J. Agric. Sci. Mansoura Univ., 30 (9): 5639 - 56668, 2005
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ABSTRACT

In a farm trail to improve faba bean crop vield anu o reduce the productivity
cost, inoculation with EM and Compomax (2) beside Rhizobia were done. Plants
inpculated with EM combined with Rhizobia scored highest values of N, P and K, plant
uptake and plant dry matter at 45day, as wel! as this treatment gave the highest seed
yield and potassium plant upteke at harvest.

Inoculation with Compomax scored the highest nitrogen content of seed
and in scil at harvest. In general inoculation increased the soil microbial counts at
both 45 days period and at harvest. Increasing of mineral nitrogen decreased the soil
microbial counts, total counts and fungi at harvest compared to 45 dey.

This work evoked thet mineral nitrogen could be reduced o 50% of the
recommended dose for bean with the use of EM and Compomax besides Rhizobie
inoculation. :

Keywords: Rhizobia, N-fixers (Compomax), Effective microorganisms {(EM), Nitrogen
levels, bean and sandy soil.

INTRODUCTION

Economicaily, broad bean (Vicla faba 1) is still very important in
Egypt. It is constant that beans inoculated with Rhizobia because of the
symbiotic relationship between them which leads to reduce the mineral
nitrogen demands for beans by 80 to 70 %. This reduction in mineral nitrogen
is compensated by nitrogen (fixed with Rhizobia {(Alaa Ei-Din and Hassan,
1985). In recent decade the foliar sprays of Effective microorganisms (EM)
has paid much attention from many agrcultural scientists because of the
thought that EM application enhanced the harvest and increased uptake of
mineral elements (Abd El-Rasoul ef af.,2004). Also Compomax which
conlains composite biofertilizers of Azospinifum, Azotobacter and Bacillus ,in
addition to that microorganisms are nitrogen fixers they also considered as
plam! growth promoting rhizobacteria (PGPR) by many authors Antoun ef
al,1998 and Dileep-kumar,{1999) they reported that PGPR could fix nitrogen
and produce phyiohormones, siderophores and hydrogen cyanide which
enhancing nutrient uplake and produce a heaithv siant resistant to the
pathogenic agent,

The present work is designed to study the effect of the application of
effective microorganisms, Compomax (a mixture of nitrogen (ixing bacteria)
compared with Rhizobia under different nitrogen ievels on bean cultivated in
sandy soil, Bean piant nodulation stalus, NPK uptake and microbiai
community situation in soil were estimated after 45 days from sowing, as weil
as the determination of seed yield components, NPK uplake for seeds and
straw and microbfal community situation in soil at harvest.
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MATERIALS AND METHODS

A field experiment was carred out at experimental farm of
Agricultural research station, Ismailia, Agric Res. Center (ARC) Egypt during
winter season 2003-2004, under sprinkler imigation system 10 study the effect
of bio-fertilizers; Effective microorganisms (EM) and N-fixers (Compomax 2)
in combination with inoculation with Rhizobia under two levels of nitrogen (full
N recommended dose and 1/2 full N recommended dose) on broad bean
plant. Some biological, physical and chemical properties of the investigated
soil and water irrigation were determined and are shown In (Table 1).

Table (1): Chemical characteristics of the studied soll {0-30 cm) and
irrigation water

EC pH Soluble ions {(meq/)

Sample SAR

dS/m Ca |[Mg  |Na | K’ [COy |HCOy | CI' [$O,
7.68

Soil 0.85

0.33 1.61)1.28 |11.02]0.18| -- | 1.53 |1.92]| 0.64
7.96

Water | 0.41 1.24 | 1.76 |1.29)10.14 0.52 |1.92] 1.99

1.06

Some physical characteristics of the studied soil {0-30 cm).

Particle size distribution % | Organic

Coarse
sand

Fing sand

Silt

Clay

Texture
class

matter
%

CaCO;
%

31.82

61.61

1.22

5.35

Sandy

0.44

142

Total count bacterial, fungi, actinomycetes and nitregen fixers befora
planted of the studied soil.

Bacterial count

<10° Actinomycetes x10°

Fungi x1 0’ Total mtr‘loog_‘en fixers

2.00 6.00 13.00 2,00

The plot area was 10.5 m® (3x3.5 m), and the experiment was
designed in a split split-plot design with three replicates, where the bio-
fertilizers are allocated in the mailn piots as follow:

1- Control without biofedtilization.

2- Effective micro-organisms (EM) by spraying 4L/fed two times,

once every month starting from cultivation.

3- Compomax: mixture of free nitrogen fixers bacteria are sprayed

two times, one every month from planting.

The inoculation with Rhizobia treatments were allocated in the sub
plots as foliows:

a) Without inoculation.

b) Inoculation with Rhizobia.

Nitrogen fertilizers were randomly distributed in the sub-sub plots as
follows:

) Full dose recommended (30 kg N/fed).

I1) Half dose recommended (15 kg N/fed).
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The recommended doses of phosphorus and potassium ferilizers
were added uniformly at the rates of 30 kg P,Os /fed as super phosphate and
48 kg K;Offed as polassium sulphate before cultivation. Nitrogen was added
in the form of ammonium sulphate at the rates of 30 kg N/fed as basal dose
for bean in two equal spiil doses (after 30 and 60 days from cultivation).

Traditional symbiosis Rhizobia was a composite of two Rhizobial
strains from Rhizbjum Legurninosarum biovar viceae viz ARC 207 and Icarda
441, which, were supplied by the unit of biofertilizers. Depart. Of Agric.
Microbiol, Soil, Water, and Environ., Res. Inst. ARC, Giza. The strains were
grown and maintained on yeast extract manmtol agar media (Vincent 1970),
and a broth cullure contains approximately 10%cell/mi of either strain. Equal
portion of both strains were mixed with fine peat neutralized with 5% CaCQ,
(2:1 wiv) and the moisture content of the final product was adjusted at 50%.
The peat-based inocula were mixed with bean seed and placed in shadow to
dry before sowing.

For enumeration the microbial community, the diution plate method
was used in soil after 45" day from bean seed planting and at harvest for
counting total bacteria, actinomycetes, fungi and total nitrogen fixing bacteria
using the media of Bridson (1978); Kiister & Williams, (1966); Martin,{1950)
and Watanabe & Barraquie (1879), respectively.

The recommended agricultural practices were carried out along the
season. Both bean crop quality and quantily were assessed after 45" day
and at harvest. At 45™ day from sowing, plants were gently uprooted without
tearing the root as possible and nodules were separaled from the root and
then, ¢counted. Plants and nodules were oven dried at 70 °c to determine their
constant dry weight in grams.

Straw and seed samples were also oven dried ground and digested
according lo Thomas ef al, (1967), lhen subjected to the determination of
NPK contents as described by Van Schouwenburg (1968}, Available nutrients
in the soil after 45 days period and bean harvesting were extracled as
described by Jackson {1973}, i.e. nitrogen by 2N potassium chioride,
Phosphorus by 0.5M sodium bicarbonate and potassium by 1N ammonium
acetate.

All obtained data were subjected to statistical analysis according to
Snedecor and Chachoran (1530), where mean values were compared using
L.5.D at 5% level.

RESULTS

1-Effect of bio-fertilization and N-levels on faba ».an plant parameters
and NPK-uptake at 45 days:
1.1. Biofertilizer {as follar spray) effect:

Data in Table (2a) show that bean number and dry weight of nodules
after 45 days period increased significantly by addition of effective
microorganisms {(EM) and Compomax (2) individually compared to the conlrol
treatment. The highest values were obtained by using Compomax technology
as a foliar spray, since it recorded incremenls of 45.58 and 33.33 % over the
control treatment, respectively. Conceming, plant dry weight, data recorded in
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Table (2a) show that significant increased in plant dry weight obtained by
using effective microorganisms {EM) individually, it recorded increments of
30.81 % ovver the control treatment. Also, data iliustrated in Table (4a) show
that spraying of both effective microorganisms (EM) and N-fixer (Compomax)
individually had significantly increased N, P and except K uptake by bean
plant compared with control treatment,

Table (2a): Effect of bio-fertllization on number of nodule, dry weight of
nodule, plant dry weight and NPK-uptake {g/plant) at 45 days

Number Dry Piant | NPK uptake (giplant)—]

Bio- of weight of dry at 45 days

fertiization | nodule/ | nodule | weight N | P K
plant g/plant | g/plant

Control 73.50a 0.152 30.12b | 1.08b [ 0.12b | 0.50a
EM [ 3275b | 0.16b_ | 39.40a_ | 1.41a | 0.16a | 0.59a
Compomax (2) | 107.00c | 0.20c 35.57ab | 1.15ab | 0.16a | 0.59a
LS.Dat0.05 | 5234 0.023 562 | 028 0030 ns |

1.2, Inocuiation effect:

Tabte (2b) ciearly shows positive eftect of Rhizobia inocuiation on
bean number and dry weight of nodules. However, the number and dry
weight of nodules in Rhizobia invculated treatments, increased by 22.61 and
40 %, respectively when comnpared to uninoculated ones. Consermng, plant
dry weight and NPK-uptake at 45 days. 2ata presenicd in Tabie (2b) show
that seed inoculation with Rhizabia, had significantly increased N uptake only
by bean plant (22.94%}) in comparison to urunoculated control.

Table {2Zb): Effect of inoculation on number of nodule, dry weight of
nodule, plant dry weight and NPK-uptake {g/plant) at 45
days

Number | Dry Plant | NPK uptake {g/plant) at
Rhizobia of weight of| dry 45 days
inoculaiion | nodule/ | noduie | weight [ ? X
| |_plant | g/plant | gfplant o
Inoculation | 100.33a | 9.21a | 35223 | 1.24a | 0.15- | 0.58a
fUi:inoqyiation | 81.83b 0.15h 34842 | 1.09b | 0.14a | 0.54a
{_L.3.0a10.05 | 6.50 0.023 ns_ | 023 | as ns__ |

1.3. Nitrogen levels effect:

Regarding to the effect of applied nitrogen levels, data in Table (2¢)
show the significant increases in bean number and dry weight of nodules in
response 1o 'z N full dose treatments, as compared {o N full dose. The
corresponding increases were 23.06 and 33.33 %, respeclively. Data in Table
(2c) showed that plant dry weight, N, P and K uptake by bean plant at 45
days were insignificantly affected by the use of full N dose as compared to %
N doses.
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Table {2c): Effect of N-levels on number of nodule, dry weight of nodule,

plant dry weight and NPK-uptake (g/plant) at 45 days
Number Dry Plant [ NPK uptake

Nitrogen of weight of dry | {g/plant) at 45 days
levels nodule/ nodule | weight NT P K
plant /plant /plant
full | 81.67a 0.15a 36.14a | 1.24a | 0.15a | 0.56a

Y full 100.50b | 0.20b | 33.92a | 1.19a | 0.14a | 0.56a |
LSDat005 | 523 0.011 n.s ns [ ns | ns |

1.4. interaction effect:

The interaction between the sources of biofertilizers ie. EM and
Compomax and Rhizobia inoculation had a positive significant effect on the
bean number and dry weight of nodules compared to control treatment,
(Table 3a). The highest mean values were 112.5 nodules /plant {(15.38% over
the control) and nodules dry weight of 0.24 g/ptant (9.1% over the control).
Both increases resulted from the combination of Compomax and Rhizobia
inoculation treatment. Concerning, plant dry weight and NPK-uptake at 45
days, Data also showed insignificant differences between these interaction
treatments, Tables (3a, 3b, 3c and 3d).

Table (3a): Effect of interaction between bio-fertilization and inoculation
on number of nodule, dry weight of nodule, plant dry weight
and NPK-uptake {g/plant) at 45 days

B | Ory NPK uptake
Number A Plant
Bio- Rhizobia uof weight | ", | (g/plant) at 45
fertilization | inoculation | nodule/ no‘;{“e weight days
plant giplant g/plant | N ‘ P |l K

- .
Control | Inocuiation | 97.50 | 022 | 3152 [1.37]0.40[1.85]
| Uninocudation | 49.50 | 0.08 | 28.72 [0.78[0.36[1.45
EM Inoculation | 91.00 | 0.17 [ 39.29 [1.39{0.43[1.59
Uninoculation| 94.50 | 0.1 | 39.51 [1.44]/0.41[1.41)|
Compomax | Inoculation | 11250 | 024 | 34.86 [1.25/0.46]1.55
(2) Uninoculation | 101.50 | Q.17 | 36.29 [1.05(047[1.79
L.S.0 at 0.05 13.15 | 0.05 ns _|nsjins|ns|

As indicated in Table (3b) significant difference were recorded for the
interaction between biofertilizers i.e., EM and Compomaux and nitrogen fevels
on bean number ard dry weight of nodule. The highest per cent increases of
nodules number/piant (28.16) and dry weighl of nodules (15.79) over the
control, which, treatment were due to the treatments of Compomax plus ¥ N
dose, while the respective increases of 18.39 % {number of nodules) and
5.26% (dry weight of nodules) were due {0 EM-plus % N dose treatment,

The interaction between the inoculation with Rhizobia and nitrogen
levels doses had an insignificant effect on bean number and dry weight of
nodules, plant dry weight and NPK-uptake, Table {3c).
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Table {3b): Effect of interaction between bio-fertilization and N-levels on
number of nodule, dry weight of nodule, plant dry weight and
NPK-uptake {g/piant} at 45 days

Dry NPK uptake
Number X Plant
Bio- Nitrogen |  of we|?ht dry (g!plg:t}sat 45
fertilization ;| levels | nodule! nogule weight Y
plant glplant glplant | N P K
Control fult 60.00 0.11 3248 114039166
¥z full 87.00 0,19 2776 [1.01 1037|164
i M ~ full 82.50 0,16 39.24 | 1.40|041 | 144
‘___JF ¥ full 103.00 | 0.20 39.56 | 143042 1.55
h:ompomax full 102,50 0.19 36.70 | 118 | 0.48 ) 1,62
{2) 2 full 111,50 | 0.22 3445 (11210451173
1..5.D at 0.05 11.41 1.97 n.s ns | ns | ns

Table (3c}: Effect of interaction between inoculation and N-levels on
numbter of nodule, dry weight of nodule, plant dry weight

and NPK-uptake {g/plant) at 45 days

Dry NPK uptake
Number . Plant
Rhizobia [Nitrogen| of | “e9"*} "dry (gfplant) at 45 deys |
inoculation fevels n;ldal:]l:a. nodule \ﬁ:{:llgm N p K
g/plant g

) full_| 89.67 | 018 | 36.02 | 1.30 | 0.45 | 1.67
noculation | % full [111.00 | 0.24 | 34.42 [ 1.38 | 041 1.65
- full | 7367 | 0.i3 | 36.26 | 1.18 | 0.42 | 1.47
Uninoculation — oo 55T 047 | 33.42 | 100 | 0.41 | 1.62

L.5.D at 0,05 n.s ns | ns [ ns [ ns | ns

Regarding o the interaclion between source of biofartilizers,
inoculation with Rhizobia and nitrogen levels, data in Table (3d) showed that
the highest values of bean number and dry weight of nodutes were oblained
cv the interaction between biofertilizers with both control + Rnizupia + 2 N
dose and N-fixers (Compomax) + Rhizobia + ¥4 N dose lreatmen! where both
recorded 113 nodules /plant. 118 nodules /plant, .29 and 0.25 g/plant for
nodules numbers and dry weighl, respectively. However, the effective
microorganisms (EM) were superior in plant dry weight at 45 days with hoth
of EM + Rhizobia + ¥2 N dose and EM + tui! N dose without inoculation, which
gave the highest values of, 40.48 and 40.39 g plant”, respectively. N-fixers
{Compomax) + Rhizobia + full N dose came in the sacond order and
recorded 37.15g plant™.
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Table {3d):; Effect of interaction between bio-fertilization, inoculation
and N-levels on number of nodule, dry weight of nodule,
__plant dry weight and NPK-uptake {g/plant) at 45 days

D NPK uptake

Treatments Nur;'ber wecl’?ht Pcll::;: Mant af 45 days
Bio- Rhizobia N- | nodulef weight

fertilization (;oculation levels | plant "ﬁ:::: giplant N P K
. full | 77.00 | 0.15 | 33.72 [1.37[0.140.59
Vafull [118.00 | 0.29 [29.32 {1.38(0.12]0.57 |
Control [ full | 43.00 | 0.08 [31.24 |0.91]0.12[0.49
) % full | 56.00 | 0.08 | 26.20 | 0.65]0.09 | 0.36 |
R full | 85.00 | 0.16 | 38.09 | 1.42]0.180.68 |
Y full| 97.00 | 0.17 [40.48 [1.35]0.15[0.56 |
EM full | 80.00 | 0.15 [ 40.39 [1.37]0.44[0.43
r i 1 full] 109.00 | 0.23 | 38.63 [1.50]0.18|0.68
{ R ful | 107.00 | 0.22 | 36.24 [1.08[0.17]0.51 |
Compomax Y% full] 118.00 | 0.25 | 33.47 [1.40[0.15|0.54
(2) ] full | 98.00 [ 0.15 [ 37.15 [1.26(0.18[0.66
L vafull| 105.00 [ 0.19 | 35.42 | 0.84]0.16]0.64 |
L.S.D at 0.05 )

N x Inoculation x Bio-fertilization] 6.64 | 0.02] ns [ns| ns [ns

2-Effect of bio-fertilization and N-levels on faba bean yield and its
components:
2.1, Biofertilizer {as foliar spray) effect:

Data recorded in Table (4a) show that bean yield and its components
were increased significantly by addition of effective microorganisms (EM)
individually compared to the control treatment. The highest values of total
yield, seed and slraw yields were obtained by using effective microorganisms
(EM), since it recorded increments of 36.10, 6.59 and 53.32 % over the
control treatment, respectively.

Due to the effect of using Compomax (applied as spray on plant and
s0il) on bean yieid and its components, data in Table (4a) show a significant
increase in weight of 100 seed. The percentage increase was 4.47 % over
the control treatment.

Table (4a): Effect of bio-fertilization on yield ¢f bean and its components

5545

Total | Felage
Bio-fertilization yield ( Sc:?dﬂy |§Id yield 10.0 seed
Kgifed gfte Kgfted | Weight(a)
Control 1640.00b | 604.21 a 1035.79 b 88650 |
B EM 2232.08a | 64400a. | 1588.08a 88.76 b
Compomax (2) | 1495.83b | 528.00a 967.83 b 8261a
| L.s.Dat0.05 24661 ns 302.40 358 ]
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2.2. Inoculation effect:
No significant effect was detected due to seed inoculation with any
used biolentilizers compared to uninoculated seeds (Tabie 4b)

Table {4b): Effect of inoculation on yield of bean and its components
Rhizobia Total yield | Seed yield | Foliage yietd | 100 seed
Inoculation Kgifed Kg/fed Kgifed weight (g)
Inoculation 1782.50 a 578.62 a 1203.88 a 90.09 a
Uninoculation 1796.11 a 605.52 a 1190.59 a 89.93a
L.5.D at 0.05 n.s n.s n.s n.s

2.3, Nitrogen levels effect:

Nitrogen levels (Table 4c) show significant increases in total bean
yield and foliage yield in response to full N dose treatments, as compared to
Y2 full N dose. The corresponding increases were 14.00 and 18.29 %,
respectively.

Table {4¢): Effect of Nitrogen levels on yield of bean and its components

Nitrogen Total yield | Seed yield | Foliage yield 100 seed
levels Kg/fed Kgifed Kg/fed weight {g)
Full 1906.39 a 618.99 a 1287.40 a 91.36 1
¥z full 1672.22 b 565.15 a 1107.07 b 88.65 a
L.S.D at 0.05 210.21 ns_ 161.66 n.s

2.4. Interaction effect;

The interaction between the bio-fertilizer i.e. EM, Compomax (2) and
Rhizobia inoculation exhibited a positive significant effect on seed yield only
(Table 5a). In spite of that the highest values of seed yield were obtained by
using seed inoculation with Rhizobia in combinations wilh EM, the
percentage of increase of seed yield was (12.78 %) over the inoculated
control compared with those obtained by Rhizobia inoculation combined with
compomax (2) which recorded a decrease of 49.92 % compared to
inoculated control treatment.

Table (5a): Effect of interaction between bio-fertilization and inoculation
on yield of bean and its components

8io- Rhizobia | Total yield | Seed yield| Foliage 106 seed
fertilization | inoccutation Kgifed Kgifed yield weight (g)
Kgffed
Control Inoculation | 1750.00 | 621,10 | 112890 88.6Q

Uninoculation | 1530.00 | 587.32 042.68 88.70
inoculation | 2314.17 | 700.47 | 1613.70 89.20
Uninoculation| 2150.00 | 587.53 | 1562.47 88.32
Compoma.; | inoculation | 1283.33 | 414.30 869.03 92.46
Uninoculation| 1708.33 | 841.70 | 106663 92.77
.5.D at 0.05 n.5 162.58 n.s n.s

EM
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Positive significant differences were detected due to the effect of
interaction between biofertilizers /e. EM and Compomax and nitrogen levels
on seed yield and weight of 100 seed. The highest percentage increase of
seed yield of 4.46 over the control treatment was due to the treatments of EM
plus ¥ N dose, while the increase of 100 seed weight was due to controi plus
full N dose treatment (Table 5b).

Table {5b): Effect of interaction between bio-fertilization and N-levels on

yield of bean and its components
Bio- Nitrogen Tptal Sged Fo]iage 100 fseed
fertilization | levets | Jield | yield | vield weight
Kgffed | Kagifed | Kg/fed (g)
Control full 1905.00 | 666.87 | 1238.13 93.66
YA full 1375.00 | 541.55 | 833.45 83.64
EM full 2172.50 | 591.40 | 1581.10 87.77
V2 full 2291.67 | 696.80 | 1595.07 8§9.75
Compomax full 1641.67 | 588.70 | 1042.97 92.65
{2) V2 full 1350.00 | 457.30 | 882.70 92.57
L.5.D at 0.05 n.s 188.67 n.s 802 |

The interaction between the Inoculation with Rhizobia and the
different nitrogen levels showed a positive significant effeci on total yield and
foliage yield, Table (5c). The highest mean values of total yield and foliage
yield were 2026.11 and 1384.27 kg fed™ respectively, which were obtained
by the interaction between Rhizobia inoculation + full N dose treatment.

Table {5c): Effect of interaction hetween inoculation and N-levels on
__yieid of bean and its components

Rhizobia | Nitrogen [Totalyield| Seed yield F;’;;'ge 100 seed
inoculation levels Kgifed Kglled Kgffed eight {g
— Ful 202611 | 64184 | 138427 | 61.20
Inoculation I W 1 1538.89 | 51540 | 1023.40 | 88.97
e | Ful 178667 | 59613 | 1190.53 | 91.52
Zial | 180556 | 61490 | 1190.66 | 8833
L.S.D at 0.05 332.01 n.s 323.69 n.s

Regarding to the interaclion between source of biofertilizers,
inoculation with Rhizobia and nitrogen levels, data in Table (5d) showed that
the highest values of total vield and [oliage yield were obtained by the
interaction between biofedilizers with EM + Rhizobia + {full N dose , where
both recorded 2495 and 1793.67 kgffed, respectively.
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Table {5d): Effect of bio-fertilization, Inoculation and N-levels on yield of
hean and its components
Treatments Total Seed | Foliage |100 seed
Bio- Rhizobta N- yield yield yield weight
fertilization | inoculation |levels| Kgffed | Kg/fed | Kgifed (q)
full | 1950.00 | 672.40 | 1277.60 | 94.30
a2 full| 1550.00 | 569.80 | 980.20 82.90
Control full | 1860.00 | 661.233 | 1198.67 | 93.02
e full] 1200.00 | 513.30 | 686.70 84.38
full | 2495.00 | 701.33 | 1783.67 | 86.17
¥ full| 2133.33 | 699.60 | 1433.73 | 9223
EM full | 1850.00 | 481.47 | 1368.63 | 89.37
Yz full | 2450.00 | 693.60 | 1756.40 | 87.27
full | 1633.33 | 551.80 | 1081,53 | 93.12
Yafull| 933.33 | 276.80 | 656.53 91.79
fult | 1850.00 | 645.80 | 1004,40 | 92.18
Y full{ 1766.67 | 637.80 | 1128.87 | 93.35
L.8.0at .05
N x Inoculation x Bio-fertilization | 460.36 | ns | 41156 | ns

+

Compomax

(2) -

3-Effect of bio-fertilization and N-levels on NPK uptake by bean plant:
3.1. Effect of biofertilizers on NPK uptake by bean plant:

Data illustrated in Table (8a) showed that spraying any of effective
microorganisms (EM) and Compomax (2) both individually did not increased
significantly N, P and K uptake by seed, while they increased significantly by
foliage spray on bean plant compared with the control treatment. The highest
values of N and K were obtained by using EM, while the highest values of P
were obtained by using Compomax {2) as a foliar spray, since il recorded
increments of 42,52, 11743 and 78.3 % over the control treatment,
respectively.

Table (6a): Effect of bio-fertilization on NPK-uptake (Kg fed) in bean
seeds and foliage

Bio- Mat:(ronf:gi‘?gts t;gtdake Ma:rc;:gy)iintr; l.ll ipmke
o Ny 5 y foliage
fertilization N P K N P g
Control 20652 4.23a 5.02a 8.16b 4.01b 3.50b
EM 2365 a 42048 553 a 11.63a 4.55b 7.61a
Compomax (2) | 23.27 a 362a 4.53a 7.60b 7.152 6.62a
L.8.D at 0.05 n.s n.s n.s 2.12 1.13 1.51

3.2. Effect of inoculation with Rhizchia on NPK-uptake by bean plant:

Data oresent in Table (8b) show that seed inoculation with Rhizobia
recorded no significant increases of NPK uptake by seed and foliage of bean
plant except for P-uptake by seed, which had significantly increased along
with uninoculated treatment compared to the inoculated ones.
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Table {6b): Effect of inoculation on NPK-uptake {Kg/fed) in bean seeds

and foliage
Rhizobia Macronutrgents uptake Macronut{ients uptake
inoculation {Kqg fed™') by seed (Kg fed )by foliage
N P K N P K

Inoculation 2192a | 3.76a 4948 | 9.34a | 550a | 6.17a
Uninoculation | 23.12a | 428b | 512a | 8.92a | 4.98a | 5.66a
L.5.D at 0.05 n.s 0.451 n.s n.s n.s n.s

3.3. Effect of nitrogen levels on NPK-uptake:

Data in Table (6c) showed that P-uptake by seed and N and P
uptake by foliage of bean plant increased significantly with addition full N
dose as a compared 1o ¥z full dose. Since, the increases were about 20.6 %
(F) for seeds and 14.45 % (N), 27.11 % (P) for foliage.

Table (6c}): Effect of N-levels on NPK-uptake (Kg/fed) in bean seeds and

foliage
Macronutrients uptake | Macronutrients uptake
Nitrogen levels {Kg fed™) by seed {Kg fed™) by foliage
N P K N P K
full 2380a|4392a) 5282 | 9.74a | 5.86a | 581a
¥ full 21.24a|364b| 477a | 851b | 461b | 6.01a
L.S.Dalg.05 ns |[0558]| ns 1.20 0.89 n.s

3.4. Interaction effects:

The effect of interactions between biofertilizer (EM and Compomanx),
inoculation with Rhizobia and nitrogen levels are presented in Tables (7a, 7b,
7¢ and 7d).

Table {7a): Effect of interaction between bio-fertilization and inoculation
on NPK-uptake {Kg fed) in bean seeds and foliage

Macronutrients .
Blo- Rhizobla uptake Ma{‘,{‘"}:g.ﬂ';'gs ptake
fertilization Inoculation Kyifed) by seed g y foliag

N p K N [ K
Inoculation | 2074 | 3.70 | 5.04 | 9.35 | 2.52 | 2.51
Uninoculation | 20.57 | 4.76 | 5.00 | 6.96 | 549 [ 4.49
EM | inoculation | 27.25 | 469 | 6.20 | 12.35 | 3.25 | 7.82
Uninoculation | 20.04 | 3.71 | 4.87  10.80 | 5.86 | 7.41
Inoculation | 17.79 [ 2.89 | 3.58 | 6.32 | 10.72 | 8.18
Uninoculation | 28.75 | 4.36 | 5.49 | 8.89 | 3.58 [ 5.07
L.S.Dat0.05 661 |120) 140 | ns | 2.41 | 2.59

Control

Compomax

Positive significant differences were recorded for the interaction
between biofertilizer and inocutation wilh Rhizobia on NPK-uptake in seed
and PK-uptake in foliage, while N-uptake in foliage was insignificant (Table
Sa}. The percenlage increases were 39,77 (N} for seed by using Compomax
{2) + inoculation with Rhizobia and 23.02 (K) for seed by using EM with +
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inoculation with Rhizobia over the control treatment. While, the percentage
increases were 325.4 (P) and 225.9 (K) for foliage by using Compomax +
inoculalion with Rhizobia over the control treatment.

Table {7b) show significant differences for the effect of interaction
between biofertilizer and nitrogen levels on N-uptake in seed and PK-uptake
in foliage, while PK-uptake in seed and N-uptake in foliage were insignificant.
The percentage increases were 15.92 (N) for seed and 92.7 {P) for foliage by
using Compomax with full N dose compared to the control treatment and
24873 (K) for foliage by using EM with % full N dose over the control
treatment.

Table ,7b): Effact of interaction between bio-fertilization and N-levels on
NPK-uptake {Kg fed} in bean seeds and foliage

. . Macronutrients uptake Macronutrients
Bio- Nitrogen (Kg fed™) by seed uPtake
fertilization | levels 9 y (Kg fed") by foliage |
N P K N P K
full 23.05 | 486 | 550 | 828 | 463 | 425
Control Vifal | 18.26 | 3.59 | 454 | 8.03 | 3.09 | 2.75
EM ful | 2164 | 4.08 | 532 | 1209 | 3.17 | 5.64 |
Vitull | 2585 | 432 | 575 | 1115 | 594 | 979
full 26.7Z | 423 | 502 | 85 | 350 | 7.55
Compomax |\ — i ——5" T 305 | 404 | 6335 | 450 | 5.70
L.S.Dat 0.05 7.78 n.s n.s n.s 212 | 2.39

The effect of interaction between the inoculation with Rhizobia and
nitrogen levels revealed a positive significant effect on PK-uptake for seed
and P-uptake for foliage, while N-uptake in seed and NK-uptake in foliage
was insignificant (Table 7¢). The percentage increases were 2.77 (P}, 10.78
(K} for seed and 50.64 (P) for foliage, which were obtained by the interaction
between Rhizobia inoculation with full N dose.

Table {7c):; Effect of interaction between inoculation and N-levels on
___NPK-uptake (Kg fed”) in bean seeds and foliage _

) Macronutrients
Rhizobia |Nitrogen Mi‘:{o?t;'tt.ﬂ?gtss"ei tgke uptake {Kg fed™) by
inoculation | levels g fea ) by foliage
N P K 1 N P | K
: full | 24.80 | 4.45 | 5.55 | 10.03 | 7.05 | 645
Inoculation — e 10704 | 307 | 432 | 665 | 3.94 | 589
: fui | 22.81 | 4.33 | 501 | 9.45 | 468 | 5.18
Uninoculation— 5 515344 | 222 | 523 | 838 | 527 | 6.13
L.5.D at 0,05 ns | 082 | 114 | ns | 1.88 | ns

Owing to the effect of the triple interaction between source of
biofzriilizers, inoculation with Rhizobia and nitrogen levels, data in Table (7d)
showed that the NPK-uptake in seed were insignificant, while the positive
signifacant results of nitrogen uptake by (oliage were obtained when using
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EM + inoculation by Rhizobia and full N dose. The highest values of P-uptake
by foliage were obtained with the use of Compomax (2) + inocuiation with
Rhizobia and full N dose and the highest values of K-uptake by foliage were
oblained by EM + uningculation and % full N doses treaiments,

Table (7d): Effect of bio-fertilization, inoculation and N-levels on NPK-
uptake (Kg fed™)in bean seeds and foliage

| Macronutrients | Macronutrients
Treatments uptake (Kg fed™) |uptake (Kg fed™)
by seed _by foliage
Bio- .
Le rilization Enoculatlon N-levels N P K N P K

. full__|24.21]4.37 | 5.51 | 7.92 |2.30 [1.79
% full | 17.26 | 3.02 | 4.56 [10.78] 2.74 | 3.23

Control ] full | 21.89] 5.36 | 5.49 | 8.63 | 7.55 6.71
Vi full_[19.25 | 4.16 | 4.52 | 5.29 | 3.43 | 2.27

. |_ful | 2581]4.84 | 6.45|13.09]3.05 | 7.17
Y full__| 28.68 | 4.55 | 5.95 [11.61]3.44 | 8.46

EM full | 17.48 ] 3.32 | 4.19 |11.09]3.28| 4.11
full_[22.61 4.0 | 5.55 [10.71]8.43 10.71
full | 24.39| 4.14 | 4.69 | 5.08 [15.79[10.38
Yofull [ 11.18] 1.63 [ 2.46 | 3.55 | 565|507

b"m(';‘;m“ - full | 20.05] 4.33 | 5.36 | 8.64 | 3.21 | 4.72
Vafull_|28.45 | 4.40 | 5.61] 9.14 |3.95]5.42

L.S.D at 0.05 H
N x Inoculation x Bio-fertilization | ns [ ns | ns [ 201 [1.21]1.36]

4- Effect of bio-fertilization and N-levels on soil available NPK at 45 days
and after bean harvest:
4.1. Effect of biofertilizers on soil available NPK:

In respect to available NPK amounts remained in soil after both 45
days and after bean harvesling, data illustrated in Table (8a} showed that
spraying both effeclive microorganisms (EM) and Compomax both
individually increased significantly available N and K in soil after 45 days and
P, K after harvest, while available-P after 45 days and available N after
harvest were insignificant. The highest values of available-N amount after 45
days were oblained by using Compomax as a foliar snray and the highest
available- K values were obtained by using EM, sirce it recorded increments
of 191.54 and 27.92 % over the control treatment, respectively. The highest
value available-P after harvest was obtained by using EM as a foliar spray,
since it recorded in increment of 27.14 % over the control treatment,
respectively.
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Table (8a}: Effect of bio-fertilization on soil available NPK (ppm}) at 45
_days and after bean harvesting

Available NPK {ppm) Available NPK (ppm)
Bio-fertilization at 45 days at harvest
o N P K N P K
Control 65.83a | 8.17a | 136.18b |138.88a [2.80b | 77.22a
| EM 169.87b | 5.96a | 174.20a |133.17a [3.56a | 61.39h
Compomax (2} i1191.92¢ | 9.76a [143.78ab [145.75a [3.03b | 65.93b
L.S.Dat0.05 | 19.02 n.s 35.96 n.s 033 | 9.93

4.2. Ef*act of inoculation with rhizobia on scil available NPK:

Data present in Table (8b) show significant increases due to the
inoculation with Rhizobia on available-N at 45 days and on availabie NPK
afler harvesting. While both available P and K exhibited positive significant
responses to ihis treatment at 45 days period. These resulls were in
comparison with (hose obtained by control treatments,

Table (8b): Effect of inoculation on NPK {ppmj at 45 days and harvest of
the studied soil
s Available NPK {ppm) |  Available NPK {ppm}
oo | atasamys | athamest
N | P K N T P T K
inoculation | 145.78a | € 61a | 134.092 | 135.17a' 299a ' 70.363
[Uninoculation| 139.17a | 9.326 | 168.A80 | 14337a| 327a | 66.01a
L.5.0at0.05] ns 2.15 26.79 n.s n.s ns |

4.3, Effect of nitrogen levels on soil available-NPK:

Data in Table (8c) show that availabie NPK after 45 days and after
bean harvesting did not increased significanlly due to the use different N
ievels except for P-available after 45days, which, increased significantly with
addition full N dose as compared to ¥ full doses. Since, the increase value
was 47.98 % (P).

i'able {8c): Effect of N-levels on soil available NPK {ppm) at 45 days and
after bean harvesting

. Available NPK (ppm) Available NPK (ppm)]
N;g:e%:n at 45 days at harvest
N P K N P K
Full 140.22a [ 9.50a | 156,433 | 133.22a | 3,083 | 68.37a
Ya full 144.72a | 6.42b | 146.34a | 145.31a | 3.18a | 67.99a
L.8.D at 0.05 n.s 1.70 n.s n.s n.s n.s

4.4, Interaction effects:

The effect of interaction between biofertilizer, inoculation with
Rhizobia and nitrogen are presented in Tables (9a, 9b, 9¢ and 9d).

The interaction between bicfertilizer and inoculation with rhizobia on
s0il available NPK after 45 days and after harvesting had no significant effect
on ali irealment parameters, Table (9a).
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Table {9a): Effect of Interaction between bio-fertilization and inoculation
on available NPK {ppim) at 45 days and after bean harvesting
. - Available NPK (ppm) |Available NPK {ppm)
ferti?ilzzltion irﬁ'::'tzl;:::ll:ilzn at 45 days at harvest
. N P K N P K
Control Inoculation | 71.17 | 6.28 | 133.90 | 132,67 | 2.91 | 73.38
Uninoculation | 60.50 | 10.06 | 138.45 | 145.10 | 2.68 | 81.05
EM inoculation | 181.33 | 5.73 | 141.70 | 142,00 | 3.44 | 65.63
Uninoculation | 158.00 | 6.19 | 206.7n 1 124.33 | 3.867 | 57.15
Compomax| Inoculation |184.83 | 7.80 | 126.68 | 130.83 | 2.62 | 72.05
{2) Uninoculation | 199.00 | 11.72 | 160.88 | 160.67 | 3.44 | 59.82
L.5.D at 0.05 n.s n.s n.s n.s n.s n.s

Table (9b) indicated that their were positive significant differences for
available PK after 45 days and available-N after bean harvesting in response
to the interaction between biofertilizer and N-levels, while N-available after 45
days and PK-available afier harvesting were insignificant. The percenlage
increases were 17.91 (P) due to the use of Compomax combined with full N
dose and 49.01 (K) for the use of EM + % full N dose over the control
treatment after 45 days, while the highest value of available-N after harvest
was obtained by using the control treatment + %; full N dose (156.77).

Table {9b): Effect of interaction between bio-fertilization and N-levels on
soil NPK {ppm) at 45 days and bean harvesting
Available NPK {ppm} Available NPK

Bio- [ Nitrogen at 45 days (ppm) at harvest
fertilization fevels N = K N P K
Control Full 65.17 | 10.61 | 141,05 | 121.00 | 2.79 | 79.73
2 full 66.50 | 574 | 131.30 | 156.77 | 2.81 | 74.70
EM Full 177.00 | 540 | 152,75 | 127.33 | 3.42 | 60.03

vfull [ 162.33 | 6.53 | 195.65 | 139.00 [ 3.70 [ 62.75
Compomax Full 178.50 [ 12.51 | 175.50 | 151.33 | 3.04 | 65.33

{2) | Yful | 20533 | 7.01 | 112.07 | 140.17 | 3.03 | 66.53
L.8.Dat0.0s n.s 819 | 5212 | 2749 | ns n.s

The inleraction between inoculation with Rhizobia and nitrogen levels
on soil available NPX after 45 days and at harvest did nol significantly
increased (Table 9¢).

Regarding to the triple interaction between source of biofertilizers,
inoculation with Rhizobia and nitrogen levels, data in Table (9d) showed that
the soil available-NPK after 45 days and after bean harvesting had not
significantly increased except for available-PK after 45days, which, had
significantly increased. While the highest vaiue of available-P was obtained
by the use of Compomax + uninoculation with Rhizobia + full N dose {16.61
pprm), the highest value of available-K (226.2 ppm) was obtained with EM +
uninoculaticn + ¥: full N doses treatment.

5553



Tantawy, Eman A. et al.

Table {9c). Effect of interaction between inoculation and N-levels on
NPK (ppm) at 45 days and harvest of the studied soil
Available NPK (ppm) |Available NPK {ppm)
at 46 days at harvest
B N P K N P K
Full 14156 | 557 [ 133.47 | 131.78 | 3.06 | 70.58
Yafull | 150.00 | 5.64 | 134.72 | 138,56 | 2.93 ':’0.‘!2J
) . Full 138.89 1 11.43 ] 179.40 | 134,67 | 3.10 | 66.14
Uninoculation — i 139.44 | 7.21 | 157.96 | 152.07 | 3.43 | 65.87
V L.S5.0at0.05 n.s n.s n.s n.s n.s n.s

Rhizobia Nitrogen
inoculation levels

Inoculation

Table {9d): Effect of bio-fertilization, inoculation and N-levels on soil
available- NPK (ppm} at 45 days and after bean harvesting

Treatments “[Available NPK {ppm) at| Available NPK {ppm)
45 days at harvest

inoculation] N-levels N P r K N P K

r + full 70.00 [ 8.06 [ 14950 [113.67 (278 [75.33
Control afull | 72.33 | 451 (118301 151.67 [ 3.03[71.43
- full 60.33 | 13.15 [ 13260 | 128.33 [2.76[84.13 |

%l [ 60687 | 696 | 14430 | 161372587747
T+ full 117567 €26 | 118301 142 17C <7 |64.33 ]

EM Vefull | 7800 L .. {16510 [ 1+-.0u; +.£866.93

- fuil 167.33( 4.53 [187.20{ 11067 [ 32415573

- vfull (14867 7.85 [226.20 [ 138.00 [4.11[58.57
* full 168001 841 (13260 (13767278 [72.10

Compoma Vafull [201.67 | 7.2¢ [120.77 | 124.00 { 2.46 | 72.00
(2} - fult 189.00 [ 16.61 [218.40 [ 165.00 [ 3.29 | 58.57

Y% full 1209.00] 6.83 | 103.37 | 156.33 | 3.60 | 61.07 |
.50 at0.05 ]

N x Inoculation x Bio-fertilization [ ns [ 394 [ 3197 [ ns [ ns ] ns |

5 - Effect of bio-fertilization and N-levels on total bacterial count, fungi,
actinomycetes and total nitrogen fixers at 45 days and after
harvesting of the studied soil:

5.1. Effect of biofertilizers;

Data recorded in Table (10a) show that soil micro-organisms counts
were significantly affected by addition of effective microorganisms (EM)
individually compared to lhe control treatment. The highest values of total
bacterial count, fungi and total nitrogen fixers after 45 days were oblained by
using effective microorganisms (EM), since it recorded increments of 154.79,
35.59 and 233.33 % over the control treatment, respectively.

Regarding to the effect of Compomax (used as spray on plant and
soil} on soil micro-organisms counts, data in Table (10a) show that the
significant percentage increases were 15,25 and 109.52 % for fungi and total
nitrogen fixers over the control treatment, respectively.
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Table (10a): Effect of bio-fertilization on total bacterial count, fungi,
actinomycetes and total nitrogen fixers at 45 days of the
studied soil

. - Bacterial Fungf | Actinomycetes Nitrogen
| Bio-fertlization count x10° x1(:uq x10¥c fixers x10°
Control 3.34b 14.75a 18.25a 525a |
EM 8.51a 20.60b 18.63 a 17.50b |
| Compomax (2) 3.53b 17.00c 17.00 b 11.00 ¢
L.8.D at 0.05 0.64 1.91 1.15 1.21

5.2. Effect of inoculation with rhizobia:

Data present in Table (10b) show that, soil micro-organisms counts
had significantly increased due to Rhizobia inoculation except for fungi, which
had significantly increased on uningculated treatment compared to the
inoculated ones. The highest values of tolal count, actinomycetes and total
nitragen fixers after 45" days in the inoculated treatments had increased by
66.23, 13.37 and 121.43 %, respectively compared to uninoculated
treatment.

Table (16b): Effect of inoculation on total bacterial count, fungt,
actinomycetes and total nitrogen fixers at 45 days of the
studied soil

Rhizobia Bacterial Fungi Fctinom;;cetes Nitrogen
Inoculation count x10° x10 x10 fixers x10°
Inoculation 6.40a 18.00a 19.08 a 15.50 a
Uninoculation 3.85b 18.50b 16.83 b 7.00b
WS.D at 0.05 .42 1.08 0.78 1.15

5.3. Effect of nitrogen levels:
Data in Table (10c) showed that total bacteral count increased

significantly by the addition of full N dose as a compared to % full N dose,
while fungi showed significant increases with the use of the % N full dose
ireatment, as compared to N full dose, Since, the increase values were 17.62
% (total bacterial count) and 17.94 % (fungi).

Table {10c): Effect of Nitrogen levels on total bacterial count, fungi,
actinomycetes and total nitrogen fixers at 45 days of the
studied s0il

. Bacterial count Fungi | Acti» umycetes Nitrogen‘\
Nitrogen levels x10° x40 x10¥ fixers x10°
full 5.54a 15.83a 17.67 a 10.83 a
¥ full 4.71b 18.67b 18.25a 1167 a
L.5.D at 0.05 0.29 1.19 n.s n.s

5.4. Interaction effects:
The effect of interaction between biofertilizer (EM and Compomax),
inocutation with Rhizobia and nitrogen are presented in Tables (11a, 11b, 11¢

and 114).
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Table (i1a), detected that interaction between biofertilizer and
inoculation with Rhizobia had positively affected the soil micro-organisms
counts after 45 days. The highest values of total bacterial count and total
nitrogen fixers were obtained by Rhizobia inoculation in combination with EM.
The percentage increases were 88.93 and 166.67 % over the inoculated
cortrol. While the highest values of fungl count was achieved with the
treatment of EM without Rhizobla inoculation. The percentage increase was
68 97 % ov-r the control without Rhizobia inoculation. Also data in Table
(112) revealed that both fungi and total nitrogen fixers were treated with
Rhi:-obia inoculation + Compomax had achieved higher count than lthose
ou: :r-1 by Lhe control treatment with Rhizobia inoculation. The
corresponding percenlage increases were 16.67 and 50,

Table {11a): Effect of interaction between bio-fertilization and Rhizobia
inoculation on total bacterial count, fungi, actinomycetes
and total nitrogen fixers at 45 days of the studied soil

Bio- Rhizobia Bacterial Funqi Actinom%cetes Nitregen I
fertilization iroculation |count x10%| x10 x10 fixers x10°

Control Inocuiation 5.33 15.00 2300 8.00
Uninoculaticn 1.35 14.50 1350 150 |

EM Inoculation 10.07 1L.0u 1575 y 24.00

Uninoculation 595 244,50 215 b 11.00

Inoculation 3.80 7,80 16.3u 13.50

1
Compomax () ation | 3.25 | 76 50 15.50 8.50
L.S.Dat0.05 0.98 273 1,81 2.37

Positive significant differences were recorded for the interaclion
between biofertilizer and nitrogen levels on $oil micro-organisms counts after
45 days (Table 11b). The percentage increases over the control treatment
after 45 days wecre 263.48, 53.85, 20 and 485.71 for tolal bacterial count,
fungi, actinomyceles and tota: nitrogen fixers, respectively due to EM + full N
dose,

Table {11b): Effect of interaction between bio-fertilization ar:d N-levels
on total bacterial count, fungi, actinomycetes and total
nitrogen fixers at 45 days of the studied soil

Bio- Nitrogen | Bacterlal Fungi Actinomgcetes Nitrogen

fertilization | levels | countx10® | x10 x10 fixers x10°
fult 2.82 13.00 17.50 3.50
Control % ful 3.87 16.50 19.00 7.00
EM full 10.25 20.00 21.00 20.50
% full 6.77 20.00 16.25 14.50
Compomax fult 3.55 14.50 14.50 8.50
(2} Ya fuil 3.50 19.50 19.50 13.50
L.S.D at 0.05 0.84 2.50 1.75 2.00

The interaction between the inoculation with Rhizobia and nitrogen
levels doses had a positive significant effect on soil micro-organisms counts,
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except fungi count after 45 days were insignificant (Table11c). The
percentage increases were 32.93 (aclinomycetes), 149.93 (iotal nitrogen
fixers), which, were obtained by interaction between Rhizobia inoculation + %
full N dose treatment, While, the highest increase of total bacteral counts
was 174.32 %, which, were obtained by interaclion between Rhizobia
inoculation + full N doses.

Table {11c): Effect of interaction between inoculation and N-levels on
total bacterial count, fungi, actinomycetes and total
nitrogen fixers at 45 days of the studied soil

Rhizobia Nitrogen | Bacterial Fungl Actinomgce{es Nitrogen
inoculation levels | count x10® | x10 x10 fixers x10%
. fusll 8.12 14.33 17.33 14.33
Inceulation = 468 | 1767 20.83 16.67
. . full 2.08 17.33 18.00 7.33
| ninocutaton % full 474 19.67 15.67 6.67
L.8.D at 0.05 0.58 n.s 1.31 1.72

Table (11d): Effect of bio-fertilization, inoculation and N-levels on total
bacterial count, fungi, actinomycetes and total nitrogen
fixers at 45 days of the studied soil

—

Treatments Bacterial . Nitrogen
Bio-  noculation|, N- | coult Fxlfll:)gi Actln:%gcetes fixers
ertilization levels| x10 x10
. full 467 [12.00 21.00 6.00
Yafull| 6.00 [18.00 25.00 12.00
Control ) full 0.87 |[14.00 14.00 1.00
Yafull| 1.73 [15.00 13.00 2.00
+ full 16.60 | 16.00 18.00 28.00
Yafull| 3.53 (1500 13.50 20.00
EM ) full 3.90 |24.00 24.00 13.00
Yafull| 10.00 [25.00 18.00 9.00
. full 3.10 |15.00 13.00 9.00
Yafull | 4.50 |20.00 24.00 18.00
A i B ful | 400 [14.00] _ 16.00 8.00
B [Aful|_250 [19.00]  15.00 9.00
L.S.Dat 0.05
N x Inoculation x Bio-fertiization] 054 | ns | 097 | 1.21

Regarding to the triple interaction between source of biofertilizers,
inoculation with Rhizobia and nitrogen levels (biofertilizers & inoculation & N-
levels), data in Table (11d) showed that the micro-organisms counts in soil
after 45 days increased signlificantly except for fungi which had insignificantly
increased. The posilive results of tolal bacterial count (16.6 x10% and total
nitrogen fixers (28 x103) were due to the application of EM + inoculation by
Rhizobia and full N dose treatment. While the highest count of actinomycetes
(25 x103) was obtained by the use of contro! + inoculation with Rhizobia and
% full N doses treatments.
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6. Effect of bio-fertilization and N-levels on soil total bacterial count,
fungi, actinomycetes and total nitrogen fixers after bean harvesting
of the studied soil:

6.1. Effect of biofertilizers:

Data recorded in Table (12a) show that soil micro-organisms counts
increased significantly by the addition of effective microorganisms (EM)
individually comnpared with the control treatment. The highest values of total
bacterial count, fungi, actinomycetes and total nitrogen fixers afier bean
harvesling w=re obtained by using effective microorganisms (EM), since it
recorded increments of 373.85, 65.56, 56.84 and 283.33 % over the control
treatment, respectively.

With view of the effect Compornax {(as spray on plant and soil) on soil
micro-c rganisms counts, data in Table (14a) show that the significant
percenlage increases were 32.45 and 93.33 % for fungi and total nitrogen
fixers over the control {reatment, respectively.

Table {12a): Effect of bio-fertilization on soil total bacterial count, fungi,
actinomycetes and nitrogen fixers after harvesting

Bio- Bacterial | Fungi | Actinomycetes | Nitrogen ]
fertilization count x10° | x10 x10* fixers x10°
 Contro 065a 7553 1800 b 750a
| EM 308D 1250 b 28.25 a 287506
Compomax (2) 0.53 a 10.00 ¢ 14.25b 1450¢
L.S.Dat0.05 048 1 237 | 3.98 2.03

6.2, Effect of inoculation with Rhizobia:

Data presented in Table (12b) show that the soil micro-organisms
counts had significantly increased with uninoculation with Rhizobia treatment
except for actinomycetes which was insignificantly increased, the values of
total bacterial count, fungi and total nitrogen fixers after bean harvesting
increased by 146.34, 14.68 and 7.16 %, respectively, compared with the
Rhizobia inoculated treatment.

Table {12b): Effect of inoculation on soil total bacterial count, fungi,
actinomycetes and nitrogen fixers after bean harvesting

[ Riizobia Bacterial | Fungi | Actinomycetes | !.itrogen
Inoculation | countx10® | x10 x10* fixers x10°
inoculation 0.82a 9.33a 10.50 a 16.33 a
Uninoculation 202b 10.70 b 2083 a 17.50 b
L.8.Dat0.05 0.09 1.32 n.s 1.00

6.3. Effect of nitrogen levels:

Data in Table (12¢) showed that total bacterial count and total
nitrogen fixers bacteria increased significantly by the application of % full N
dose compared to full N dose while actinomycetes showed significant
increases due to the N full dose treaiments compared to % N full dose. Since,
the corresponding increases values were 17.68 % (tolal bacterial count),
20.88 (total nitrogen fixers) and 14.18 % (aclinomycetes).
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Table (12¢): Effect of Nitrogen levels on total bacterial count, fungi,

actinomycetes and nitro%en fixers after bean harvestin
Nitrogen

Nitrogen Bacterial Funqi Actinomycetes
levels countx10® | x10 x10* fixers x10°
full 130 a 10.03 a 21.50a 1533 a
Y2 full 1.53 b 10.00 a 18830 18.50 b
L.8.D at 0.05 0.13 n.s 1.63 0.86

6.4. Interaction effects:

The effects of interaction between biofentilizer inoculation with
Rhizobia and nitrogen are presented in Tables {13a, 13b, 13¢ and 13d).

Significant differences were recorded due to the interaclion effect
between biofentilizer and inoculation with Rhizobia on soil micro-organisms
counts after bean harvesting. The highest values of total count,
actinomycetes and total nitrogen fixers were obtained by uninoculated
treatment in combinations with EM. The percentage increases were 614.29,
217.39 and 560 % over the uninoculated control.

Table (13a): Effect of interaction between bio-fertilization and
inoculation on soil total bacterial count, fungi,
actinomycetes and nitrogen fixers after harvestin

Bio- Rhizobia Bzg?;:al Fungi Actinom;;cetes Ng;c;?:n
fertilization | inoculation «10° x10 x30 x10°
Inoculation 0.60 7.00 24.50 10.00
Control  Grinoculation | 0.70 | 8.10 11.50 5.00
EM Inoculation 1.15 11.50 20.00 24.50
Uninoculation 5.00 13.50 36.50 33.00
Compomax| Inoculation 0.70 8.50 14.00 14.50
(2) Uninoculation 0.35 10.80 14.50 14.50
L.5.D at 0.056 0.24 n.s 5.37 2.73

Table (13b): Effect of interaction between bio-fertilization and N-levels
on soil total bacterial count, fungi, actinomycetes and
nitrogen fixer after bean harvesting

Bio- Nitrogen | Bacterial | Fungi|Actinomycetes | Nitrogen
fertilization | levels | count x10° | x10 x10* fixers x10°
Control full 0.50 8.60 2550 6.00

Ya full 0.80 8.50 10.50 9.00

EM fuil 2.90 13.00 23.00 25.00

% full 3.25 12.00 33.50 32.50

Compomax full 0.50 10.50 16.00 15.00
{2) Yz full 0.55 9.50 12.50 14.00
L.S.D at 0.05 n.s n.s 5.03 2.60
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Table (13b) revealed that positive significant differences were
detected owing to the interaction effect between biofertilizer and nitrogen
levels on both actinomycetes and total nitrogen fixers after bean harvesting,
while the effect on both total bacterial count and fungi after harvesting were
insignificant. The percentage increases were 219.05 and 261.11 in response
to EM + %2 full N dose treatment over the control treatment.

The interaclion effect between the Inoculation with Rhizobia and
nitrogen levels doses are shown in Table (13c). A positive significant
interaction eriect on both actinomycetes and total nitrogen fixers after bean
harvesling were detected, while both total bacterial count and fungi after bean
harvesting were insignificantly affected. The percentage increase were 4.76
due 10 *he inleraction between Rhizobia inoculation with full N dose and 1.85,
which, was oblained by the interaction between Rhizobia inoculation + % full
N doses treatment, respeclively.

Table (13c): Effect of interaction between inoculation and N-levels on
soil total bacterial count, fungi, actinomycetes and
nitrogen fixers after bean harvesting

Rhizobia TNitrogen ! B::gt::téﬂ Fungi Actinomycetes Ng;i?:n
inoculation | levels 108 x10 x1¢? A0
: full 6.67 £67 | 2200 T 140)
| Inoculation e 697 | 10.00 17.00 | 18.67
: . fufl 1.93 11.40 21.0v ' 1667
| Uninoculation |~ 240 | 16.00 20.67 18.33
L.S.Datd.05 n.s n.s KRS 1.60

Table (13d): Effect of bio-fertilization, inoculation and N-levels on soil
total bacterial count, fungi, actinomycetes and nitrogen

fixers after bean harvestin
Treatments Bacterial Nitrogen

- Fungi Actinomycete .
Bio- . N- count 4 fixers
fertilizatio pinoculation) ol 410" x10 f‘ x10 xi0’
. ful | 030 | 500 ] _ 3400 _, 8.00
Yafull [ 0.90 9.00 15.C0 | 12.00
Centrol full 0.70 8.20 17.00 4.00
| ) “%full| 0.70 [8.00 6.00 6.00
+ full 1.10 ) 12.00 20.00 20.00
| ¥ full 1.20 1 11.00 20.00 29.00
EM . | full 4.70 |[14.00 26.00 30.00
Yafull] 530 [13.00 47.00 36.00
+ ful! 0.60 9.00 12.00 14.00
Yafuil | 0.80 |[10.00 16.00 15.00 |
Compomax| full 040 112001 20.00 16.00
. YVetull| 0.30 ] 9.00 9.00 13.00
L..5.D at0.05
N x [noculation x Bio-fertilization] 0.13 | ns |  3.08 | ns
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Regarding to the triple interaction between source of biofertilizers,
inoculation with Rhizobia and nitrogen levels, data in Table (13d) showed that
ihe micro-organisms counts in soil after bean harvesting increased
significantly except for both fungi and total nitrogen fixers which had
insignificantly increased. The positive results of total baclerial count (5.3
x10%) and actinomycetes (47 x10%) were obtained when using EM combined
wilh Rhizobia uninoculation and % full N dose treatment.

DISCUSSION

The use of biofertilizers and nitrogen fixing bacteria in bean cultivation
are well documented. Fanous ef al., (2003) reported that biological inocula of
EM and M-fixing bacteria as bioferilizer added to bean gave higher rates of
nutrient uptake specially nitrogen element. They also recorded that EM
enhancemed the peanut growth. The same results mentioned by Abd E I-
Rasoul ef al, (2003). Saleh ef al. (2000) revealed that Rhizobia inoculation
increased significantly the number and dry weight of nodules of faba bean,
Alagwadi and Gaur (1988) found thal single inoculation with Rhizobia to bean
increased the nodulation. Also total N3 fixed (shoot + seed} was higher in dual
inoculation with Bradyrhizobium jabonicum combined with Azospiriffurm
braseliense than in Rhizobia solely (Galal, 1997). In present work as
compomax (2) contain Azospirilfum, it was obvious that the inoculation with
Bradyrhizobium jabonicum in presence of Compomax creates a Synergism
interrelationship which affected positively the number of nodule showed in
treatment of compomax + Rhizobia + half dose of nitrogen.

Abd El- Rasoul et al (2003} reported that the use of EM enhanced
yield of bhean due to grealer rates of photosynthesis and dry matter
accumulation. They recorded that the high response of bean seed yield to EM
application can be explained on the basis that EM increases germinalion,
stimulates the photosynthetic process and enhances the enzymes activities.
Microorganisms of EM and N-fixers have a beneficial role in emergence
speed of seedling, leal photosynthesis and diseases resistance and herbs
which consequently, produces heallhy growth and wealthy yieid, Fanous et al.
{(2003). Primavesi (1999) added that EM improved the qualily and quantity of
crop production. Also results showed that Rhizobia combined with EM was
superior and enhanced total and seed yield, which could be resulted from lhe
role of Rhizobium leguminosarum that increased the growth and N,-fixation by
faba bean plants (Abd El-Rasoul ef al, 2003). In addition, Saleh et al. (2000)
reported ihat inoculation with Rhizebia increased faba bean seed by 8.8%
compared to uninoculated treatments.

Due to NPK uptake Abd EL-Rasoul ef al.(2004), indicated that
spraying both EM and nitrogen fixing biofertilizers had increased significantly
N, P and K in bean seeds and siraw over the control treatments. These
results in harmony with those obtained by the present work. Fanous et af.
(2003) came in line with the results of the current work and reporied that EM
and compomax conlain nitrogen fixing bacteria, yeasts, lactic acid bacteria,
photosynthetic bacteria and fungi that multiply and encourage bean plants for
uptake nutrients,
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With regard to the available NPK in soil, Azam et al. (1988) who
reported that the atmospheric N; ~fixed in the soil afler the addition
diazotrophs is not immediately availabie for plant uptake because of its
immobilization by the microbial biomass of the soil. In a pot experiment
executed by Silsbury, (1889) the acetylene reduction assay revealed that
chickpea cultivar had accumulated in their shoot about the same amount of N
from ‘ixation and in the present work the treatment of Rhizobia + full dose of
nitrocen had the second rank in keeping of nitrogen in soil afler the application
of F+11 N dos+  which resulted in a large amount of fixed nitrogen into soil.

Shabaev (1986) supposed that N fertilizers increase the
nonsymbiotic nitrogen fixation level due to the enhancement of the
photosnthetic activity of higher ptants, which resulted in an increase of
carbor-containing root excretion serving as energy sources for heterotrophic
nitrogen-fixing microorganisms, this opinion is confirmed by Sirota (1982) and
Umarcve {1982). Also microgrganisms in Compomax are nitrogen fixing
bacteria (Compomax showed supenor in N soil content in the present work, in
the same time, N, fixing bacteria are considered as plant growth promoting
regulators (PGPR), which, produces phyto-hormones, sidophores and
hydrogen cyanide, that enhancing nutrient uptake and plant growth.

In case of the response of soil mizroorganisms to the use of EM, the
nitrogen fixers besides Rhizobia in bean cultivation, results indicated that the
application of EM increased the densities of total bacteria; total nitrogen fiving
bacteria and fungi which scored the largest numbers alcng with EM
treatments. Also the results of the currert work showed that total count of
bacteria decreased at harvest,

Kozyakov et al(2002) indicated that increasing amount of microbial
biomass have often been found in rhizosphere afler nitrogen addition they
explained that by increased amount of root exudation with increasing nitrogen
levels. Soderberg (2004) reported the contradictory results when said that
plant growth decreased and presumably also rool growth when nitrogen levels
were increased. Alse mentioned that, biomass (in term of {otal counis of
bacteria} and adlivity do not always have to be comelaled furthermore,
keeping in mined that plant species and growth conditions were different from
a study and other,

In conclusion, it is quite evident in the present study thau the use of
EM, Cempomax and Rhizobia inoculation in bean cultivation rnay become
more beneficial than the use of Rhizobia inoculation only. This in tum that
these biofertilizers beside Rhizobia inoculation can save about 50% of mineral
nittogen amounts required for bean which consequently become
environmentally more safe.
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