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ABSTRACT

The present work was carried out on faba bean and wheat crops growing in
sandy loam highly calcareous soil and sandy soil at West Nubaria region during the
winter seasons of 2000/2001 and 2001/2002, to study the effect of interactions
between mycorrhizal fungi (AM), phosphate dissclving bacteria {PDB} and Rhizobium
feguminosarum biovar viceae (R) or Azotobactzr chroococum (A) on growth, yield and
nutrient uptake by faba bean and wheat plants. The experiments were liedoutin a
split-plot design with four replications. The main plots were for mineral fertilizers (two
levels) and sub-plots were for inoculation treatments (eight inoculation treatments).

The results clearly showed that incculation with Rhizobium leguminosarum
or Azotobacter chroococum singly or in combination with AM or PDB and (AM + PDB)
markedly enhanced the yield and all the measured yield components of faba bean
and wheat ptants, as well as nutrients uptake by plants under calcareous and sandy
soil conditions compared to uninoculated or inoculated plants by AM and PDB alone
or the dual inoculation with (AM + PDB). Nodulation of faba bean plants was positively
affected by inoculation with Rhizobium andfor any other inocula mixed with
Rhizobium. Faba bean and wheal dry weight was increased by about 25% due to
inccuylation with mixtures of AM + R + PDB or AM + A + PDB as compared to
uninoculated pfants or any other inoculation treatment.

Nitrogen uptake by inoculated faba bean and wheat plants with Rhizobium
and Azoftobacfer and/or their mixture with AM and PDB was increased by 3.97 and
£.38%, with relative increase in seed yield by 11.28 and 3.72% as compared to
uninoculated or inoculated plants with AM or PDB and (AM + PDB) for calcareous soil,
respectively. While, it was increased by 8.95 and 44.1% with relative increase in seed
yield by 16.42 and 6.85% for sandy scil. Inoculation with mycorrhiza or phosphate
dissolving bacteria singly and with any of their combinations increased P-supply which
led to improve P-uptake by fabra bean and wheat plants as compared 1o uninoculated
or inoculated plants with Rhizobium and Azotobacter, it was increased by 1.91 and
3.57% for calcareous soil and by 2.28 and 1.94% for sandy soil, respectively.

In general, a highly response of faba bean or wheat plants to the inoculation
mixed was observed to be higher than that for single inoculation for the two tested soil
types. This indicated that there was a posilive interaction between the two and/or
three inocula for the welfare of faba bean and wheat plants.

Keywords: Bicfertilizer, mixture inocula, Rhizobium leguminosarum, Azotobacter
chroococum, arbuscular mycorrhiza, Bacillus megatenum.

INTRODUCTION

As the Egyptian population continues to increase, it is necessary to
increase land reclamation to close the gap between agriculture production
and food demand. The newly-reclaimed lands in West Nubaria region are
mainly calcareous and sandy soils. Poor soll fertility and nutrients deficiency
in these soils are very common and could be the main constraints for
agriculture production in some cases (El-Fayourmy, 1890). The application of
mineral fertilizers to caicareous soils proved to be ineffective and pose a
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great potential for environmental pollution. Recently, there is a general trend
all over the world to increase and promote new agriculture practices for
cleaner crop production. One of the main practices to achieve this goal is to
expand alternative agriculture including organic farming and to promote and
increase the use of biofertilizers. This practice will minimize mineral fertilizers
application and will prevent environmental pollution. Biofertilizers are
cheaper, cleaner and safer to use for providing essential elements for plants.
Moreover, it hecame an important factor to increase the availability of
phosphorus and micronutrients to correct their deficiencies in calcargous
soils.

The positive interaction between piants and rhizosphere micro-
organisms can imprave plant nutrition, nitrogen fixation, plant tolerance to
environmental stresses and biologically controiled pathogens. There has
Leen great inlerest and effort to develop an effective nitrogen fixing system
for non-leguminous field crops such as wheat, barley and corn.

The mechanisms cr functions of different types of biclogical fertilizers
are not well established. It has also been shown that external mycorrhizal

fungi hyphae are able to take up nitrogen both as NHj and NOJ and

translocate N to the host plant in considerable amounts (Johansen et al.,
1394 and Tobar et al,, 1994). Despite this, it has nct been clearly established
the plant growth can be improved by N transport via external hyphae of AM
fungi. The ability of external hyphae to absorb mineral N in large amounts
could potentially change the plant depletion pattern upon AM-fungal
colonization. The effect may be mediated partially by direct hyphal transport
mechanisms, but aiso by the changes in the root system architecture and root
fongevity that are sometimes chserved following colonization (Amijee ot al.,
1989 and Hooker et al, 1992). The inoculation with phosphate solubilizing
bacteria and AM fungi singly or in combination significantly increased plant
dry matter of maize as compared with the uninoculated treatment.
Comparatively, mycorrhizal inoculation was more effective in increasing plant
dry matter than incculation with phosphate soiubilizing bacteria. This
indicates that AM fungi was most efficient in increasing P uptake and ather
nutrients from the soil than were phosphate solubilizing bacteria. However,
dual inoculated plants with the two endophytes had significantly greater dry
matter accumulation than uninoculated treatments or singly inoculated with
phosphate solubilizing bacteria (Attia and Badr EI-Din, 1999).

Inoculation of Glomus mosseae with Bradyrhizobium japonicum
increased the shoot dry weight, nodulation, accumulated nitrogen and
phospharus as well as nitrate reductase activity in soybean plants (Shalaby
and Hanna, 2000).

in the present study, interactions between AM fungi, phosphate
dissolving bacteria and Rhizobium or Azotobacter and their effects on growth,
yield and nutrent uptake of faba bean and wheat plants grown in a newly
reclaimed calcareous and sandy soils in West Nubaria region were
investigated.
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MATERIALS AND METHODS

Field experimental sites

Two experimental sites were chosen in West Nubaria region; the first
site (El-Amal village) is at km 46 on Alexandria-Cairo desert road, 9 km east
of the road (sandy foam highly calcarecus soil) and the second site (El-Ashrat
Allaf village) is at km 64 on Alexandria-Cairo desert road, 2 km east of the
road (sandy soil). The initial soil physicochemical characteristics of the
surface layers (0-30 cm) were determined after Page et a/.{1982) and Klute
{1986) and recorded in Table (1).

Table (1): Some initial soil physicochemical characteristics of the
experimental soil surface layers {0-30 cm).

Calcareous soil site 1 Sandy solil site
Soil 2000/2001 2001/2002 | 2000/2001 | 200172002
characteristics | Faba Faba | Faba Faba [Whea
bean Wheat bean Wheat bean —L\Nheat bean t

SoipH(12.5) | 830 834 | 827 | 831 | 807 | 805 | 7.58 |8.07|
Soll EC,dSm™ | 1.88 | 1.94 | 197 | 193 { 092 | 097 | 098 | 095
Total CaC0s, % |22.91| 2352 | 23.36 | 2413 | 8.72 | 914 | 926 |9.42

oM., gkg” 382) 396 | 390 | 421 | 197 | 226 235 | 218
Solil texture Sandy loam Sandy
Available

macronutrients |51.13) 53.26 | 52.24 | 49.92 | 37.21 | 3352 | 28.83 |29.78
N, ppm 369) 412 | 426 | 388 | 273 | 218 | 313 | 265
P, ppm ILo:aA 97.3 | 1142 l 109.5 [:2.7 913 | 794 |808

| K.ppm L L

* Saturated soll paste extract.

Biofertilizer sources
1. Rhizobium jeguminosarum biovar viceae (R}

The strain was isolated from nodulated faba bean plants grown in
West Nubaria region. Vincent's methods (Vincent, 1970} were used for
|solat1on and characlerization of the used root-nodule bacteria (2x10 cells
mf )

2. Azotobacter chroococum {A)

Free-living No-fixing bacteria was isolated from the rhizosphere of
wheat plants grown in the Nubaria Agriculture Research Station. Seoil
suspension was prepared by shaking 1 g of soilin 100 ml sterile distilied
water. One mi of this suspension was poured and spread onto agar plates
containing Jensen mannito! minimal medium (Jensen, 1951). A loopfull from
single colony growing was restreaked to a fresh medlum plate This was
repeated at least four times to obtain pure culture {15x10° cells mI™").

3. Arbuscular Mycorrhiza (AM)

Mycorrhizal spores used in this study were mixture of Glomus
macrocarpium. These spores were originally extracted by a wet-sieving and
decanting technique (Gerdemann and Nicolsen, 1963) from corn rhizosphere
and multlphed in pot cultures with onion grown for 3 months in sandy sail (450
spores ¢'). The mycorrhizal inoculum consisted of infected root fragments,
spores and mycelium.
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4. Phosphate dissolving bacteria, Bacilius megaterium (PDB)

Bacillus megaterium was obtained from Department of Agricultural
Microbiology, NRC, Cairo, Egypt. Five days old culture of Bac:llus
megaterium grown on nutrient broth medium containing 10° cells mi”" was
used as liquid inoculant. Seeds were mixed well with the suspension of
Bacillus megaterium before planting.

Field experimental design and treatments application
Two field experiments in each site were carried out during the winter
seasons of 2000/2001 and 2001/2002. The experiments were carried out in a
split-plot design with four replications. The main plots were for mineral
fertilizers and sub-plots were for inoculation treatments. Two mineral fertilizer
treatments were used, the first treatment was control without any mineral
NPK addlt.on and the second was fertilization with 35.71, 71.43 and 114.24
kg ha” of N, P,Os and K,0 for faba bean in calcareous sonl respectively, and
71.4, 107.14 and 114.24 kg ha' of N, P,0s and K,O in case of sandy soil,
resPectwer As for wheat, the treatments were 238.1, 107.14 and 114.24 kg
of N, P,0s and K;O in calcareous soil and 285.71, 107.14 and 114.24 kg
ha of N, P,O5 and K;0O in sandy soil.
Eight inoculation treatments were used in each experiment (Tabie 2).

Table (2): Inoculation treatments for each crop.

Crop_

Treatment Faba bean Wheat
Uninoculated (Un) |Control Control
inoculated

In Arbuscular mycorrhiza (AM) (AM)

Inz Rhizobium (R) Azotobacter (A)
In3 Phosphate dissolving bacteria (PDB)  |(PDB)

Ing AM + R AM + A

Ins AM + PDB AM + PDB

Ing PDB +R PDB + A

Iny AM + PDB +R AM +PDB + A

Faba bean experiments: Inoculated and uninoculated faba bean seeds,
Giza Blanka variety, were sown at the rate of 110 kg ha™' during the second
week of October 2000 and 2001. The experimental plot consisted of 4 rows, 6
m long and 0.6 m between rows, giving a plot area of 14.4 m’. Each row
contained 36 plants after thinning to one plant per hill. Phosphorus fertilizer in
form of mono-superphosphate (16.5% P,0;) was apphed at planting at the
rates of zero and 71.43 kg ha™ and zero and 107.14 kg ha™ to the calcareous
and sandy soils, respectively. Nitrogen fertilizer in the form of ammonium
nitrate (33.5%) was added at two equal doses; at planting and 21 days after
planting at the rates of zero and 35.71 kg N ha™ and zero and 71.4 kg N ha™
to the calcareous and sandy soils. respectively. Potassium fertilizer was
added n the form of potassium sulphate (48% K,0) at the rate of 114.24 kg
K,O ha™ with the second dose of N fertilizer for the two types of soil.

Wheat experiments: Inoculated and uninoculated wheat seeds (Tntlcum
vulgaris L.) Sakha 69 variety were planted at the rate of 154.7 kg ha™ during
the last week of November 2000 and 2001. The experimental plot area was
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16.8 m* (2.8 m in width and 6 m in length). Phosphorus fertilizer in the form of
mono-superphosphate (15.5% P,0s) at the rates of zero and 107.14 kg ha”'
for the two soil types was added at planting. Nitrogen fertilizer in the form of
. ammonium nitrate {33.5% N) was added at three equai doses; at planting,
tillering and headmg stages at the rates of zero and 238.1 and zero and
28571 kg N ha" to the caicareous and sandy soils, respectively. Potassium
fertilizer was added in the form of potassium sulphate (48% K;Q) at the rate
of 114.24 kg K;Q ha' with the second dose of N fertilizer for the two soil
types.

All other agricultural practices for faba bean and wheat praduction
were followed as common at the two experimental sites.

Sampling procedure

Number and weight of nodules per plant for faba bean were
determined for each treatment 45 days after planting. At harvest, faba bean
and wheat plant samples were collected from all treatment replications. Fresh
plant samples (grains and straw) were washed by tap water followed by
distilled water, dried at 85°C for 48 hrs and weighed, ground in stainless steel
milt and stored for chemical analy51s Total yield for each plot was weighed
and extrapolated to tons ha”. Also, 100 faba bean seeds and 1000 wheat
grains were weighed.

Analytical procedure

Plant matertal (grain and straw) were wet digested with concentrated
sulphuric acid and H,0, (FAO, 1975). Total N {Chapman and Pratt, 1961)
and P by the vanadomolybdate vyellow methed (Jackson, 1958) were
determined.

The collecled data were statistically analyzed according to
procedures outlined by Snedecor and Cochran (1981) using SAS Software
(1990).

RESULTS AND DISCUSSION

Initial state analyses of the two selected experimental soil sites
(Table 1) indicated that the surface soil layer (0-30 cm) for the first site (El-
Amai village} has a light texture of sandy loam with high content of total
CaCQ, (more than 22%). El-Ashrat Allaf village soil has a light texture of
sandy with ow content of tatal CaCO; (less than 10%). The two soil sites are
of basic reaction (soil pH values ranged between? 98 and 8.34) and non-
saline soils (total soluble salts less than 1.97 dS m™) with low available NPK
and organic matter content indicating their deficient fertility status.

Response of faba bean plants to inoculation treatments
1. Faba hean biomass and nodulation

Faba bean dry weight per plant (Tables 3 and 4) significantly varied
with either biofertilizer inoculation or mineral fertilization in the two
investigated soil types. Dry weight per plant was about 53% higher at F; as
compared to F, in case of calcareous soil, while it was higher by 9% for
sandy soil. Statistical analysis also showed that the higher dry weight per
plant was obtained by inoculation with the mixture of the thre# inocula AM +
R + PDB (1916 and 111.8 g plant’ for caicareous and sandy soils,
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respectively) and with AM + R (183.7 and 107.5 g plant” for the same two
soil types, respectively) with insignificant differences between them. The
lowest dry weight per plant was obtained by uninoculated plants followed by
inoculated plants with PDB, AM and AM + PDB with insignificant ditferences
between them for the two soil types. In general, faba bean dry weight was
increased by about 25% with inoculation as compared to uninoculated plants
in both soiis. Moreover, the response of faba bean dry weight to the inoculum
mixture was about 13% and 8% higher than the single inoculation for
caicareous and sandy soils, respectively. This indicated that there was a
positive interaction between the two and/or three inocula for the benefit of the
faba bean plants, a response that was observed by Koreish et a/.(1998), Attia
and Badr E-Din (1999) and Shaiaby and Hanna (2000). Johansen (1999)
reported that plant dry matter accumulation was unaffected or slightly
affected by mycorrhizal colonization, where shoot dry weight was slightly
increased, while root dry weight was slightly decreased compared to
uninoculated control plants. Shalaby and Hanna (2000} concluded that the
plants inoculated with mycorrhizal fungi and Bradyrhizoebium japonicum
showed a highly significant increase in growth of soybean plants compared to
plants treated with either crganisms separately.
Table (3): Effects of single and combined inoculation of biofertilizers on
vield and some yield components of faba bean in calcareous
soil {combined analysis).

I No. of [Waeight of| 100-seed| Seed | Relative | Nutrients uptake
Factors Dry welght nodules | nodules | weight yield yleld k ha'P

(@ Pt | Glant® |(g plant| (@) |(Tonha'y| () N P

Un 133.2¢ 55¢ 258b 8a.gd 297b - 2677d | 2457¢

Iy 1529 ¢d 63 b 32D 93.2bc 2.99b 0.67 2689d | 25.73b

Inz 163.2ed 118a 515a 100.2 a d28a 9.76 27.92h | 2493¢

Inoculationt Iny 1498 ge G6b 3200 925cd 298Db 037 2683d | 2508¢
{In) Iny 155.1¢d 74b 3.32b 95.7b 299h 087 2TATe | 28.243p

ing 189.5 be 1192 519a 1001 a d21a 8.08 2791b | 2613¢

Ing 183.7 ab 117 a 5.26a 1002a 3Ma 1343 | 279%ab | 2588 ab

Iny 1916a 121a 573a 101.8a d39a 14.14 28.13a | 2643a

Mineral | £, 1 12850 | o7a | 3.86b | 938p | 217b . 16585 | 13.43p
| Fa | 19822 | e9a | 4422 | 998a | 4122 | 95 | 38312 | 3774a
Csoi. | | 1762 T 103 314 | 0193 : 0198 1 gsar
SOz | g | 2578 8 0.37 177 | 0631 . 7811 | 8264
= - 2 s = = - = =
£ - NS v - v i - J -
I F . " . . . i . .
Un: Uninocuiated. In: Inoculated.

Fy: Zero mineral fertilizer,
Fa: 35.71 kg N ha™ + 71.43 kg P;Os ha' + 114.24 kg K;0 ha™.

The response of faba bean to inoculation under fertilizer levels
{Tables 3 and 4) revealed that the number of nodules per plant was
insignificantly decreased by increasing fertilization. Number of nodules was
insignificantly reduced by about 9 and 2% at F; fertilizer level as compared to
F, for calcareous and sandy soils, respectively. Inversely, weight of nodules
was significantly increased with fertilization, it was higher by about 12% and
the double of it at F, level as compared to F, level for the same soil types,
respectively. Moreover, nodulation of faba bean plants was similarly affected
by inoculation with Rhizobium and/or any other inocula mixed with Rhizabium
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(Tables 3 and 4). The number and dry weight of nodules were significantly
higher in the presence of the dual inocula (R + AM) or (R + PDB) and the
mixture of {R + AM + PDB). This indicated that there was a positive
interaction effects between the Rhizobium and the other inocula. The higher
number of nodules per plant was obtained by inoculation with the mixtures of
AM + R + PDB (121 and 102 nodules per plant for calcareous and sandy
soils, respectively) and followed by (R + AM), (R + PDB) and (R) for the two
soil types. The same trend was observed for nodules weight, it was about 64
and 61% higher in the presence of R inoculation alone and/or its mixtures
with any other inocula as compared to the absence of R and the other
inoculum treatrnents for both soil types.
Table (4): Effects of single and combined inoculation of biofertilizers on yield
and some yield components of faba bean in sandy soil (combined

analysis).
Dry weight| NO-of | Weight of 1 100-seed| Seed Relative | nutrients uptake
Factors Y Iang') nodules | nodules | welght yleld yleld (kg ha™)
ap plant” lant') | (g) |(Tonha™)| (%) N P
’“ Un | 8168f 51¢c 2360 | 83.76c | 257b . 2231¢ |23.14d
In, 958¢e 81b 2.74b 89.12b 2.58b 0.78 22.74¢c |2419Db
Ing { 101.4cd 101a 4.22a 9286a | 298a 15.95 2446b 123.18d
Inoculation | Iny 93.2e 58 b 2420 89.11h 258h 0.39 2252¢c |2397¢
(In) n, 96.7 de 81b 277b 83.26 b 259b 078 2273c [2468a

Ins | 103.8bc 101 a 4.23a 93.19a 297a 15.56 2460ab |24 19b
Ing | 107 5ab 102a 4.29a 93.52a | 299a 16.34 [2462ab [2434b
Iny 111.8a 102 a 4252 94.71a 3042 17.83 2491a |2487a

Minerat F, 945b 81a 3.04b 8241b 1940 - 11.86b | 8.82b
fertilizer (F) | F, | 1034 a 79a 376a 98.67 a 384a 97.94 3536a [3932a

LS.D, in 4.87 F 9 0.917 1.939 0.213 0376 | 0.213
9008 F 3.92 2 0.096 10.114 | 0512 - 9.865 | 9.975 |
1n eyl EE) L ~ - - Ll
F i - - e -t - Lt b
ln x F - -n - - * - - -
Un: Uninoculated. In: Inoculated.

Fy: Zero mineral fertilizer.
Fz: 71.40 kg N ha™* + 107.14 kg P,0, ha™ + 114.24 kg K,0 ha™.
2. Faba bean yield and yield components

The response of faba bean plants to inoculation and/or fertilization
(Tables 3 and 4) revealed that seed yield and 100-seed weight were
significantly increased by either inoculation or fertilization in both calcareous
and sandy soils. 100-seed weight was about 7 and 20% higher at F, as
compared to F, for calcareous and sandy soils, respectively. On the other
hand, seed yield was 90 and 98% higher with increasing fertilizer level from
Fy to F, for the same soil types, respectively. Such effect might be related to
the better nutritional status for the growing plants upon fertilizer applications
and inoculation, especiailly under sandy soil conditions. Moreover, statistical
analysis showed that, in the two soil types, the higher 100-seed weight and
seed yield were obtained by inoculation with the mixture of AM + R + PDB,
followed by AM + R, Rand R + PDR with insignificant differences between
them. Conversely, the lowest values of 100-seed weight or seed yield were
observed with uninoculated plants followed by single inocula (AM and PDB)
and dual inocula (AM + PDB) for two soil types. The maximum relative
increase in yield (14.14 and 17.83%) was recorded with inoculation by the
mixture of (AM + R + PDB), while it was (13.13 and 16.34%), (9.76 and
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15.95%) and (B.0B and 15.56%) with inoculation by (AM + R), (R) and (R +
PDB) in both calcarecus and sandy soils, respectively. The positive
interaction between two organisms or more was observed by Pacovsky et
al.(1986) and Shaiaby and Hanna (2000).

3. Nutrients uptake by faba bean plants

Results in Tables (3 and 4) show considerable increase in N and P
uptake by faba bean plants with increasing fertilizer levels from F, to F; in
both soil types. Nitragen and phosphorus uptake values at harvesting stage
were about (131% & 180%) and (198% & 345%) higher at F; as compared to
F, for caicareous and sandy soils, respectively. On the other hand, data
revealed that, in both soil types, inoculation with Rhizobium and/or with its
mixture with AM and PDB induced significant increase in N and P uptake by
faba bean plants as compared to uninoculated or other inoculated treatments
without Rhizobiurn. Shalaby and Hanna (2000) found that soybean plants
inoculated with mycorrhizal fungi and Br. japonicum showed a highly
significant increase in growth and phosphorus and nitrogen contents
compared to plants treated with either organisms separately. Sainz et
al.(1998) reported that the AM fungi increased crop productivity and P uptake
in P deficient scils or when low to moderate P doses are applied. Faber et
al{1890} reported that the fungal hyphae absorb phosphate and other
elements in soils and transfocate them into the plant. Growth increase due to
dual inocuiation of soybean plants with mycorrhizal fungi and Br. japonicum
was reported by Pacovsky et a/.{1986), similar response was also observed
by Fitter and Stickland (1991) and Trotta et a/.(1996). Shalaby and Hanna
{2000) concluded that VA mycorrhizal fungi stimulated soybean plants to
produce greater plant mass and higher nitrogen and phosphorus content as
well as more nodules.
Response of wheat plants to inoculation treatments
1. Wheat plant dry matter

Data in Tables (5 and 6) show that the dry weight per plant
significantly varied with either biofertilizer inoculation or mineral fertilization
for both investigated soil types, calcareous and sandy soils. Dry weight per
plant was about 25 and 19% higher at F, as compared to F, in calcareous
and sandy soils, respectively. Statistical analysis, also, showed that the
higher dry weight per plant was obtained by inoculation with the mixtures of
AM + A + PDB (51.32 and 47.16 g/10 plants for calcareous and sandy soils,
respectively) and the dual inoculation AM + A (51.26 and 47,13 g/10 piants)
and A + PDB ({51.30 and 47.06 g/10 plants) and with single inoculation with
Azotobacter (51.21 and 47.10 g/10 plants) with insignificant differences
between them. Uninoculated treatment and inoculated treatments by AM,
PDB and AM + PDB gave the lowest plant dry weight for the two soil types. In
general, wheat dry weight was increased by about 3% with inoculation as
compared to uninoculaied plants for the two soil types. Moreover, the
response of wheat dry weight to the mixture inocula was about 1 and 2%
higher than the single inoculation for caicareous and sandy soils,
respectively.
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Table (5}: Effects of single and combined inoculation of biofertilizers on
yield and some yield components of wheat in calcareous soil

{combined analysis).
Dry weight | 1000-seed Yield Relative yiela | NUtrionts uptake
Factors {gM1o welght {Ton ha™) %}
plants) | @  Grain | Straw [ Grain Straw] " P
Un|_ 4913b | 5281c |5512c| 1667d | - - | 4997b | 26.18d
In;| 49.83b | 58.33b |5540c | 11.07cd {0508 | 0.912 | 50.47b | 28.21 b
inl §1.21a | 6273a |5682b | 11.57ab [3.084 [ 5469 | 53.37a | 26.36 d
Inoculati |Ins|  49.71b | 57.91b [5563¢c| 11.18c |0.925| 1914 | 50.82b ) 27.74 ¢
(?:) ine| 49920 | 58.73b {5571c| 11.19¢c (1.070 [ 2.005 | 50.26 b |28.92 ab
Ins| 51.36a | 62.79a |[5681b | 11.49b (3.065 4.740 | 53.452 | 27.96¢
Ine| 51.26a | 63252 [5712ab| 1168a (3628 [6472 53482 |28.62b
In1‘ 5132a | 6341a |5793a| 11.86a |5098 Le.m 53742 20322
Mineral | F1| 4479b | 55.10b |4.0495 | 86990 | - - 1859b [ 14900
fe’;ﬂ_')ze’ F.| 5613a | 64.16a |7.211a | 14.061a |78.093(61.639| 85.23 a [ 40.93 a
Nl 0964 3814 | 0098 | 0179 . - [ 1072 | 0813
LS Doos | g1 4729 1932 | 0814 | 2124 | - - | 16.851 | 11.352
* — " h;-t * " -k
lni F . . o L. ] L [ . -

Un: Uninoculated.

In: Inoculated.

Fy: Zero mineral fertilizer.
Fz 238.1 kg N ha'' + 107,14 kg ;05 ha" + $14.24 kg K0 ha™.

Table (6): Effects of single and combined inoculation of biofertilizers on
yield and some vyield components of wheat in sandy soil
(combined analysis).

weDiht 1000-seed Yield  |Relative yield LN“"::“'::PS“ 1
Factors (glo weight {Ton ha™) (%)
plants) @ Grain | Straw | Grain | Straw ] P
Un | 4482b | 5085c | 4674b (91620 - - 43.93p | 26.284d
In, [4534b | 56.30b |4693b (92220 (04070655 (43.856 | 27.38 bc
Ing |[47.10a | 61.20a | 4.979a | 9.681a 6525|5665 |4668a | 2646d
Inocculation| Iny | 4531b | 56.29b (4.689b)9218b 10321 | 0611 |4395b | 27.18¢
(In) Ing |45.36b | 56.43b [4.694b(9.215h (0428|0578 |44.17b{ 27.78a
Ine [4706a| 61.18a (49882967923 )671815643 ) 46.72a | 27.24bc
Ing 14713 a| 6121a |4096a)|9688a 6889|5741 46.77a | 27.59ab
In, 147.16a | 6126a | 50132196944 | 7.253| 5807 [46.82a | 27.87a
Mneral Fi [4212b | 5256b [ 3.355b (7025 - - 888b 11.85b
fertilizer (Fy] F. [ 50.23a | 6362a | 63192 11.873a/88.346 69 011 81.17a | 4259a
L.S.Doos In 0. 915 2.733 0.033 0.206 - 0.958 0.378
F 3. 611 1. 176 0. 748 1.842 - | 20.350 13.461
in - =
: L BB
Inx F -

Un: Uninocutated.
Fy: Zero mineral fertilizer. Fj: 285.71 kg N ha' + 107.14 kg P05 ha' + 114,24 kg K;0 ha™.

in: Inoculated,
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2. Wheat grain yield and yield components

The data in Tables (5 and 8) show significant increases in wheat
grain and straw yield and 1000-seed weight due to fertilizers application
andfor inoculation in both calcareous and sandy soils. .1000-seed weight was
about 16 and 21% higher at F, as compared to F, for the two soil types,
respectively. On the other hand, grain and straw yield were 78% and 62%
higner by increasing mineral fertilizer level from F, to F; for calcareous soil,
while they were 88% and 638% higher for sandy soil. Moreover, statistical
analysis showed that, in the two soil types, the higher 1000-seed weight was
obtained by inoculation with the mixture of AM + A + PDB, followed by AM +
A, A and PDB + A with insignificant differences between them. The
inoculation with Azotobacter singly or in combination with other inocula (AM +
A + PDB), {AM + A) and (PDB + A) significantly increased grain and straw
yield of wheat as compared with the uninoculated treatment and dual
inoculation with (AM + PDB) or (AM} and (PDB) separately, in both soil types.
The maximum relative increase in grain yield (5.098 and 7.253%) was
recorded by inocutation with the mixture of (AM + A+ PDB), while it was
(3628 and 6.889%), (3.066 and 6.718%) and (3.084 and 6.525%) by
inoculation with {AM + A), (PDB + A) and (A) in calcareous and sandy soils,
respectively. Similar trend was observed for the straw yield.

3. Nutrients uptake by wheat plants

The data presented in Tables {5 and 6) show a significant increase in
N and P uptake by wheat plants with increasing fertilizer levels from F, to F;
in both soil types. Nitrogen and phaosphorus uptake values at harvesting
stage were about (358% & 747%) and (175% & 259%) higher at F; as
compared to F for calcareous and sandy soils, respectively. Moreover, data
revealed that, in both scil types, inoculation with Azotobacter andfor with its
mixtures with AM and PDB induced significant increase in N and P uptake by
wheal plants as compared to uninoculated or inoculated plants by single
inoculation AM and PDB and dual inocula {AM + PDB). As mentioned above,
results indicated that there was a positive interaction between the
Azotobacter and the other inocula. Grain yield was about 3.72 and 6.85%
higher in the presence of Azotobacter inccuium singly and/or its mixtures with
any other inoculum as compared to absence of A and the other inoculum
treatments for calcareous and sandy soils, respectively. On the other hand,
they were 6.20 and 5.71% for straw yield, respectively.

In general, several workers reported that the application of phosphate
solubilizing bacteria increased the efficiency of phosphorus fertilizers through
solubilizing the fixed forms by acids produced from bacteria (Laheurte and
Barthelin, 1988). Also, arbuscular mycorrhizal fungi may positively affect the
acquisition of mineral nutrients by the host plant by functionally increasing the
absorptive surface of the root system., This has most clearly been
demonstrated in the case of phosphorus, with numerous combinations of
plants and AM-fungi species (Smith et a/, 1986 and Smith and Read, 1997).
it has also been shown that external AM hyphae are able to uptake nitrogen
both as NH, and NO, and translocate N to the host plant in considerable
amounts (Ames ef al/, 1983; Johansen efal., 1992, 1993, 1994; George ef
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al, 1992 and Tobar et al., 1994). Beside the transport of N, it has also been
shown that the external hyphae efficiently deplete the soil of inorganic N
(George et al., 1992 and Frey and Schuepp, 1993). Barea et a/.(1987 and
1989) -found that external AM hyphae may utifize N sources that are not
available to the roots alone. The effect may be mediated partially by direct
hyphal transport mechaniem, but also by the changes in the root system
architecture (Amijee et al., 1989; Berta et a/., 1990; Kothari et al., 1990 and
Hooker et af., 1992). Moreover, Azcon-Aguilar and Barea (1978) reported that
the inocufation with PDB increased the total percentage of root colonization
by native AM fungi, alsc plants inoculated with AM fungi produced
significantly higher percentage of root infection than the uninoculated ones.
Attia and Badr El-Din {1999) found that the inoculation with phosphate
sdubilizing bacteria increased the number of phosphate solubilizing bacteria
to 5.8x1Q0° celis g'1 soil in the rhizosphere after 6 weeks of growth. Also, the
number of phosphate solubilizing bacteria in the maize rhizosphere was not
affected by inoculation with AM fungi. They, also, reported that the inoculation
with phosphate soiubilizing bacteria and AM fungi singly or in combination
significantly increased plant dry matter of maize as compared with the
uninoculated treatment. Comparatively, mycorrhizal inoculation was more
effective in increasing plant dry matter than inoculation with phosphate
solubilizing bacteria. This indicates that AM fungi was most efficient in
increasing P uptake and other nutrients from the scil than are phosphate
scluhilizing bacteria. However, dual inocculated piants with the two
endophytes had significantly greafer dry matter accumulation than
unincculated treatments or singly inocuiated with phosphate solubilizing
hacteria.

General Conclusion

in light of the presented data and in both investigated soil types, it
seems evident that inoculation with Rhizobium for faba bean and Azotobacter
for wheat or by their combinations with mycorrhiza and/or phosphate
dissolving bacteria, as compared to inoculation with mycorrhiza or phosphate
dissolving bacteria singly or in dual, markedly enhanced number and weight
of nodules for faba hean and nutrients uptake, seed yield and yield
components for faba bean and wheat The maximum seed yield was
recorded by inocufation with the mixture of Rhizobium or Azotobacter +
mycorrhiza + phosphate dissolving bacteria with higher relative increasing in
yield in sandy soil than in calcareous soil. Data also revealed that seed yield
was more enhanced by dual inocula {AM + PDB) and mycorrhiza alone than
phosphate dissolving bacteria with insignificant difference between them. The
maximum nutrient uptake (nitrogen and phosphorus) was recorded by
inoculation with the mixture of (R or A + AM + PDB) with higher relative
increase in yield, followed by (R or A + AM), (R or A+ PDB} and (R or A) with
insignificant difference between them. This indicated that there was a positive
interaction between the dual andfor the inoculum mixture for the welfare of
the faba bean or wheat plants.

Finally, under the experimental conditions, itis recommended that
faba bean seed treatment with the mixture of (Rhizobium + mycorrhiza +
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phosphate dissolving bacterla) under NPK mineral fertilizer rates of 35.71,

71.43 and 114.24 kg ha for calcareous soil and the rates of 71.43, 107. 14
and 114.24 kg ha’ for sandy soil, markedly enhanced bio-availability and
uptake of soil nutrients and consequently seed production. The same effects
were ObServed for wheat seed treatments with the mixture of (Azotobacter +
mycarrhiza + phosphate dissolving bactena) under NPK mineral fertilizer
rates of 238.1, 107.14 and 114. 24 kg ha" for calcareous soil and the rates of
285.71, 107.14 and 114.24 kg ha' for sandy soil.
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