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WO FIELD experiments were carried out during winter seasons

2008/2009 and 2009/2010 at the Farm of Nubaria Agricultural
Research Station. The aim of the work was to study the effect of the
mycorrhizal fungus Glomus etunicatum, non-symbiotic N,-fixing
bacteria (Halex), and Bacillus circulans, under different rates of
mineral N, P, and K fertilizers (0, 25, 50, 75 and 100%) on the yield
and quality of Nigella sativa plants growing in calcareous soil. The
experiments were arranged according to a completely randomized
split—plot block design with four replicates. The highest percentage of
mycorrhizal root length colonization were 38.3% and 54.2% in case of
plants inoculated with G. etunicatum in the presence of P, and the
mixture of inocula at the rate of NPK5 4, of mineral fertilizers,
respectively, whereas the un-inoculated plants ranged (18.4%). The
highest percentage increase in NPK- uptake of shoots in case of
inoculated Nigella plants with a mixture of inocula under the different
rates of mineral NPK fertilizers compared to un-inoculated once.
Significant increase was obtained in seed yield (534.4 kg/fed) in case
of plants inoculated with a mixture of inocula (Halex, G. etunicatum
and B. circulans), as compared to the un-inoculated plants (516.0
kg/fed ) in the presence of NPKso, of the recommended dose of NPK
fertilizers. The highest significant value of fixed oil percentage was
(34.7%) by inoculation mixture of inocula compared to un-inoculated
once (33.0%) in the presence of NPKzy, of the recommended dose of
NPK-fertilizers. From the above mentioned results, it is clear the
positive use of beneficial soil microorganisms on the plant growth and
yield, in order to decrease using mineral fertilizers and chemical
pollution.

Keyword: AM fungi, Non symbiotic N,- fixing bacteria (Halex),
Biological Potassium Fertilizer (BPF), Calcareous soil,
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Black cumin seeds from Nigella sativa are normally used for medicinal purpose,
as they contain 21% protein, 35% carbohydrates, 36% fat, and 15 kinds of amino
acids, including 9 essential amino acids (Khalifah, 1995 and Ara Der
Marderosian, 2001). Nigella seeds play an important role in recovering humans
from many diseases and for their anti-asmatic activity. Pharmacological activity
of oil from Nigella sativa is due to the occurrence of two substances,
thymoquinon and nigellon (Mahfous and El- Dakhakhny, 1960). The cultivated
area of N.sativain Egypt coverabout 122 feddans yearly and the seed production
reach 53 tons per year (Abaza, 2001).

Calcareous soil occupy wide areas in Egypt. This soil suffers from high of
CaCO3 content high soil pH, normally basic in reaction and low activity of
beneficial soil microorganisms (El-Fayoumy et al., 2000, Entry et al., 2002 and
Mahrous et al., 2006). Under these conditions, the availability of macro- and
micro-nutrients is not enough for a good growth and production. In order to
increase the productivity, huge amounts of mineral NPK fertilizers are added in
these soil, thus leading to significant environmental pollutions (Hegazi et al.,
2003).

Halex contains some microbial species, i.e. Azotobacter, Azospirillum and
Klebsiella, which are the main nitrogen fixers occurring in calcareous soils. These
bacteria utilize few nitrogenous compounds, N, and ammonium, to increase both
soil fertility and the population level of soil beneficial microorganisms, as well as
to accelerate microbial processes in the rhizosphere of inoculated plants (Hassouna
and Hassanein, 1996). They also increase the amounts of fixed N in the plants and
the amount of N left in the soil. Such microorganisms are useful for recycling
elements, preserve natural resources and protecting against the deleterious effects
of chemical pollution (Alaa EI-Din et al., 1982).

Arbuscular mycorrhizal (AM) fungi play a critical role in nutrient cycling,
they increase the root surface area, and alleviate the effects of adverse soil pH,
thus favouring the regular ecosystem functions (Grant et al., 2005). Mycorrhizal
associations enhance nutrient uptake, improve the plant growth, and modify the
soil fertility, yield production and (Helgason and Fitter, 2005). AM fungi
stimulate synergistic relationship with other soil beneficial microorganisms, act
as biocontrol agents, preventing pathogens infection and enhancing the plant
growth and production (Ortas et al., 2001).

Furthermore, the enhancing effect of Biological potassium fertilizer (BPF) on
the host plant was due to the increase of K-uptake, along with N and P, fromthe
soil (Berge et al.,1990 ). The additive effects of increased K mobilization and N,
— fixation on the availability of K, N and consequently P, along with the
biologically active substances, on the enhancement of root development will
evidently promote assimilation of all the elements of mineral nutrition, thus
increasing the growth and yield of the host (Balable, 1997).
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The objectives of this investigation were to study the positive effect of AM
fungi, non-symbiotic N,-fixing bacteria (Halex), and the biological potassium
fertilizer (BPF) under different rates of mineral N, P and K fertilizers (0%, 25%,
50%, 75%, and 100% ) on the growth, yield, and quality of Nigella sativa plants
growing in calcareous soil. Moreover, the interaction between AM fungi, Halex
and BPF for achieving the suitable quantity of mineral NPK fertilizers was
investigated, in order to decrease the use of mineral fertilizers and the chemical
pollution.

Materials and Methods

Two field experiments were carried out during two winter seasons (2008/09
and 2009/10 at the Farm of Nubaria, Agricultural Research Station.

The field experiments were arranged according to a split-plot design with
completely randomized blocks, containing four replicates. Each experimental
unit (plot) consisted of four rows, 3m long and 3.5m wide, with 20 cm distance
between each hill. The total area of each unit was 10.5 m? and it contained 60
plant .

Black cumin seed Nigella sativa was provided by the Agricultural Research
Center, Ministry of Agriculture, Giza, Egypt. Halex, containing non-symbiotic
N, -fixing bacteria of three genera, Azotobacter, Azospirillium and Klebsiella,
was provided by the Biofertilizer Unit, Plant Pathology Department, Faculty of
Agriculture, Alexandria University. Halex was used at the rate of 10 g/kg seed
and it was applied as seed dressing.

Mycorrhizal strain of Glomus etunicatum, which was isolated from the
BExperimental Station of Alexandria University at Abies, Egypt (Aboul-Nasr,
1993) was used. The inoculum consists of expanded clay aggregates (2-4 mmin
diameter), containing chlamydospores and mycelium of the fungus (Aboul —
Nasr, 2004). The inoculum was applied prior to sowing at the rate of 5.0 g/hill.
The control plants received the same amount of heat sterilized expanded clay.

BPF was provided by the the Microbiology Institute, Hebei Academy of
Sciences, China. Bacillus circulans strain was produced at the rate of 10 -10°
concentrations, serial dilutions technique was used. Nigella seeds were dipped in
the above bacterial suspension concentrations for two hours before sowing and
25 ml from this suspension was added after sowing on each hill.

Nitrogen fertilizer (ammonium-nitrate, 33.5% N) was used at the rates of 0,
25, 50, 75, and 100% of the recommended dose. The recommended dose was
200 kg/fed, and it was added at three equal doses, 21, 45, and 80 days after
sowing. Phosphorus fertilizer (Mono-calcium phosphate, 15.5% P,0s) was used
at the rates of 0, 25, 50, 75, and 100 % of the recommended dose. The
recommended dose was 300 kg/fed, and it was added at the time of preparation
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the soil at one dose. Potassium fertilizer (Potassium sulphate, 48% K,0) was
applied at rates of 0, 25, 50, 75, and 100 % of the recommended dose. The
recommended dose was 150 kg/fed, it was added at the second dose of nitrogen
fertilizer.

TABLE 1. Treatments as applied in two winter seasons (2008/09 and 2009/10).

Bio-fertilizers Mineral NPK Fertilizers
Halex (Atotobacter, Atospimillum _* No, N5, Niso, N5, and Nggo O the
and Klebsiella) +x* recommended dose + Pygge, + Kigou
AM fungi - Po, P2s, Pso, P75, and Py, OF the
(Glomus etunicatum) + recommended dose + Nigoo, + Kigooe
BPF - Ko, K25, ng, K75, and KlOO% of the
(Bacillus circulans) + recommended dose + Nygoo + P1goos
The mixture of inocula - NPKy, NPK s, NPK5o, NPK 5, and
(Halex, AM fungi, and BPF) + NPK 1099 Of the recommended dose

* (-) Un-inoculated (control) plants
** (+) Inoculated plants

Physicochemical characteristics of the soil (0-30 cm depth) of the
experimental field were as follows: pH= 8.3, CaCO3; % = 22.5, Organic Matter
(OM) = 4.0%, availablemacro-nutrients N= 48.3 ppm, P=4.0 ppm, K=1155
ppm. Soil texture was sandy clay-loam (Page et al., 1982, Klute, 1986). The
percentage of mycorrhizal root length colonization was stained according to
Koske and Gemma, 1989. The percentage of AM root colonization was
determined 9 weeks after sowing and estimated according to (Giovannetti and
Mosse, 1980). At the harvest, shoot samples were collected and dried for
measuring the percentage of phosphorous and potassium according to Jackson
(1958) by using the vanadomolybdate yellow method and the flam photometer,
respectively. Total nitrogen content in the shoots was determined according to
Chapman and Pratt (1961). Determination of the total fixed oil percentage in
seeds was done by using the BP method, according to Harold et al., (1981). Seed
yield for each plot was weighted and related to kg/fed.

Data were submitted to the analysis of variance and the mean of the
treatments were compared by the LSD test at P<0, 05 (Snedecor and Cochran,
1981). Percentage of mycorrhizal root length colonization were converted into
Bliss angular values before the analysis (Steel and Torrie, 1980).

Results and Discussion

Percentage of mycorrhizal root length colonization

In control plants, the proportion of mycorrhizal root length was 18.4% due to
AM fungi naturally occurring in the soil. Plants inoculated with Glomus
etunicatum under P59 and Pigoe Showed a percentage of mycorrhizal root
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length colonization of 38.3% and 39.2 % ,as an average for the two growing
seasons, respectively (Fig. 1a). No significant differences were found between
Psse, and Pigoe in case of inoculated plants. The highest percentage of
mycorrhizal root length colonization was 54.2% in case of plants inoculated with
a mixture of inocula (G. etunicatum, Halex, and Bacillus circulans) compared to
un-inoculated control (22.5%) under the rate NPK75 o, 0of the recommended dose
of mineral NPK fertilizers (Fig. 1b). Sainz et al. (1997), and Elwan, (2001)
recorded that the extent of root colonization was greatest in inoculated plants
compared to un-inoculated once. Abd El-Ghany, (2003) showed that in wheat
rhizosphere the highest percentage of mycorrhizal root lengh colonization was
obtained on plants treated with dual inocula, i.e. AM fungi and B. megaterium.
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Fig. 1. Effect of treatments with Glomus etunicatum alone or with a mixture of
bioinocula, on the AM root length colonization of N. sativa plants, growing
under different rates of mineral N, P, and K fertilizers.

NPK-uptake (kg/fed) in shoots

The percentage increase in case of Nigella plants inoculated with Halex (25.5,
23.1, 15.8, and 4.3%) more than the un-inoculated plants, under different rates of
mineral nitrogen fertilizer, respectively (Fig. 2a). A significant increase in P and K
uptake was observed in case of plants inoculated with Halex under different rates
of N- fertilizer during both seasons. The percentage increase of P-uptake were 7.3,
9.6, 8.3, and 4.3% in case of plants inoculated with G. etunicatum as compared to
un-inoculated plants at the rates of Py, P259 , Psgos » P759 and P1gooe, respectively
(Fig. 2b). Significant increase in N uptake was reported in case of plants inoculated
with AM fungi. During the two seasons, no significant increase in K-uptake was
observed by comparing inoculated mycorrhizal and un-inoculated plants, under
different rates of P fertilizer (Fig. 2b). The inoculation with Bacillus circulans
increased the uptake of K and N more than un-inoculated plants (Fig. 2c). A
relative percentage increase was noticed in NPK-uptake (kg/fed) in plants
inoculated with a mixture of inocula (G. etunicatum, Halex, and Bacillus
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circulans) more than in the un-inoculated one (Fig. 2d). Generally, the increased
percentage of NPK uptake (kg/fed) in N. sativa was reduced by the increasing of
the amount of mineral NPK fertilizers. Linderman (1992) reported that the extra-
radical hyphae of AM fungi can bridge the zone of nutrient depletion adjacent to
the root and increase the availability of immobile elements. Aboul-Nasr (1994)
cleared that the application of G. etunicatum on Tagtes erecta and Zinnia
elegans produced a positive effect on plants, fastening flowering, moreover, the
mycorrhizal plants contained significantly higher amounts of P, N, and K in
shoots than the un-inoculated plants. Also, Ortas et al. (2001), found that
inoculation of green pepper with AM fungi lead to increase the uptake of N, P,
and K from the soil. Korish et al., (2004) reported that the inoculation of faba
bean or wheat with a mixture of bio-fertilizers lead to increase the N, P and K
uptake than un-inoculated plants.

% of relative increase
% of relative increase

01

N NZ NS NTS NIOO
- . T f
i Levels of N-fertilizer A Levels of P-Fertilizer
O K-uptake 0 K-uptake
Fig. 2a. Fig. 2b.

¥ % of relative increase

39
29

B N-uptake
P-uptake| Levels of K-fertilizer
O K-uptake

NPK25 NPKS50 NPK75 NPK100
Levels of NKP-fertilizers

Fig.2c. Fig. 2 d.

(*) % of relative increase = % Increase or decrease to un-inoculated (control) plants %

Fig. 2. Effect of inoculaion with G.etunicatum alone or with the mixture of inocula
under the different rates of mineral N, P, and K fertilizers on NPK — uptake
(kg /fed) in shoots of Nigella sativa. Data represent the awerage of two
growing seasons.
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Seed yield (kg/fed) and fixed oil percentage

The highest seed yield was 538.0 and 534.4 kg/fed,as an average of the two
growimg seasons, and they were obtained in case of Nigella plants inoculated
with Halex alone or with a mixture of inocula (Halex, G. etunicatum, and B.
circulans), as compared to the un-inoculated plants (512.2 and 516.0 kg /fed ),
under the rates of Nzs5 ¢ and NPKj7s o, of mineral NPK fertilizer (Table 2),
respectively. No significant differences were found in seed yield (kg/fed) between
plants inoculated with Halex and a mixture of inocula, under the rate 75% of
mineral N, P and K fertilizers. The percentage increase was 4.9% in case of plants
inoculated with Glomus etunicatum (505.7 kg/fed), as compared to un-inoculated
plants (481.7 kg/fed) at the rate of P54, 0f the recommended dose of phosphorus
fertilizer (Table 2). Significant increase in fixed oil percentage was obtained in
case of plants inoculated with either Halex, AM fungi or BPF alone or as a mixture
of inocula, more than in the un-inoculated plants under all different rates of mineral
N, P and K fertilizer (Table 2). N. sativa seed inoculated with Halex, Glomus
etunicatum, or Bacillus circulans alone or as a mixture, lead to an increase of the
percentage of fixed oil (32.7, 33.9, 31.2 and 34.7%), compared to un-inoculated
plants (31.9, 33.2, 30.4 and 33.0 %, respectively) under the different rates (0, 25,
50, 75 and 100%) of the recommended mineral N, P and K fertilizers (Table 2).
The highest percentage of relative increase in fixed oil percentage was 5.2, in case
of plants inoculated with a mixture of inocula, more than the un-inoculated
plants, in both seasons at the rate NPK;s o, of the recommended dose of mineral
NPK fertilizers (Table 2). Mahmoud and Amara (2000) reported that the bio-
fertilization under the 50% of NPK dose of mineral fertilizer gave the highest
yield of inoculated tomato seeds than un-inoculated one. Yassen, (2002) found
that the inoculation of potato plants with a mixture of bio-fertilizers lead to
significant increase of total yield, as compared to un-inoculated plants. Fromthe
above mentioned results, it is clear a positive increase in the presence of the
different type of biocontrol inoculum, especially in the case of the mixture of
inocula at the rate 75% of mineral NPK fertilizers, thus allowing a reduction in
their use and chemical pollution, and an increase of yield production.

Conclusion

Mixed inoculation of Nigella sativa plants using non symbiotic N,- fixing
bacteria (Halex), Glomus etunicatum (AMF), and biological potassium fertilizer
(Bacillus circulans), alone or in combination, determined significant increase in
seed yield (534.4 kg/fed) and fixed oil percentage in the presence of 75% of the
recommended dose of N, P and K fertilizers. The interaction among AM fungi,
non-symbiotic N,-fixing bacteria and a biological potassium fertilizer (BPF)
appear to be essential to promote the plant growth, the NPK uptake in shoots,
and seed yield production and quality. From the above mentioned results, it is
clear that a positive effect of beneficial microorganisms, leading to a decrease in
the amount of mineral N, P and K fertilizers and a reduction of chemical
pollution in calcareous soil.
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TABLE 2. Effect of inoculation with G. etunicatum, Halex, B. circulans, alone and
as a mixture of inocula, on seedyield (kg/fed) and fixed oil percentage
from N. sativa plants grown under different rates of mineral N, P, and K

fertilizers. Data are the average of two growing seasons (2008/10).

Parameters Seedyield (Kg\fed) Fixed Oil %
Bio-fertilizers
un- Ino. Ino. +% un-Ino. Ino. +%
mineral fertilizers
0 183.0% | 198.8 8.6 29.1 29.9 2.7
g 25 | 317.8 | 32858 3.5 30.1 30.7 1.9
g = 50 | 4664 | 475.7 | 19 312 | 32.0 | 26
- i 75 | 5212 | 538.0 | 3.2 319 | 327 25
100 | 513.4 | 538.9 4.9 31.7 326 2.8
L.S.D. 0.05 15.708 0.1953
0 4711 | 4787 1.6 305 | 31.0 1.6
g 5 g 25 | 474.4 | 486.0 2.5 31.0 316 1.9
5 g z 50 | 4705 | 491.4 4.4 32.0 | 331 3.4
oz | € 75 | 4817 | 5057 | 49 | 332 | 339 | 21
100 | 481.0 | 498.9 3.4 33.6 33.7 0.3
L.S.D. 0.05 7.757 0.1948
0 463.1 | 4823 4.2 29.3 30.2 3.1
g g E 25 | 4743 | 491.2 3.6 29.9 30.5 2.1
33 = 50 | 4822 | 4925 2.1 30.2 30.7 1.7
@S v 75 | 498.0 | 505.9 1.6 30.4 31.2 2.6
100 | 479.9 | 499.8 7.2 30.6 314 2.6
L.S.D. 0.05 6.5753 0.1501
_ 0 3875 | 4105 5.9 30.4 312 2.6
g o E 25 4176 | 438.0 4.9 31.2 31.7 1.6
33 :E_, 50 | 456.2 | 478.9 4.9 316 32.8 3.8
£8 { 75 516.1 | 534.4 3.6 33.0 34.7 5.2
b z 100 | 511.9 | 532.4 4.1 33.1 33.9 2.4
L.S.D. 0.05 7.9735 0.2151

+ % Increase or decrease to un-inoculated (control) plants.

* Mean vales of 4 replicates per each treatment.

Plant age 25 weeks.

References

Abaza, I.M.K.A. (2001) The use of some medical plants as feed additivies in broiler

diets. Ph.D. Thesis., Fac. of Agric. Alex. Uni. ,Egypt.

Abd El-Gany, Mona (2003) Studies on the effect of biofertilizers and chemical
Fertilizers on growth , yield and nutritional status of some plants. M.Sc. Thesis, Fac.
Agric. Cairo Univ., Egypt.

Egypt. J. Hort. Vol. 42, No.1 (2015)



EFFECT OF ENDOMYCORRHIZAL FUNGI, Nj- FIXING ... 635

Aboul-Nasr, Amal (1994) Effect of Vesicular—Arbuscular Mycorrhiza on Tagetes erecta
and Zinnia elegant. Mycorrhiza, 6, 61- 64.

Aboul-Nasr, Amal (1993) Indentification of VA- mycorrhizal fungi in soil of Alexandria
Governorate. Alex. J. Agric. Res., 38 (2), pp.371-376.

Aboul-Nasr, Amal (2004) Method of prroducing an inoculum of endomy corrhizal fungi.,
Academy Sci. Res. and Tech. Egypt. Patent No. 23234.

Alaa EI-Din, M.N., El-Sayed, M., Shalan, S.N. Khadr, M.S. and Zidan, M. (1982)
Effect of the inoculation with different rates of blue- green algae on the rice yield .
DAU/ STRC Inter- African Conf. on Biofertilizers, Cairo, Egypt, March, pp. 22-26.

Ara DerMardersion, A. (2001) Fenugreek and Nigella sativa . in : The review of Natural
Products. Edition published by Fats and Comparisons, USA.

Balabel, Naglaa, M.A. (1997) Silicate bacteria as biofertilizers . M.Sc. Thesis, Fac. Agric.
Ain Shams Univ., Cairo, Egypt.

Berge, O., Fages, J.D. Mulard and Balandreau, J. (1990) Effects of inoculation with
Bacillus circulans and Azospirillium lipoferum on crop yield in field grown maize .
Symbiosis Rehovot, 9 (1-3), pp.259-266.

Chapman, H.D. and Pratt, P.F. (1961) Methods of Analysis for Soils, Plant and Water,
Univ. of California. Division Agricultural Science.

Entry, J.A.,, Rygiewicz, P.T., Watrud, LS. and Donnelly, P.K. (2002) Influence of

adverse soil conditions on the formation and function of arbuscular mycorrhizas.
Advances in Environmental Research. pp. 123-138.

Evenhuis, B. (1976) Nitrogen determination, Dept. Agric. Res., Royal tropical inst.
Amesterdam.

Giovannetti, M. and Mosse, B. (1980) An evaluation of methods for measuring vesicular
arbuscular mycrrhizal infection in roots. New Phytol., 84, 489-500.

Grant, C., bittmam, S., Montreal, M., Plenchette, C. and Morel, C. (2005) Soil and
fertilizer phosphorus: Effects on plant P supply and mycorrhizal development. Can. J.
Lant. Sci., 85, 3-14.

Harely, J.L. and Smith, S.E. (1993) "Mycorrhizal Symbiosis" Academic Press . London.

Harold, E., Ronald, S.K. and Ronald, S. (1981) "Chemical Analysis of Food", Pearson's
Longman Group Limited 1976, 314-315.

Hassouna, M.G. and Hassanein, M.A. (1996) The use of biofertilizer ( Halex ) to
increase wheat yield in calcareous soil of Egypt . Alex. Sci. Exch., 17 (2), 175-181.

Hegazi, M., El-Bagouri, I.H. and Kassas, M.A. (2003) Arab Republic of Egypt
National. Action plan for Combating Desertification. http//www.uneed .int.

Egypt. J. Hort. Vol. 42, No.1 (2015)



636 AMAL K. ABOU EL-GOUD et al.

Helgason, T. and Fitter, A. (2005) The ecology and evolution of the arbuscular
my corrhizal fungi. Mycologist., 19 (3), 96-101

Jackson, M.L. (1958) Soil Chemical Analysis, Prentica-Hall, Inc. Englewood Cliffs, N.
J., USA,, 448.

Khalifah, M.M. ( 1995) Nigella seed oil meal as a protein supplrmrnt in broiler diets.
M.Sc. Thesis, Fac. of Agric. Alex. Univ.

Klute, A. (1986) "Methods of Soil Analysis", part 1, 2" ed. , Agron. Monor. G. ASA and
SSSA, Madison, W.1.

Koreish, EA., El-Fayoumy, M.E, Ramadan, H.M. and Wafaa H. Mohamed
(2004) Interaction effect of organic and mineral fertilization on Faba Bean and Wheat
Productivity in Calcareous Soils. Alex. J. Agric. Res., 49 (2), 101-114.

Koske, A.E. and Gemma, J.N. (1989) A modified procedure for staining roots to detect
VA mycorrhizas. Mycol. Res., 92 (4), 486-488.

Linderman, R.G. (1992) Vesicular-arbuscular mycorrhizae and soil microbial
Interactions. In: Mycorrhizae in Sustainable Agriculture , eds. Bethlenfalvay , G.J.
and R.G. Linderman. A.S.A. 54, Madison, USA.

Mahfouz, M. and El-Dakhakhny, M. (1960) Nigella sativa L., Pharmacology and
Therapeutic uses. Alex. Med. J., 6, p.357.

Mahrous, Samira, E., El-Sayed, M.H., El-Fayoumy, M.E. and Ramadan, H.M.
(2006) Improvement of calcareous soil properties by application of compost and
mineral fertilizers and its productivity for soil crops. Minufiya J. Agric. Res., 31 (4),
1087-1103.

Mahmoud, H.AF. and Amara, M.AT. (2000) Response of tomato to biological and
Mineral fertilizers under calcareous soil conditions. Bull. Fac. Agric. Cairo, Univ.,,
51, 151-174.

Ortas, |, Kaya, Z and Cakmak, I|. (2001) Inflence of arbuscular mycorrhizae
Inoculation on growth of maize and green pepper plants in Phosphorus and zinc
deficient soil. Plant nutrition, Col. Hanover, Germany, pp.632-633.

Page, A.L., Miller, RH. and Keeny, D.R. (1982) "Methods of Soil Analysis", Amer.
Soc. Agric. Inc., Madison.

Sainz, M.J., Taboada-Castro, M.T. and Vilarino, A. (1997) Growth, mineral nutrition

and mycorrhizal colonization of red clover and cucumber plants grown in soil
amended with composted urban wastes. Plant and Soil, 205, pp. 85-92.

Snedecor, G.E. and Cochran, W.G. (1981) "Statistical Methods", 7" ed., lowa State
Univ. Press, Ames . lowa, U.S.A.

Steel, R.G.D. and Torrie, J.H. (1980) "Principal and Procedures of Statistics", 2M ed.,
M cGraw-Hill, New York , USA.

Egypt. J. Hort. Vol. 42, No.1 (2015)



EFFECT OF ENDOMYCORRHIZAL FUNGI, Nj- FIXING ... 637

Yassen, A.M. (2002) Application of biofertilizers in potato production. Ph.D. Thesis,
Dep. Of Agric.Microbiology, Fac. of Agric. Ain Shams Univ.

(Received 15/10/2014;
accepted 16/ 2 /2015)

EU Ao Aadlil) ABBA) i<l g AANal) ) 3y eaall b LU
Al ol Y1 A AS ) s il Baga

e sadl) Caas dana T il gyl daaa Jlal ¢ agad) gyl a S Jlal
T B alae

Aada - LG Lle el &S Al 3l Dnslany Sl i) ad”
— A sl Cigay Adaaa — Al obaall s Al s deae T — A uSAY)
— NS el — Aol RIS T s, Al - de ) el S e
pan— Ay syl

2l Y1) il e )3l Gusad) dasey ag il de ) Al s
Cadgr o Yo o/Y e 5 Yaud/Y e A Guaidll Cpewgadl JA (:‘—‘)P-“
sl s 0 I LI 5 Adaldl 1Sl il eyl A A
Ay L S s e S el ol sll Aydd) L S 5 LSS Y
YO o YO ¢ jhia) Adlide il glue (el it A gual) Cladlal) Lo glad
— st G g i) agiaeal) 32anYl e (g2 sl Ao jall e Z) 0
Uls b adalall 1)<l jhad ol 65 A of ) Gl (p sl sd)
de (7 06,7 ) b 8 Gl g gall Gladldl b laa ae adalisg gy palill
D sSaall 5 dady i) (e el A el saenY) lag Vi (e 7 VO
Aasdl e 7 Ve g Sl lda gl el e 7 VO die (VALY ) B il
OFE,8) Al s sk e Al el o) asalisdls Can s il
dejall (e 7 VO pa aggall adldl bglie mallll Alla 8 ()3 /aaS
(psmli sl + ) sios sl 4 Cpom g 5l Aiveal) 5300l L glie o Lgy ama sl
(YY) A A )y A (B4 gina B3l 3l A lalaall it of LS
Dssill 5 s ) e gl palinll Galiale) 8 Aysiee By IS
Sy 13a 5 dsdle jall cllally 45 jlie anilal) 4S50 s LS sali sl
Clall Qi 6 Al Aad) Kl gy Jalall ey Ll e
Dstesill ¢ sl e S (e 7 Y0) dpaall saenl) (e Aeadiodl
Y 535 re el el el Gl e 2l il s (asenlisll 5

AS,l A Gy s Oe

Egypt. J. Hort. Vol. 42, No.1 (2015)



