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Abstract

Two field experiments were carried out at Sakha Agric. Res.
Station, Kafr EL-Sheikh governcrate during the two successive
seasons 1999/2000 and 2000/2001. to study the effect of
Azospiifium  brasifense, Azotobacter chroococcum and  Bacilius
megatherium under different levels of nitrogen fertilizer (0, Y,
full of recommended doses of N. fertilizer 70 Kg. per / feddan. on
sugar beet growth, leaves and roots (fresh and dry weight).
Inoculating sugar beet plant with bio fertilizer increased the fresh
weight of sugar beet leaves and roots in the two seasons. The
highest increase was recorded with bio fertilizer and
recommended dose of nitrogen fertilizer. Data also, cieared that
bio fertilizer and mineral nitrogen had significant effect on dry
weight of leaves and roots of sugar beet plants., the highest
increase was recorded at 150 and 210 days after planting in
two seasons and the percentage of total soluble solid were
significantly increased when plants inoculated with biofertilizer
only, other treatments had insignificant increase. The sucrose
percentage increased in the sugar beet plants while the purity
percent did not affect in all treatments. Inoculation sugar beet
with nitrogen fixing bacteria and mineral nitrogen increased the
root and sugar vield at harvest. In general inoculation sugar beet
plants with Azospirfium brasilense, Azotobacter chroococcum and
Badillus megatherium increased root vield, sucrose and sugar
yield by 11.10, 11.26 and 10.61% respectively as compared with
control.

INTRODUCTION

Sugar beet rhizosphere is an important zone for the growth of bacteria
especially biological nitrogen fixing bacteria (BNF} and phosphate dissolving bacteria
(PDB). Biological {(BNF) and (PDB) play an important role in the global nitrogen and
phosphorus cycle.
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Recently, the beneficial effect of N2 fixers Azospirillum and Azotoacter may by due to
enhancing of phytohormons, auxins, gibberelin and cytokinin like substance to the culture
medium (Tien &t af, 1979). El-Badry and El-Bassel (1993) found that inoculation with
(Azaspirillum + Azotobacter) on sugar beet when received nitrogen fertilizer at rates 45 Kg
N/fed, gave the best results for crop yield, total socluble compounds and sugar amount
[Fed. This was about equal to these obtained with higher rates of 60 Kg and 75 Kg N/Fed
without bacterial inoculation. They also added that this represents saving about 40% in N-
fertilizers. Favilli ef 5/{1993) reported that the effect of inoculation with Azospirillum on
sugar beet given 60 kg N/ha as ammonium sulfate produced a root yield of 159 kg/plot
(30m2) compared with the yield of 143 and 125 kg/plot without seed inocuiation where
100 or 60 kg N/ha were applied. Aly (1996) reported that inoculation with Azospirillum
increased the dry weight of sugar beet leaves in 60,120, 180 days and resulted in low
significant effect on nitrogen uptake of leaves and roots and significant result on sucrose
content and photosynthetic pigments in leaves. Stajner et al (1997) reported that
inoculation of sugar beet seeds with Azotobacter chroococcum increased in chiorophyll,
carotenoids, soluble proteins and dry matter of leaves. Sukhovitskaya (1998) reported that
inoculation the seeds of sugar beet with bacilus megaterium increased crop yields by
23%. Cakmakc et af (1999) reported that seed inoculation of sugar beet with Bacillus
polymyxa and phosphate dissolving (Bacillus megatherium var. phosphaticum) bacteria
was investigated in comparison to control and mineral fertilizer application in the green
house and in the field. In the green house, bacterial inoculation of seed increased sugar
beet root and dual inoculation gave increase of 19.0 and 25.9% respectively and increased
by 12.0% and 16.5% in the field respectively. Bacillus megaterium var. phosphaticum
alone substitute casting N P fertilizers in sugar beet. Maareg and Sohir (2001) Studied the
effect of three bio-ferttlizers i.e. Rhizobactrine, phosphatine and Cerealine on sugar beet
growth. They found that Cerealine caused an increase in weight of root and foliage and
increased the quality of sugar beet characters, i.e. T.5.5%, sucrose %, purity % and sugar
yield. Khalil (2002) found that inoculation with Azotobacter chroococcum and Bacilius
megatherum to provide sugar beet with nitrogen and available phosphorus increased the
root vield, sugar yield and sugar percentage. The objectives of this study was to
investigate the effect of Azospirillum brasilense, (Azol) Azotobacter chroococcum (Azo2),
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Bacilius megatherium (B3) as well as their interaction at different levels of nitrogen
fertilizer of the recommended rate of (70 kg N/ fed) on sugarbeet growth, root vyield and
quality.

MATERIALS AND METHODS

Isolation and purification of AZzospirilum, Azofobacter and phosphate dissclving bacteria
in rhizosphere of sugar beet plants. The soil samples with their growing sugar beet
plants were collected from Sakha Agric.Res. station at Kafr El-Sheikh Governcrate.
Isolates from the rhizosphere was carried out according to Bilal et a/. (1990).
Identification and characterization of Azospirillum, Azotobacter and phosphate dissolving
bacteria. Azospirillum: From root region the enrichment cultured technique was adapted
by using the nitrogen deficient Simi solid malate (NFM) recommended by Dobereiner
(1978) and ODobereiner and Day (1976), Holm and Jensen (1972), and Eid
{1978).Isolated Azotobacter and Bacillus were inoculated in modified Ashby*s medium
for Azotobacter (Higazi and Niemela, 1976) and Modified Bunt and Rovera medium
(Modified by Abdel Hafez, 1966). Species of Azospirillum, Azotobacter and Bacillus were
kindly identified in Microbiological Resource Center (MIRCEN) in faculty of Agriculture,
Ain Shams University.

Preparation of bacteria for inoculation: Each of isolate Azospirillum brasflense (Azol),
Azotobacter chroococcum (Azo?), and  Bacillus megatherium (B3) was grown according
to (Hino and Wilson, 1959). Sugar beet seeds Inoculated /ndividual and interaction with
the isolates by socking over night in large basin in contact with the bacteriai suspension.
The Arabic gum (5% w/v) was added to the bacteria. Mineral fertilization: Nitrogen
fertilizer was added as urea (46.5%N) at the rates of 0, 35, 70 , Kg N /fed., which
represent 0, 2, and full recommended rate for the field. They were added in two equal
doses at one month after plantng for the first and three weeks later for the second dose.
Moreover, 15 P:Os/fed. and 24 kg. K;Offed as potassium suifate (48% K;0 ) were added
prior to plantation,

Soil samples were and air dried, mixed, grinned and sieved through 2 mm before
analysis their Mechanical and chemical analysis are shown in Table 1.
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Table 1. Mechanical and chemical analysis of the experimentai fields During
1999/2000 and 2000/2001seasons.

Soil properties 1999/2000 2000/2001
*Mechanical analysis
Sand % 39 40
Silt % 27 29
Clay % 34 3
PH 7.50 7.78
*Chemical analysis
Ec m. mhos/cm 1.00 1.25
Ca++ ( meqg/L 3.00 2.40
Mg++ " 2.00 4.80
Na+ " 7.00 6.50
K+ " 0.2 0.40
Sod-  ° 3.00 200
HCO3- " 3.50 4.00
CL- " 5.50 8.00
T.N % 0.11 0.11
Avallable P (ppm) 13.50 12.25
Available K {ppm) 280.00 310.00

Two field Experiments were carried out at Sakha Agric. Res. Station, Kafr El-Sheikh
Governorate, during the two successive seasons 1999/2000 and 2000/2001. Each
experiment included 21 treatments with three replicates arranged in complete randomized
block design. The plot area was 21 m® (7 X 3) = 1/200 feddan. Plant samplings were
collected after 75, 150 and at 210 days. The obtained date were subjected to analysis of
vartance according to procedures outlined by Shedecor and Cochran (1980).

Experimental treatments:

1-Control without nitrogen and without bacterial inoculation.

2-Seeds + 1/2 recommended dose of nitrogen and without bacterial inoculation.
3-Seeds + full recommended dose of nitrogen and without bacterial inoculation.
4-Seeds + Azospirilum brasifense and without nitrogen fertilizer.
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5-Seeds + Azospirilum brasiense and with 1/2 recommended dose of nitrogen.
6-Seeds + Azospirilium brasilense and with full recommended dose of nitragen.
7-Seeds + Azotobacter chroococcum and without nitrogen fertilizer.
B-Seeds + Azolobacter chroococcum and with 1/2 recommended dose of nitrogen.
S-Seeds + Azotobacter chroococcum and with full recommended dose of nitrogen.
10-Seeds + Bacfilus megatherium and withoul nitrogen fertilizer.
11-Seeds + Bacillus megatherium and 1/2 recommended dose of nitrogen.
12- Seeds + Bacillus megatherium and fult recommended dose of nitragen.
13-Seeds + Azospiriium brasilense + Bacillus megatherium and without nitrogen fertilizer.
14-Seeds + Azospirifium brasilense + Bacillus megatherfum and 1/2 recommended dose
of nitrogen.
15-Seeds + Azospirifum brasilense + Bacillus megatherium and full recommended dose of
nitrogen.
16-Seeds + Azotobacter chroococcumtt +8aciflus megathenum and without nitrogen
fertilizer
17-Seeds + Azotobacter chroococcum +Baciflus megatherium and 1/2 recommended dose
of nitrogen, _
18-Seeds + Azotobacter chroococcum +Bactifus megatherium and full recommended dose
of nitrogen.
19-Seeds + Azospiriium brasifense + Azotebacter chroococcum +Bacillus megatherium
and without nitrogen fertilizer.
20-Seeds + Azospirifium brasfiense + Azotobacter chroococcum +Bacillus megathenum
and 1/2 recommended dose of nitrogen.
21-Seeds + Azospinllum brasifense + Azotobacter chroococcum+Bacilfus megatherium
and full recommended dose of nitrogen.

Determination of sucrose: Sucrose content was evaluated using Saccharimeter apparatus
by method of Le Doct {1927).

Determination of juice purity; Purity was obtained according to Sapronova et al (1979)
using the following equation:

purity= "““**¢/1.5 5. X 100.
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Total soluble solids percentage (T.5.5} in the fresh roots was determined by hand refract

meter at harvest.

RESULTS AND DISCUSSION

Effect of bio fertilization on fresh weight of leaves in the two seasons.

Data presented in Tabies 2 and 3 represent The interaction effect between the
studied treatments on fresh weight of sugar beet leaves increased in two seasons, the
highest value was obiained by addation of Azospirillum -+Azotobacter +Bacillus and
recommended dose of nitrogen the increase was 10.54% from fresh weight of leaves than
contral. Similar results have been achieved by Afify et al (1994), Maareg and Sohir
(2001), they reported that inoculation with Azofobacter chroococum, Baclius megatherum,
in combination with mineral NPK fertilizer resulted in significant higher fresh weight of
leaves. Baddy and Doberener (1982), Okon et a/. (1988}, Han and New {1998), Subba Rao,
(1982). The ability of Azospirilium and Azotobacter for mitrogen fixation and Bacillus for
mineratization that release phosphorus to rhizosphere of sugar beet plants. In additon
Brownt et al. (1968), Tien ef &/ (1979), Viassak and Reynders (1980), Malik et af (1993)
and Fiorellt et af. (1996) reported that these bacteria produce growth promoters such as
gibberlin, cytokinin and indole acetic acid which enhance growth of fresh weight of sugar
beet leaves.

Effect of bio fertilization on fresh weight of roots in the two seasons.

Tables 4 and 5 represent The significant and/or the insignificant influence on fresh
weight of root it could be to ability of Azospirillum and Azotobacter for nitrogen fixation
and Badiius megatherum to release available phosphorus to sugar beet plants and
produce growth promofing from these bacteria Brown ef &/ (1968), Tien ef &, (1979),
Viassak and Reynders (1980), Malik ef af (1993), Fiorelll ef @/ (1996). This results is in
agreement with Khalil (2002) who reported that the effect Azotobacter and Bacilus
megatherum on sugar beet increased the fresh weight of sugar beet roots,

Effect of biofertilization on dry weight of leaves in the two seasons.

Stages 75, 150 and 210 days, except the first sample at 75 days in the first
season, where that the highest value of dry weight in the first season (43.02 and 95.32
gfplant) and (0.68, 45.89 and 101.22 g/plant} in the second season in Table 6 and 7. This
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result is in agreement with Aly (1996) who studied the effect of Azospirifurn brasilense
on nitrogen at all stages, he found that an increase on dry weight of sugar beet leaves.,
Effect of biofertilization on dry weight of roots in the two seasons.
Data given in tables (889), cdleared that effect of inoculation with biofertilizers and nitrogen
rates and their interactions on dry weight of roots that there were no significant effect of
different treatments as compared to control throughout the first sample at 75 days in two
seasons. Regardless the significant and / or the non-significant influence of this trail, it
could be noticed that varietals response to nitrogen fixation, release to phosphorus from
bacterta and enhance of growth plants. similar results were obtained by El-Badry and El-
Bassel (1993) who found that treatment in the all tested of Azospirillum and Azotobacter
showed increased in weight of sugar beet plants. Also, these effects were similar to results
of Aly (1996) who found that inoculation with Azospirillum at 60 days, did not affect
significantty on dry weight root of sugar beet plants.
Effect of Azospirillum brasilense, Azotobacter chroococcum, Bacillus
megathenium under different levels of nitrogen fertilizer on vield quality:
Total soluble solid (T.5.5%):

Data presented in tables (10&11) showed that inoculation with bacteria without
nitrogen fertilizer had no significant effect in roots at harvest in all treatments in the first
season except Az01xAzo02xB3, which showed significant effect. On the other hand bacteria
with nitrogen fertilizer had no significant effect in 1/2 and full-recommended dose. In the
second season all treatments had no significant effect on T.5.5%.

Sucrose %:

The results obtained in the first season revealed that inoculation without nitrogen
fertilizer gave significant effect with AzolxB3 and AzolxAzo2xB3 (14,98 and 15.18% of
sucrose), while inoculation with nitrogen fertilizer had no significant effect, In the second
season all treatments showed no significant effect in comparison with control.

Purity %:

In the first season all treatments had no significant effect in comparison with
control. In the second season the inoculation only and with nitrogen fertilizer had
significant effect with Azo 1 x B3 only, the resuits was (81.10 and 84.27% of purity).
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Results obtained, proved that interaction between inoculations under different levels of
nitrogen fertilizer enhanced the efficiency of sugar beet to absorb more nitrogen and
phosphorus from acid producing and phosphate dissolving bacteria which were stimulated
in the rhizosphere by Azospinflum brasiense, Azofobacter chroococcum and Badilius
megatherium. Such obtained results are in agreement with many investigators. (Abd-el-
Hafez (1966), Cakmakci ef &, (1999) Maareg and Sohir (2001). Who found that
biofertilizers increased the quality of sugar beet,
Effect of Azospirillum brasilense, Azotobacter chroococcum, Bacillus
megatherium under different levels of nitrogen fertilizer on root and sugar yield
Tables 12&13, present root and sugar yield (ton/fed) at harvest.The inoculation
only and with nitrogen fertilizer increased root yield with AzolxAzo2xB3, the average of
results was 15.10 ton/fed. incomparison with control (14.00 ton/fed) in the first season.
In the second season, the inoculation without nitrogen and with nitrogen fertilizer
increased root yield with Azo1xB3 ahd AzolxAzo2xB3, the means were: 15.39 -and 16.04
ton/fed and 14.74 ton/fed for control.
The inoculation and nitrogen fertilizer increased sugar yield in  comparison with control in
all treatments with Azo2, B3, Azo2xB3, Azol, AzolxB3 and AzolxAzo2xB3 (2.32,
2.35,2.73,2.41,2.44 and 2.56 tonffed of sugar) respectively, but the control was 2.28
ton/fed of sugar in the first season. In the second season, the sugar yield increased with
B3, Azol, Azo2xB3, Azo1xB3 and AzolxAzo2xB3 (2.27, 2.31, 2.36, 2.47 and 2.69 ton/fed
of sugar) respectively, but the control was 2.25 ton/fed of sugar.Similar conclusions were
obtained by Maareg and Sohir (2001) and Khalil ef a/. (2002).
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Table 2. Effect of inoculation with Azospinillum brasilense, Azotobacter chroococcum and Bacillus megatherium under different
Levels of nitrogen fertilizer on fresh weight (g/plant) of sugar beet leaves, season 1999 / 2000.

811

N-fertilizer Season 1999 - 2000
75 days 150 days 210 days

Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Controi 4.79 4.91 5.11 286.41 334.52 363.39 573.19 625.21 671.39
Azo 1 4.91 5.00 5.02 361.1 382.10 402.19 561.43 573.25 692.56
Azo 2 4.88 4.50 5.00 279.33 325.65 388.71 544.00 581.39 688.81
B3 4,77 4.62 4.92 299.12 379.11 421.37 570.68 573.84 677.00
Azol x B3 5.12 5.00 4.88 389.41 409.30 443.19 590.91 609.34 601.56
Azo2 x B3 4.83 4.96 5.09 393.79 381.51 409.37 553.69 549.71 583.11
AzolxAzo2 x B3 4.90 4.79 5.01 379.00 399.44 440.69 599.27 640.50 701.91

L.S.D at 0.05%:

Inoculation (I) NS 25.33 13.23

N-fertilizer (N) 0.13 _ 16.58 8.66

(I) X (N) N.S 43.88 22.92

Azol: Azospirillum brasilense
Azo2: Azotobacter chroococcum
B3: Baciflus megatherium
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Table 3. Effect of inoculation with Azospirifium brasitense, Azotobacter chroococcum and Bacillus megatherium under different
Levels of nitrogen fertilizer on fresh weight (g/plant) of sugar beet leaves, season 2000 / 2001,

N-fertilizer __Season 2000 - 2001
75 days 150 days 210 days

Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Control 4.74 4.89 5.05 280.11 340.25 380.33 581.19 630.20 678.33
Azo 1 4.86 4.92 4.99 391.02 390.93 409.87 601.41 647.90 699.39
Azo 2 4.82 4.51 5.01 - 299.11 334.31 381.43 592.17 659.29 671.44
B3 4.72 4.57 4.91 293.61 373.00 415.71 601.51 591.11 681.37
Azol x B3 5.01 5.06 4.97 384.39 403.19 439.56 620.91 652.31 719.13
Azo2 x B3 4.87 4.91 5.00 379.29 381.14 401.91 611.49 641.69 688.37
AzolxAzo2 x B3 4.39 4.92 5.10 399.39 388.53 422.93 650.99 711.70 749.87

L.S.D at 0.05%:

Inoculation (1) 0.17 31.03 24.89

N-fertilizer (N) 0.11 20.31 4 16.29

(I} X (N) N.S : 53.42 ‘ 43.1

Azol: Azospirillum brasifense
Azo2: Azotobacter chroococcum
B3: Baciflus megatherium
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Table 4, Effect of inoculation with Azospirillum brasilense, Azotobacter chroococcum and Bacillus megatherium under different

Levels of nitrogen fertilizer on fresh weight (g/plant) of sugar beet roots, season 1999 / 2000.

N-fertilizer Season 1999 - 2000
75 days 150 days . 210 days

Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Control 3.10 3.19 3.20 183.19 199.72 204.10 878.35 939.75 1009.41
Azo 1 3.32 3.39 3.52 188.78 199.13 210.53 892.25 981.50 1019.39
Azo 2 3.00 3.42 3.41 182.39 192.14 201.40 883.49 980.00 1002.40
B3 3.19 3.39 3.49 189.71 198.57 207.11 992,19 | 1152.32 | 1183.55
Azol x B3 3.63 3.81 3.75 200.38 209.27 215.49 998.37 949.92 1215.50
Azo2 x B3 3.52 3.69 343 208.10 217.92 220,02 | B892.44 999.15 1075.14
AzolxAzo2 x B3 4.01 4.34 4.59 212.56 231.42 239.17 | 991.52 1159.11 | 1201.99

L.S.D at 0.05%:

Inoculation (I) 0.16 6.41 26.29

N-fertilizer (N) 0.10 4.20 17.21

(I) X (N) 0.29 11.11 45.5

Azol: Azospiriflum brasilense

Az02: Azofobacter chroococcum

B3 : Badillus megatherium
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Table 5. Effect of inoculation with Azospirililum brasilense, Azotobacter chmococfum and Baciflus megatherium under different

Levels of nitrogen fertilizer on fresh weight (g/plant) of sugar beet roots, Season 2000 / 2001.

N-fertilizer Season 2000 - 2001
75 days 150 days 210 days

Treatments 0 1/2 1 0 2 1 0 1/2 1
Control 3.17 3.52 3.79 193.14 210.39 229.43 899.31 943.79 997.15
Aro 1 3.69 3.82 3.79 211.91 226.01 238.33 1010.71 | 1101.82 | 1009.53
Azo 2 3.29 3.44 3.52 201.53 214.90 231.11 979.53 999.40 969.98
B3 3.33 3.29 3.63 199.41 210.27 223.53 582,33 1019.47 | 1000.3%
Azol x B3 3.49 3.82 3.99 219.44 238.10 247.96 | 1250.14 | 1293.5% | 1310.14
Azo02 x B3 3.55 3.73 3.79 209.58 231.00 238.93 1051.10 | 1191.00 | 1122.92
AzolxAzo2 x B3 3.82 4.00 4.38 232.51 253.47 241.19 1283.55 | 1299.37 | 1352.93

L.S.D at 0.05%:

Inaculation (1) 0.18 4,25 70.94

N-fertilizer (N) 0.11 6.05 N.S

(1) X (N) 0.31 16.02 122,88

Azol: Azospiriflum brasilense
Azo2: Azotobacter chroococcum
B3 : Bacillus megatherium
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Table 6. Effect of inoculation with Azospirilum brasilense, Azotobacter chroococcum and Baciflus megatherium under different

Levels of nitrogen fertilizer on dry weight (g/plant} of sugar beet leaves, Season 1999 / 2000.

N-fertilizer Season 1999 - 2000
75 days 150 days 210 days

Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Control 0.56 0.55 0.59 33.48 37.53 39.81 79.00 83.71 99.55
Azo 1 0.58 0.60 0.64 38.31 40.11 43.79 81.33 86.63 102.36
Az0 2 0.51 0,53 0.61 34.91 39.43 40.33 79.39 84.09 100.01
B3 0.55 0.58 0.69 31.19 38.11 42.01 80.11 83.31 101.15
Azol x B3 0.59 0.57 0.74 .| 39.13 41.19 42.53 84.00 88.73 104.91
A202 x B3 0.49 0.53 0.73 38.29 40.31 43.01 83.15 87.11 103.39
ArolxAzo2 x B3 0.62 0.63 0.76 40.01 43.39 45.67 87.19 91.99 106.78

L.S.D at 0.05%: T

Inoculation (I) N.S 2.57 3.75

N-fertilizer (N) 0.05 1.68 2.45

(I) X (N) N.S 4.46 6.50

Azol: Azospiriffum brasitense
Azo2: Arotobacter chroococcum
B3 : Badillus megatherium
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Table 7. Effect of inoculation with Azospirillurn brasilense, Azotobacter chroococcum and Bacillus megatherium under different
Levels of nitrogen fertilizer on dry welgh_t(g/plant) of sugar beet leaves, season 2000 / 2001.

N-fertilizer Season 2000 - 2001-

75 days 150 days 210 days
Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Control 0.59 0,57 0.59 37.41 39.11 41,73 82.21 84.91 93.79
Azo 1 0.60 - 0.63 0.65 39.91 43.11 45.39 81.00 91.19 95.39
Azo 2 0.51 0.53 0.59 43.19 41.79 43.15 79.41 87.34 92.18
B3 0.56 0.53 0.69 35.00 41.12 43.93 84.09 95.00 99,19
Azol x B3 0.5% 0.60 0.74 39.11 45.37 47.11 93.73 99.87 100.09
Azo2 x B3 0.48 ~ (.55 0.73 39.97 43.11 45.99 83.30 89.41 94.59
AzolxAzo2 x B3 0.61 0.66 0.79 43.38 46.11 48.19 95.22 102.12 106.33
L.S.D at 0,05%:
Inocuiation (I} 0.04 2.25 3.59
N-fertilizer (N) : 0.02 1.47 2.35
(I) X {N) 0.07 391 6.23

Azol: Azospiriflum brasilense
Az202: Azotobacter chroococcum
B3 . Bacillus megatherium
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Table 8. Effect of incculation with Azospiriffum brasilense, Azotobacter chroococcum and Bacilfus megatherium under different

Levels of nitrogen fertilizer on dry weight (g/plant) of sugar beet roots, season 1999 / 2000,

N-fertilizer Season 1999 - 2000
75 days 150 days 210 days

Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Control 0.25 0.26 0.28 29.79 32,17 33.13 168.19 177.32 181.88
Azo 1 0.26 0.27 0.29 33.59 34.97 34.9 159.99 181.91 189.73
Azo 2 0.25 0.25 0.28 . 31.92 30.16 33.76 172.31 177.10 181.15
B3 0.26 0.27 0.30 30.79 32.14 33.97 169.57 172.99 176.31
Azol x B3 0.25 0.27 0.28 35.37 37.46 37.83 163.83 183.33 192.49
Azo2 x B3 0.26 0.25 0.28 33.19 34.34 38.10 171.74 178.00 191.39
Azo1xAzo2 x B3 0.27 0.26 0.29 32.49 35.41 37.42 173.11 185.56 197.76

L.S.D at 0.05%: '

Inoculation (I) N.S 2.22 7.45

N-fertilizer (N) 0.01 1,45 4.88

{I) X (N) N.S 3.85 12.91

Azol: Azospiriflum brasilense
Az02: Azotobacter chroococcum
B3 : Baciflus megatherium
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Table 9. Effect of inoculation with Azospirilium brasilense, Azotobacter chroococcum and Baciffus megatherium under different
Levels of nitrogen fertilizer on dry weight (g/plant) of sugar beet roots, Season 2000 / 2001.

N-fertilizer Season 2000 - 2001
75 days 150 days 210 days

Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Control 0.27 0.27 0.29 33.42 34.55 36.10 148.39 162.04 163.94
Azo 1 0.26 0.27 0.30 33.92 36.11 42.18 153.15 169.92 177.37
Azo 2 0.28 0.29 0.30 32.19 34.14 37.91 157.72 166.31 170.10
B3 0.29 0.27 0.31 33.15 35.91 39.72 160.00 165.55 170.39
Azol x B3 0.27 0.28 0.32 32.92 36.47 43.55 159.11 167.57 176.15
Azo2 x B3 0.28 0.29 0.31 33.11 35.81 40.94 161.29 172.31 177.99
Azo1xAzo2 x B3 0.29 0.31 0.32 32.77 35.56 44.71 153.97 170.31 179.93

L.S.D at 0.05%:

Inoculation (I) N.S 3.01 N.S

N-fertilizer (N) 0.01 2.03 5.98

(I) X (N) N.S N.S N.S

Azol: Azospiriffum brasifense
Azo2: Azotobacter chroococcum
B3: Bacillus megatherium
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Table 10. Effect of inoculation with Azospirillum brasilense, Azotobacter chroococcum and Bacillus megatherium under different

Levels of nitrogen fertilizer on quality yield at harvest, season 1999 / 2000.

N-fertilizer : Season 1599 - 2000

T.5.5% Sucrose% Purity%
Treatments 0 1/2 1 0 1/2 1 1] 172 1
Control 19.03 19.69 19.89 14.35 16.00 17.69 75.41 81.26 88.94
Azo 1 19.12 20.01 20.42 14.55 16.42 17.98 76.10 B2.06 88.05
Azo 2 19.07 20.19 20.00 14.71 16.00 16.82 77.14 79.24 84.10
B3 19.00 18.92 20.00 15.00 16.10 17.00 78.95 85.10 85.00
Azol x B3 20.21 20.83 19.92 15.53 16.92 17.22 76.84 81.23 86.45
Az02 x B3 19.71 19.92 19.81 15.44 15.96 17.00 78.34 80.16 85.81
Az01xAz02 x B3 20.09 20.23 20.08 15.21 16.956 17.98 75.71 83.84 89.54
L.5.D at 0.05%:
Inoculation (I) N.S N.S N.S
N-fertilizer (N) 0.51 0.86 2.87
(1) X (N) N.S N.S N.S

Azol: Azospiriffum brasilense

Azo2: Azotobacter chroococcum

B3 : Bacillus megatherium
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Table 11, Effect of inoculation with Azospiriflum brasifense, Azotobacter chroococcum and Baciilus megatherium under different

Levels of nitrogen fertilizer on quality yield at harvest, season 2000 / 2001.

N-fertilizer Season 2000 - 2001

T.5.5% Sucrase% Purity%
Treatments 0 1/2 1 0 1/2 1 0 1/2 1
Control 18.92 19.80 20.22 13.92 15.40 16.02 73.57 77.78 79.23
Azo 1 . 18.99 19.87 20.19 14.22 15.02 16.44 74.88 75.59 81.43
Azo 2 19.08 19.39 21.11 14.00 14.98 16.00 73.38 77.26 75.79
B3 19.22 19.54 20.69 14.40 15.14 15.90 74.92 77.48 76.85
Azol x B3 18.47 19.14 19.00 14,98 15.52 17.22 81.10 81.09 90.63
Azo2 x B3 19.39 19.99 18.23 14.36 15.92 16.51 74.06 79.64 90.57
AzoixAzo2 x B3 20.00 19.92 21.18 15.18 16.42 17.98 75.90 82.43 84.89
L.S.D at 0.05%:
Inoculation (I} 0.64 0.94 3.22
N-fertilizer (N) 0.42 0.61 2.11
(I} X (N) 1.12 N.S 5.59

Azol: Azospirfllum brasilense
Az02: Azotobacter chroococcum
B3 : Baclllus megatherium
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Table 12. Effect of inoculation with Azospirilfum brasilense, Azotobacter chroococcum and Baciflus megatherium
under different levels of nitrogen fertilizer on root and sugar vield ( tonffed), sason 1999 / 2000.

871

N-fertilizer Season 1999 - 2000
Root yield (ton/fed Sugar yield {ton/fed)

Treatments 0 1/2 i 0 1/2 1
Control 10.29 14.31 17.42 1.47 2.29 3.08
Azo 1 10.54 15.02 18.00 1.53 2.47 3.24
Azo 2 10.37 14,92 18.12 1.54 2.39 3.05
B3 10.79 14.87 18.01 1.62 2.39 3.06
Azol x B3 10.02 15.00 18.73 1.56 2.54 3.23
Azo2 x B3 10.87 15.01 17.99 1.67 2.40 3.06
Azol x Az02 x B3 10.18 15.73 19.41 1.55 2.67 3.47

L..5.D at 0.05%:

Inoculation (I) N.5 0.25

N-fertilizer (N) 1.88 0.16

(I} X {N) N.S N.S

Azol: Azospirillum brasilense
Azo2: Azotobacter chroococcum
B3 : Baciflus megatherium
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Table 13, Effect of inoculation with Azospiriflum brasifense, Azotobacter chroococcum and Baciflus megatherium
under different levels of nitrogen fertilizer on root and sugar yield (ton/fed), sason 2000 / 2001.

N-fertilizer Season 2000 - 2001
Root yield (ton/fed Sugar yield (ton/fed)

Treatment 0 1/2 1 0 1/2 1
Control 10.82 15.07 18.33 1.51 2.32 2.94
Azo 1 10.99 15.41 18.69 © 1.56 2.31 3.07
Az 2 10.56 15.34 18.00 1.48 2.30 2.88
B3 10.69 15,57 18.44 1.54 2.36 2.93
Azol x B3 10.96 16.01 19.22 1,64 2.48 3.31
Az02 X B3 10.88 16.00 18.15 1.53 2.55 3.00
Azol x Azo2 x B3 11.04 16.92 20.16 168 2.78 3.62

1..5.D at 0.05%:

Inocuiation (1) N.5 N.S

N-fertilizer (N) 1.88 0.54

(I) X (N) N.S N.S

Azol: Azospirillum brasilense
Az02: Azotobacter chroococcum
B3 : Bacillus megatherium

238 Y W W TIOHR-13

6¢t



130 EFFECT OF N FIXERS AND, N; FERTIITIZA;FION ON SUGAR BEET
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