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ABSTRACT

This study was conducted during 2003 and 2003 - 2004 seasons at
Gemmeiza Agric. Res. Stn., with maize (SC 15 hybrid) and wheat (Gemmeiza 7 var.} ,
to findout the effect of bio — and / or N- fertilizers on yield production and soil fertility .
The obtained results could be summarized as follows :

The bio-fertilizer Azospirillum proved to be superior than Cyanobacteria one

to increase, significant, maize grain and wheat(grain and straw) yields .Azospirillum
still better than Cyanobacteria in improving N-uptake, N-use efficiency , % biomass N
recovered and available soil N for both crops.
Increasing N-rate resulted in significant increases in maize grain and wheat(grain and
straw) yields. Nitrogen concentration% of maize (grain and stover) and wheat(grain
and straw) were increased significantly as N-rate increased. Nitrogen uptake and
available soil N, after harvest, were increased, whereas, N- use efficiency tended to
be reduced with increasing N-rate. Biomass-N recovered % for maize crop seemed to
be increased with increasing N-rate whereas, an opposite trend was observed with
wheat crop.

Insignificant interaction effects were obtained due to the adopted
biofertilizers and N-rates on the studied characters ,except the available socil N after
maize harvest

On conclusion , because of the inisignificant effect of adopted biofertilizers
and N-rates , on the most investigated characters , it is recommended to apply the
moderate N-rates under Azospirillum in order the reduce the environmental pollution
and to reduce, as well, maize and wheat production costs under Gemmeiza solil
conditions .

INTRODUCTION

Maize and wheat crops are considered as two of the five most
important cereal crops in Egypt with respect to value and area . The maize
and wheat yields are a function of many factors including nitrogen , since it is
the most commonly deficient nutrient in the Egyptian soils . Nitrogen is well
known to be one of the most major elements for plant nutrition and
development since it plays an important role in proteins and enzymes
synthesis . Thus , optimizing nitrogen management i.e. application time,
amount ................ etc . well yield an increase in crop vyield . E! = Douby et
al, { 2001 ) found that maize grain yield was significantly increased as N -
rate increased and the maximum figure was obtained due to the addition of
140 kg N / fad. Moreover, Abo — Soliman et al,, (1988) with wheat crop,
stated that both grain and straw yields were increased significantly with
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increasing nitrogen fertilizer level and the optimum level was 70 kg N / fed.
Zamber et al,, ( 1984 )found that application of N — fertilizer up to 120 Kg N /
h increased N — uptake and protein content in the grains of wheat . However ,
application of such N ~ mineral fertilizers may harm some microbial groups
and lead to upset or change in the ecological balance of soil micoorganisms
and consequently disrupt different biological process of the grown plants. So ,
many research trials amied to minimize such problem through out usage of
bio — fertilizers plus mineral N - fertilizers to secure and compensate the
plant N - requirements. El — Borolosy et al., (1986) stated that inoculation of
maize with Azospirillum or Azotobacter led to a considerabie improvement in
maize growth and grain yield. Furthermore, Yehia and ElGhandour
{1994) with wheat, illustrated thal inoculation with either Rizobium or
Azospirllum increased grain and straw yields. The authors also found an
increase in N-uptake and grain protein content due to applying such
biofertilizers .

Bio fertilizers are also contributed, significantly, in improving soil fertilitly
through out nitrogen fixation. Rupple and Merbach (1997) found that the
amount of biologically fixed N was enhanced due to inoculation the seeds of
wheat by Azosprillum brasilence . Regarding the combination of N ~ fertilizers
and biofertilizers, Saleh et al., (2003) found that the highest maize grain yield
was obtained with application of microbin +105 kgN/ fed. Moreover, Reynders
and Vl0assak (1982) reported that inoculation with Azospirillum or
Cyanobacteria in combination with N — fertilizers increased the availability of
N and other elements in wheat — cultivated soil .

The objectives of the present study are to determine to what extent the
biofertilizers and / or N- fertilizers application affect yieid of maize and wheat
crops . The consequent effects on N-recovery % , N — use efficiency and soil
fertility are considered .

MATERIALS AND METHODS

On achieving the objectives of the herein research work, two field
experiments were carried out at Gemmeriza Agricultural Research Station.
The first experiment was with maize { SC 15 hybrid )} during 2003 season,
and the second one was for wheat ( Gemmeiza 7 var. ) during 2003 - 2004
season . Sowing dates were 20% June and 21%Nov . , respectively , for maize
and wheat .The soil of the experimental sites are clay in texture and some of
its physcial and chemical characteristics are shown in Tables ( 1a and 1b ) .
in both experiments , the split plot design was used. The main plots were
conducted for bio — fertilizer i.e. Azospirilum and Cyanobacteria, applied
according to the recommendations . Nitogen fertilizer rates were considered
as sub plots and including N — addition at the rates of zero, 40, 80 and 120
Kg N/ fed . for maize, and 0, 25, 50 and 75 Kg N / fed . for the wheat . In the
both seasons the treatments were replicated 4 times . The plot area was 3 x
3.5 m, e (17400 fed .) for the two crops under the study . Nitrogen fertilizer
was applied in the form of ammonium nitrate {(33.5 % N) in three equal
porticns before the first , second and third irrigation for the two crops . The
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basel doses of P and K - fertilizers were applied according to
recommendations . Normal agricultural practices for growing maize and
wheat crops in the region were followed .

At harvest , samples of grain and straw for the two crops were oven —
dried , ground and wet digested . Nitrogen was determined using mico -
Kjeldahel method according to Hesse ( 1971 ) . On determining soil fertility ,
surface soil samples were collected, to 40cm depth, form each sub-plot, at
the end of each growing season, for the maize and wheat ,to determine
available soil nitrogen using micro —Kjeldahel method according to A.O.A.C.
(1984). Nitrogen Use Efficiency { NUE ) was calculated according to Nova
and Loomis ( 1981 ) . Nitrogen recovery% was calculated as follows .

N1 -NO x 100
N-recovery %= ——  ....iiivenen Where
N - added

N1= Total N- uptake for the treatment , KgN / fed .
NO = Total N- uptake for the control , KgN / fed .

The statistical analysis of data was done according to the procedure
out lined by Snedecor and Cochran ( 1967 ) .

Table ( 1a ) : Some physical and chemical properties*of the experimental
site before maize planting

Particale size Soluble cations | Soluble anions,
distribution meg/100 g soil meg/100 g soil EC | AN
Sand] Silt [Clay[__ Sdm”'| ppm
% | % | % Ca'* Mg’ Na' | K [Cos*HCos] CI" 15047
60.9 [15.1]18.8| Clay |0.25|0.13/ 0.62 |0.02| — |0.43]0.31/0.28| 188 | 30

Table ( 1b ) : Some physical and chemical properties*of the experimental
site before wheat plantin

Particale size Soluble cations, | Soluble anions ,
distribution meq/100 g soil meq/100 g soil EC | AN
Sand| Silt [Clay [ | Sdm™| ppm
% | % | % CaMg*?| Na' | K' |Cos?HCos| CI" S04
65.18/27.25| 6.70 | Clay |0.43/ 0.35|2.35|0.41| — | 0.391.90/1.16/ 1.39 | 35

* Determined as described by Hesse {(1971) and USSLS (1954) .
RESULTS AND DISCUSSION

Maize grain and stover and wheat grain and straw yields:

Data in Table({ 2} reveal that maize grain yield insignificantly increased
under Azosprilium by 3.45 %, compared to Cyanobacteria. While the
increase in stover yield reached the singificant level , since the stover yield
with Azosprillium surppased that under Cyanobacteria by 14.95 %. The same
trend was observed with wheat crop, since application of Azosprillium
significantly influence grain and straw yields with increase percentages
comprised 7.82and 9.16%, respectively, { Table 3 ).
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Data for-maize grain and stover yields as affected by different N -
rates, reveal highly significant effect ,on maize grain yield only, due to
increasing N — rate ( Table 2 ) . The increases % in maize grain yield are
10.25, 25.05 and 41.81 as N — rate increased from zero to 40, 80,and 120 kg
N/fed. The corresponding increase values in stover yield are 10.78 ,27.29
and 37.39 % , respectively.the increase % values in wheat grail rare 42.53,
59.55 and 73.18, while the increase % in straw yield comprised 18.10, 34.29
and 54.92 as N-rate increased from zero to 25.50 and 75 kg nffed,
respectively. Similar resuits were previously stated by El — Douby et al.
{ 2001 ) with maize crop and Abo — Soliman et al., { 1988 ) with wheatone .

As for combination of bio and N - fertilizer rate , data reveal
insignificant effects on maize and wheat either grain yield or stover yield .
However , The highest values for grain and stover of maize are recorded
under the combination of Azosprillium + 120 Kg N / fad , while the highest
ones for wheat ae observed under Azosprilium + 75 Kg N/ fed . In this
connection , Saleh et al., (2003) found that the highest maize grain yieild was
obtained due to application of microbin + 105 Kg N/fed .

Interaction data reveal insignificant differences among the figures
conceming maize grain and stover yields and wheat grain and straw yields
(Tables 2, 3).However, Bhattaria and Hess (1988} mentioned that inoculating
with Azosprilium and Cyanobactena increased the wheat yield under
moderate N-fertilization .

Nitrogen concentration percentage:

Nitrogen content % for maize grain and stover under Azosprillium
significantly surpassed those under Cyanobacteria with increase % values
reached 12.58 and 28.26 % , respectively (Table 2). The same trends were
observed with wheat grain and straw yields with corresponding increase %
values comprised 9.87 and 67.57 % , respectively ( Table 3} .

Data in Table (2) indicate highly significant effects on N-
concentration % of maize grain and stover due to the tested N — rates .
Increasing N-rate from zero to 40, 80 and 120 Kg N / fed resulted in an
increase of N- content % of maize grain reached 7.09 , 20.57 and 29.08 ,
whereas the increase % in N- content % in stover were 35.29 | 67.65 and
123.53 , respectively . Data also demonstrate an increment increases in N —
content % in both wheat grain and straw yields due to increasing N-rate from
zero to 25, 50 and 75 Kg N / fad . ,since the increase % comprised 8.57 ,
17.86 and 29.29 in grain and 36.11, 83.33 and 113.89 in straw , respectively,

Data in (Tables 2 and 3) reveal that the bio — fertilizers ie,
Azosgrillium and Cyanobacteria insignificantly interacted with the adopted N-
rates , to alter N-content % in maize grain and stover and wheat grain and
straw , however , the highest maize grain and stover and wheat grain and
straw yields were obtained under combination of Azosprillium + the highest
N- rate i.e 120 Kg N/fed with maize and 75 Kg N / fed with wheat .

Nitrogen uptake:
Data in (Table 2) indicate that Azosprillum surpassed Cyanobacteria
in increasing N- uptake by maize grain and stover yields, since the increase
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% reached 15.88 and 41.08 |, respectively. The same trend was observed
with wheat grain and straw yields with increase % comprised 18.48 and
(Table 3).

Increasing N-rate was accompanied with increasing value of N-
uptake for both maize grain and stover and wheat grain and straw yields .
The increases % in N — uptake by maize grain yield are 18.15 ,50.80 and
81.70 and for stover yield are 49.90 ,115.12 and 208.07 under N-rates of 40,
80 and 120 Kg N / fed, comparable to without N- addition, respectively.
Similar trend was obtained for N-uptake by wheat crop, since the increase %
values were 54.40 88.42 and 124.49 for N- uptake by grain and 62.49,
148.71 and 234.67 for N- uptake by straw yield under N- rates of 25,50 and
75 Kg N/ fed , compared to without N- addition, respectively. Similar results
were reported by Zamber et al{ 1984 ) who found that application of N -
fertilization up to 120 Kg N/ ha increased N- uptake and protein content in
wheat grains. Moreover , Cherney and Duxbury (1994). stated that availability
of inorganic N increased as N - fertilizer leve! increased .

Data in Tabies {2 and 3) indicate that N — uptake by maize and wheat
crops was not influenced due to the interaction of the bio fertilizers and N -
rates under study . However , the highest N — uptake value for either maize or
wheat ¢rops was obtained under the combination of Azosprillium + the
highest N- rate i.e 120 and 75 Kg Nffed with maize and wheat crops,
respectively .

Bio-mass N-recovery % :

Data in Table (2) reveal that % N — recovered by total maize crop under
bio-fertilizer Azosprilium was more by 2452 % than that under
Cyanobacteria one . The same trend was observed with wheat crop since ,
the correspeonding value of % N — recovery reached 25.57 % , ( Table 3).

With respect to N-rate , data indicated that increasing N-rate resulted in
increase % N-recovery values by maize crop since the values are
30.77,38.64 and 44.48% under 40, 80 and 120 Kg N/ed., respectively,
(Table 2). Similar trend was observed by Abd - El - Razek et a/. (1999) and
Abdel — Maksoud et al. (2002), who found slight and gradual increase in % N-
recovered by maize plants due to increasing N-rate. Nevertheless, with wheat
crop, regular decreases in N-recovered % were obtained, since the values
are 72.24, 72.22 and 71.60 % due to increasing N-rate to 25 , 50 and 75 Kg
N / fed, respectively, (Table 3). However in this respect , El Awag et al
(1996) and Othman, Sanaa (1996) reported that N-recovery % by wheat crop
tended to decrease as N-rate increased . The different behaviour in N-
recovery % , for maize and wheat crops, may be attributed to different crop
growth type and N-requirements besides different irrigation practice and
prevailing climate conditions, which enhanced N-losses by volatilization and
deep leaching as weil . Data also reveal that the highest figures for biomass
recovery %,either for maize or wheat crops, were obtained due to the
combination of Azospirillum + the highest N-rates.
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Nitrogen Use Efficiency { NUE ):

fn the present study , NUE means Kgs of maize or wheat grains
produced due to applying the unit of nitrogen fertilizer . On this basis , the unit
of nitrogen yielded more maize grains under Azosprillium than Cyanobacteria
by; 3.40 % , ( Table 2 ) while the increase with wheat crop was 9.96% ( Table
3).

Regarding NUE values under the different N-rates , it seemed to be
reduced as N-rate increased , since the values are 53.56 , 30.32 and 22.92
Kg grains / Kg N applied under 40 , 80 and 120 Kg N / fed rates . These
findings were previously reported by Abd El — Razek et al, ( 1999 ) and
Abdel ~ Maksoud ef al, { 2002 ) with maize crop . The same trend was
observed with wheat crop , since NUE values are 83.25 , 50.03 and 36.15 Kg
grains / Kg N added under the N-rates of 25, 50 and 75 N / fed , respectively
. Similar results were reported by El — Awag et a/, ( 1996 ) with wheat crop.
The interaction data ( Tables 2 and 3 ) revealed that , the biofertilizer
Azosprillium was interacted with the lower N-rate .i.e 40 and 25 Kg N/ fed , for
maize and wheat crops , respectively , to produce the highest NUE values .

Available soil nitrogen:

The values of available soil — N, at the season end , determined to
great extent the soil fertility and the remainder soil N which can be used in N-
fertilization management for the next crop . In this respect , bio — fertilizer
Azosprilium proved to be more better than Cyanobacteria one , since the
value of the available soil N- under the formar was more by 19.54 and 3.88 %
after maize and wheat crops, respectively than the second (Tables 2 and 3 ).

Data also reveal that the available soil N was highly significant
influenced by the tested N-rates for maize and wheat crops . The increase %
after maize were 23.77 , 52.20 and 81.65 as N- rate increased to 40, 80 and
120 Kg N/ fed ., compared to control . Abdel — Razek ef al. ( 1999 } and Abdel
~ Maksoud et al ( 2002 ) found similar trend with maize crop . The
corresponding increase % values after wheat crop , are 6.46 , 13.60 and
21.57 under 25, 50 and 75 Kg N / fed . rates , comparable to without N-
addition , respectively.

The same trend was previously observed by Othman , Sanaa (1996)
who stated |, after wheat crop |, that available seoil N-tended to increase as N-
rate increased . Moreover , Holford and Doyle { 1992 ) found that soil nitrate
value , in different depth of soil profile , was increased due to N- fertilization .

Data in { Tables 2 and 3 ) show that the tested bio ~ fertilizers i.e
Azosprillum and Cyanobacteria were highly significant interacted with the
adopted N-rates to affect the available soil — N after maize crop , whereas
under wheat crop the differences did not reach the significance level . In
addition , the highest value for available soil — N after both maize and wheat
crops was obtained due to combination of Azospriliium + the highest N — rate
, either for maize or wheat crops .

On conclusion , because of the insignificant interaction effect
between the tested bio-fertilizers and the adopted N-rates on most the
tested parameters , it is economically recommended to use the moderate N-
rate in combination with Azospriltium as bio-~fertilizer in order to reduce both
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eviromental pollution and maize or wheat production costs under the soil
conditions of Gemmeiza area .

Table (2) : Maize grain and stover yields , some N-yield relationships
and soil fertility as affected by bio and N-fertilizers

— -
e N | Naptake | e kg Avail
concentration% | { Kg N / fed ) rec?/very Kq {ppm )
o ram
Arg;zil?e d TS:::;:; Grain | Stover |Grain Stover
A =Main piots
Bio-fertilizers
Azosprillum 16.80 546 | 1.70 0.59 [40.42(33.38| 4210 (36.19| 29.37
Cyanobacteria;, 16.24 475 | 1.51 0.46 3488, 23.66 | 33.89 35.00)| 24.57
F-test N.S * e b —_ — — — "
B-sub piots
N-level
Kg/fed
0 13.85 436 1.41 0.34 2727|1475 — 19.35
40 15.27 483 1.5 046 (3222|2211 | 3077 |53.56| 23.95
80 17.32 555 | 1.70 0.57 (4115|3173 | 3864 |3032| 2945
120 19.64 5.89 1.82 0.76 |49.55| 4544 | 4448 |22.92 35.@
LS Dyos 1.43 0.98 | 0.13 0.08 — — — — | 1.86
LS Dorn 1.95 NS 0.18 0.1 — — — — | 255
Interaction
{Ax B)
Azospirillum
0 14.00 4.73 1.50 037 |2940(17.50 —_ — | 20.30
40 15.52 5.12 161 0.50 |34.98| 2560 | 3420 |54.32] 25.60
80 17.64 584 | 1.78 062 |4396(3621| 4158 |3087| 31.70
120 20.05 616 | 1.90 0.88 53335421 5053 |23.39] 39.90
Cyanobacteria
0 13.71 4.00 1.31 0.30 (2514 12.00 _ -— [ 1840
40 15.03 454 1.40 0.41 29.46| 1881 | 2733 |52.80| 22.30
80 17.01 5.26 1.61 0.52 38342735 | 3569 [29.77| 27.20
120 19.23 5.82 1.73 0.63 |46.57  36.67 | 38.42 |22.44] 3040
LS Dpes NS NS NS NS - | — - — | 280
LS Dy J st NS | NS NS - = — — [ 360
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Table (3) : Wheat grain and straw yields , some N-yield relationships
and soil fertility as affected by bio and N-fertilizers

oo oo [Vt TS e, T
ArSarab;‘ed Tsotrn?f:ci Grain | Stover | Grain | Stower reoq’zery Kg grain| ppm )
A —Main plots
Bio—fertilizers
Azosprillum 15.58 417 1.67 062 [3968[2670| 81.52 | 61.25| 40.95
Cyanobacteria 14.45 3.82 1.52 0.37 13349 | 2088 [ 64.92 | 55.70 | 39.42
F'test * * - ') — — . —_ »
B-sub plots
N-level,
Kgifed
0 10.44 3.15 1.40 036 |21.93( 1125 36.40
25 14.88 3.72 1.52 .049 [33.86| 1828 | 7584 | 89.25  38.75
50 16.68 423 | 165 | 066 (4132|2798 | 7222 | 50.03| 41.35
75 18.08 4.88 1.81 0.77 149233765 | 71.60 [ 3615 | 4425
LS Dgss 0.60 0.41 0.14 | 0.06 — — — — 1.57
LS Doo 0.83 056 | 0.20 0.09 — — — — 2.15
Interaction
(Ax8)
Azospirtlum
Q 10.53 3.30 1.45 0.40 |2290) 132 —_ — 36.8
25 15.75 3.82 1.56 0.54 | 3685|2063 | 85.52 94.5 394
50 17.15 445 1.71 070 [43.95 (3115 | 78.08 | 5145 | 421
75 18.90 5.10 1.84 082 5489|4182 | 8095 | 3780 | 455
Cyanobactena
Q 10.35 3.00 1.35 0.31 [2086] 9.30 — - 36.0
25 14.00 3.62 1.47 044 3087|1593 ] 66.16 | 84.00 | 38.1
50 16.20 4.00 1.59 062 (3864 (2480 | 66.36 | 4860 | 406
75 17.25 4.65 1.68 072 4347|3348 | 6225 | 3450 | 430
LS Doos NS NS NS NS — — — — NS
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