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ABSTRACT

Biofertilizers have been used as sources to im-
prove plant nutrients in sustainable agriculture.
Experiments were conducted to evaluate the po-
tential of several phosphate solubilizing bacteria
(PSB)Y Bacillus megaterum and potassium solubi-
lizing bacteria (KSB) Bacillus circulans to solubilize
tricalcium phosphate (TCP)}, rock phosphate (RP)
and feldspar respectively in pure culture and field
experiments to determine the effect of these bacte-
ria on releasing P and K as well as their effect on
Ammi visnaga (khella) growth. Seven strains of B.
megaterium were selected on the basis of the
clearance zone on solid agar media of Pikovskaya
containing TCP. B. megaterium KL, BF, (showing
the highest of solubilizing index} were tested to
study their efficiency to dissolve phosphorus in
liquid culture amended with TCP and rock phos-
phate individually, the iatter strain was more effec-
tive in releasing phosphate from the two tested
sources. Five Bacillus circulans strains were tested
for their ability to solubilize feldspar in Aleksan-
drov's liquid medium. Their effectiveness ranged
from 2.09 — 8.64 % and generally the pH de-
creased. Bacillus circulans F5 has the highest
value of soluble potassium in the medium. A field
experiment was conducted during two successive
seasons 2006 / 2007 and 2007 / 2008 to determine
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the influence of : 1- Phosphate fertilizer namely:
calcium superphosphate at the recommended
dose (200 kg / fed ), rock phosphate at the rates of
(1288 256 kg / fed.) and biofertilization with Bacil-
fus megaterium BF2 and their interactions. 2- Po-
tassium fertilizer namely: potassium sulphate at
the recommended dose (50 kg / fed.}, feldspar at
the rates of (240& 480 kg / fed.) and biofertilization
with B.cireufans F5 and their interactions. The
highest values of all parameters were observed
when the plants received calcium superphosphate
and / or rock phosphate at the high rate. in regard
to biofertilizer treatments, all of them led to a sig-
nificantly increase in the growth criteria during the
two successive seasons. The similar results were
obtained in potassium treatment.

INTRODUCTION

The use of plant growth promoting rhizobacie-
ria (PGPR}, including phosphate and potassium
solubilizing bacteria (PSB and KSB) as biofertiliz-
ers, was suggested as a sustainable solution to
improve plant nutrients and production (Vessey,
2003). Phosphate and potassium are major essen-
tial macronutrients for plant growth, soluble P and
K fertilizers are commonly applied to replace re-
moved minerals and to optimize yield. When phos-
phate is added into soils as a fertilizer in relatively
soluble and plant available forms, it is easily con-
verted especially in alkaline soil like in Egyption
soil, into insoluble complexes. Consequently, to
achieve optimum crop yields, soluble phasphate,
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fertilizers have to be applied at high rates which
cause unmanageable excess of phosphate appli-
cation and environmental and economic problems
‘(Brady, 1990). Cn the other hand, K deficiencies
become a problem because K decreases easily in
soils due to crop uptake, runoff, leaching and soil
erosion (Sheng and Huang, 2002). Direct applica-
tion of rock phosphate (rock P} and potassium
(rock K) malerials may be agronomically more use-
ful and environmentally more feasible than soluble
P and K {Rajan et al 1996). Rock P and K materi-
als are cheaper sources of P and K; however,
most of them are not readily available to a plant
because the minerals are released slowly and their
use as fertilizer often causes insignificant yield
increases of current crop (Zapata and Roy, 2004).
PSB have been used to improve rock P value be-
cause they convert insoluble rock P into soluble
forms available for plant growth (Bojinova et al
1997). Baciilus megateritim var. phosphaticum is
known for its ability to solubilize rock P material.
On the other hand, KSB are able to solubilize rock
K mineral powder, such as micas, illite and ortho-
clases, (Han and Lee,~2005). 't was shown that
" KSB, such as Bacillus mucilaginosus and B. circu-
lans increased K availability in soils and increased
mineral content in plant (Sheng et al 2002). Ammi
visnaga is one of the important pharmaceutical
plants of the Umbelliferae. The fruits contain two
main chromones, khellin and visnagin, which are
used as diuretic, carminative stimulant, vasodilator
and antispasmodic. The promgting effect of Potas-
sium fertilizer on growth, yield and chemical con-
stituents of horticulture plants (Hibiscus sabdariffa
L.) was supported by Al-Qubaie {2002). He stud-
ied the effect of different levels of potassium on
plant growth, and the result showed that potassium
fertilizer was very effective in enhancing all growth
criteria, anthocyanine and flavones. The promoting
effect of phosphorys treatménts on growth and
yield was studied by Abdel-Gawad (2001) on Co-
riander plants and revealed that P fertilization led
to increase P and oil contents in plant. Tomar et al
(1996) reported that application of phosphate solu-
bilizing bacteria as a bio-fertilizer to Cicer arieti-
num increased mean seed yield from 2.23 {o 2.46
ton/ha. )

The aim of the study was to evaluate the poten-
tial of the direct application of rock P and K materi-
als with the most! effective strains of PSB and KSB
for the improvement of P and K uplake and growth
of Khella (Ammi visnaga) plant grown in field con-
ditions.

MATERIALS AND METHODS

Bacteria and soil type used

Seven strains of B. megaterium and five strains
of B. circulans were used in this study. They were
obtained from Unit of Biofertilizer, Fac. Agric., Ain
Shams Univ. The physico-chemicat properties of
s0il used in these experiments are given in Table

M.

Mineral supplements: Feldspar and rock phos-
phate sources were oblained from El-Ahram Com-
pany for Mining and Natural Fertilizers. The rock
phosphate contained 25.06% P,0s .The Feldspar
contained 10.1% K,O.

Assessment the efficiency of phosphate- solu-
bilizing bacteria

Bacteria were tested for their ability to solubi-
lize phosphate using Pikovskaya's agar medium
(Subba Rao, 1982). A loop of active culture of
collected strains {seven strains of B. megalenum
(KL1.KLZ, SD, M1, M2, BF1, BF 2)} was inoculated
onto plates of Pikovskaya's agar medium. This
medium contained (g / 1) :- glucose, 10; Caa (POa)z,
5: (NHj)2 SOq, 0.5; KCI, 0.2; MnS0, and ferrous
sulphate in traces, yeast extract, 0.5 ;MgS50..
7H:0, 0.1 and agar, 20; pH 7.2. After incubation
for 5 days at 28 -30°C, the colonies showing ha-
loes around are phosphate solubitizers. The effi-
ciency of the bacteria to sclubilize insoluble phos-
phate was described by solubilization index {the
ratio of the total diameter (colony + halo zone) and
the colony diameter} (Edi Premono et al 1996).

To determine phosphate activity in liquid cul-
ture , a Pikovskaya's broth medium was amended
separately with 0.5% TCP(iricalcium phosphate)
and 0.5% rock phosphate were inoculated by
standard inoculum (10G cfu/ml) of each of the most
potent bacteria (showing highest solubilizatign in-
dex) and inocubated at 28-30°C under shake con-
dition for 14 days. After 2, 8, 10, 14 days of inocu-
lation, the number of cells and changes of pH were
measured. The amount of soluble phosphate was
determined in culture filtrates at the same time
according to Jackson (1867) lo study the relation
between the bacterial growth and soluble P with
elapsing of time. On the basis of this experiment
the most efficient strain of B. megaterium was se-
lected to apply in field experiment.
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Table 1. Physico - chemical properties of the experimental soil (extract 1:5)
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Characterization of the effectiveness of silicate
bacteria for mobilizing potassium

For this purpose, each of five strains of B. ¢cir-
culans (silicate bacteria) was inoculated sepa-
rately into 250 ml! flasks containing 100 mi of sterit-
ized Aleksandrov's liquid medium (Zahra, 1969)
and supplemented with 0.1% feldspar at pH 7. The
flasks were inocutated with standard inocuium
(10° cfu/ml) of each strain and incubated under
shaking condition at 30°C for 14 days. Soluble
potassium (Jackson 1967) and pH were deter-
mined in culture filtrates afler 14 days of inocula-
tion. The efficiency of all bacteria to solubilize in-
soluble potassium was described in term of effec-
tiveness:

Soluble K in treatment —
Soluble K in controf
x 100

Effectiveness=
Total K — soluble K in control

* Soluble K in Aleksandrov's uninoculated medium was

4.0 ppm
* Total K in feldspar mineral was 100 ppm

The most efficient strain was selected according
to the amount of soluble potassium and was inocu-
lated in Aleksandrov's liquid medium supple-
mented with 0.1% feldspar at the same conditions
as the previous .The samples were taken after 2,
6, 10, 14 days of inoculation, then the number of
cells and changes of pH were measured , the
amount of soluble potassium was determined in
culiure filtrates to study the relation between the
amount of soluble phosphate and bacterial growth
with elapsing of time.

Field experiments

Two separate field experiments were carried
out in the Experimental Farm of Faculty of Agricul-
ture, Al-Azhar University, Assiut, Egypt during the
two successive seasons of 2006 / 2007 and 2007 /
2008, to study the effect of addition of rock phos-
phate and feldspar rates individually and combina-
tion with Baciflus megaterium and Bacillus circu-
fans (used as seed inoculanis) respectively and
compared to the recommended doses of calcium
superphosphate and potassium sulphate with and
without these bacteria {control} on growth, total
chromones (khellin and visnagin) and N P K % of
Ammi visnaga plants,

A spiit plot design with three replications, rock
phosphate rates were recommended dose
{RP+=128 kgffed} & 200% of recommended dose
(RP2=256 kg/fed) and recommended doses of cal-
cium superphosphate (SP= 200 kg/fed.). Feldspar
rates were recommended dose (Fly= 240 kg/fed) &
200% of recommended dose (Flo= 480 kgffed).
The previous treatments and the recommended
dose of nitrogen {ammonium sulphate 200 kg/fed )
were added with soil preparation while recom-
mended doses of potassium sulphate (PS=50
kgiffed.) were added after sowing at 1 and 3
months. These were considered the main plots,
sub piots with or without inoculation by B. circulens
F5 and B. megaterium BF2. Ammi vishaga seeds
wera soaked in either fermented liguid containing
B. circulens F5 and B. megatenum BF2 (1x10° cfu
/mly individually or in distilled water for control. The
treated seeds were planted on October 30" of the
two seasons. The experimental plot was 3 x 3.2 m
and contained 4 rows, 60 cm apart. The distances
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between the hills were 40 cm. and the plants were
thinned 45 days later to two plants / hill,

All agriculiural practices were performed as
usuai. At the end of the experiment, the following
dala were recorded: plant height, number of
branches / plant, herb dry weight (g} / plant, num-
ber of umbeles / plant, seed yield (g) /plant and the
seed yield (kg) /fed. were calculated.

Chemical analysis

Total chromones (khellin and visnagin) in the
ripe dry fruits was carried out according to the
method of Egyptian Pharmacopoeia (1984) with
Memphis modification. The determination of N, P
and K % in plant and soil were performed accord-
ing to Jackson (1967).

RESULTS AND DISCUSSION
Effectiveness of phosphate dissalving bacteria

Inttially, out of the tested seven strains of B.
megataritim, two strains were selected on the
bases of a zone of clearance on Pikovskaya's me-
dium containing 0.5% TCP. The phosphate solubi-
lization index of the strains ranged from 1.7 to 2.3
mm {Fig. 1). B. megatarium KL1, BF2 showed
highest values of solubilization index being 2.2,
2.3mm, respectively, so these two strains were
selected to determine their potency in liquid cul-
ture. Data presented in Fig. (2) illustrate the effect
of the two selected bacterial strains on the release
of soluble P, pH value and count of bacterial cells
on 2 sources of insoluble phosphate in liquid cul-
ture under laboratory conditions. During the incu-
bation period of the B. megatarium KL1, B. mega-
tarium BF2 in medium supplements with RP or
TCP minerals, the pH and soluble phosphate were
measured after 2, 6, 10, 14 days of inoculation.
Generally, the pH values showed an inverse corre-
lation with the quantity of soluble phosphorus. in
culture media with TCP treatment, the reported
values of pH decreased with the time from 7.2 to
4.5, 7.2 to 4.4 for B. megatarium KL1, B. megafar-
itm BF2 respectively. The baclerial growth was
affected by the drooping in pH which resulted in a
reduction in the number of cells after 6 days of
inoculation because of the pH of growth medium
was unsuitable. The maximum values of soluble
phosphate were 200, 160 ppm after 10 days for
BF2, K11 respectively.

In culture media supplement with RP, the solu-
ble phosphate generally increased with the time

from 10.5, 7.3 ppm to 70.8, 53 ppm for BF2 and
KL1 respectively during 2— 14 days, and pH values
were higher than TCP treatment through the dura-
tion of experiment. The growth of bacteria and the
amount of soluble phosphate in TCP treatment
was more than in RP treatment. because, It was
more feasible to solublize compared with RP,
From the above mention result we observed that
B. megatarium BF2 was more active to release the
soluble phosphorus from both inscluble sources.
These results are in agreement with Badr et al
(2008). The previous study confirmed that these
bacterial strains produced several organic acids
such as acetic, butyric, byruvic and formic acid
which can specifically break down mineral struc-
ture purpose (Styriakova et al 2003). The solubi-
lized phosphate may react with Ca and Mg present
in rock phosphate as soon as the pH of the me-
dium increases (Kapoor et al 1989).

Effectiveness of silicate bacteria for mobilizing
potassium

The final pH and soluble potassium released by
five B. circulans strains grown in Aiexandrov's lig-
uid medium supplemented with 0.1% feldspar are
given in Table (2). Different strains showed various
abiiities on dissolution mineral. Low record of final
pH was observed in the culture medium of all
strains. B.circtfans F5 induced the lowest pH in its
culture medium being 5.2. A greater amount of
soluble potassium was released by B. circulans F5
being 12.3 ppm compared with the other strains. A
lower amount of soluble potassium was obtained
from B.circulans F1 being 6.01 ppm .These pro-
nounced capacities were reflected on the records
of effectiveness being 8.64% and 2.09% with F5 &
F1, respectively.

B.circulans F5 released the highest amount of .
soluble K, so it was inoculated in Alexandrov's
media amended with 0.1% feldspar .pH values,
soluble K and bacterial growth were determined at
2, 6, 10, 14 days after inoculation. Fig. (3) shows
inverse correlation between pH value and soluble
K through incubation period. The pH value de-
creased from 7.1 {zero time) to 5.3 during the
experimental period. Soluble K values increased
with time to 11.5 ppm at 14 days but the cell count
increased to be 60 x 107 at 6™ days then de-
creased up to the end. The organic acids produced
by microbial colonization on the mineral surfaces
greatly accelerated the release of mineral
elements to solution from feldspar sample (Welch
and Uilman, 1999).

Annals Agric. Sci., §5(1), 2010



Microbial solubilization of phosphate potassium rocks 41

275
2.5 -
225

ka

1.75

—
o

1.25 4

Solubilization index (mm)

0.75 1

2
i

0.25

BF1

Bacterial strains

Fig. 1. Solubilization index of Bacillus megaterium tested strains on
Pikovskaya's agar medium amended with tricalcium phos-
phate. The bar at the points indicate * SE

Soil experiments

Large areas of cultivated land in Egypt are de-
ficientl in phosphorus and potassium nutrient, so
they require adequate fertilization to sustain high
produclivity. However, due to economic considera-
tion, the costs of applying imported or locally pro-
duced water and soluble fertilizers are becoming
more expensive. Thus the use of alternative in-
digenous resources such as feldspar and rock
phosphate are gaining importance lo alleviate the
dependence of imported or costly commercial fertil-
izers. Therefore, in our experiment we have
amended soil with addition of rock P and K and
their solubilizing bacteria to increase the available
P and K in the soil,

Phosphorus treatments
a- Vegetative growth

Data presented in Table (3) reveal that the
main effect of phosphate fertilizer treatments on
plant height (cm), number of branches/plant and
herb dry weight (g/plant) of Ammi visnaga was
slatistically significant in the two experimental sea-
sons, It is clear that all phosphate ferilizer rates
led to a significant increase in plant height, number

of branches/plant and herb dry weight compared to
untreated plants in both seasons. Moreover, it was
found that fertilizing the plants with R.Pz [ 200% of
recommended dose ) or the recommended doses
of calcium superphosphate gave laller plants,
maximum number of branches/plant and heavier
weight of herb dry than the low rate of RP, (rec-
ommended dose ) in the two growing seasons.
This finding is in harmony with that obtained by
Shaalan et af (2001) on polish chamomile plants
and Ali (2001) on Calendula officinalis, who found
that rock phosphate led to the augmentation of
plant height , branches number, herb dry weight.
Concerming the effect of inoculation with Bacillus
megaterium BF2, data in Table (3) reveal that it
was significant on plant height, number of
branches/plant and herb dry weight of Ammi vis-
naga in the two seasons. From the obtained re-
sulls it seems that inoculating the plants with Bacil-
lus megaternum BF2 significantly augmented plant
height, number of branches/plant and herb dry
weight in comparison with contral for the two
experimental seasons.

The interaction between phosphate ferilizer
and inoculation with Bacillus megaferium BFZ on
number of branches/plant and herb dry weight
(g/plant) of Ammi visnaga had significant effect in
the two consecutive seasons. Plant height (cm)

Annals Agric. Sci., 55(1), 2010
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Fig. 2. Soluble phosphate, pH value and cell count of the most efficient phosphate
dissolving bacteria (B.megaterium KL1&B.megaterium BF2) grown on Pik-
ovskaya's liquid medium amended with tricalcium phosphate or rock

phosphate during 14 days
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Table 2. Final pH and soluble Potassium released by five silicate bacteria
strains grown on Aleksandrov's liquid medium for 2 weeks

—
' Strains pH Soluble K (ppm} | Effectiveness (%)
B.circulans FA1 6.1 6.01 2.09
B.circulans F2 55 7.21 2.34
B.circulans F3 5.9 6.73 2 84
B.circulans F4 6.0 7.0 3.42
B.circulans F5 5.2 12.3 8.64 J
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Fig. 3. pH values, soluble phosphate and the growth of B. circulans F5 on
Aleksandrov's liquid medium amended with feldspar through 14

days

was significant in the two season only. The most
effective treatments were obtained due to treating
the plants with RPz or the recommended doses of
calcium superphosphate fertilizer plus inoculation
with Bacillus megaterium BF2 These results are on
line with Tomar ef al (1996) and Hassan et al
(2009) reported that application of phosphate
solubilizing bacteria as a bio-fertilizer to Cicer
anetinum and Nigella sativa L. plants, respectively,
stimulated the vegetative growth measirements.

b- The yield parameters

Data recorded in Table (4) pointed out that the
main effect of phosphate fertilizer treatments on
the number of umbels / plant, seed yield {g) / plant
and seed yield (kg) / feddan of Ammi visnaga plant
was statistically significant in the two experimental
seasons. [t is clear that all phosphate fertilizer
rates led to a significant increase in the number of
umbels/plant, seed yield (g) / plant and seed yield

Annals Agric. Sci., 55(1), 2010
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Table 3. Effect of phosphate fertilizers with or without Bacillus megaterium BF2 inoculation on
vegetative growth of Ammi visnaga plant during 2006/2007 and 2007/2008 seasons

Phosphate Plant height ( cm/plant)
fertilizer First season Second season
treatments Inoculated | Uninoculated Mean Inoculated | Uninoculated | Mean (AT
{A) {control) {(A) control}
Untreated 115.7 111.3 113.5 1183 116.7 175
SP 149.3 142.0 145.7 154.7 145.7 150.2
R.P4 137.0 129.7 133.3 141.3 138.7 140.0
R.P2 152.3 142.3 147.3 156.3 147.7 152.0
| Mean (B) 138.57 131.3 142.7 137.7
| L.5.D.g.05 A:18 B:1.5 AB : N.S lA:14 B::186 AB:32 B
i Number of branches / plant
Untreated 5.08 4.17 4.63 583 4.47 515
sP 5.80 5.42 5.61 6.42 5.80 6.16
R.Py 5.57 5.27 5.42 6.22 575 5.98
R.P;y 6.33 5.90 6.12 6.87 6.47 6.67
Mean (B) 5.69 5.19 , 633 5.65
| L.5.D.005 A..24 B:0.09 AB:0.18 A 25 B-0.15 AB .31
Herb dry weight (g / plant)
Untreated 135.0 129.7 132.3 136.3 134.0 135.2
sp 158.3 155.3 156.8 163.7 159.3 161.5
R.P, 148.3 1440 146.2 151.3 146.7 149.0
R.P; 159.0 149.7 1543 166.3 153.7 160.0
Mean (B) 150.2 144.7 154 4 148.4
L.5.D.gos A:12 B.08 AB:1.7 A 216 B:12  AB:2.40 ”—1

Table 4. Effect of phosphate fertilizer with or without Bacillus megaterium BF2 inoculation on yield
of Ammi visnaga plant during 2006/2007 and 2007/2008 seasons

Phosphate Number of umbeles / plant
fertilizer First season Second season
treatments Inoculated Uninoculated Mean Inoculated T Uninoculated Mean
(A} (contrel} | (A) | (control) {A)
Untreated 8.50 8.00 8.25 9.50 8.88 919
SP 12.33 10.12 11.23 12.87 11.92 12.39
R.P4 10.92 9.28 10.10 11.55 10.83 11.19
R.P; 12.87 11.92 12.39 13.72 12.42 13.07
Mean (B) 11.15 9.83 11.91 11.01
L.S.D.g05 |[|A:47 B.:0.16 AB: .31 A 13 B:0.13 AB:.26 N
Seed yield (g) / plant
Untreated | 897 8.84 8.90 9.88 9.15 9.52
SP 13.67 11.83 12.70 15.43 14.20 14.82
R.Py 12.02 11.33 11.68 14.53 13.03 13.78
R.P; 1427 13.67 13.97 16.37 15.55 15.96
Mean (B) 12.21 11.42 1405 | 12.98
L.5.D.oos A:8 B:019 AB: .39 A:135 B:0.19 AB:.26
Seed yield (kg) / feddan
Untreated 209.2 206.2 207.7 23086 2135 222.0
SP 316.6 2761 296.3 360.1 3313 345.7
R.P,y 280.5 264.4 2724 3391 3041 321.6
R.P; 3328 318.9 3259 378.0 3628 370.4
Mean (B) 284.8 266.4 327.0 302.9
I .5.D.005 A:199 B:454 AB:907 | A:3119 B:382 AB:765
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{kg} / feddan compared to untreated plants in both
seasons. Moreover, it was found that fertilizing the
plants with RP; or the recommended doses of cal-
cium super phosphale gave maximum number of
umbels / plant, seed yield (g) / piant and seed yield
{kg} / feddan compared to the low rate of RPy in
the two growing seasons. Similar results were re-
ported by Ali (2001) on Calendula officinalis.

Concerning the effect of inoculation with Bacil-
lus megaterium, data in Table (4) reveal that it
was significantly affect on the number of umbels /
plant, seed vield (g) / plant and seed vyield (kg) /
feddan of Ammi visnaga plant in the two seasons.
From the obtained results it seems that inocculating
the plants with Bacillus megatenum significantly
augmented number of umbels / plant, seed yield
(g) / plant and seed yield (kg) / feddan in compari-
son with control for the two experimental seasons.

The interaction between phosphate fertilizer
and inoculation with Bacillus megaterium on the
number of umbels/plant, seed yield {g) / plant and
seed yield (kg) / feddan of Ammi visnaga had sig-
nificant effect in the two consecutive seasons. The
most effective treatments were obtained due to
treating the plants with RP2 or the recommended
doses of calcium super phosphate plus inoculation
with Baciflus megaterium BF2 in the two succes-
sive seasons. Radwan & Farahat {2002) proved
that bio-fertilizer (phosphate dissolving bacteria}
led to a significant increase fruit yield of coriander
plant. Inocuiation of Nigelfa sativa seeds by Bacil-
lus megaterium and some other strains, each of
them individually or in combination, revealed that
these treatments led to increase growth, yield
characters and volatile, fixed oils % (Shaalan,
2005).

c- Chemical constituents
N, P and K percentage

Data recorded in Table (5} pointed out that the
main effect of phosphate fertilizer treatments on
nitrogen, phosphorus and potassium percentage of
Ammi visnaga plant was statistically significant in
the two experimental seasons. It is clear that all
phosphate fertilizer rates led to a significant in-
crease nitrogen, phosphorus and potassium per-
centage compared to untreated plants in both sea-
SONS,

Moreover, it was found that fertilizing the plants
with RP2 or the recommended doses of calcium
superphosphate {S P) gave the highest percent-
ages of nitrogen and phosphorus in the two sea-

45

sons. Badran ef al {1988) concluded that Safaga.
rock phosphate was almost equal to calcium su-
perphosphate in increasing ptant height, herb, oil
%, oil yield, P % and P uptake of yarrow plants and
Ali (2001) on Calendula officinalis, emphasized
that Safaga rock phosphate led to the augmenta-
tion of plant growth and P % and P content.

Concerning the effect of inoculation with Bacillus
megaterum, data in Table (5) reveal that it was
significantly affect on nitrogen, phosphorus and
potassium percentage of Ammi visnaga plant in
the two seasons. From the obtained results it
seems that inoculating the plants with Bacillus
megaterium significantly augmented nitrogen,
phosphorus and potassium percentage in com-
parison with control for the two experimental sea-
sons. The interaction between phosphate fertilizer
and inoculation with Bacillus megatenum BF2
revealed that nitrogen and phosphorus percentage
of Ammi visnaga had significant effect in the two
experimental seasons. Potassium percentage was
significant in the first season only. The most effec-
tive treatments were obtained due to treating the
plants with RP; or the recommended doses of cal-
cium super phosphate {$ P) plus incculation with
Bacillus megaterium in the two successive sea-
sons.

Khellin, Vispagin and total Chromones per-
centage

Dala recorded in Table (6) show that the main
effect of phosphate fertilizer treatments on Kheltin,
Visnagin and total Chromones percentage of Ammy
visnaga plant was statistically significant in the two
experimental seasons. It is ¢lear that all phosphate
fertilizer rates led to a significant increase Khellin,
Visnagin and Total chromones percentage com-
pared to untreated plants in both seasons. More-
over, it was found that ferlilizing the plants with
RP; gave the highest Khellin, Visnagin and Total
chromones percentage in the two seasons, This
result was supported by Ali (2001 & 2004},

Concerning the effect of inoculation with Bacil-
lus megaterium BF 2, data in Table (6) reveal that it
was significantly affect on Khellin, Visnagin and
total Chromones percentage of Ammi visnaga
plant in the two seasons. From the obtained results
it seems that inoculating the plants with Bacillus
megaterdum  significantly augmented Khellin,
Visnagin and Total chromones percentage in
comparison with control for the two experimental
seasons. The interaction between phosphate feril-
izer and inoculation with Bacillus megaterium on
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Table 5. Effect of phosphate fertilizer with or without Bacillus megaterium BF2 inoculation on N,
P and K percentage of Ammi visnaga plant during 2006/2007 and 2007/2008 seasons

Phosphate N %
fertilizer First season T Second season
treatments r_fn‘:u:ull.ated Uninoculated Mean Tlnoculated Uninoculated Mean
Ay {control) (A) {control) (A)
Untreated 2.15 1.95 2.05 ' 217 200 | 209
SP 245 2.23 2.34 247 2.27 2.37
R.P, 2.31 1.99 2.15 2.35 2.03 219
R.P; 250 2.21 2.35 254 2.25 240
| Mean (B 2,35 2,10 | 238 2.14
LLf-S.D.o.os A 021 B:0.017 AB:.034 A 025 B:0.013 AB :.027
P %
Untreated 0.270 0.253 (0.262 0.283 0.270 0.277
SP 0.327 0.303 0.315 0.340 0.313 0.327
1 R.Py 0.313 0.283 0.298 0.333 0.307 0.320
R.P; 0.367 0.297 0.332 (0.380 0.317 0.348
Megn (B) 0.319 0.284 (0.334 0.302
L.S.D.ogs A.0005 B:0004 AB:0.009 A:0.008 B:0.008 AB . 0.016
K %
Untreated 1 2.10 2.05 2.08 211 2.08 2.10
sP 222 2.19 2.20 2.23 2.21 222
R.P: 213 2.12 2.12 2.16 2.14 2,15
R.P; 2.26 221 2.24 2.28 2.24 2.26
Mean (B) 2.18 _ 2.14 [ 219 217
L.S.D.oos A 0.009 B:0.005 AB:0.010 [ A:0.025 B:0.008 AB I N.S

Table 6. Effect of phosphate fertilizer with or without Bacillus megaterivm BF2 inoculation on Khel-
lin, Visnagin and Total chromones percentage of Ammi visnaga plant during 2006/2007

and 2007/2008 seasons

Phosphate Khellin %
fertilizer First season Second season
treatments Inoculated Uninoculated Mean | Inoculated | Uninoculated Mean
{A) {control) (A) {control) {A)
Untreated 1.96 1.92 1.94 1.99 1.84 1.6
SP 203 1.99 2.01 2.06 2.02 2.04
R.Py 2.10 1.95 2.03 213 1.99 2.06
R.P; 213 2.05 2,09 217 2.08 213
Mean (B) 2.06 1.98 2.09 2.01
L.8.D.g0s5 AL034 B:0.013 AB:.026 A:.029 B:0018 AB:.037
Visnagin %
Untreated 0.82 0.81 0.82 0.85 0.83 0.84
SP 0.96 0.03 0.94 0.98 0.96 0.97
R.P4 0.97 0.89 0.983 0.99 0.91 0.95
R.P2 0.98 0.92 0.95 1.02 0.96 0.99
Mean (B) 0.93 0.89 0.96 0.92
L..S.D.oos A:00068 B:0004 AB:0.008 ] A:0010 B:0.004 AB:0.009
Total chromones %

Untreated 2.78 272 275 2.84 277 2.81
SP 2.99 2,92 2.96 3.04 2.98 3.01
R.Py 3.07 284 2.96 3.13 2.90 3.01
R.P; 3.11 2.98 3.04 3.19 3.04 3.11
Mean (B) 2.99 2.87 3.05 2,92
L.S.D.ogs A:0.037 B:0.013 AB:0.026 A:0031 B:0.017 AB:0.034 ]
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Khellin, Vishagin and Total chromones percentage
of Ammi visnaga had significant effect in the two
experimental seasons. The most effective treat-
mentls were obtained due 1o treating the plants with
RP: plus inoculation with Bacillus megatherium
BF2 in the two successive seasons. This study is
in agreement with Shaalan {2005) on Nigella sa-
tiva and on Corfandrum sativum L. (Abd El- Kader
and Ghaly, 2003).

Potassium treatments
a- Vegetative growth

Data presented in Table (7) reveal that the
main effect of potassium ferlilizer treatments on
plant height{(cm}, number of branches/plant and
herb dry weight (g/plant) of Ammi visnaga was
statistically significant in the two experimental sea-
sons. Itis clear that all potassium fertilizer rates led
to a significant increase in plant height, number of
branches/plant and herb dry weight compared to
untreated plants in both seasons. Moreover, it was
found that fertilizing the plants with Fl» {200% of
recommended dose) or the recommended doses
of potassium sulphate gave tallest plants, maxi-

mum number of branches/plant and heaviest

weight of herb dry than the low rate of Fly {rec-
ommended dose) in the two growing seasons.
These results are in agreement with Al-Qubaie
(2002) who studied the effect of potassium treat-
ments on Hibiscus subdariffa growth. The results
showed that using potassium fertilizer was very
effective in enhancing all growth criteria.

Concerning the effect of incculation with Bacil-
lus circulans F5, data in Table (7) reveal that it
was significant on plant height, number of
branches/plant and herb dry weight of Ammi
visnaga in the two seasons. From the obtained
results it seems that inoculating the plants with
Bacillus circulans F5 significantly augmented plant
height, number of branches/plant and herb dry
weight in comparison with controf for the two ex-
perimental seasons.

The interaction between potassium fertilizer
and inoculation with Bacilius circufans F5 on plant
height of Ammi visnaga had significant effect in the
two consecutive seasons, The most effective treat-
menis were obtained due fo treating the plants with
Flz or the recommended doses of potassium sul-
phate plus inoculation with Baciflus circufans F5 in
the two successive seasons.

The combined effect between the two faclors
on the number of branches was significant in the
second season only. The best resulls were de-
tected due to supplying Ammi visnaga plants with
Flz and inoculated with Bacillus circufansF5. In this
reqard, the interaction effect between Potassium
fertilizer and inoculation with Bacilius circufans F5
on heavy dry weight was not significant in the two
experimental seasons, as clearly illustrated in
Table (7). Potassium uptake improved markedly in
both cases with inoculation of bacteria in the tested
soils compared to corresponding controls.

b- The yield parameters

Data recorded in Table (B) pointed out that the
main effect of potassium fertilizer treatments on the
number of umbels/plant, seed yield (g)/plant and
seed yield {(kg)/feddan of Ammi visnaga plant was
statistically significant in the two experimental sea-
sons. It is clear that all potassium ferdtilizer rates led
to a significant increase in the number of umbels /
plant, seed yield (g)/plant and seed vyield (kgy
feddan compared to untreated plants in both
seasons. Other studies showed a promoting effect
of potassium fertilizer on yield of horticulture plants
such as anise (Pimpinella anisum. L) (Bhu-
vaneshwari et al 2002). Moreover, it was found
that fertilizing the plants with Flz or the recom-
mended dose of potassium sulphate gave maxi-
mum number of umbels/plant, seed yield (g) / ptant
and seed yield (kg)ffeddan than the low rate of
Fly in the two growing seasons.

Concerning the effect of inoculation with Bacil-
lus circulans F5, data in Table (8) reveal that it was
significantly affect on the number of umbels / plant,
seed yield (g) / plant and seed yield (kg) / feddan
of Ammi visnaga plant in the two seasons. From
the obtained results it seems that inoculating the
plants with Baciflus circulans F5 significantly aug-
mented number of umbels / plant, seed yield (g) /
plant and seed yield (kg) / feddan in comparison
with control for the two experimental seasons.

The interaction between potassium feriilizer
and inoculation with Bacillus circelans F5 on the
number of umbels / plant and seed yield (g) / plant
of Ammi visnaga had significant effect in the two
consecutive seasons. The most effective treat-
ments were obtained due to treating the plants with
Fl. or the recommended doses of potassium
sulphate plus inoculation with Baciflus circulans
F5 in the two successive seasons. The combined
effect between the two factors on seed yield (kg) /
feddan was significant in the second season only.
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Table 7. Effect of Potassium fertilizer with or without Baciifus circulans E5 inoculation on vegeta-
tive growth of Ammi visnaga plant during 2006/2007 and 2007/2008 seasons

| Potassium Plant height cm/plant
fertilizer First season Second season
treatments Inoculated | Uninoculated | Mean (A) | Incculated | Uninoculated
{A) {controi) {control) (A)
Untreated 112.3 108.3 110.3 117.7 1153 116.5
Ps 145.0 140.0 142.5 151.7 143.3 147.5
Fhl 135.0 127.3 131.2 139.0 136.0 137.5
Fiz 146.7 138.7 143.2 150.7 144.7 147.7
Mean (B} 1347 128.8 139.8 134.8
L.S.D.0,05 A:230 B: 100 AB.1.90 A:334 B1&  AB:3.20
Number of branches / plant
Untreated 4.42 3.50 3.96 5.33 392 | 483
PS 6.22 5.33 5.78 6.25 5.92 6.08
Fiy 5.67 517 5.42 592 5.47 5.69
Flz 6.42 5.97 6.19 6.55 6.30 6.43
Mean (B) 5.68 5.19 6.01 5.40
L.S.D.oos A2 B:17 AB:N.§ A28 B:1N AB: .21
Herb dry weight (g / plant)
Untreated 130.3 127.3 129.0 133.3 131.3 1323
PS 156.0 151.0 153.5 157.3 155.3 156.3
Fiy 1450 141.3 143.2 147.0Q 142.3 1447
Fla 158.0 152.7 155.3 160.0 156.3 158.2
Mean (B) 147.4 143.1 149.4 146.3
| L.S.D.005 A:285 B:11 AB:NS } A:215 B:10 AB:NS

Table 8. Effect of Potassium fertilizer with or without Baciflus circulans F5 inoculation on yield of
Ammi visnaga plant during 2006/2007 and 2007/2008 seasons

Potassium Number of umbeis / plant
fertilizer First season Second season
treatmemts | [noculated | Uninoculated Mean Inoculated | Uninoculated Mean
(A) {control) (A) (control) (A}

Untreated 8.00 7.50 7.75 8.66 8.G60 8.33

PS 12.17 9.17 10.67 12.80 10.50 11.65

Fly 10.50 9.01 9.76 10.83 10.50 10.67

Flz 12.17 11.17 11.67 13.00 11.83 12.42
| Mean (B} | 10.71 9.21 11.32 10.21

L.S5.D.gus A 044 B.0.01 AB: 0.01 A:0.43 B:0.15 AB:0.30

Seed yield {g]} / plant

Untreated 8.87 8.50 8.68 9.60 8.92 9.26 W

PS 13.57 11.67 12.62 15.08 13.33 14.21

Fi4 11.73 11.00 11.37 13.67 12.67 12.87

Fi2 1417 13.83 14.00 15.83 15.00 15.42
Mean (B) 12.08 11.25 13.40 12.48

L.5.D.005 A:070 B:042 AB:083 ~1A:079 B:0.19  AB:0.38

Seed yield {kg)/ feddan

Untreated 206.9 198.3 202.6 2237 208.0 2159

PS 316.6 280.0 298.3 3519 3111 331.5

Fiy 2738 286.7 280.2 3C4.9 2956 300.2

Fiz 3306 322.8 326.7 369.4 350.0 359.7

Mean (B) 281.9 2719 | 3125 | 291.2

L.S.D.ogs A:2558 B:1769 AB:N.S _[ A:1867 B:448 AB:9.00
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¢- Chemical constituents
N, P and K percentage

Data presented in Table (9) reveal the main ef-
fect of potassium fertilizer treatments on nitregen,
phosphorus and potassium percentage of Ammi
visnaga plant in the two experimental seasons.
From the obtained data, it could be noticed that all
potassium fertilizer rates led o a significant in-
crease in the N, P and K percentage compared to
untreated plants in both seasons. Moreover, the
highest percentages of nitrogen and phosphorus
were obtained from receiving the plants high rate
of feldspar (Fl) in the two seasons.

Regarding the effect of inoculation with Bacillus
circutans F5, data in Table (9) reveal that it was
statistically significant on nitrogen, phosphorus and
potassium percentage of Ammi visnaga plant in
the two experimental seasons.

The interaction between potassium fertilizer
and inoculation with Bacillus circufanst5 on nitro-
gen and potassium percentage of Ammi visnaga
had a significant effect in the two consecutive sea-
sons whereas phosphorus was significant in the
first season only. The most effective treatments
were obtained due to treating the plants with Flz
pius inoculation with Baciflus circulans in the two
SUCCeSSive Seasons.

The combined effect between the two factors
on potassium percentage was significant in the two
consecutive seasons, The best results were de-
tected due to supplying Ammi visnaga plants with
recommended doses of potassium sulphate plus
inoculation with Bacillus circufans F5 in the two
successive seasons.

Khellin, Visnagin and total Chromones per-
centage

Data presented in Table (10) reveal that the
main effect of potassium fertilizer trealments on
Khellin, Visnagin and total Chromones percentage
of Ammi visnaga L. plant was statistically signifi-
cant in the two experimental seasons. Moreover,
the highest percentages of Khellin, Visnagin and
total Chromones were obtained from the plants
which had received a high rate of feldspar (Flz) in
the two seasons. Al-Qubaia (2002) reported that
using potassium fertilizer was very effective in en-
hancing anthocyanine and flavones and these pa-
ramelers were associated with increasing K levels
from 0.0 to 72.0 Kg/ Fed.

From the obtained results, it seems that inocu-
lating the plants with Bacillus circulans F5 signifi-
canfly augmented Khellin, Visnagin and total
Chromones percentage compared to untreated
plants for the two experimental seasons. The in-
teraction between potassium fertilizer and inocula-
tion with Bacilius circulans F5 on Khellin percent-
age of Amini visnaga had a significant effect in the
two consecutive seasons whereas visnagin per-
centage was not significant in the two seasons.
Total chromones were significant in the first sea-
son only. The most effective treatments were ob-
tained due to treating the plants with Flz or plus
inoculation with Baciflus circufans F5 in the two
SUCCEeSssive Seasons.

The significance of soil inoculation in increasing
phosphorus uptake was reported by many investi-
gators. Like Badr et al {(2006) who reported that
dry matter, soil available K and up take of K of sor-
ghum plant inoculated with silicat dissolving bacte-
ria and with minerals (feldspar and rock phos-
phate) increased compared to the plants supplied
with minerals alone. These bacteria were found to
develop in the rhizosphere of the sorghum plants.
The release of disselved K and P — bearing min-
eral indicates that the silicate dissolving bacteria
could grow under the scil conditions and have a
potential of mineral dissolution. On the other hand,
inocufation of silicate dissolving bacteria without
mineral additions apprecially activates the initial K
and P content in all soils. Inoculation of silicate
dissolving bacteria accelerated the transformation
of non-available forms of K and P into an available
one. Welch and Ullman (1999} stated that bacte-
ria attached to feldspar surfaces could greatly ac-
celerate the rate of feldspar dissolution to gain
access to trace or limiting nutrients for metabolic
process, primarily by the production of organic
ligands. The result of three ligands excretion is the
accelerated weathering of feldspar.

Increasing the bio-availability of P and K in
soils with inoculation of PGPR or with combined
inoculation and rock materials, which may lead to
increased P uptake and plant growth, was reported
by many researchers (Lin ef af 2002; Sahin ef al
2004). Han et al (2006) reported that rock P and K
applied either singly or in combination did not
significantly enhance soi! availability of P and K,
indicating their unsuitability for direct application.
PSB was a more potent P-solubilizer than KSB
and co-inoculation of PSB and KSB resulted in
consistently higher P and K availability and the
growth of paper and cucumber than in the controi
without bacteria inoculum and without rock material
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Table 9, Effect of Potassium fertilizer with or without Bacillus circulans F5 inoculation on N,P and K
percentage of Ammi visnaga plant during 2006/2007 and 2007/2008 seasons

Potassium N %
fertilizer First season | Second season
treatments Uninoculated Mean Uninoculated Mean
(A) Ineculated {controf) (A} inoculated (control) (A)
Untreated 215 2.06 210 217 2.09 2.13
PS 2.30 2.19 2.25 229 222 2.25
Fly 2.34 2.21 228 2.36 2.23 2.30
Fi, 2.60 2.49 249 2.52 2.51 2.51
__Nlean (B) 2.32 210 2.34 2.26
L.8.D.os A 0.013 B:0.008 AB:0.017 A 0044 B::0.020 AB:0.027
: P %
Untreated 0.303 0.290 I 0.297 0.333
PS 0.313 0.290 0.302 0.333
Fly 0.327 0.293 0.310 0.347
Fiz 0.357 0.350 0.353 0.377
Mean (B) 0.325 0.306 0348 |
L.5.D.0.0s i A:0010 B::0005 AB:0.010 A:0.014 B:0.006 AB : N.S
K % ]
Untreated 3.07 3.13 3.10 310 315 3.13
PS 3.10 2,24 267 312 225 269
Fly 2.21 2.25 2.23 2.23 2.26 2.25
Fiz 2.20 2.27 2.24 222 2.31 2.26
Mean (B} 2.64 247 | 249 267
L.S.D.g.0s5 iA '0.013 B:0.010 ABR:0.021 A:0021 B:.:0.024 AB:0.047 I

Table 10. Effect of Potassium fertilizer with or without Bacifius circulans F5 inoculation on Khellin,
Visnagin and Totfal chromones percentage of Ammi visnaga L. plant during 2006/2007

and 2007/2008 seasons

Potassium Khellin %
fertilizer First season L Second season
treatments I lated Uninoculated Mean Inoculated Uninoculated Mean
(A) noculate {control) (A) nocula (control) (A)
Untreated 1.99 1.91 1.95 2.02 193 198
PS 2.07 2.02 2.08 2.10 2.04 2.08
Fl4 213 2.00 2.07 2,16 2.04 2.10
Fl, 2.15 2.1 213 2.21 2.13 2.16
Mean (B} 2.10 2.01 212 2.04
L.S.D.o08 A;0.008 B.:0010 AB:0.019 A:.013 B:0.014 AB: 027
Visnagin %
Untreated 0.85 083 0.84 0.87 T 0.85 0.86
PS 0.93 0.92 0.93 0.97 0.95 0.96
Fl4 0.91 0.87 0.88 0.91 0.88 0.91
Fl2 0.96 .94 .95 1.00 0.96 0.98
Mean (B} 0.91 0.89 0.94 | 0.91
L.S.D.o.os A.0006 B:0005 AB:NS A:0016 B:;0007 AB NS |
Total chromones %
Untreated 2.84 2.73 2.79 2.89 2.78 2.84
P3 3.00 2.94 297 3.07 3.00 3.04
Fl4 3.03 2.87 2.95 3.06 2.92 299
Flz 3.12 3.04 3.08 3.19 3.09 3.14
Mean (B) 3.00 2.91 3.06 2.95
L.S.D.oos | A:0011 B:0.010 AB:0.020 A 0.024 B:0.019 AB:N.S I
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fertilizer. Bacterial inoculation, which can improve
P and K availability in soils by producing organic
acids and other chemicals, stimulated growth and
mineral uptake of plants {Park et al 2003). It is
known that P availability in soils is important for the
uptake of N from soils and its ulilization in plant
(Kim et al 2003). Finally, it could be recommend to
use the locally available feldspar and rock P min-
eral in combination which silicate and phosphate
dissolving bacteria as ecofriendly biofertilizers 1o
replace chemical fertilizers and reduce the cost of
crop production.
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