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ABSTRACT

Two field experiments were carried out during the two summer seasons of 2007 and
2008 at Kaha Hort. Res. Station, Kaliobia Governorete. Humic acid and Azotobacter and
Azospirillum as bacteria fixing nitrogen along with nitrogen levels 30, 60 and 90 kg N/fed.
plus uninoculated plants were evaluated under recommended N dose 120 kg N/fed., in
addition to their interaction on growth, yield and chemical composition of cucumber plants. A
split plot design with three replicates was used. The results revealed that, humic acid at 0.5
% as soil application increased the vegetative growth expressed as number of leaves, plant
height (cm), plant fresh and dry weight (gm) and leaf area (cm?) and increased significantly
fruits/plant, plant yield (kg/fed.) Early and total yield (ton/fed.).

Also, soil application of humic acid at 0.5 % had significant effect on nitrogen,
phosphours and potassium. However, NOs in cucumber fruits was not significantly affected
with humic acid.

Biofertilizers (Azotobacter and Azospirilum as bacteria fixing nitrogen had a
significant on all studied character in both seasons, the highest values were obtained by
inoculation cucumber plants with Azotobacter and 90 kg N/fed.

The interaction between humic acid and biofertilizers plus nitrogen levels had
significant effect on all treats under study in both seasons.

Generally, it could be concluded that, soil application of humic acid at 0.5% twice
after 36 and 50 day after sowing at rate 25 ml/plant and inoculation plants with Azotobacter
after 30 day after sowing at rate 25 ml/plant along with 90 kg N/fed gave the highest values
of yield and NO3- concentration on cucumber fruits were within the safe levels from human

INTRODUCTION

Cucumber (Cucumis sativus L.) is one of the important cucurbiteous crops
grown in Egypt. The cultivated open field area reached 71932 feddan with average
yield of 9.33 ton /fed. The excess use of nitrogen fertilizers in agriculture can lead
to nitrate accumulation in plants and ground water pollution, nitrate accumulation in
edible plants is a problem when eaten, part of ingested nitrate may be converted to
nitrite causing methaemoglobinaemia or oveeen to carcinogenic nitrosamines
(Alexander, 1977).

Accordingly, active researches must be conducted to find ways of reducing
nitrate accumulation in vegetable crops.

Humic acid had significant effect on vegetative growth and yield of potato
plants (Awad and EI-Ghamry 2007). Enhancement of plant growth using humic
acid had been reported to be due to increasing nutrients uptake such as N, Ca, P,
K, Mg, Fe, Zn and Cu (Adani, et al 1998 and David, et al 1994), and enhancement
of photosynthesis, chlorophyll density and plant root respiration has resulted in
greater plant growth with humate application (Chen and Avaid 1990 and Smidova
1960). The application of biofertilizers to avoid environmental pollution.
Azotobacter and Azospirillum were found to have not only the ability to fix nitrogen
but also to release certain phytohormones of gibberelline and indolic nature, which
could stimulate plant growth, absorption of nutrients and photosynthesis process
(Tien et al., 1979; Rynders and Vlassak, 1982 and Fayez et al., 1985).

Azotobacter is also known to produce an either soluble fungistatic substance
which inhibits the growth of fungi like Alternaria, Fusarium and Rhizoctonia solani
(Gupta et al., 1995). Single inoculation of cucumber and tomato plants with
Azotobacter caused an increase in nitrogen content by 44.3 and 50% in cucumber
and tomato plants compared with uninoculated plants, respectively (Gomaa, 1995).
Gharib (2001) found that inoculated cucumber plants with Azotobacter plus
phosphate dissolving bacteria (PDB) led to significant increases in early and total
yield at the half dose of the normal mineral nitrogen. Also, Hanna et al., 2005 found
that application of chicken manure with biofertilizers (Azotobacter + Azospirillum)
significantly increased vegetative growth and early and total yield of cucumber.
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The objective of the present work was to study the effect of humic acid and
inoculation with Azotobacter and Azospirillum plus different doses of N-chemical
fertilizer (30, 60 and 90 kg N/fed. Unicoulated plants received the recommended N-
dose (120 kg N/fed) were also involved on vegetative growth, yield and its
components and chemical composition on cucumber plants.

MATERIALS AND METHODS

Two field experiments were carried out during the two summer seasons of
2007 and 2008 at Kaha Hort. Res. Station, Kaliobia Governorete to study the effect
of humic acid and Azotobacter and Azospirillum as bacteria fixing nitrogen and
nitrogen N-levels 30, 60 and 90 kg N/fed. plus unicoulated plants received the
recommended N dose 120 kg N/fed., on growth, yield and chemical composition of
cucumber plants.

Physical properties for experimental soil (texture class) was clayey and pH
7.9 and 8.1 in the first and second year, respectively. The experimental was carried
out in a split plots design with three replications. The main plots were included
humic acid and without humic which subdivided to seven sub plots (recommended
dose 120 kg N/fed, % R-dose + Azotobacter, 3% R-dose + Azospirillum, 2R-dose +
Azotobacter, V2R-dose + Azospirillum, 4R-dose + Azotobacter, 4R-dose +
Azospirillum) the experiment includes 14 treatments, which were the combination
between two humic acid and 7 biofertilizer and nitrogen levels.

Cucumber seeds (Amira Il hybrid were sown on the second week of March
for both seasons of study. Seeds were sown in hills 30 cm apart on one side of
ridge of 5 meters in length and one meter in width. Thinning took place after
complete germination, i.e., two weeks after seed sowing, leaving one plant per hill.
The sub plot area was 15 m® and each one consisted of three rows. Three
commercial fertilizers were used; ammonium nitrate (33% N), calcium super
phosphate (15.5% P,0s) and potassium sulphate (48% KyO). In applying the
fertilizers, the quantity devoted for each plot was divided as follows:

-Nitrogen fertilizer treatments was divided into three equal parts; the first was
added after three weeks from sowing, the second after two weeks from first
part and third two weeks after second part latter.

- Phosphorus fertilizer was divided into two equal parts; the first was applied to soil
before sowing and second after three weeks from sowing.

- Potassium fertilizer was divided into equal parts, the first was added after three
weeks from sowing and the second after two weeks (36 days after sowing).

Humic acid at 0.5% was added beside cucumber plants after 36 and 50 days
after sowing. An efficient of Azofobacter chroococcum and Azospirillum lipoferum
were obtained from microbial collection of Dept. Agric. Microbiology, Fac. Agric. Ein
Shams University, Cairo, Egypt.

The mother culture of Azotobacter strain was grown on modified a Shhy's
medium of Abdel-Malek and Ishac (1968) while Azospirillum isolate was grown on
nutrient broth medium oxoid Manual, (1965). Inoculum was prepared by
subculturing the Azotobacter and Azospirillum mother culture on nutrient agar in
kolle flasks for 72 hr, after which the heavy growth was then scratched and
transferred sterile tap water and thoroughly mixed. The prepared inoculum was
then used to inoculate plants at rate of 25ml/plant after one month from planting
bacterial growth conditions: total bacteria counts was determined on nutrient agar
medium (Difeo Manual, 1977 at 30 C for 48 to 72 hr. But Azotobacter and
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Azospirillum were calculated on Ashby's medium Abdel-Malek and Ishad, (1968)
and Dobereiner, (1988) media at 30 C for 10 days, respectively.

A random sample of five plants from each sub plot were taken at the
flowering stage for determination of vegetative growth, i.e., plant height, number of
leaves, plant fresh and dry weight and leaf area (cm2) of the six leaf from the
meristemic top of the main stem.

Number of fruits/plant, plant yield (kg), early yield (ton/fed) fruits of first six
harvests from each treatment were weighted to calculate the early yield per fed.
and total yield (ton/fed.). All fruits harvested from each treatment through
harvesting period were weighted to calculate the total yield per fed.

Total nitrogen, phosphorus and potassium were determined in leaves at the
beginning of flowering according to the method described by Pregl (1945), Murphy
and Riley (1962) and Brown and Lilleland (1946). Nitrate was determined in fruits
according to Singh (1988).

All obtained data were statistically analyzed for variance and the mean
values were compared at 5% levels of LSD according to (Snedecor and Cochran,
1980).

RESULTS AND DISCUSSION
Vegetative growth parameters:
Effect of humic acid

Data recorded in table (1) explain that growth parameters of cucumber plants
expressed as No. of leaves, plant height (cm), plant fresh and dry weight (gm) and
leaf area (cm?® were significantly influenced by humic acid however, number of
leaves and fresh weight were not significantly affected in the second season. The
highest values of most these traits were obtained by soil application of humic acid.
These results could be due to the role of humic acid which enhance photosynthetic
process, stimulate root growth and development of chlorophyll and proliferation of
desirable micro-organisms in soil (Liu et al., 1998).

Table (1): Effect of humic acid and biofertilizers on plant vegetative growth of
cucumber during 2007 and 2008 seasons.

No. of leaves| Plant height Plant fresh Plantdry |[Leaf area (cm?)
Treatments (cm) weight (gm) | weight (gm)

2007 | 2008 | 2007 | 2008 | 2007 | 2008 | 2007 | 2008 | 2007 | 2008
Humic acid | 24.38|22.71 | 104.38 | 107.95 [339.05 | 340.90 | 44.07 | 44.54 | 182.81 | 159.95
Without 21.86|21.57 | 98.24 | 89.20 [331.33|329.86 | 42.35 | 42.56 | 165.86 | 147.76
L.S.Dat5% | 0.82 | n.s 4.1 18.12 | 7.08 n.s 1.7 1078 | 7.7 9.42
120 kg| 25.0 | 23.7 [111.16| 97.83 |357.00| 342.5 | 45.88|44.08 | 186.66 | 162.83
N/fed(R)
Azt. + % R 29.0 | 26.5 [115.66 | 101.50 | 364.33 | 365.00 | 48.25 | 48.02 | 197.83 | 169.66
Azs. + % R 21.5 | 21.3 |105.33 | 106.33 | 354.50 | 343.3 | 44.81|44.03|179.33 | 156.83
Azt. + 2R 24.16| 23.0 |104.66 [ 105.16 | 334.0 | 336.33 | 42.30 [44.25| 175.5 | 155.66
Azs. + 2R 20.8 |20.17| 98.0 | 98.16 |326.33 | 332.33 | 41.12|43.11| 169.3 | 151.16
Azt. + 4 R 22.16| 21.0 | 89.3 | 94.00 [313.33| 317.5 [41.04 |41.78 | 159.2 | 142.83
Azs. + 4 R 19.2 |19.33| 84.5 | 87.00 [305.50| 310.67 | 39.08 | 39.62 | 152.00 | 138.00
L.S.Dat5% [0..32] 1.19 | 2.9 n.s 395 | 11.83 | 1.68 | 0.81 | 4.93 3.1

R: Recommended dose (120 kg N/fed.). Azt: Azotobacter Azs: Azospirillum

In addition, Atiyeh et al., (2002) found that increasing humic acid from 50 to
500 mg/kg soil significantly increased growth of cucumber plants in terms of plant
height, leaf area, shoot, root and dry weight. The beneficial effects of humic acid
have been attributed to improvements in soil properties and structure (Kahsnitz
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1992), to greater availability of mineral nutrients to plants (Gilot 1997) and
increased microbial population and biologically active metabolites such as plant
growth regulators (Tomati and Gali, 1995).
Effect of biofertilizers

Data in table (1) show that growth parameters of cucumber plants i.e.,
number of leaves and leaf area were reduced by nitrogen stress (30 kg/fed) in both
season. Similar results were obtained by Byari and Mirdad (1996), they found that
reducing nitrogen stress by increasing the level of nitrogen application of 10 to 300
kg N/ha increased plant growth.
Effect of interaction between humic acid and biofertilizers

The interaction between humic acid and Azotobacter and Azospirillum had a
significant effects on plant height, plant fresh and dry weight and leaf area in both
seasons (Table 2).
Table (2): Vegetative growth of cucumber plant as affected by interaction

between humic acid and biofertilizers during 2007 and 2008

seasons.
No. of Plant height | Plant fresh Plant dry Leaf area
Treatments leaves (cm) weight (gm) |weight (gm) (cm2)

2007 | 2008 | 2007 [ 2008 | 2007 [ 2008 | 2007 [ 2008 | 2007 | 2008
120kgN/fed(R | 26.30 [ 25.33]|114.66[117.33|361.66|346.67 [48.13]45.83 | 195.00 | 166.00
Azt. + 3% R [30.32]28.00]119.66]122.33]370.33|375.00]50.36 | 39.33 | 205.66 [ 171.67
Azs. + % R _[22.33]21.33|105.66]106.33349.33|351.66[46.76[45.10 | 184.66 | 161.00
Azt. + 2R [25.67[22.70/107.33]115.33[337.33|339.33[41.76 [ 44.63|180.00 [ 160.67
Azs. + 2R [21.67]20.30|103.33]106.30[330.33|339.70[40.56 | 44.55|174.33 | 154.33
Azt. + 4R [23.66]21.33]| 92.66 | 97.33 [315.00|320.00(41.2642.10|175.00|155.67
Azs. + /4R |20.68]20.00| 87.33 | 90.67 [309.33|314.00]39.66 |40.24 | 165.00|150.33
120kgN/fed(R | 23.66 [22.00]107.66| 78.33 |352.33]|338.3343.36|42.24 | 178.33[159.67
Azt. + 3% R [27.66]25.00|111.66] 80.66 |358.32| 355.0 [46.13]46.07 190.00[167.67
Azs. + %R _[20.60[21.30|105.00]106.33[341.67| 355.0 [42.85]42.96 |175.00|152.66
Azt. + 2R [22.66]23.30|102.00] 95.00 [330.66|333.30[42.83]43.86|171.00[150.67
Azs. + 2R [20.00[20.00| 92.66 | 90.00 [322.33|325.00[41.67 |41.66|164.33| 148.0
Azt. + 4R [20.66(20.66| 87.00 | 90.66 [312.33|315.01[40.82]41.45]143.33|130.00
Azs. + 4R [17.66]18.66] 81.66 | 83.33 [301.67|307.30]38.5038.99|139.00[125.60
L.S.D at 5% 0.45 [ 1.78 | 4.08 [38.13 | 5.58 [ 17.66 | 2.38 | 1.21 | 6.97 | 4.38
R: Recommended dose (120 kg N/fed.). Azt: Azotobacter Azs: Azospirillum

Data indicate that the highest values were recorded with soil application of
humic acid along with 3/4 recommended dose of N-chemical fertilizer (90 kg N/fed)
and inoculated cucumber plants with Azotobacter. The lowest values were
obtained without soil application of humic acid along with inoculated cucumber
plants with Azospirilum and 30 kg N/fed. Such results could be due to
enhancement of plant growth after using humic acid. Increasing nutrients uptake
such as N, P, Ca, K, Mg, Fe, Zn and Cu is illustrated in this respect (Adani ef al.,
1998 and David et al., 1994).

Also, such results may suggest that N-fixing bacteria (Azotobacter and
Azospirillum) have the ability to supply the grown plants with some their nitrogen
requirements, in addition to their ability to release plant promoting substances,
mainly IAA, gibrillin and cytokinine-like substances which could stimulate plant
growth absorption of nutrients and efficiency of nutrient and the metabolism of
phyosynthates (Dobereiner, 1988; Tien et al., 1979; Reynders and Vlassak, 1982).
Yield and its components
Effect of humic acid

pIoe olwnKH
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Results in table (3) show that soil application of humic acid significantly
increased the number of fruits/plant, yield (kg/plant) and early and total yield of
cucumber plants in both seasons. Similar results were obtained by Awad and EI-
Ghamry (2007). Results illustrated by Chen and Aviad (1990) demonstrated that
humic materials led to increase the permeability of plant membranes, promote the
uptake of nutrients, increase soil moisture holding capacity, improve soil, reduce
impacts of disease and stimulate plant growth.

Effect of biofertilizers

Data in table (3) show that inoculated cucumber plants with (Azotobacter and
Azospirillum) significantly increased number of fruits/plant, yield of plant (kg) and
early and total yield. The highest values were obtained by inoculated cucumber
plants with Azotobacter along with 3/4 recommended dose of N-chemical fertilizer
(90 kg N/fed.) and the lowest values were obtained by inoculated plants with
Azospirillum and 1/4 recommended dose of N-chemical fertilizer (30 kg N/fed.)
These results are in agreement with that reported by Gharib 2001 and Hanna, et
al.,, (2005) on cucumber.

Table (3): Effect of humic acid and biofertilizers on yield and its component
of cucumber during 2007 and 2008 seasons.

No. of . Early yield Total yield

Treatments fruits/plant Plant yield (kg) (tor‘:/f):ed) (ton/fyed)

2007 2008 2007 | 2008 | 2007 | 2008 2007 2008
Humic acid 10.18 | 10.31 1.08 1.09 4.76 4.81 13.65 | 13.92
\Without 8.75 7.93 0.84 0.91 4.07 3.72 11.67 | 10.68
L.S.D at 5% 0.26 0.7 0.07 0.04 0.28 0.45 0.78 1.16
120 kg N/fed.(R) 9.35 9.98 1.05 0.97 4.18 4.47 12.51 | 13.41
Azt. + % R 10.41 | 10.74 1.12 1.09 4.9 5.13 13.69 | 14.38
Azs. + % R 10.35 | 10.08 1.08 1.07 4.7 4.67 13.65 | 13.82
Azt. + 2R 9.65 9.26 0.97 1.04 4.61 4.47 12.92 | 1245
Azs. + 2R 9.35 8.4 0.88 1.02 4.57 3.74 13.23 | 11.28
Azt. + 4 R 8.61 7.74 0.82 0.92 4.20 3.73 11.73 | 10.45
Azs. + 4 R 8.25 7.65 0.81 0.87 3.75 3.55 10.86 | 10.30
L.S.D at 5% 0.46 0.57 0.05 0.08 0.39 0.31 0.97 0.68

R: Recommended dose (120 kg N/fed.).  Azt: Azotobacter Azs: Azospirillum

Effect of interaction between humic acid and biofertilizers

The interaction between humic acid and inoculated cucumber plant with
Azotobacter and Azospirillum had a significant effects on yield of plant (kg) and
early and total yield in both seasons (table 4).

Data indicate that the highest values were obtained by soil application of
humic acid and inoculated cucumber plants with Azotobacter along with 3/4
recommended dose of N-chemical fertilizer (90 kg N/fed.) And, the lowest values
were obtained without soil application of humic acid and inoculated cucumber
plants with Azospirillum which gave the lowest values of plant growth. Similar
results were obtained by Byari and Mirdad 1996. Also, Hammad and Abdel-Ati
(1998) found that on potato fixed amount of nitrogen by Azospirillum was les than
20 kg N/fed. Subba Rao (1982) reported that Azospirillum on certain varieties of
corn may fix a maximum of 20 kg N/fed/year.

Chemical composition
Effect of humic acid

Data in table (5) show that nitrogen, phosphorus and potassium were

significantly influenced by soil application of humic acid in both seasons. These
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results may suggest that humic acid stimulate root growth and enable better uptake

of nutrients (Liu et al., 1998; Zhang et al., 2003; Awad and EI-Ghamry 2007). Data

in table (5) show also that nitrate concentration (ppm) was not significantly affected

by soil application of humic acid in both seasons.

Table (4): Yield and its components as affected by interaction between humic
acid and biofertilizers on cucumber during 2007 and 2008

seasons.
No. of . Early yield Total yield
Treatments fruits/plant Plant yield (kg) (tormgd) (ton/fyed)

2007 2008 2007 | 2008 2007 | 2008 2007 2008
120 kg N/fed(R)| 9.5 11.13 1.16 0.99 417 4.98 12.53 | 14.95
T |Azt. + % R 11.4 12.35 1.27 1.22 5.51 5.88 15.37 | 16.84
5 Azs. + % R 11.30 | 11.16 1.20 1.18 5.20 5.36 15.03 | 15.52
& |Azt. + 2R 11.03 | 10.50 1.10 1.16 5.01 5.08 14.00 | 14.11
3 |Azs. + 2R 10.10 9.60 1.00 1.15 5.08 4.13 14.76 | 12.87
g |Azt. + 4R 9.13 8.80 0.93 1.00 4.46 4.24 12.48 | 11.89
Azs. + 4 R 8.80 8.63 0.90 0.93 3.90 3.99 11.36 | 11.63
120 kg N/fed(R)| 9.20 8.82 0.93 0.95 4.18 3.97 12.49 | 11.89
Azt. + % R 9.41 9.13 0.96 0.97 4.29 4.38 12.00 | 12.29
= Azs. + %R 9.41 9.00 0.95 0.97 4.23 4.16 12.26 | 12.12
;:r' Azt. + 2R 8.86 8.03 0.84 0.92 4.22 3.85 11.83 | 10.82
€ Azs. + 2R 8.60 7.20 0.75 0.90 4.04 3.34 11.70 9.70
Azt. + 4 R 8.10 6.68 0.70 0.85 3.94 3.22 10.96 9.01
Azs. + 4 R 7.70 6.67 0.70 0.81 3.61 3.09 10.35 8.98
L.S.D at 5% 0.65 0.81 0.07 0.12 0.48 0.43 1.38 0.96

R: Recommended dose (120 kg N/fed.).  Azt: Azotobacter Azs: Azospirillum
Table (5): N%, P%, K% and NO;™ (ppm) of cucumber as affected by humic acid
and biofertilizers during 2007 and 2008 seasons.

N % P % K% NO: (ppm)
Treatments 2007 | 2008 | 2007 | 2008 | 2007 | 2008 | 2007 | 2008
Humic acid 211 | 1.99 | 0.201 | 0.188 | 2.47 | 2.40 | 6547 | 66.47
Without 177 | 1.87 | 0157 | 0170 | 2.04 | 222 | 58.41 | 60.47
LSDat5% 009 | 009 | ns | 0011 | 028 | 016 | ns s
120 kg N/fed.(R) 299 | 2.98 | 0233 | 0.223 | 2.49 | 2.76 | 933 | 101.0
Azt + %R 192 | 215 | 0.184 | 0.210 | 2.40 | 2.73 | 63.00 | 71.00
Azs. + %R 1.86 | 1.95 | 0.183 | 0.190 | 2.37 | 247 | 62.37 | 57.00
Azt + 4R 1.83 | 1.73 | 0176 | 0170 | 2.30 | 223 | 60.50 | 56.00
Azs.+ %R 1.83 | 1.65 | 0.174 | 0.160 | 228 | 2.09 | 53.35 | 55.00
Azt + ViR 163 | 153 | 0.155 | 0.150 | 1.99 | 1.93 | 50.95 | 51.50
Azs.+ iR 153 | 1563 | 0.148 | 0.150 | 1.94 | 1.94 | 50.13 | 51.17
LS.Dat5% 015 | 012 | 0.014 | 0.01 | 016 | 0.18 | 12.63 | 10.15

R: Recommended dose (120 kg N/fed.).  Azt: Azotobacter Azs: Azospirillum

Effect of biofertilizers

Data in table (5) indicate that minerals content and NO3 concentration were
significantly affected by biofertilizers. The highest contents were obtained by
fertilization cucumber plants with 120 kg N/fed. (unioculated plants). Mahmoud et
al., 2009 on cucumber found that mineral nitrogen in cucumber led to a clear
increase in nitrogen-% and nitrate concentration in cucumber leaves and fruits and
higher than N% organic. Similar findings were obtained by Anga (2001) who found
an in line in nitrate concentration on spinach leaves with mineral N-fertilizer. On the
other hand, the lowest values were obtained by inoculated cucumber plant with
Azospirillum along with 30 kg N/fed in both seasons.
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The interaction effect between humic acid and inoculated cucumber plants
with Azotobacter and Azospirillum had a significant effect on N,P,K and NO; in
both seasons (table 6).

Table (6): N%, P%, K% and NOs (ppm) of cucumber as affected by interaction
effect between humic acid and biofertilizers on cucumber during
2007 and 2008 seasons.

N % P % K% NO3 (ppm)

Treatments 2007 | 2008 | 2007 | 2008 | 2007 | 2008 | 2007 | 2008
120 kg Nifed(R)| 3.08 | 3.0 | 0.288 | 021 | 2.74 | 2.64 | 9426 | 1046

T [Azt + %R 213 | 2.03 | 0.204 | 020 | 2.66 | 2.60 | 69.90 | 68.33
§ Az + %R 206 | 1.66 | 0.198 | 0.16 | 2.60 | 2.10 | 68.43 | 55.33
5 Azt + %R 203 | 1.70 | 0195 | 0.17 | 2.60 | 2.23 | 67.06 | 58.26
8 [Azs + %R 205 | 143 | 0.193 | 0.14 | 255 | 1.84 | 47.00 | 48.33
& [Azt + iR 176 | 1.70 | 0.165 | 0.6 | 254 | 2.13 | 56.80 | 56.00
Azs. + 4R 160 | 156 | 0.160 | 015 | 2.08 | 1.99 | 54.00 | 52.33
120 kg N/fed(R)| 2.9 | 2.96 | 0.176 | 023 | 2.23 | 2.88 | 92.33 | 98.00
Azt + %R 17 | 226 | 0164 | 022 | 213 | 2.85 | 56.10 | 75.33
S[Azs. + %R 166 | 223 | 0166 | 002 | 214 | 2.84 | 56.30 | 74.60
5 Azt + %R 163 | 1.73 | 0157 | 047 | 2.05 | 2.23 | 53.93 | 58.60
2 Azs.+ %R 160 | 1.63 | 0155 | 0.16 | 2.02 | 2.08 | 53.26 | 54.60
Azt + %R 150 | 1.60 | 0.144 | 016 | 1.90 | 2.05 | 49.87 | 54.00
Azs. + 4R 140 | 150 | 0136 | 014 | 1.80 | 1.90 | 47.10 | 50.00
LS.Dat5% 022 | 047 | 0.02 | 0.018 | 023 | 025 | 17.87 | 14.35

R: Recommended dose (120 kg N/fed.).  Azt: Azotobacter Azs: Azospirillum

Results indicate that the highest values were obtained by soil application of
humic acid and 120 kg N/fed. (recommended dose of N-chemical fertilizer). The
lowest values were obtained without soil application of humic acid and inoculated
plants with Azospirillum. Such results may indicate enhancement of plant growth
using humic acid had been reported to be due to increasing nutrients uptake such
as N, P, K, Ca, Mg, Fe, Zn, and Cu (Adani et al., 1998 and David et al., 1994). And
N-chemical fertilizer led to increase N-uptake than N-organic which is low release
(Mahmoud et al., 2009), and inoculated with Azospirillum fixed nitrogen less than
20 kg N/fed (Hammad and Abdel-Ati 1998 and Abdel-Ati et al., 1996).

Effect of interaction between humic acid and biofertilizers

Humic acid addition increase the total bacterial count in all treatments but it
had a negative effect on both Azotobacter and Azospirillum counts (Table 7). Total
bacteria, Azotobacter and Azospirillum counts were in the maximum being (160 x
107 cfu, 6x 10° cfu and 8 x 10° cfu), but lowest value were 15 x 10’ cfu, 0.7 x 10°
cfu and 0.95 x 10° cfu, respectively.

Generally, it could be concluded that, soil application of humic acid and
inoculated cucumber plants with Azotobacter along with 3/4 recommended N-
chemical fertilizer dose were the best treatment for maximizing the growth, yield
and nutritional status of cucumber plants and low NO; content in fruits. So, it
concluded as the best treatment on basis of yield and NO; safety for human
nutrition.
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Table (7): Effect of humic acid and nitrogen level on total bacteria count and
biofertilizers in rhizosphere soil of cucumber plants during 2007
and 2008 seasons

Total bacteria count| Azotobacter count [Azospirillum count X
Treatments x 10’ x10° 10°

2007 2008 2007 2008 2007 2008

120 kg N/fed.(R) 94 92 1.0 0.9 1.1 1.2

Azt. + % R 75 74 2.8 25 1.8 1.7

I Azs. + % R 70 66 2.3 25 2.6 2.7

3 |Azt. + 2R 104 102 3.3 3.1 2.3 2.2
o |Azs. + %2R 123 115 3.2 3.0 4.0 4.0
Azt. + V4 R 109 107 5.7 5.5 6.3 6.4

Azs. + Y4 R 89 84 5.6 5.12 8.0 7.8

120 kg N/fed.(R) 78 80 0.8 0.7 0.95 0.96

5 Azt. + % R 160 130 4.1 4.2 3.5 3.3
3 |Azs.+%R 32 34 3.3 3.1 4.5 4.4
S Azt + %R 92 87 5.4 5.3 5.0 4.8
g [Azs.+ %R 20 21 5.6 5.8 6.0 6.1
3 Azt + %R 95 94 6.0 5.5 5.4 5.5
® [Azs.+ %R 15 16 5.8 5.2 7.0 71

R: Recommended dose (120 kg N/fed.). Azt: Azotobacter  Azs: Azospirillum
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