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Abstract: This study was conductedwith the perspective of organic production of roselle by using natural
minerals and biofertilizers. Egyptian rock phosphate (20 % P O ) at 100, 150 and 200Kg/feddan and feldspar2 5

(10% K O) at  250  and  500  Kg/feddan  were  applied  in different combinations as an alternative for chemical2

PK  fertilizers  of calcium  superphosphate (15.5%  P O )  and potassium sulphate (48%  K O)  at  the rates of2 5 2

150 and 75 Kg/fed, respectively.The mixtures were added with or without Bacillus megaterium var.
Phosphaticum (phosphate solubilizing bacteria) and Bacillus mucilaginosus (potassium solubilizing bacteria)
at 3 L/feddan. Rhizobacterin biofertilizer  (a  mixture of Azotobacter chroococcum and Azospirillum lipoferum)
was added to all treatments at 600g/ feddan as a source of nitrogenous nutrition.Generally, results showed that
all the fertilization treatments significantly enhanced the vegetative growth characteristics under the study
(plant height, number of branches/ plant, leaf area, root length, fresh and dry weights of leaves and roots/plant),
along with yield and oil production (number of fruits, fresh weight of fruits, fresh and air dry weights of calyces,
seed yield, seed oil percentage and seed oil yield/plant), quality of calyces (anthocyanin content and acidity%)
and chemical composition of leaves (total chlorophylls, carotenoids, total carbohydrates contents as well as
N, P and K%) compared to the control. There was a steady increase in all the parameters investigated with the
increase in rock phosphate and/or feldspar rate with or without the addition of Bacillus megaterium var.
Phosphaticum and Bacillus mucilaginosus. Inoculation of bacteria with either PK chemical fertilizer or rock
phosphate and feldspar  (natural  minerals) gave significantly higher  values in most of traits under the study
than the use of the same fertilization treatment alone. There was no significant difference between the
significantly highest values recorded with plants received PK fertilizer in combination with phosphate and
potassium solubilizing bacteria and that recorded with plants received rock phosphate at 200 Kg/feddan plus
feldspar at500 Kg/ feddan in presence of inoculation. Therefore, application of rock phosphate at 200Kg/feddan
plus feldspar at 500 Kg/ feddan with phosphate and potassium solubilizing bacteria treatment is recommended
as a low cost and ecofriendly fertilizer recording increased vegetative growth, quality of calyces and chemical
composition of roselle.

Key words: Roselle (Hibiscus sabdariffa)  Rock Phosphate  Feldspar  Bacillus  PK  Nitrogen fixing
bacteria

INTRODUCTION phospholipids, proteins, triglycerides,  fatty  acids

Roselle (Hibiscus sabdariffa L.), belonging to family oleic and linoleic fatty acids and has phytosterols which
Malvaceae, has an economic importance because of its reduce the absorption of dietary cholesterol when
nutritional and medicinal uses. Roselle is grown mainly for included in the human diet [1-4]. Roselle contains two
its calyces which contain calcium, phosphorus and iron major  anthocyanins  that   are  delphinidin-3-
nutrients. Seeds are food antioxidants, rich in potassium, sambubioside (known as delphinidin-3-xylosylglucoside
sodium, calcium, phosphorus and magnesium nutrients, or   hibiscin)   and   cyanidin-3- sambubioside  (known  as

(linoleic, oleic,palmitic and stiaric). Seeds oil composes of
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cyaniding-3-xylosylglucoside or gossypicyanin) and it Many investigations reported that application of
contains tartaric, oxalic, malic, citric, ascorbic and Azotobacter, Azospirillum and Bacillus biofertilization
succininc organic acids. They are responsible for its along with NPK chemical fertilizers increased vegetative
anticancer,  hypertension  and   hyperlipidemia  function growth (plant height, number of branches and herb fresh
[5-7]. Calyx extracts has antioxidant, and dry weights), oil yield, total carbohydrates and
antihypercholesterolaemic, antinociceptive and nitrogen, phosphorus and  potassium  levels in the
antipyretic activities. They are used for the treatment of tissues of aromatic and medicinal plants [19-22].
liver diseases and fever, smoothing muscles, stimulating This study aimed to replace commercial chemical
testosterone and estradiol reproductive hormones, phosphorus and potassium fertilizers by rock phosphate
decreasing urinary concentrations of creatinine, uric acid, and feldspars through studying the impact of rock
calcium, sodium, potassium and phosphate [8, 9]. phosphate and feldspar mixtures, compared to PK

Increasing food production that is safe and nutritious chemical fertilizer with or without Bacillus megaterium
is a global demand. Also, increasing yield is the most and Bacillus mucilaginosus dissolving bacteria on
important agro-economic goal of farmers. Conventional vegetative growth, yield and oil production and chemical
PK fertilization has a superior effect on plant growth and composition of roselle plants in the presence of a mixture
yields, but they are expensive and environmentally of Azotobacter chroococcum and Azospirillum lipoferum
hazardous due to leaching out, contamination of the as a source of nitrogenous nutrition.
subsurface water and water basins and damaging
beneficial microorganisms. One of the organic farming MATERIALS AND METHODS
strategies is combining natural minerals as a source of
nutrients with biofertilizers. Natural minerals are an The present study was conducted  at the
alternative more environmentally friendly, cheapest, Experimental Farm of Faculty of Agriculture, Cairo
source of lots of the nutrients that give better nutritional University  during  the  two  seasons of 2010 and 2011.
quality to harvest  products and they breakdown over The aim of this study was to produce organic roselle by
time to improve soil fertility in sustainable way and avoid adding  Egyptian  rock  phosphate and  feldspar  applied
more soil degradation. Addition of nitrogen-fixing soil in combination as an alternative for chemical PK fertilizer
bacteria and phosphorus and potassium solubilizing applied as a mixture of calcium superphosphate and
bacteria as biofertilizers support the effect of rock potassium sulphate. A comparison was made between
phosphate and natural minerals. They fix atmospheric using the fertilizer mixtures with or without the presence
nitrogen, mobilize fixed macro and micro nutrients and of phosphate solubilizing bacteria (PSB) Bacillus
convert insoluble P and  K in the soil into available form megaterium var. Phosphaticum and potassium
to the plants to  uptake  them  and attain high yields. solubilizing bacteria (KSB) Bacillus mucilaginosus.
Egypt should expand in using rock phosphate and Seeds of roselle (Hibiscus sabdariffa L. cv. Sabheia
feldspar natural minerals instead  of chemical PK 17) were obtained from Medicinal and Aromatic Plants
fertilizers, as Egypt is the eighteenth country all over the Research Department, Horticulture Research Institute,
world in rock phosphate production and the thirteenth in Agricultural Research Center, Giza. Seeds were sown on
feldspar production in 2011 according to the British the 15  of April in both seasons. Seeds (four seeds / hill)
geological survey [10]. were sown on one side of the ridges in hills 50 cm apart.

Few researches on aromatic and medicinal plants After 25 days, the seedlings were thinned to one plant per
showed the promoting effect on vegetative growth hill. The physical and chemical properties of the
characteristics,productivity and chemical composition experimental soil were shown in Table 1.
attributed to applying rock phosphate and feldspar such Egyptian rock  phosphate  and feldspar were
as on Thymus vulgaris [11]. Prior investigations found obtained from Al-Ahram for Mining Company. Egyptian
that bacterial genera under study of phosphate and rock phosphate (RP, 20.0 % P O ) was used at the rates of
potassium dissolving bacteria and nitrogen fixing bacteria 100, 150 and 200Kg/feddan/season (RP1, RP2 and RP3,
as a biofertilizer promoted plant growth of Camellia respectively). Feldspar (F, 10 % K O) was used at the
sinensis,  Helianthus  annus,  Mentha  piperita  and rates of  250  and  500 Kg/fed (F1 and F2, respectively).
Ammi visnaga [12-15]. The combination between rock The two fertilizers were incorporated into the soil to a
phosphate and feldspar and the used bacteria influenced depth of 15-20 cm two weeks before sowing the seeds.
the  productivity  and  quality  of  Capsicum  annuum, Chemical analysis of Egyptian rock phosphate and
Ruta graveolens and Foeniculum vulgare [16-18]. feldspar  is   shown   in   Table   2.  PK  treatment received

th

2 5

2
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Table 1: The physical and chemical properties of the experimental soil (average of the two seasons)

Physical analysis
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sand% Clay% Silt% Texture class

54.1 24.5 21.4 Sandy Clay Loam

Chemical analysis

Soluble cations and anions (meq/L) Available elements (mg/kg)
------------------------------------------------------------------------------------------ -----------------------------------

pH EC dS/m O.M. % HCO Cl Ca Mg K Na N P K3
- - ++ ++ + +

7.5 0.46 2.13 3.6 1.4 1.5 0.4 0.30 2.80 50 198 300

Table 2: Chemical analysis of Egyptian rock phosphate and feldspar

Item (%) SiO TiO Al O Fe O MnO MgO CaO Na O K O P O SO  LOI2 2 2 3 2 3 2 2 2 5 3

Egyptian rock phosphate 12.78 0.03 0.65 1.35 0.08 0.61 48.63 1.12 0.05 22.00 1.98 13.62
feldspar 70.56 0.04 16.25 0.40 0.02 0.05 0.47 3.69 10.0 0.03 0.00 0.70

recommended dose of  PK  inorganic fertilizer according After harvesting, number of branches/plant, root length,
to the Egyptian Ministry of Agriculture and Land fresh and dry weights of leaves and roots/plant, number
Reclamation [23] as calcium superphosphate (15.5% P O ) of fruits /plant,  fresh weight of  fruits  / plant, fresh and2 5

and potassium sulphate (48% K O) at 150 and 75 air dry weights of calyces/plant and seed yield / plant2

Kg/feddan, respectively incorporated together while were recorded. Fixed oil percentage was measured in the
preparing soil. The commercial biofertilizer Rhizobacterin harvested seeds by using petroleum ether in a soxhlet
(produced by General Organization for Agricultural system HT apparatus according to the methods of
Equalization Fund, Agriculture Research Center, Giza, A.O.A.C. [25] and then oil yield per plant was calculated.
Egypt) was added as  a  source  of nitrogenous nutrition. Total carbohydrates content in dried leaves was estimated
It included a mixture of Azotobacter chroococcum and using the method of Herbert et al. [26]. Dried leaves were
Azospirillum lipoferum and it was added at 600g /feddan digested according to the method of Piper [27] for
while sowing seeds by mixing it with fine clay and the determination of nitrogen, phosphorus and potassium
seeds to all the treatments. Control received only elements using  the  method  described by Pregl [28],
Rhizobacterin.  Liquid culture  inocula of Bacillus Jackson [29] and Chapman and Pratt [30], respectively.
megaterium var. Phosphaticum and Bacillus The anthocyanin content of calyces was determined
mucilaginosus (1 x 10  cell /ml, provided by Central Lab of using the method of Fuleki and Francis [31] and acidity8

Organic  Agriculture,   Agricultural  Research  Center, was determined by the method described by A.O.A.C.
Giza)  was  added  at  the  rate  of  3 L/ feddan three times [32]. Data were tabulated and statistically analyzed
per season (2weeks, 6  weeks  and  10  weeks after according to procedure described by Snedector and
sowing). Common   agricultural  practices including Cochran [33]. Comparisons among means of treatments
regular  irrigation  and  manual  weed control were were carried out using L.S.D. test at 0.05 level of
followed up. probability.

The layout of the Experiment was a randomized
complete blocks design. The experiment consists of 15 RESULTS
treatments including  the  control, with three replicates.
The experimental  unit  was 2.25m  x 3 m with three ridges Effect     on      Vegetative     Growth     Characteristics:
at  a  distance  of  75  cm between ridges, 6 hills/ ridge. Data recorded in the two  seasons  on  roselle plants
Each plot contained 18 plants/treatment (6 plants/ridge). (Table 3)  showed  that  all the fertilization treatments

Plants were harvested on 21 October in both seasons under the present study significantly increased plantst

by digging to a depth of 30 cm. Before harvesting the height,  number   of  branches/plant,  leaf  area,  root
plants, data were recorded on plant height and average length and fresh and dry weights of leaves and
leaf area of five mature leaves (seventh leaf from shoot roots/plant compared with the control plants. The least
apex) by using leaf area-meter Model Li-3000. Also, total values were obtained from control plants receiving only
chlorophylls and carotenoids in fresh leaves were the commercial biofertilizer Rhizobacterin which was
estimated before harvesting according to Saric et al. [24]. added to all the treatments
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Table 3: Effect of natural minerals, PK and biofertilizers on plant height, number of branches/ plant, leaf area, fresh and dry weights of leaves/plant, root length,
fresh and dry weights of roots/plant and number of fruits/ plant of roselle plants in 2010 and 2011 seasons. 

First season Second season First season Second season First season Second season
----------------------------------------------- ------------------------------------------------- ------------------------------------------------

Treatments Plant height (cm) Number of branches / plant Leaf area (cm )2

Control 143.50 155.07 6.87 7.11 19.36 18.08
PK 177.38 191.20 14.22 18.01 34.69 35.28
RP  + F 158.47 174.21 8.82 10.19 23.38 26.341 1

RP  + F 160.76 178.32 9.53 11.61 25.70 29.981 2

RP  + F 164.02 180.47 10.90 13.51 27.26 31.602 1

RP  +F 167.03 185.28 12.80 15.64 29.71 32.032 2

RP  +F 171.94 186.11 11.37 16.83 30.81 32.753 1

R P  +F 174.59 188.80 13.03 17.54 32.82 33.733 2

PK + B 190.91 200.11 17.30 20.14 39.04 38.50
RP  +F  + B 168.10 182.96 11.37 12.80 27.00 29.511 1

RP  +F  + B 171.73 184.43 13.03 13.98 29.78 31.291 2

RP  +F  + B 175.17 188.65 13.03 15.16 31.13 33.402 1

RP  +F + B 177.77 192.52 14.69 17.30 34.02 34.802 2

RP  +F  + B 181.97 194.29 15.16 18.01 35.60 35.283 1

RP  +F  + B 185.45 195.94 16.12 18.84 37.25 37.903 2

LSD (5%) 14.52 15.82 1.28 1.43 1.85 2.11
Fresh weight of leaves/plant (g) Dry weight of leaves/plant (g) Root length (cm)

Control 190.79 203.18 24.45 22.63 12.40 14.69
PK 332.36 347.51 44.29 47.22 21.02 24.72
RP  + F 238.93 246.65 27.39 29.45 14.79 17.191 1

RP  + F 235.58 275.51 28.55 31.29 16.37 18.971 2

RP  + F 252.60 283.22 33.37 35.97 16.69 20.842 1

RP  +F 283.56 303.27 36.97 39.54 18.82 22.342 2

RP  +F 294.56 313.45 39.42 38.55 19.17 22.843 1

R P  +F 310.67 320.67 41.80 42.04 20.20 23.103 2

PK + B 350.58 356.20 45.34 49.39 22.77 25.42
RP  +F  + B 233.78 254.69 28.09 34.80 15.77 18.671 1

RP  +F  + B 238.15 279.16 32.35 37.34 17.87 20.591 2

RP  +F  + B 282.24 295.63 36.14 41.42 19.72 21.792 1

RP  +F + B 302.87 308.53 39.95 43.89 21.69 22.922 2

RP  +F  + B 297.87 317.60 41.40 43.14 21.67 23.843 1

RP  +F  + B 332.62 335.80 43.50 46.30 22.45 24.973 2

LSD (5%) 23.92 25.43 2.32 2.61 2.11 2.23
Root fresh weight/plant (g) Root dry weight/plant (g) Number of fruits/plant

Control 19.60 20.92 5.18 4.86 44.17 54.67
PK 40.62 42.46 7.49 10.22 131.34 191.84
RP  + F 23.90 24.38 6.88 6.54 76.00 78.171 1

RP  + F 26.20 28.46 6.92 7.12 89.17 109.001 2

RP  + F 30.92 31.28 6.95 7.88 96.67 122.172 1

RP  +F 35.60 36.52 7.30 8.76 104.50 142.172 2

RP  +F 34.60 38.02 7.69 9.64 108.17 155.173 1

R P  +F 37.38 39.72 7.97 9.92 122.67 170.673 2

PK + B 45.80 46.50 9.69 11.88 137.84 195.34
RP  +F  + B 31.18 33.56 7.71 9.08 83.00 98.171 1

RP  +F  + B 34.19 37.06 7.85 9.86 99.00 125.671 2

RP  +F  + B 35.74 39.38 8.11 9.96 106.50 141.342 1

RP  +F + B 39.00 40.74 8.30 10.14 117.17 162.002 2

RP  +F  + B 41.40 41.08 8.85 10.73 125.50 173.843 1

RP  +F  + B 44.08 45.72 9.14 11.96 133.17 189.943 2

LSD (5%) 3.11 3.32 0.61 0.71 9.94 11.65
RP: Rock phosphate at 100, 150 or 200 Kg /feddan, F : Feldspar at 250 or 500 Kg/ feddan
PK: Calcium superphosphate at 150 Kg/ feddan+ Potassium sulphate at 75 Kg/ feddan,
B: Bacillus megaterium var. Phosphaticum and Bacillus mucilaginosus



Am-Euras. J. Agric. & Environ. Sci., 14 (10): 985-995, 2014

989

There was a steady increase in all the vegetative significantly higher values  as compared with most of
growth parameters investigated with the increase in rock other treatments. The only exception to this general trend
phosphate (RP) and/or feldspar (F) rate with or without was detected in the second season, with plants received
the addition of Bacillus megaterium var. Phosphaticum RP3+F2+B having  a dry weight of roots/plant that was
and Bacillus mucilaginosus (B). insignificantly higher than that recorded for plants

In most cases, results obtained from any fertilization received PK+B.
treatment (chemical PK, rock  phosphate and feldspar There was no significant difference between the
fertilizers) in combination with inoculation by the mixture highest  values  recorded  with  the  treatment of PK+B
of biofertilizers containing Bacillus megaterium var. and that recorded with  the  treatment of RP3 +F2 + B.
Phosphaticum and Bacillus mucilaginosus were
significantly better than the use of the same fertilization Effect on Yield and Oil Production: Data recorded in
treatment alone in improving vegetative growth Tables (3 and 4) on roselle plants revealed that, in the two
characters. The treatment including addition of chemical seasons, showed that all the fertilization treatments
PK   fertilizer  in   combination   with   Bacillus   gave   the significantly  increased  number  of fruits   /   plant,  fresh

Table 4: Effect of natural minerals, PK and biofertilizers on fresh weight of fruits/plant, fresh and air dry weights of calyces/plant, seed yield/plant, seed oil
percentage and seed oil yield/plant of roselle plants in 2010 and 2011 seasons.

First season Second season First season Second season First season Second season
----------------------------------------------- ------------------------------------------------- ------------------------------------------------

Treatments Fresh weight of fruits/plant (g) Fresh weight of calyces/plant (g) Air dry weight of calyces/plant (g)
Control 338.23 369.01 184.47 201.03 16.75 17.87
PK 504.13 507.19 342.04 355.37 40.58 45.81
RP  + F 389.19 414.60 237.20 246.65 21.60 25.161 1

RP  + F 408.32 432.28 254.77 262.57 24.70 29.971 2

RP  + F 419.29 443.08 262.89 277.10 25.10 32.262 1

RP  +F 444.04 459.69 277.39 301.80 27.68 36.042 2

RP  +F 467.65 476.41 303.34 317.61 29.22 40.033 1

R P  +F 488.83 491.72 324.15 331.53 37.06 42.553 2

PK + B 517.76 526.57 360.52 372.60 43.48 46.90
RP  +F  + B 407.10 424.72 254.99 267.34 23.39 30.821 1

RP  +F  + B 418.24 442.46 266.48 279.69 28.78 31.991 2

RP  +F  + B 437.89 459.13 277.63 297.17 27.85 39.462 1

RP  +F + B 471.79 474.80 304.87 316.14 32.44 41.662 2

RP  +F  + B 480.01 490.48 315.27 331.46 40.71 42.773 1

RP  +F  + B 502.37 512.06 350.37 356.35 41.28 46.223 2

LSD (5%) 38.49 40.53 21.95 24.82 2.43 3.06
Seed yield/plant (g) Seed oil percentage (%) Seed oil yield (ml/plant)

Control 32.88 33.80 15.01 15.62 4.94 5.28
PK 72.43 78.27 19.42 18.86 14.07 14.76
RP  + F 45.55 47.44 15.52 16.69 7.07 7.921 1

RP  + F 50.02 53.98 16.11 16.82 8.06 9.081 2

RP  + F 53.23 56.85 16.53 17.46 8.80 9.932 1

RP  +F 57.76 63.23 17.21 17.91 9.94 11.322 2

RP  +F 61.28 67.06 17.61 18.11 10.79 12.143 1

R P  +F 65.98 73.67 18.32 18.56 12.09 13.673 2

PK + B 78.19 83.97 20.30 19.20 15.87 16.12
RP  +F  + B 50.96 56.9 16.11 17.07 8.21 9.711 1

RP  +F  + B 55.63 63.99 17.04 17.61 9.48 11.271 2

RP  +F  + B 59.25 69.76 17.46 17.84 10.35 12.452 1

RP  +F + B 65.89 75.31 18.62 18.25 12.27 13.742 2

RP  +F  + B 69.39 77.89 19.16 18.36 13.30 14.303 1

RP  +F  + B 76.25 82.81 19.85 18.82 15.14 15.593 2

LSD (5%) 4.84 5.47 1.61 1.38 0.81 0.86
RP: Rock phosphate at 100, 150 or 200 Kg /feddan
F : Feldspar at 250 or 500 Kg/ feddan
PK: Calcium superphosphate at 150 Kg/ feddan+ Potassium sulphate at 75 Kg/ feddan
B: Bacillus megaterium var. Phosphaticum and Bacillus mucilaginosus
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weight of fruits/ plant, fresh and air dry weights of calyces There was a steady increase in all of the above
/plant, seed yield/plant, seed oil percentage and seed oil mentioned parameters investigated with the increase in
yield/ plant compared with the control plants. The two rock phosphate (RP) and/or feldspar (F) rate with or
exceptions  to  this  general trend was recorded in the first without  the  presence  of phosphate  solubilizing bacteria
season, with plants received RP1+F1, RP1+F2, RP2+F1 and potassium solubilizing bacteria. The least values were
and RP1+F1+B treatments having a seed oil percentages obtained from control plants. The results obtained from
that was insignificantly higher than that recorded for the any fertilization treatment (chemical PK, rock phosphate
control plants. Also, in the second season, the plants and feldspar fertilizers) in  combination with inoculation
received  RP1+F1  and RP1+F2  treatments having a seed by the mixture of biofertilizers containing Bacillus
oil  percentages  that  was  insignificantly  higher  than megaterium var. Phosphaticum and Bacillus
that  recorded   for   the  control  plants. mucilaginosus were  better   than   the   use   of   the  same

Table 5: Effect of natural minerals, PK and biofertilizers on anthocyanin and acidity in calyces and total chlorophylls, carotenoids, total carbohydrates, N, P
and K in leaves of roselle plants in 2010 and 2011 seasons.

First season Second season First season Second season First season Second season First season Second season
--------------------------------------- --------------------------------------- --------------------------------------- ----------------------------------------
Anthocyanin Total chlorophylls Carotenoids

Treatments (mg/g dry weight) Acidity (%) (mg/g fresh weight) (mg/g fresh weight)
Control 1.93 2.84 1.01 1.10 2.81 2.84 1.09 1.10
PK 2.89 3.34 1.39 1.46 3.27 3.34 1.36 1.46
RP  + F 2.15 3.07 1.23 1.26 3.04 3.07 1.26 1.261 1

RP  + F 2.26 3.14 1.28 1.29 3.06 3.14 1.28 1.291 2

RP  + F 2.37 3.16 1.30 1.31 3.14 3.16 1.30 1.312 1

RP  +F 2.51 3.19 1.32 1.33 3.15 3.20 1.32 1.332 2

RP  +F 2.67 3.24 1.34 1.36 3.22 3.24 1.34 1.363 1

R P  +F 2.85 3.31 1.37 1.43 3.28 3.31 1.42 1.433 2

PK + B 2.95 3.56 1.52 1.65 3.36 3.56 1.55 1.65
RP  +F  + B 2.19 3.10 1.31 1.43 3.07 3.10 1.40 1.441 1

RP  +F  + B 2.33 3.18 1.37 1.49 3.12 3.18 1.42 1.491 2

RP  +F  + B 2.44 3.24 1.39 1.49 3.29 3.24 1.43 1.492 1

RP  +F + B 2.58 3.31 1.43 1.52 3.28 3.31 1.49 1.522 2

RP  +F  + B 2.78 3.35 1.46 1.56 3.33 3.35 1.51 1.563 1

RP  +F  + B 2.92 3.46 1.49 1.60 3.42 3.46 1.54 1.603 2

LSD (5%) 0.19 0.22 0.09 0.11 0.19 0.21 0.11 0.15
Total carbohydrates N P K
(% of dry weight) (% of dry weight) (% of dry weight) (% of dry weight)

Control 23.04 24.24 1.63 1.90 0.17 0.23 2.19 2.25
PK 39.07 40.44 3.06 3.51 0.31 0.34 3.25 3.49
RP  + F 27.26 29.04 2.18 2.42 0.24 0.24 2.79 2.921 1

RP  + F 28.84 31.38 2.31 2.69 0.25 0.26 2.92 3.011 2

RP  + F 31.75 32.90 2.43 2.79 0.26 0.27 2.94 3.152 1

RP  +F 32.37 34.52 2.57 3.10 0.29 0.20 3.12 3.222 2

RP  +F 34.47 37.42 2.71 3.15 0.29 0.30 3.17 3.283 1

R P  +F 38.40 40.26 2.87 3.25 0.30 0.31 3.22 3.343 2

PK + B 40.62 43.98 3.19 3.67 0.35 0.39 3.49 3.94
RP  +F  + B 27.53 31.18 2.32 2.45 0.24 0.25 2.92 3.321 1

RP  +F  + B 29.99 33.94 2.43 2.78 0.26 0.28 3.17 3.551 2

RP  +F  + B 31.97 35.22 2.52 2.85 0.28 0.29 3.19 3.622 1

RP  +F + B 34.47 36.70 2.76 3.22 0.31 0.31 3.26 3.692 2

RP  +F  + B 37.57 39.82 2.89 3.35 0.32 0.33 3.37 3.743 1

RP  +F  + B 40.27 42.48 3.12 3.55 0.34 0.37 3.46 3.853 2

LSD (5%) 2.24 2.30 0.24 0.28 0.02 0.03 0.21 0.24
RP: Rock phosphate at 100, 150 or 200 Kg /feddan
F : Feldspar at 250 or 500 Kg/ feddan
PK: Calcium superphosphate at 150 Kg/ feddan+ Potassium sulphate at 75 Kg/ feddan
B: Bacillus megaterium var. Phosphaticum and Bacillus mucilaginosus
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fertilization treatment alone in improving yield and oil DISCUSSION
production. In general, the addition of phosphate
solubilizing  bacteria  and   potassium  solubilizing In the present study, enhancing plant growth and
bacteria  to  any  fertilization  treatment  (chemical  PK, production can be explained by the beneficial role of the
rock phosphate and feldspar fertilizers) significantly used rock phosphate and feldspar multicomponent
increased number of fruits / plant, air dry weight of fertilizers with co-inoculation of mixed bacteria
calyces  /plant,  seed  yield/plant  and  seed  oil yield/ populations,  phosphate  solubilizer (Bacillus
plant than the use of the  same fertilization treatment megaterium var. phosphaticum), potassium solubilizer
alone. (Bacillus  mucilaginosus)  and  nitrogen  fixers

The treatment including addition of chemical PK (Azotobacter chroococcum and Azospirillum lipoferum).
fertilizer in combination with Bacillus gave the They maintained plant continuous supply of available
significantly higher values for yield and oil production NPK essential macronutrients through a correlation
parameters  as   compared   with   most  of  other between them.
treatments  followed  by  the  treatment  of  RP3 +F2 + B, Rock phosphate and feldspar like calcium
in most cases, with no significant difference between superphosphate  and potassium sulphate fertilizers
them. supply plant with PK to achieve growth and development

Effect on Quality of Calyces and Chemical Composition phospholipids, coenzymes of deoxy-ribonucleic acid
of Leaves: Data recorded in the two seasons on roselle (DNA) and nicotinamide adenine nucleotide phosphate
plants (Table 5)  showed  that all the fertilization (NADP) and adenosine triphosphate (ATP) that supplies
treatments significantly increased quality of calyces energy utilized throughout the plant. It activates
including anthocyanin contents and acidity%, as well as coenzymes for amino acid production used in protein
chemical composition of leaves such as total chlorophylls, synthesis and it is involved in degradation of
carotenoids and carbohydrates contents in addition to N, carbohydrates produced in photosynthesis, glycolysis,
P and K% compared with the values recorded incontrol respiration and fatty acid synthesis. Potassium regulates
plants, which recorded the least values. The only many metabolic processes in plants. It is involved in cell
exception to this general trend was recorded in the second division and enlargement, increases disease resistance
seasons, with plants received RP1+F1 treatment shaving and stress  tolerance,  regulates the opening and closing
a P% that was insignificantly higher than that recorded of the   stomata  and  is required for osmotic regulation.
value for the control plants. It promotes head and fruit formation. It promotes

There was a steady increase in all the values of photosynthesis and activates enzymes and co-enzymes
quality of calyces and chemical composition of leaves to metabolize carbohydrates for the manufacture of starch
with the increase in rock phosphate (RP) and/or feldspar and protein. Furthermore, potassium improves oil content
(F) rate with or without the addition of Bacillus in oil crops and is essential for the development of the
megaterium var. Phosphaticum and Bacillus root system [34].
mucilaginosus. Results obtained from any fertilization Inoculating roselle plants with Azorobacter and
treatment (chemical PK, rock phosphate and feldspar Azospirillum aims to take advantage of their multiple
fertilizers) in combination with inoculation by the mixture mechanisms rather than their individual effects in growth
of biofertilizers containing Bacillus megaterium var. promotion,  mainly  through  N nutrition of plants.
Phosphaticum and Bacillus mucilaginosus were better Nitrogen is a structural element of proteins, enzymes,
than the use of the same fertilization treatment alone in nucleic acids (DNA and RNA), chlorophyll molecule and
improving quality of calyces, as well as the studied several vitamins in plants. Nitrogen assimilation
chemical compositions of leaves. In most cases, the synthesizes amino acids which form protoplasm, the site
treatment including addition of chemical PK fertilizer in for cell division and proteins, fundamental in the
combination with Bacillus, gave the significantly higher formation of plant enzymes that are vital to regulation of
values as compared with most of other treatments the metabolic pathways. Glycine and glutamic amino acids
followed by the treatment of RP3 +F2 + B with no are the precursor for chlorophylls and cytochromes
significant difference between them. biosynthesis,       responsible          for       photosynthesis.

potentials. Phosphorus is a constituent of nucleic acid,
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Tryptophan amino acid is the precursor of indole-3-acetic fixation, synthesizing plant growth promoting substances
acid  phytohormone [35]. Azotobacter  fixes  nitrogen in such as indole acetic acid and gibberellic acid [50, 51].
the rhizosphere [36]. Also, it secretes indol-3-acetic acid, Potassium dissolving bacteria release K from feldspar to
gibberellins and kinetin phytohormones [37]. IAA bring the available K into soil solution to benefit soil
stimulates cell division, shoot elongation, root fertility and plant K uptake by excreting organic acids like
proliferation, root hair number  and formation of lateral citric, oxalic, malic, succinic and tartric. Acidolysis  of the
and adventitious roots as well as floral buds and fruit rhizospher helps in chelating silicon and aluminum cations
development. Cytokinins affect root initiation, cell bound to insoluble K-bearing minerals [52, 53]. Bacillus
division, cell enlargement and increase in root volume. bacteria release siderophores, high-affinity iron chelating
Azospirillum promotes plant growth through several compounds, to scavenge  insoluble  iron from minerals
mechanisms including nitrogen fixation, production of and form soluble Fe  complexes that can be taken up by
phytohormones (indole-3- acetic acid, gibberlines, active transport [54].
cytokinins), phosphate solubilization and mobilization, The  mechanisms  responsible  for  the positive
promoting root growth and enhancing water and minerals impact of the used natural minerals, PK-solubilising
uptake [38-42]. Gibberellins promote cell division and bacteria and N fixing bacteria on roselle plants are diverse
elongation, root and root hair abundance. Subsequently, and extensive. Therefore,  we will focus on those leading
Azospirillum induces great root  system growth, surface to the biomass yield and quality increases, starting from
area and volume, leading to improving water and mineral converting N, P and K nutrients  into available forms
uptake, resulting in enhancing foliage parameters and ready for uptake by plant roots. Higher uptake promotes
accumulation of dry matter and nutrients in shoots. photosynthetic efficiency. Influencing the activity of the
Furthermore, Azospirillum produces polyamine photosynthetic pigments (chlorophylls and carotenoids)
cadaverine synthesized from lysine amino acid correlated leads to sugar accumulation and thereby increases in
with cell growth [43]. Azospirillum lipoferum produces fresh and dry weights. Sugar molecules constitute
gluconic  organic  acid  which reduces pH of the medium anthocyanin pigment molecules and organic acids to be
to help in solubilizing insoluble phosphate in rock stored in the vacuoles of calyces cells, leading to
phosphate [44], then released soluble phosphate in the increasing quality characteristics of color and taste in
soil is ready for uptake by plants. roselle.

The co-inoculation promotion effect of P and K
solubilizing bacteria on plant growth and yield CONCLUSION
components can be explained by retaining  their
specialties mixed. Phosphorus solubilizing bacteria It worth mentioning that rock phosphate at
converts insoluble rock P into soluble form available for 200Kg/feddan plus feldspar at 500 Kg/feddan with
plant through various mechanisms; one of them is phosphate solubilizing  bacteria (Bacillus megaterium
solubility of calcium phosphates bound in rock phosphate var. Phosphaticum) and potassium solubilizing bacteria
to release inorganic P [45]. Phosphorus solubilizing (Bacillus mucilaginosus) at 3 L/feddan is the
bacteria increase P dissolution through  releasing organic recommended  treatment  for  increasing vegetative
acids such as lactic, isovaleric, isobutyric and acetic growth characteristics, yield, oil production, quality of
acids, glycolic, oxalic, malonic, gluconic, 2-ketogluconic, calyces and chemical composition of leaves. It gave in
citric, oxalic and succinic acid and inorganic acids such as significantly  lower  values  than  the  highest values
sulphideric, nitric and carbonic acids to chelate the recorded with the  treatment  of chemical PK fertilizer
cations bound of the P ions [46]. They lower rhizosphere (calcium superphosphate15.5% P O  and potassium
pH by secreting organic acids and carbon dioxide gas sulphate 48% K O at 150 and 75 Kg/feddan, respectively)
production. Acidity has a positive correlation with the in presence of inoculation with phosphate solubilizing
quantity of released phosphorus to the plants [47, 48]. bacteria and potassium solubilizing bacteria.
Also, they synthesized phosphatase enzymes that Rhizobacterin bio fertilizer (a mixture of Azotobacter
mineralize organic phosphate compounds [49]. Besides chroococcum and Azospirillum  lipoferum)  was  added
providing P to the plants, the phosphate solubilizing to all treatments at 600g/ feddan as a source of
bacteria also augment the growth of plants by nitrogen nitrogenous nutrition.
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