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ABSTRACT

A field experiments were carried out at EL- Ismailia Agric. Res. Station (ARC), EL-
Ismailia Governorate, Egypt, during the Summer seasons of 2007 to study the
influence of cyanobacteria inoculation in different rates (0, 50 and 100% of the
recommended dose, i.e., 3.5 kg dried cyanobacteria inoculum fedt) individually or in
presence and/ or absence of different nitrogen levels (0, 50 and 100% of the
recommended dose, (i.e.),100 kg N fed) on maize yield and yield components and
the biological activity of the soil remained after maize harvesting as represented by
total count bacteria, cyanobacteria count, CO2 evolution, dehydrogenase (DHA) and
nitrogenase (Nz-ase) activities. As well as, the soil native mycorrhiza were examined
at two periods of 45 and 90 days from maize sowing n response to the tested
treatments.

Results revealed that all tested treatments increased significantly both maize
yield and its components over the control treatment. The highest yield components
values were due to 100% N + 100% cyanobacteria and they were comparable to
those recorded in presence of 50% N + 100% cyanobacteria treatment. Also the
values of maize yield components obtained due to 100% N treatment were not
significantly different from those attained due to 100% N + 100% cyanobacteria and
50% N + 100% cyanobacteria treatments. Cyanobacteria inoculation at the rate of
50% combined with 100% N recorded the highest maize protein and carbohydrate
percentages. Indefinite trend was noticed of maize oil % in response to cyanobacteria
inoculation despite the highest insignifecant oil % increments were noticed due to
50% N + 100% cyanobacteria treatment. Also, indefinite response was observed for
ash % due to cyanobacteria inoculation. For soil biological activity, cyanobacteria
inoculation enhanced significantly any of total count bacteria, cyanobacteria count,
CO:2 evolution, dehydrogenase and nitrogenase activities compared to the control
treatment received no inoculation. In conclusion, the use of cyanobacteria inoculation
technology in cereal crop production such as maize may lead to reduce the amount of
mineral nitrogen required for maize production by 50% as well as it ensures good
yield quality and safe the environment contaminations resulted from the extensive use
of the costly and hazard the so called mineral nitrogen fertilizer.

INTRODUCTION

The period since the 1950s has seen exciting advances in
understanding biological nitrogen fixation (BNF). Progress in application of
BNF technology to agriculture has been slower, but there have been
important innovation. While much of the basic BNF research in the last 30
years has been focused on nodulated legumes and rhizobia, there have been
relatively rapid advances in knowledge of other Na- fixing systems. This
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includes the actinomycetes that form nodules on some non-leguminous
shrubs and trees, free - living N2- fixers associated with cereals and the
cyanobacteria. The latter are widely distributed in nature and form prominent
autotrophic microbial populations of wetland soils. Reducing the amount of
the organic matter, in turn, affect soil aggregates stability. Considering the
very low efficiency of applied nitrogenous fertilizer in crop cultivation, may
lead to extensive and undue use of chemical fertilizers may lead to serious
environmental problems, some of which are accumulation of NOsz and NOz to
hazardous levels in the underground water and plant tissues. So, for the
production of healthy food, it may be necessary to find out and exploit
potential alternative sources of plant nutrients to sustaining soil fertility such
as biofertilizers with the minimum addition of chemical fertilizers. Biofertilizers
are safe from the environmental point of view, cheaper and at the same time
satisfy the nutrient demands of crop plants (Badawy et al., 1996). One of the
most promising biofertilizer is cyanobacteria, either as free-living
microorganisms or as symbionts with the water Azolla fern. Cyanobacteria as
biofertilizer utilization in rice fields is common and promising (Venkataraman
and Tilak, 1990). Recent researchers have shown that cyanobacteria also
help to reduce soil alkalinity and this opened up possibilities for
bioreclamation of such inhospital environment. Very recent reports by
Thajuddin and Subramanian (2005) showed that cyanobacteria have
beneficial effects on a number of other crops rather than rice such as barely,
oats, tomato, radish, cotton, sugar cane, maize, chilli and lettuce. They also
added that cyanobacteria have received worldwide attention for their possible
use in mariculture, food, feed, fuel, fertilizer, and colorant, production of
various secondary metabolites including vitamins, toxins, enzymes and
pollution abatement. Jagannath et al. (2002) found that cyanobacteria
inoculation enhanced the overall growth parameters of chickpea. It enhanced
all  morphological and biochemical characters such as proteins,
carbohydrates, total nitrogen uptake, net grain and biomass yield of chickpea.
Salem (1999) found that cyanobacteria inoculated to soybean can be
successfully overcoming the adverse effect resulted from the saline stress
condition. Abd El- Rasoul et al. (2004) indicated that inoculation with
cyanobacteria to wheat, exhibited an economical view that it can save about
50% of mineral nitrogen amounts required for wheat production. They also
showed that this treatment has enhanced the NPK uptake by wheat plants
and grains, soil microbial activity in terms of increasing the numbers of soil
fungi, Actinomycetes, total bacteria, total cyanobacteria count, CO2 evolution
and dehydrogenase activity. El- Gaml (2006) reported that maize inoculation
with a mixture of cyanobacteria strains significantly enhanced maize grain
yield, NPK uptake by grains and stover, soil organic matter, reduced both soll
reaction and soil electrical conductivity, and increased soil particle size
aggregates. These benefits achieved due to cyanobacteria inoculation, are in
turn increased the nutrients availability to the cultivated plants that ensure
high yield and grain quality. Cyanobacteria bring out directly or indirectly a
number of changes in the physical, chemical and biological properties of the
soil and soil-water interface in inoculated soils. Mandal et al. (1999) and
Mussa et al. (2002) for example revealed that cyanobacteria liberate extra
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cellular or organic compounds and photosynthetic Oz during their growth and
contribute biomass. In a cumulative review, Roger and Kulasooriya (1980)
reported that besides increasing soil nitrogen fertility, cyanobacteria have
been said to benefit rice plants by producing growth-promoting substances.
More direct evidence for hormonal effects has come primarily from treatments
of rice seedlings with cyanobacterial culture or their extracts. Presoaking of
rice seeds in cyanobacteria cultures or extracts has decreased losses from
sulphate — reducing processes and this has been attributed to the
enhancement of germination and a faster seedlings growth due to
cyanobacterial exudates.

This work is designed to study the effect of cyanobacteria inoculation
individually to maize variety single hybrid 10 cultivated in sandy soil under
different nitrogen levels on maize yield and yield components and the
biological activity in soil remained after maize harvesting in terms of total
bacteria and total cyanobacteria counts, CO:z evolution, dehydrogenase and
nitrogenase activities. As well as, the soil native mycorrhiza were examined
at two periods of 45 and 90 days from maize sowing in response to the tested
treatments.

MATERIALS AND METHODS

A field experiments were carried out at EL- Ismailia Agric. Res. Station
(ARC), EL- Ismailia Governorate, Egypt, during the Summer season of 2007
to study the influence of cyanobacteria inoculation in different rates (0, 50 and
100% of the recommended dose, i.e., 3.5 kg dried cyanobacteria inoculum
fed?) individually or in combination in presence and/ or absence of different
nitrogen levels (0, 50 and 100% of the recommended dose i.e.,100 kg N fed-
1) on the maize growth, yield and yield components and the biological activity
of the soil remained after maize harvesting as represented by total count
bacteria, cyanobacteria count, CO2 evolution, dehydrogenase (DHA) and
nitrogenase (N:2-ase) activities. As well as, the soil native mycorrhiza were
examined at two periods of 45 and 90 days from maize sowing in response to
the tested treatments. The soil used was sandy in texture, having pH 7.70,
available N 21.30 mg kg (Jackson, 1973), available P 4.20 mg kg (Olsen et
al., 1954) and available K 62.00 mg kg (Chapman and Pratt, 1961). Prior to
maize grains cultivation the uniform recommended practices recommended
by the Ministry of Agriculture and Land Reclamation were completed.
Phosphate and potassium fertilizers were added at the rates of 30 kg P20s
fed? (calcium superphosphate 15.5% P20s) and 50 kg K20 fed? (potassium
sulphate 48% K20s).

The experimental area was divided into plots of 3 x 3.5 m and grains
of Zea maize variety single hybrid 10 were inoculated with cyanobacteria
inoculum, which is composed of a mixture of individual strains namely,
Nostoc muscorum, Nostoc calcicola, Anabaena laxa and Clyndrospermum
muscicola. These strains were kindly supplied with Prof. Dr. F. M. Ghazal,
Agric. Microbiol. Dept. Soils, Water & Environ. Inst., Agric. Res. Center, Giza,
Egypt. Maize grains were then drilled in rows 30 cm apart. Nitrogen fertilizer
was applied in 3 levels, i.e., zero, 50 and 100% of the recommended dose
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(100 kg N fed?) in the form of urea (46% N). These nitrogen levels were

added in two split equal doses, i.e., 20 days after sowing and 50 days later.
The experimental design was in a split plot design with 9 treatments

in three replications. Nitrogen fertilization levels of 0,50, and 100 % N

represent the main plot, while the rates of dried cyanobacteria inoculum (O,

50, and 100 %) represent the sub plots. The experiment comprises the

following treatments:

1- Control without nitrogen and/or cyanobacteria inoculation.

2- Zero cyanobacteria 50% N.

3- Zero cyanobacteria 100% N.

4- Zero N + 50% cyanobacteria.

5- Zero N + 100% cyanobacteria

6- 50% cyanobacteria + 50% N.

7- 50% cyanobacteria + 100% N.

8- 100% cyanobacteria + 50%N.

9- 100% cyanobacteria + 100%N.

Analytical procedures:

At harvest, maize yield and yield components were recorded. The
remained soil was sampled and subjected to determine total count bacteria
(Allen, 1959), cyanobacteria count (Allen and Stanier, 1968), CO2 evolution
(Pramer and Schmidt, 1964), dehydrogenase activity (DHA) (Casida et al.,
1964) and nitrogenase activity (Hardy et al., 1968). Native mycorrhizae were
determined by the method described by Phillips and Haynman (1970).

All obtained results for both tested seasons were tabulated and
subjected to the combined statistical analysis as described by Gomez and
Gomez (1984).

Examination of soil native mycorrhizae:

To examine the effect of cyanobacterial inoculation and/or Nitrogen
fertilization on the activity of the native VA-mycorrhizal strains in the saill,
representative root samples with the surrounding rhizosphere soil were
carefully taken, washed and stained in Trypan blue (Phillips and Hayman,
1970). Mycorrhizal colonization ratios were determined after staining the root
samples using the gridline intersect method (Giovannetti and Mosse, 1980).

RESULTS AND DISCUSSION

The idea of cyanobacteria inoculation in different rates was monitored
in two field experiments conducted at EL- Ismailia Agric. Res. Station (ARC),
EL- Ismailia Governorate, Egypt, to investigate its effect of different
cyanobacteria inoculation rates in the presence and/or absence of different
mineral nitrogen levels on maize yield and yield components, some maize
grains technology characters and soil biological activity in terms of total
bacteria count, cyanobacteria count CO2 evolution, dehydrogenase (DHA)
and nitrogenase (N-ase) activities. As well as, the soil native mycorrhiza
were examined at two periods of 45 and 90 days from maize sowing in
response to the tested treatments.
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Maize yield and yield components:

Data in Table (1) indicate the effect of cyanobacteria inoculation in
different rates (0, 50 and 100% of the recommended inoculum rate) in the
presence and/or absence of different mineral nitrogen levels (0, 50 and 100%
of the recommended —N dose) on maize yield components.

Results revealed that all the tested treatments increased significantly
both maize yield and yield components over the control treatment. However,
the highest yield components values were 27.30 ardab fed? (grain yield),
2.95 ton fed! (Stover yield), 37.60g (100-grain weight), 24.18cm (ear length)
and 228.20 g (grain weight era) due the treatment received 100% N + 100%
cyanobacteria. These high values were not significantly different from those
of 26.60 ardab fed (grain yield), 2.76 ton fed! (strove yield), 37.30 g (100 -
grain weight), 24.06 cm (ear length) and 226.14 g (grain weight ear!) due the
treatments received 50% N + 100 % cyanobacteria. Also, it was noticed that
the recorded values of maize yield components due to 100% N application
were not significantly different from those achieved by both 100% N + 100%
cyanobacteria and 50% N + 100% cyanobacteria treatments ( Tablel).

Inoculation with cyanobacteria at the rate of 50% combined with any
of the different nitrogen levels enhanced all tested maize yield components
but without reaching the level of significance between each others. In
contrast, inoculation with cyanobacteria at the rate of 100% combined with
50% N increased significantly the maize yield components compared to those
recorded due to 50% N + 50% cyanobacteria. These results explain that it is
more beneficial to inoculate cyanobacteria at the rate of 100% combined with
50% N in maize production.

Table (1): Effect of cyanobacteria inoculation and nitrogen fertilization
on maize yield components

Cyanobacteria N. level Grain yield [Stover yield|100-grain|Ear length | Grain yield
rate ) (ardab fed )| (Ton fed™) | weight (cm) (g ear?)
Zero 5.30 0.80 31.70 17.20 131.60
Zero 50 % 16.60 1.60 34.00 20.17 189.56
100 % 26.80 2.70 37.20 22.20 210.95
Zero 7.20 1.20 32.20 18.60 140.16
50 % 50 % 19.95 2.66 35.60 23.50 200.16
100 % 21.20 2.80 36.80 23.85 215.85
Zero 9.30 1.82 32.60 18.92 145.18
100 % 50 % 26.60 2.76 37.30 24.06 226.14
100 % 27.30 2.95 37.60 24.18 228.20
L S D at Nitrogen 2.11 0.52 3.12 2.05 30.60
' 0'05' Treatment 2.36 0.61 4.65 2.53 40.01
) Interaction 5.01 0.50 NS NS NS

Data in Table (2) indicate the soil biological activity for soil remained
after maize harvesting in terms of total bacterial count, cyanobacteria count,
CO:2 evolution, dehydrogenase (DHA) and nitrogenase (N2—ase) activities in
response to both cyanobacteria inoculation and nitrogen fertilization, both
individually or combined together each in different rates.
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In respect to cyanobacteria count, the highest values were recorded
due the treatments received 50% N + 50% cyanobacteria and 50 % N +
100% cyanobacteria. The corresponding count values were 14.7 and 16.6 cfu
g soil* x 103. However, inoculation with cyanobacteria generally enhanced
the cyanobacteria count over those recorded by the control treatment and/or
those received different nitrogen levels only.

Same trend was noticed with the soil total bacterial count, since the
highest count of 42.10 cfu g?! soil x 10® was due 50% N + 100%
cyanobacteria followed by 30.20 cfu g?! soil x 108 for 50% N + 50%
cyanobacteria. Increasing the nitrogen level up to 100% showed a drastic
decrease in the counts of both cyanobacteria and total bacteria count. Also,
the treatments received nitrogen only were less in total bacteria count than
those received nitrogen combined with cyanobacteria inoculation.

Owing to any of CO: evolution, DHA and Nz-ase, it was detected that
inoculation with cyanobacteria led to increase their values over both control
(Zero N + zero cyanobacteria) and the treatments received nitrogen only.
However, their highest values were 205.00 mg CO: 100g soill (CO:
evolution), 41.30 mL Hz g dwt. soil'* ht (DHA) and 26.15 umole Cz2Hs g dry
weight soil'? (N2-ase). These values were recorded due to 50%N + 100 %
cyanobacteria treatment. Generally, inoculation with cyanobacteria enhanced
the biological activity of the soil, and this trend was more pronounced in the
treatments received 50% N + 50 % cyanobacteria. Also, it is of worth to note
that the use of 100% nitrogen caused the soil biological activity to be
drastically decreased against the increase noticed with decreasing nitrogen
level accompanied with cyanobacteria inoculation.

Table (2): Effect of cyanobacteria inoculation and nitrogen fertilization
on soil biological activity and soil nitrogenase activity

Cyano | Bact. CO, Nitrogenase
Cyanobacteria N. level count | count evolution Dehydrogenase activity pmole
rate . level ch . cfu_ L | mg100g activity TL_le g CoHa g dwt
g soil* | g sail Y soilth ° 1
x10° X108 soil soil
Zero 5.00 16.00 107 15.20 1.20
Zero 50 % 8.60 24.00 145 18.30 1.60
100 % 8.10 22.00 121 16.75 0.92
Zero 9.60 23.80 135 17.75 12.10
50 % 50 % 14.70 | 30.20 151 22.65 16.20
100 % 6.20 20.10 195 36.30 14.00
Zero 12.00 | 36.00 160 30.20 17.20
100 % 50 % 16.60 42.10 205 41.30 26.15
100 % 4.30 38.60 140 26.50 17.00

Data in Table (3) indicate the effect of cyanobacteria inoculation in
different rates (0, 50 and 100% of the recommended inoculum rate) in the
presence and/or absence of different mineral nitrogen levels (0, 50 and 100%
of the recommended —N dose) on the soil mycorrhizae colonization.

Results revealed that the sandy soil used in maize cultivation has a
remarkable level of effective VA-mycorrhizal fungi (native strains), as
indicated from the control treatment being 35.4%, 44.9% and 24.7% for zero,
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half dose and full dose of nitrogen fertilization, respectively. The same trend
was observed at the second period. Inoculation of soil with cyanobacteria
resulted in variable increases in mycorrhizal colonization ratios being more
pronounced with those fertilized with half dose of nitrogen at the first period.

On the contrary, at the second period the plants inoculated with
cyanobacteria and received zero nitrogen supported highly significant
increases in its mycorrhizal colonization ratios as compared to control plants,
particularly with those inoculated with full dose cyanobacteria.

Table (3): Mycorrhizal colonization ratios in broad bean roots as
affected by cyanobacterial inoculation and nitrogen

fertilization
Cyanobacteria inoculation Nitrogen Fertilizer levels
rate Zero | “%Dose | Full Dose Mean
First Period (45 days from sowing)
Zero 35.4 44.9 24.7 35.0
2 Dose Cyano. 54.9 67.1 52.6 58.2
Full Dose Cyano. 39.3 78.4 60.1 59.3
Mean 43.2 63.4 45.8
LSD at : 0.05 0.01
For Cyanobacteria 6.1 8.4
For Nitrogen 6.1 8.4
For Cyano. X Nitrogen 10.5 14.5
Second Period Mean
(90 days from sowing)
Control 45.2 55.1 23.6 41.3
% Dose Cyano. 61.2 77.5 71.7 70.1
Full Dose Cyano. 79.2 91.1 94.3 88.2
Mean 61.9 74.6 63.2
LSD at : 0.05 0.01
For Cyanobacteria 5.3 7.3
For Nitrogen 5.3 7.3
For Cyano. X Nitrogen 9.2 12.6

Results of this study emphasized that the inoculation with
cyanobacteria to maize at the rate of 100% along with 50 % N dose
increased both grain and stover yields over the other tested treatments
without significant differences from those obtained by the use of full N dose.
This trend stands in well agreement with Abd EL- Rasoul et al. (2004) who
indicated that all yield wheat parameters increased significantly due to
cyanobacteria inoculation combined with 50 % N recommended dose. This
may due to that the nitrogen released to soil through nitrogen fixed by
cyanobacteria inoculated to soil becomes available to the cultivated plants.
Moreover, cyanobacteria are known to excrete extra-cellularlly a number of
compounds like polysaccharides, peptides, lipids...etc. during their growth in
soil, these compounds hold or glue soil particles together in the form of micro-
aggregates and hence improve nutrient availability and consequently
enhanced the plant growth parameters (Mandal et al., 1999). Dry
cyanobacteria surrounded with sheath when inoculated to cereal crops and
get moistened due to irrigation and swell up to ten times their dry size and
their ability to intercept and store water benefits both the crustal organisms as
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well as vascular plants, add to soil organic matter content and increased the
soil fertility (Mishra and Pabbi, 2004). Recently, there is a great deal of
interest in creating novel association between agronimically important plants,
particularly cereals such wheat, maize and rice and N2-fixing microorganisms
including cyanobacteria (Spiller et al, 1993). The heterocystus
cyanobacterium Nostoc sp. is usual among characterized cyanobacteria in its
ability to form tight association with cereal crops such as wheat and maize
roots and penetrate both roots epidermis and cortical intracellular space
(Gantar et al., 1991). The N2- fixed by Nostoc sp. in association with wheat is
taken up by the plant and supports its growth, improving grain yields and
grain quality (Gantar et al.,, 1995). Inoculation with the nitrogen fixing
Azospirillum to wheat as biofertilizer combined with ¥2 recommended N dose
increased significantly grain and straw yields and NPK- uptake by grains and
straw, improved the grain quality (protein, dry gluten and flour extract
percentages) compared to the control without inoculation (AL- Kassas, 2002).
Inoculation with cyanobacteria combined with /4 N dose increased
significantly both wheat protein and carbohydrate contents over the control
treatment without inoculation and the full nitrogen dose treatments (Gaffar
and AL-Kassas, 2005).

Shrivastava and Sinha (1992) showed that the biofertilizers such as
cyanobacteria inoculated to cereal crops are likely to assume greater
significance as complement and /or supplement to chemical fertilizers in
improving the nutrient supplies to cereal crops because of high nutrient turn-
over in the cereal production system, decreasing cost of fertilizers and
greater consciousness on environmental protection. Cyanobacteria have
been reported to benefit plants by producing growth promotion substances
(the nature of which is said to resemble gibbrillin and auxin), vitamins, amino
acids, polypeptides, antibacterial and antifungal substances that exert
phytopathogen biocontrol and polymers, especially exopolysaccharides, that
improve plant growth and productivity (Zaccaro et al., 2001). Abd El- Rasoul
et al. (2004) in a field wheat cultivation trial revealed that increasing nitrogen
levels from ¥ N to full — N dose increased significantly the carbohydrate
wheat grain percentages. They added that cyanobacteria inoculation under
different N levels improved wheat grain quality (flour extract percentage,
Protein percentage, dry gluten and ash percentage and increased
significantly wheat grain carbohydrate percentage over the control treatment
without cyanobacteria inoculation. However the highest carbohydrate
percentage was due to the treatment inoculated with cyanobacteria + %2 N
dose.

Generally inoculation with cyanobacteria increased significantly the
soil biological activity in presence or absence of nitrogen over the control
treatment with priority of those resulted due to 100% cyanobacteria + 25% N
dose treatment. This treatment gave higher values for total cyanobacteria
count, total count bacteria, CO2 evolution, dehydrogenase activity (DHA) and
nitrogenase activity compared to the other tested treatments. However, Abd
El- Rasoul et al. (2004), in wheat, El-Zeky et al. (2005) in rice and both Abo
EL- Eyoun (2005) and EL-Gmal (2006) in maize found that inoculation with
cyanobacteria combined with low level of nitrogen (/2 N dose) increased
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significantly these biological parameters over the control treatment and their
values were comparable to those recorded by the use of the full
recommended nitrogen dose. They explained that biofertilization led to
increase microorganisms' community in soil through increasing the organic
matter, microbial activity and in turn increased dehydrogenase and
nitrogenase activities and CO:2 evolution and subsequently improved soil
fertility and the plant growth performance. AL- Kassas (2002) reported that
Inoculation with the nitrogen fixing Azospirillum to wheat increased the soil
Azospirilla and other microbial population including fungi, actinomycetes and
Azotobacter , and consequently increased both the dehydrogenase activity
and CO: evolution, which are considered as index for biological activity and
soil fertility (Ghazal, 1980).

Due to the soil native mycorrhizal colonization, the present study
indicates that nitrogen fertilization affected more or less the mycorrhizal
colonization. In this respect, Gryndler et al. (1989) summarized that, the
insufficient supply of nitrogen and its high doses caused considerable
decreases of mycorrhizal colonization ratios. Also, cyanobacteria inoculation
led to increase the soil native mycorrhizal colonization; this can be attributed
to the increasing of N2 fixation achieved by cyanobacteria. It is well observed
at the same period that there was no depression effect of nitrogen fertilizers
on the mycorrhizal colonization rates particularly with those received
cyanobacteria, this may be due to the exhaustion of nitrogen by growing
plants to meet their growth demands.

Generally, the positive effect of cyanobacteria on the native
mycorrhizal activity was obvious. These results were previously confirmed by
the observations of Mollenhauer et al. (1996). They found that it is possible to
initiate an association between VAM fungi and cyanobacteria. He concluded
that the partnership is partly specific; Nostoc strains capable of living
endocytobiotically are often partners in other symbiosis besides the
mycorrhizal fungus Geosiphon. The same observation was reported by
Schbier (2000) who found that Glomus Clacoideum forms an arbuscular
mycorrhiza-like symbiosis with the pryophyte Anthoceros Punctatus. He
found about 1000 mycorrhizal spores were formed in each Petri dish, which
was dually inoculated with the two partners.

In conclusion, this work led to take in consideration much attention
for establishing the technology of cyanobacteria inoculation to cereal crops
with a view of saving partially some of the expensive and none eco-friendly
mineral nitrogen fertilizers. Further studies on the other cereal crops rather
than maize need to be carried out for more confirmation.
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