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ABSTRACT

This study was conducted in a private turfgrass nursery in El- kssassin,
Ismailia Governorate, during the two successive seasons of 2005/2006 and
2006/20077, with the aim of investigating the response of seashore paspalum
(Paspalum vaginatum, Swartz ¢v. Salam) to two N sources: ammonium nitrate
(33.5% N) at the rates of 3, 4 or 5 g N/m*/month, only or cerealin (a commercial
product containing Bacillus polymyxa and Azofobacter chroococcum bacteria)
with or without ammonium nitrate at the same rates. Unfertilized plants were used
as the control.

All treatments increased plant height, turf density, fresh and dry weights
of clippings/m” and underground parts/m®, as well as the Jeaf contents of
pigments (total chlorophylls and carotenoids), total carbohydrates, N, P and K,
compared with the control. In general, raising the rate of chemical N fertilization
caused steady increases in the values of most parameters. Thes: increases were
more pronounced when chemical N fertilization was combined with the use of
cerealin, Cerealin + N at 5 g/m*”month gave the highest values for most of the
vegetative growth parameters as well as the different chemical constituents,
whereas inoculation with cerealin alone was the least effective treatment.

In most cases, combining cerealin with chemical N fertilization reduced
the need for chemical N fertilization by approximately 20-25%. It can be
concluded that inoculation of Paspalum vaginatum, Swartz cv. Salam plugs with
cerealin, followed by chemical N fertilization of the turf at the rate of 4 g
N/m%month was sufficient to maintain high quality for the above-ground turf,
and relatively good characteristics for the underground parts and chemical
cornposition.

INTRODUCTION

During the past few years, large scale urban development has been
taking place in Egypt, including the construction of new citics, residential
compounds, as well as coastal touristic resorts and hotels. Such projects usually
invalve extensive landscape development (including large areas of turfgrasses),
most of which take place in desert areas, with poor sandy or rocky soils. Seashore
paspalum (Paspalum vaginatum) is one of the most promising turfgrasse that can
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be used in the landscape of desert areas, especially when the irrigation water
contains a high salinity level (Hussein and Darwish, 2001 and El-Bagoury et al.,
2006). However, under such harsh growth conditions, it is necessary to ensure an
adequate supply of nutrients to- the turfgrass to compensate the nutrients lost by
mowing. Chemical fertilization (especially N fertilization) is the most common
means of supplying turfgrasses with their nutritional requirements (Aldous, 1999
and Turgeon, 1999). The effect of chemical fertilization on the growth of
different Paspalum species has been investigated by several rescarchers, as Ghisi
et al. (1994) on P. coryphaeum, Auken and Bush (1997) on P, plicatulum, Hare et
al. (1999) on P. atratum, Singh (1999) on P. dilatatum, Paswan and Machahary
{2000) on P. notatum, and Hussein and Mansour (2001) on P. vaginatum.
However, factors such as escalating N fertilizer costs, soil stuctural degradation,
environmental pollution, and sustainable land use have generated a growing
interest in matural N fixation as a method of providing plants with their N
requirements (Subba Raoc, 1984). The current trend is to replace a significant
portion of mineral fertilizers by biofertilizers which consist mostly of N-fixing
bacteria (Hussein and Mansour, 2003),

Biofertilizers are safe for the environment, and they reduce the need for
chemical fertilization, thus reducing the cost of fertilizers and iabour. In addition
to their main function of fixing molecular nitrogen, the enhancing effect of
biofertilizers on some plant growth characters was explained by Subba Rao
(1984) who atiribuied this effect to other factors such as (a) the ability of
biofertilizers to synthesize and secrete indole acetic acid, cytokinins, gibberellins
and cytokinin - or gibberellin-like substances, (b} increasing amino acids content,
and {(c) producing anti-fungal antibiotics which inhibit a variety of soil! fungi.
Also, Okon {1984) mentioned that biofertilizers promote the synthesis of some
vitamins, including B;». Among the large number of bacteria which have been
tested for their nitrogen fixation ability, Azotobacter chroococcum and Bacillus
polymyxa have yicelded very good results. A. chroococcum bacteria are strictly
aerobic, whereas B. polymyxa bacteria are facultative anaerobes (Schleget, 1993).

The favourable effect of Azotobacter bacteria was attributed to an
increase in the water and mineral uptake from the soil, which might be ascribed to
increase in root surface area, root hairs and root elongation (Hanafy et of., 1997).
On the other hand, the beneficial effect of Bacillus polymyxa may be attributed
not only to its N-fixation ability, but also to its solubilization of organic
phosphate compounds (Subba Rao, 1984), suppression of pathogenic organisms
in the rhizosphere and the bacterial production of indoleacetic acid (Holl et ai.,
1988) and caused an increase in aggregated soil particles by 57% which led to a
more porous structure within the rhizosphere soil and, consequently, enhanced
water retention and nutrient transfer in the rhizosphere (Gouzou et al.,, 1993).
Generally, Omar ef al. (1991) reported that the inoculation of wheat with Bacillus
polymyxa can save 41.6% of the nitrogen fertilizer.

. Cerealin biofertilizers are a group of commercial products that contain
different species of bacteria, depending on the crop. Omar and Hamouda {1998)
concluded that wheat plants inoculated with cerealin (containing Bacillus
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polymyxa) supplied plants with 50.4% of the nitrogen in their tissues through
nitrogen fixation, Kotb (1998) mentioned that the maxmum effect of
cerealin{containing Azospirillum lipoferum and B. polymyxa) was achieved when
it was combined with chemical N fertilization. El-Hawary et af. (1998) and
Hussein and Mansour (2003) stated that inoculating wheat or Pennisetum
clandestinum, respectively with cerealin (containing Bacillus polymyxa and
Azotobacter chroococcum bacteria) followed by chemical N fertilization was
sufficient to maintain high quality growth and chemical composition.

MATERIALS AND METHODS

This study was conducted in El-kssassin, Ismailia Governorate, during
the two successive seasons of 2005/2006 and 2006/2007, with the aim of
investigating the response of seashore paspalum (Paspalum vaginatum, Swartz
cv. Salam} to two N sources (conventional chemical fertilization and
biofertilization), and assessing the possibility of using cerealin to reduce the need
for chemical N fertilization,

The physical and chemical characteristics of the soil are presented in
Table (1). The experimental soil was watered, and a non-selective herbicide
(Round-Up) was sprayed two weeks later at a rate of 1 L/feddan to eliminate all
vegetation prior to planting. The soil was throughly plowed twice and well
prepared. During soil preparation, calcium superphosphate (1£.5% P,0s) was
applied at the rate of 40 g/m” The experimental soil was divided into thirty two
square beds (plots) of im x 1m.

Every 10g of cerealin [a commercial biofertilizer, produced by Egyptian
Ministry of Agriculture, and contauung Bacillus polymyxa and Azotobacter
chroococcum bacteria, each at 107 colony forming units (CFU)/g carrier] were
mixed with 40 g of vermiculite in order to obtain a cerealin/vermiculite mixture
(sufficint for inoculation of 10 m®). The plugs of biofertilization treatments (
sixteen beds) were inoculated by wetting their bases and immersing them in the
cerealin/vermiculite mixture. Plugs of other treatments (mineral N fertilizer or
unfertilized control) were immeresed in vermiculite only.

On March 20", 2005 and 2006 (in the two seasons, respectively), plugs
of Paspalum vaginatum, Swartz ¢v. Salam were planted in the beds at a spacmg
of 15 x 15 ¢m (one square meter of sod gave enough plugs to plant about 8 m?),
The planting beds were irrigated daily (at the rate of 6 /m?) from planting till
May 30" at which time the turfgrass had become well-established. During the
active growing season (from May 30% till October 15%), the plants were irrigated
daily at the rate of 7 I/m?, whereas the irrigation rate was reduced to 4 /m’/ day
during the period from October 15 till January 15",

A basal dressing of the cerealin/vermiculite mixture was added after 20
and 50 days from planting, at the rate of 5 g/m’, and the turfgrass was irrigated
immediately thereafter, while vermiculite was added alone at the same rate to
beds receiving no biofertilization. In each season, the turf was mowed to a height
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of 3 cm when necessary till May 30% (when coverage was complete), then the
chemical fertilization treatments were initiated. Chemical N fertilization was
added using ammonium nitrate (33.5% N) at the rates of 9, 12 or 15 g/m’/month
{equivalent to approximately 3, 4 or5 g N/m*/month). Each of the chemical N
fertilization rates was applied to 4 inoculated and 4 un-incculated planting beds
(replicates). Also, four incculated beds and four un-inoculated beds were left with
no chemical fertilization. All plots were supplied with potassium sutphate (48%
K-0) at the rate of 30 g/m’, divided into two equal doses. The first dose was
applied after 45 days from planting, and the second dose 45 days later.

The layout of the experiment was a randomized complete blocks design,
with 4 replicates, each consisting of 8 planting beds (one for each treatment).

The turf was mowed every 15 days to a height of 3 cm, starting May 30"
(2005 and 2006 in the first and second seasons, respectively), till the end of each
scason. The plant height was recorded before mowing, starting June 15®. The
fresh and dry weights of the clippings were also recorded after each mowing. For
each fertilization treatment, the values recorded every 15 days were averaged to
determine the average plant height before mowing, as well as the average fresh
and dry weights of the cli?pings. At the termination of each season, turf density
{number of tillers/100 cm®), as well as the fresh and dry weights of underground
parts (to a depth of 30 cm) were also recorded. In addition, fresh clipping samples
were chemically analyzed to determine their total chlorophylls and carotenocids
contents (using the method described by Nornai, 1982), while the total
carbohydrates content was determined in dried clipping samples (using the
method recommended by Dubois ef al. (1956). Also, dried clipping samples were
digested to extract nutrients (as described by Piper, 1947), and the extract was
analyzed to determine its contents of N (using the modified micro-Kjeldahl
method as described by Pregl, 1945), phosphorus (according to Jackson, 1967)
and potassium (estimated photometrically using a Jenway flamephotometer).

Table (1): Physical and chemical characteristics of the soil used for growing
Paspalum vaginatum, Swartz cv. Salam during the 2005/2006 and
2006/2007 seasons.

Physical characteristics

::::: Silt Clay
0, o,

524 6.3 2.8 14.6

Chemical characteristics

EC CEC

Field capacity (% V)

Available macro -
((tiSi:;l)) (meq/100 g) nutrients :pml)(
0.76 . 182 | 1.1 ] 560

CaCOs
(%)

The data on the vegetative growth characteristics and the chemical
constituents were subjected to statistical analysis of variance, and the means were
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compared using the "Least Significant Difference (L.S.D.)" test at the 5% level,
as described by Little and Hills (1978).

RESULTS AND DISCUSSION

I- Vegetative growth characteristics
1- Plant height

In both scasons, plants receiving any of the tested fertilization treatments
were significandy taller than the control plants (Table 2). The only exception to
this trend was recorded in both seasons with the plants received cerealin only
which had insignificantly taller plants than the unfertilized control plants.
Morcover, plant height was progressively increased with increasing the rate of
chemical nitrogenous fertilization (with or without cerealin). Similar increases in
the plant height as a result of increasing N fertilization rates have been reported
by Allam (1993) on Lolium perenne and Hussein and Mansour (2003) on
Pennisetum clandestinum. In this concern, Taiz and Zeiger (2002) stated that
nitrogen activated division and elongation of meristematic cells.

The beneficial effect of cerealin on plant clongation was clear in both
seasons, since the treatments including cercalin and chemical nitrogenous
nutrition resulted in taller plants than the plants which received the same chemical
nitrogenous nutrition rates only. Cerealin + 5 g N/m*/month treatment produced
the significantly taller plants as compared to most treatments in bath seasons. It is
worth mentioning that the treatment including cercalin + 4 g N/m*/month gave
insignificantly shorter plants, as compared to those fertilzed with 5 g
N/m*/month. The favourable effect of treatments including ccrealin on plant
height may be explained by the ability of biofertilizers to synthesize and secrete
indole acetic acid and gibberellins or gibberellin-like substances (Subba Rao,
1984 and Holl et al., 1988).

In contrast, the least effective treatment for increasing plant height was
the application of cerealin alone.

2- Turf density (number of tillers/100 cm?)

The results recorded in both seasons (Table 2) showed that Paspalum
vaginatum plants which received the different fertilization treatments had
significantly more tillers than the unfertilized (control) ones, in most cases.
Moreover, in plants supplied with chemical nitrogenous fertilization alone, raising
the application rate caused a steady increase in the number of tillers. Raising the
chemical nitrogenous fertilization rate from 4 to 5 g N/m*/month caused a non
significant increase in turf density, This increase in twrf density as a result of
increasing N rate is in agreement with the findings of Razmjoo and Kaneko
{1993) on Lolium perenne, Razmjoo et al. (1996) on Agrostis palustris, Oral and
Acikgoz (2001) on a turfgrass mixture consisting of Lolium peremne, Poa
pratensis, Festuyca rubra var. rubra and Festfuca rubra var, commutata, and the
findings of Hussein and Mansour (2003) on Pennisetum clandestinum.
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Table (2): Effect of nitrogenous chemical fertilizer and biofertilization on plant
height and the turf density (number of tillers/100cm®) of Paspalum
cinatum turferass in the 2005/2006 and 2006/2007 seasons.

. Turf density N
| *Fertilization Plant height (cm) (number of tillers/100 cm
E (reatments First Second First season Se::::

se

season season
(2005/2006) | (2006/2007) | P0052006) | (5006/2007)

| Control 45 4.9 164.3 175.1
N1 5.2 6.3 186.2 190.8
N2 6.1 6.6 211 210.3

I N3 6.5 6.9 228.0 215.2
‘ 4.8 5.2 168.8 181.0
 Cerealin + N1 56 6.3 191.0 195.1
| Cerealin + N2 6.4 6.7 2213 206.8
| Cerealin + N3 6.8 6.9 234.0 225.1
| LSD (0.05) 0.5 0.4 11.1 14.5

* N1, N2 and N3 =N at 3, 4 or 5 g/m"/month, respectively.

Combining chemical N fertilization with cerealin caused a further increase
in number of tillers produced by Paspalum vaginatum, as compared to the values
recorded with plants which received the same chemical fertilization only, in most
cases. In both scasons, the highest number of tillers was formed on plants fertilized
with 5 g N/m%month + cerealin. On the other hand, the application of cerealin (with
no chemical fertilization) was less effective in increasing number of tillers, compared
to treatients which included chemical N fertilization. Plants which received cercalin
only produced insignificantly more tillers than the unfertilized control plants, This
conclusion is in agreement with the findings of Hussein and Mansour (2003) on
Pennisetum clandestinum turfgrass, who reported that plants which received cerealin
only produced more tillers than the unfertilized control plants but lower than the
values recorded with the treatments which included chemical N fertilization.

i is also worth mentioning that in many cases, the use of cerealin reduced
the need for chemical N fertilization. For example, results recorded in the second
season showed that plants fertilized with cerealin only produced insignificantly fewer
tillers than those produced by plants fertilized with 3 g N/m%month. Also, in both
seasons, plants fertilized with 4 g N/m’/month + cerealin gave insignificantly fewer
tillers than those produced by plants fertilized with 5 g N/m®*month alone,

3- Fresh and dry weights of clippings/m’

The results recorded in the two seasons {Table 3) showed that the fresh and
dry weights of clippings/ m” were significantly increased by most of fertilization
treatments over the control. Raising mineral N fertilization rate, with or without
cercalin, steadily increased fresh and dry weights of clippings. In both seasons,
cerealin + 5 g N/m*/month treatment resulted in the significanily higher fresh and dry
weights of clippings, as compared to the other fertilization treatments in most cases.
Such results are reasonable, since plant height and turf density attained a parallel
trend. These findings are in accordance with those obtained by Razmjoo and Kaneko
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(1993) on Lolium perenne, Soni ef al. (1993) on Zoysia matrella, Paswan and
Machahary (2000) on Paspalum notaturm, Sistana and Mays (2001) on Paspalum
notatum and Hussein and Mansour (2003) on Pennisetum clandestinum.

" On the other hand, cerealin alone resulted in the lightest fresh and dry
weights of clippings, as compared to all other fertilization treatments. This result
is in agreement with the findings of Kapustka et al. (1985) on Lolium perenne and
Hussein and Mansour (2003) on Pennisetum clandestinum, they mentioned that
nitrogen-fixing bacteria atone (including Azotobacter and Baciilus bacteria) are
not capable of supplying sufficient N to the plants.

Data presented in Table (3) also showed that in many cases, the use of
biofertilization decreased the amounts of chemical nitrogenous fertilizers needed
for the production of new growth between mowings. In both seasons, fertilization
with cerealin + 3 g N/m%month gave insignificantly different values, compared to
those obtained from plants fertilized with 4 g N/m”/month (without cerealin), in
most cases. Moreover, plants fertilized with cerealin + 4 g N/m*/month gave fresh
and dry weights of clippings that were insignificantly different than those
obtained with fertilization using the highest mineral N mte only (5 g
N/m*/month). These results showed that inoculation with cerealin reduced the
need for chemical N fertilization by 20-25%. Such results are in agreement with
the findings of Omar et al. (1991) who reported that inoculation of wheat with
Baciflus polymyxa can save 41.6% of the nitrogen fertilizer. Quarles (1996)
concluded that application of biofertilization treatments to golf courses (using
Azospirillum brasilense) reduced the need for fertilizer applications and Hussein
and Mansour (2003) reported that inoculation of Pennisetum clundestinum with
cerealin reduced the need for chemical N fertilization by 25-33%.

Table (3): Effect of nitrogenous chemical fertilizer and biofertilization on the
fresh and dry weights of clippingy/m® of Paspalum vaginatum
" turfgrass in the 2005/2006 and 2006/2007 seasons.

Fresh weight of clippings Dry weight of clippings

*Fertilization (g/m’) (g/m’)

treatments | First season 2::::: First season f:::::

(2005/2006) | 00cna07, | 2005/2006) | nacinu7)

Control 25.3 24.1 51 42
N1 34.6 36.1 6.4 7.0
N2 39.9 476 6.8 8.1
N3 415 51.2 8.0 10.2
Cerealin 28.5 258 4.6 4,7
Cerealin + N1 38.9 43.5 7.0 9.4
Cerealin + N2 43.5 48.0 8.5 9.5
Cerealin + N3 47.0 54.1 9.0 117
LSD (0.05) 38 4.1 0.6 0.8

* N1, N2 and N3 =N at 3, 4 or 5 g/m*/month, respectively.
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4- Fresh and dry weights of underground party/m’

The fresh and dry weights of underground parts were significantly
increased by most of the fertilization treatments, compared to the unfertilized
control plants (Table 4). Raising the rate of chemical nitrogenous fertilization
(with or without cerealin) caused a steady increase in the recorded values. Such
results were similarly recorded by Hussein and Mansour (2003) on Pennisetum
clandestinum turfgrass.

Although the least effective treatment for increasing the fresh and dry
weights of underground parts was the inoculation with cerealin only, the favourable
effect of biofertilization on the growth of underground parts was very clear in both
seasons when cerealin was combined with the addition of chemical N fertilization. In
both seasons, plants which received cerealin + 4 g N/m*/month gave insignificantly
different fresh and dry weights of underground parts than those obtained from planis
receiving the highest chemical N fertilization only (5 g N/ m’/month). Moreover, the
plants which received cerealin + 3 g N/ m*month gave significantly heavier dry
weight of underground parts in the first season and insignificantly different dry weight
of underground parts in the second one, whcncompa.ledtotheplantswhlchrecewed
chemical N fertilization only at 4 g¢ N/ m”/month. These results are in agreement with
the findings of Hanafy ef a/. (1997) on Corchorus olitorius and Raphanus sativus.
Also, Hussein and Mansour (2003) reported that incculation of Pemnisetum
clandestinum with cerealin (with or without chemical N fertilizatio) increased the
fresh and dry weights of underground parts.

Tahle (4): Effect of nitrogenous chemical fertilizer and biofertilization on the

fresh and dry welghts of underground parts/m’ of Paspalum
oinatum turfe ass in the 2005/2006 and 2006/2007 seasons.

Fresh weight of Dry weight of

underground parts (g/m’) undegground parts (g/m®) |

First Second season | First season Second

(203(‘;5’702(;106) (2006/2007) | (2005/2006) (20’;6% .

301.5 280.6 63.5 63.1
369.6 3i10.1 85.0 72.6
430.0 360.5 88.2 93.8
470.6 440.5 106.4 111.0
345.1 305.9 70.9 65.5
380.4 3237 102.3 _ 90.3
455.5 415.5 106.6 114.7
| Cerealin + N3 493.5 443.6 130.8 118.0
LSD (0.05) 33.5 29.7 6.4 5.6

* N1, N2 and N3 = N at 3, 4 or 5 g/m"/month, respectively.

II- Chemical composition
1 - Leaf pigments content (total chlorophylls and carotenoids)

In both seasons, the synthesis and accumulation of leaf pigments (total
chlorophylls and carotenoids) were significantly increased by the application of
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most fertilization treatments, as compared to the control (Table 5). Raising the
rate of chemical N fertilization caused a gradual significant increase in the
recorded values, in most cases. This increase in the content of total chlorophylls
and carotenoids as a result of raising the rate of chemical N fertilization coincides
with the findings of Allam (1993) on Lelium perenne. Also, increasing the rate of
chemical N fertilization caused an increase in the chlorophylls content of
Paspalum notatum (Paswan and Machahary, 2000).

Using cerealin alone was the least effective treatment for increasing the
leaf pigments content compared to the other fertilization treatments. Combining
cerealin with chemical N fertilization gave higher values than those obtained with -
chemical fertilization alone (at the same rates), in most cases. Among the
different fertilization treatments, the application of cerealin + 5 g N/m*/month
gave the significantly higher conténts of total chlorophylls and carotenoids, as
compared with most treatments. '

Table (5): Effect of nitrogenous chemical fertilizer and biofertilization on the
total chlorophylls, carotencids and total carbohydrates conterits of
Paspalum vaginatum turfgrass in the 2005/2006 and 2006/2007
Seasons. - :

Total chlorophylls | Total carotencids | Total carbohydrates
e content (mg/g fresh | content (mg/g fresh | content (%o of dry
I‘; m:‘t’s“ matter) matter) matter) |
,:.’ztn S’::': First season Second First season I Second
eose | awen | "9 | oweny | ¥%9 | o
Control 1.65 1.32 0.46 0.33 1.5 18.6
N1 1.84 1.63 061 | 047 21.9 21.4
N2 2.11 1.80 0.74 0.56 23.6 219
N3 2.55 225 0.99 0.81 24.2 24.8
Cerealin 1.72 1.49 0.60 045 (- 210 20.5
Cerealin +N1| 1.98 1.89 0.79 0.70 23.1 223
Cerealin +N2| 2.30 2.01 087 | G80 238 24.6
Cerealin +N3| 2.68 223 1.15 0.98 24.6 25,3
LSD (0.05) 0.15 0.12 0.14 0.09 1.1 14

* N1, N2 and N3 = N at 3, 4 or 5 g/m“/month, respectively.

The promotion of the synthesis and accumulation of chlorophyll as a result
of mineral N fertilization or the use of N-fixing bacteria may be attributed to the role
of nitrogen as an essential component in the structure of porphyrines, which are found
in many metabolically active compounds, including chiorophylls. Chlorophylls are
bound o, and perhaps even embedded within protein molecules (Devlin, 1975). The
results presented in Table (5} also showed that in both seasons, the total chlorophylls
and carotenoids content of plants fertilized with cerealin + 3 g N/m2/month were
insignificantly differen or significantly higher than the values of plants which received
4 g N/'m2/month alone. Moreover, carotenoids content of the plants received cerealin
+ 4 g N/m2/month were insignificantly different than the values of plants which
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received 5 g N/m2/momnth alone. These results indicated that biofertilization may
cause some reduction in the requirements of chemical N fertilization (approximately
20-25%) needed by Paspalum vaginatum for the synthesis of pigments. Such result
was obtained by Hussein and Mansour (2003} on Pennisetum clandestinum.

2- Total carbohydrates%

Fertilization of Paspalum vaginatum with the different treatments
significantly increased the total carbohydrates?s, compared to that of control plants
(Table 5). Raising the rate of chemical N fertilization with or without cerealin caused
a steady increase in the recorded values. The favourable effect of the different
fertilization treatments on the synthesis and accumulation: of carbohydrates may be
attributed to the increase in the chlorophylls content of fertilized plants, and to the role
played by nitrogen in the structure of porphyrine molecules (as previously
mentioned), which are found in the cytochrome enzymes essential in photosynthesis.
This increase in the contents of chlorophylls and cytochrome enzymes results in an
increase in the rate of photosynthesis, and a promotion in carbohydrate synthesis and
accumulation (Devlin, 1975). The obtained reaults are in agreement with the findings
of Allam (1993) on Lofium perenne and Hussein and Mansour (2003) on Pennisetum
clandestinum. '

The favourable effect of combining biofertilization with chemical N
fertilization was clear in both seasons, with plants fertilized using cerealin + chemical
N fertilization giving higher total carbohydrates content than the plants received the
same chemical N fertilization only. Moreover, the plants fertilized with cerealin + 3 g
N/m%month gave insignificantly different total carbohydrates than the values
recorded with the plants fertilized with 4 g N/m“month alone. Also, the plants
received cerealin + 4 g N/m*/month gave insignificantly lower total carbohydrates%
than the values recorded with the plants fertilized with 5 g N/m*’month alone. The
highest mineral N (5 g N/m*/month) combined with cerealin resulted in the highest
total carbohydrates%, in both seasons, These results are in agreement with the
findings of Hussein and Mansour (2003) on Pennisetum clendestinum. On the other
hand, the least effective treatment for increasing the total carbohydrates% was the
inoculation with cerealin only, in both seasons.

3- N, P and K% of dry matter in clippings

N, P and K% of dry matter in clippings of Paspalum vaginatum were
significantly increased as a result of most fertilization treatments, compared to the
control (Table 6). In both seasons, raising the rate of chemical N fertilization with or
without cerealin resulted in a steady increase in the percentages of the three nutrients.

A similar increase in the N content of Zoysia matrella as a result of
increasing the rate of N application (from 0 to 40 g N/m’/year) was reported by
Soni et al. (1993). Also, Razmjoo ef al. (1996) on Agrostis palustris and Hussein
and Mansour (2003) on Pennisetum clandestinum found that the N, P and K
percentages were increased as a result of increasing chemical N fertilization rate.

‘The effect of fertilization on N, P and K percentages was generally morc
pronounced when chemical N fertilization was combined with the application of
biofertilization. Plants fertilized with cerealin + chemical N fertilization gave



Nitrogenous Nutrition Of Paspalum Turfgrass Grown In... 347

significantly higher N, P and K percentages than the plants received the same
chemical N fertilization rate only. Accordingly, the highest values were obtained from
plants fertilized with cerealin + 5 g N/m“/month.

Table (6): Effect of nitrogenous chemical fertilizer and biofertilization on N,
P and K% of dry matter in clippings of Paspalum vaginatum

(% of dry matter) | (% of dry matter) | {% of dry matter)
First Second First Second First Second §
s¢ason scason season Season scason Season

(2005/6) | (2006/7) | (2005/6) | (2006/T) | (2005/6) | (2006/T)
1.15 1.29 0.09 0.05 1.11 121 §
1.35 1.66 0.15 0.09 | 120 1.37

1.39 1.79 0.20 0.18 1.26 1.54
1.61 1.36 0.26 0.27 143 1.59
Cerealin 1.30 1.48 0.11 0.07 116 1.30
Cerealin + Nt 1.47 1.70 0.19 0.14 1.34 1.62
Cerealin + N2 1.73 1.98 0.29 0.24 1.50 1.70
Cerealin + N3 1.79 2.01 0.29 0.28 1,59 1.89
LSD (0.05) 0.13 0.11

The favourable effect of combining cerealin with chemical N fertilization
was generally clear on the N and K percentages in both seasons ani P percentage in
the first season, since plants fertilized with cerealin + 3 g W/m“/month had
insignificantly different percentage than those fertilized with 4 g M/m*/month only.
Moreover, in both seasons, plants fertilized with cerealin + 3 g N/m%/month had
insignificantly different percentage of K than those fertilized with 5 g N/m%month
{without cerealin). Also, plants fertilized with cerealin + 4 g N/m*/month had higher
N and K percentages in both seasons, and P percentage in the first season, than those
supplied with chemical N fertilization alone, even at the highest rate (5 g
N/m’/month). Such results are in agreement with the results recorded on Festuca
pratensis, which showed an increase in the N content as a result of inoculation with
Kiebsiella, Enterobacter (Haahtela, 1986) or Azospirillum brasilense (Yurko, 1997).
Also, Kotb (1998) reported that N and P uptake by wheat plants fertilized with 50 kg
N/ed. in combination with bacterial inoculation was more or less similar to that of
plants fertilized with 75 kg N/fed. alone.

CONCLUSION

From the above results, it can be concluded that in most cases, combining
cerealin with chemical N fertilization treatments reduced the need for chemical N
fertilization by approximately 20-25%. Thus, inoculation of Paspalum vaginatum
plugs with cerealin, followed by chemical N fertilization of the turf at the rate of 4 g
N/m*/menth, is recommended. This was sufficient to maintain high quality for the
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above-ground turf, and relatively good characteristics for the underground parts and
chemical composition,

REFERENCES

Aldous D.E. (1999): International Turf Management. Butterworth-Henemann Lid.,
pp. 139-157 & 306-307.

Allam §.85.A. (1993): Effect of nitrogenous fertilization and shading on ryegrass
lawns in Egypt. M.Sc. Thesis, Fac. Agric., Cairo Univ., pp. 194.

Auken O.W. Van and Bush JK. (1997): The importance of neighbors, soil pH,
phosphorus and nitrogen for the growth of two C, grasses. Int. J. Plant
Sci., 158(3): 325-331.

Devlin RM. (1975):. Plant Physiology. 3™ Ed. pp. 221 - 240, 284 - 298 & 353.
Affiliated East-West Press Pvt. Lid., New Delhi,

Dubois M.; Smith F.; Gilles K. A.; Hamiiton J. K. and Rebers P. A, (1956):
Colorimetric method for determination of sugars and related substances.
Anal. Chem., 28 (3): 350-356.

El-Bagoury H M.; Abou Dahab T. A. M.; Hussein M. M. M. and Abd-Elsalam Y. A
(2006): Growth of seashore paspalum (Paspalum vaginatum, Swartz cv.
Saltene) turfgrass as affected by irrigation water salinity and seasonal
variations, Egypt. J. Appl. Sci., 21 (10B): 736-758.

El-Hawary F.; Ibrahim 1. and Hammouda F. (1998): Effect of integrated bacterial
fertilization on yield and yield components of wheat in sandy soil. In:
Proceedings of “The Regional Symposium on Agro-Technologies Based
on Biological Nitrogen Fixation for Desert Agriculture”. April 14-16,
1998, El-Arish, North Sinai Governorate, pp. 235-243.

Ghisi O.M.A.A.; Alcantara P.B.; Almeida ARP. de and Schammass E.A. (1994):
Agronomic and physiological evaluation of ten grasses under two
fertilizer levels. Boletim de Industria Animal, 51(1): 3542.

Gouzou L., Burti G.; Philippy R.; Bartoli F. and Heulin T. (1993): Effect of
inoculation with Bacillus polymyxa on scil aggregation in the wheat
rhizosphere (preliminary examination). Geoderma, 56: 479-491.

Haahtela XK. (1986): Root-associated nitrogen fixation in grasses and cereals.
Dissertation Abstracts International. C- European Abstracts, 47 (1): 86.
{C.F. Field Crops Abst., 40 (1): 582].

Hanafy A. H; Kheir N. F. and Talaat N. B. (1997): Physiological studies on reducing
the accumulation of nitrate in jew’s mallow (Corchorus olitorius) and
radish (Raphanus sativus 1..). Bull. Fac. Agric. Cairo Univ.,, 48: 25-64.

Hare M.D.; Suniyajantratong W.; Tatsapong P.; Kaewlkunya C.; Wongpichet K. and
Thummasaeng K. (1999): Effect of nitrogen on production of Paspaium
atratum on seasonally wet soils in North-East Thailand Tropical
Grasslands, 33(4); 207-213.

Holl F.B., Chanway C.P.; Turkington R. and Radley R, (1988): Response of crested
wheat-grass (4gropyron cristatum L.), perennial ryegrass (Lolium perenne
L.) and white clover (Trifolium repens L.) to inoculation with Bacillus
polymyxa, Soil Biol Biochem,, 20: 19-24,



Nitrogenous Nutrition Of Paspalum Turfgrass Grown In... 349

Hussein M. M. M. and Darwish M. A. (2001); Tolerance of Paspalum vaginatum
grown in sandy soil to irrigation water salinity. Egypt. JAppl. Sci.,
16(12): 244-255.

Hussein M, M. M. and Mansour H A (2001): Organic and chemical fertilization of
seashore paspalum turfgrass in sandy soil. Al-Azhar J. Agric. Res, 34

_ (Dec.): 211-234.

Hussein M. M. M. and Mansour H. A. (2003): Nitrogenous nutrition of kikuyu
turfgrass using chemical and biofertilizers. J. Agric. Sci. Mansoura Univ,,
28 (6): 4943 — 4957.

Jacksen MLL. (1967): Soil Chemical Analysis, pp. 144-197. Prentice-Hall, India

Kapustka L.A; Amold P.T. and Lattimore P.T. (1985): Interactive responses of
associative diazatrophs from a Nebraska Sand Hills grassland. In:
Ecological Interactions in Soil: Plants, Microbes and Animals (edited by
Fitter A H., Atkinson D., Read D.J. and Usher M.B.), Blackwell Scientific
Publications, pp. 149-158.

Kotb M.Th.A. (1998). Response of wheat to biofertilizer and inorganic N and P
levels. In: Proceedings of “The Regional Symposium on Agro-
Technologies Based on Bioiogical Nitrogen Fixation for Desert
Agriculture”. Aprii 14-16, 1998, El-Arish, North Sinai Govemorate,
pp.291-301.

Little TM. and Hills F.J. (1978): Agricultural Experimentaticn — Design and
Analysis. pp. 53-63. John Wiley & Sons, Inc., New Yorl, USA.

Nornai R. {1982): Formula for determination of chlorophylt pigments extracted with
N.N. dimethyl formamide. Plant Physiol., 69: 1371-138 ..

Okon Y. (1984): Response of cereal and forage grasses to inoculation with N-fixing
bacteria. In: Advances in Nitrogen Fixation Researct, (Veeger,C. and
Newton, W.E., eds.), pp. 303-309, Nijboff/Junk, Hague,

Omar M N.A. and Hamouda A A. (1998): Effect of inoculation by cerealin (Bacilflus
polymyxa) on soil aggregation under wheat plants and nitrogen fixed by
N-15 dilution technique. In: Proceedings of “The Regional Symposium on
Agro-Technologies Based on Biological Nitrogen Fixation for Desert
Agriculture”. Aprl 14-16, 1998, El-Arish, North Sinai Governorate, pp.
227-234.

Omar MIN A; Hegazy MLH,; Abd El-Aziz R.A; Abo Soliman M.S.M. and Sobh
MM. (1991): Effect of inoculation with rhizobacteria on yield of wheat
under graded level of nitrogen fertilization. Annals Agric. Sci., Ain Shams
Univ., Cairo, 36 (1): 99-104.

Oral N. and Acikgoz E. (2001): Effects of nitrogen application timing on growth and
quality of a turfgrass mixture. J. Plant Nutrition, 24(1): 101-109.

Paswan L. and Machahary RK. (2000): Effect of nitrogen on bahiagrass. J.
Omamental Horticulture, 3(2). 87-90.

Piper C. S. (1947). Soil and Plant Analysis. pp. 258 - 275. Univ. of Adelaide,
Adelaide.

Pregl P. (1945): Quantitative Organic Microanalysis. 4” Ed. pp.78-82. Churchill
Publishing Co., London.

Quarles W. (1996): Fungicide and fertilizer reduction on golf courses. IPM
Practitioner, 18 (2): 5-7.



350 Annals Of Agric. Sc., Moshtohor, Vol. 45(1), 2007

Razmjoo K. and Kaneko S. (1993): Effect of fertility ratios on growth and turf quality
of perennial ryegrass (Lolium perenne) in winter. J. Plant Nutrition, 16
(8): 1531-1538.

Razmijoo K.; Kaneko S.; Imada T. and Suguira J. (1996): Effect of nitrogen rates and
mowing heights on color, density, uniformity, and chemical composition
of creeping bentgrass cultivars in winter. J. Plant Nutrition, 19 (12). 1499-
1509.

Schlegel H.G. (1993): Fixation of molecular nitrogen. In: General Microbiology. 7"
Ed. p. 441. Cambridge University Press,.

Singh K. A. (1999): Effect of nitrogen levels on yield, root biomass distribution,
nitrogen recovery by forage grasses and changes in soil properties of acid
Inceptisol. Indian J. Agric. Sci,, 69(8): 551-554.

Sistana K.R. and Mays D.A. (2001): Nutrient requirements of seven plant species
with potential use in shoreland erosion control. J. Plant Nutrition, 24 (3):
459-467.

Soni R.; Parmar A.S. and Kumar R. (1993): Effect of levels and timing of nitrogen
application on the growth of turf of Zoysia matrella L. Punjab Hont, J., 33
(1/4): 135-141. [C.F. Hort. Abst., 65 (9): 8183].

Subba Rao N.S. (1984): Biofertilzers in Agriculture. 3" printing. pp. 1-13, 83, 132 &
153-165. Oxford and IBH Publishing Co., New Delhi, India,

Taiz, L. and Zeiger E. (2002): Plant Physiology, 3° Ed. pp. 109 &110. Sinauer
Associates, Inc., Publishers, Sunderland, Massachusetts, USA.

Turgeon A.J. (1999): Turfgrass Management. pp. 87-88. Prentice-Hall International
Ltd.

Yurko L.A. (1997). Effect of Azospirillum brasilense on the yield and chemical
composition of Festuca pratensis on a dernopodzolic foamy soil. In: Soil
Research and the Use of Fertilizers. pp. 176-181 & 207. Fleet Publishers,
Ontario, Canada. .

aladdads Ll JuJ.nu.iu.aLJi ?ll,luh i) M%Jﬂ! FIcH|
Ayl Ay glassll Saaud)

A L daau b e O A g p4 SADA
iJALﬂ‘ dnala ‘h‘Jj}‘iﬂEﬁi—iﬁj“ Oy"...n..lrn.-i

Opsabiaillly pal i o) 3 iad Gladaus Jida 4 Ciadll 134 (5 yal
Yo -V/Y- O | K] Y. v‘/Y- Y] QQL.“.‘....H U;lurll Da s:\.elp‘.‘uy‘ m‘;.u
(Paspalum vaginatum, Swartz cv. alsaldl Ciladac 3 ai u) Ll pciy ¢
_,Il £V OYa_ew (u %Y, Q) _).JLuu“ L...li).u U";J.}““ O Ua_).).ua.-] Salam)
Bacillus LAJASJQJnL;JmLSJBJcm)Uﬂb}uLJ‘MJ‘u/?/UnJJuP
udiy ol Gl f ot sl & o lai (Azotobacter chroococcum y polymyxa
(U i) A jiall 3aene ye Clily G ALYl S aedd

P u"‘-“ Ji il gl ) ahj Y desdted) cOlbedl mpen
QS ¢ i JX A Y o) ey (el poll dilad)y da Ul o 5015 dasall



Nitrogenous Nutrition Of Paspalum Turfgrass Grown In... 351

(lapiiy JSU 5 AN ey i)y KKH) Sl all e (343 (5 sias
ol Sl A e o gl gy gheagilly gy AISH S o2 5 80
<l g gl a0l apanill Y 3aa 335 ) O dale ddiayy L(Jy fSH) Saesaa
ST gty 30 eda CailSy cliall 030 alieal Alaidl 8l i dgaksaly )
..I_J) u.\l\.:_).\u.n \.‘L-.u-.u|_, LSJLA.AS.“ u.u.\J_).ul'l J.\Huﬂ O \..d....;l\ Qe ‘A_,.;A_,
‘5“ J‘_u/ t,/u.:.;_,_).u > 4 JML;JLQS.“ J.Ln_.uuj'|+ U:‘!L“)“"‘M ?'l-l;.\._m‘ L;J\
4_._’\.11.'..\4.';5.]\ t_ﬂ_...:_,s_d\ K] L_;_)_Aa:h.“ J_.u“ Sildia f"ﬂ""! (em u.!c‘ u.lo d‘,.m;.“
Aged COlabaadl JA Jadi (ally paaally ol IS Ladyy edilisl

pe—natll 5 Colly pnall Gt (g Loa paadh oo e Ldaae i
S e ey pE el Cloalind e SN A gl e g sl
Paspalum vaginatum, 3 ;i mlls o gl oS 5 B %YO-Y aiy
£ Janas 4ol y 30 ang (5 glaaSh iam 5l mﬂ\d.‘adb)uthwanzcv Salam
sz_..a:..“t,_u.d! J._.u]‘LJ'L:: aJPL‘hMLﬂGuS J‘.u/ (/uaa_,_).ura
bl ySab y i W o) jadl ap iliia SIS crdaeal)





