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ABSTRACT: Two field experiments were carried out at the Experimental Farm of the Faculty of
Agriculture (Saba Basha), Alexandria University, at Abees region, Alexandria, Egypt during the two
successive growing seasons of 2012 and 2013 to study the effect of mineral- organic N- fertilization
and inoculation with phosphate solubilizing microorganisms on growth and yield of sorghum (Sorghum
bicolor L., cv. Dorado). The applied experimental design was split plot with three replicates. The main
plots were conducted for the three mineral- organic manure fertilization (100% N, 75 % N + 25%
organic and 50 % N + 50 % organic), while the uninoculation + 100 % P, phosphorein + 75 % P, A-
Mycorrhizal + 75 % P and phosphorein + A- Mycorrhizal + 75 % P), which were arranged in the sub-
plots. The main results could be summarized as follows: (1) The mineral- organic at (50% N + 50%
organic), gave the highest mean values of all studied characters, also (2) The mixed biofertilizer
inoculation (A- Mycorrhizal + Phosphorein) + 75 % P was the best treatment to obtain the highest
mean values of plant height leaf area index, stalk diameter, no. of branches/head, Total chlorophyll,
grain yield, yield components N, P and K%. However, all traits under this study increased, significantly,
due to inoculation treatments over “uninoculation + 100 % P”. The investigation suggests the need to
more studies concerning the effect of biofertilizers and their interaction, as well as applying
micronutrients on sorghum plant under different environments using different types of soil to reach the
optimum combination to achieve the highest sorghum yield and its quality.
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INTRODUCTION

Sorghum (Sorghum bicolor, L. Moench) belongs to the family Poaceae,
including both wild and cultivated sorghum. Sorghum is the fifth important crop
among the cereals in the world following rice, wheat, maize and barley in total area
planted and production (Musa et al., 2012). Sorghum is the principal cereal that forms
an important staple diet throughout the semiarid Asian and African regions (Ahmed et
al., 2000).

However, fertilizer management is one of the most important factors in
successful cultivation of sorghum plants. Fertilizers can affect the yielding, quality
and quantity of plant indexes (El- Zeny, 2004). For instance, organic agriculture is a
production management system that aims to promote and enhance ecosystem health,
including biological cycles and soil biological activity. It is based on minimizing the
use of external inputs, and represents a deliberate attempt to make the best use of
local natural resources (Hag Ahmed et al., 2007).

Furthermore, biofertilization is one of the most important factors used to
produce product free from mineral contamination. On the other hand, the intensive
use of chemical fertilizer (in spite of the importance of N, P in metabolic processed),
causes environmental pollution problems, and its high rates lead to decrease in the
potential activity of micro flora and the mobility of organic matters. Hence the
attention has been, focused on the researches of bio- fertilizers to replace the
chemical fertilizers. However, biofertilizers play vital role for increasing the number of
microorganisms and accelerate certain microbial process in the rizosphere of
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inoculated soil pf plants which can change the available forms and nutrients into
plants (Mitkess et al., 1996; Ali et al., 2001; Saini et al., 2004 and Musa et al., 2012).

There were significant differences of growth characters, yield and its
components except specific leaf area and harvest index obtained when plant were
treated with bio-fertilizer. the combined inoculation with Azotobacter vinelandlii and
Pseudomonas fluorescens surpassed the single inoculation either in presence of full
or double full dose of organic manure in all characters but the positive control of the
recommended doses of NPK recorded the highest significant values in all growth
characters at all tested plant ages and yield and its components, while the combined
inoculation treatment in presence of either full or double full organic matter dose
came in the second order (Ahmed et al., 2010).

The use of phosphate solubilizing bacteria as inoculants simultaneously
increases P uptake by the plant and crop yield. Strains from the genera
Pseudomonas, Bacillus and Rhizobium are among the most powerful phosphate
solubilizers. The principal mechanism for mineral phosphate solubilization is the
production of organic acids, and acid phosphatases play a major role in the
mineralization of organic phosphorous in soil. Several phosphatase-encoding genes
have been cloned and characterized and a few genes involved in mineral phosphate
solubilization have been isolated. Therefore, genetic manipulation of phosphate-
solubilizing bacteria to improve their ability to improve plant growth may include
cloning genes involved in both mineral and organic phosphate solubilization, followed
by their expression in selected rhizobacterial strains (Rodriguez and Fraga, 1999).

Therefore, the aim of this study is to study the effect of mineral- organic
fertilization and inoculation with phosphate solubilizing microorganisms on growth
and yield of sorghum (Sorghum bicolor, L. Moench).

MATERIALS AND METHODS

Two field experiments were carried out at the Experimental Farm of the
Faculty of Agriculture (Saba Basha), Alexandria University, at Abbes region,
Alexandria, Egypt during two successive cropping seasons of 2012 and 2013. The
applied experimental design was split plot with three replicates. The main plots were
allocated for three mineral- organic fertilizers (FYM) of nitrogen (100 % N (80 kg
N/fed.), 75% N + 25% organic and 50% N + 50% organic manure), the sub- plots
were occupied by the following four treatment of P- biofertilizers (uninoculation +100%
P, Phosphorein + 75% P, Mycorrhizal + 75% P and mixture (Mycorrhizal +
Phosphorein + 75% P).

Chemical and physical analysis of the experimental soil sites (0 to 30 cm) are
shown in Table (1), according to the method reported by Page et al., (1982). The
chemical characteristics of compost manure composition are given in Table (2).

The sub plots consisted of 5 ridges 3.5 meters in length, 60 cm in width and 20
cm between hills. Nitrogen fertilizer was applied at rate of 80 kg N/fed., (100 % N)
from urea fertilizer (46% N) 60 kg N/fed., (75% N) and 40 kg N/fed., (50 % N) in two
equal doses. The first one applied just before the first irrigation and after thinning and
the second one applied just before the second irrigation. Phosphorus fertilizer was
applied before planting as Calcium- super phosphate (15.5 % P20s) at the rate of 150
kg. Potassium sulphate (48 % K>0), was added before the first irrigation at rate of 50
kg K-O/fed.
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Sowing (Sorghum bicolor L., cv. Dorado) was done on 18" and 20" of June in
2012 and 2013 seasons, respectively. The preceding crop was wheat in the first
season and Egyptian clover in the second season.

The seeds inoculation of biofertilizers (Phosphorein) with each product
individually using a sticking substance (Arabic gum 5%) just before planting.
Inoculation of A-mycorrhizal fungi for sorghum with fungi (Glomus macrarpium) strain
from plant production Dept. (Saba Basha). Alex. Univ., at a rate of 250 ml of infected
roots and was mixed with seeds.

Harvesting time was in 20" and 22™ of October 2012 and 2013 seasons,
respectively.

The following data were recorded in the both seasons.

A- Growth characters

Plant height (cm), leaf area index (LAl), stalk diameter (cm), and number of
branches/head according to Watson (1952).

Total chlorophyll was determined by digital apparatus (SPAD-502) according
Monje and Bugbee (1992) and Coste et al. (2010) who suggested this equation to
transferred SPAD units to mg/m?.

Y=1.034 +0.308 * X + 0.11 * X?
where: X= SPAD units

B- Yield and its components

Panicle length (cm), Panicle weight (g), Panicle grain weight (g), 1000- grain
weight (g), grain yield (tons/fed.), straw yield (tons/fed.), and biological yield
(tons/fed).

C- Grain chemical composition
Grains digested with H,SO4- H,O2 mixture (Lowther, 1980) and the following
determination were carried out in the digested solution to determine the following:
1- Total N in grains was determined calorimetrically by Nessler's method
(Champan and Pratt, 1978).
2- Total P in grain was determined using vanado- molybdate yellow method
(Jakson, 1973).
3- Total K in grains was determined using the Flame Spectrophotometer.
The obtained data were statistically analyzed using ANOVA and L.S.D. values
were calculated to test the difference between the studied treatments according to
Gomez and Gomez (1984).
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Table (1). Some physical and chemical properties of the experimental soil in 2012
and 2013 season.

Soil properties

Season

2012 2013
A- Particle size distribution %:
Sand 38 37
Silt 32 33
Clay 30 30
Soil texture Clay loam Clay loam
B- Chemical properties:
pH (1:1)
EC (1:1), dS/m o2 oo
1- Soluble cations (1:2) (cmo1/kg ' '
fg”) 1.52 1.54
Cat 9.4 8.7
Mo 18.3 18.5
Na' 13.50 13.8

a

2- Soluble anions (1:2) (cmo1/kg
soil)
CO s+ HCO' S04 10.80
Cl ; '
SO, 12.50 12.60
Calcium carbonate % 6.50 7.00
Total nitrogen % 1.00 0.91
Available P (mg/kg) 3.70 3.55
Organic matter % 1.41 1.40

Table (2). Analysis of the applied organic manure (Farmyard manure) in 2012 and
2013 seasons.

Farmyard manure composition

(FYM)
Season
2012 2013
pH 7.2 7.3
N% 1.66 1.75
P (%) 0.70 0.67
K (%) 1.50 1.60
Organic (C %) 16.3 18.3
C: N ratio 15.5:1 | 16.4:1
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RESULTS AND DISCUSSION

A- Growth characters

The obtained results given in Table (3), showed clearly that mineral nitrogen +
organic manure rates exhibited significant effect on all estimated growth traits during
both cropping seasons except the stalk diameter in the first season of the study.
Notably application mineral nitrogen + organic manure fertilizer rates resulted in a
significant effect on plant height, leaf area, number of branches/head, stalk diameter
and total chlorophyll. Also, application (50 % mineral N + 50 % organic manure) gave
the highest values of all characters under the study. It could be concluded that the
best vegetative growth characters results from the medium percentage compost
manure + mineral nitrogen treatment. This finding could be attributed to the mode of
action of organic manure in improving the chemical and physical soil characters and
increasing nitrogen nutrition as indicated by increased N concentration in plant tissue
(Latif et al., 1998). Also, inoculation with biofertilizer plus P significantly increased
plant height, leaf area index (LAI), stalk diameter (cm), number of branches/head and
total chlorophyll during both seasons (Table 3).

The interaction between mineral + organic manure and P- biofertilization was
significant for some growth characters in both seasons Table (3). These results are in
harmony with those reported by Agbede et al. (2000), Wang et al. (2003) and Saini et
al. (2004).
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Table (3). Effect of mineral nitrogen, organic, P- biofertilization and their interaction on some growth attributes
of Sorghum bicolor L., cv. Dorado in 2012 and 2013 seasons

. Stalk No. of Total
PIarz::rl:]?ght *gg;%ﬁz) diameter branches chlorophyli
Treatments (cm) /head (SPAD units)
2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
A)Mineral N +
Organic
100% N 108.18 104.61 4.28 4.34 1.95 1.93 4515 43.25 4436 45.75
75% N + 25% 117.38 118.68 4.41 4.41 2.00 1.99 4158 43.15 4463 46.17
Organic 121.38 124.79 4.61 4.65 1.99 2.05 4453 4444 46.94 48.17
50% N + 50%
Organic
L.S.D. 0.05 2.10 2.50 0.05 0.04 N.S. 0.03 0.80 0.60 0.22 0.50

B)P- biofertilization
Uninoculation+100%

P 101.66 10046 387 390 178 177 3030 36.83 jg'g; 40.33
75% P + 11093 110.15 425 439 192 191 4127 4183 =% 4330
Phosphorein 11706 11833 462 461 199 203 4530 4520 *7-° 5051
75% P + Mycorthizal 13292 13516 4.98 497 223 226 4960 50.55 . ',o 5332
75% P + Mixture :

L.S.D. 0.05 670 690 009 010 010 012 120 140 092 1.12
Interactions

AX B * * * * * * * * * *

N.S.: not significant difference at 0.05 level of probability.
* : Significant at 0.05 level of probability.
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B- Yield and its components

The results recorded in Table (4) showed that yield and its components
for both growing seasons were, significantly, affected by “mineral + organic
manure rates”. Application of (50% N+ 50% organic) significantly increased
grain yield/fed in both seasons. It could be concluded that the organic manure is
beneficial than inorganic fertilizers because the long term use of the combined
application of organic and inorganic fertilizers not only increase the soil fertility
through increase in nitrogen availability in soil and nitrogen up take by plants
but also have an improvement in grain yield. The previous results agree more or
less, with the finding of Wang et al. (2003), Materechera and Salagere (2002),
and Hag Ahmed et al. (2007).

The mixture biofertilizer plus P (A- Mycorrhizal + Phosphorein) treatment
increased the production of sorghum. However, This could be attributes to more
adsorption of nutrients, amino acids, cyotkinins, Gebberellins and sugars that
come from adding of bacteria's, AM and P. this reflect more growth activity of
nitrogenous compounds, assimilation, forming more growth substances, more
cell division and elongation in the merstimatic zones and the direct or indirect
role of fertilization treatments on metabolism and photosynthetic process of the
plants. Similar finding were reported by Hassanein et al. (1997), Ali et al.
(2001), Reda et al. (2004) and Saini et al. (2004).

Data in show the effect of P- biofertilizer inoculation on yield and its
components of sorghum characters (Panicle length. Panicle weight, Weight of
grain/panicle, 1000- grain weight, grain and straw yields/fed and biological
yield/fed) in the two seasons. Yield and its components were improved by the
inoculation mixture biofertilizer (A- Mycorrhizal + Phosphorein) + 75% P which
caused significant increases which may be attributed to the active role of
phosphorus dissolving bacteria and fungi and increasing the endogenous
photohormones e.g. IAA, GAs and CKs which play important role of formation a
big active system and hence increasing the nutrients uptake photosynthesis
rate and translocation as well as accumulation within different plants. This result
was in accordance with that obtained by Materechera and Salagae (2002),
Saini et al. (2004) and Musa et al. (2012).

The interaction between organic manure + mineral and P- biofertilization
was significant for yield and its components in both seasons Table (4).

Figures (1, 2, 3 and 4) conducted that fertilized sorghum plants by 50 %
mineral N + 50 % organic N with 75 % mineral P + Phosphorein + Mycorrhizal
as mixture recorded the highest mean values of 1000- grain weight (g) and
grain yield (ton/fed).
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Table (4). Effect of mineral nitrogen, organic manure and P- biofertilization on some yield and its components of

Sorghum bicolor L., cv. Dorado in 2012 and 2013 seasons

Panicle length Panicle weight Weight of grain 1000- grain Grain yield Straw yield Biological yield
Treatments (cm) (9) Panicle (g) weight (g) (tons/fed) (tons/fed) (tons/fed)
2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
A) Mineral N + Organic
100% N 28.90 29.10 9460 91.15 42.58 40.67 38.00 39.80 1.53 1.50 1.42 1.59 2.95 3.09
75% N + 25% Organic  27.60 2840 90.90 87.75 4450 4267 38.80 41.90 1.68 1.52 1.86 1.96 3.54 3.46
50% N + 50% Organic  29.00 30.10 95.00 93.10 46.42 46.00 40.48 4255 2.13 1.67 3.43 2.80 5.58 6.23
L.S.D. o.05 0.25 0.35 1.30 1.40 1.20 0.95 0.80 0.92 0.10 0.08 0.37 0.35 0.40 0.36
B) P- biofertilization
prinoculation +100% 5600 2527 S48 7947 4144 3956 3310 3557 105 098 180 196 285 294
75% P + Phosphorein 27.60 28.57 97'90 88.67 43.33 4167 38.53 39.53 1.38 1.26 2.13 2.15 3.51 4.41
75% P + Mycorrhizal 29.13 30.90 10'2 5 93.33 4533 4489 39.87 43.87 1.95 1.53 2.44 2.26 4.39 3.79
75% P + Mixture 30.90 32.40 7' 101.20 4755 46.33 4290 46.63 2.77 2.48 2.54 2.21 5.37 4.69
L.S.D. .05 0.50 0.65 1.70 1.50 1.40 1.25 1.20 1.45 0.15 0.12 0.19 0.09 0.70 0.50
Interactions
AX B * * * * * * * * * * * * * *
* : Significant at 0.05 level of probability.
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Season 2012

1000 - grain weight (g)

100% N
75% N + 25%
Organic 50% N + 50%
Organic
Hm Uninoculation+100% P 75% P + Phosphorein
W 75% P + Mycorrhizal W 75% P + Mixture

Figure (1). Interaction effect of mineral N + organic N and P- biofertilization on
1000- grain weight in gram of Sorghum bicolor L., cv. Dorado during
season 2012.

Season 2013

50

40

30

20

1000 - grain weight (g)

10

100% N
75% N + 25%
Organic 50% N + 50%
Organic

B Uninoculation+100% P = 75% P + Phosphorein
B 75% P + Mycorrhizal ®75% P + Mixture
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Figure (2). Interaction effect of mineral N + organic N and P- biofertilization on
1000- grain weight in gram of Sorghum bicolor L., cv. Dorado during
season 2013.
C- Chemical composition
Table (5) reflects the data of the effect of mineral + organic manure on N,
P and K% of sorghum grains. It is clear from obtained results that the highest
mean values of N, P and K% were resulted from using a mixture of mineral +
organic manure during both seasons. Expect P% in the first season. However,
application (50% N + 50% manure) increased the mean values of N and K % in
both growing seasons and P% in the second season, but without significant
differences between (75% N + 25% organic) and (50% N + 50% organic) for
these characters. The increment in N, P and K% of plant grains due to using the
treatments of mineral + organic manure may be attributed to the increase in the
occupancy root zone of plant as a result of adding mineral + organic manure.
Similar results were obtained by Mekki et al. (1999), Agbed et al. (2000) and
Wang et al. (2003).

Inoculation of mixture biofertilizer + P (A- Mycorrhizal + Phosphorein) +
75% P caused a significant increase in N, P and K% in the both seasons than
uninoculation + 100% P. The previous results are compatible with those
obtained by Hassanein et al. (1997) and Ali et al. (2001).

The interaction between mineral + organic manure and P- biofertilization
was significant on chemical composition (N, P and K %) in the two growing
seasons (Table 5).

Table (5). Macronutrients (N, P and K) percentage and protein % in grains of
Sorghum bicolor L., cv. Dorado as affected by nitrogen levels and
biofertilization in 2012 and 2013 seasons

Treatments N % P % K % Protein %
Season

2012 2013 2012 2013 2012 2013 2012 2013
A): Mineral N + Organic:
100% N 1.73 1.68 0.68 0.68 1.53 1.58 10.82 10.41
75% N + 25% Organic  1.77 1.76 0.69 0.71 1.65 1.63 11.14 11.05
50% N + 50% Organic ~ 1.79 1.77 0.71 0.72 1.64 1.66 11.05 11.01
L.S.D. ¢.05 0.03 0.03 N.S. 0.01 0.04 0.05 0.06 0.04

B): P- biofertilization:

Uninoculation+ 100% 1.52 1.54 0.56 0.56 1.20 1.24 9.52 9.60
P 1.71 1.66 0.65 0.65 1.58 1.58 10.65 10.37
75% P + Phosphorein 1.80 1.78 0.73 0.75 1.72 1.72 11.25 11.10
75% P + Mycorrhizal 2.02 1.95 0.83 0.85 1.92 1.92 12.61 12.22
75% P + Mixture

L.S.D. ¢.05 0.05 0.04 0.05 0.06 0.07 0.07 0.71 0.75
Interactions:
Ax B * * * * * * * *

N.S.: not significant difference at 0.05 level of probability.
* : Significant at 0.05 level of probability.
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Grain yield tons/fed.

100% N
75% N + 25%

Organic 50% N + 50%
Organic
H Uninoculation+100% P 75% P + Phosphorein
m 75% P + Mycorrhizal B 75% P + Mixture

Figure (3). Interaction effect of mineral N + organic N and P- biofertilization on
grain yield tons/fed., of Sorghum bicolor L., cv. Dorado during
season 2012.
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eason 2013

Grain yield tons/fed.

100% N
75% N + 25%

Organic 50% N + 50%
Organic
B Uninoculation+100% P 75% P + Phosphorein
B 75% P + Mycorrhizal W 75% P + Mixture

Figure (4). Interaction effect of mineral N + organic N and P- biofertilization on

grain yield tons/fed., of Sorghum bicolor L., cv. Dorado during
season 2013.

D- Protein %

The presented data in Table (5) reported that there was significant
difference among treatments; i.e., mineral N + organic N and P- biofertilization.
Whereas, the treatment (75 % N + 25 % Organic) recorded the highest mean
values for protein % during two cropping seasons, with no significant difference
between this treatment and (50 % N + 50 % Organic N). On the other hand, P-
biofertilization (75% P + Mixture” Phosphorein+ Mycorrhizal) gave the highest
mean values from protein % during the two growing seasons.

The interaction between mineral + organic manure and P- biofertilization
was significant on protein % during the two growing seasons (Table 5).

Figures (5 and 6) detected that fertilized sorghum plant using 50 %
mineral N + 50 % organic N with 75 % mineral P + Phosphorein + Mycorrhizal
as mixture gave the highest mean values of protein % in grains.

231
Vol. 19 (2), 2014



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Season 2012

Protein %

100% N
75% N + 25%
Organic 50% N + 50%
Organic

B Uninoculation+100% P 75% P + Phosphorein

B 75% P + Mycorrhizal B 75% P + Mixture

Figure (5). Interaction effect of mineral N + organic N and P- biofertilization on

protein percentage of Sorghum bicolor L., cv. Dorado during season
2012.

Season 2013

14
12
10

Protein %

o N A O ®

100% N
75% N + 25%
Organic 50% N + 50%
Organic
® Uninoculation+100% P

75% P + Phosphorein
B 75% P + Mycorrhizal

B 75% P + Mixture
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Figure (6). Interaction effect of mineral N + organic N and P- biofertilization on
protein percentage of Sorghum bicolor L., cv. Dorado during season
2013.

CONCLUSION

The investigation suggests using 50 % mineral N + 50 % organic N with
75 % mineral P + Phosphorein + Mycorrhizal as mixture recorded the highest
grain yield and its components of sorghum (Sorghum bicolor L., cv. Dorado)
under the condition of this study.

REFERENCES

Agbede, T. M., S. O. Ojeniyi and A. J. Adeyemd (2000). Effect of poultry
manure on soil physical and chemical properties growth and grain yield
of sorghum in South West, Nigeria. J. Sustain Agric., 2 (1): 72- 77.

Ahmed, A. G., Salwa Orabi andA.M. Gomaa (2010). Bio-organic farming of
grain sorghum and its effect on growth, physiological and yield
parameters and antioxidant enzymes activity. Resh. J. Agric. and Biol.
Sciences, 6(3): 270-279.

Ahmed, M. M., I. H. Sanders and W. T. Neli (2000). New sorghum and millet
cultivar introduction in sub- Saharan. Africa Impacts and Research
Agenda. Agric. Systems, 64(1): 55- 56.

Ali, A.H., M.M. AbdEI-Mouty and A.M. Shaheen (2001). Effect of bio nitrogen,
organic and inorganic fertilizer on the productivity of garlic plants. Egypt
J. Appl. Sci., 16 (3): 173-188.

Chapman, H. D. and P. F. Pratt (1978). Methods of Analysis for soils and
waters 2nd Ed. Chapter 7. 150- 161 Univ- Agric Sci. USA.

Coste, S., C. Baraloto, C. Leroy, E. Marcon, A. Renaud, A.D. Richardson,
J.C. Roggy, H. Schimann, J. Uddling,B. H erault.(2010). Assessing
foliar chlorophyll contents with the SPAD-502 chlorophyll meter: a
calibration test with thirteen tree species of tropical rainforest in French
Guiana. Ann. For. Sci. INRA, EDP Sciences, 607. 1:5.

El- Zeny, M. M. (2004). Response of sweet sorghum to appropriate fertilizer
regimes Ph. D. Thesis. Agron. Dept. Fac. AgriC. Moshtohor, Zagazig
Univ., Egypt.

Gomez, W. K. and A. A. Gomez (1984). Statistical procedures for agricultural
research 2". John Wiley & Sons. Inc. New York.

Hag- Ahmed, A., U. l. gadir and N. Mahmood (2007). Effect of integrated use
of organic and inorganic fertilizers on fadder yield of sorghum
(Sorghum bicolor, L.) .Pak. J. Agric. Sci., 44 (3): 415- 419.

Hassanein, M. S., D. M. El- Hariri and M. A. Ahmed (1997). Effect of nitrogen
fertilizer levels and bacterium inoculation on yield and its components
of maize. J. Agric. Sci. Mansoura Univ., 22 (1): 63- 72.

Jakson, M. I. (1973). Soil chemical analysis Prentice Hall of indea private
limited. New Delhe., 498.

233

Vol. 19 (2), 2014



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Latif, S. J., E. O. Eweis and A. EL. A. A. Mourad (1998). Response of grain
Sorghum hybrid Shandaweel- 2 to plant densities and nitrogen
fertilization levels. Egypt. J. Appl. Sci., 13 (9): 64- 71.

Lowther, J. R. (1980). Use of a single H.SO4- H.O- digests for the analysis of
pimus radiate needless. Comm. Soil. Sci., Plant analysis,11: 175- 188.

Materechera, S. A. and A. M. Salagae (2002). Use of partially decomposed
cattle and chicken manures amended with wood-ask in two South
African arable soils with contrasting texture effect on nutrient uptake,
early growth and dry matter yield of maize. Communication in Soil
Science and Plant Analysis, 33.1/2. (179-200).

Mekki, B. B., M. M. Selim and M. S. M. Sabe (1999). Utilization of biofertilizers
in field crop production 2- effect of organic manure, chemical and
biofertilizer on yield and nutrient content of millet grown in a newly
reclaimed soil. Egypt. J. Agron, 21: 113- 124.

Mitkees, R. A., Iman M. Sadek. A. M. K. Eissa and S.K. Mahmoud (1996).
Use of N2- biofertilizers to decrease N»- biofertilizers requirements. Nile
Valley and Red and Sea Regional Program, Eight. Ann. Coordination
Meeting. Egypt 15- 19 Sept. 140- 146.

Monje O.A. and B.Bugbee (1992). Inherent limitations of nondestructive
chlorophyll meters - a comparison of 2 types of meters. Hortscience,
27:69-71.

Musa, E. M., A. E. El- Sidding, A. E. El- Sheikh Isam, A. A. Ahmed and E. E.
Babiker (2012). Intercropping sorghum (Sorghum bicolor, L.) and
Cowpea (Vigna unguiceilata, L.): Effect of brody rhizobuim inoculation
and fertilization on minerals Composition of Sorghum seeds.
International Scholarly Res. & Rev., 1 (3): 138- 146.

Page, A. |, R. H. Miller and D. R. Keeney (1982). Methods of Soil Analysis.
Part 2- Chemical and microbiological properties, 2™ Ed. Ass.A. Midison
Wise U.S.A.

Reda, M. M. A,, S. S. Behair and H. A. Eman (2004). Bio- fertilization as a
technique for improving some properties of sandy soil and its
productivity. Egypt. J. Appl. Sci., 19 (2B): 766- 772.

Rodriguez, H. and R. Fraga (1999). Phosphate solubilizing bacteria and their
role in plant growth promotion. Biotechnology Advances, 17: 319-339.

Saini, V, K., S. C. Bhandari and J. C. Tarfdar (2004). Comparison of crop
yield soil microbial and C: N and P, N fixation nodulation and
mycorrhizal infection in inoculated and non- inoculated sorghum and
chickpea crops. Field Crops Res. 89: 39- 47.

Wang, T., I. C. Domoney, C. L. Hedley; R. Casey and M. A. Grusak (2003).
Can we improve the nutritional quality of legume seeds Plant
physiology,131 (3): 886-891.

Watson, D. J. (1952). The physiological basis of variation in yield. Advanced in
Agron., 11: 101- 145.

234

Vol. 19 (2), 2014



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Qﬁ)ﬂ\ uaidlall

o Cligill Apial) Ada) clilslly mdlilly g gaally Sinal) sandl) Sl

dad )l 5,4 Jpanay gal

raa . A aCay) daals . Lok Ll de 30 408 L £ LEY) acd

A€ — Gl Adlaiey . 40y daala . WL Lo de )3l A0S de e b Gllis (et Caedl
gl Bl llly gouanlly Saead) dpendl) HEG Auhal ¢ YO Y VY A3 anse DA (uaa)
paanail) Ayl oda & aadid Sy (539 Ciia) Cagall Ayl 5 Joanay sai o lin gl Al
Spantl) Slgie o e ¥ dal (e Lpui )l pdadl) Cuacad Sl sasly bye Abdial) adadll Slas)
(gpac Yo YO 4 e (pagsi %VO o (ldfaaS Av) s Cpag i %) v ) geaal)l - Saadl
 (dan 053 J5S) (gl tpancll CDlalae g Lain ¢ ((gmne slaw % O + (Sdma Cng i %O
+ DpsSae) Badd (Hare Hshush VO + 1) Sae ¢ dame st BVO + s ¢ Sanastugd Yo s
Al adaill b culS Ally (Hore Hsbusd VO F shash

el Lo gilidl) aaf padli (S

Azl saly ) (s %0 + e Cpmg i %04 ) geaally el apaill dil) oo
NS 5 Lgina Ll gslesl) spenill L) dilime (gan) dpeniill CDlabaay el jelal s paall cliall S
O il b ael ((fama shuush %VO + (hpyshuugh + 1hasSaa) Jaudy mlil) (o dale ddiass (panssal
Jsmanall Cliay JSI Jg sl ¢ alaife 390 sae (Glad) had Ayl daluall diy bl ¢ syl (e
sl il % ¢ N, P, K e JS3 g sl dl) I ¢ culall 4 glasSl) el sSalls 43l sSa s

o goandl Cusaelll dlaw % 04+ Jaee (g % 00 Aila) o mitl e galiius of (Sayg

Gaghy)) 5,3 Al 333 A pray O Sary (S shugd % VO Cpghugd 1) oSa) daddy il
el 3aau) il Bl ) Gluhall e gl Aalall ) Auhal) o3 iy casall  (amsadl)
il A3la) dul ALYl 13 ¢ le dalal) duly Sy saaul) Gl e NV are g Bysaanlly

e Y e Adliie g sl ae Al A Cigylh il aagall (5 pral)

235

Vol. 19 (2), 2014



