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HE PRESENT work aimed at throwing some light on the

possibility of substituting, partially, the amount required of
mineral nitrogen for fertilization of a certain crop by organic manuring
and biofertilization. Such an investigation would provide knowledge
about to what extenf these substitutes can replace mineral nitrogen
fertilizer and how far they can affect the percentage of fertilizer N
recovery (% FNR) by maize plant (Zea meys) grown on an alluvial soil
from Moshtohor and a calcareous one from El- Noubaria. An
additional desired environmental goal can be achieved through
minimizing pollution of soil with mineral nitrogen and hence reducing
its release to groundwater or surface water. Approaching the aimed
goals was executed through performing a factorial pot experiment in a
randemized complete block design with three replicates. Rates of N
ranging from 0 to 90 mg N kg' were tried through different
combinations between ammonium sulfate labeled with N'° (AS) and
chicken manure (CM). Soil pots (5 kg each), received basic
supplements of P (as rock phosphate) at 100 mg P kg' and K
(as K-S0,) at 50 mg K kg™’ and micronutrients in a Hogland solution.
The pots were sown with either uninoculated maize grains or maize
grains inoculated with either Azotobacter chroeoccum (Azt),
Azospirillum brasilense {Azs) or both bacteria together immediately
before seeding and ieft to grow for 60 days. Application of nitrogen in
a mineral form or an organic one or in a combination of both the forms
increased dry weight of plant and its uptake of N. The inoculated
treatments showed higher values than the uninoculated ones, combined
application of {Azt + Azs) was more effective than inoculation with
cither alone. % FNR of the treatments that received combined
inoculation were higher than the corresponding ones that received
single inoculation with either Azt or Azs, inoculation with Azt seemed
more effective than that with Azs, activity of N,- fixing bacteria was
more obvious at rates of applied N less than 30 mg N kg! beyond
which activity of N;- fixing bacteria decreased. The alluvial soil gave
higher dry weight and N uptake than the calcareous one.
Biofertilization through inoculation with Azt or Azs-as well as
applying organic manure could minimize the dose of mineral N
required to be applied which is a profitable from the economic point of
view and effective in reducing pollution of soil with N,

Nitrogen is a major nutrient element and it is needed in large amounts to increase
growth and yield of plant. Its shortage leads to chlorosis (yellow of leaves) and
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stoppage of growth. It is a part of protein, important constituent of protoplasm,
enzymes, the biological catalytic agents which speed up life processes. Nitrogen
is also present as a part of nucleoprotein, amino acids, amines, amino sugar,
polypeptides and other organic compounds in plants. Nitrogen would often be a
limiting factor for growth and biomass production in all environments where
there is suitable climate and availability of water to support life (Black, 1954).

Nitrogen fertilizers are economically an expensive input. In many instances
less than 60% of the added N is recovered in the (crop + soil) with the remainder
being lost by processes such as volatilization, leaching, immobilization and
denitrification (Smith er @/, 1989 and Yusron & Philips, 1997). Thus, it is
necessary to develop fertilizer maragement practices that can reduce losses and
increase the nitrogen use efficiency (Yusron & Philips, 1997). Hegazi et al.
(1993) stated that addition of N in form of amumonium sulfate at rates of 200 and
400 mg kg soil significantly increased nitrogen content and uptake by maize
plants. Hussaini et al. (2002} reported that the influence of N was significant on
shelling percentage and grain yicld of maize plants, Wahba (2003) mentioned
that increasing N-levels from R0 to 100 kg fed’’. caused significant increase in
the dry weight and grain yield of maize plants and its components. Application of
organic manures (OM) is a common practice followed by the farmer for
obtaining a maximum yield. Such apjlication causes a flush of microbial activity,
which adds complexing agents to the soil. Adding organic manures is considered
as an improving treatment for soil fertility and hence its contents of N, P, K
beside micronwtrients, which is consequently reflected on plant growth and yield
{Narvaez er al, 2000; Romero et af, 2000;Yuyama & Mesquita, 2000; Enejil
et al, 2001; El-Emam, 2002; Ismaiel, 2002 and Mahdy, 2003). Because of the
transitory nature of N in soil, its tendency for loss from the soil, and its potential
~ for becoming a pollutant of air and water, fertilizer N should receive more care in -
its overall management than any other of the primary and secondary plant
nutrients. '

~ There are many sources to supply soil with nitrogen, namely organic and
mineral N fertilizers and recently microbial inoculation of crop grains by certain
free living N, — fixing bacteria had a great importance as a new technology.
- Existing evidences indicate that maize plants respond well to nitrogen
fertilization. However, increasing cost of chemical fertilizers has reduced their
use considerably. Under such a situation it is imperative to use natural resources
to meet partial requirement of the crop needs for N. The technique of microbial
inoculation aims at minimizing the amount of applied chemical fertilizers,
preventing the pollution which can occur by excessive use-of chemical fertilizers
and reduces the cost of production. Azotobacters and Azospirilla are among the
most important and well known heterotrophic bacteria which increase the yield of
several crops by fixing the atmospheric nitrogen in soil, (Ram er o/, 1985).
Inoculation of seeds with these bacteria registered a significant increase in yield
at lower levels of nitrogen (Fayez et al., 1985). This work aims at studying the
effect of inoculation of maize grains with some free living N,-fixing bacteria
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namely, Azotobacter chroococcum, Azospirillum brasilense and a mixture of
them in the absence or presence of different levels of a mineral N fertilizer-
(NH,),SO, (AS) or an organic N one in the form of chicken manure (CM). Such
a study can introduce a great device to the farmers through applying the
fertilization practices for growing maize in soils of Egypt.

Material and Methods

Used material

Two soils namely, an atluvial clay soil and a calcareous sandy clay loam soil were
collected from Moshtohor and El-Noubaria, tespectively (0-15 cm soil surface) to be
used in the current investigation. According to the American Soil Taxonomy of the Soil
Survey Staff (1999) these soils are classified as Typic Torrorthents and Typic
Haplocalcids, respectively. The soils were thoroughly mixed, air dried, crushed, sieved
to pass through a 2 mm sieve and kept for analysis and the experimental work. The
main physical and chemical characteristics of the tested soils are presented in Table 1.

Maize grains (Zea mays cv.Swe 10) were supplied by the Maize Research Station,
Field Crop Research Institute, Giza, Egypt. Efficient strains of N,- fixing bacteria
namely, Azotobacter chroeoccum (Azt) and Azospirillum brasilense (Azs) were
supplied by the Microbiology Department, Soil Water and Environment Institut, Giza,
Egypt. Two nitrogenous sources were used in the current study, i.e., organic nitrogen
supplied as a chicken manure (CM), the chemical composition of which is given in
Table 2 and mineral nitrogen applied as ammonium sulfate (AS) labeled with N'. The
factors under study were (A) six nitrogenous freatments and (B} four biofertilization
treatments, i.e., there were 24 treatments each in three replicates. The experimental
design was a randomized complete block, factorial. The grains were either grown
without inoculation or inoculated with biofertilizers immediately before cultivation
where the adhesive glue material was added to 500 mL warm water, splashed on grains
and then biofertilizers were added, well mixed with grams and air dried for adhesion.
The 6 nitrogen treatrments were as follows:

Treatment code Source of nitrogen N rate mg kg!
A none o ) 0.0
B CM N 15
C AS(N™) 15
D* CM + AS (N7} ’ 30
E* - CM + AS (N") ’ 60
F* CM+AS(N®) - ' 90

* Half rate is in the form of (AS) and the other half is in the forms of (CM).

Experimental work

Poly venyle chloride (PVC) pots of 20 cm height-and 20 cm diameter were used.
Each pot was packed with 4 kg of soil. The packed soil pots received nitrogen at a rate
of 0'mg N pot™, 15 mg N kg™ in the form of chicken manure (CM), 15SmgNkg ' in
the fotm of amifionium sulfate (AS), 30 mg N kg™ half of it in the form of chicken -
manure (CM) and the other half in the form of (AS), 60 mg N kg™ half of it in the form
of chicken manure (CM) and the other half in the form of (AS) and 90 mg N kg™ half
of itin the form of chicken mannre (CM) and the other half in the form of (AS).
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Chicken manure (CM} was thoroughly mixed with soils just before sowing
whereas ammonium sulfate (AS) was applied as solution in one dose two weeks
after sowing. The pots were seeded with grains of maize (Zea mays cv.Swc 10) at
a rate of 10 grains pot'. After two weeks from sowing, the seedlings were
thinned to five seedlings pot”. Phosphorus was added at a rate of 100 mg P kg''
soil to all pots as rock phosphate just before sowing. Potassium, was applied at a
rate of 50 mg K kg soil as potassium sulfate. Also, micronutrients (as nutrient
solution) were applied using Hogland solution after two weeks from sowing. The
moisture content was maintained at water holding capacity through daily
application of distilled water. The plants were cut just above the soil surface after
60 days from sowing, rinsed thoroughly with distilled water, cut to small pieces,
oven- dried at 60-70° for 48 hr, prior to determination of dry weight. Samples of
dried plants were ground to pass through a 0.5 mm stainless stell screen.

TABLE 1. Some physical and chemnical properties of the investigated soil samples.

Seoil characteristic | The alluvial soil | The calcareous soil
Chemical analyses
Calcium carbonate % 1.43 24.80
Organic matter % 1.98 1.24
EC (dSm')* 1.75 3.22
pH{ 1:2.5) 8.12 8.29
CEC cmol kg 35.21 10.78
Available N ( mg kg'y’ 89.23 51.87
Available P ( mg kg'')" 24.33 3.37
Available K ( mg kg™ )" 825.35 418.86
Available Fe (mg kg™)* 34.74 21.83
Available Mn ( mg kg™)’ - 11.38 8.87
Available Cu { mg kg")* 5.95 1.45
Available Zn ( mg kg 'Y 1.18 0.94
Soluble cations and_anions ( mmol L j*
Ca™ L 5.15 ' 14.06
Mg ™ 3.20 5.03
Na' - 8.46 ) 12.06
K 0.69 .15
CI! , 7.00 10,00
HCO, " 2.04 2.90
co,* 0.00 0.00
50,% . 8.46 . 19.40
_ Particles size distribution
Coarse sand % 2.27 16.22
Fine sand % 24.81 ’ . 39.76
Silt % - 2227 25,95
Clay % - 5065 18.07
Textural class . . Clay Sandy clay loam
Saturation percent % 70 45

"Soil paste extract _ :
* Extracts being KCl (for N); NaHCO; (for P), NH,- acetate, pH 7.0 (for K), DTPA (for others)
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TABLE 2. Some characteristics of the chicken manure used in the current study.

Characteristic - Value -
Moisture % : 20.60
Total C % 2735
Total N % ' 1.31
) C/N ratio 209:1
- Organic matter % 47.16
Total P % 0.57
Total K % 0.93
pH(1:5)* - 6.87
EC(1:5)dSm™"* 8.16
» Water suspension (pH} and water extract (EC).
Analytical procedures
Soil analysxs

* Particle size distribution of the soil samples was conducted accordmg to pipette
method described by Piper (1950).

Soil pH, soil calcium carbonate, electrical conductivity, organic matter content
by Walkley & Black method, were all done as described by Page ef al.
(1982).

Cation exchange capacity was determined using the method described by
Chaprmnan & Pratt (1961).

Available N (KCl- extract), P (Na- bicarbonate extract) and K (NH,- acetate
extract, pH 7.0) were determined using the methods outlined by Jackson
(1973).

* Available Fe, Mn, Cu and Zn were extracted by 0.005 M DTPA according to
Lindsay & Norvell (1978) and detern'uned usmg atomic absorption
“spectrophotometry.

= Soil moisture contents at water *holdmg capac1ty and wilting pomt were
- determined according to the methods of Veihmeyer & Hendrickson (1949).

Organic manure analysis

» EC, pH, organic matter and total P and K were determined using the
aforementioned methods; total N was done using the Kjeldahl -method
described by Jackson (1973).

" Plant aralysis - 7

= Samples of dry plant material were wet digested using a mixture of
concentrated (H,S0, + HCIO,) acids according to Jackson (1973) and digests
were analyzed for total mtrogen using the microkjeldahl method described by
-Jackson (1973) -

N anabzs:s

= The Dumas day combustion method (F:edler & Proksch, 1975) was uscd to
convert the nitrogen compounds in the dry samples into nitrogen gas. In this
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methed, ail the organic or the inorganic nitrogen compounds are converted in
one step to N, gas as follow: e ,

Dry sample = %‘__Csas_({))n —_ N- gas

The reaction was carried out on dry material of 550 C* for 6 hours, in a closed
nitrogen free atmosphere (dicharge) pyrex tuber, using copper oxide (CuQ) as an
oxidizing agent and calcium oxide (CaQ) to absorb water and gases like CO; .
When the reaction was completed and the system reached room temperature the
N'* / N' ratio was determined by emission spectrometry N*° analyzer (Model
Nol - 6 PC) following the description of TAEA (2001).

Nitrogen derived from fertilizer (Ndff), nitrogen derived from soil (Ndfs)
nitrogen derived from air (Ndfa) and percentage of fertilizer N recovery (%FNR)
were calculated according to Hardarsor & Danso { 1990) as follows:

% '"*N atom excess (plant)

% Ndff = X 100
% >N atom excess (fertilizers)

% Ndfs (unin) =100 - % N4ff
% Ndfs (in) = 100- (%Ndff + % Ndfa)

Nydff = % Ndff X Total N uptake
% FNR = Nydif X 100

applied N (mg N pot™)
100 - % NAfY (unin)
Asoil = %% Ndit (anin) X rate of N
100 - % NAff (i

A soil + air= AT (in) X rate of N

% NAIf (in)

A air = A (soil + air) — A soil
% NdfF (in)

% Ndfa= A air X _
Rate of applied N

where

% Ndff = Nitrogen detived from fertilizer, is the amount of Ndff / total N-uptake
expressed as %. :

% Ndfs = Nitrogen derived from soil; is the amount of Ndfs / total N-uptake
expressed as %.

% Ndfa = Nitrogen derived from air, is the amount of Ndfa / total N-uptake
expressed as %.
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Nydff = Nitrogen derived from fertilizer expressed as absolute amount (mg pot™').

% FNR= Fertilizer nitrogen recover, is the amount of Ndff (mg pot'l) / fertilizer
N'* added to soil (mg pot™') X 100.

unin = uninoculated treatments in = inoculated treatments.

Statistical analysis

Analysis of variance for the obtained data was carried out and significant
differences among the means of various treatment were distinguished by the LSD
at 0,05 level according to Snedecor & Cochran (1980).

Results and Discussion

Effect of form and rate of applied N and the inoculation treatments on dry matter
yield of maize plant

Data presented in Tables 3 and 4 reveal that on average dry weight of the
maize plants grown on both secils and inoculated or uninoculated treatments
increased significantly due to application of N and the increase was progressive
with the rate whether in its organic form (CM), or the mineral one (AS) or in the
mixture of both. Similar results were reported by Heggi er al. (1993), Ibrahim
(1997) and Gopal et al. (2000).

TABLE 3. Dry matter yield of maize plants (g pot”') grown on the alluvial soif as
affected by biofertilization and different rates of applied N.

lr;oculation treatments {B)

N-treatment rate I'yyoio0 ulated | Azt. Azs.

mg kg~ and Azt. + Azs. | Mean

source (A)
OmgN ' 6.15 6.51 636 | 666 6.42
15mg N({CM). 8.85 10.23 9.64 10.98 9.93
15 mg N (AS*) 957 11.50 10.72 12.15 10.98
30 mg N (CM/AS) 11.97 13.68 13.05 14.38 13.27
60mgN(CM/AS) | 13.10 13.46 1331 ~13.62 13.37
90 mg N (CM/AS) 14.98 15.04 14.98 " 15.20 15.05

Mean 10.77 11.73 11.34 12.16
LSD A | B | AB
{0.05) | 0.33 | 0.27 | 0.66

Azt. = Azotobacter chroococcum Azs. = Azospirillum brasilense.
*AS = Ammonium sulfate ( labelled with N'* - CM = Chicken manure.

- Inoculation of maize grains enhanced the effect of increasing rate of N on dry
weight of maize plants grown on both soils, as shown by the main effect.
Inoculation gave positive response, and was higher with Azotobacter chroeoccum
(Azt) than with Azospirillum brasilense (Azs). Moreover, the combined
inoculation with both Azotobacter chroeoccum (Azt) and Azospirillum brasilense
(Azs) resulted in the highest response. However, there were interactions between
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inoculation and N- treatment. Inoculation affected the response to N, and N-
treatment affected the response to moculanon (1) Regarding the response to N,
difference between 30 and 60 mg N kg particularly in the alluvial soil was
significant under no inoculation. With inoculation, the two rates were rather
similar. (2) Regarding the response to inoculation, the interaction was as follows;
inoculation gave no significant effect whether in absence of applied N, or where
N was given at the high rates of 60 or 90 mg N kg''. On-the other hand
inoculation gave positive response only in presence of N at 15 to 30 mg N kg’
(added as AS or (AS+CM). Where it was applied at the high rates of 60 to 90 mg
N kg'!, inoculation, gave no significant response. Such interactions indicate that
in order to obtain an economic use of N, its application could be done along with
inoculation. Also, in order to obtain a positive effect from inoculation, applied N
should not be excessive. Excessive application of N, especially where chicken
manure is present seems to have nullified the effect of inoculation. These
findings stand in well agreement with those of Yadav et al (1992); Galal (1993);
Radwan & El-Nimr (1996); Salem (2000); Surendra et al. (2002); Wu et al.
(2005) and El Zemrany et al. (2006).

TABLE 4. Dry matter yield of maize plants (g pot') grown on the calcareous soil as
affected by biofertilization and different rates of applied N

N- treatment rate . ~ Inoculation treatments ] ®
mg kg ' and source ] ; '
(A) Uninoculated Azt. Azs. Azt + Azs. Mean
OmgN 422 4.46 4.34 4.55 4.39
15 mg N (CM) 6.06 7.64 6.98 8.25 7.23
15 mg N (AS*) 6.34 8.40 7.74 9.1¢ 1 7.8%
30 mg N (CM/AS) 8.24 10.36 9.98 10.72 9.83
60 mg N (CM/AS) 9.19 9.41 9.31 9.53 9.36
20 mg N (CM/AS) 10.42 10.54 10.48 10.59 10.51
Mean 7.41 8.47 8.14 8.79
LSD A B AB ‘
(0.05) 0.35 | 0.28 | 0.70

Data in Tables 3 and 4 show also that dry weight increment percentages
attained due to inoculation as compared with the dry weight of the uninoculated
treatments seemed highest upon application of Azospirillum brasilense (Azs) in
soil receiving 15 mg N kgo. and lowest at the highest rate of the applied N-
fertilizers (90 mg N kg™'). This occurred in both the alluvial and calcareous soils,
meanwhile ammonium sulfate (AS) at a rate of 15 mg N kg™ produced higher
increment percentage of maize dry weight than the same rate of applied nitrogen
in the form of chicken manure (CM). Maize plants grown on the calcareous soil
showed higher response to the increase in rate of the applied nitrogen and the
inoculation treatments than the alluvial soil. Such a finding may be a final
product of the low natural fertility of the calcareous soil and its lower content of
total and available nitrogen than the alluvial one.

Egypt. J. Soil. Sci. 46, No.2 (2006)



ORGANIC MANURING AND BIOFERTILIZATION AS POTENTIAL ECONOMIC 227

Effect of form and rate of applied N and inoculation treatments on nitrogen
uptake by maize

Tables 5 and 6 demonstrate that on average {i.e., main effect) applymg N and
increasing its rate, increased significantly N- upta.ke by maize plants grown on
both soils. The N- uptake values became higher when the fertilization treatments
were associated with inoculation. The N- uptake values seemed higher in the
alluvial scil than the calcareous one. The main effect shows that inoculation with
Azotobacter chroeoccum (Azt) was of more pronounced effect on increasing N-
uptake in both the alluvial and calcareous soils. Combined inoculation with
{Azt + Azs) was of the most positive effect. These results are similar to those
obtained by Galal (1993) who stated that combination of ammonium sulfate (AS)
with either Azofobacter chroeoccum (Azt) or Azospirillum brasilense (Azs)
produced more values of N- uptake than with chemical fertilizers only. The lower
values of N- uptake achieved by the plants grown on the calcareous soil as
compared with those taken up by the plants grown on the alluvial soil might be
attributed to the lower fertility and consequently the lower nitrogen content of the
calcareous soil than the alluvial one. Moreover, loss of nitrogen by volatilization
as ammenia NH; in the calcareous soil may have occurred. As the case with
response of maize yield, there were significant interactions concerning response
of N uptake. ’

(1) Regarding response to N- treatment, it was significant only in the
calcareous soil. Increasing the rate of N from 30 to 60 mg N kg™ showed a
positive effect only where no inoculation was done. Under conditions of
inoculation, the increase from 30 to 60 mg N kg~ ! caused a decrease which was
particularly significant under inoculation with (Azt + Azs). (2) Regarding
response to inoculation, in both soils inoculation was of no significant positive
response under conditions of no N application; it was significant only where N
was applied. Besides, Azotobacter surpassed Azospirillum onIy ‘where N was
apphed at the lowest rate.

TABLE 5. N uptake (mg pot”) by maize plants grown on the alluvial soil as affected
by biofertilization and different rates of applied N.

N- treatment rate mg Inoculation treatments (B)
kg™ and source (A) Uninoculated | Azt. | Azs. | Azt. +Azs. |Mean
OmgN 60.3 76.9 743 83.3 73.7
15 mg N (CM) 117.6 164.3 149.7 186.7 154.6
15 mg N (AS*) 136.1° 187.1 168.8 215.3 176.8
30 mg N (CM/AS) 208.0 293.6 | 279.1 326.1 276.7
60 mg N (CM/AS) 2739 300.5 | 290.7 1309.1..° ]'292.1
90 mg N (CM/AS) 3494° | 3673 | 3647 | 3754 | 3641
Mean 190.9 231.6 | 2202 249.3
LSD Al B AB
©05) | 734 | 6.00 14.69
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TABLE 6. N uptake (mg pot') by maize plants grown on the calcareous soil as
affected by biofertilization and different rates of applied N.

N- treatment rate Inoculation treatments (B)
mg kg™ and source (A) ["Uninoculated | Azt. | Azs. | Azt + Azs. |Mean
OmgN - 430 51.7 48.8 54.6 49.5
15 mg N (CM) 75.5 112.5 101.3 125.7 103.7
15 mg N (AS*) 79.0 1254 | 113.1 141.6 117.0
30 mg N (CM/AS) 135.5 2167 | 2012 2219 195.3
60 mg N (CM/AS) 180.1 203.1 195.7 208.4 196.8
90 mg N (CM/AS) 2323 2447 | 24270 2519 2427

Mean - 1257 1590 | 1504 168.4

LSD A B AB

{0.05) 783 | 639 15.66

It seems that heavy doses of nitrogen fertilizers may have inhibited N,- fixing
activities. Galal et af (2000) and Rout et ol (2001) reported that the positive
response to biofertilizer decreased by increasing rate of the applied nitrogen.
They attributed the effect of the N,- fixing bacteria to their production of growth
promotion substances. They added that free- living bacteria change root
morphology, i.e., increase root growth, hence enhance nutrient uptake.

Effect of form and rate of applied N and inoculation on persentage of fertilizer
nitrogen recovery (% FNR)

Data presented in Tables 7 and 8 show that values of the percentage of
fertilizer nitrogen recovery (% FNR) significantly increased due to increasing rate
of the applied nitrogen fertilizers regardless of its source. Values for the alluvial
soil seemed higher than in the calcareous one, Values seemed to be higher for the
inoculated plants than the uninoculated ones. Moreover, inoculation with
Azotobacter chroeoccum (Azt) resulted in values higher than with inoculation
with Azospirillum brasilense (Azs). Inoculation with Azotobacter chroepccum
(Azt) + Azospirillum brasilense (Azs) gave the most pronounced effect except
where N was applied at its highest rate when ali inoculated treatments gave rather
similar response. These results agree with those of El-Akel (1997) and Galal et ai.
{2000) who found that inoculation of wheat with Azospirillum increased the
efficient use of both nitrogen and phosphorus. Galal (2003) reported. that the
maximum values of total nitrogen recovery were attained with dual inoculation of
diazotrophs. ' : : :

TABLE 7. Percent of fertilizer N recovery (% FNR) by maize plants grown on the

alluvial soil as affected by biofertilization and different rates of applied N.
N- treatment rate mg Inoculation treatments (B)
kg and source (A) Uninoculated Azt Azs. | Azt,+Azs. | Mean
15 mg N (AS*) - 207 307 ] 283 |. 345 ..} 301
30 mg N (CM/AS) 396 . 46.1 45.1 49.3 45.0
60 mg N (CM/AS) 53.0 56.1 55.0 57.0 55.3
90 mg N (CM/AS) 60.8 63.0 62.9 64.2 62.7
Mean 45.1 49.0 47.8 51.3
LSD A B -AB :
{0.05) 0.96 | 0.96 1.66
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TABLE 8. Percent of fertilizer N recovery (% FNR) by maize plants grown on the
calcareous soil as affected by blofertilization and different rates of applied N.

N- treatment rate Inoculation treatments (B)
mg kg™’ and source -
(A) Uninoculated Azt Azs. Azt. + Azs. { Mean

15 mg N{AS® 15.1 193 | 179 215 185
30 mg N (CM/AS) _ 222 302 | 285 31.2 28.0
60 mg N (CM/AS) _ 32.1 347 | 338 35.2 34.0
90 mg N (CM/AS)_ 393 408 | 406 417 406
Mean 27.2 31.2 30.2 324

LSD A B AB

(005) | 123 | 123 | 245

Effect of inoculation on contribution percentages of air, soil and fertilizer to
nitrogen content of maize plants

Data presented in Tables 9 and 10 show that values of Ndff (where the
source of fertilizer N was totally AS at 15 mg N lcg‘I with no inoculation}
werel1,7% and 10.35% in the plants grown on the alluvial and calcareous soils,
respectively. Little change occurred when the rate was 30 mg N kg™’ where the
source was partly AS and partly CM at overall rate of 30 mg N kg™'. Increasing
rate of applied nitrogen fertilizer was accompanied by increases in Ndff % in
both soils. Inoculation with Azotobacter chroeoccum (Azt), Azospirillum
brasilense (Azs) or both together slightly decreased Ndff %.

Inoculation reduced Ndfs, Increasing rate of the applied nitrogen, generally
decreased Ndfs under all the inoculation treatments and in both soils. Results
indicate that the reduction in Ndfs was more obvious upon inoculation with
" Azotobacter chroeoccum {Azt) than with Azospirillum brasilense (Azs) whereas
the inoculation with {A4zofobacter chroeoccum {Azt) + Azospirillum brasilense
(Azs)} produced the lowest values of Ndfs.

Regarding inoculation treatments.on contribution percentages of nitrogen
derived from air, data show that inoculation with Azofobacter chroeoccum (Azt)
was more effective in increasing Ndfa % than inoculation with Azospirillum
brasilense (Azs). Inoculation with {Azotobacter chroeoccum (Azt) +
Azospirillum brasilense (Azs)} seemed to be of the highest effect on Ndfa at all
rates of applied nitrogen in both soils. Values of Ndfa increased slightly by
increasing rate of the applied nitrogen from 15 to 30 mg N kg™'. Increasing rate
of the applied nitrogen beyond 30 mg N kg™' decreased Ndfa in both soils. The
high level of the applied inorganic nitrogen might have inhibited nitrogenase
activity and hence reduced both N3- fixing capacity and Ndfa, These results agree
with Roger & Watanabe (1986); Omar (1995); Antoun (1998); El- Komy et al.
(1993); Galal er al. (2000) and Galal (2003) who reported that, inoculation with

- {Rhizobium + Azospirillum microorganisms) gave higher values of Ndfa as

compared with individual inoculation with Rhizobium or Azospirillum, alone.
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TABLE 9. Percentage of nitrogen drived from fertilizer (Ndff)& soll (Ndfs) and air
(Ndfa) by maize plant grown on the alluvial soil as affected by
biofertilization and different rates of applied N.

N Inoculation treatmenis
treatment
rate mg Uninoculated Azt Azs. Azt. + Axs.
kg and :
source
NOff | Ndfs | Ndff | Ndfs | Ndfa | Naff | Ndfs | Ndfx | Ndff | Nofs | Néfa
15 mg .
B ol 1178 | se22 | 987 | 739 [ 1622 | 1006 | 7546 | 1448 | 961 | 7200 | 1829
N(AS*) :
W0meN a5 | 5855 | 953 | 13.09 | 1738 | o0 | 7505 | 1506 | 907 | 7031 | 2062
M | 1 . . . . ) } : o7 . !
GOmMEN | 5323 § 7677 | 2243 | 7405 | 342 | 2271 ) 7500 | 219 | 2215 | e | 4es
CMES) : y ) . _ . . . ) .
S0meN | 3134 | 6g66 | 3090 | 6772 | 138 | 3104 | 68.02 | 004 | 3077 | 6743 | 180
CMaS) . ! . : . . ; y . .

TABLE 10. Percentage of nitrogen drived from fertilizer (Ndff)}& soil (Ndfs) and air
(Ndfa) by maize plant grown on the calcareous soil as affected by
biofertilization and different rates of applied N.

N- Inoculation treatments

treatment

Fate mg | Uninoculated Azt Azs. Azt. + Azs.

kg™ and .

sOtrce Ndff 1 Ndfs Ndff | Ndfs Ndfa | Ndff | Ndfs | Ndfa | NAff [ Ndfs | Ndfa
15 mg ;
N(AS*") 1G.35 | 89.65 9.25 80.04 | 1071 9.46 82.07 8.47 9.11 78.99 { 11.90

30mg N N . .
(CM/AS) 9.85 90.15 836 | 7654 | 1510 | 850 77.80 { 13,70 8.12 75.22 | 16.66

60 mg N . -
(CM/AS) 2144 | 7856 | 2049 | 75.10 | 441 20.75 | 76.05 3.20 [ 2025 | 74.23 5.52

W mgN
(CM/AS) 30,56 | 69.44 | 2999 { 68.15 1.86 30.21 | 68.66 1.13 2982 | 61.75 243

Resulis reveal that values of Ndfa in maize plants grown on the alluvial soil
were, generally, much higher as compared with the corresponding ones of the
maize plants grown on the calcareous soil, probably due to higher fertility of the
altuvial soil. ' : o : '

The aforementioned results reveal that organic fertilization could substitute
the mineral nitrogen fertilizer, Also inoculation with N~ fixing bacteria
especially where available N is in moderate amounts (such as applying a low' ratt
of N) could increase the contribution of the atmospheric air to the nitrogen taken
up by the plant. This approach may assist low income farmers in increasing plant.
production with less fertilizer nitrogen and at the same time reduce the potential
hazardous contamination of surface and ground water.
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