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ABSTRACT: Two separate field experiments were conducted during 
2013 and 2014 to study the effects of natural sources of phosphorus 
and potassium fertilizers as rock phosphate (RP) and feldspar (F) with 
or without biofertilizers comparing with chemical fertilizer (PK) on 
growth, yield and quality characteristics of roselle (Hibiscus sabdariffa 
L.) plant. The first experiment included phosphorus treatments (at 
different levels of rock phosphate; 150, 200 and 250 kg/fed) and the 
second one included potassium treatments (at different levels of 
feldspar; 250, 350 and 450 kg/fed), each comparing with 
recommended dose of chemical PK. The obtained results revealed that 
co-inoculation of PDB (Bacillus megaterium var. phosphaticum) and 
KDB (Bacillus mucilaginosus) in conjunction with direct application 
of rock phosphate at rates of 200 and 250 kg/fed and feldspar at rates 
of 350 and 450 kg/fed respectively, into the soil significantly increased 
the growth characteristics under the study (plant height, number of 
branches/plant, fresh and dry weight/plant,) along with yield (number 
of fruits/plant, fresh weight of fruit/plant, fresh and dry weight of 
sepals/plant, weight of seeds g/plant and weight of dry sepals kg/fed) 
comparing to chemical PK and other treatments. The highest growth 
and yield were obtained from plants treated with 200 kg/fed rock 
phosphate plus PDB in the first experiment and 350 kg/fed feldspar 
plus KDB in the second experiment. While PK treatment resulted in 
the highest acidity % and total anthocyanin content of dry sepals as 
compared to all the other treatments in the first and second seasons. 
Generally, the results suggest that the use of biofertilizer with rock 
phosphate or with feldspar are economical, environmental friendly and 
have potential to improve roselle yield and quality. 
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INTRODUCTION 

The genus Hibiscus is an annual 
herbaceous shrub belonging to the family 
Malvacea. True roselle is H. sabdariffa L., of 
which there are two main types. H. 
sabdariffa var.  altissima Wester. and H. 
sabdariffa var. sabdariffa (Morton, 1974). 
The roselle plant cultivated mainly for its 
flowers. Seeds and leaves have some uses in 
traditional medicine for relief of sour throat 

and for healing wounds as an anti-septic 
(Eltayeib and Hamade, 2014). Also has been 
to be folk treatment for cancer, obesity, 
diabetes and hypertension (Osuntgum and 
Aboaba, 2004). The crop has been gaining 
importance in the manufacture of many 
small industries, e.g. jams, jellies, sweet, 
sauces and cosmetic and also used as a 
coloring material for food and beverages.  
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Plant nutrients are a vital component of 
sustainable agriculture. Increased crop 
production largely relies on the type of 
fertilizers used to supplement essential 
nutrients for plants. Phosphorus and 
Potassium are essential nutrients for crop 
growth and development among the macro-
nutrients. Most of the tropical soils are 
known to have low phosphorus status 
(Balasubramanian et. al., 1978; Adepetu, 
1986). Inclusion of phosphorus fertilizers in 
any crop fertilization program is therefore 
very important for these soils. Since, 
application of chemical fertilizers increase 
the soil and water pollution and 
accumulation of some heavy metals such as 
cadmium, they can threat the human health. 
Therefore, the use of locally-available 
alternatives, such as indigenous rock 
phosphate (RP) and feldspar is now being 
advocated. From direct application of RP as 
a P source to the soils, it has been clearly 
found that this approach is feasible for the 
acidic soils and beneficial to crops (Caravaca 
et al., 2004 and Akande et al., 2008). Also 
potassium is essential in all cell metabolic 
processes. Consequently, K deficiencies 
become a problem because K decreases 
easily in soils due to crop uptake, run off, 
leaching and soil erosion (Sheng and Huang, 
2002). Direct application of rock phosphate 
(RP) and potassium (RK) materials may be 
agronomically more useful and enviro-
nmentally more feasible than soluble P and 
K (Ranawat et al., 2009). Rock P and K 
materials 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). The 
use of plant growth promoting rhizobacteria 
(PGPR), including phosphate and potassium 
dissolving bacteria (PDB and KDB) as 
biofertilization, was suggested as a 
sustainable solution to improve the plant 
growth and plant nutrition.                                                                                                            

Bio-fertilizers containing beneficial 
bacteria and fungi improve soil chemical and 
biological characteristics, and agricultural 

production (El-Habbasha et al., 2007; Yosefi 
et al., 2011). On the other hand, use of 
biofertilization on Egyptian soils has 
decreased the pH, which had led to increased 
availability of trace elements that enhance 
plant growth (Mahfouz and Sharaf-Eldin, 
2007). 

Some bacteria provide plants with 
growth promoting substances and play major 
role in phosphate solubilizing (Abou-Aly et 
al., 2006). Phosphate solubilizing bacteria 
have been used to improve rock P value 
because they convert insoluble rock P into 
soluble forms available for plant growth 
(Nahas et al., 1990; Shivay, 2010). This 
conversion is through acidification, chelation 
and exchange reactions (Gerke, 1992) and 
produces, in the periplasm, strong organic 
acids (acetate, lactate, oxalate, tartarate, 
succinate, citrate, gluconate, ketogluconate, 
glycolate, etc.) reduce the pH of the micro-
environment prevailing around these 
microbes (Alexander, 1997; Puente et al., 
2004 and Parassana et al., 2011). Bacillus 
megaterium var. phosphaticum is known for 
its ability to solubilize rock P material 
(Rodriguez and Fraga, 1999). Potassium 
dissolving bacteria is an aerobic bacteria 
which play an important role in maintaining 
soil structure by their contribution in the 
formation and stabilization of water-stable 
soil aggregates (Zakaria, 2009). In addition, 
KSB are able to solubilize rock K mineral 
powder, such as micas, illite and orthoclases 
(feldspar), also through production and 
excretion of organic acids or chelatesilicon 
ions to bring the K into solution (Friedrich et 
al., 1991; Ullman et al., 1996). It was shown 
that KSB, such as Bacillus mucilaginosus, 
increased K availability in soils and 
increased mineral content in plant (Sheng et 
al., 2002; Zakaria, 2009). An integrated 
application of rock P and K materials with 
co-inoculation of bacteria that solubilize 
them might provide faster and continuous 
supply of P and K for optimal plant growth 
(Girgis, 2006; Eweda et al., 2007).Therefore 
the objective of this study was to evaluate 
the effectiveness of Rock Phosphate as (RP) 
as phosphorus source and feldspar as 
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potassium source amended with biofertilizers 
on the growth, yield and quality of roselle. 

MATERIALS AND METHODS 
The present investigation was carried out 

at the experimental farm of Agricultural 
Research Station, Arab-El-Awamer, Assiut 
Governorate, Egypt, during the two 
successive seasons of 2013 and 2014 to 
evaluate the effects of soil fertilization with 
rock phosphate and feldspar materials 
(supplied by Al Ahram mining and natural 
fertilizer company in Egypt.) and co-
inoculation with Phosphate dissolving 
bacteria (PDB), Bacillus megatherium and 
potassium dissolving bacteria (KDB) 
Bacillus mucilaginosus (were obtained from 
Central lab. of Organic Agriculture, 
Agricultural Research Center, Giza, Egypt) 
on the improvement growth, yield and 
quality of roselle (Hibiscus sabdariffa) under 
limited P and K soil conditions. There were 
two experimental parts, consisting of rock 
phosphate as phosphorus source and feldspar 
as potassium source were applied as 
alternatives for chemical PK fertilizers. The 
layout of the experiments was a randomized 
complete block design (RCBD) with three 
replications. Pre-crop soil samples from 
surface soil (0-30 cm depth) were taken for 
chemical and physical analyses. The soil of 
the experimental field was calcareous sandy 
soil and its characteristics are presented in 
Table (1) which was done according to the 
methods described by Black et al. (1982) and 
Jackson (1973). Plot size was 2.5 m x 1.5 m 
comprising two rows of 60 cm apart with 

plant spacing 50 cm between each two hills 
cultivated on both sides of the ridge. Five 
seeds of local variety (Sabhia 17 dark) of 
roselle (obtained from the Medicinal and 
Aromatic Plants Research Department, 
Horticulture Research Institute, Egypt) were 
placed in each hole. After one month, the 
plants were thinned at one plant per hill. 
There were two separate experiments 
contained nine treatments. The recommend-
ed dose of PK chemical fertilizers used in 
this experiment according to the ministry of 
agriculture, Egypt, as chemical fertilizer 
treatment (200 kg/fed super phosphate 
15.5% P2O2 and 75 kg/fed potassium 
sulphate 20.5% K2O), RP1+PDB, 
RP2+PDB, RP3+PDB, RP2 (Egyptian rock 
phosphate applied as an alternative for 
chemical P plus phosphate dissolving 
bacteria) and F1+KDB, F2+KDB, F3+KDB 
and F2 (Feldspar applied as an alternative for 
chemical K plus potassium dissolving 
bacteria) as shown in Table (2). 

A comparison was made between using 
chemical and natural fertilizer mixtures with 
or without biofertilizers. All phosphorus and 
potassium treatments were added in the soil 
at planting time, while nitrogen source 
fertilization was applied for all treatments as 
ammonium sulphate 20.5% at the rate of 300 
kg/fed at 3 doses (after thinning, then at 
monthly intervals, the biofertilizers used 
inocula were added at three times in season 
(200 g powder/100 L water as recommend-
ed) at the rate of 600 g/fed, each carrier 
inoculum contains 109 cfu/g. 

 

Table 1. The physical and chemical characteristics of soil prior to experimentation. 
Soil Properties Values Soil Properties Values 
Particle size distribution 
             Sand (%) 
             Silt (%) 
             Clay (%) 
             Soil texture 
Field capacity (%) 
Water saturation (%) 
Total CaCO3 (g kg-1) 
EC mmhos/cm soil water extract, 1:1 
pH (1 : 1 water suspension) 
Organic matter (g kg-1 soil) 
Total nitrogen (mg kg-1) 

 
89.9 
7.1 
3.0 

Sandy 
10.9 

23.3 
300 
1.6 

8.46 
2.4 
130 

Soluble cations(mmolc L-1): 
Ca++ 

Mg++ 

Na+ 

K+ 
Soluble anions (mmolc L-1): 
CO3

-  HCO3
- 

Cl- 
SO4

-- 
Available potassium (mg kg-1) 
Available Phosphorus (mg kg-1) 

 
3.4 

2.54 
9.1 

0.96 
 

8.7 
6.1 
1.2 

54.6 
10.75 
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Table 2. Details of recommended doses of chemical, natural and bio fertilizers for 
different treatments. 

Treatments Recommendation 
 PK 
 

Recommended dose of chemical fertilizers PK (200 kg/fed super phosphate 15.5% P2O2 and 75 
kg/fed potassium sulphate 20.5% K2O) 
 

RP1+PDB Rock phosphate (150 kg/fed) inoculation with phosphate dissolving bacteria 

RP2+PDB Rock phosphate (200 kg/fed) inoculation with phosphate dissolving bacteria 

RP3+PDB Rock phosphate (250 kg/fed) inoculation with phosphate dissolving bacteria 

RP2 Rock phosphate (200 kg/fed) without inoculation with biofertilizers  

F1+KDB Feldspar (250 kg/fed) inoculation with potassium dissolving bacteria 

F2+KDB Feldspar (350 kg/fed) inoculation inoculation with potassium dissolving bacteria 

F3+KDB Feldspar (450 kg/fed) inoculation inoculation with potassium dissolving bacteria 

F2 Feldspar (350 kg/fed) without inoculation biofertilizer 
RP: Rock phosphate, F: Feldspar, PDB: Phosphate dissolving bacteria, and KDB: Potassium dissolving 
bacteria. 
 

All of the other agricultural practices 
were applied as usual. At the harvesting, five 
plants were selected from the middle rows of 
each plot and tagged for plant height (cm), 
number of branches/plant, fresh and dry 
weight (g/plant), number of calyces/plant, 
fresh weight of fruit/plant, fresh and dry 
weight of sepals (g/plant), weight of seeds 
g/plant and weight of dry sepals kg/fed as 
well as acidity % and total anthocyanin 
content (mg/g) of dry sepals  were measured. 
The extraction of the total anthocyanin 
pigments of the dry sepals were done by 
using ethyl alcohol according to the method 
described by Tribor and Francis (1968) and 
the total anthocyanin content was determined 
according to the method of Fuleki and 
Francis (1968), developed by Due and 
Francis (1973).                                  

Dry sepals were used to prepare extract 
(0.2 g of dry sepals/100 ml of tap water) in 
which the acidity (pH) as citric acid was 
determined as described by Diab (1968). 

Statistical analysis:                               
Data were statistically analyzed by using 

F test according to Snedecor and Cochran, 
(1973) and Least Significant Difference 
(LSD) test was applied at 5% probability 
level to compare the means of various 
treatments according to Steel and Torrie 
(1982).                                                                                                                                   

RESULTS AND DISCUSSION 
1- Phosphorus fertilization experiment: 
a- Effect of Rock phosphate (RP) on 

growth of roselle: 
The data in Table (3) showed that all 

treatments of rock Phosphate inoculated with 
PDB fertilizers significantly increased 
vegetative growth characters as compared to 
RP without biofertilizers and chemical 
fertilizers in both cultivated seasons. The 
highest plant height, root length, number of 
branches, number of fruits and weight of 
fresh and dry plant (178.73 cm, 44.90, 25.03, 
98.37, 964.0 and 209.97 g/plant respectively) 
was achieved by application of PDB with 
200 kg/fed rock phosphate. The lowest 
values were obtained from the RP without 
PDB treatment in both seasons. Han et al. 
(2006) found that combined PSB (phosphate 
solubilizing bacteria) inoculation with 
application of rock P consistently increased 
shoot and root dry weight as compared to 
control. On the other hand, application of RP 
combined with PDB resulted in increase of P 
uptake by about 89% compared with RP 
alone, this might be explained that these 
bacteria have been used to convert insoluble 
rock P material into soluble forms to be 
available for plant growth (Nahas et al., 
1990). Ibrahim et al. (2010) attributed the 
increase  in  the growth  of the  biofertilized  
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Table 3. Effect of chemical and rock phosphate fertilizers with or without bio-fertilizers 
on plant height, root length, number of branches/plant, number of fruits/plant 
and weight of fresh and dry plant/plant of Hibiscus sabdariffa L. during 2013 
and 2014 seasons. 

Plant dry weight 
(g/plant) 

Plant fresh weight 
(g/plant) 

Number of 
branches/plant Root length(cm) Plant height (cm) 

Treatments 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
191.57 195.33 891.33 893.33 19.07 21.83 36.60 35.64 172.00 169.60 PK 

189.17 193.53 868.67 885.00 20.37 21.13 36.70 34.77 170.90 168.17 RP1+PDB 

200.63 209.97 953.00 964.00 25.03 23.73 44.83 44.90 176.67 178.73 RP2+PDB 

199.27 208.27 913.67 960.67 22.83 22.70 36.53 34.10 173.47 176.73 RP3+PDB 

179.37 180.60 826.33 830.33 18.90 19.07 32.77 34.67 166.00 166.07 RP2 

4.92 3.33 50.45 11.90 2.07 2.51 1.63 2.32 3.77 4.42 L.S.D.at5% 
RP: Rock phosphate, F: Feldspar, PDB: Phosphate dissolving bacteria, and KDB: Potassium dissolving 
bacteria. 
 

trees due to the ability of B. megaterium to 
produce some growth promoting substances 
such as IAA, gibberellins and abscisic acid, 
it is also well known that B. megaterium 
produces organic, inorganic acids and CO2, 
which lead to increase in soil acidity and 
consequently convert the insoluble forms of 
phosphorus into soluble ones. 

b- Effect of rock phosphate (RP) on the 
yield of roselle: 
The effect of natural phosphate fertilizer 

(RP) amended with PDB and chemical PK 
fertilizer on the yield of roselle was 
significant as compared to RP alone. The 
mean comparison of data in different 
treatments (Table 4) showed that the highest 
yield was achieved by application of RP at 
the rates of 200 and 250 kg/fed + PDB 
treatments. Among rock phosphate 
treatments, the highest number of fruits, 
weight of fresh fruits, weight of fresh and 
dry sepals/plant and expected weight of dry 
sepals kg /fed of Hibiscus sabdariffa L were 
scored by application of 200 kg/fed RP+PDB 
treatment, and also the same treatment gave 
the highest seeds yield (79.67 and 78.60) in 
the first and second seasons, respectively, 
(Table 5). From the explaination; phosphate 
solubilizing bacteria (Bacillus polymyxa) 
release organic and inorganic acids which 

reduce soil pH leading to change of 
phosphorus and other nutrients to available 
forms ready for uptake by plants (Singh and 
Kapoor,1999). Akande et al. (2011) reported 
that application of ogun rock phosphate 
(ORP) as a source of P, either amended or 
un-amended improves the growth and seed 
yield of kenaf (Hibiscus cannabinus L.). 

c- Effect of Rock phosphate (RP) on 
acidity and anthocyanin content of 
roselle: 
The results in Table (5) showed that all 

the fertilization treatments significantly 
increased quality of calyces including 
anthocyanin contents and acidity %, 
compared with the values recorded for the 
plants treated with RP alone, giving the least 
value. The highest acidity and anthocyanin 
content (29.24%, 62.21 mg/g and 26.77%, 
62.49 mg) in the first and the second seasons 
were determined in case of applying 
chemical PK fertilizer and 200 kg/fed 
RP+PDB, respectively. In the same line, 
Sakr et al. (2014) reported that results 
obtained from any fertilization treatment 
(chemical PK, rock phosphate and feldspar 
fertilizers) in combination with inoculation 
by the mixture  of biofertilizers containing 
Bacillus megaterium var. phosphaticum and 
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Table 4. Effect of chemical and rock phosphate fertilizers with or without bio-fertilizers 
on number of fruits/plant, weight of fresh fruits/plant, weight of fresh and dry 
sepals/plant and weight of dry sepals /fed of Hibiscus sabdariffa L. during 2013 
and 2014seasons. 

Weight of dry 
sepals (kg/fed) 

Weight of dry 
sepals ( g/plant) 

Weight of fresh 
sepals (g/plant) 

Weight of fresh 
fruits (g/plant) 

Number of 
fruits/plant Treatments Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
554.03  565.53   35.33 36.07 311.87 310.30 437.80 450.00 88.57 89.70 PK 

519.01 551.94 33.10 35.20 296.93 314.43 423.43 445.00 84.33 87.87 RP1+PDB 

588.00 619.88 37.50 39.53 333.20 347.93 469.77 490.40 93.87 98.37 RP2+PDB 

566.57 591.13 36.13 37.70 325.83 341.90 464.83 480.07 91.13 95.10 RP3+PDB 

443.22 468.83 28.27 29.90 253.63 262.43 350.30 366.70 81.83 84.43 RP2 

14.03 19.65 0.89 1.25 5.82 6.27 3.94 7.11 2.73 2.95 L.S.D.at5% 
RP: Rock phosphate, F: Feldspar, PDB: Phosphate dissolving bacteria, and KDB: Potassium dissolving 
bacteria. 
 

Table 5. Effect of chemical and rock phosphate fertilizers with or without bio-fertilizers 
on weight of seeds/plant, total Anthocyanin content (mg/g) and Acidity% in 
dry sepals of Hibiscus sabdariffa L. during 2013 and 2014 seasons. 

Acidity% Anthocyanin content Weight of seeds (g/plant) 
Treatments Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
28.07 29.24 62.21 61.77 69.87 73.17 PK 

25.73 25.78 60.40 59.21 65.97 70.93 RP1+PDB 

26.19 26.77 62.49 61.26 78.60 79.67 RP2+PDB 

25.88 25.77 61.28 60.34 75.73 75.57 RP3+PDB 

25.45 24.89 60.40 59.15 63.60 67.40 RP2 

1.41 1.58 0.87 1.17 3.31 2.92 L.S.D.at5% 
RP: Rock phosphate, F: Feldspar, PDB: Phosphate dissolving bacteria, and KDB: Potassium dissolving 
bacteria. 
 

Bacillus mucilaginosus were better, than the 
use of the same fertilization treatment alone 
and improving the quality of calyces of 
roselle plants. 

2-Potassium fertilization experiment: 
a- Effect of feldspar (F) on the growth of 

roselle: 
The data in Table (6) showed that, 

complementary applications of feldspar with 
biofertilizers,  increased significantly all of 
vegetative characters of roselle plants (plant 
height, number of branches, number of fruits 
and weight of fresh and dry plant) comparing 

to the other treatments in both years. The 
highest values were recorded for the 
application of 350 and 450 kg/fed rock 
potassium with biofertilizers respectively. 
The obtained data are in agreement with 
those reported by Abou-el-Seoud and Abdel-
Megeed (2012). Badr et al. (2006), they 
found that the dry matter of sorghum plants 
inoculated with silicate dissolving bacteria 
(SBS strain) and supplied with minerals 
(feldspar and rock phosphate) were increased 
by 48%, 65% and 58% for clay, sandy and 
calcareous soil, respectively moreover 
potassium uptake had been improved 
markedly with inoculation of bacteria in the 
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Table 6. Effect of chemical and feldspar fertilizers with or without bio-fertilizers on 
plant height, root length, number of branches/plant, number of fruits/plant 
and weight of fresh and dry of plant/plant of Hibiscus sabdariffa L. during 
2013 and 2014seasons. 

Plant dry weight 
(g/plant) 

Plant fresh 
weight (g/plant) 

Number of 
branches/plant Root length (cm) Plant height (cm) 

Treatments Season 
2 

Season 
1 

Season 
2 

Season 
1 

Season 
2 

Season 
1 

Season 
2 

Season 
1 

Season 
2 

Season 
1 

190.30 186.27 890.00 872.00 20.30 19.40 39.63 37.20 166.97 168.87 PK 

187.53 181.13 832.30 827.00 19.50 18.60 38.17 35.97 160.03 163.70 RP1+PDB 

196.80 201.47 935.30 954.70 23.20 22.17 46.93 44.00 177.10 178.53 RP2+PDB 

195.77 199.13 932.00 944.30 20.47 19.60 44.07 42.50 173.03 167.43 RP3+PDB 

174.20 166.63 748.70 734.90 17.93 17.33 35.93 35.70 157.73 162.13 RP2 

2.59 4.47 16.97 12.32 1.01 1.21 2.07 3.12 4.48 4.62 L.S.D.at5% 
RP: Rock phosphate, F: Feldspar, PDB: Phosphate dissolving bacteria, and KDB: Potassium dissolving 
bacteria. 
 

tested soils as compared to the corresponding 
controls, for the plants supplied with 
minerals alone. And also Han et al. (2006) 
reported that application of (RP+ PDB) and 
(RK +KDB) increased the growth by about 
38% and 28%, respectively, compared with 
the control. 

b- Effect of feldspar (F) on yield of roselle: 
With respect to yield parameters the 

results (Table7) revealed that the application 
of chemical fertilizer and feldspar with bio-
fertilizer significantly affected on most 
characters at 5% probability level as 
compared to feldspar without bio-fertilizer. 
With respect to sepals, data presented that 
the highest yield was obtained in case of 
application of the recommended dose of 
(PK) chemical fertilizers and feldspar plus 
KDB treatments. While the application of 
350 kg/fed + KDB resulted in the highest 
increase in dry sepals yield (g/plant) and the 
expected weight of sepals (kg/fed), giving 
38.58 g/plant and 604.93 kg/fed, 
respectively) comparing with the other 
treatments. The interactions effect of 
biofertilizer and feldspar was significant on 
seeds yield. The addition of 350 kg/fed 
feldspar + KDB treated plants resulted in 
significantly the highest yield of seeds 
(71.61 and 73.97 g/plant in the first and 

second season, respectively) as compared 
with the plants unamended with feldspar 
(Table 8). In the same line Shaalan (2005) on 
Nigella sativa and Sakr et al. (2014) on 
Hibiscus sabdariffa showed that bio-
fertilizers treatments promoted the growth 
and increased the yield of the plant. This 
increase might be attributed to the fact that 
KDB release organic acids, which solubilize 
the insoluble rock K materials (Friedrich et 
al., 1991; Ullman et al., 1996). Similarly, 
Styriakova et al. (2003) reported that the 
activity of potassium dissolving bacteria 
played a pronounced role in the release of K 
from feldspar. 

c- Effect of feldspar (F) on acidity and 
anthocyanin content of roselle: 
The obtained results in Table (8) show 

that there were significant increase in the 
total anthocyanin content and total acidity of 
sepals as a results of PK chemical fertilizer 
treatment and feldspar plus biofertilizer 
comparing to the plants treated with feldspar 
alone. The highest anthocyanin content and 
acidity % were found in case of applying PK 
chemical fertilizer and 350 kg/fed feldspar 
plus biofertilizer, respectively. In the same 
line Sakr et al. (2014) reported that any 
fertilization treatment (chemical PK, rock 
phosphate and feldspar fertilizers) in  
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Table 7. Effect of chemical and rock phosphate fertilizers with or without bio-fertilizers 
on number of fruits/plant, weight of fresh fruits/plant, weight of fresh and dry 
sepals (g/plant) and weight of dry sepals (kg/fed) of Hibiscus sabdariffa L. 
during 2013 and 2014 seasons.    

Weight of dry 
sepals (kg/fed) 

Weight of dry 
sepals (g/plant) 

Weight of fresh 
sepals (g/plant) 

Weight of fresh 
fruits (g/plant) 

Number of 
fruits/plant Treatments Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
509.64 556.69 32.50 35.50 283.53 296.57 395.20 399.90 81.30 79.93 PK 

476.15 472.80 30.37 30.15 263.37 260.40 367.50 376.60 72.47 73.93 RP1+PDB 

590.19 604.93 37.64 38.58 300.43 303.63 423.00 431.20 89.67 87.07 RP2+PDB 

549.35 584.72 35.72 38.02 296.73 302.20 414.60 424.40 81.80 84.97 RP3+PDB 

448.03 437.84 28.57 27.92 247.87 233.67 342.30 331.50 70.27 62.53 RP2 

9.02 17.60 0.57 1.13 4.99 3.43 7.87 7.11 2.85 2.58 L.S.D.at5% 
RP: Rock phosphate, F: Feldspar, PDB: Phosphate dissolving bacteria, and KDB: Potassium dissolving 
bacteria. 
 

Table 8. Effect of chemical and rock phosphate fertilizers with or without bio-fertilizers 
on weight of seeds/plant, total anthocyanin content (mg/g) and Acidity% in 
dry sepals of Hibiscus sabdariffa L. during 2013 and 2014 seasons. 

Acidity% Anthocyanin content Weight of seeds (g/plant) 
Treatments Season 

2 
Season 

1 
Season 

2 
Season 

1 
Season 

2 
Season 

1 
28.89 28.22 62.87 62.77 63.28 64.23 PK 
26.28 26.82 59.41 60.48 64.59 64.72 RP1+PDB 

27.50 28.33 60.92 61.99 73.97 71.61 RP2+PDB 

27.51 27.44 59.91 60.82 71.37 66.87 RP3+PDB 

25.92 25.69 59.24 58.12 56.94 57.17 RP2 

0.06 1.28 1.27 1.64 1.35 1.94 L.S.D.at5% 
RP: Rock phosphate, F: Feldspar, PDB: Phosphate dissolving bacteria, and KDB: Potassium dissolving 
bacteria. 
 

combination with inoculation of the 
biofertilizers mixture containing Bacillus 
megaterium var. Phosphaticum and Bacillus 
mucilaginosus were more effective than 
using of the same fertilization treatment 
alone on improving quality of calyces. 

CONCLUSION 
It can be concluded from the results that, 

inoculation of PDB and KDB in conjunction 
with the direct application of rock phosphate 
and feldspar materials into the soil 
significantly increased the plant growth, 
sepals yield and quality of roselle plants 
grown on calcareous soils. The application 

of these bio-inoculants not only helps in the 
solubilization of the fixed P in rock 
Phosphate and k in feldspar but also reduce 
the amount of costly prepared chemical  
fertilizers being applied to the soil, thereby 
providing a cheaper and sustainable source 
of phosphorus and potassium for the plants 
and obtaining safe and high quality product. 
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تحسین إنتاج وجودة نبات الكركدیھ بإستخدام المصادر الطبیعیة للفوسفور والبوتاسیوم فى االراضى 

 الرملیة الجیریة
 

 و فل الندى محمد صالح عبد القادر عاطف عبده سید
 والعطریة، معھد بحوث البساتین، مركز البحوث الزراعیة، الجیزة، مصر.قسم بحوث النباتات الطبیة 

 
م لدراس�ة ۲۰۱٤و ۲۰۱۳أسیوط خ�الل موس�مي  -أجرى ھذا البحث بمزرعة محطة البحوث الزراعیة بعرب العوامر

ح�دى م�ع  تأثیر إستخدام صخرالفوسفات والفلدسباركمصدرین طبیعیین آمنین رخیصین للفوسفوروالبوتاسیوم كل منھما على
إضافة التسمید الحیوى المیسر لھما أو بدونھ مقارنة بالتسمید الكیماوى لكلیھما وذل�ك عل�ى نم�و وإنت�اج وج�ودة الكركدی�ھ ف�ى 

 .االراضى الرملیة الجیرٮة الفقیرة فى ھذین العنصرین
و  ۱٥۰مختلفة ھ�ي تإشتملت الدراسة علي تجربتین منفصلتین إحداھما لدراسة إستخدام صخر الفوسفات بثالثة معدال

 Bacillus megatherium ف�ى بكتیری�ا میس�رة للفوس�فور متم�ثال فدان مع إض�افة التس�مید الحی�وى إلیھ�اكجم/۲٥۰و ۲۰۰
(PDB)  كجم/ف��دان س��وبر  ۲۰۰او بدون��ھ ( ف��ي حال��ة المع��دل المتوس��ط فق��ط) إل��ي جان��ب معامل��ة الفوس��فور المع��دني بمع��دل

و  ۲٥۰ ا األخري فكانت لدراسة استخدام خام الفلدس�بار بثالث�ة مع�دالت مختلف�ة ھ�يأم ،فوسفات الكالسیوم األحادي للمقارنة
 Bacillus mucilaginosus فى بكتیریا میسرة للبوتاسیومفدان  مع إضافة التسمید الحیوى إلیھم متمثال كجم/ ٤٥۰و ۳٥۰

(KDB) كجم/ف�دان س�لفات  ۷٥المع�دني بمع�دل البوتاس�یوم في حالة المعدل المتوسط فقط) ھذا إلي جان�ب معامل�ة(  او بدونھ
 . وقد تم تحلیل النتائج المتحصل علیھا إحصائیا وأظھرت اآلتي :بوتاسیوم للمقارنة
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ي من معدالت صخر الفوسفات او الفلدسبار سالفة الذكر مع اضافة السماد الحی�وي المیس�ر أبصفة عامة أدي استخدام 
محص�ول المدروس�ة لنب�ات الكركدی�ھ ف�ي ك�ال الموس�مین مقارن�ة بالتس�مید لھما الي زیادة معنویة ف�ى معظ�م ص�فات النم�و وال

كم��ا ان اض��افة المع��دل المتوس��ط والع��الي م��ن كلیھم��ا م�ع اس��تخدام الس��ماد الحی��وي ادي ال��ي الحص��ول عل��ي زی��ادة  ،المع�دنى
 .ي من المعامالت االخريأمعنویة فى معظم الصفات المدروسة مقارنة بالسماد الكیماوي او ب

ادي ال�ي زی�ادة  فدان والس�ماد الحی�وى مع�اً كجم/ ۲٥۰و ۲۰۰ استخدام الصخر الفوسفاتى كمصدر للفوسفور بمعدالت 
 ۲۰۰معنویة فى النمو واالنتاجیة لنبات الكركدیھ مقارنة باستخدام السماد الكیماوى و كانت أفضل المعامالت المستخدمة ھى

 يفض�ل النت�ائج ف�أحیث سجلت  megatherium   (Bacillusیوى (جنسالیھ  السماد الح فدان صخر فوسفاتى مضافاً كجم/
عل�ى أ يكما س�جلت المعامل�ة بالبوتاس�یوم والفوس�فور المع�دن الصفات الخضریة وصفات االنتاج من السبالت الجافة والبذور

 .جودة من محتوى  صبغة االنثوسیانین  و درجة الحموضة في السبالت الجافة مقارنة بباقي المعامالت
وإض�������افة   Bacillus mucilaginosusج�������نس  كم�������ا أدي اس�������تخدام الس�������ماد الحی�������وى متم�������ثال ف�������ى

النم��و واالنتاجی�ة لنب��ات  يف�دان إل�ي زی��ادة معنوی�ة ف�كجم/ ٤٥۰و ۳٥۰و ۲٥۰ صخرالفلدسباركمصدرللبوتاس�یوم بمع�دالت 
حی�وى وكان�ت افض�ل الن اضافة السماد فدان بدوكجم/ ۳٥۰ضافة الفلدسباربمعدل إب وأالكركدیھ بالمقارنة بالتسمید الكیماوى 
عل�ى أفي حین سجلت معاملة التسمید الكیم�اوي  كجم/فدان والمخصب الحیوى معاً ۳٥۰النتائج عند استخدام الفلدسبار بمعدل 

 .محتوى من االنثوسیانین ودرجة الحموضة
الصخر الفوسفاتى بمعدل للكركدیة یوصى بإستخدام للحصول علي أعلي محصول وجودة للفدان من السبالت الجافة و

ف��دان كمص��درطبیعي للبوتاس��یوم  م��ع /كج��م ۳٥۰ ف��دان كمص��درطبیعي للفوس��فوروكذالك صخرالفلدس��باربمعدل/كج��م  ۲۰۰
 إستخدام البكتیرٮا المیسرة لكلیھما.

 


