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ABSTRACT

This study was conducted at the Experimental Nursery of the Ornamental
Horticulture Department, Faculty of Agriculture, Cairo University, during the two
successive seasons of 2000/2001 and 2001/2002, with the aim of investigating the
response of Kikuyugrass (Pennisetum clandestinum Hochst. ex Chiov.) to two N
sources (conventional chemical fertilization and biofertilization), and assessing the
possibility of using biofertilizers to reduce the need for chemical N fertilization. Kikuyu
turfgrass received pre-planting and post-planting inoculation with Cerealin (a
commercial - product containing Bacillus polymyxa and Azotobacter chroococcum
bacteria) only, or post-planting chemical N fertilization using ammonium nitrate at
rates equivalent to 2, 3 or 4 g N/m%month (with or without Cerealin inoculation). In
addition, unfertilized plants were used as the control.

All treatments increased turf density, plant height, the fresh and dry weights of
clippings/m® and underground parts/m’, as well as the leaf contents of pigments (total
chiorophylls and carotenoids), total carbohydrates, N, P and K. in general, raising the
rate of chemical N fertilization caused steady increases in the values recorded for
most of these parameters. These increases were more pronounced when chemical N
fertilization was combined with the use of Cerealin. In both seasons, Cerealin + N at 3
or 4 g/m2/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.

In many cases, the data recorded on some vegetative growth characteristics
(including the fresh and dry weights of clippings) show that combining Cerealin with
chemical N fertilization reduced the need for chemical N fertilization by approximately
25-33%. It can be concluded that inoculation of Pennisefum clandestinum plugs with
Cerealin, followed by chemical N fertilization of the turf at the rate of 3 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 composition.

Keywerds: Kikuyugrass, Pennisetum clandestinum, NPK, fertilization, biofertilization,
Bacillus polymyxa, Azotobacter chroococcum

INTRODUCTION

The genus Pennisetum includes about eighty species, of which only
one {Kikuyugrass, Pennisetum clandestinum Hochst. ex Chiov.) is cultured as
a desirable. turfgrass. Kikuyugrzss is a vigorous, medium-textured, light
green. warm-season grass that ratner resembles Bermudagrass and, like it,
must be mowed frequently. It stands wear well, and spreads by vigorous
rhizomes and stolons, forming a tough. dense, springy turf which grows well
in moist, medium-textured soils of high fertility. Its cultural requirements have
not been adequately characterized [Fockwell ana Grayson (1956), Aldous
(1999) and Turgeon (1999)].

It is commonly known among .andscape horticulturists that a healthy
turfgrass requires adequate fertilizaucn in order to compensate the nutrients
lost by mowing. Chemical fertiizaticn (especia!. N fertilization) is the most
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common means of supplying turfgrasses with their nutritional requirements
[Aldous (1999) and Turgeon (1999)]. However, factors such as escalating N
fertilizer costs, soil structural --degradation,-‘environmental polfution,- and
sustainable land use have generated a growing interest in natural N fixation
as a method of providing plants with their N requirements (Subba Rao, 1984).
The current trend is to replace a significant portion of mineral fertilizers by
biofertilizers which consist mostly of N-fixing. bacteria .

Biofertilizers are safe for the environment, and they reduce the need
for chemical fertilization, thus reducing the cost of fertilizers and labour. The
possibility of using biofertilizers as an alternative to chemical N fertilization
was tested by Day et al. (1975) who reported that non-symbiotic N, fixing
bacteria are capable of significant rates of N accumulation. 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 attributed 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
acid 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, inciuding B,.

Among the large number of bacteria which have been tested for their
nitrogen fixation ability, Azotobacter chroococcum and Bacillus polymyxa
have yielded very good results. A. chroococcum bacteria are strictly aerobic,
whereas B. polymyxa bacteria are facultative anaerobes (Schlegel, 1993).

Inoculation of wheat with Azotobacter, combined with a moderate N-
fertilization rate (40 kg N/fed.) had a beneficial effect on plant growth and
productivity (Badawy et al., 1998). This 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 Ahmed et al,, 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 P-solubilizing action (Subba Rao, 1984). Other
explanations were suggested by Holl et al. (1988) who mentioned that
crested wheatgrass plants showed a positive response to inoculation with 5.
polymyxa, which may be attributed to suppression of pathogenic organisms in
the rhizosphere, root-associated nitrogen fixation, solubilization of organic
phosphate compounds, or the bacterial production of indoleacetic acid. A
different explanation to the mode of action of B. polymyxa was proposed by
Gouzou et al. (1993), who reported that inoculation of the soil with B.
polymyxa 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 of wheat.
Generally, Omar et al. (1991) reported that the inoculation of wheat with
Bacillus polymyxa can save 41.6% of the nitrogen fertilizer, and El-Haddad et
al. (2000) reported that B. polymyxa was quite effective for increasing the
productivity of wheat.

Cerealin biofertilizers are a group of commercial products that contain
different species of bacteria, depending on the crop. Omar and Hamouda
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(1998) concluded that wheat plants inoculated with Cerealin (containing
Bacillus polymyxa) obtained 50.4% of the nitrogen in their tissues through
nitrogen fixation. In some cases, maximum effectiveness of Cerealin was
achieved when Cerealin (containing Azospirillum fipoferum and 8. polymyxa) ~
application was combined with chemical N fertilization [Kotb (1998) on
wheat]. A similar conclusion was reached by Ei-Hawary et al. (1998), who
mentioned that plant growth, grain yield and straw yield of wheat were
increased remarkably due to the interaction between bacterial inoculation
(using Azospirillum brasilense, Azotobacter chroococcum and Bacillus spp.)
and N-fertilization, especially at the highest level.

This study was conducted with the aim of investigating the effect of the
Cerealin (a biofertilizer containing Azotobacter chroococcum and Bacillus
polymyxa bacteria) on the growth and chemical composition of Kikuyugrass,
and to assess the possibility of using Cerealin to reduce the need for
chemical N fertilization.

MATERIALS AND METHODS

This- study was conducted at the Experimental Nursery of the
Ornamental Horticulture Department, Faculty of Agriculture, Cairo University,
during the two successive seasons of 2000/2001 and 2001/2002, with the
aim of investigating the response of Kikuyugrass (Peré;lsetum clandestinum
Hochst. ex Chiov.) to two N sources (conventional ch&mical fertilization and
biofertilization), and assessing the possibility of using @erealln to reduce the
need for chemical N fertilization.

Thirty two square beds (1 m x 1 m) were prepared in a clay-loam soil at
the site of the experiment during the month of February, 2000 and 2001 (in
the first and second seasons, respectively). The physical and chemical
characteristics of the soil are presented in Table (1). The beds were watered,
and a non-selective herbicide (Round-Up) was sprayed two weeks later at a
rate equivalent to 1 litre/fed. to eliminate all vegetation prior to planting.

uring soil preparation, all the planting beds were supplled with calcium
superphosphate (15.5% P,0s) at the rate of 30 g/m% On March 20", 2000
and 2001 (in the two seasons, respectively), plugs of Pennisetun
clandestinum were planted in the beds at a spacing of 15 X 15 cm (one
square metre of sod gave enough plugs to plant about 8 m?). The plantmg
beds were irrigated daily (at the rate of 5 litres/m? ) from planting till May 30",
at which time the turfgrass had become well-establlshed Thereafter, they
were irrigated every 2 days at the rate of 14 litres/m?/2 days till October 15",
then at the rate of 8 litres/m/2 days till the end of each season (on January
15" 2001 and 2002, in the first and second seasons, respectively).

Prior to plugging, the piugs used for pianting sixteen beds were
inoculated with the commercial biofertilizer “Cerealin” [produced by Egyptian
Ministry of Agriculture, and contalnnrg Bacillus polymyxa and Azotobacter
chroococcum bacteria, each at 10 cclony forming units (CFU)/g carrier] as a
source of mtrogen Prior to inocu-sticn, 40 ¢ of Cerealin (sufficint for
inoculation of 40 m*) were mixed with 160 g of v 2:miculite in order to obtain a
Cerealin/vermiculite mixtur2 with 5 tires the cricir.al volume of Cerealin. The
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plugs were inoculated by wetting their bases, then immersing them in the
Cerealin/vermiculite mixture, whereas the other plugs were inoculated with
~ vermiculite cnly. A basal dressing of the Cerealin/vermiculite mixiure was

added after 20 days from planting, at the rate of 5 glm’, 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 of 5§ 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 rates of 6, 9
or 12 g/m?month (equivalent to approximately 2, 3 or 4 g N/'m*month). Each
of the chemical N fertilization rates was applied to 4 inoculated and 4 un-
inoculated planting beds (replicates). Also, four inoculated beds and four un-
inoculated beds were left with no chemical fertilizaticn. Also, all plants were
supplied with potassium sulphate (48% K,O) at the rate of 20 glmz, divided
into two equal doses. The first dose was applied after 45 days from planting,
and the second dose one month later. .

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

The turf was mowed every 10 days to a height of 5 cm, starting May
30" (2000 and 2001 in the first and second seasons, respectively), till the end
of each season. The plant height was recorded before mowing, starting June
10". The fresh and dry weights of the clippings were also recorded after each
mowing. For each fertilization treatment, the values recorded every 10 days
were averaged to determine the average plant height before mowing, as well
as the average fresh and dry weights of clippings. 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 20 cm) were also recorded. in
addition, fresh clipping samples were chemically analyzed to determine their
total chlorophylls and total carotenoids contents (using the method described
by Nomai, 1982), while the total carbohydrates content was determined in
dried clipping samples (using the method recommended by Herbert et a/.,
1971).

Tabie (1): Physical and chemical characteristics of the soil used for
griai'ng Pennisetum clandestinum during the 2000/2001 and

) ‘02 seasons.

Physical characteristics
Soil | vvarse | Fine | oo | crgy [ caco, | EC | P | cEC
texture ’E"‘;’ ’(‘%“f (%) | (%) | ™% | (dsim) | e """‘"l 00
cay 82 | 316 [267[335] 24 | 034 | 459 | 345

Chemical characteristics

pH Oraanic Available macro-nutrients (mg/kg)

matter (%) N P K
7.6 1.34 42.0 9.2 387.0
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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-Kjeldah! method as described by
Pregi, 1945), phosphorus (according to King, 1951) and potassium (using a
Pye Unicam Model SP 1900 Atomic Absorption Spectrophotometer).

Data collected on vegetative growth were subjected to an analysis of
variance, and the means were compared using the “Least Significant
Difference (LSD)" test at the 0.05 level, as recommended by Steel and Torrie

(1980).
RESULTS AND DISCUSSION

I- Vegetative growth _
1- Turf density (number of tillers/100 cm?) ~

The results recorded in both seasons (Table 2) show that Pennisetumn
clandestinum plants receiving the different fertilization treatments had
significantly more tillers than the unfertilized (control) plants. Moreover, in
plants supplied with chemical nitrogenous fertilization alone, raising the
application- rate caused a steady increase in the number of tillers.
Accordingly, plants fertilized with 4 g N/m%month gave significantly more
tillers than those receiving lower N rates (2 or 3 g N/m“/month). This increase
in turf density as a result of increasing N rate is in agreement with the findings
of Hossni (1993) on Cynodon dactylon, Razmjoo and Kaneko (1993)on
Lolium perenne, Razmjoo et al. (1996) on creeping bentgrass [Agrostis
palustris (A. stolonifera var. palustris)], and the findings of Oral and Acikgoz
(2001) on a turfgrass mixture consisting of perennial ryegrass (Lolium
perenne), Kentucky bluegrass (Poa pratensis), creeping red fescue (Festuca
rubra var. rubra) and chewing fescue (Festuca rubra var. commutata).

Table (2): Effect of nitrogenous chemical and biofertilization on the turf
density (number of tillers/100cm? and plant height of
Pennisetum clandestinum turfgrass in the 2000/2001 and

2001/2002 seasons.
Turf density . Plant height
. N {(number of tillers/100 cm®) {cm)
. erflization ™ First Second First Second
season season season season
' (2000/2001) | (2001/2002) | (2000/2001) | (2001/2002)
Control 170.3 151.3 6.20 5.91
N1 186.7 172.7 7.43 6.85
N2 191.7 176.2 7.84 7.28
N3 204.0 187.0 8.09 7.89
Cerealin - 181.3 170.3 711 6.46
Cerealin + N1 188.7 181.3 7 68 6.96
Cerealin + N2 198.0 194.7 | 3.57 7.98
Cerealin+ N3 | 209.3 198.7 | 8.59 8.57
| LSD(0.05) | 9.5 | 8.1 0.4 0.35

* N1, N2 and N3 = N at 2, 3 or 4 g/m*/month, respectively.
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Combining chemical N fertilization with the use of the biofertilizer
(Cerealin) caused a further increase in the number of tillers produced by
Pennisetum clandestinum. In both seasons the highest number of tillers was
formed on plants fertilized with 4 g N/m ZImonth + Cerealin. On the other
hand, the application of Cerealin (with no chemical fertilization) was less
effective in increasing the number of tillers, compared to treatments which
included chemical N fertilization. This conclusion is in agreement with the
findings of Barea et al. (1983) who mentioned that shoot production by
ryegrass (Lolium perenne) was greater with N+P fertilization than with dual
inoculation by Azospirillum brasilense and Glomus mosseae.

It 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 first season show that plants ‘fertilized with Cerealin only produced
mslgmfcantly fewer tillers than those produced by plants fertilized with 2 g
N/m*/month. Also, plants fertilized with 2 g N/m*month + Cerealin gave
lnS|gn|ﬁcantIy fewer tillers than those produced by plants fertilized with 3 g
N/m? /month alone, while the number of tillers formed on plants fertilized with
3 g N/m*month + Cerealin was insignificantly fewer than those formed on
plants fertilized with 4 g N/m¥month alone. The beneficial effect of
biofertilization on the formation of tillers was even more evident in the second
season, with plants fertilized using Cerealin only forming insignificantly fewer
tillers than those produced by plants fertilized with2 or3 g N/mzlmonth Also,
the number of tillers formed on plants treated using 2 g N/m “month +
Cerealin was insignificantly different than that formed on plants fertilized with
3 or 4 g N/m*month (with no Cerealin). Moreover, when Cerealin was used in
the second season, raising the chemical fertilization rate from 3 to 4 g
N/m?month caused no significant increase in turf density.

2- Plant height

In both seasons, plants receiving any of the tested fertilization
treatments were significantly taller than the control plants (Table 2).
Moreover, plant height was increased steadily with increasing the rate of
chemical nitrogenous fertilization (with or without Cerealin). Similar increases
in plant height as a result of increasing N fertilization rates have been
reported by Aflam (1993) on Lolium perenne, and Hossni (1993) on
Bermudagrass (Cynodon dactylon).

The beneficial effect of Cerealin on plant elongation was clear in both
seasons, espemally when combined with chemical fertilization at the rates of
3 or4 g N/m’/month, since these combinations of treatments gave the tallest
plants (with no significant dlfference between them in the first season). In
both seasons, Cerealin + 3 g N/m%month gave significantly taller plants, as
compared to those fertilized with 3 g N/m %/month (with no blofertlhzatlon)
Moreover this treatment gave significantly taller plants than those recelvmg 4
g N/m¥month in the first season. In both seasons, Cerealin + 4 g N‘/m%month
gave significantly higher values than those recorded with chemical fertilization
only. In contrast, the least effective treatment for increasing plant height was
the application of Cerealin alone. The favourable effect of treatments
including Cerealin on plant height may be explained by the ability of
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biofertilizers to synthesize and secrete indole acetic acid and gibbereilins or
gibberellin-like substances [Subba Rao (1984) and Holl et a/. (1988)].

3- Fresh and dry weights-of clippmgslm

The results recorded in the two seasons (Table 3) show that in most
cases, the fresh and dry weights of cllppmgs/m were significantly increased
by the different fertilization treatments, compared to the control. The only
exception to this general trend was detected in the second season, with
plants that received bloferhllzatlon only having an insignificantly higher dry
weight of * clippings/m?, compared to the control. These results are in
agreement with the findings of Haahtela (1986) who mentioned that
inoculation of Poa pratensis with Klebsiella and Enterobacter increased the
dry matter yield significantly, especially with N fertilization. Also, inoculation
with Azospirillum brasilense has been found to increase the yields of
Paspalum notatum (Menze, 1985), Lolium perenne, Festuca arundmacea
(Scotti et al., 1987) and F. pratensis (Yurko, 1997).

The fresh and dry weights of clippings were increased steadily by
raising the rate of chemical nitrogenous fertilization, with or without
biofertilization. In both seasons, the highest values for fresh and dry welghts
of cllppmgs/m were obtained from plants supplied with 4 g N/m%month
(without Dbiofertilization), or with biofertilization + 3 or 4 g N/m Ymonth (with no
significant difference among these three treatments in most cases).

Table (3): Effect of nitrogenous chemical and blofertlllzation on the
fresh and dry weights of cllppmgslm of Pennisetum
clandestinum turfgrass in the 2000/2001 and 2001/2002
seasons.

Fresh weight of clippings Dry weight of clippings
*Fertilizaiion - (g/m?) - ( Imz)
treatments First . Second First Second
season season season season
2000/2001) | (2001/2002) | (2000/2001) | (2001/2002)
Control 15.90 28.00 4.35 6.65
N1 : 34.00 40.83 8.28 8.62
N2 44.27 49.15 9.80 . 10.44
N3 49.10 58.45 11.09 13.50
Cerealin 24.80 32.85 6.17 7.14
Cerealin + N1 43.18 45.78 10.45 11.52
Cerealin + N2 48.50 57.59 11.33 14.84
Cerealin + N3 52.12 50.02 12.75 14.90
LSD (0.05) 4.01 3.88 1.51 1.39

*N1, N2 and N3 = N at 2, 3 or 4 g¢/m‘/month, respectivcly.

The increase in fresh and dry weights of clippings as a result of raising
the N fertilization rate is in agreement ./ith the findings of Hossni (1993) on
Cynodon dactylon, Razmjoo and Kaneko {1993) on Lolium perenne, Soni et
al. (1983} on Zoysia matreila, as well 2s Paswan and Machahary (2000) and
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Sistana and Mays (2001) on bahiagrass (Paspalum notatum). On the other
hand, inoculation with Cerealin only was the least effectlve treatment for
increasing - the fresh and dry weights of chppmgs/m This treatment gave
significantly lower fresh and dry weights of clippings, as compared with plants-
supplied with any other fertilization treatment. In this respect, Kapustka et al.
(1985) mentioned that nitrogen-fixing bacteria (including Azotobacter and
Bacillus bacteria) are not capable of supplying sufficient N to Lolium perenne
plants.

The data presented in Table (3) also show that in many cases, the use
of biofertilization decreased the amounts of chemical nitrogenous fertilizers
needed for the production of new tnssues between mowings. in both seasons,
fertilization with Cerealin + 2 g N/m*month gave insignificantly d|fferent
values, compared to those obtained from plants fertilized with 3 g N/m /month
(without Cerealin). Moreover, plants fertilized with Cerealin + 3 g N/m Y/month
gave fresh and dry weights of clippings that were insignificantly dlfferent than
those obtained with fertilization using the highest N rate (4 g N'm*month),
without the use of biofertilization. These results show that inoculation with
Cerealin reduced the need for chemical N fertilization by 25-33%. In this
respect, Omar et al. (1991) reported that inoculation of wheat with Bacillus
polymyxa can save 41.6% of the nitrogen fertilizer. Also, Quarles (1996)
concluded that application of biofertilization treatments to golf courses (using
Azospirillum brasilense) reduced the need for fertilizer applications.

3- Fresh and dry weights of underground parts/im?

In most cases, the fresh and dry weights of underground parts were
significantly increased by the different fertilization treatments, compared to
the unfertilized control (Table 4). The results recorded in the two seasons
also show that raising the rate of chemical nifrogenous fertilization (with or
without Cerealin) caused a steady increase in the recorded values.

Table (4): Effect of nitrogenous chemical and biofertilization on the
fresh and dry weights of underground parts/m® of
Pennisetum ciandestinum turfgrass in the 2000/2001 and

2001/2002 seasons.
Fresh weight of ) Dry weight of 2
*Fertilization underground parts (g/m°) | underground parts (g/m”) |
treatments First Second First Second
season season season season
{2000/2001) | (2001/2002) | (2000/2001) | {2001/2002)
' Control 275.5 240.1 100.4 94.1
N1 400.7 302.2 122.8 112.3
N2 480.4 337.3 165.9 128.2
| N3 501.3 400.6 202.7 150.7
Cerealin 362.7 251.9 110.6 98.9
Cerealin + N1 486.0 370.1 . 169.5 135.0
Cerealin + N2 520.2 420.0 210.3 165.0
Cerealin + N3 561.5 454 .1 2182 183.2
LSD (0.05) 9.9 8.5 6.5 4.9
* N1, N2 and N3 = N at 2, 3 or 4 g/m*/month, respectively.
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Although the least effective treatment for increasing the fresh and dry
weights of underground parts was the inoculation with Cerealin only (with no
_chemical fertilization), but the favourable effect of biofertilization on the
growth of underground parts was very clear in both seasons when the use of
Cerealin was combined with the addition of chemical N fertilization, especially
at the relatively high rates of30r4g N/ m¥month. In both seasons, plants
receiving Cerealin + 3 g N/m%month gave significantly higher values than
those obtained from plants receiving chemical N fertilization only, even at the
highest level (4 g N/ m%month). Moreover, combining Cerealin with highest
rate of chemical fertilization (4 g N/mzlmonth) gave significantly higher values
than any other treatment. The favourable effect of biofertilization on root
growth is in agreement with the findings of Hanafy Ahmed ef al. (1997) on
Corchorus oliforius and Raphanus sativus.

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

The synthesis and accumulation of leaf pigments (total chlorophylls
and carotenoids) were generally enhanced by the application of the different
fertilization treatments (Table 5). In both seasons, the lowest contents of leaf
pigments were obtained in the leaves of unfertilized plants, whereas raising
the rate of chemical N fertilization caused a steady increase in the recorded
values. This increase in the content of chlorophylls and carotenoids as a
result of raising the rate of N fertilizatior: is in agreement with the findings of
Allam (1993) on ryegrass (Lolium perenne). Also, increasing the rate of N
fertiization caused an increase in the chiorophylls content of Cynodon
dactylon {Hossni, 1993) and Paspalum notatum (Paswan and Machahary,
2000).

Table (5): Effect of nitrogenous chemical and biofertilization on the total
chlorophylls, total carotenoids and total carbohydrates
contents of Pennisetum clandestinum turfgrass in the
2000/2001 and 2001/2002 seasons.

Total chlorophylis ] Total carotenoids Total carbohydrates
content content content
*Fertilization (mg/q fresh matter) (mglg fresh matter) {% of dry matter)
treatments First Second First Second First Second
season season season season season season
{2000/2001) | (2001/2002) ; (2000/2001) | {2001/2002) | (2000/2001) | (2001/2002)
Control 1.08 0.95 0.23 0.16 9.51 10.89
N1 1.18 1.07 0.31 0.24 10.83 1132 |
N2 1.30 1.23 | 0.36 0.26 10.94 11.76
N3 : 1.48 1.35 014 033 11.32 12.04
Cerealin 1.11 1.05 c27 0.21 10.90 10.97
Cerealin + N1 1.33 1.22 C.2% 0.2¢ 11 40 1188 ]
Cerealin + N2 1.55 13¢ | 054 | 028 11.73 12.89
Cerealin + N3 1,60 140 [ 059 1 236 11.91 1296 |

*N1, N2and N3 =N at 2, 3 or 4 g/m“month, respectwely

B:ofemllzatlon alone (using Cerealiri wzs ‘he least effective treatment
for increasing the leaf pigments content wf*pa'ed to the other fertilization
treatments. Combining biofertilization with ¢ 2220 N fertilization gave higher
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values than those obtained with chemical fertilization alone (at the same
rates). Among the different fertilization treatments, the application of Cerealin
+ 4 g N/m‘month gave the highest contents of total chlorophylls and
carotenoids, e T ’ '

The promotion in the synthesis and accumulation of chlorophyll as a
result of chemical N fertilization or the use of N-fixing bacteria may be
attributed to the role played by nitrogen as an essential component in the
structure of porphyrines, which are found in many metabolically active
compounds, including chlorophylls. Chlorophylls are bound to, and perhaps
even embedded within protein molecules (Devlin, 1975).

The results presented in Table (5) also show that in both seasons the
pigment contents of plants fertilized with Cerealin +2g NIm Ymonth were
approximately equal to those of plants fertilized with 3 g N/m%month (with no
Cerealin). Moreover, results recorded in the first season show that plants
fertilized with Cerealin + 3 g N/m “month had higher pigment contents,
compared to plants fertilized with 4 g N/m%month (with no Cerealin). These
results indicate that biofertilization may cause some reduction in the
requirements of chemical N fertilization needed by Kikuyugrass for the
synthesis of pigments.

2- Total carbohydrates content

Fertilization of Kikuyugrass with the different biofertilizer and chemical
N fertilizer treatments increased the total carbohydrates content, compared to
that of control plants (Table 5). Raising the rate of chemical N fertilization
caused a steady increase in the recorded values, especially when combined
with biofertilization. The increase in the total carbohydrates content of plants
receiving chemical N fertilization treatments is in agreement with the findings
of Allam (1993) on Lolium perenne. Also, Hossni (1993) detected an increase
in the total sugars content of Cynodon dactylon as a result of increasing the
rate of chemical N fertilization.

The favourable effect of combining biofertilization with chemical N
fertilization was clear in both seasons, with plants fertilized usmg Cerealin +
the highest chemical N fertilization rate (4 g N/m%month) ?lvmg the highest

values, followed by plants supplied with Cerealin + 3 g N/m“/month, with only
a slight difference between these two treatments. Moreover, plants fertilized
with Cerealin + 2 g Nm¥month had a higher carbohydrates content in the
first season, compared to plants whnch received chemical N fertilization only,
even at the highest rate (4 g N/m¥month). On the other hand, the least
effective treatments for mcreasmg the total carbohydrates content were the
application of Nat2g N/m%/month only (in the first season), or Cerealin only
(in the second season).

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
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enzymes results in an increase in the rate of photosynthesis, and a promotion
in carbohydrate synthesis and accumulation (Devlin, 1975).

3- Contents of nutrients (N, P and K)

The contents of N, P and K in clippings of Kikuyugrass were increased
as a result of the different fertilization treatments, compared to the control
(Table 8). In both seasons, raising the rate of chemical N fertilization resulted
in a steady increase in the contents of the three nutrients (in most cases). A
similar increase in the N content of Zoysia matrella as a resuit of increasing
the rate of N application (from 0 to 40 g N/m *tyear) was reported by Soni et

I. (1993). Also, Razmijoo et al. (1996) found that the N, P and K contents of
creepmg bentgrass [Agrostis palustris (A. stolonifera var. palustns)] were
increased as a result of high N fertilization rates.

Table (6): Effect of nitrogenous chemical and biofertilization on the N, P
and K contents of Pennisetum clandestinum turfgrass in the
2000/2001 and 2001/2002 seasons.

N content P content K content
*Fertilization {% of dry matter) (% of dry matter) {% of dry matter)
treatments First Second First Second First Second
season season season season season season
{2000/2001)| (2001/2002) |(2000/2001)| (2001/2002) ({2000/2001) (2001/2002)

Control 1.38 1.30 0.09 0.11 1.1 1.08
N1 N 1.59 1.41 0.14 0.13 1.22 1.49
N2 1.73 1.89 0.15 0.15 1.47 1.60
N3 2.23 2.24 0.21 0.25 1.58 1.79
Cerealin 1.45 1.77 017 0.14 1.22 1.30
ICereaiin + N1 2.15 1.94 T 0.26 0.22 1.42 1.66
ICerealin + N2 2.66 2.48 0.28 0.21 1.69 1.93
Cerealin + N3 2.69 2.42 0.35 0.24 1.99 2.12

* N1, N2 and N3 = N at 2, 3 or 4 g/m‘/month, respectively.

The effect of fertilization on the nutrients content was generally more
pronounced when chemical N fertilization was combined with the application
of biofertilization. Accordingly, the highest values (in most cases) were
obtained from plants fertilized with Cerealin + 4 g N/m¥month. The
favourable effect of treatments including biofertilization on the N content is in
agreement with the results recorded on Festi2a pratensis, which showed an
increase in the N content as a result of inoculation with Klebsiella,
Enterobacter (Haahtela, 1986) or Azospinifium brasilense (Yurko, 1997). The
effect of combining biofertilization with chemical N fertilization was generally
clear cn the N and P contents in both seasons, and on the Kcontent in the
seconc season, since plants fertilized with Cerealin + 29 N/m¥month had
higher contents than those fertilized with 2 or 3 g N/m /month (without
Cerealin). ‘Also, plants fertilized with Cerealin + 3 g N/m */month had higher N
and K contents in both seasons, and P contents in the first season, than
those supplled with chemical N fertilization alcne, aven at the highest rate (4
g N/m¥month). These results are in agreemeri with the findings of Kotb
(1998), who renoried that N and © upiake by wneat plants fertilized with 50
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kg N/fed. in combination with bacterial inoculation was more or less similar to
that of plants fertilized with 75 kg N/fed. alone.

On the other hand, inoculation with Cerealin only was less effective
than the other fertilization treatments for increasing the N content in the first
season, and the K content in the second one, whereas application of
chemical fertilization at 2 g N/m¥month was the least effective treatment in
increasing the P content in both seasons, and the N content in the second
season. These two treatments gave equally low K contents in the first
season.

CONCLUSION

From the above results, it can be concluded thatin many cases,
combining Cerealin with chemical N fertilization treatments reduced the need
for chemical N fertilization by approximately 25-33%. Thus, inoculation of
Pennisetum clandestinum plugs with Cerealm followed by chemical N
fertilization of the turf at the rate of 3 g N/m*month, is recommended. This
was sufficient to maintain high quality for the above-ground turf, and relatively
good characteristics for the underground parts and chemical composition.
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