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Abstract

Biomass, nitrogen and grain yields of wheat cvs. Sakha 69 and
Giza 163 as well as maize cv. single hybrid 122 were determined to eval-
uate the response of gramineous crops to diazotroph inoculation, organ-
ic and inorganic fertilization in Ismailia sandy soils. Rigorous environmen-
tal conditions of the experimental site severely reflected on
development of untrezted plants which showed N deficiency symptoms
at early growth stage:. Ammonium sulfate was superior, compared to
urea form-N, as the reported increases in biomass yield with the recom-
mended N dose were 100 and 41.9% for wheat cys. Sakha 69 and Giza
163, respectively. Response of both cultivars to diazotroph inoculation
was found to be N-dependent, whereas percentage increases of 165.6
and 164.2 were recorded due to inoculation simultaeously with 50 Kg N
fed1 as ammonium sulfate over that in case of the same N level as urea
form. Regardless of treatment, cv. Sakha 69 supported higher soil dehy-
drogenase activity compared to cv. Giza 163 whereas the mean activi-
ties were 90.4 and 57.5 pg TPF g‘1, respectively. Also, cv. Sakha 69
supported higher nitrogenase activity compared to cv. Giza 163 giving
an average increase of 114.9 nmoles 02H4h’1g'1 root. Plants inoculat-
ed and received the rational dose (half the recommended dose) the of N
fertilizer contained somewhat lower quantities of protein in their grains
than those supplemented with the full N fertilization without inoculation.
Incorporation into soil of biogas manure (2.5 ton fed“) slightly stimulat-
ed protein accumulation in grains. Application of 120 kg N fed"1 did
magnify maize plant vigorousness with percentage increases of up to
213% in biomass production. Rhizobacterin supported ca. 230% higher
plant N yield over N fertilization alone. Profuse ear yield of 3.44 ton fed”
1 was scored by urea form-full N supplied maize. Diazotroph inoculation
in combination with 60 kg N fed"1 revealed the superior dehydrogease
activity in soil (124.1 ug TPF g soil). The maximum activity of 385
nmoles 02H49'1h'1 recorded in soil inoculated with rhizobacterin to-
gether with 60 kg N fed"1 as urea form represented a gain of 9.2 kg N
fed 1. Raising the N fertilization level decreased the N gain. As expect-
ed, the lowest N budget was estimated for untreated soils.
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INTRODUCTION

Agriculture of desert soils is faced by the prevalence of a number of rather ex-

treme and detrimental conditions, i.e. very poor sandy soils deficient in nutrients and

* very low organic matter content, limited water supply and drought conditions. This is in

addition to poor quality of irrigation water when using the Nile water mixed with drain-

age water and future developments of adverse conditions such as sallinity, sun heat
and radiation.

To cope with these environmental constraints, various safe agrotechnologies
based on biological processes could be of rather significance and substantial input. This
includes biological nitrogen fixation (BNF) and plant growth substances producing rhiz-
obacteria (PGPR) compared to agricultural chemicals required to support sustainable
agricultural production (Bockman, 1997 and Kennedy et al, 1997). Most production
systems utilize both approaches, and take advantage of the almost cost-free input of
nitrogen when nitrogen fixing plants are grown.

The present work is aiming at improving the productivity of sandy soils, which
represent a major part of the newly reclaimed soils in Egypt.

MATERIALS AND METHODS
Study site:

Sandy soil (organic matter 0.029%, total N 0.007%, pH 7.7 and E.C. 0.42 dSm”
1) at Ismailia Experimental Station, Agricultural Research Center (ARC) was selected to
conduct two field trials. The experimental site lies at 33°E and 30°s at an altitude of
13 m above sea level. Such area is characterized by the following climate: a) rainfall is
scant, irregular and variable, b) temperature fluctuates from 13 to 23°C in winter and
19 to 29°C in summer, c) relative humidity is 50-70% and d) abundance of sunshine.

Host plants:

Seeds of wheat, Triticum aestivum L (cvs. Sakha 69 and Giza 163) and maize,
Zea maize (cv. Single hybrid 122) were obtained from Field Crops Research Institute,
ARC. Initially, germination rate of each seed type was determined separately, estimates
of both were falling in the range 85-90%. Seeds were thoroughly washed in water prior
to treatment to get rid of any tiaces of peticides possibly added for pest control dur-
ing storage.



A.F. SHAHABY et al. 501

Inocula and media:

Dual and triple microbial inocula were used to inoculate wheat and maize crops.
The diazotrophic strains as well as one strain of soil yeast were isolated from wheat
rhizosphere and purified. According to morphological, cultural and physiological charac-
teristics by Lodder (1970), Dobereiner (1991) and Holt et al. (1994), the isolates
were identified as Azospirillum brasilense, Bacillus polymyxa and Saccharomyces cerevi-
siae. These isolates were used .or wheat inoculation. Azospirillum, Bacillus and Saccha-
romyces were grown on malate N-free medium (Hegazi et al,, 1979), nutrient broth
and glucose-yeast exlréct-peptone agar (Lodder, 1970), respecttively. Rhizobacterin
(mixed culture of Azospiriflum lipoferum and Azotobacter chroococcum) produced by
General Organization for Agricultural Equalization Fund in Egypt (GOAEF) was used for
maize seed inoculation.

Field experimentation

Two field trials were designed to evaluated the response of wheat and maize to
diazotroph inoculation in combination with organic and inorganic fertilizers.

Field trial 1

All the recommended agricultural practices for wheat cultivation, mainly plough-
ing and compacting of soil, were initially employed. The selected area was divided into
equal plots of 3 x 3.5 m. Liquid cultures of Azospirillum brasilense, Bacillus polymyxa
and Saccharomyces cerevisiae were grown on selective media for 4 days at 30°C with
continuous shaking. Two integrated inocula of associative diazotrophs, with and with-
out yeast, were prepared by mixing equal volumes of the individual liquid cultures. The
composite inocula were then mixed with Arabic gum and fine peat. Thereafter, seeds of
wheat (cvs. Sakha 69 and Giza 163) were coated with the mixture of all. The mineral
fertilizers were incorporated into soil as follows: superphosphate 200 Kg fed'1, potas-
sium sulfate 50 Kg fed'1, and urea-form N and ammonium sulfate added at 100 (rec-
ommend rate) and 50 Kg N fed'1. Urea-form (UF) N fertilizerr was added once befere
planting while ammonium sulfate (AS) was divided into three doses added prior to pl-
anting, 45 and 75 days after. Biogas manure was distributed at the rate of 2.5 ton fed
-1 before bed preparation. Seeds were drilled in rows 30 cm apart and 3.5 m long. The
applied treatments for each cultivar were:1) 100 Kg N (UF) fed -1,2) 50 Kg N (UF)
fed -1 (a), 3) 100Kg N (AS) fed -1, 4) 100Kg N (AS) fed ~1(b) (a) +Azospirillum +
Beillus, 6) (b) + Azospirillum + Bcillus, 7) (a) + Azospirillum + Bcillus + yeast, 8) (b) +
Azospirillum + Bcillus,+ yeast, 9) (a) + Azospirillum + Bcillus + yeast + biogas manure.
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The experimental design was a complete randomized block design with 4 repli-
cates. Plants were sampled after 83 days of sowing and analyzed for shoot dry weight
after drying at 70°C to contstant weight. Grain yields were determined at harvest (af-
ter 180 days of planting). Population densities of total bacteria, azospirilla and N2-
fixing bacilli were estimated in rhizosphere soil of the difforent rtreatments on appro-
priate media according to Smibert and Krieg (1981). Dehydrogenase activity in soil and
acetylene reducing activity on washed roots were measured adopting the procedures
of Skujins (1973) and Hardy et al. (1973), respectively.

Field trial 2

After the experimental area being prepared for maize cultivation, the various
mineral fertilizers were incorporated into soil. Superphosphate and potassium sulffate
were added as 200 and 50 kg fed 1, respectively. Two types of nitrogen fertilizers
were tested, urea-form and ammonium sulfate at the rate of (120 Kg N fed'1 (recom-
mended rate) and a rational rate of 60 Kg N fed'1 of each. Ammonium sulfate was
added to soil at three equal doses: before planting, 45 and 75 days after, while urea-
form was incorporated into soil at sowing. Maize seeds were thoroughly mixed with
rhizobacterin and Arabic gum, then left to dry in shade. The treatments allocated were
: 1) O N (control), 2) 120 Kg N (UF) fed™!, 3) 120 Kg N (AS) fed™ ', 4) 60 Kg N (UF)
fed”! (a), 5) 60Kg N (AS) fed ! (b), 6) (a) + Rhizobacterin, 7) (b) + Rhizobacterin,
and 8) Rhizobacterin.

The sward was established by direct seeding with a seeding rate of 25 Kg fed1.
Plot size was 10.5 m2 and seeds were drilled in rows 50 cm apart. The experimental
layout was a completely randomized block design with 3 replicates. Plots were watered
with sprinkler irrigation system. Plants were uprooted 75 and 110 days after planting.
Shoots were determined for dry weight and nitrogen content (Bremner, 1965). Ear and
grain characteristics were determined at harvest. Besides, acetylene reducing activities
of soils and washed roots were measured using the procedures described by Dart et al.
(1972) and Hardy et al. (1973), respectively. Dehydrogenase activity in soil (Skujins,
1973) was estimated as well.

Data analysis

Data were statistically analysed by analysis of variance and least significant dif-
ference (LSD) according to Steel and Torrie (1980). Correlation coefficients between
bacterial numbers and enzymatic activities were also estimated.
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RESULTS AND DISCUSSION

Effect of inoculation, biogas manuring and N fertilization on wheat
plant growth:

The applied treatments significantly reflected on wheat development. As expect-
ed, higher doses of N irhproved plant growth compared to the lower ones. Diazotrophs
together with half the recommended dose almost approached the proper development
obtained by full fertilization regime. Plants amended with biogas manure together with
inoculation developed well and showed better appearance than those only supplied
with N fertilizer. However, biogas manure resulted in no significant stimulation for
wheat growth over microbial inoculation combined with 50 Kg fed”! fertilization rate.
Expectedly, under the harsh conditions of Ismailia desert soils, the untreated wheat
plants showed nitrogen deficiency symptoms as early as 45 days after sward establish-
ment.

Plant blomass:

Higher N fertilization regime, whatever the form, resulted in higher biomass yield
of both cultivars (Table 1). Ammonium sulfate was superior in comparison with urea-
form N as the reported increases in dry matter yield with the full N dose were 100.0
and 41.9% for cv. Sakha 69 and Giza 163, respectively. The respective increases with
50 Kg N fed'1 were 77.4 and 173.7%. Sakha 69 supplied with 50 Kg N fed'1 of urea-
form did not respond to.inoculation with diazotrophs, while Giza 163 recorded 105.3%
increase in biomass yield due to inoculation with associative diazotrophs. Strikingly, re-
sponse of both cultivars to diazotrophs was found to be N form-dependent, whereas'
increases of 165.6 and 146.2% were obtained due to inoculation together with 50 Kg
N fed ' as ammonium sulfate over that in case of the same N level as urea-form. Inte-
grated inoculum of diazotrophs containing yeast showed no additive promotion to bio-
mass yield over yeast-free corresponding, although yields produced were significantly
comparable to those obtained by full N fertilized plants. Response to biogas manure
amendment was cultivar-depedent. In this respect, cv. Sakha 69 received the organic
fertilizer produced comparable yield to those full N supplied ones, while cv. Giza 163
gave an increase of ca. 44% due to organic fertilization.

Grain yield and N content:

Table (1) demonstrates that cv. Sakha 69 recorded 4.5% higher weight of
1000 grains over. Giza 163. The response to the various treatments varied from one
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cultivar to the other. For example, the highest weight of 1000 grains (45.54 g) for cv.
Sakha 69 was produced by 50 Kg N fed'1 ammonium sulfate addition, a comparable
yield was recorded with cv. Giza 163 due to inoculation with diazotrophs combined
with the same dose and form of N fertilizr. Also, biogas manure application more positi-
vely affected grain production of Sakha 69 than the other cultivar.

Grain protein percentages varied among the different treatments being 9.30 -
12.83 and 8.24 - 12.52 for cvs. Sakha 69 and Giza 163, respectively (Table1). Gene-
rally, the highest estimates were recorded for full N-supplied plants. Inoculated and ra-
tional N fertilization plants contained somewhat lower quantities of protein in their
grains than those supplemented with the full fertilization regime. Biogas fertilizer sligh-
tly stimulated protein accumulztion in grains of the gramineous plant. Irrespective of
treatment, both cultivars recorded comparable Increases in grain protein yield of ca.
10.0%.

Stress conditions of the experimental site directly reflected on grain yield of
both cultivars (Table 1). In general, very low grain yields were attributed to half N fer-
tilizer dose particularly with urea-form whereas 4.3 and 2.6 ardab. fed'1were recorded
for cvs. Sakha 69 and Giza 163, respectively. Leveling the N dose to 100 Kg N fed'1,

Table 1. Biomass of 80 days-oIdAwheat plant grain yields of various treatments after

maturation.
Biomass yield =~ Weightof  Grain Protein  Grain yield
| i 9 -1
C Tan— (9/10 plants) 1000 grains % ard. fed
Sakha Giza Sakha Giza Sakha Giza Sakha Giza
69 163 69 163 69 163 69 163
100 kg UF 43.2 43.2 33.86 28.13 12.83 11.97 7.4 4.8
50 kg UF (a) 31.0 19.4 30.49 25.59 11.79 11.85 4.3 2.6
100 kg As 86.4 614 4053 37.80 11.64 12.37 8.6 5.2
50 kg AS (b) 55.6 52.1 4554 38.07 9.30 1252 7.6 6.0
a+diazotrophs (d) 32.3 33.0 35.25 35.59 10.72 11.30 5.8 5.4
b+d 85.7 96.4 38.40 40.53 10.29 9.48 6.7 8.2
a+d+yeast 48.6 47.2 35.40 3554 9.78 9.79 6.0 4.8
b+d+yeast 72.3 62.1 38.10 40.28 9.34 8.24 4.9 3.2
a+d+yeast+BM 42.1 68.4 3559 3792 9.84 9.40 ND ND
b+d+yeast+BM 79.0 82.7 40.60 38.02 10.71 9.96 6.2 5.9
L.S.D. 0.05 29.0 6.59 2.17 2.2
L.S.D. 0.01 39.3 8.82 2.89 2.9

UF, ufea-form; AS, ammonium sulphate; BM, ﬁiogas manure; diazotrophs, Azospirillum
brasilense + Bacillus polymyxa; ND, not determined.
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increases of up to 85% in grain vield were scored. Diazotrops had no in‘:lfluence on grain
yield of cv. Sakha 69 while considerable increases were recorded for &v. Giza 163. In-
corporation of biogas organic ferilizer into soil showed no distinct effect on grain pro-
duction.

Dehydrogenase and nitrogenase activities:

Nitrogen fertilizer form or application rate had no distinguishable influences on
dehydrogenase activity in soil (Fig.1). The highest activities were recorded for full N-
fertilized wheat cultivars being 90.0 and 67.0ug TPF g"for cvs. Sakha 69 and Giza
163, respectively. Inoculation with diazotrophs simultaneously with 50Kg N fecl'1 re-
sulted in lower enzymatic activities compared to full N application, where reductions of
13.1 and 23.8% were recorded. Treatment with yeast-containing inoculum resuited in
statistically insignificant increase in dehydrogenase activity particularly with cv. Sakha
69. Biogas manure significantly enhanced the activity in soil cultivated with cv. Sakha
69 by 28.3% increase over that in biogas manure - untreated soil. Giza 163 did not re-
spond to organic fertilization. Regardiess of treatment, cv. Sakha 69 supported higher
dehydrogenase activity compared to the other cultivar whereas the mean activities
were 90.36 ;g TPF g~ 1 for the “ormer and 57.54 ug TPF g~ 1 for the later.

Very little acetylene reducing activities (6.0 - 24.2 nmoles Co Hy g‘1h'1) were
estimated for cv. Sakha 69 wheat roots of the various treatments (Fig. 2). The respec-
tive activities were higher (6.66 - 116.5 nmoles Cp Hyg g‘1h‘1). Response to mineral N
fertilizer differed among the cultivars tested, whereas N fertilized-cv. Giza 163 exhibit-
ed 110% higher nitrogenase activity than cv. Sakha 69. Similarly, responses to microbi-
al inoculation and organic fertilization were culivar- dependent. Root systems of cv.
Giza 163 revealed > 2 fold increases in nitrogenase ctivity over cv. Sakha 69 when pl-
ants were inoculated with diazotrophs in combination with 50 Kg N fed-as ammonium
sulfate. In case of urea-form N, no significant difference was recorded between the
test cultivars. Yeast-containing inoculum stimulated the acetylene reducing activity on
roots with increases of up to 107 % compared to composite inoculum-devoid of yeast.
Unexceptional enzymatic activity was scored for inoculated cv. Giza 163 supplemented
with ammonium sulfate and biogas manure (116.2 nmoles Co Hy g 1h"1). However,
the effect of organic fertilization on acetylene reducing activity of other treatments
was considerably low (6.0 - 17.5 nmoles Cp Hy g™ 'h"1).

In 80% of cases, acetyler.e reducing activity in root-free soil hardly exceeded 10
nmoles Co Hy g‘1h'1(Fig. 3). Generally, cv. Sakha 69 supported higher root- free soit
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acetylene reducing activity compared to cv. Giza 163, an average percentage increase
of 114.9 was estimated.

Bacterial densities:

Rhizosphere soils of the different treatments harboured dense bacterial popula-
tion (fig.4.) No obvious variations among N fertilizer dose or form were recorded. Ino-
culation with diazotrophs slightly promoted bacterial multiplication particularly when
yeast was incorporated into the inoculum. Such finding were recorded for both wheat
cultivars. Further increases in number were attributed to biogas manure application es-
pecially in case of cv. Sakha 69 with estimates of >108 cfu g'1-

As expected, significant positive correlation coefficient betweenn total bacterial
number and dahydrogenase activity of soil was scored (r=0.68). Among diazotrophs,
bacilli were encountered in higher numbers compared to azospirilla (Fig.4.) No distinct
influence on diazotrophs to inoculation or fertilization treatments was observed where
numbers hardly fluctuated from 15° to 106 cfu g"- Numbers of diazotrophs in rhizo-
sphere soils were positively correlated with acetylene reducing activity, although the
relationships were statistically insighificant (r=0.56 and 0.03 for soil and 0.44 and
0.02 for roots, P<0.05) for AAzospirillum and Bcillus, respectively.

Effect of Rhizobacterin and fertilizers on maize
Plant growth and biomass:

Extreme environmental conditions of Ismailia sandy soils severely reflected on
growth and development of maize plants. Scant biomass yield was obtained by neither
inoculated nor N-fertilized plants (Table 2). Full N fertilization regime did magnify plant
vigorousness where increases of up to 213% in plant dry weight were estimated. Such
effect was more pronouhced with urea- form N. Reducing the quantity of mineral N fer-
tilizer lowered dry matter production, although the differences were statistically insig-
nificant in the majority of cases. Highest biomass yield (average of 815 g/10 plants)
was produced by plants inoculated with rhizobacterin and supplemented with a rational
N dose. Again, urea-form N supported better plant development compared to a rational
N dose. Again, urea-form N supported better er plant development compared to am-
monium sulfate. Percentage increase of 11.6 over control was scored for inoculated pl-
ant received no N fertilizer. it is noteworthy that the relative increase in dry matter
yield of 75-day old plants over the 110-day old ones varied among the different treat-
m'ents. Highest estimate of 8.5 fold was recorded for inoculated maiza supplied with
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60 Kg fed -Tas ammonium sulfate while 3.4 fold increase was scored for uninoculated
plants. At harvest (110 days after planting), superior biomass yields were obtained by
either full N fertilized (918.0 g/ 10 plants) or simultaneously half N supplied and inocul-
ated (822.5 g/10 plants) plants. Non-fertilized maize plants, whether inocuiated or not,
were the inferior (384.3 and 337.6 g/ 10 plants, respectively).

Plant nitrogen:

Very low nitrogen yields (average of 0.36 Kg fed'1) were reported by untreated
plants (Table 2) which showed N deficiency symptoms at early stages of growth.The
75- day old maize plants of the various treatments did not significantly differ in their N
contents, while older ones variably responded to inoculation and fertilization. Considera-
ble quantities of N were accumulated in plants received full fertilization regime being
48.48 and 46.92 Kg N fed'1 for urea-form N and ammonium sulfate, respectively. Su-
perior N yield of 72.84 Kg fed'1 was produced by maize inoculated simultaneously with
60 Kg N fecl'1 of urea-form application. Irrespective of N fertilizer form and plant age,
rhizobacterin supported ca. 230% higher N yield over N fertilization alone. Rhizobacte-
rin, in absence of N ferﬁlizer, resulted in low N yield of 0.9 Kg fed'1. Generally, 110-day

Table 2. Biomass (g 10 plants'1) of maize shoots and nitrogen yield (Kg N fed'1) of
75 and 110 day old maize shoots as affected by inoculation with diazotrophs
and N-fertilization

Biomass yield Nitrogen yield
Treatments {8/10-planis) (Kg N fedT)
75 110 75 110
days days days days
Control (untreated plants) 404.3 337.6 0.24  0.48
120 Kg AS N fed" ! 1183.8 655.4 7.08 48.92
120 Kg UF N fed™’ 1265.8 917.8 5.68 48.48
60 Kg AS N fed™! 995.0 711.5 1.68 11.16
60 Kg UF N fed™! 838.1 797.3 1.68 20.88
60 Kg AS N fed™ ! + Rhizo. 1571.1 822.5 3.51 33.48
60 Kg UF N Fed™ ! + Rhizo. 1270.5 728.6 7.68 72.84
Rhizobacterin Ge 480.3 384.3 1.08  0.72
LS.Ds 0.05 364.1 22.71
0.01 485.5 31.28

As, a}nmonium sulphate; UF, urea-form; Rhizo., rhizobacterin.
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old maize plants contained 720% more N in their shoot tissues over the 75-old ones.
Plant yield:

Ear characteristics are summarized in Table (3). Untreated maize plants pro-
duced no ears similar to those inoculated but not N fertilized. irrespective of N fertilizer
form, plants received the full dose produced longer ears (average of 16.7 cm) than the
correspondings supplied with half N regime (average of 13.3 cm). Inoculation simulta-
neously with N fertilization resulted in ears of 16.0 cm length. Little fluctuation, of no
significancy, in number of rows per ear were recorded among the various treatments,
whereas the estimated rows were falling in the range 12-13 per ear.

High ear yield of 3.44 ton fed-Twas obtained by urea- form full N supplemented
maiza (Table 3). Significantly, similar yield (2.80 ton fed-1)was produced by plants re-
ceived half N fertilizer regime togethr with rhizobacterin. Variable yield (1.72 - 2.38
ton fed'1) were scored for the other treatments. Urea-form N supported higher yield
compared to ammonium sulphate fertilizer with percentage increases of 17.7 and 34.3
in presence and absence of inoculation, respectively. The respective increase enlarged
to 53.6% for full N dose-treated piants.

The complementation of rational N dose of 60 kg fed” twith composite inocul-

Table 3. Ear and grain characteristics of maize of the different treatments.

Treatments No..of Ear Ear Cob No. of Grain Grain Shelling
ears/ length weight weight grains yield protein (%)
10 (cm) (ton (ton a1 (ton (%)
plants fed 1) fed 1) fed™1)
Control” 0 - - - - - - s
120 Kg AS 13 14.7 2.24 0.33 524 1.91 6.44 85.3
120 Kg UF 12 18.7 3.44 0.50 608 2.94 6.04 85.5
60 Kg AS 12 12.8 1.72 0.26 377 1.50 2.44 87.2
60 Kg UF 12 13.7 2.31 0.32 448 1.99 4.22 86.2
60 Kg AS Rhiz. 13 14.7 2.38 0.34 496 2.04 4.34 85.7
60 Kg UF Rhiz. 13 147.2 2.80 0.43 508 2.29 8.06 81.8
Rhizobacterin® 0 - - - - e - -
L.S.Ds 0.05 2 3.0 0.83 0.13 127 0.70 2.08
l 0.01 3 42 1.16 0.18 177 0.98 3.15
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um produced cobs yield (averge of 0.29 ton fed‘1). Comparable to that attributed to
120 Kg fed ! application (average of 0.42 ton fed'1). Incorporation into soil of 60 kg
N fed lin absence of Rhizobacterin yielded 0.32 and 0.26 ton fed 1cobs for urea-
and ammonium-treated maize plants, respectively.

Variable numbers of grains were produced by test plants depending upon treat-
ment (Table 3). Plant of grains were formed by full N fertilized maize compared to oth-
ers. In this respect, an average of 566 grains plant'1were produced due to the applica-
tion of 120 kg N fed-Tregardiess of N form. On the other hand, the lowest grain
production did resuit from half N fertilization regime (average of 413 grain plant '1).

Inoculation together with 60 Kg N fed-1 addition produced 502 grains plant This
indicates the importance of inoculation with diazotrophs and reducuing the quantities
of mineral N fertilizers to restrict the environmental poliution simultaneously with the
appropriate crop production.

Nitrogen fertilizer from showed a unique influence on total grain yield (Table 3).
Urea-N was superior, whether the composite inoculum was applied or not. Adequate
grain yield (average of 2.2 ton fed‘1) was obtained from plants inoculatedwith Rhizo-
bacterin in combination with 60 Kg N fed-1 fertilization level. Such yields were 24.0%
higher than those obtained from plants left without inoculation with diazotrophs.

In comparison with maize supplied with 120 kg N fed"1 as ammonium sulfate,
increases of 53.9 and 19.9% in grain yield were estimated for plants recevied the full N
dose as urea- form and those inoculated simulaneously with the application of half
urea-N fertilization regime, respectively (Table 3). Reduction of 21.5 % in yield was at-
tributd to reducing the quantity of ammonium to 60 Kg N fed-1-

Grain protein percentage ranged from 2.44 to 8.06 being the highest with ingq.

ulated maize and fertilized with 50 Kg N fed-1as urea- form (Table3d).

As shown in Table (3) shelling percentage hardly fluctuated and ranged from
81.8 to 87.2 being highest with maize supplemented with 60 Kg N fed'1. Nitrogen
fertilizer form had no remarkable influence on shelling percentage particularly in ab-
sence of diazotrophs.

Dehydrogenase and nitrogenase activities:

Dehydrogenase activity of soil, determined as an indirect measure for microbial
p'opulation and activities, considerably varied from one treatment to another (Fig.5).
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At the 75-day growth period, inoculation with diazotrophs simultaneously with 60 Kg N
fed"1 application revealed that the superior activity of 124.1 ug TPF g~ 1. Full dose of
urea-form N supported higher dehydrogenase activity compared to ammonium sulfate
whereas 38.3 and 18.8 pug TPF o1
cultivated with non-fertilized uninoculated maiza showed the lowest enzymatic activi-

were estimated, respectively. As expected, soils

ty (average of 16.4 ng TPF g 1).

No measurable acetylene reducing activity was scored on roots of 45-day old pi-
ants. Thereafter, high activities was detected by 75-day old ones (Fig. 6). The absence
of nitrogenase activity for young plants including the inoculated ones might be attrib-
uted to the failure of soil diazotrophs to colonize root systems successfully or to insuf-
ficient photosythates necessary to provide No-fixers with their energy and nutrient re-
quirements. The N fertilizer form did greatly affect the activity of associative
diazotrophs. In this respect, inoculation in presence of ammonium sulfate resulted in ni-
trogenase activity of 571.0 nmoles Cp Hy g"Th"1 . The corresponding activity in case
of urea-N was 808 nmoles Co Cy g‘1h'1. The exceptional high nitrogenase activity re-
corded for the 75-day old plants supplemented with high N-fertilization regime (ca.
350 nmoles CoHy g~ 1_h'1) is ce tainly attributed to the depletion of most o_f applied ni-
trogen due to plant consumption throughout such prolonged growth period.

Incorporation of 120 kg N fed™! into soil did inhibit nitrogenase activity in soil at
the early growth period (Fig. 7). Rational N-fertilization regime promoted the aactivity
by 66.5 and 32.0% for ammonium-and urea-form N fertilized plants, respectively. Such
stimulative effect magnified with Rhizobacterin inoculation whereas the respective in-
creases raised to 69.3% and 76.2%, respectively. Inoculation with integrated group of
diazotrophs in absence of N-fertilizer resulted in acetylene reducing activity of 192.7
nmoles 02H4 g'1h'1 representing 103% increae over untreated soil. In 50% of cases,
acetylene reducing activity significantly increased with plant age. The highest increases
of 47.5 and 130.2% were recorded in inoculation treatments together with 60 kg N
fed™!
to the lowest extent (64.1%) with inoculated non-fertilized plants.

of ammonium-and urea-N fertilizers, respectively. Acetylene reduction decreased

Assuming a 02H4 reduc:ed/N2 fixed factor of 3 (Hardy et al., 1968), the maxi-
mum acetylene reducing activity of 385.0 nmoles 02H4g'1h'1 recorded in root free
soil ioculated with Rhizobacterir in combination with 60 Kg N fed'1 as urea-form repre-
sents a gain of 9.2 Kg N fed™! (Fig. 8). Raising the N fertilizer level decreased the N-
gains. As expected, the lowest N-gain was obtained with untreated soil. Irrespective of
treatment, N-gain increased by 22.3% with plant age.
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Desert, as marginal soils with their conditions and detrimental factors, necessi-
tates intensive agricultural practices to secure a reasonable productivity. A unique ap-
proach is to introduce BNF systems to such soils. But in fact, inoculation with diazot-
rophs does not meet all nutritional requirements and supportive N-fertilization is
indispensable particularly under extreme and stress conditions (Kennedy et al., 1997).
To optimize crop productivity in the experimental site of Ismailia sandy soils, the com-
plementation of diazotrophic incculation and adequate supply of mineral and/or organic
fertilizers was the major target of the present study. As the experimental field har-
boured relatively low dénsities of diazotrophs (ca. 105 cells g'1), inoculation simulta-
neously with rational N fertilization resulted in good development and biomass produc-
tion of both wheat and maize. Such promoting effect extended to nitrogen, grain and
straw yields.

Results recorded in this study and of other researchers (Hegazi et al., 1979;
Shahaby, 1981; Fayez and Vlassak, 1984; Fayez, 1990) indicated that inoculation with
diazotrophs enhanced nitrogenase activity in root regions of Egyptian cereals. Such
findings support the view that these bacteria produce growth-regulating compounds
mainly indole acetic acid, gibberillin and cytokinine-like substances which may improve
plant productivity by hormonal stimulation besides Ny -fixation (Tien et al., 1979, Sha-
haby et al., 1994 and Hirsch et al., 1997). It is well established that inoculation with di-
azotrophs induced the proliferation of lateral roots and root hairs which increase nutri-
ent-absorbing surfaces and many more root tips available for infection.

Interestingly, response of graminea to diazotrophs was reported to be N fertiliz-
er form-dependent (Bockman, 1997). In the present work, two forms of N were investi-
gated, urea-form as a siow-release N fertilizer and ammonium sulfate as a soluble form
of N. Ammonium sulfate was the superior N combined with diazotroph's inoculation for
supporting better biomass yields compared to urea-form. The response to N-form not
only differed from plant type to another but even among the cultivars of the same
plant type.

1,.-1

The relative low acetylene reducing activities in soil (<600 nmoles 02H4g' h
representing N-gains of less than 6.0 Kg N fed'1) reported in the majority of diazo-
trophic inoculated soils confirm that production of plant growth-altering substances
(PGAS) by associated N2-fixing bacteria is the main explanation of how these bacteria
may affect plant growth in the absence of measurable N2-fixation (Smith et al., 1984;
Hirsch et al, 1997 and Shahaby, 1997). This does not say that the action of diazot-

rc;phs is all due to PGAS, but they may be part of the overall effect. Certainly, many
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studies reported increases in plant N-uptake, and N'S dilution experiments introduce
that the bacteria contribute to the plant nitrogen budget (Vose, 1983 and Shantharam
and Mattoo, 1997).

In the present wheat field trial, limited quantity of organic fertilizer, as biogas
manure (2.5 ton fed'1), was added to soil in an attempt to accelerate BNF and conse-
quently to improve soil biofrtility. The insignificant promoting influence of such fertiliza-
tion regime on crop yield indicates that the applied level is insufficient for the appropri-
ate production particularly under harsh environmental conditions prevailling in Ismailia
sandy soils. A finding proves that heavy organic dressing of poor sandy soils is compul-
sory. For better management of desert environments, it is strongly recommended to
adopt application of crop refuse and nitrogen fertilization to sandy soils together with
diazotroph's inoculation. This, certainly, results in a potential N2-ﬁxation which, in turn,
reflects on the final crop outputs.

In conclusion, it could be stated that adoption of integrated BNF-fertilization sys-
tems is unavoidable for better management of infertile sandy soils. Selection for po-
tent bacterial symbionts and proper plant genotypes for'such environments should be
considered as well.
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Fig. 8. Acetylene reducing activity of soils of inoculated and fertilized wheat cultivars.

UF, urea-form; AS, ammonium sulphate; d, diazotrophs; y, yeast, BM, biogas

manure.
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Fig. 5. Dehydrogenase activity of maize soil of the various inoculation and N-
fertilization treatments after 75 days of planting. AS, ammonium sulphate;
UF, urea-form.
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Fig. 6. Nitrogen activity on 75-day old maize roots due to diazotrophs inoculation and
N fertilization. UF, urea-form; AS, ammonium suphate; Rhizo., Rhizobacterin.
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Fig. 7. Nitrogenase activity in maize soil of different treatments. UF, urea-form; AS,
ammonium sulphate; d, diazotrophs; y,yeast; BM, biogas manure.
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