 0.349 | 0.280 | 0.361 0.336 0.443 | 0.401 0.542
Total A+B 0.710 1.045 | 0.923 1.063 0.882 1.254 1.082 1.498

Carrotenoid 0.142 0.209 | 0.200 | 0.181 0.147 0.239 | 0.177 0.203

Second season (2003-2004)
Tretmeant First cut Second cut
Fertilizer

Chlorophyll | control | Azote. | Bacil I;:ah# control | Azoto. | Bacil Aw"fﬁ

Methods acil, Bacil.
A 0.414 0.577 | 0.569 | 0.583 0.567 0.606 | 0.601 0.644

FS B 0.224 0.263 | 0.314 | 0.255 0.335 0.370 | 0.355 0.365
Total A+B 0.638 0.840 | 0.883 | 0.838 0.902 0.976 | 0.956 1,009

Carrotenoid 0.139 0.167 | 0.193 | 0.163 0.162 0.160 | 0.212 0.167

A 0.502 0.002 | 0.598 | 0.652 0.598 0.698 | 0.643 0.735

sD B 0.237 0317 | 0279 | 0323 0.352 0428 | 0.392 0.404
Total A+B 0.739 0.919 | 0.877 | 0.975 0.950 1.126 | 1.035 1.139

Carrotenoid 0.146 0,183 | 0.195 | 0.183 0.167 0.171 | 0.164 0.217

A 0.483 0.697 0.639 0.709 0.583 0.749 | 0.700 0.845

B 0.290 0.366 | 0.319 | 0.403 0.359 0.442 | 0.411 0.486

FS+SD Tolal A+B 0.773 1.063 | 0.958 1.112 0.942 1.191 1.111 1.331
Carrotenoid 0.159 0.176 0.189 0.199 0.167 0.235 0.181 0.182

z0l0.= Azotobacter ehroocaccum , Bacil=Bacillus megatherium

Effect of Biofertilizers Applied as Foliar Spray and/or Soil Drench
Treatments on the Essential Oil of Dry Shoots of the Thyme Plants

Data in table (9) apparently show that applying biofertilizers as foliar
spray and/or soil drench affected significantly the percentage of the essential
oil in dry shoots of the thyme plant. This detection appeared within the two
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cuts and during both annual trials, All treatments increased such Proportion
over the control plants. The highest essential oil seemed to be found i thoge
plants supplied with a mixed inoculation as foliar ‘plus soil drengch
application, which is considered as the best fneihod of application, The
combined application of both biofertilizer organisms proved to be better thay,
the single application. The combination might have some stimulating effects
on the proportion of essential oil in the shoots dry matter. The harvesting
time of dry matter and the prevailing environmental conditions seemed to be
without clear effects in this respects.
Table (9). Effect of biofertilizers applied as foliar spray (FS) and/or soil
drench (SD) treatments on oil dry shoots (%) of thyme

plants.
First season (2003-2004)
Treatment First cul Second cut
Fertilizen
control | Azoto. | Bacil. ';:J:T mean | control | Azoto. | Bacil. ";::’T mean
Methods
FS 1.75 1.90 2.27 2.60 2.13 1.80 2,10 240 2.58 222
SD 1.75 2.08 2.30 2.76 2.22 1.60 2.15 2.45 2.70 223
FS +5D 2.00 225 | 2.40 2.80 2.36 2,00 2.23 248 2.75 237
Mean 1.83 2.08 2.32 2.72 2,24 1.80 2.16 2,44 2.68 2.27
LSD .\lct!]DdS 0.05 Mcl!u_ads 0.14
p.,; 003 Fertilizer __ 0.06 IFertilizer = 0.13
I Methods *fertilizer 0.10 Methods *fertilizer  0.23
Sccond season (2003-2004)
Treatment First cut Second cut
Fertilizen
control | Azote. | Bacil. A:DH.H- mean | control | Azeto. | Bacil .‘lwu_ﬁ mean
Methods Bacil. Bacil A
ES 1.70 2.00 2.30 2.67 2.17 1.65 1.95 2,38 2.58 2.14
SD 1.80 2.1 2.35 2.70 2.25 1.70 2.15 2.50 2.63 2.25
FS +SD 1.90 2.32 2.53 2.75 2.38 1.83 2,20 2.58 2.73 2.3
Mean 1.80 215 | 239 2.71 2.26 1.73 200 | 249 2.65 | 2.
Methods 0.13 Methods 0.14
LS.D.  [Fertilizer 0.15 Fertilizer 0.16
P<0.05 |Methods *fertilizer 0.26 Methods *fertilizer  0.28
Azo10.= Azotobacter chroococcum , Bacil=Bacillus megatherinm

Effect of Biofertilizers Applied as Foliar Spray or/and Soil Drench
Treatments on the Yield of Thyme Essential Oil (I/feddan)

Data in table (10) revealed that the different tested factors like the
species of bacteria, application method and time of collecting cuts seemed 10
have a role on the yielded essential oil. The essential oil of thyme plants was
always higher in the second cut than in the first one. The essential oil
yield/feddan was higher during the second season than those corresponding
ones.(‘)f the first season. These data may indicate that the environmental
conditions probably have a role on the yielded oil productivity. The highes!
yield of oil was gained by using both a gents of biofertilizers, 4. chroococcu!

* B : nré@’ﬂﬂwrﬁunr. The best method of biofertilization is a mixed inoculation
with foliar and soil drench application.
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Gas Liquid Chromatography (GLC) Analysis of Thyme
0il (%) as Affected by Biofertilizers Applicd as F
Drench Treatments

Data in table (11) indicated that thymol is the
in essential oil of thyme plants treated with a sing
both biofertilizer as foliar spray and/or soil drench t
the control, followed by p-cymene, 1-8 cineol an
pinene achieved the lowest quantity. Different
distribution of different essential oil fractions.

Table (10). Effect of biofertilizers applied as foliar spray (FS) and/or soil
drench (SD) treatments on thyme oil yield (L/feddan).

Plants Essential
oliar Spray and/or Soil

main dominant fraction
le or with a mixture of
reatment compared with
d conlrile. Whereas, ¢-
treatments affected the

First season (2003-2004)
Treatment First cut Second cut
Ferltilizen faaiak
control | Azoto. | Bacil. | 7*°° mean | control | Azote. | Bacil Asolis mean
Bacil. Bacil.
Methods
ES 0.51 0.86 0.88 1.20 0.86 2.78 443 4.12 5.59 423
SD 0.31 1.12 1.15 1.63 1.05 295 5.41 4.77 843 539
FS+SD 0.61 1.26 1.20 1.68 1.19 3.14 574 5.79 8.70 5.84
Mean 0.48 1.08 1.08 1.50 1.03 2.96 5.20 4.89 757 5.15
LSD Methods 0.02 IMethods 0.15
P<0 0'5 Fertilizer 0.03 Fertilizer 0.19
= Methods *fertilizer 0.05 IMethods *fertilizer 0.34
Second season (2003-2004)
Treatment First cut Second cut
Fertilizen
+ zoto+
control | Azote. | Bacil. Amh.’ mean | control | Azore. | Bacil A'Dn.’ mean
Bacil, Bacil.
Methods
FS 0.57 2.57 2.29 3.06 2.12 2.09 436 4.55 7.60 4.65
SD 0.44 3.22 2.83 4.50 2.75 2.39 6.90 6.26 11.96 6.88
FS+SD 0.69 3.60 3.68 4.88 3.21 2.49 7.77 7.67 12.40 7.58
Mean 0.57 3,13 2.93 4.15 2.69 2.32 6.34 6.16 10.66 6.37
Methods 0.05 Methods 0.09
L.S.D. Fertilizer 0.15 Fertilizer 0.14
P<0.05 Methods *fertilizer  0.26 Methods *fertilizer 0.25
Azoto.= Azotobacter chroococcum , Bacil=Bacillus megatherium

Table (11) Effect of biofertilizers applied as foliar spray (FS) and/or soil
drench (SD) treatments on percentage of thyme oil constituents.

FS+SD ) FS +SD
Oil control Azoto+Bacil Azote+Bacil
% % %
u-pinene 0.242 0.347 0619
f-pinene 1.488 1.507 1.795
u-terpineo) 1.049 1.085 1433
| _p-cymene 15.245 19.656 19.693
1-8 cineol 4.821 5.755 6.947
linalol 1.933 2.840 3.077
___bomeol 0.814 0.884 2082
—_thymol 49.562 49.803 51447
——_tarvaciol 3.727 4315 éf;é?
L ¢ugenol = - -2
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Effect of Biofertilizers Applied as Foliar Spray and/or Soil Drench
Treatments on Total Count of Soil Microorganisms (cfu/g)
a - Total microbial count

Initial total microbial count in El-Maghara soil was 13x10° cfu/g dry
soil. Resuits in table (12) show the change in count which tend to increase in
all treatments compared to the control. The total microbial count proved an
increase in the second cut during the first and second seasons. A mixed
inoculation with 4. chroococcum and B. megatherium produced the highest
increase in the total microbial count. Similarly, Subba Rao (1988) and Abd
El-Ghany et al. (1997) reported that microbial inoculants increase the
number and biological activities of desired microorganisms and improve the
fertility in the root zone.
Table (12). Effect of biofertilizers applied as foliar spray (FS) and/or soil

drench (SD) treatments on the total microbial count (10°

cfu/g dry soil).
' First season (2003-2004)
Treatment First cut Second cut
ertilizer|
solo+ -
control | Azoto. | Bacil. (L“:’:.:. mean | control | Azote. | Bacil ':;MT mean
Methods ct £ih
FS 1245 | 2010 | 19.60 | 2275 | 1873 | 13.15 2670 | 22.34 | 2515 | 21.86
SD 12.71 24.80 20.95 26.90 21.34 13.90 29.20 24,19 28.20 23.87
FS +SD 12.85 26.95 22.80 29.50 23.03 14.21 29.45 26.50 33.10 25.82
Mean 12.67 | 2395 | 21.12 | 2638 | 21.03 13.75 28.48 | 24.34 28.83 | 23.84
Lsp. [Methods 0.059 Methods 0.060
P< 0.05 Fertilizer 0.060 Fertilizer 0.070
= Methods *fertilizer 0.119 Methods *fertilizer  0.120
Second season (2003-2004))
Treatment First cut Second cut
ertilizer 4
control | Azoto. | Bacil. ook 5 y | Aotot can
o aci Bacil. mean | control | Azere. | Bacil Bacil. mea
FS 13.61 | 2240 | 2160 | 2435 [ 2049 | 1400 [ 2950 | 2750 | 29.10 | 25.03
F;U 1386 | 2681 | 2435 | 2740 | 2311 | 1436 [ 33.90 | 2850 | 3610 | 2822
+SD =
e 14.11 27.71 25.90 28.64 24.09 14.95 36.50 31.50 39.10 _.323_1——
! 13.86 25.64 | 23.95 26,80 22.56 14.43 33.30 29.17 34.77 27.92 |
AY
LS.D. Fl’;‘:ﬁ?{‘s 0.050 Methods 0.085
P<0.05 \-1e1h£sr'f i 0.060 Fertilizer 0.070
A ertilizer 0.082 IMethods *fertilizer 0.128
Azoto.= Az, . . <
ot0.= Azotebacter chroococcum , Bacil=Bacillus megatherium/ c.f.u.= colony forming unit

b - Azotobacter densities

10><104The Initial count of N, fixing azotobacters in El-Maghara soil was
; dCFU/g dry 5911_ Data recorded in table (13) show that the count

reported a marked increase in the first cut and increase gradually in the

» :
SZZ‘S);? ?I[J}tl in the first season. The same trend was recorded in the second
- The counts under 4. chroococcum inoculation showed the highest
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counts all over the experimental periods while PDB (phosphate dissolving
bacteria) inoculation caused the least increase of azotobacters count Als;’
mixed applications of A. chroococcum+ B. megatherium (foliar s]n'n).ﬂr qoii
drench) reported the highest counts, The obtained results proved that N
fixers A. chroococcum enrich the soil by nitrogen fixation which incrcasé
soil fertility. The promoting effect due to application of A. chroococcum is
not only due to the nitrogen fixation but also to the production of plant
growth promoting substances, production of amino acids, organic acids,
vitamins and antimicrobial substances as-well, which increase soil fertility,
microbial community and plant growth (Revillas et al,, 2005).
Table (13) Effect of biofertilizers applied as foliar spray (FS) and/or soil
drench (SD) treatments on the Azotobacter counts (counts x
10° cfu/g dry soil).

First season (2003-2004)
Treatment First cut Second cut
Fertilizen
control | Azoro. Bacil. f;;:::.’: mean | control | Azore. Bacil, Azor?+ mean
Methods ) Bacil.
FS 10.1 13.2 11.8 18.0 13.25 12.2 14.3 12.5 27.2 16.6
SD 10.9 23.0 11.8 28.6 18.6 12.3 37.0 12.9 41.0 25.8
FS +SD 10.7 24.5 13.2 29.4 19.5 12.6 38.2 13.9 47.6 28,1
Mean 10.6 20.2 12.3 25.3 17.1 12.4 29.8 13.1 38.6 23.5
LSD. Mel{u_)ds 0.350 Mel!u_)ds 0.250
P< 0.05 Fertilizer 1 0.400 [Fertilizer 0.300
= IMethods *fertilizer 0.175 Methods *fertilizer  0.095
Second season (2003-2004)
Treatment First cut Second cut
Fertilizer
control | Azote. | Bacil. Azotot mean | conirol | Azote. | Bacil Azo!?+ mean
Methods Bacil. Bacil.
FS 11.40 13.6 11.9 13.8 12.6 13.1 14.6 14.5 15.0 14.3
SD 12.1 27.3 12,1 28.1 19.9 13.6 42.5 14.1 44.3 28.6
FS +SD 12.5 29.4 12.7 31.1 21.25 14.1 46.1 14.8 49.8 31.2
Mean 12 23.4 12.23 24.3 26.6 13.6 34.4 14.5 36.4 24.7
Methods 0.080 IMethods 0.256
L.S.D. [Fertilizer 0.097 [Fertilizer 0.296
P£0.05 [Methods *fertilizer 0.240 IMethods *fertilizer 0.220
zot0.= Azotobacter chroococcum , Bacil=Bacillus megatherium , c.f.u.= colony forming unit

¢ - Phosphate dissolving bacterial count

Data in table (14) reveal that, the counts of B. megatherium under
inoculation with the same organism showed the highest counts all over the
experimental periods. Also, a mixed application of B. megatherium + A.
chroococcum applied as foliar spray and soil drench reported the highest
count. It is worthy to notice that the initial count of phosphate disso]vil?g
bacteria B. megatherium in El-Maghara soil was 2.5%x10 cfu/g of dry 50_11'
Bacillus, megatherium inoculation stimulated the organism and increased its
density compared to other treatments.
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Table (14). Effect of biofertilizers applied as foliar spray (FS) and/or goj|
drench (SD) treatments on the Bacillus megaterium cou
(10 cfu/g dry soil).

Flrst season (2003-2004)
Treatment Flrst et Second cut
Fertilizen {zotot Avoto+
control | Azore. | Bacil, f“"d’. mean | control | Azoto, | Bacil. Bucit, | mean
Methods
FS 2.55 6.01 10.80 11,17 7.63 2,81 6.24 11,20 11.43 7.89
SD 2,61 6.04 11,60 11.90 8.01 2.72 6,32 12,50 12.92 8.63
FS +SD 2,84 6.14 11.80 12,12 8.22 2.91 6,39 12,90 13.10 8.83
Mean 2.67 6.06 11.40 11.73 7.97 2.81 6.32 12,20 12.48 8.45
LS.D IMethods 0.049 Methods 0,049
Pé 0 0'5 Fertilizer 0.057 Fertilizer 0.057
= Methods *ferlilizer 0,181 Melhods *fertilizer  0.680
Second season (2003-2004)
Treatment First cut Second cul
Fertilizer {5 —
control | Azoto. | Bacil, | “¥°" : fas i || Aeefer wdill
e 4 aci Bacil mean | control | Azoero Bucil, Bacil meat
FS 2,70 6.35 11,21 11.42 7.92 2,89 6.70 11.84 11.91 8,33
SD 2,75 6.49 12,05 12,45 8.44 2.94 7.01 12.84 12,97 8.94
L B O 286 | 6.62 | 1237 | 1280 | 866 | 310 | 721 | 1310 | 1370 | 9.28
Mean 2,77 6.49 11.88 12.22 8.34 2,98 6.97 12,59 12.86 8.85
'l\.’lcu.".’ds 0.040 Metlods 0.026
LS.D. ‘ertilizer 0,040 Byt oy
3 Methods *fertilizer 0,320 Fertilizer 0.296
£E0.05 B MR Methods *fertilizer  0.177
2000.= Az tor ohe . . :
olo.= Azotobacter chroococeum \ Bacit=Racillus megatherium , c.fu.= colony forming unit

d - Activities of phosphate dissolving bacteria

Tab ‘
mOcumim]]e “(;2) sh(.)w that _phos‘phale solubilization by B. miegatherium
chroococeum in mol‘eieffectwc In phosphate solubilization than the 4.
oculation (due to production of organic acids). The

maximum phosphate s ilizat:

N Olubl]l?allon Vit : i

. 4 activity we ‘@ : A 11X€d
treatment (4. chroococcum  was resorded with @ 1

‘|' A o . .
by Khan ef al. (2006), B. megatherium. A similar trend was recorded
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Table (15). Effect of biofertilizers applied as foliar spray (FS) and/or soil
drench (SD) treatments on phosphate solubilization (clear
zone diameter cm).

st First season (2003-2004)
" 4 .
Treatment First cut Second cut
Fertillizer A
: . A {zot0+
control | Azoto. | Bacil, Baci, | mean | control | Azoto. | Bacil, .«”r.:(:;' mean
Methods
FS 0.00 0.11 0.21 0.28 015 | o011 0.12 0.35 0.40 | 025
SD 0.10 0.11 0.40 0.30 023 | 0.00 0.13 | 0.65 050 | 0.32
S 48D 0.11 0.12 0.52 0.62 0.34 0.12 0.14 0.70 0.80 0.44
Mean 0.07 0.11 0.38 0.40 0.24 0.08 0.13 0.57 0.57 0.34
LSD Methods 0.026 Methods 0.047
P;_ 0 O;i Fertilizer 0.029 lFertilizer 0.060
i Methods *fertilizer  0.027 Methods *fertilizer  0.080
Second season (2003-2004)
Treatment First cut Second cut
Fertilizer]
conlrol | Azote. | Bacil. 'Lw“.;,-l- mean | conirol | Azoto. | Bacil. Azo!t.!+ mean
Methods acil, Bacil.
FS 0.10 0.12 0.30 0.32 0.21 0.1 0.12 0.39 0.51 0.28
SD 0.11 0.13 0.42 0.48 0.29 0.12 0.14 0.60 0.63 0.37
FS4SD 0.10 0.13 0.60 0.69 0.38 0.13 0.15 0.75 0.87 0.48
Mean 0.10 0.13 0.44 0.50 0.29 0.12 0.14 0.58 0.67 0.38
Methods 0.030 Melthods 0.020
LSD. Fertilizer 0.040 Fertilizer 0.030
P<0.05 Methods *ferlilizer 0.042 Melhods *fertilizer 0.180
Wzoto.= Azotobacter chroococcum , Bacil=Bacillus megatherium

e - Soil nitrogen

Data presented in table (16) show the results of soil total nitrogen in
all treatments. The data indicated that inoculation process increased the total
nitrogen, the slight increase under phosphate dissolving bacteria inoculation
may be due to the release of phosphorus which stimulate N, fixation by
native microorganisms. Inoculation with 4. chroococcum caused the highest
N, fixation compared with phosphate dissolving bacteria. Thus, A.
chroococcum enriched the soil by nitrogen fixation which increased soil
fertility, In the present investigation, a mixed inoculation of the T. vulgaris
Plant with A. chroococcum + B, megatherium (foliar + soil application)
enhanced the growth of Thymus and increase the soil fertility as affected by
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the soil nitrogen. This result is compatible with the finding of Boddy and

Dobereiner (1984). . - |
Table (16) Effect of biofertilizers applied as foliar spray (I'S) and/or soil
drench (SD) treatments on soil nitrogen (ppm).

First scason (2003-2004)
Treatment First cut Second cut
! i control | Azote. | Bacil. ';;:;:.’: mean | control | Azote. | Bacil. ’;;f;3+ mean
.\ltthml;S 181 231 186 186 211 189 250 190 256 22
SD 185 259 192 192 227 190 267 201 284 2
FS+SD 189 261 209 209 238 194 273 214 319 250
Mean 185 250 195 271 191 263 201.7 286
Methods 0.94 IMethods 0.80
LS. Fertilizer 1.09 IFertilizer 0.97
PEO05  Wifethods *fentilizer 1.25 Methiods *fertilizer 1,01
Second season (year)
Treatment First cut Second cut
il
Sfiat control | Azoro. | Bacil. 'L:MT mean | control | Azoto. | Bacil. "Lz:;r mean
Methods e
ES 190 248 204 252 223 206 257 213 262 234
SD 209 261 210 289 242 212 271 225 305 253
FS+SD 210 268 | 218 314 252 227 280 236 336 269
Mean 203 259 210 285 214 269 224 301
Methods 0.84 IMethods 1.58
LSD. [Fertilizer 0.97 Fertilizer 1.82
P<0.05 IMethods *fertilizer 1.19 IMethods *ferilizer 3.5
z0t0.= Azotobacter chroococcum! Bacil=Bacillus megatherium

Antimicrobial Activity of Thymus vulgaris Essential Qil Against Some
Common Pathogenic Microbes

Antimicrobial activity of T, vulgaris essential oil (extracted from
mixed biofertilization treatments with foljar spray and soil drench treatments
-second cut of second season) against some human and plant pathogenic
microbes was detected and represented in table (17) and figure (1)-
Aspergillus albus was more sensitive than Salmonella typhi > Cﬂ”dfd(’_
albicans > Escherichia coli > Staphylococeus aureus > Rhizoctonia solani

> Bacillus subtilis > Fusarium oxysporum. The application of biofertilizers

increasﬁs.lhe antagonistic activity of T, vulgaris essential oil against some
pathogenic microbes. This result i compatible with the findings of Siddiqu!
et al. (1996), Abd El-Gawad (2

El- 003) and Nzeako ef al. (20006). ,
Table (17). Antl.mlcrubial activity of Thymus vulgaris essential oil
against some common pathogenic microbes.

: -
| athogfnlc microorganisms Inhibition zone diameter (em)
Escherichia colj 5.6
Salmonella typhi E’AO
Staphylococeus aurens 5 ‘5
Bacillus subtilis 4 .2
Fusavium o Y)Sporum ;
- = 2
Rhizoctonia solani 3 5
. - S
Aspergillus albus
s » G. l
Candida alhicans : 5.9
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Baci '

Fusarium oxysporum

Thymus yulgaris essential oil against

microbes.
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CONCLUSION

From the above mentioned results one can conclude that the use of

biofertilization for agriculture in sandy soils Lmdf:r a drip irriga}ion system
gave enhancement effects on the plant gro“{lh,‘ylglq and essential oil yield
also, improved soil characters and increased its fertility. |
Application of a mixture of 4. cly‘gocaccmn + B. .mcgurl'rc.rm,-”
resulted in the highest oil yield productivity compared with individual
treatments. A soil and foliar application is prc‘fernb]cl to soil.or foliar
applications only. The most powerful nnlimi|crob.m] activity against some
pathogenic microorganisms appeared in essential oil ol mixed biofertilization
treatment with foliar spray and soil drench of second cut of second season.
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