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GROWTH AND FORAGE PRODUCTION OF PHALARIS
CANARIENSIS L. AS AFFECTED BY SHEEP MANURE,
BIOFERTILIZER AND CUTTING HEIGHT UNDER
CALCAREOUS SOIL CONDITIONS

6]

El-Toukhy', Salwa A. and Hoda H. Abdel-Azeem®
ABSTRACT

This investigation was carried out in calcareous soil at Mariout Research Station,
Desert Research Center (D.R.C.) during 2003/04 and 2004/03 seasons to study the
effect of two cutting heights (16 and 20 cm above the ground surface), three levels
of organic manure (0.0, 20 and 40 m’/fed.) and four levels of bicfertilizers (without
inoculation, phosphate dissolving bacteria (PDB), nitrogen fixing bacterta (NFB) in-
cluding Azotobacter & Azospirillum and multibiofertilizer consisting of NFB + PDB
on some vegetative growth and forage yield characters of reed canary grass. Data
cbtained indicated that plant height, leaf area/plant No. of leaves/unit, No. of till-
ers/unit and leaf/stem ratio were affected significantly by cutting height. The fresh
and dry forage yields of whole plant and its parts i.e. feaves and stems were signifi-
cantly decreased in the first cut of both scasons by increasing cutting height. How-
ever, in the second cut of the second season the fresh and dry yields of whole plant,
its paris and the accumulated yield were increased by raising cutting height. Apply-
ing organic manure increased all growth parameters and this reflected on increasing
the forage yield. Inoculating reed canary grass with (PDB), (NFB) and (NFB +
PDB) enhanced tost of growth parameters stidied and forage yield traits under cal-
careous soil conditions of Mariout district. Microbiological analysis of soil samples
in the different treatments indicated that application of multibiof#rilizet coftfining
NFB and PDB together with organic manure markedly increased the microhial ac-
tivity in plant thizosphere region.

Key words: Phalaris canariensis, Organic marnure, Multi-biofertilizers, Reed
canary grass, Nitrogen fixing bacteria, Phosphate dissolving bacteria.

INTRODUCTION L) is considered one of the most drought-
tolerant of the cool-season grasses. It can
Under newly reclaimed lands, many  be used for pasture or in mixture with

crops failed to grow well so, the choice of
the cultivated crops is very important.
Read Canary grass {Phalaris canariensis

legume for hay and silage. .
The higher prices of mineral fertitizer
and the concern of politfion 6F water afi@ -~
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the atmosphere, the interest in the use of
organic manure and biofertilizers is being
renewal specially in the developing coun-
tries.

Organic manure affects crop growth
and yield, either directly by supplying
nutrients or indirectly by modifying soil
physical properties. In this respect, many
researchers studied this effect on each of
growth or yield of many crops (Studdy e?
al 1995) on reed canary grass, Patel et af
1996 on Brassica juncea, Ei-Toukhy,
1997 on barley, Rizk ef ol 2000 on reed
canary grass and Mowafy, 2002 on wheat
plant).

Biofertilizers are an environmental
and natural source of non-bulky, low-cost
organic farm input. The application of
associative nitrogen fixing bacteria was
investigated by El-Toukhy (1997); Tri-
pathi et al (1998); Mashhoor et al
(2000) and Rizk et af (2000). The fa-
vourable effect of phosphate dissolving
bacteria on the yield and characters of
different plants grown in calcareous soils
has been reported by Abdel-Maksoud ef
al (1982); El-Toukhy (1997); Abdel-
Azeem & Ei-Toukhy (2000); El-Toukhy
and Abdel-Azeem (2000)

Concerning the effect of cutting
height, many researchers discussed this
point, El-Houssini (1999); Gaber (2002)
and Essa & Rawi (2003) revealed that
raising stubble height causcd a significant
increase of most growth parameters, dry
matter and digestible organic matter
yield.

So, the main target of this study is to
evaluate the effect of cutting height, or-
ganic manure and differcat biofertilizer
treatments on growth ang forage produc-
tivity of reed canary grass under cal-
careous soil conditions at Mariout re-
gion.

MATERIALS AND METHODS

Two field experiments were set up at
Mariut Research Station, Desert Research
Center during two successive seasons,
i.e, 2003/2004 and 2004/2005. Soil of
the experimental location was subjected
to mechanical and physicochemical
analysis according to Jackson (1958). It
was characterized as sandy clay loam
texture with about 47.1% calcium car-
bonate, 0.27% organic matter, pH 8.4 and
electrical conductivity 2.97 dSm™.

The experiments included 24 treat-
ments represent the combinations of two
clipping heights (10 and 20 c¢m above
ground surface), three levels of organic
manure (0, 20 and 40 m® fed™) and four
biofertilization treatments (without grains
inoculation, inoculation by phosphate
dissolving bacteria PDB, inoculation by
nitrogen fixing bacteria NFB and inocula-
tion by PDB + NFB.

Sheep dung was applied during soil
preparation for organic manuring. Its
¢hemical analysis (Jackson, 1958) was
found to be; 60.9% moisture, 19.34%
organic carbon, 34.17% organic matter
and 1.45% total nitrogen.

Biofertilization was carried out using
Bacillus megaterium as phosphate dis-
solving bacteria and Azotebacter chroo-
coccum + Azospirilum lipoferum as nitro-
gen fixing bacteria. The above bacterial
cultures, were provided from Soil Micro-
biology Unit, Desert Research Center,
Cairo, having the ability to withstand
stress soil conditions (Abdel-Azeem
1998). They were grown separately on
moedified Bunt and Rovira medium (YTaha
et af 41969) modified Astiby’'s melum
(Abdel-Matek and Ishac, 1968) and
malate medium (Dobereiner, 1978), re-
spectively. The biofertilizer liquid culture
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inoculants (10° cells ml™) were mixed
with plant seeds. Carboxy methyl cellu-
lose 16% was added to tne liquid cul-
wures, pefore seed dressing, as an adhe-
sive agent.

The experimental design was split-
split plot design with four replications
where clipping heights occupied the main
plots. Organic manure treatments allo-
cated in the sub-plots and the four treat-
ments of biofertilizers werce disiributed in
the sub-sub- plots in a random manner.
The plot area 2 X 2.5 m consisted of four
ridges. Grains of seed canary grass
{(Phalaris canarensis L) commercial va-
riety, were sown in cach hill at one side
on 4% and 3“ December 2003-2004 and
2004-2003 growing seasons respectively,
with sceding rate of 12 kg fed”. Three
cuts were taken at both seasons, the first
cut was taken after 60 and 50 days from
sowing at both seasons respectively. The
second cut was taken after the first cut by
30 davs, while the third cut was taken
after the second ong by 45 days for toth
scasons. The delay in the first cut of the
second season was due to the severe
weather at that year which reflected 1o the
plants growth. The relative humidity was
above its normal and it was a chance to
form frost, the severe wind caused sand
storm1 and the air temperature was below
its norrnal degree (according to Meteoro-
logical pararneter).

Growth and vield determinations:

Samples of ten surrounding plants
wete chosen randomty from cach experi-
mental units before each cut to study
plant height from soil surface up to the tip
end of the plant. Numbers of leaves and
number of tillers/unit arca were deter-
mined. Leaf area (cm?)/plant, the third

~ leaf from the top were determined by leaf

area meter, specific leaf weight, SLW
{mg/cm?) and leaf/stem ratio were deter-
mined on dry weight basis.

All plants of each experimental unit (3
m?) were clipped to determine fresh and
dry forage yields of leaves, stems, whole
plant and the accumulated fresh and dry
yields/season (ton/fed).

Microbiological detarminations

Samples of plant rhizosphere were
taken at three cutting times and subjected
to microbial determination of heterotro-
phic plate count {tcral microbial count)
on soil extract agar (Page er al 1982),
phosphate dissolving bacterial count on
Bunt and Rovira agar medium after modi-
fication by Taha et af (1969}, counts of
Azotobacter on modified Ashby’s me-
dium (Abdel-Malek and Ishae, 1963),
counts of Adzospiriffum on semi-solid
malate medium (Dobereiner, 1978).

Data obtained were statistically ana-
lysed using the Costat computer program
according te the method described by
Snedecor and Cochiran {(1980), The dif-
ferences betwwecen means were (ested by
Duncan {1955). Means having the same
alphabetical fetters were not significantly
different.

RESULTS AND I'SCUSSION
1. Growth characters and piant yield
1. Effect of Bioferpilizer |
Inoculated reed carary grains with
phosphate dissoiving bacizria (PDB) en-
hanced leaf / stem ratic and plant height.

These finding hotd fasrly woye and sigmfi-
cant at third cut of the irst scason and
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second cut of the second one respectively
{Table 1). This indicates that inoculation
with (PDB) encouraged production of
more leaves/stems with more extension
and covered more ground surface area
with more elongation. At the same time,
it was noticed that inoculation with nitro-
gen fixing bacteria (NFB) increased
number of leaves/unit and specific leaf
weight. Such increment reached the sig-
nificant level at the second and first cuts
of the first season respectively. Specific
leaf weight (SLW) of reed canary grass
also reached to its highest value in re-
sponse to inoculation with multibiofertil-
izer (PDB + NFB) in the thuzd cut of the
first season.

However, it could be concluded that
PDB, NFB or (PDB + NFB) enhapced
most of growth parameters. This result
may be attributed to the roie of microor-
ganisms in converting the insoluble phos-
phate in soil into soluble form by secret-
ing organic acids which lower the pH and
bring about the dissolution of bound
forms of phosphate. Some hyvdroxy acids
may chelate with calcium and iron result-
ing in effective solubilization and utiliza-
tion of phosphates (Boutroes e af 1987).
The enhancement effect may be also due
to the role of nitrogen fixing bacteria in
enriching soil with that essential element
and increasing its availability to face
plant requirements (Hernandez »f al
1994). These results arc in agreement
with those obtained by El-Toukhy {1997)
on barley plants, Abdel-Azeem and El-
Toukhy (2000) on ryvegrass, El-Toukhy
and Abdel-Azcem (2800) on bariey and
Rizk et al (2000) on reed canary grass,

Concerning forage production of reed
canary grass, data presented in Takle (2)
show that fresh and dry leaves as weil as
total dry yield were increased as inecu-

lated grains by PDB comparing to
uninoculated one. Such increases were
observed at third and first cut of the first
season respectively. At the same time
fresh leaves, spikes and the accumulated
fresh or dry yield followed closely the
same previous trend. These increases
were obtained at third cut of the second
season. {n general, it could be concluded
that inoculated reed canary grains with
PDB enhanced the whole plant and its
parts as well as the net accumuliated yield.
In this respect El-Toukhy and Abdel-
Azeem (2000) and Estefanous and Sa-
wan (2003} reached to almost the same
conclusion. On the other hand, NFB or
mixture of NFB + PDB played an impor-
tant role for increasing the productivity
hervin. Fresh and dry stems as well as
total dry yield significantly increased
under the above mentioned ireatmenis.
This increase was detected at third cut of
the first season. The same trend followed
closely for dry leaves yield, stems fresh
and dry, total fresh and dry yield and the
net accumutated fresh and dry. This trend
was obtained at the first cut of the second
season. It could be concluded that NFB or
mixture of NFB + PDB enhanced the
productivity of reed canary grass under
the conditions of Mariout region. These
finding are in general in accordance with
those obtained by Ishac et af (1986) and
Maskhoor et al (2000).

2. Effect of organic manure

The influcnce of sheep dung manure
on some growth parameters is shown in
Table (1). Increasing organic manure
(O.M) caused a significant increase for
number of tillers, number of leaves and
leaf area. Such increases were observed at
second cut of the first season. Also, plant
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Table 1. Some growth parameters of reed canary grass as influenced by cutting intensity, organic manure and biofertilizers
treatments in 2003/04 and 2604/05 growing seasons.

9007 ‘1 ‘onss] 'dg 106 oulfy speuuy

Traits 2003/2004
PH (cm) No. T/unit No. L./unit
No. of cut No. of cut No. of cul
Treatment " 2™ 3rd 1* 2™ 3rd 1* 2™ 3rd
Bio-f eruhzer Without 52.9a 74.2a 90.1a 479 63.0a 121 6a 188a 318ab 575a
PDB 55.2a 74.6a 87.9a 49.1a 59.6a 95.0a 199a 319ab 439
NFB 54.7a 76.0a 90.7a 48.4a 66.3a 1026a 189a 349%a 505ab
(PDB+NFB) 5l.la 73.5a 9].6a 42.0a 58.4a 91.8a 165a 300b 471ab
Organic 0 51.8b 7242 90.7ab d466a 6l4ab 98.7a 184a 295b 473a
manure 20 56.2a 76.2a 87.4b 48.2a 65.8a 93.5a 187a 340a 473a
o’ Fd.) 40 52.5b 74.3a 92.2a 45.8a 58.3b 116a 184.5a 329%ab 547a
Cutting height 10 53.1a 73.2a 831.4b 48.4a 64.3a 91.0b 188a 3283 450b
(cm) 20 53.8a 754a 9682 453a  S94a 11452 183a 3142 545
2004/2005
Biofenilizer Without 71.7a 73b 59.5a 54.7a 354a 34.7a 2.86a 165a [54a
PDB 70.8a §1.5a 61.2a 59.9a 37.5a 36.6a  306a 186a 157a
NFB 76.8a 70.2b 60.2a 623 409 36.7a 310a 188a 236a
(PDB+NFB) 78.3a 73.6b 59.1a 55.3a 42.3a 3252 268a 192a 133a
Organic 0 70.2b 74.7a 5.0 59.8a 42.1a 36.8a 288ab  193a 220a
manure 20 78.6a 75.8a 62.0a 60.6a 39.3a 385a 329a 182a 168a
{m*/fed.) 40 74.4ab 73.3a  60.5ab 53.8a 357 30.1b  260b 172a 122a
Cutting height 10 69.5b 65.4b 59.4a 62.1a 42.4a 356a 3352 199a 153b
(cm) 20 79.3a 83.7a 60.7a 53.9b 35.7a 346a  250b 167a 188a
P.H = Plant height LA = Leal Area S.L.W. = Specific leal weight No. T/unit = No. of tillers/unit
No. L./unit = No. of leaves/unit L/S mtio = Leal stem ratio PDB = Phosphate dissolving bacteria

NFB = Nitrogen fixing baciena.
Means having the same alphabetical leuters are not significantly different
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Table 1. Cont.
Traits 7003/2004
LA (cm)* S.L.W (mg/cm®) L/S ratio
No. of cut No. of cut No. of cut

Treatment lii_ iﬁ_ 3rd l“ 2nd 3:\1

Bio- Without  27.0a  251a  S53ab _ 0.003ab 0.0036a 0.0063b 33.05a  2.09a  0.656b
19 PDB 281a 2572 5.6a 000290 0.0037a 0.0065ab 179 19la  1.05a
fertilizer NFB 2681 26.1a  S.lab  0003la 00034a 0.0065ab 204b  1.9a  0.613b
(PDB+NFB) 26.2a 253a  46b  0003la 0003a 0.006%a 187  187a  0.58%
Organic 0 260a 244b  49a 00032 0.0038a 00066a 23.05b 207a  0.694zb
manure 20 267a 270a  S53a 000292 00035ab 000658 13.02c  1.8%9a. 0.934a
(m® Fd.) 40 283a  252ab  S2a  0.003la  0.0034b 00066a 3205 187a  0.551b
Cutting 10 3550 262 S0a 00032 000352 00067a 205a 1750 0.80%a
height (cm) 20 28.5a 25 S3a 00032 0003a 000642 99  214a  0.648b
2004/2005
Bioforiliger  WiHOUL 337 - 3132 57a 00043 0023a 0006  244a 09242 0305
PDB 330a 393a 552  0003% 001924 0006a 239 0862  0.34la
NFB 336a 2752 592 0004la 0019  0.006a 229  0098la 0298
(PDB+NFB) 36.0a 282a  59a 00040a 0.020a 0006a 217a 0932a 0375
Organic 0 33.0a 2952  54a 0.004la 0020a 0006a 242a 038la 034la
manuse 20 3632  300a 59 00039 00192 000592 2.16a 096  0298a
(m’ffed.) 40 3292 2952 602 00043a 002la ,0006a 238 093la 0350a
Culling 10 328a  29.2a  62a  0004la 0019  0.006a 1.829 1.056a 0.338a
height (cm) 20 3552 300a  54a  00040a 0022a 0006a 2809 0792 032la
P.H = Plant height LA = Leal Area S.L.W. = Specific leal weight No. T7umit = No. of tillers/unit

No. L./unit = No. of leaves/unit
PDB = Phosphate dissolving bacteria
NFB = Nitrogen fixing bacleria.
Means having the sune alphabetical letters are not significandy different.

L/S ratio = Leaf stem ratio
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Table 2. Reed canary grass forage yield and its components as influenced by cutting
intensity, corganic manure and biofertilizer {reatments in 2003/2004 and

2004/20035 growing seasons
Traits 2003/2004
Leaves fresh (t./fed) Stems fresh (t./fed)
Treatment No. of cut No. of cut
1* ™ 3™ 1" 2™ 3™
Bio. Without 0.758a  1.63a  092b 00758 0999 18llab
enilizer PDB 0.79%a 19532 1.i62a 0058 1237a 1.718b
NFB 0.786a  1.552a 0.9!tb  008a 1.042a. 1.909ab
(PDB+NFB) | 0.739a  1641a 0948  0080a 1.252a 225
Organic 0 0.806a 1.735a 0972ab 0088 10592 2.037a
anure 20 0.764a 1.724a 1.120a  0.07a 12162  1.708b
(m’ Fd) 40 0.73% 1.627a  0.864b  0.0642 1.123a  2.021a
Cutting 10 0.810a [.654a 0.8%db  0.121a 1.18a 1.913a
height 20 0.729a 1.736a 10872 0026b 1.085a 1.931a
(cm)
Leaves dry (T/Fed.) Stems dry (T/fed.)
Without 0.112b 0247a 02782 0.013a 0.169a  0.449ab
Biofertil- PDB J29a  0326a 02522 00638 0.18%9a  0.343b
izer - NFB 0.111b 0.242a 0.311a 0.095a 0.133a 0.528a
(PDB+NFB) | 0.110b 0269a 032l1a 0098a 0.67a  0.563a
Organi¢ 0 0.117a 0282 0300ab 00i3a 0.184a 0462a
manure 20 0.120a 027a 031%9a 0008a 0.15%a 0474a
(m'/fed.) 40 0.108a 02542 02520 000792 0.151a 0.476a
Cutting } 10 0.1238 025a 03092 00l6a O0.I83a  0487a
height 20 0.107b 0.28a 0271a 0003b 0.146a 0.454a
_{cm)

The same footnote as presented in Table (1)
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Table 2. Cont.

El-Toukhy, Salwa and Hoda Abdel-Azecm

Traits 2003/2004
Spikes fresh Total fresh (t./fed.) Accumu-
Treatment (t./fed.) lated dry
No. of cut No. of cut (T/fed.)
1t ™ 3 ™ 2™ 3
i . Without - - 0.56a 0.833a 2.633a 329ia 6.757a
Bio-fertilizer
FDB - - 0.291b 0.854a 1.19la 3.171a 7.216a
NFB - - 0.388b 0.868 2.595a 3.208a 6.67a
(PDB+NFB) | - - 0.415a 0.819a 2.892a J613a 7.324a
Organic 7 0 - - 0.334b 0.8%a 2.794;_ . 3.343a 7.033a
manure 20 - - 052a 083a 2% 335  712a
(m* Fd.) 40 - - 038%b 03803a 275 327a 6.823a
Cutting 10 - - 0.355a 0.931a 2.83a 3.152a 6.917a
height(am)} 20 - - 0472a 075 282 349 7063
. Accumu-
Si’;’:;;";” Total dry (T/fed.) lated dry
(T/fed.)
o Withowt | - - 0221a 0.25b 0416a 0.948ab  [.489a
Biofertilizer
PDB - - 0.187a 0.135a 0.513a 0.782b 1.432a
NFB - - 0278 0.121b 0.375a 1117a 1.613a
(PDB+NFB) | - - 0.2682 0.119 0.436a 1.152a 1.707a
Organic 0 - - 0234a 0.13a Q.464a 0.9%a 1.59a
majure 20 - - 0.263a 0.128a 0437z 1.056a 1.621a
(m’/fed.) 40 - - 0.21%9a O.116a 0.405a° 0.947s 1.468a
Cutting 10 - - 0.242a 0.139a 0439z 1.03%a 1.616a
height (cm)} 20 - - 0.234a 0.110b 0432a 0.95% 1.301a

The same footnote as presented in Table (1)
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Table 2. Cont.
Traits 2004/2005
Leaves fresh (t./fed) Stens fresh {t./fed)
Treatment No.ofcut No. of cut
1= 2™ 3 " 2™ 3
Bio- Without | 3.986a 1492ab 0.145p 2335 23a  0.646a
foruil PDB 40652 1.706a 0.207a 2.546ab 2.44a 0.72a
NFB 55122 1.287ab 0.207a 2.80lab 1.803a 0.731a
(PDB+NFB) | 4327a 112b 02I6a 3.08la 19642 0.780a
Organic 0 3641b 14%a 0.205a 2224b 22092 0687ab
manure 20 4522a 1.302a 0.199a 3.147a 21242 0832a
(m’ Fd.) 40 4505 14522 0.177a 2.70b 20492 0.638b
Cutting 10 4319 1.034b 0225 3.186a 1269 0.806a
height 20 4262 1.769a 0.163b 2.195b 29862 0.632a
(cm)
Leaves dry (T/Fed.) Stems dry (T/fed.)
Without | 0.587b 0.397a 0.065a 0266b 04972 023a
Biofer- FDB 063%9ab 0.42a 0085a 0.286ab 05282 0.276a
tilizer NFB 069% 03%4a 0078a 03258 0458 0.264a
(PDB+NFB) { 0.631ab 0.038l1a 0.082a 03262 04772 0.25la
Organic 0 0.579b 037a 003 02650 04772 0.255ab
manure » 20 06752 038 0076a 0336a 0487a 0.283%a
(m'/fed.) 40 0663a 0.436a 007a 0297ab 0.505a 0.223b
Cutting 10 063la 02476 00852 0357a 0264b 0.273a
height 20 06572 0544a 0069 0244b 07152 0.23%a
(cm)

The same footnote as presented in Table (1)
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Table 2. Cont.

Ei-Toukhy, Salwa and Hoda Abdel-Azeem

Traits 20032004
Spikes fresh (t/fed.) Total fresh (t./fed.) Accumu-
Treatment No. of cut No. of cut lated dry
Sl s 3™ 1® ™ 3¢ (T/fed)
Bio.  Without | - 043%a 0293 6321b 428a 1.085a 116920
it PDB | - 035la 0.444a 66lab 450la 137la 12.482a
NFB | - 0320a 0362ab 73138 34la 130la 12.024a
(PDB+NFB)| - 0.335a 0.365ab 7.408ab 3.4i% 1.36la 12.188a
Organic } 0 - 0442a 03%a 5865h 4.10la _127deb 1124b
manure 20 - 0379ab 0.384a 76692 3.805a 1.415a 12.889a
(m* Fd.) 40 - 0263b 0333 72052 3.764a 11486 12.117a
Catting 10 - 02276 04158 7505 2.53b 1446  11.481b
height 20 - 04952 0318 6455 525  L113 12818a

{cm) '
Accumu-
Spikes dry (T/fed.) Total dry (T/fed ) lated dry
(T/fed)
Without | - 0.124a 0172 0853b 1018a 04652 2.336b
o PDB | - 009%a 0236a 0925b 1.044a 0597 2.567a
Biofertil-  \pp | . 0102a 0200a 10232 094a 05422 2509
IZ&T  (PDB+NFB)| - 0.114a 0202a 0.957ab 097!a 0.535a 2.463ab
Organic 0 - 0.122a 02152 0848b 0.970a 0.55lab 2369
manure 20 - 0.li17a 0212a 1011a 0.985a 05762 2.57a
(ffed)” 40 - 0088a 0.17% 096ab 1.029a 0.472b 246lab
Cutting 10 - 0056b 02252 0988 0567b 0.584a 2.13%
height } 20 . 0.162a 0.179 0.89lb 142a 0485 279
(cm)

The same footnote as presented in Table (1)
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height and leaf/stem ratio followed
closely the same previous trend at frst
and third cut of the first season. At sec-
ond season, slight increase in growth pa-
rameters was cbtained as applied O.M
except of plant height and No. of leaves
increased significantly at first and third
cut. In general it could noticed that added
20 m* O.M/fed enhanced most of growth
parameters of reed canary grass more
than 40 m*/fed under the conditions of
Mariout region.

About the productivity, data given in
Table (2) show that fresh and dry yield of
leaves and fresh spikes yield significantly
increased under the application of 20
m¥fed OM comparing to added 40
m?*fed. This result was obtained at third
cut of the first scason At the same time,
fresh and dry yield of leaves, sterns and
whole plaat as well as net accumulation
yield take similar trend. Such significant
increase hold fairly true at first and third
cut of the second season and could be
attributed to increasing the nutrients re-
leased from the degradation of O.M, sup-
porting the plant with more of its demand
which resulted in increasing plant growth
{(Devlin, 1984). Similar results were ob-
tained by Patel e al (1996) on Brassica
juncea, El-Toukhy (1997) on barley
plants, Rizk et af (2000) on reed canary
grass and Mowafy (2002) on wheat.

3. Effect of cutting height

Results presented in Table (1) show

the effect of cutting height on growth

parameters. Raising clipping height from
10 10 20 cm above the ground surface
generally caused a significant increase in
plant height, number of tillers, number of
leaves, leaf area and L/S ratio. Such in-
creases were detected in some cuts of

both seasons. On the other hand, a sig-
nificant increase as decreasing stubble
height from 20 to 10 cm above the
ground surface for number of tillers,
number of leaves and L/S ratio. This
trend was obtained at the first and second
cuts of the second season. In general, it
was noticed a tendency to increase all
growth parameters of reed canary grass
by raising clipping height from 10 to 20
cm above the ground surface, especially
for later cuts.. These results are in line
with those reported by El-Houssini
{1999) on Lolium multifiorum, Gaber
(2002) on reed canary grass and Essz and
Rawi (2003) on barley.

Concerning the effect of cutting
height on forage yield, data presented in
Table (2) indicate that a significant in-
crease of fresh and dry yield of whole
plant leaves, stems, spikes and the net
accumulated yield. This trend was ob-
served at the second cut of the secand
season as increasing cutting height from
10 to 20 cm above the ground surface.
While, a significant reduction in fresh and
dry stems, whole pilant and dry leaves
were obtained at the first cut of both sea-
sons. It could be concluded that increas-
ing cutting height increased the produc-
tivity of reed canary grass under Mariout
region for later cuts (Tables 1 and 2).
These results are in harmony with those
obtained by El-Houssini (1999) who
pointed out that defoliating Lolium multi-
JSorum to higher level was less productive
at the first cut only.

4. Interaction effects

Data of the interactions between the
main factors were divided into significant
and insignificant effects. In this connec-
tion, the insignificant interactions were
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excluded and the significant interactions
only will be discussed.

Interaction effect between organic ma-
nure and biofertilizer

Plant height seemed to be affected
significantly by the above mentioned in-
teraction at the three cuts taken at the
first season (Table 3). The highest values
of plant height were obtained when fertil-
ized the soil by 20 m’/fed. Q.M. and in-
oculated grains with nitrogen fixing bac-~
teria (NFB). This trend was obtained at
the first two cuts, while at third cut, the
greatest vaiue was observed as inocula-
tion with mixture of (NFB + PDB) with
fertilizer 40 m*/fed. O.M. The maximum
number of leaves at second cut and the
highest value of fresh leaves yield at third
cut, were obtained by applying 40 m*/fed
sheep dung manure and inoculation
grains with phosphate dissolving bacteria
(PDB). Total fresh yield and stem fresh
yield were significantly affected by that
interaction in the first and third cuts of
the second season. It was noticed that
inoculation with mixture of (NFB and
PDB) acted with 20 or 40 m*/fed. O.M.
gave the high positive response.

IL. Microbiological analysis

Microbiological activities in the
rhizosphere of canary grass plants have
been periodically determined at three
stages of growth during the first season
2003-2004.

Results of heterotrophic plate counts,
i.e. the total microbial count, presented in
Table (4) clearly show the highest den-
sity ( 222 X 10° cfu g* dry soil) was
achieved when using a mixture of biofer-
tilizers (NFB + PDB) and organic manure

at a level of 20 m* fed”' with cutting
height of 10 cm at the second cutting. The
role of biofertilization in increasing total
soil microbial counts is obvious due to
providing two main nutritive elements,
i.e., nitrogen and phosphorus in available
forms. Amending soil with organic fertil-
izer led to enhancement of microbial
growth as a result of supplying microor-
ganisms by carbon and energy sources
needed for their growth and proliferation.

Counts of Azotobacter (Table, 5)
reached their maximum level in plant
rhizosphere by ap;l)lication of organic
manure (20 m® fed™), multibiofertilizers
(NFB + PDP), with cutting height of 10
cm at the second cutting time (354 X 10*
cfu g" dry soil). This was followed by the
treatment of adding NFB biofertifizer
under the same mentioned conditions
being 236 X 10° cfu g*. A marked in-
crease of Azotobacter count was found to
be complained by application of organic
manure and phosphate dissolving bacte-
ria. This observation is quite logic and
expectable since Azofobacter bacteria
need organic carbon and available phos-
phate 1o build up their cells and to syn-
thesize a lot of ATP molecules required
for atmospheric nitrogen fixation process. -

With regard to counts of Azospirillum
bacteria, results presented in Table (6)
exhibited that Azospirillum behaved in
the same manner as Azotobacter did.
Azospirittum counts achieved the highest
level (211 X 10° celis g* dry soil) in the
presence of organic manure (20 m* fed™),
application of the multibiofertilizer (PDB
+ NFB), cutting height (10 cm) at the
second cutting time .

In concern with phosphate dissolving
bacteria (PDB) results in Table (7) show
that counts of phosphate bacteria gradu-
ally increased with plant growth to reach
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Table 3. Effect of interaction between organic manure and biofertilizer on some vegeta-
tive and forage yicid of reed canary grass in 2003/04 and 2004/05 growing se¢a-

s00s.
2003/2004
O.M m*/fed.
15t cut 2nd cut 3rd cut
. " 20 40 0 20 40 0 20 40
Biofertilizer
Plant height Plant height Plant height

Without 512 512 5355 7283 M43 7535 923 R892 893
bAB bB aAB  aA 2A aA aA sAB aB

PDB 532 5617 5623 6913 7598 7862 8947 8207 923
sA 1AB aA bA sA aA aAB bB ‘A

NFB 5353 5817 5243 7581 7903 7307 8745 9292 9166
bA ah bAB  aA aA aA bB aA 1AB

(NFB+PDB) 4923 5623 477 7167 7558 7018 9387 855 9545
bB aAB bB abA aA bB ad b8 aA

Number of leaves/unit Fresh leaves (T/fed.}

Without - - - 20272 16338 19881 0988 0.772 1.001
aA BB  abAB  aB bB &AB
PDB - - - 17285 2086 21574 1003 0685 1800
bAD aA aA abA, bB aA
NFB - - - 20731 1933 17635 L004 0978  0.749
aA  sbAB  bAB tA 3bAB  bB
(NFB+PDB) - - - 15391 18423 155292 0.3%4 1.022 0929
' bB aAB bB bB aA AB

200472008 '

Total fresh yield (T/fed.) Fresh stems (T/fed.)
Without 706 766  4.25 - - - 1973 1381 2079
aA aA B abB bB 2ABR
PDB 597 684 6389 - - . 2178 1499 1477

aB 2B aA aAB  bAB bB
NFB 804 756 638 . - - 1633 1977 2117
aA abA  bAB b8 aA aA

(NFB+PDB) 698 860 598 . . - 2364 1975 2411
abAB  aA bB ' sA abA aA

* Means having similar capital letters in same columns and small letters in same rows are not statistically
different at 5% level of significance .
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Table 4. Effect of organic manuring, bioferetilization and culling height at different cuiting times on total microbial count
(heterotrophic plate count) in rhizosphere of canary grass (count x 10° cfu g dry soil).

Organic 0 20 m? fed-" 40 m? fed-!
manune
Bioferti- Cutting
lizers height (cm) 10 20 10 20 10 20
' Cutiing lime
( gfomh lll 2nr| 3176 llt 2Ild 3ld llt 2n‘l 3fd ltt znd ‘ 3l‘d lll 2I'Id 3Id l!l 2nd 3lﬂ
slage) '
Wilhout biofertilization 13 38 41 12 41 28 41 77 65 35 60 46 26 48 51 26 4% 58
; PDB 60 103 101 52 98 92 102 150 142 9 138 146 107 122 122 8 139 118
:!i- NFB 63 120 113 55 102 66 95 162 155 102 15! 101 101 41 132 77 134 120°
5" PDB + NFB 8BS 172 161 85 179 151 122 222 206 116 192 98 98 203 185 94 18] 186
'g, PDB : Phosphate dissolving bacteria. NFB : Nitrogen fixing bacteria (Azofobacter + Azospirilum).
gTablc 5. Effect of organic manuring, bioferetilization and cutting height at different cutting times on Azotobacter count in
s rhizosphere of canary grass (count x 10° cfu g dry soil).
< _Organic manure 0 20 m” fed-' 40 m” fed-'
=4 Cunting height 10 20 10 20 10 20
S\Bioferti (cim)
-lizers  Culting time W oand ad gt gad A od W qm gt ad M ool o M and and
(@ stage) 3 *» 2™ 3 1 2 3 1 ‘2 o2 3o 2 3
Without biofertilization 9 21 21 11 16 18 18 40 33 16 30 23 12 22 20 13 23 25
FDB 26 5 50 30 45 41 61 130 109 60 121 96 44 Bl 85 41 77 N
NFB §0 111 141 77T 115 98 132 236 205 140 210 188 112 198 207 109 200 183
PDB + NFB 9 190 170 92 147 132 175 354 311 170 302 293 146 302 300 135 281 291

PDB : Phosphate dissolving bacteria. NFB : Nitrogen fixing bactena {dzotobacter + Azaspirilum).
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Tabic 6. Effect of organic manuring, bioferetilization and cutting height at different cuiling times on Azospirillum count in
rhizosphere of canary grass (count x 10° cfu g dry soil).

Organic 0 20 o’ fed-' 40 m’ fed-'
manure
Bioferti- Cutting height 10 20 10 20 10 20
lizers {cm)
Cutting time  1* 20 39 % 2 300 T oM Ty e oedae T d Tyed g e ped 3o
(growth stage) :
aWilhoutbiofcnilizaﬁon 2 7 5 2 9 5 10 24 19 9 18 13 7 13 12 8 13 15
”n PDB 15 33 30 18 27 24 36 78 65 36 T2 57 26 48 48 24 46 42
;g NFB 48 102 84 46 69 59 78 141 123 84 126 112 67 118 124 65 120 109
8 PDB + NFB 57 114 102 55 88 78 105 211 186 102 18] 175 87 181 180 81 168 174
gf PDB : Phosphate dissolving bacteria. NFB : Nitrogen fixing bacteria (Azotobacter + Azospirilum).
& Table 7. Effect of organic manuring, bioferetilization and cutting height at different cutting times on phosphate dissclving bacterial
b= . count in rhizosphere of canary grass (count x 10° cfu g dry soit).
g Organic 0 20 m’ fed-' 40 m’ fed-'
1 Bioferti- manure
lizers  Culting height 10 20 10 20 10 20
(cm)
Cuttingtime 1% 2% 39 ¢ 2 39 r - - g g oed g qu el g e ged g
__(growth stage)
Without biofertilization 4 10 11 5 11 11 12 26 29 10 22 32 9 19 19 11 21 26
FDB 31 61 69 36 50 S50 71 140 IS1 72 151 17t 59 101 116 45 92 99
NFB 7 15 16 9 12 16 20 33 39 18 40 63 16 26 33 13 25 32
PDB + NFB 30 67 73 42 50 48 78 144 152 80 162 I8l 62 92 96 55 103 129

PDB : Phosphate dissolving bacteria,

NFB : Nitrogen fixing bacteria {(Azotabacter + Azospirilum)
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their maximum at the third cut. Applica-
tion of biofertilizers either PDB alone or
PDB together with NFB led to an in-
crease in phosphate dissolving bacterial
counts.

Summing up, it could be concluded
that application of multibiofertilizer con-
taining phosphate dissolving bacteria
(PDB) and nitrogen fixing bacteria (NFB)
in presence of organic manure, markedly
activated soil microorganisms in the plant
rhizospheric region. These findings are in
agreement with those previously reported
by Eid et al (1984); Zambre ef al (1984)
El-Borollosy et al (1986); Ishac ef al
{1986) and Mashhoor et af (2000) who
stated that inoculation of cereal plants
with associative nitrogen fixing bacteria
and (or) phosphate dissolving bacteria
greatly stimulated rhizosphere micoor-
ganisms and allowed regular release of
available nitrogen and phosphate sources

for plant growth.
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