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Abstract: A field experiment was conducted at the Experimental Farm of Faculty of Agriculture, 
Fayoum University to study the effect of the application of biofertilizer (Bio) (namely, Azotobacter, 
Azospirillium, Rhizobium and Pseudomonas), farmyard manure (FM) (0, 15 ton fed-1) and mineral 
fertilizer (NPK) (0, 25, 50 and 100% of the recommended dose) singly or in combination on growth, 
yield, anatomical structure and physiological analysis of wheat plant. The results showed that, the 
application of Bio and/or FM in combination with NPK significantly increased all growth characters 
i.e., plant height, number of spikes plant-1, leaf area and fresh and dry weights of both shoot and spikes 
plant-1. The enhanced growth characters were reflected in yield and yield components, mainly the 
increase in grains yield fed-1 which reached 173.7% by the combined treatment of Bio+FM+50% NPK. 
All treatments greatly increased stem section diameter and dimensions of grain; this was mainly due to 
the increases in both parenchymatous and sclerenchymatous tissues of stem and the pericarp, aleurone 
layer and endosperm of grain. Leaf pigments, total carbohydrates and crude protein in leaves as well as 
total carbohydrates and crude protein in grains were significantly increased by all treatments, 
particularly the combined treatment of Bio+FM+50% NPK. Based on our results, we recommend 
using Bio and/or FM in combination with NPK to minimize chemical fertilizer dose under newly 
reclaimed soil conditions.  
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INTRODUCTION 

 
 Wheat (Triticum aestivum L.) is the most important cereal crop as the main food stable for the Egyptian 
public. Improving the productivity of this crop is a main task due to its short supply which mandated importing 
about 50% of the needed wheat grains from outside the country. 
 Growing wheat on the newly reclaimed area of Egypt especially calcareous soil faces various problems. 
This soil has poor physical properties and lacks organic materials, microorganisms, macro and micronutrients. 
To solve some of such problems, organic matter and biofertilizer in combination with inorganic fertilizers are 
needed. Farmyard manure is an organic material which its continuous addition to the soil increases its humus 
content year after year and improving physical and chemical conditions. Addition of soil organic matter is a 
favorable way of improving soil properties (Böhme and Böhme, 2006) by providing a favorable soil structure, 
enhancing soil cation exchange capacity, increasing the quantity and availability of plant nutrients and providing 
the substrate for microbial activities. 
 There has been an increase interest in biological nitrogen fixation in the context of sustainable agriculture as 
a result of cost of mineral fertilizers and their possible harms to the environment. There are a wide range of 
microbes in the soil, which are able to act in symbiosis or non-symbiosis association with their host plant (Gray 
and Smith, 2005). Soil microbes, are a necessary part of soil ecosystem and can handle the following important 
functions in the soil (Emmerling et al., 2002; Bohme and Bohme, 2006; Daei et al., 2009; Jalili et al., 2009; 
Abbas zadeh et al., 2010) : 1) recycling soil nutrients available in organic form, 2) enhancing soil nutrient 
availability and hence uptake by plant, 3) improving soil structure by producing different biochemicals, 4) 
controlling the adverse effect of pathogens on plant growth (Haas and Defago, 2005), 5) and alleviating soil 
stresses on plant growth and yield production. 
 Non-symbiotic nitrogen fixing bacteria that live in the rhizosphere (Döbereiner, 1997) and/or 
endophytically (Hecht-Buchholz 1998) often increases yields of cereals and other crops. Enhancement of crop 
yields of cereals by inoculation with nitrogen fixing bacteria was observed in many experiments (Bhattarai and 
Hess 1993, Ozturk et al. 2003). Yield increases obtained in inoculated plants were attributed to the production 
of plant growth substances by the root-colonizing bacteria (Kennedy and Tchan 1992). Inoculation of wheat 
with Azospirillum sp. increased root dry weight and 1000-kernel weight (Jagnow 1990), raised number of spikes 
per plant, number of grains per spike and grain and straw yield (Ozturk et al. 2003), N-uptake and N-yield 
(Bhattarai and Hess 1993) in wheat.  
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 Many workers reported that, inoculation of plants with Azospirillum, Azotobacter, Rhizobium and 
Pseudomonas, singly, in dual or in different combinations with organic and mineral fertilizers increased the 
growth parameters, yield and its components and chemical constituents in treated plants. The best results were 
obtained by the various mixture inoculation in which the reduction the amount of mineral fertilizers, Mitkees et 
al. (1996), and Sharaan and Abd El-Samie (1999) on wheat plants.  
 The present study was aimed to study the effect of application of biofertilizer and/or organic fertilizer in 
combination with mineral fertilizer on growth, yield and its component, anatomical structure and chemical 
analysis of wheat plants grown under newly reclaimed soil conditions. 

 
MATERIALS AND METHODS 

 
Plant Materials and Growth Conditions: 
 A field experiment was carried out in a loamy sand soil (calcareous) at the Experimental Farm of Faculty of 
Agriculture, Fayoum (at Demo location), during the two successive seasons of 2009/2010 and 2010/2011. 
Wheat grains cv. Sakha 93 were obtained from the Agricultural Research Center, Ministry of Agricultural, 
Egypt. Soil properties of the experimental site and chemical analysis of organic fertilizers used are shown in 
Table (1). 
 
Table 1: The chemical properties of the experimental soil and organic fertilizers. 

Analysis Soil Farmyard 
PH 7.7 8.1 
Organic matter (%) 0.58 15.8 
Total nitrogen (%) 0.30 0.78 
Calcium carbonate (%) 13.2 6.80 
ECe (dS m-1) 4.3 1.40 
P (%) 0.035 0.25 
K (%) 0.056 1.02 

 
 Mineral fertilizers used in this study were ammonium nitrate (33.5% N), calcium superphosphate (15.5% 
P2O5) and potassium sulphate 48% K2O. Azotobacter spp. Azospirillum spp., Rhizobium spp. and Pseudomonas 
spp. were the biofertilizer used which obtained from the Agricultural Research Center, Ministry of Agricultural, 
Egypt. The activity of biofertilizer was examined in the Microbiology Department, Faculty of Agriculture, 
Fayoum University, before use. In addition, the organic fertilizer used in this research was Farmyard manure 
which obtained from Animal Experimental Station, Fac. Agric., Fayoum Univ. The experimental area was 
divided into plots 10.5 m2 (3 × 3.5 m). Wheat grains were sown by hand drilled in rows 20 cm a part at the rate 
of 60 kg grains fed-1 on November 13th and 15th in the two successive seasons, respectively. The normal of 
cultural practices for growing wheat were applied as recommended. 
 
Treatments: 
 Mineral fertilizer was used at the rates of 0, 25, 50 and 100% of the recommended by the Ministry of 
Agriculture (224, 200 and 50 kg fed-1 of NPK fertilizers, respectively). N fertilizer was added in 2 equal doses, 
directly before the first and second irrigation, while the P fertilizer was added during soil preparation for sowing 
and K fertilizer was given before the first irrigation. Farmyard manure was used at the rates of 0 and 15 ton fed-1 
and added in a single dose as a presowing application. Seeds were immersed in Arabic Gum solution (16%) as a 
sticking agent, thereafter, seeds were mixed with the tested powder of mixed biofertilizers, namely Azotobacter 
spp. Azospirillum spp., Rhizobium spp. and Pseudomonas spp. Inoculated seeds were allowed to dry before 
sowing, according to (Allen, 1971). The experiment was laid in a complete randomized block design with 13 
treatments and 3 replicates for each.  
 
Plant Harvest and Analysis:  
Morphological Measurements: 
     At the age of 120 days, 12 wheat plants from each plot were randomly taken for morphological data i.e. plant 
height (cm), number of spikes plant-1, flag leaf area (cm2) was measured with an area meter ( Planix Digital 
Planimeter, Modlel 2107). Also, fresh and dry weights of tillers and spikes plant-1 were estimated. 
  
Chemical Analysis: 
Photosynthetic Pigments: 
 Photosynthetic pigments (chlorophyll a, b and carotenoids) were measured colorimetrically in fresh leaf 
samples. Leaf samples (0.5 g) were homogenized with acetone (90% v/v), filtered and make up to a final 
volume of 50 ml. Pigment concentrations were calculated from the absorbance of extract at 663, 648 and 470 
nm using the formula (Lichtenthaler, 1987) given below: 
Chlorophyll a (mg g-1 FW) = (11.75 × A663- 2.35 × A645 × 50/500, 
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Chlorophyll b (mg g-1 FW) =18.61 × A645- 3.96 × A663 × 50/500, 
Carotenoids ( mg g-1 FW  ) = (1000 X A470) –(2.27X Chl a)-(8.14XCh b)/227)X 50/500. 
Then, the results were multiplied by 100 to obtain results as mg 100g-1 FW. 
 
Total Carbohydrates (%): 
 Total carbohydrates were determined in leaf dry matter using the phenol-sulphuric acid reagent method as 
outlined by Dubois et al., (1956). 
 
Crude Protein (%): 
 Determination of total nitrogen in dry powdered leaves was carried out with Micro-Kjeldahel method 
(A.O.A.C., 1990). Crude protein was determined according to the formula: Crude protein = Total N × 6.25. 
 At the age of 170 days, plants were harvested and the following data were recorded: Spike length (cm), 
number of spikletes spike-1, weight of 1000-grain (g) and grain yield fed-1 were estimated. Total carbohydrates 
and total N were determined in dry wheat grains as stated in leaves, and crude protein was calculated by the 
formula: 
Crude protein = Total N × 5.70. 
 
Anatomical Study: 
 For anatomical study, samples were taken at the age of 140 days from the middle of fourth internodes from 
apex as well as grains from the main spike. Samples were killed and fixed in F.A.A. solution (50 ml 95% ethyl 
alcohol + 10 ml formalin + 5 ml glacial acetic acid + 35 ml distilled water) for 48 hours. Thereafter, samples 
were washed in 50% ethyl alcohol, dehydrated and cleared in tertiary butyl alcohol series, embedded in paraffin 
wax of 54-56 C m.p. Cross sections, 20 thick, were cut by a rotary microtome, adhesived by Haupt’s adhesive 
and stained with the crystal violet-erythrosin combination (Sass, 1961), cleared in carbol xylene and mounted in 
Canada balsam. Measurments were done, using a micrometer eyepiece and average of 10 readings were 
calculated. 
  
Statistical Analysis:  
 Treatments were arranged in a completely randomized block design with 13 treatments, 3 replicates for 
each.  Analysis of variance was performed using the SPSS software package. Analysis of variance (ANOVA) 
was performed on the data to determine the least significant difference (LSD) among treatments at P < 0.05.  
 

RESULTS AND DISCUSSION 
 
Growth Characters: 
 All the studied growth characters were greatly increased by all treatments in comparison to the control with 
significant differences in most cases. The values correspondingly increased with the increase of doses.  
 Data in Table (2) show that, application of mineral fertilizers at all rates significantly increased plant height, 
number of spike plant-1, leaf area, fresh and dry weights of shoots plant-1 and fresh and dry weights of spikes 
plant-1, specially the full dose (100%) which scored greater values in comparison to the control. These results 
are in agreement with those obtained by Singh et al., (1997), Mohiuddin et al., (2000), Das et al., (2001) and 
Zahran, et al. (2002) on wheat plants.       
 Also, inoculated plants with biofertilizers combined with all rates of mineral ones significantly increased 
the same characters as compared to the control, but it was significantly more than those of mineral fertilizers 
alone. These characters were significantly increased in most cases by using biofertilizers or, farmyard manure 
singly, specially the later which recorded great values as compared to the control. The enhanced growth 
characters as a result of biofertilizer application may be attributed to their role in enhancing plant growth due to 
secretion of growth hormones (Gomaa 1995). In addition, many rhizosphere microorganisms are able to produce 
some biological active substances, e.g. IAA, gibberellin and cytokinin which stimulate lateral buds to grow into 
lateral branches (Rabie et al., 1995). Soil microbes such as plant growth promoting rhizobateria (PGPR) are also 
able to enhance the availability of different nutrients including N, P and micronutrients. For example, Rhizobium 
spp., in symbiosis with their legume host plant, and Azospirillum in non-symbiotic association with their host 
plant, can fix atmospheric N2 (Miransari and Smith, 2007; 2008; 2009; Abbas zadeh et al., 2010). PGPR 
including Bacillus spp., Pseudomonas fluorescence and P. putida are able to enhance P availability, by 
production of organic acids and phosphatase enzymes through producing siderophores. PGPR can also increase 
Fe solubility and hence uptake by plant (Jalili et al. 2009 and Abbas zadeh, et al., 2010). The enhanced growth 
and yield as a result of seed inoculation with N2-fixing bacteria were reported by many researchers (Bhattarai 
and Hess 1993, Ozturk et al. 2003). Such improvement may be attributed to the high nitrogen uptake of the 
inoculated plants as well as to the ability of organisms to produce growth promoting substances (Haahtela et al. 
1988).  
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Table 2: Effect of inorganic, organic and biofertilizers treatments on growth characters, yield and its components of wheat plants grown in 
reclaimed calcareous soil.  

Treatments 
Characters 

Plant height 
(cm) 

No. of 
spike/plant 

Leaf area 
(cm2) 

Fresh wt. of 
shoot/plant (g) 

Dry wt. of 
shoot/plant (g) 

Fresh wt. of 
spikes/plant (g) 

Control  71.3 5.3 17.6 8.1 2.6 6.4 
25 % NPK 86.3 6.3 25.5 27.2 10.5 16.7 
50 % NPK 100.3 11.0 27.2 30.9 15.6 23.7 
100 % NPK 101.3 11.7 32.0 36.9 19.9 23.9 
Biofertilizer alone   87.7 5.7 27.8 24.1 11.9 16.7 
Bio+25% NPK 88.3 6.7 30.8 27.7 13.1 22.8 
Bio+50% NPK 100.7 8.7 38.8 34.8 15.1 24.3 
Bio+100% NPK 101.7 11.7 38.5 49.2 21.9 28.7 
FM 86.7 7.0 19.1 22.9 11.2 12.8 
Bio+FM 90.0 7.3 29.3 28.7 15.9 22.6 
Bio+FM+25% NPK 92.0 9.7 39.4 38.2 17.9 29.1 
Bio+FM+50% NPK 101.8 12.0 49.7 53.5 24.6 35.2 
Bio+FM+100% NPK 101.7 12.0 49.8 53.5 24.3 32.9 
LSD (5%) 6.0 1.9 4.8 4.0 2.9 2.9 
 Characters 

Dry wt. of 
spikes/plant (g) 

Spike length 
(cm) 

No. of 
spiklets/spike 

Weight of 1000 
grains (g) 

Grain weight 
(Kg/fed.) 

Control  3.3 5.3 9.0 41.7 560.0 
25 % NPK 7.7 8.3 16.0 43.9 860.0 
50 % NPK 11.5 9.2 18.0 45.7 1050.0 
100 % NPK 12.6 9.7 18.7 46.1 1140.0 
Biofertilizer alone  8.5 9.0 17.0 43.5 605.3 
Bio+25% NPK 11.1 8.8 16.7 44.2 882.4 
Bio+50% NPK 12.1 9.3 17.0 46.3 1329.8 
Bio+100% NPK 14.4 11.2 19.0 47.2 1143.3 
FM 6.3 8.5 15.3 42.8 590.0 
Bio+FM 11.6 8.8 17.7 44.1 1068.0 
Bio+FM+25% NPK 13.7 9.7 18.3 45.7 1076.6 
Bio+FM+50% NPK 16.3 12.8 21.3 49.3 1532.7 
Bio+FM+100% NPK 14.9 12.7 21.3 48.2 1488.0 
LSD (5%) 1.4 1.4 1.8 1.8 91.1 

Bio = Biofertilizers   FM = Farmyard manure 
 
 The highest significant increase in all growth characters was obtained by the combination between 
inorganic, organic and biofertilizers mainly the treatment Bio+FM+100% NPK. Treatment with inorganic, 
organic and biofertilizers showed a greatest increase in growth characters as plants received mineral fertilizers in 
addition to the role of organic matter in improving soil properties and preventing leaching of such elements. 
Also, this may be due to the slow release of almost all essential nutrients from organic fertilizers that caused 
improvement in the utilization rate of applied nitrogen. Moreover, N-fertilizers in the presence of biofertilization 
increased the decomposition and mineralization rate of organic fertilizers as well as the availability of nutrients 
for plant growth. These results are in agreement with those achieved by Gadhia and Mane (1995) and Zahran et 
al., (2002) on wheat plant.  
 
Yield and Yield Components: 
 Table (2) shows that, the application of mineral fertilizer (NPK) at all rates significantly increased yield and 
its components particularly the treatment of 100% NPK solely which induced significant increases surpassed the 
control by 83.0% in spike length, 107.8% in number of spiklets spike-1, 10.6% in weight of 1000-grain and 
103.6% in grain weight fed-1. Yield and yield components were significantly affected in most cases by the 
application of biofertilizer and/or farmyard manure. The high increase was obtained by biofertilizers combined 
with farmyard manure followed by biofertilizer singly and then farmyard manure alone. In addition, inoculated 
plants with biofertilizer combined with NPK resulted in a significant increase in the yield and its components as 
compared to the control. The highest increase in the yield and yield components was obtained by the combined 
three types of fertilizers, specially the treatment of bio + FM + 50% NPK which led to increases at about 142% 
in spike length, 137% in number of spikelets spike-1, 18% in weight of 1000 grains and 174% in grains weight 
fed-1 as compared with the control. 
 The promoting effect of NPK on growth characters as mentioned before was reflected in the increase in the 
yield and yield components. Application of biofertilizer and/or organic fertilizer caused a vigorous growth, 
which was reflected in increased translocated photosynthates to the developing grains. Also, N-fertilizer in the 
presence of bio and organic fertilizers increased the decomposition and mineralization rate of organic fertilizers 
and the availability of nutrients for plant growth. The combination between the three kinds of fertilizers 
significantly increased the yield and its components than each of them singly. This was due to the presence of 
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nutrient elements and organic matter that prevented leaching of such mineral fertilizer. These results are in 
agreement with those of Tomar, et al., (1995), El-Ghany, (1996), Patel, et al., (1996), Tomar, et al., (1998), 
Panwar, et al., (2000), Das, et al., (2001) and Salantur, et al., (2006)  on wheat plants , Sarwar et al. 2008 on 
wheat and rice plants. 
 
Anatomical Studies: 
Stem: 
 Table (3) and Fig. (1) show that, application of NPK fertilizers, specially at highest rate increased diameter 
of stem section by 56.8%. This was mainly due to the increase in thickness of seclerenchymatous tissue (87.5%) 
by increasing both cell number and diameter (25.0 and 50.0%, respectively), ground tissue by increasing both 
cell number and diameter (15.4 and 10.4%, respectively), length and width of the vascular bundles (91.7 and 
27.3%, respectively), average diameter of metaxylem vessel (34.7%) and average diameter of hollow pith 
(76.7%) in comparison to the control. Treatments of biofertilizer solely, farmyard manure singly or the 
combination gave a similar diameter but to a less extent as compared to 100% NPK fertilizer. 
 
Table 3: Effect of inorganic, organic and biofertilizers treatments on anatomical structure of stem of wheat plants grown in reclaimed 

calcareous soil.  

Treatments 

Characters 
Seclerenchymatous tissue Ground tissue 

Thickness (μ) 
No. of cell 

layers 
Av. diameter of 

cells (μ) 
Thickness 

(μ) 
No. of cell 

layers 
Av. diameter of 

cells (μ) 
Control  40.0 4.0 10.0 455.0 7.7 59.1 

25 % NPK 62.5 7.0 8.9 285.0 6.3 45.2 
50 % NPK 92.5 9.0 10.3 415.0 6.7 61.9 
100 % NPK 75.0 5.0 15.0 525.0 8.5 61.8 
Biofertilizer alone   50.0 5.0 15.0 640.0 9.0 71.1 
Bio+25% NPK 80.0 6.0 13.3 450.0 7.8 57.7 
Bio+50% NPK 80.0 5.0 16.0 290.0 4.8 60.4 
Bio+100% NPK 65.0 7.0 10.7 517.0 8.0 64.6 
FM 50.0 4.0 12.5 542.5 9.8 55.4 
Bio+FM 75.0 5.0 15.0 487.5 10.0 48.8 
Bio+FM+25% NPK 80.0 5.0 16.0 537.5 9.0 59.7 
Bio+FM+50% NPK 43.8 4.0 10.9 675.0 11.3 59.7 
Bio+FM+100% NPK 87.5 7.0 12.5 605.0 9.5 63.7 
 Characters 

Vascular bundles Av. diameter of 
mx vessels (μ) 

Av. diameter of 
hollow pith (μ) 

Section 
diameter 

(μ) Length (μ) Width (μ) Number 

Control  120.0 110.0 37.0 28.8 750.0 2025.0 
25 % NPK 170.0 120.0 41.0 33.8 1612.5 2675.0 
50 % NPK 175.0 145.0 41.0 37.5 1600.0 3012.5 
100 % NPK 230 140.0 45.0 38.8 1325.0 3175.0 
Biofertilizer alone  170.0 160.0 48.0 36.0 1090.5 2688.5 
Bio+25% NPK 225.0 155.0 40.0 36.3 1462.5 2962.5 
Bio+50% NPK 225.0 165.0 50.0 43.8 2587.5 3812.5 
Bio+100% NPK 255.0 165.0 50.0 31.3 2187.5 3875.0 
FM 190.0 140.0 52.0 33.8 937.5 2675.0 
Bio+FM 205.0 150.0 50.0 42.5 1200.0 2925.0 
Bio+FM+25% NPK 230.0 150.0 52.0 40.0 1375.0 3312.5 
Bio+FM+50% NPK 240.0 155.0 49.0 29.5 1425.0 3387.5 
Bio+FM+100% NPK 230.0 130.0 54.0 37.5 1787.5 4000.0 

    Bio = Biofertilizers   FM = Farmyard manure 

 
 The combination between mineral and biofertilizer showed an additional increase and the highest increase 
in diameter of stem was obtained by the treatment of Bio+100% NPK being 88.3% due to the increase in all 
stem tissues as compared to the control. 
 The combination treatment of the three types of fertilizers (specially the combined treatment of 
Bio+FM+100% NPK) showed the maximum increase in diameter of stem section (97.5%). This result was due 
to the increase of thickness of seclerenchymatous tissue (118.8 %) by increaseing cell number and diameter, 
ground tissue (32.9 %) by increasing cell number and diameter, length and width of vascular bundles (91.7 and 
18.2%, respectively), average diameter of metaxylem vessel (30.2%) and average diameter of hollow pith 
(138.3%) as compared to the control . 
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Fig. 1: Transections of wheat stem as affected by inorganic, organic and biofertilizers treatments: 
a. Control 
b. 100% mineral fertilizers alone 
c. Biofertilizers alone 
d. Farmyard  manure alone 
e. Biofertilizers + farmyard  manure 
f. Biofertilizers + farmyard  manure+ 100% mineral fertilizers alone 
(gt= ground tissue, s = sclerenchyma  and vb = vascular bundles). 

 
Grain: 
 Data in Table (4) and Fig. (2) show that treated plants by NPK fertilizer had a promoting effect on grain 
structure specially at the highest rate (100%). The increase amounted, 16.1 and 30.8% in length and width of 
grain, respectively. This was due to the increase in length and width of endosperm (17.3 and 32.8%, 
respectively) as compared to the control. Similarly, biofertilizer and/or farmyard manure gave the same trend 
specially the former, but was less extent as compared to mineral fertilizer alone. 
 The combination between bio and mineral fertilizers gave an additional increase, specially the treatment of 
Bio +100% NPK which showed increments of 25.8% and 30.8% in length and width of grain, respectively. This 
increase was mainly due to the increase in pericarp (16.0%) increase in length and width of endosperm (26.1% 
and 31.4%, respectively) in comparison to the control. The maximum increase was achieved by the combined 
treatment of the three kinds of fertilizers, mainly the treatment of Bio+FM+100% NPK which recorded 
increments of 37.4% and 15.4%, 4.0%, 38.5% and 15.8% and 14.3% for length and width of grain, pericarp, 
length and width of endosperm and aleurone layer, respectively as compared to the control. 
 The promoting effect of NPK fertilizer on stem structure agreed with those obtained by Karczmarczyk et 
al., (1999) who showed that, the application of NPK fertilizers increased sclerenchymatous tissue of stem and 
mesophyll of leaf of wheat plant. 
 The beneficial effect of biofertilizer on wheat stem and grain structure may be due to the crucial role of 
biofertilizer in improving N2-fixing potential, and plant growth regulators such as auxins, gibberellins and 
cytokinins which play a role in cell division and expansion. In addition, the promoting effect of organic manure 
on wheat stem and grain structure may be due to its effect on increasing macro and micronutrients availability to 
plants, which affect plant organs structure. 
 Our findings are agreed with the results obtained by Sabh, and Shallan, (2008) as they reported that, treating 
of Vicia faba L. plants with organic fertilizer or NP chemical fertilization increased thickness of both lamina and 
midvein of leaflet blades by 43.5% and 26.1% in lamina, and by 26.3% and 2.6% in midvein more than the 
untreated control, in both treatments, respectively. 
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Table 4: Effect of inorganic, organic and biofertilizers treatments on anatomical structure of wheat grain grown in reclaimed calcareous soil.  

Treatments 

Characters 
Dimensions of grain  Dimensions of endosperm 

Thickness of  
pericarp (μ)  

Thickness of  
aleurone layers 

(μ)  Length (μ) Width (μ) Length (μ) Width (μ) 

Control  3875.0 3250.0 3750.0 3125.0 62.5 35.0 
25 % NPK 4375.0 3300.0 4265.0 3190.0 55.0 37.5 
50 % NPK 4300.0 3250.0 4185.0 3135.0 57.5 35.0 
100 % NPK 4500.0 4250.0 4400.0 4150.0 50.0 32.5 
Biofertilizer alone   4125.0 2950.0 3950.0 2775.0 87.5 37.5 
Bio+25% NPK 4625.0 3400.0 4500.0 3275.0 62.5 37.5 
Bio+50% NPK 4750.0 3750.0 4650.0 3650.0 50.0 32.5 
Bio+100% NPK 4875.0 4250.0 4730.0 4105.0 72.5 30.0 
FM 3750.0 3875.0 3645.0 3770.0 52.5 40.0 
Bio+FM 4125.0 2925.0 4010.0 2810.0 57.5 42.5 
Bio+FM+25% NPK 4750.0 4000.0 4625.0 3875.0 62.5 30.0 
Bio+FM+50% NPK 4925.0 3750.0 4820.0 3645.0 52.5 32.5 
Bio+FM+100% NPK 5325.0 3750.0 5195.0 3620.0 65.0 40.0 

    Bio = Biofertilizers   FM = Farmyard manure 

 

 
 
Fig. 2: Transections of wheat grain as affected by inorganic, organic and biofertilizers treatments: 
a. Control 
b. 100% mineral fertilizers alone 
c. Biofertilizers alone 
d. Farmyard  manure alone 
e. Biofertilizers + farmyard  manure 
f. Biofertilizers + farmyard  manure+ 100% mineral fertilizers alone 
(al=aleurone layer, pe = pericarp  and en =endosperm). 
 
Chemical Analysis: 
 Data in Table (5) show that, the application of mineral fertilizer singly significantly increased chemical 
analysis in most cases mainly at the highest rate (100%). This treatment was significantly increased chlorophyll 
a, b, carotenoids, total carbohydrates and crude protein in leaves by 61.5%, 101.3%, 18.6%, 40.3% and 67.3%, 
respectively as well as total carbohydrates and crude protein of grains by 9.1% and 31.6%, respectively as 
compared to the control. Similarly biofertilizer and/or farmyard manure, particularly the latter resulted in 
significant increases in chlorophyll a, b, cartenoids, total carbohydrates and crude protein in leaves and total 
carbohydrates and crude protein in grains as compared to the control. 
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Table 5: Effect of inorganic, organic and mineral fertilizers treatments on chemical analysis in leaves and grains of wheat grown in 
reclaimed calcareous soil. 

Treatments 

Characters 
Chl. a 

(mg/100 g 
FW) 

Chl. b 
(mg/100 g 

FW) 

Carot. 
(mg/100 g 

FW) 

Carbohydrat
es (% DW) 

Crude 
protein (% 

DW 

Carbohydrat
es (%) in 

grains 

Protein (%) 
in grains 

Control  114.8 53.6 32.3 7.7 4.9 65.8 9.5 
25 % NPK 154.2 93.4 47.5 8.3 5.4 67.4 14.1 
50 % NPK 170.9 90.5 41.4 9.4 7.6 70.2 13.0 
100 % NPK 185.4 107.9 38.8 10.8 8.2 71.8 12.5 
Biofertilizer alone   135.1 68.4 41.2 8.1 5.5 66.8 10.2 
Bio+25% NPK 195.8 112.7 46.4 9.8 6.3 69.8 12.9 
Bio+50% NPK 216.3 103.7 48.1 11.2 8.7 72.4 14.5 
Bio+100% NPK 217.9 136.3 38.9 12.3 9.5 73.6 14.9 
FM 150.1 80.7 36.8 8.2 5.3 67.3 10.2 
Bio+FM 195.9 112.7 44.0 10.5 6.7 69.3 12.6 
Bio+FM+25% NPK 210.9 125.1 39.1 13.1 7.3 71.3 16.3 
Bio+FM+50% NPK 231.2 139.9 41.5 14.6 10.9 74.3 17.7 
Bio+FM+100% NPK 254.5 172.2 38.9 13.7 10.2 73.2 17.2 
LSD (5%) 7.7 3.8 2.3 0.9 0.8 2.7 1.9 

    Bio = Biofertilizers   FM = Farmyard manure 

 
 The combination between bio and mineral fertilizers, particularly the treatment of Bio +100% NPK. It was 
gave the significant increases of 89.9%, 154.3%, 20.4%, 59.7% and 93.9% for chlorophyll a, b, carotenoids, 
total carbohydrates and crude protein in wheat grain respectively, as compared to the control. 
 The highest significant increases were obtained by the combined treatment of three kinds of fertilizers, 
particularly the treatment of Bio + FM + 50% NPK which led to increments of 101.4%, 161.0%, 28.5%, 89.6% 
and 122.4% for chlorophyll a, b, carotenoids, total carbohydrates and crude protein in leaves, respectively and 
12.9% and 86.3% for total carbohydrates and crud protein in grain, respectively in comparison to the control. 
 The promoting effect of NPK on increasing chlorophyll and carotenoids may be due to the role of NPK in 
enhancement chlorophyll formation, mainly N which is a component of chlorophyll molecule. The increase in 
total carbohydrates by NPK may be due to the stimulating effect of these nutrients on chlorophyll formation and 
consequently photosynthesis. Similarly, the vital role of K in carbohydrate synthesis and its translocation to 
storage organs of plant; grain. In addition, the increase in crude protein could be due to that nitrogen is essential 
for formation of amino acid and consequently protein formation. 
 The simulative effect of organic fertilizer on chemical analysis of wheat plant may be due to the 
amelioration of soil physical and biological conditions, which made favorable conditions for bacterial activity 
which is essential for the availability of nutrients for plant. 
 The positive effect of biofertilizer on chemical analysis may be attributed to its effect on the increase in 
macro and micronutrients availability at the rhizosphere. The beneficial effects of bacterial inoculation on 
increased chlorophyll content might have been due to the growing tissue and organs acquisition with higher 
amounts of nitrogen supported by N2-fixing Azospirillum and Azotobacter. Improved total sugar content was 
also noted as a result of Azospirillum and Azotobacter inoculation in Sorghum (Kishore, 1998).  
 These results are in agreement with Madhu et al., (1993) Amara et al., (1995), Patel et al., (1996), 
Podsiadlo, (1999), Panwar, et al., (2000) and El-Bakry et al., (2001) on wheat plants.  
 
Conclusion: 
 Recently, the use of bio-organic fertilizers in agriculture has received a considerable attention because of 
the environmental problems. Bio-organic fertilizers improve the physical and chemical properties of soil. They 
increase water holding capacity, prevent nutrient leaching and add more mineral nutrients to the poor sandy 
loam soil. The combined effect of 50% recommended chemical fertilizer (NPK) + organic fertilizer + 
biofertilizer gave the best results. This may be attributed to the long-term effects of organic fertilizer including 
the reduction in leaching losses and the enhancement in nutrient uptake, the improvement in microorganisms 
(biofertilizer) activity on growth of wheat plants. Therefore, the combination of NPK at 50% of the 
recommended dose with bio-organic fertilizers could be positively effective in wheat production under such 
poor sandy loam soil. 
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