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ABSTRACT 

Two field experiments were carried out in the Tegzerty experimental farm of the Desert 
Research Center, Siwa Oasis Region, Matrouh Governorate, during the two successive summer 
seasons of 2008 and 2009. 

The study aims to evaluate taro (Colocasia esculenta L.) crop Egyptian variety under sandy soil 
with high level of ground water conditions. The study included two factors and their interaction: the 
first is nature minerals rock with five treatments which were, 1- without application (WA); 2- NPK at 
recommended dose (100:45:100 NPK kg/fed) as control; 3- Feldspar rock (F.R.) at rate of 600 kg 
/fed.; 4- Phosphate rock (Ph.R.) at rate of 500 kg / fed.; 5- Natural rock contain several minerals 
(Mixed) at rate of 600 kg/fed. while the second factor was five bio-fertilizers treatments i.e. 1- 
Without inoculation (WI); 2- Nitrogen fixing bacteria (NFB); 3- Phosphate dissolving bacteria (PDB); 
4- Potassium dissolving Bacteria (KDB) and 5- Mixture of NFB + PDB + KDB. The treatments were 
arranged in split plot design with four replicates.  

The results indicated that nature fertilizers significantly increased growth parameters which are 
expressed as plant high, no. of leaves, leaves area / plant and canopy area/ hole as well as foliage fresh 
and dry weight and no. of suckers/ hole when compared with (WA), also, there were significant 
differences accurse in fresh weight of corms and cormels and yield per plant and feddan. The highest 
values of all recently mentioned parameters were achieved from NPK treatment followed with natural 
mixed minerals. Furthermore, the highest content of N, P, K, protein and carbohydrates in corms were 
obtained from  NPK treatment. 

Growth and production characteristics recently mentioned in addition to leaf area index were 
significantly increased by bio-fertilizers inoculation, while the highest values were achieved from 
bacterial mixture inoculation followed in some cases with FNB treatment. The highest significant 
contents of N, P and K in corms were attained from NFB, PDB and KDB treatments respectively, 
while the highest protein and carbohydrates have been gotten from NFB and bacterial mixture 
inoculation treatment. 

Combination treatments among minerals and bio fertilizers resulted significant differences in 
measured growth and yield parameters. Bacterial mixture inoculation within NPK treatment and it self 
within mixed mineral rock produced the highest values of all measured characteristics and (NPK x 
NFB), also (mixed minerals rock x NFB) associated with them to produce the highest values of fresh 
foliage, corms and cormels weight. The highest accumulate of potassium in corms was achieved from 
(NPK x WI) and (F.R. x KDB).  
  
Keywords: Taro (Colocasia esculenta L.), mineral rocks, phosphate rock, feldspar rock, bio-fertilizers, 

growth characteristics, yield and it’s components, chemical composition, nutritional 
value.    

 
Introduction 

Siwa Oasis is one of the largest Egyptian nature reserves for having unique biodiversity. Siwa 
Oasis set in the western desert of Egypt, located 29°05′ and 29°20′ N and 25°18′ and 26°06′ E, it is 25 
meters below sea level, characterized by a continental climate. Fresh water are pouring from 
graduated springs from underground for thousands of years used by the population in drinking, 
agriculture and life practices. Surplus of water and un equivalent using led to high water table level to 
about 60 cm from the soil surface. 
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Taro is classified as tropical or subtropical crop  needs a wetland  for a long growing season 9 
months, for that, it is sowing under flooded irrigation water system, this violate the Nile water and 
occupies the  valley fertile soil for a long time. Siwa was chosen to this experiment for numerous 
reasons; the climate; abundant unused water; availability of arable land; high unemployment rate and 
for conservation of Nile water; and to preserve Siwa which is nature reserve, organic agricultural 
method was applied.  

The beneficial micro-organisms content in agricultural Egyptian soils is below than critical 
level, this mainly due to decrease the organic matter in soil or power source which are micro-
organisms need. Microorganisms beside its ability to analysis the complex organic components, it can 
be add amounts of biological active substances like vitamin B, nicotinic acid, pentothenic acid, blotin, 
heteroauxins, gibrellins etc. to the soil which are promote and  enhance vegetative and root growth of 
plants (Rao, 1986). Azotobacter is a free living N2 fixing bacterium. It can successfully grow in 
vegetable rhizospheric zone like potato, tomato, cabbage and many others, beside fix 10-20 kg N ha-1 
cropping season (Jadhav et al., 1987). Another important characteristic of Azotobacter association 
with crop improvement is excretion of ammonia in the presence root exudates which are helps in 
modification of nutrient uptake by the plants (Narula and Gupta, 1986). Azotobacter has the ability to 
produce antifungal antibiotics and fungistatic compounds against pathogens like Fusarium, Alternaria 
and Trichoderms (Wani et al., 1988). Also, Mahfouz and Sharaf-Eldin (2007) found that the tallest 
fennel plants, the highest number of branches per plant, the highest fresh and dry weights of plants 
were obtained from the treatment of bio-fertilizer (Azotobacter chroococcum, Azospirillum liboferum, 
and Bacillus Megatherium) plus a half dose of chemical fertilizer (357 kg ammonium sulphate + 238 
kg calcium super phosphate + 60 kg potassium sulphate ha-1). Addition, El-Gizawy and Mehasen 
(2009) reported that 30 kg P2O5 mixed with phosphate dissolving bacteria under sprayed of 0.04% Zn 
EDTA (14% Zn) treatment improved the productivity of faba bean crop. In addition,  Hridya  et al. 
(2013) reported that Azospirillum, vesicular–arbuscular mycorrhizal fungi and phosphorus-
solubilizing bacteria significantly reduced root rot infection/disease incidence over un-inoculated 
controls. Azospirillum significantly improved the yield of cassava at 50% of the recommended rate of 
NPK. Nitrogen, phosphorus and potassium uptake were significantly improved when cassava plants 
treated with biofertilizers. Furthermore, the application of Azotobacter chrococcum, Bacillus 
megaterium and Thiobacillus thioparus to soil planted with potato and garlic crops increased soil 
microbial density, CO2 evolution, and dehydrogenase activity, as well as total nitrogen, available 
phosphorus and sulfate with increase the plant age progressed. Also, the microbial activities in soil 
enhanced growth and yield of potato and garlic plants (Soubeih and El-Sayed, 2013). While, Singh et 
al. (2018) found that vermicompost + Azotobacter + PSB significantly increased dry matter % and 
harvest index of taro when compared with un-inoculated plants.     

Natural elements rock such phosphate and feldspar are used as a source of P and K nutrients in 
industry and agriculture.  It's considered cavity materials used in organic agriculture methods. These 
compounds improve soil aggregation, structure, permeability, infiltration, electrical conductivity (EC) 
and may overcome the harmful effect of salinity.  

Taro response to potassium especial in poorly fertile soils, since it played an important role in 
activation of more than 60 enzymes which catalyze various metabolic processes (Evans and Wildes, 
1971). Also, potassium helps in uptake and translocation nitrate from root to shoot (Das et al., 1975). 
In addition, it has a role in protein synthesis and carbohydrate metabolism. Also functionally, 
orthophosphate (Pi) is plays a role in virtually all major metabolic processes in plants, particularly 
respiration and photosynthesis. Many metabolites are Pi monoesters, whereas the phosphoanhydride 
bonds of compounds such as ATP function to transfer energy from the energy-yielding process of 
photo-, oxidative, and substrate-level phosphorylation to the energy-dependent cellular processes of 
biosynthesis, ion pumping, and mechanical work (Vance et al., 2003 and Plaxton and Tran, 2011). In 
these respect, potassium application to plants medium led to increase in vegetative growth, yield and 
some nutrient uptake and enhance fruit quality (Ezzat et al., 2005, Shafeek et al., 2005). Also, Abou-
el-Seoud and Abdel-Megeed (2012) indicated that phosphate and potassium dissolving bacteria with 
direct application to rock P and K materials into the soil increased P and K availability and uptake, the 
plant growth (shoot and root growth) of maize plants. Hridya et al. (2013) found that NPK rates had 
no significant impact on harvest index of cassava but vesicular–arbuscular mycorrhizal fungi resulted 
in a higher harvest index even at 50% of the recommended NPK rate. Moreover, Abou-Amer, et al. 

http://www.plantphysiol.org/content/156/3/1006.short
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(2014) cleared that P2O5 and K+ at rate of 60 and 80 kg/fed respectively increased faba bean growth 
parameters and quantity, as well as quality of yield under Siwa Oasis, Tegzerty region conditions.   

The study target was to investigate the effect of nature mineral rocks, bio-fertilizers and their 
interaction on growth, yield and nutritional values of taro (Colocasia esculenta L.) Egyptian variety 
under Siwa Oasis condition for transfer the crops which drain large quantities of Nile water like taro 
to wetland areas such as Siwa Oasis taking into consideration preserving the ecological dimension. 

 
Materials and Methods 
 

Two field experiments were carried out at the Experimental Farm of Tegzerti Research Station 
of Desert Research Center at Siwa Oasis (between 29°05′ and 29°20′ N - 25°18′ and 26°06′ E), 
Matroh Governorate, Egypt, during two successive summer seasons of 2008 and 2009.  

  
Mineral rocks treatments:  

1. Control (without addition) (WA). 
2. Recommended NPK (NPK) at rate of 300 kg ammonium nitrate (33.5 % N), 300 kg slow release 
calcium superphosphate (15.5 % P2O5) and 200 kg potassium sulfate (48.5 % K2O) / fed.           
3. Feldspar rock (F.R.), contain 8.20 – 10.12 % K2O at rate of 600 kg /fed. 
4. Phosphate rock (Ph.R.), contain 20.0 – 22.0 % P2O5 at rate of 500 kg / fed. 
5. Mixed of natural rocks (Mixed), contain 13 elements at rate of 600 kg/fed. 

 
Bio-fertilizers treatments: 

1. Without inoculation (Control) (WI). 
2. Inoculation with pure strain of Azotobacter chrococcum (Nitrogen Fixing Bacteria, NFB). 
3. Inoculation with pure strain of Bacillus megaterium var. Phosphaticum (Phosphate Dissolving 

Bacteria, PDB). 
4. Inoculation with pure strain of Bacillus subtilis and Bacillus mucilaginosus (recommended as 

Potassium Dissolving Bacteria, KDB). 
5. Inoculation with mixture of NFB + PDB + KDB. 
The experiment area was supplied with 10 m3 of poultry manure and 100 kg crude agricultural 

sulfur/ feddan before plowed then divided into 100 experimental units each with 3.5 meter length and 
3 meter width (10.5 m2). The experimental unit ridged to 5 ridges. Mineral rocks treatments mixed 
with soil before preparing ridges. In recommended NPK applied to the soil with half a quantity of 
calcium super phosphate during the soil preparing to agricultural, while the other half and all 
ammonium nitrate divided into 7 equal parts, each part has been added every 21 days throughout the 
growing season started after one month of sowing. Equal parts of potassium sulfate dressed monthly 
from first May to first September. Taro corm segments were sown in February 20th in both 
investigated seasons at distance of 30 cm between holes. The agricultural practices during growing 
season were done as agricultural ministry recommendation. Taro corms were harvested on the first of 
November, in both investigated seasons. 

Used bio-fertilizers were produced by the Microbiology Unit, Soil Fertility and Microbiology 
Department, Desert Research Center, the bio-fertilizers injected in wetted soil monthly for 3 times 
throughout the growing season starting from sowing. 

The chemical analysis for used natural rocks according to produced company was in Table A. 
Flooded irrigation system from underground water was used. The physical and chemical 

analysis of experimental soil and irrigation water were determined according to method described by 
Page et al. (1984) and Klute (1986) in Tables B and C. 
 
Data recorded: 
 
I.Plant growth characters: 

Random fife plants from each experimental unit were taken after 150 days from sowing to 
record growth characters i.e. plant height, No. of leaves and leaves area / plant, beside canopy area/ 
hole, as well as leaf area index, foliage fresh and dry weight also No. of suckers/ hole.  
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II. Yield and its components: 
Average of size, fresh and dry weight and specific gravity to separate taro corms and cormels 

were determined at harvest time. Also, total yield of corms and cormels were estimated as ton/fed. 
 

Table A: Used natural rocks analysis. 
Source 

 
Item 

Potassium ore (feldspar 
rock) 

Phosphate ore (Phosphate 
rock) 

Mixed Minerals ore 
(Minerals rock) 

% 
SiO2 68.23 – 70.56 10.6 – 12.78 36.15 – 49.56 
TiO2 0.02 – 0.04 0.02 – 0.03 0.76 – 0.85 
Al2O3 16.23 – 16.25 0.35 – 0.65 7.55 – 7.80 
Fe2O3 0.17 – 0.40 1.12 – 1.35 4.12 – 4.88 
MnO 0.02 – 0.02 0.07 – 0.08 0.60 – 0.70 
MgO 0.03 – 0.05 0.33 – 0.61 2.02 – 3.07 
CaO 0.26 – 0.47 44.12 – 48.63 9.89 – 13.45 
Na2O 3.25 – 3.69 0.18 – 1.12 1.92 – 2.09 
K2O 8.20 – 10.12 0.03 – 0.05 3.12 – 4.37 
P2O5 0.02 – 0.03 20.0 – 22.0 6.32 – 8.14 
Cl -- -- 0.31 – 0.56 
SO3 -- 0.32 – 1.98 5.38 – 5.78 
L.O.I 0.37 – 0.70 12.87 – 13.62 9.01 – 7.14 

According to mineralization Al-Ahram company. 

Table B: Physical properties of the studied soil. 

Depth (cm) 
% 

Texture Soil 
CaCO3 Sand Silt Clay 

0-60 7.51 75.79 14.48 9.73 Loamy Sand 

 
Table C: Chemical properties of the studied irrigation water and soil. 

 Irrigation Water Soil 
Depth 220 m 0-60 cm 

pH 7.92 8.07 
dS/m EC 1.83 4.79 

Soluble anions and cations (meq/L) 
HCO3

-1 1.26 2.64 
Cl-1 11.22 35.05 

SO4
-2 5.82 10.28 

HP2O5
-2 -- 0.21 (2.63 ppm*) 

Na1+ 9.4 23.8 
K1+ 0.28 3.12 (39.2 ppm*) 
Ca2+ 5.4 13.85 
Mg2+ 3.2 7.18 

*=Available 

III. Chemical composition and nutritional value: 
Corms dry matter prepared according to Piper (1950), total mineral nutrients were determined in 

the digested samples of dry corms. Micro-kjeldahl method used to determine total nitrogen as 
described by Peach and Tracey (1959), while phosphorus was determined colorimetrically according 
to the method described by Frie et al. (1964) and potassium estimated by flame photometry according 
to the method mentioned by Brown and Lilliland (1964).  

Organic constituents expressed as total carbohydrate, fibers and mature content percentage were 
determined in the dry matter of corms according to Shaffer and Hartman as described in A. O. A. C. 
(1990), while total proteins in corms were calculated from the previously determined total nitrogen 
content in corms by multiplying N- values by 5.75 (A. O. A. C., 1990). 

 
Experimental design and statistical analysis:  

Split plot design with four replicates was used. The mineral rocks treatments were distributed in 
the main plots, while bio-fertilizers occupied sub-plots. Obtained data were subjected to the statistical 
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analysis according to Thomas and Hills (1975). The results of both investigated seasons were tested 
for homogeneity for applying combined analysis. 
 
Results and Discussions  
 
I. Plant growth characters: 

Regarding the effect of nature rocks as compared with NPK and (WA) treatments individual or 
in combination with the effect of microbial inoculation on taro plants vegetative growth expressed as 
plant height, number of leaves, plant leaves area, canopy area, leaf area index and fresh and dry 
weight of plant foliage, as well as number of suckers per hole. Data presented in Tables (1 and 2) 
revealed that all the investigated parameters were significantly increased with mineral application 
when compared with control treatment (WA). The highest values were attained with the 
recommended dose of NPK and mixed nature minerals rock as compared with other treatments except 
plant height which was achieved the highest values from only NPK treatment. Phosphate rock 
performed the lowest significant values, while the feldspar performed intermediate values. On the 
other hand, leaf area index not responsed to mineral fertilizers. These results are in agreement with 
those found by Hafez and Soubeih, (2012) on eggplant and Soubeih (2018) on onion, who reported 
that the application of NP application whether in liquid acid or  in solid form increased plant height, 
average leaves and branches number / plant, average leaf area of the fourth upper leaf and foliage 
fresh and dry weight for eggplant. These results may be due to the function role of NPK in plant 
physiological processes particularly, respiration, photosynthesis, up take and translocation nitrate 
from root to shoot, protein synthesis, carbohydrate metabolism and many metabolites associated with  
transfer energy, oxidative, cellular processes of biosynthesis and ion pumping (Vance et al., 2003 and 
Plaxton and Tran, 2011).  

As for, the effect of microbial inoculation on the above mentioned parameters, Tables 1and 2 
showed that the investigated parameters were increased with the tested microbial applications as 
compared with the control treatment (W.I.); the highest significant values were obtained, generally, 
with mixture of NFB+ PDB+ KDB followed by alone NFB application then the followed was 
fluctuated between PDB and KDB. Obtained results were in agreed with those reported by Mahfouz 
and Sharaf-Eldin (2007), El-Gizawy and Mehasen (2009), Soubeih and El-Sayed, (2013) and Singh et 
al. (2018). The enhancing effect of using of nitrogen fixing, phosphate dissolving and potassium 
solubilizing bacteria as inoculants on plant growth may be due to the simultaneously increases (NPK) 
releases in soil solution in turn, uptake and activate plant metabolic proses. These not only beneficial 
influence of combined inoculation of used bacteria but also it can reduce pH soil solution through 
release CO2 which produce carbonic acid, also it can an important plant growth promoting bacteria 
when produce simulant plant growth regulators (El-Kased et al., 1996; Abou-Hussain et al., 
2002;Vessey, 2003 ; Bhattacharyya and Jha, 2011 and Soubeih and El-Sayed, 2013). 

 As regard the interaction influence, data presented in Tables  1 and 2 indicated that the 
vegetative growth measurements were varied in their response to combination treatments under study. 
In general, the treatments significantly affected in all parameters when compared with control 
treatments. In these respect, the highest significant values of all measured vegetative characteristics 
were associated with mixture bacteria with NPK and mixed natural mineral rock. Some interaction 
treatments like (NFB x NPK), (NFB x mixed natural mineral rock), (NFB x F.R.) were participated in 
achievement the highest values beside last mentioned highest influenced treatments for canopy area, 
leaf area index, foliage fresh weight and number of suckars hole-1.  

On the other hand, the lowest significant increases when compared with (WA x WI) treatment 
were attained from treatments of (WA x NFB), (WA x bacteria mixture), (WA x KDB), (F.R. x WI), 
(WA x NFB), (WA x KDB), (AW x PDB) and (WA x bacteria mixture) on measurements of plant 
height, No. of leaves plant-1, plant leaf area, canopy area, leaf area index and foliage fresh and dry 
weight, as well as No. of suckers hole-1, respectively. These results were in agree to those reported by 
Mahfouz and Sharaf-Eldin, (2007); El-Gizawy and Mehasen, (2009) and Hridya  et al., (2013). 
Although fertilization with industrial preparations for nitrogen, phosphates and potassium led to 
increase vegetative growth of plants as soon as they are added, in the long run they can lead to 
deterioration of agricultural soil in terms of chemical and physical properties, on opposite, inoculated 
soil with specialized solubilized bacteria supplied with natural mineral rocks, potassium, phosphorus 

http://www.plantphysiol.org/content/156/3/1006.short
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or mixed mineral may be led to improving agricultural properties in long run. For that, using a natural 
materials are the best for sustainable development and management of natural resources, specially, 
there are enhanced plant growth like those industrial made as observed in collected data (Soubeih and 
El-Sayed, 2013). 
 
Table 1: Effect of natural and bio-fertilizers on plant height, no. of leaves/ plant, leaves area, canopy 

area and leaf area index of taro during 2008 and 2009 summer seasons.  
Treatments WA NPK F.R. Ph. R. Mixed X¯ 

Plant height (cm) 
WI 43.4 61.5 43.4 42.5 55.0 49.2 

NFB 47.3 66.5 59.1 58.7 63.7 59.1 
PDB 43.2 60.4 47.3 50.5 56.6 51.6 
KDB 42.5 60.9 46.4 51.6 58.8 52.0 

Mixture 48.2 68.3 59.8 60.8 69.4 61.3 
X¯ 44.9 63.5 51.2 52.8 60.7  

LSD at 0.05 for minerals          =                        1.85 
LSD at 0.05 for bio-fertilizers  =                        1.67 
LSD at 0.05 for interaction       =                        3.73 

Treatments No. of leaves 
WI 6.40 6.72 6.33 6.88 7.14 6.69 

NFB 7.29 7.18 7.27 7.24 7.37 7.27 
PDB 6.89 7.12 5.99 6.12 7.04 6.64 
KDB 6.55 6.96 5.87 6.20 7.18 6.55 

Mixture 7.04 7.64 7.35 7.50 7.90 7.49 
X¯ 6.83 7.12 6.57 6.79 7.33  

LSD at 0.05 for minerals          =                 0.33 
LSD at 0.05 for bio-fertilizers  =                 0.26 
LSD at 0.05 for interaction       =                 0.59 
 Plant leaves area (cm2)  

WI 3327.2 5655.5 4259.0 5167.4 5865.9 4855.0 
NFB 4814.7 6755.5 5543.3 5691.8 6789.9 5919.0 
PDB 4273.4 6437.5 4543.9 4936.5 6280.3 5294.3 
KDB 4254.8 6403.7 4616.7 4601.0 6437.5 5262.7 

Mixture 5562.5 7783.0 5831.3 6117.1 7701.9 6599.2 
X¯ 4446.5 6607.0 4958.8 5302.8 6615.1  

LSD at 0.05 for minerals          =                  102.8 
LSD at 0.05 for bio-fertilizers  =                  203.8 
LSD at 0.05 for interaction       =                  455.6 

Treatments Canopy area (cm2)  
WI 986.8 1555.8 1163.5 1144.0 1500.5 1270.1 

NFB 1286.0 1742.8 1352.0 1292.8 1646.5 1464.0 
PDB 1140.8 1538.0 1262.8 1227.3 1592.5 1352.3 
KDB 1111.8 1558.5 1263.5 1200.5 1559.3 1338.7 

Mixture 1443.0 1684.3 1437.8 1349.8 1620.0 1507.0 
X¯ 1193.7 1615.9 1295.9 1242.9 1583.8  

LSD at 0.05 for minerals          =                  54.2 
LSD at 0.05 for bio-fertilizers  =                  78.6 
LSD at 0.05 for interaction       =                 175.1 
 Leaf area index  

WI 3.38 3.64 3.66 4.52 3.91 3.82 
NFB 3.74 3.88 4.10 4.40 4.12 4.05 
PDB 3.75 4.19 3.60 4.02 3.94 3.90 
KDB 3.83 4.11 3.65 3.83 4.13 3.91 

Mixture 3.86 4.62 4.06 4.53 4.76 4.36 
X¯ 3.71 4.09 3.81 4.26 4.17  

LSD at 0.05 for minerals          =                   NS 
LSD at 0.05 for bio-fertilizers  =                  0.16 
LSD at 0.05 for interaction       =                  0.36 
F.R. = Feldspar Rock       Ph.R.= Phosphate Rock   Mixed= natural rocks     NFB= Nitrogen Fixing Bacteria                
PDB = Phosphate Dissolving Bacteria      KDB = Potassium dissolving Bacteria   Mixture= NFB+ PDB+ KDB. 
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Table 2: Effect of natural and bio-fertilizers on foliage fresh and dry weight and number of suckers 
per hole of taro during 2008 and 2009 summer seasons. 

Treatments WA NPK F.R. Ph. R. Mixed X¯ 
 Foliage fresh weight (g) 

WI 339.3 473.0 343.1 377.2 458.2 398.2 
NFB 392.7 546.4 523.6 513.6 539.5 503.1 
PDB 376.8 481.1 357.7 405.2 442.6 412.7 
KDB 376.1 439.6 346.8 399.4 426.7 397.7 

Mixture 366.7 540.9 510.8 511.5 528.0 491.6 
X¯ 370.3 496.2 416.4 441.4 482.0  

LSD at 0.05 for minerals          =                 15.0 
LSD at 0.05 for bio-fertilizers  =                 13.7 
LSD at 0.05 for interaction       =                 30.6 

Treatments Foliage dry weight (g) 
WI 74.5 99.0 79.7 87.8 111.0 90.4 

NFB 82.8 111.7 116.8 113.5 121.4 109.2 
PDB 86.8 108.9 84.5 97.9 109.5 97.5 
KDB 85.4 105.5 81.8 89.9 105.8 93.7 

Mixture 79.8 122.1 117.1 121.0 128.1 113.6 
X¯ 81.9 109.5 96.0 102.0 115.2  

LSD at 0.05 for minerals          =                  5.9 
LSD at 0.05 for bio-fertilizers  =                  3.7 
LSD at 0.05 for interaction       =                 11.2 

No. of suckers per hole 
WI 1.35 1.56 1.47 1.61 1.82 1.56 

NFB 1.86 1.84 1.94 1.88 1.93 1.89 
PDB 1.61 1.91 1.30 1.24 1.77 1.57 
KDB 1.42 1.78 1.36 1.27 1.84 1.53 

Mixture 1.67 2.24 1.98 2.08 2.17 2.03 
X¯ 1.58 1.87 1.61 1.61 1.91 

 
LSD at 0.05 for minerals          =                        0.23 
LSD at 0.05 for bio-fertilizers  =                        0.21 
LSD at 0.05 for interaction       =                        0.31 
F.R. = Feldspar Rock       Ph.R.= Phosphate Rock   Mixed= natural rocks     NFB= Nitrogen Fixing Bacteria       
 PDB = Phosphate Dissolving Bacteria      KDB = Potassium dissolving Bacteria   Mixture= NFB+ PDB+ KDB 
 

II. Yield and its components: 
The maturity signals appeared in mid-October, taro corms and cormels were harvested and 

separated to evaluate. Data presented in Tables 3 and 4 showed that corms and cormels fresh weight 
significantly influenced with investigate factors. The maximum corms and cormels weight were 
achieved from NPK and mixed nature minerals rock when compared with control (WA) or other 
applied treatments. No significant differences were found among plants treated with feldspar or 
phosphate rocks, but their values accursed the lowest significant increasing values as compared with 
control (WA). Mineral treatments whether natural or industrial do not affect on dry matter or specific 
graffiti characteristics.        

The data of microorganisms that inoculated in experimental soil for testing their effect on 
measurements which were tabulated in Tables 3 and 4 cleared that high significant increases of fresh 
weight were achieved according to microorganisms applied. The maximum values of fresh weight 
were attained from NFB and bacteria mixture treatments for corms than bacteria mixture alone for 
cormels. There are no significant effect of PDB and KDB application on corms, whether between 
them or as compared with control (WI), while cormels significantly increased with KDB followed 
with PDB when compared with control treatment (WI). On the other hand, microorganisms had no 
significant effect on dry matter (%) or corms and cormels specific graffiti. 
As for, the interaction treatments showed no significant differences among them on percentage of dry 
matter or specific graffiti, while showed significant increase in fresh weight of corms or cormels. The 
heavy fresh weight of corms were achieved with (NPK x NFB), (NPK x bacteria mixture), (mixed 
minerals x NFB) and (mixed mineral x bacteria mixture) when compared with control or the other 
treatments. The lowest significant corms fresh weight was done of WA x KDB. The heaviest 
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significant cormels fresh weight obtained with interaction treatments which were associated from 
(NPK x bacteria mixture), (mixed mineral x bacteria mixture) and (NPK x PDB), while the lowest 
cormels fresh weight were attained from (Ph.R x WI). 

Obtained results were in agreement with those reported by Mahfouz and Sharaf-Eldin (2007), 
El-Gizawy and Mehasen (2009), Soubeih and El-Sayed, (2013) and Singh et al. (2018). 

Data presented in Table 5 indicated that treatments of nature minerals rocks, microorganisms and 
their interaction treatments significantly enhanced yield per plant and feddan. The maximum yields 
per plant and feddan were achieved from NPK and nature minerals rocks as bacterial mixture 
treatments (microorganisms treatments) whether individual or in interaction.  
Similar results were reported by Vance et al., (2003); Ezzat et al., (2005); Shafeek et al., (2005); 
Plaxton and Tran, (2011) ; Abou-el-Seoud and Abdel-Megeed, (2012) ; Soubeih and El-Sayed, (2013) 
and Singh et al., (2018). These results may be due to that microorganisms produces organic, inorganic 
acids and CO2 which lead to increase in soil acidity (pH) and hence the solubility of mineral nutrients 
of nature mineral rocks (Wani et al., 2007; Adesemoye and Kloepper, 2009 and Ekin, 2010). Also the 
ability of microorganisms to produce some growth promoting substances such as IAA, gibberellins 
and abscisic acid, in turn produce extensive and improve root development and increase the rate of 
water and minerals uptake which enhance the plant growth (Ibrahim et al., 2010).   
 
Table 3: Effect of natural and bio-fertilizers on the average of fresh, dry matter (%) and specific 

graffiti of taro corm during 2008 and 2009 summer seasons.  
Treatments WA NPK F.R. Ph. R. Mixed X¯ 

Average of corm fresh weight (g) 
WI 367.81 512.8 463.0 372.0 496.8 442.5 

NFB 425.72 592.4 567.6 556.8 584.9 545.5 
PDB 408.55 521.6 387.8 439.3 479.9 447.4 

KDB 407.77 476.6 376.0 433.0 462.6 431.2 

Mixture 397.52 586.4 553.8 554.6 572.4 532.9 
X¯ 401.47 538.0 469.6 471.1 519.3 

 
LSD at 0.05 for minerals          =          19.3  
LSD at 0.05 for bio-fertilizers  =          15.2 
LSD at 0.05 for interaction       =          34.0 

Dry matter (%) for corm (g) 

WI 38.8 40.2 39.6 39.7 40.0 39.7 
NFB 39.3 40.6 40.1 40.2 40.5 40.2 

PDB 39.1 40.4 39.9 40.0 40.3 39.9 

KDB 39.7 41.1 40.5 40.6 40.9 40.6 

Mixture 40.0 41.4 40.8 41.0 41.2 40.9 

X¯ 39.4 40.7 40.2 40.3 40.6 
 

LSD at 0.05 for minerals          =            NS 

LSD at 0.05 for bio-fertilizers  =            NS 

LSD at 0.05 for interaction       =            NS 

Specific graffiti for corm (g/cm3) 

WI 0.87 0.89 0.87 0.88 0.86 0.88 

NFB 0.85 0.82 0.85 0.85 0.84 0.84 

PDB 0.87 0.87 0.86 0.86 0.86 0.87 

KDB 0.88 0.83 0.87 0.85 0.83 0.85 

Mixture 0.88 0.87 0.88 0.90 0.90 0.89 

X¯ 0.87 0.86 0.87 0.87 0.86 
 

LSD at 0.05 for minerals          =            NS 

LSD at 0.05 for bio-fertilizers  =            NS 

LSD at 0.05 for interaction       =            NS 
F.R. = Feldspar Rock       Ph.R.= Phosphate Rock   Mixed= natural rocks     NFB= Nitrogen Fixing Bacteria        
PDB = Phosphate Dissolving Bacteria      KDB = Potassium dissolving Bacteria   Mixture= NFB+ PDB+ KDB 

http://www.plantphysiol.org/content/156/3/1006.short
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Table 4: Effect of natural and bio-fertilizers on the average of fresh, dry matter (%) and specific 
graffiti of taro cormels during 2008 and 2009 summer seasons.   

Treatments WA NPK F.R. Ph. R. Mixed X¯ 

Average of cormels fresh weight (g) 

WI 393.6 606.4 570.7 510.1 615.5 539.2 

NFB 582.2 776.8 737.0 711.3 790.0 719.5 

PDB 545.7 948.5 534.0 499.3 810.5 667.6 

KDB 564.9 925.9 581.1 561.4 887.9 704.2 

Mixture 615.4 1040.1 794.7 861.9 961.7 854.8 

X¯ 540.3 859.5 643.5 628.8 813.1  
LSD at 0.05 for minerals          =             58.7 

LSD at 0.05 for bio-fertilizers  =             49.2 
LSD at 0.05 for interaction       =            109.9 

Specific graffiti for cormels (g/cm3) 

WI 0.83 0.83 0.88 0.88 0.87 0.86 

NFB 0.80 0.76 0.85 0.85 0.85 0.82 

PDB 0.83 0.81 0.87 0.86 0.87 0.85 

KDB 0.84 0.77 0.87 0.86 0.83 0.83 

Mixture 0.84 0.82 0.88 0.90 0.91 0.87 

X¯ 0.83 0.80 0.87 0.87 0.87  
LSD at 0.05 for minerals          =              NS 

LSD at 0.05 for bio-fertilizers  =              NS 

LSD at 0.05 for interaction       =              NS 

F.R. = Feldspar Rock       Ph.R.= Phosphate Rock   Mixed= natural rocks     NFB= Nitrogen Fixing Bacteria       PDB = 
Phosphate Dissolving Bacteria      KDB = Potassium dissolving Bacteria   Mixture= NFB+ PDB+ KDB 
 
 
Table 5: Effect of natural and bio-fertilizers on plant yield and total yield ton/fed. of taro during 

2008 and 2009 summer seasons.  
 Treatments WA NPK F.R. Ph. R. Mixed X¯ 

Plant yield (g) 
WI 761.4 1119.2 973.1 882.1 1112.3 970.9 

NFB 1007.9 1369.2 1278.9 1268.1 1375.0 1265.0 
PDB 954.2 1470.1 887.1 938.6 1290.3 1115.0 
KDB 972.6 1402.5 937.4 994.4 1350.5 1135.4 

Mixture 1012.9 1626.6 1415.7 1416.5 1534.1 1387.7 
X¯ 941.8 1397.5 1098.4 1099.9 1332.4  

LSD at 0.05 for minerals          =              77.5 
LSD at 0.05 for bio-fertilizers  =              63.9 
LSD at 0.05 for interaction       =            143.0 

Fadden yield (ton) 
WI 12.18 17.91 15.57 14.11 17.80 15.53 

NFB 16.13 21.91 20.46 20.29 22.00 20.24 
PDB 15.27 23.52 14.19 15.02 20.65 17.84 
KDB 15.56 22.44 15.00 15.91 21.61 18.17 

Mixture 16.21 26.02 22.65 22.66 24.55 22.20 
X¯ 15.07 22.36 17.58 17.60 21.32  

LSD at 0.05 for minerals          =               1.29 
LSD at 0.05 for bio-fertilizers  =               1.01 
LSD at 0.05 for interaction       =               3.14 

F.R. = Feldspar Rock       Ph.R.= Phosphate Rock   Mixed= natural rocks     NFB= Nitrogen Fixing Bacteria       PDB = 
Phosphate Dissolving Bacteria      KDB = Potassium dissolving Bacteria   Mixture= NFB+ PDB+ KDB 

 
 

I. Chemical composition and nutritional value: 
Data presented in Figure 1 indicated that nature minerals rocks significantly influenced taro 

corms nitrogen, phosphorus and potassium content. NPK at a recommended dose achieved the highest 
accumulate quantity of NPK followed with nature mineral rock for nitrogen, nature mineral rock for 
phosphate followed with feldspar for potassium. Also, Figure 1 clear that bio-fertilizers led to causes 
of significant differences among treatments, where the highest accumulated quantity of nitrogen, 
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phosphate and potassium were attained from NFB, PDB and KDB respectively. The second highest 
values were attributed with microbial mixture.  

   

 
Fig. 1: Effect of natural fertilizers, bio-fertilizers and their interaction on N,P and K (mg/100 g)of 

fresh taro corm. 
 
Regarding, the interaction between natural fertilizers treatments and bio-fertilizers application, Figure 
1 explain that no significant differences were found among interactions treatments and each of 
nitrogen and phosphate accumulation in taro corms, while it has been significantly increased 
potassium accumulation. The maximum accumulated was achieved from treatments of KDB within 
NPK, followed with bacteria mixture within NPK then (NPK x WI). These results were agree with 
those reported by Abou-el-Seoud and Abdel-Megeed, (2012) and Abou-Amer, et al., (2014).   

The relationships among nutrition value of taro corms which expressed as g/100g of protein, 
carbohydrate, fibers and moisture content and investigated treatments were established in Figures 2 
and 3.  

Data showed that there were significant increases recorded in protein and carbohydrates when 
taro plants treated with the mineral elements where NPK at recommended dose achieved the highest 
values and followed with nature mineral rock. 

Bio-fertilizers also significantly increased protein and carbohydrates, where NFB and bacteria 
mixture attained the highest values of protein while the bacteria mixture caused the maximum amount 
of carbohydrates. 
The combination of nature minerals rock and bio-fertilizers treatments were showed that no 
significantly effected in nutritional value as shown in Figure 3.    
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Fig. 2: Effect of interaction of natural fertilizers and bio-fertilizers on the carbohydrates, protein, 

fibers and moisture contents g/100g of fresh taro corn 
 

 
Fig. 3: Effect the interaction of natural fertilizers and bio-fertilizers on the carbohydrates, protein, 

fibers and moisture contents g/100g of fresh taro corn 
 
F.R. = Feldspar Rock       Ph.R.= Phosphate Rock   Mixed= natural rocks     NFB= Nitrogen Fixing Bacteria       
PDB = Phosphate Dissolving Bacteria      KDB = Potassium dissolving Bacteria   Mixture= NFB+ PDB+ KDB 
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Conclusion  
 

We are recommend to transfer taro crop and tropical and subtropical crops which are needs a 
wetland to Siwa Oasis for Nile water and valley fertile soil conservation and using natural minerals 
rocks and microorganisms for fertilization. 
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