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ABSTRACT

Two field experiments were conducted at two locations; New Valley and Giza
Agric. Res. Stations, ARC during the two successive summer seasons of 2007 and
2008 to study the influences of inoculation with Cyanobacteria, Azospirillum and
Pseudomonas individually or in combination on forage yield and quality traits of
teosinte ( local variety). The experimental design was a randomized complete block
with three replications. Combined data over the two seasons at two locations
indicated that biofertilizers inoculation significantly increased fresh and dry yields,
plant height, crude protein, crude fiber, ash%, ether extract and nitrogen free extract
and total digestible nutrient comparing to uninoculated plants through three cuts. Also,
data confermed the superiority of inculation with mixture of inoculants in achieving
higher values of all forage yield teosinte characters. Teosinte plants inoculated with
Cyanobacteria, Azospirillum and Pseudomonas gave significant increases in fresh
forage yield by about 149 and 140% as compared with the uninoculated plants
receiving no nitrogen fertilizer at New Valley and Giza location, respectively.

It is concluded that teosinte inoculated with biofertilizers in dual or in mixture
and received the half dose of nitrogen fertilizer gave results near or similar those
obtained from uninoculated teosinte and received the recommended dose
(120kgNfed?) of nitrogen fertilizer.

Keywords: Teosinte, Zea mays spp. mexicana, Euchlaena mexicana , Biofertilizers,
Plant Growth Promoting Rhizobacteria , Cyanobacteria, Azospirillum sp.,
Pseudomonas sp., Nz-fixing , Diazotrophs .

INTRODUCTION

Forage grasses, i.e. sorghum, millet and teosinte are considered to
be the most important summer forage crops in Egypt because fresh fodder
during summer is of a limited supply. Therefore, great efforts have been
directed towards the improvement of summer forage crops.

In Egypt summer forage crops are planted to provide supplementary
forage for animals as pasture, silage or green crop. The forage grasses play
an important role in plant management of many livestock producers. Among
these summer forage grasses are sorghum, pearl millet, maize (Darawa) and
teosinte. Nowadays, growing forage sorghum is limited to the resistant
varieties to downy mildew disease.

So, many efforts are needed to increase the productivity of the other
forage grasses such as teosinte (Zea mays ssp. Mexicana (Schrader) lltis or
Euchlaena mexicana Schrad.) for animal feeding. Panikar (1951) in India
recorded that 4.46 percent crude protein, 32.2 percent crude fiber, 10.8
percent ash, 1.2 percent ether extract and 51.34 percent nitrogen free extract
for Euchlaena mexicana on dry matter basis. However, its Australian analysis
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was 7.27 percent crude protein, 27.67 percent crude fiber, 7.03 percent ash,
1.39 percent ether extract and 53.75 percent nitrogen free extract.

Teosinte (Euchlaena mexicana) was recently expanded as a summer
forage crop in Egypt. It recovers quickly after grazing or clipping and
produces highly palatable forage. It is closely related to maize in most
allelometric characters. It has also the advantages of tillering and
regeneration as a fodder crop under irrigated conditions in addition to its high
level of tolerance to excess moisture (Lal et al., 1980) which makes this crop
more adaptable to the humid tropics and sub-tropics (Whyte et al., 1975). For
forage crops, nitrogen fertilization could determine both the productivity and
quality of the herbage.

Gheit et al.(1995) indicated that plant height, fresh and dry forage
yields as well as crude protein of sorghum hybrid were significantly increased
with increasing nitrogen level up to 90Kg N/fed. Gheit (2000) also revealed
that plant height, fresh and dry forage yield of teosinte were significantly
affected by nitrogen fertilization .He added that 40 kg N/fed/cut gave the
highest fresh and dry forage vyields (30.363-4.458 ton/fed, respectively).
Crude protein content was increased gradually with increasing nitrogen level
up to 40 kg N/fed/cut.

The intensive use of nitrogen fertilizers and their cost have comprised
expensive charges for the agricultural products, particularly in the developing
countries (EI-Kholi, 1998). Thus, various alternatives were put forward to
account for the benefits of biofertilizers in general and Cyanobacteria,
Azospirilum and Pseudomonas inoculation in particular. Biofertilizers are
considered as the most important factor in reducing the application of
chemical nitrogen fertilizers and minimizing the induced environmental
pollution, such as those resulted from nitrogen losses (volatilized NHz and /or
leached NOs). Hence, an increasing attention is being paid to biological N2-
fixation e.g., Azotobacter and /or Azospirillum inoculated to meet the N
requirements and improve the soil fertility status to sustain crop yield (George
et al.,, 1992; Senaratne and Ratnasinghe, 1995 and Wu-Feibo & Omar,
1998). Increased yield response of crops have been observed following seed
inoculation with each of Na-fixing bacteria, i.e., Azotobacter and /or
Azospirillum ( Omar et al., 1991; Abbass et al., 1994; Soliman et al., 1995; EI-
Hawary et al., 1998; Rashid et al., 1998 and Tantawey,2001).

Biological Nq-fixation (BNF) by the diazotrophs is a spontaneous
process where soil N is limited and adequate C sources are available. A
range of diazotrophs plant growth promoting rhizobacteria (PGPR)
participates in interactions with most cereal plants increasing their vegetative
growth and grain yield. Several investigators showed that inoculation with N2-
fixers have a potential importance to improve growth and increase vyield
productivity of cereal crops not only due to high N2-fixation activity, but also
due to plant growth promotion by production of auxins, cytokinins, gibberlins,
and ethaylene, siderophore aiding plant nutrition by chelation P-solubilization,
increased nutrient uptake, enhanced stress resistance, vitamin production
and biocontrol (Kloepper, 2003). Kennedy et al. (2004) proposed that
inoculation biofertilizers, particularly N2-fixing bacterial diazotrophs, can help
to ensure that the supply of nutrients contributing to optimized yield is
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maintained. Diazotrophic PGPR may hold the key to activating these
outcomes as evolutionary advantages in a situation of adequate C-
substrates, but of N-deficiency, allowing their selective enrichment in the
rhizosphere (Dbdberiener and Pedrosa, 1987).

Advanced researches have altercated the interests of root
microbiologists to establish more intimate association of wheat and both N2-
fixing bacteria and Cyanobacteria. The application of N2-fixing Cyanobacteria
biofertilizers in the cultivation of wetland rice has beneficial effect on growth
and yield (Mule et al., 1999). Reports on the effect of Cyanobacteria on
growth and other crops rather than rice are, however, scarce (Gantar et al.,
1995 and Abd EI-Rasoul et al., 2003).

Cyanobacteria inoculation along with PGPRs in a multi — strains
inoculation caused enhancement for growth and yield of peanut (El-Sawy et
al., 2006).

Comparative studies in relation to organic manuring have shown that
morphologically and physiologically distinguishable types of particularly
Pseudomonas types, have been stimulated in the rhizosphere of wheat and
rye those found after incorporation of straw in the soil (Hoflich, 1989).

The aim of this research work was to study the influences of
inoculation with Cyanobactria (Anabaena sp. & Nostoc sp.), Azospirillum sp.,
and Pseudomonas sp. as N2-fixing and plant growth promoting rhizobacteria
(PGPRs) on vyield production and forage quality of teosinte (Euchlaena
mexicana). In addition to comparing mineral N and biofertilizer treatments
and their combinations

MATERIALS AND METHODS

Two field experiments were conducted at two locations; New Valley
and Giza Agric. Res. Stations, ARC during the two successive summer
season of 2007 and 2008 to study the influences of inoculation with
Cyanobacteica, Azospirillum and Pseudomonas individually or in combination
on forage yield and quality traits of teosinte (local variety) in comparison with
mineral N- fertilizations and combination of mineral N and biofertilizers.

Bacterial strains:

Cyanobacteria (Nostoc sp. & Anabaena sp.), Azospirillum sp. and
Pseudomonas sp. were kindly provided by biofertilizers Production Unit;
Soils, Water and Environment Research Institute, ARC, Giza, Egypt. They
were prepared as inoculants on suitable sterilized carriers, packed into
polyethylene bag (300g per bag, each bag content is 10° CFU/g for both
inoculants).

Cyanobacteria and Azospirillum were used as Na-fixers bacteria and
producers of growth promoters (indol acetic acid, gibberellins and cytokinins)
or substances which help in greater absorption of nutrients from the soil.
Also, Pseudomonas was used as producer of growth promoters or
substances which help in grater absorption and antagonism to soil borne root
pathogens.
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Soil used:
The main physical and chemical properties samples of two soils for
the two experimental sites were shown in Tablel

Table 1: Mechanical and chemical analysis in soils

Property Giza New Valley
YooV Yool YooV Yool
A-Mechanical analysis
Sand (%) 24.98 24.00 0Y,A 50.90
Silt (%) 35.87 36.20 YT 34.80
Clay (%) 39.15 39.80 AR 14.30
Texture grade Clay 1loam | Clay loam | Sandy loam | Sandy loam
S.P (%) 43.60 43.30 42.30 42.00
pH 7.70 7.62 7.92 8.00
E.C (dsm™ at 25°C) 1.08 1.02 1.92 1.96
Organic matter (%) 0.78 0.8 0.86 0.88
Soluble cations (me/l)
Ca ** 4.00 4.10 2.83 2.90
Mg** 2.91 2.82 1.76 1.75
Na* 3.13 3.02 7.28 7.30
K* 0.81 0.91 7.11 7.14
Soluble anions (meg/l)
CO3~
HCO3™ 3.19 3.23 3.12 3.17
Cl~ 4.22 4.20 4.96 5.10
SO4-- 3.44 3.42 10.90 10.82
Total soluble — N (ppm) 45.17 45.25 67.30 68.0
Available - P (ppm) 13.22 14.00 12.40 12.45
DTPA-extractable (ppm)
Fe 5.60 5.45 2.18 221
Mn 3.13 3.00 0.66 0.70
Zn 1.31 1.34 0.89 0.91
Cu 0.79 0.81 0.41 0.38

The following 17 treatments were conducted:
1- Un inoculated without nitrogen fertilizer.
2- Un inoculated with 50% nitrogen fertilizer (60 kg N fed-.
3- Uninoculated with 100% nitrogen fertilizer (120 kg N fedb.
4- Inoculated with Cyanobacteria.
5- Inoculated with Azospirillum sp.
6- Inoculated with Pseudomonas sp.
7- Inoculated with Cyanobacteria + Azospirillum sp.
8- Inoculated with Cyanobacteria + Pseudomonas sp.
9-Inoculated with Azospirillum sp. + Pseudomonas sp.
10- Inoculated with Cyanobacteria + Azosirillum sp+ Pseudomonas sp.
11- Inoculated with Cyanobacteria + 50% nitrogen fertilizer.
12- Inoculated with Azospirillum sp. + 50% nitrogen fertilizer.
13- Inoculated with Pseudomonas sp. + 50% nitrogen fertilizer.
14- Inoculated with Cyanobacteria + Azospirillum sp. + 50% nitrogen
fertilizer.
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15- Inoculated with Cyanobacteria + Pseudomonas sp. + 50% nitrogen
fertilizer.

16- Inoculation with Azospirillum sp. + Pseudomonas sp. + 50% nitrogen
fertilizer.

17- Inoculated with Cyanobacteria + Azospirillum sp. + Pseudomonas
sp. + 50% nitrogen fertilizer.

Teosinte grains were inoculated with gamma irradiated vermiculite-
based inoculants of Azospirilum and Pseudomonas at the rate of 400g /
20kg grains using Arabic gum solution (16%) as a sticking agent
Cyanobacteria inoculation was carried out at teosinte by broad casting 10kg
of soil-based inoculums fed! over teosinte seeds before covering.

The experiments were sown on the second week of May at both
locations and in each growing season. The experimental design was a
randomized complete block with three replications and plot size was 12m?2
consisted of five ridges with 60 cm wide and 4m long. grains were planted in
hills 20cm apart with 20kg fed! seeding rate. The plot unit received 22.5 kg
P20s fed! at soil preparation. All plots received nitrogen fertilizer at rates of
60 kg N fed!and 120 kg N fed? in form of urea (46.5%N). Also, all plots
received 25kg K20 fedt. The nitrogen and potassium fertilizers were added
at three equal doses .The first dose was added after 21 days from sowing,
the second and the third doses were added after the first and the second
cuts, respectively. Three cuts were taken during each growing season in both
locations. The first cut was taken after sixty days from sowing and, the other
two cuts were taken subsequently every thirty days.

The studied characters were plant height (cm), fresh and dry forage
yields (ton fed!) Chemical analysis of forage yield was done on dry matter
basis (%) at the three cuts for both seasons in both locations to determine
crude protein (CP %), crude fiber (CF %), ash%, ether extract (EE %) and
nitrogen free extract (NFE %) according to A.O.A.C (1980). Total digestible
nutrient (TDN %) was estimated according to prediction equation for grasses
(Adams et al., 1964) as: TDN = 50.41+ 1.04 CP - 0.07 CF. Soil characters
were determined according to Page et al. (1982).

Data were statistically analyzed according to procedures outlined by
Snedecor and Cochran (1980) using MSTAT computer program V.4 (1986).
Bartlett's test was done to test the homogeneity of error variances. The test
was non significant for all traits, thus combined analysis was carried out for all
studied traits.

RESULTS

Results of plant height in local teosinte variety are presented in Table
2. Data showed that the mean second cut was significantly higher than other
cuts (88.09, 112.20 and 89.13 cm) at the New Valley and (91.98, 118.55 and
96.82 cm) at the Giza for first, second and third cuts as average of cuts,
respectively. With regard to biofertilization, data in Table 2 revealed that
Cyanobacteria, Azospirillum and Pseudomonas individually, dual and in
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combinations inoculation treatments showed significant increases in the plant
height of each cut and the average over three cuts. Cyanobacteria inoculation
increased plant height of teosinte 28 and 24% as compared with the control
receiving no fertilizer at New Valley and Giza, respectively. The increases
reached to31 and 26% when the seed plants were inoculated with
Pseudomonas sp compared with control. On the other hand, the mixtures
inoculation (Cyanobacteria, Azospirillum and Pseudomonas) increased plant
height of teosinte by about 65 and 52% compared with the control at New
Valley and Giza, respectively. Regarding the interaction between nitrogen
fertilizer levels and biofertilizer treatments, the data in Table 2 showed clearly
that the mixtures inoculation when combined with 60kg Nfed! increased plant
height by 51 and 49% as compared with the plants received the nitrogen rate,
i.e., 60kg Nfed-1, while the increases reached to 8 and 9% as compared with
the plants received the recommended nitrogen rate (120kg Nfed) at two
locations.

Table 2: Plant height (cm) of teosinte at two locations over the two

seasons.
Character Plant height (cm)
New Valley Giza

[Treatments Cutl | Cut2 | Cut3 | Mean | Cutl | Cut2 | Cut3 | Mean
Control (without N) 70.00 | 75.33 | 62.67 | 69.33 | 72.67 | 87.33 |74.33| 78.11
N 50% (60 kg N fed? 74.67 | 91.00 | 71.00 | 78.89 | 78.33 | 96.00 |80.00 | 84.78
N 100% (120 kg N fed™ 104.33|120.33[107.33|110.66 | 110.67 | 122.50 [112.50{115.22
Cyanobacteria 75.33 |114.33| 77.00 | 88.89 | 80.33 | 120.68|89.00 | 96.67
IAzospirillum sp. 72.67 | 94.33 | 71.00 | 79.33 | 78.00 [101.00|80.67 | 86.56
Pseudomonas sp. 79.33 [112.00| 81.00 | 90.78 | 83.67 |120.33|91.33| 98.44
Cyano.+Azo. sp. 76.67 |115.33| 80.33 | 90.78 | 79.00 | 120.50|84.00 | 94.50
Cyano.+ Pseu. sp. 87.00 |120.00| 90.00 | 99.00 | 91.67 | 125.33|95.00 [104.00
IAzo. sp.+ Pseu. sp. 80.67 |113.33| 90.67 | 94.89 | 85.33 | 121.00[100.00{102.11
Cyano.+ Azo. sp. +Pseu. sp.|111.67]|124.33|107.67 | 114.56 | 112.33|128.33115.50{118.72
Cyano.+ 50%N 86.00 |116.67| 90.33 | 97.67 | 90.33 | 120.00|96.67 [102.33
IAzo. sp.+50%N 81.67 |101.67| 83.00 | 88.78 | 86.33 | 110.00|90.50| 95.61
Pseu. sp.+50%N 86.67 |115.00| 88.33 | 96.67 | 87.67 |117.00|90.00 | 98.22
Cyano.+Azo. sp.+50%N 93.67 |120.00| 96.50 |103.39 | 98.50 | 127.00|101.00{108.83
Cyano.+Pseu.sp.+50%N 95.67 |124.00(100.50 | 106.72 | 98.67 | 132.00 [108.50{113.06
Azo. sp.+Pseu. sp.+50%N |104.50/121.00|106.50|110.67 | 109.67 | 130.00 [116.00{118.56
Cyano. + Azo.sp. + Pseu.

Sp.+50%6N 117.00(128.67(111.33|119.00 | 1¥+.50 | 136.33 (121.00{ 12°.94
SD 0.05 oYt | 1,0t | 751 €0t V,a0 | Y6, XYY [ VYV TTA
Mean 88.09 |112.20| 89.13 | 96.47 | 91.98 | 118.55|96.82[102.45

Fresh forage yield of the tested treatments varied significantly for
individual cuttings as well as total fresh forage yield. The results in Table3
showed that significant differences between treatments in the two locations.
Regarding the comparison among cuts; second cut produced the highest
fresh yield. Averaged over all treatments, forage yield was 5.79, 7.83and 5.32
ton fed! at New Valley and 6.92, 8.70and 7.27 ton fed! at Giza for the first,
second and third cuts, respectively. It is clear from the data presented in
Table 3 that the mixture inoculation (Cyanobacteria , Azospirillum and
Pseudomonas) produced the highest fresh forage yield of teosinte by about
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149 and 140% as compared with the control at New Valley and Giza,
respectively. Regarding the interaction between nitrogen fertilizer levels and
biofertilizer treatments, the data in Table 3 showed clearly that the mixtures
inoculation when combined with 60kgNfed! increased forage yield by 6 and
4% as compared with the plants received the recommended nitrogen rate,
i.e., 120kg Nfed* at two locations.

Table 3: Fresh forage yield (ton fed?) of teosinte at two locations over
the two seasons.

Character Fresh yield (ton fed™)
New Valley Giza
[Treatments Cutl | Cut2 | Cut3| Total |Cutl |Cut2 | Cut3 | Total
Control (without N) Y40 | YLEV YLV | 10.07 | £,YY | £,AM | VYA 112,48
N 50% (60 kg N fed? EYY [ Lo [ Y [14.03 [ oY1 | LYY | 004 [16.76
N 100% (120 kg N fed? VoY (V)00 1,40 | 26,70 | Af0 |IY,04 (V. ,AY 32,46
Cyanobacteria GEV | LAY | 6 YV | 16571 | o, | 1,08 | 0,84 |17.69
IAzospirillum sp. Y | Lo [ VYW [ 14.07 | 0,0V | LAY | £,VE |16.73
Pseudomonas sp. AV T8V [ 00 | 16.94 | oA V,eY | 1,7 119.79
Cyano. + Azo. sp. £,00 | VoY | £,AV | 16.40 | ©,00 | T,AY | 0,4Y |18.30
Cyano. + Pseu. sp. oYY [ VLY [ 0,8V | 117.90 | LA | VAR, 120.84
IAzo. sp. + Pseu. sp. 3 | VoY [ 7,00 [ 17.93 | 1,20 | VLYY | T,AA 120.60
Cyano.+ Azo. sp. +Pseu. sp. VoVe VSTV LT 1 24,93 | AVY V)YV 9,46 129.94
Cyano.+ 50%N LYY | VA [ 0,AY [ 19.90 | AvE | 4, | AYe | 25,69
Azo. sp.+ 50%N °,00 | LYV | £,¥Y [ 16.14 | LYY | ,¥4 | 0,90 |18.67
Pseu. sp.+ 50%N LY [ VY [ o,YY | 18.50 | V,VY | V.40 | AWy 12374
Cyano.+Azo. sp.+ 50%N LAY [ VLY. [ 0,07 | 1950 | V.Y | 4,¥A | v,40 125,30
Cyano.+Pseu.sp.+ 50%N LAY SYV]V,aY [ 2434 | V,AY [ V)40 04,08 128.92
IAzo. sp.+Pseu. sp.+ 50%N LAV LYY [ 1,0 ] 2281 | Aov | 4,A | 4,0A [ 2755
Cyano.+ Azo. sp. + Pseu. sp.+ 50%N | A&V [V, VY| LAY | 27.07 | 30A [ V6,61(V.,.¢]| 33,68
LSD 0.05 Yy [ e [ e [ GAY [ GAY [ e [ 1 | VLAY
Mean 5.79 | 7.83 | 5.32 | 18.84 | 6.92 | 8.70 | 7.27 | 22.89

Results presented in Table 4 indicated that significant differences
between treatments on dry forage yield at all cuts and their total in two
locations. Generally, dry forage yield exhibited similar trend as fresh forage
yield .It is clear from the data presented in Table 4 that the mixtures
inoculation (Cyanobacteria , Azospirillum and Pseudomonas) produced the
highest dry forage yield of teosinte by about 155 and 178 % as compared
with the control at New Valley and Giza, respectively for total dry yield.
Regarding the interaction between nitrogen fertilizer levels and biofertilizer
treatments, the data in Table 4 showed clearly that the mixtures inoculation
when combined with 60kgNfed-! increased the dry forage yield by 7 and 6 %
as compared with the plants received the recommended nitrogen rate, i.e.,
120kgNfed-! at two locations.
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Table 4: Dry forage yield (ton fed) of teosinte at two locations over the
two seasons.

Character Dry yield (ton fed™)
New Valley Giza
Treatments Cutl | Cut2 | Cut3 | Total | Cutl | Cut2 |Cut3| Total
Control (without N) Gle e | e | 1.88 | oA Ay oYY
N 50% (60 kg N fed? VY [YAY | YA | 263 | A0 [ VY [V, 0] ¥,oY
N 100% (120 kg N fed™ V,eoe [ Y,ea [ v, ] 459 [,y [ oy [yoval o
Cyanobacteria UV A 276 | ANy et Y] v
IAzospirillum sp. G [y as ] 278 | va [y, e [y, vy
Pseudomonas sp. S [y re [y, 3.03 [ vy [y [y ] v
Cyano. + Azo. sp. GAY Y0 [ Y, 346 | Yo | Y6 [V, Y] YLV
Cyano. + Pseu. sp. S Y,0A [ YV,YY | 3.45 AT [ Y, [ Y, YA YV
IAzo. sp. + Pseu. sp. GAY [ Y,ee [y | 359 [ ), et | y,eY [y,e0] ¥ae
Cyano. + Azo. sp. +Pseu. sp. LYE LYY [ V6 | 4.82 | V6 | YA Y, Y| o)
Cyano.+ 50%N AT VLT [N YY | 383 [ Y | VLAY [V AA] £,V
IAzo. sp.+ 50%N GAG LYY [ GAA ] 320 | Y, Y | YL Y e [VLYY Y
Pseu. sp.+ 50%N Ay Ye [y, oA ] 323 [y, | Y,y [y,ev] g0y
Cyano.+Azo. sp.+ 50%N V,e0 | V,YY [V, Yo | 353 | V,Yo | V,EA |V,VY | ¢,g0
Cyano.+Pseu.sp.+ 50%N Vet Yoy [ y,na ] 4.88 [V ,vy | vve [y, | o,
Azo. sp.+Pseu. sp.+ 50%N Yoo [ Y, VA ] YA 4.18 AT F 2 I T . I PO £,4Y
Cyano.+ Azo. sp. + Pseu. sp.+ 50%N | Y04 | YY1 [V, 67 | 491 | V,Y3 | Y,7e |[Y,.¥| 0,4y
LSD 0.05 v e oYy [ oea [ ove [ ory e 4 e
Mean 0.87 1154|117 | 357 |1.03|1.67|1.50| 4.16

Results of crude protein (CP %), crude fiber (CF %), ash%, ether
extract (EE %) and nitrogen free extract (NFE %) in teosinte local variety are
presented in Tables (5, 6, 7, 8 and 9). Among the tested treatments the
statistical analysis indicated the presence of significant differences regarding
the CP%, CF%, EE% and NFE%. Concerning the comparison of different
cuts, the first cut gave the highest CP% followed by the third and the second
cut in Table5 at the two locations (10.15, 7.72 and 7.32%) at the New Valley
(12.21, 10.70 and 10.53%) at the Giza for first, third and second cut as an
average of cuts , respectively. Generally, treatment (Cyano. + Azo. Sp. +
Pseu. sp. +50%N) was superior in crude protein percentage to the other
treatments at the first cut (11.53%). Meanwhile, treatment (N100%) gave
(9.17%) at the New Valley , while treatment of (Azo. sp. + 50%N) gave the
highest CP% (13.67%) compared to (10.27%) from the plants received the
recommended dose of nitrogen fertilizer at Giza.

With regard to crude fiber percentage, data in Table 6 revealed that
the second cut gave the highest crude fiber percentage followed by the third
cut and the first cut at two locations (29.71, 32.35 and 30.92%) at the New
Valley (28.44, 31.39 and 29.70%) at the Giza for first, second and third cut as
average of cuts, respectively. Treatment (Cyano. + Azo. sp. +50%N)
recorded the highest crude fiber content in the first cut (31.20%), in the
second cut (33.10%) and third cut (32.30%) at New Valley .Treatment
(Cyano. + Azo. sp.) had the highest crude fiber content in the first cut
(29.70%) and treatment (Pseu. sp. + 50%N) had the highest crude fiber
content in the second cut (34.13%) and third cut (32.37%) at Giza.
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Table 5: Crude protein percentage of teosinte at two locations over the
two seasons.

Character Crude protein (%)
New Valley Giza
Treatments cutl| cut2 |cut3|Mean|cCutl| cutl |cut3|Mean
Control (without N) 743 | 2AY [ A 1640 | AYY | LAY [ LY. Ve
N 50% (60 kg N fed? AYY | ey [ UYY [ VY [ Ay [ A e YT | AYY
N 100% (120 kg N fed™ Y [ vye [vev,iavovy] Ase VLRV ] AA
Cyanobacteria YOV VLAY LAY A YV qay [ Ye,ee Yy Ye
IAzospirillum sp. Yo, | VA ANVY [ 4,08 I, VY, YY |NY, Y VY,
Pseudomonas sp. YY,¥Y 4,y 60 | 4,4 (YY) | Yo,4F [YY,YY[ VY ,Vo
Cyano. + Azo. sp. Yo, YY | VLAY AEY | AAY AT, YY ] VY,eY [YY, e [ YY, Y
Cyano. + Pseu. sp. YOAV VLY AEY [ AAY [YY,Y e[ Y e,ay [ VY, v [,y
IAzo. sp. + Pseu. sp. VLYV Ade [ VA [ Y. YT ALY | YA | de
Cyano.+ Azo. sp. +Pseu. sp. YVVL,EV ] VLY LAY [ ARA YT VY ,ev [YY,eY Y, ey
Cyano.+ 50%N YOIV VY YO AT [IEEY] VLAY [V ATV Y
IAzo. sp.+ 50%N LU [ LY [ VAT [ YA IRV VA YL YY YL YY
Pseu. sp.+ 50%N YOYY [ VLAY [ LAY [ AYY (Y] vy,er [ve e[y, e
Cyano,+Azo,sp,+ 50%N q,0V 1,07 VLAY | V539 YYDV VY, e [YY, 0V ] YVY, 80
Cyano.+Pseu.sp.+ 50%N VOYY] VLRV LYY [ AYY IRV Yy [y, y,en
IAzo. sp.+Pseu. sp.+ 50%N a,vy Y, Voeo [ AYY [Yo,¥Y | AoY ALY | a,Y.
Cyano.+ Azo. sp. + Pseu. sp.+ 50%] '),°Y| V,¢v AAYY LT Y | IYL,EY |AY,YY Y, YY
LSD 0.05 oY ., Yo Y [ ot |y R YA | v ve
Mean Yo 00| VLYY [ VLYY [ A Y YY | Yo [y Yy ve

Table 6: Crude fiber percentage of teosinte at two locations over two

seasons.
Character Crude fiber (%)
New Valley Giza
[Treatments Cutl | Cut2 | Cut3 |[Mean | Cutl | Cut2 | Cut3 |Mean
Control (without N) ¥),Y+134.70 | 3¥.70 [¥V,0: |31.60|Y2.67| 31.90 |32.06
N 50% (60 kg N fed? Yool [ YE1e [ VY, [TY,2Y)29.90(29.40| 29.80 |29.70
N 100% (120 kg N fed? Ye,00 | YY,YL | YLLY. [7Y,37128.50(31.30| 28.80 |29.53
Cyanobacteria YLV YY, €. | Y4,A. V4,46 (27.40(31.50| 31.40 |30.10
Azospirillum sp. Y4,)¥| Yy,e. | V.0 |V+,58(29.30({31.60| 29.70 |30.20
Pseudomonas sp. YAV Y Ye [ Ve, [Y9,A4128.50(32.50] 29.30 |30.10
Cyano. + Azo. sp. YO o | YV,A | Y,y | Y7,YY20.70(30.40( 30.30 |30.13
Cyano. + Pseu. sp. Y48V ¥, . | Yoy | Y.,07127.50(33.63 | 32.07 | 31.07
IAzo. sp. + Pseu. sp. YAAC] YTV | YA,VY [ Y9,44(128.30(31.87| 29.77 [29.98
Cyano.+ Azo. sp. +Pseu. sp. YAV Y,V | Va8 | Y.,EY127.50(28.73 | 26.03 | 27.42
Cyano.+ 50%N YOI YVA | Ye) e | 7.,00128.80(31.00| 26.80 | 28.87
Azo. sp.+ 50%N Yo o[ YY1 Y. [Y)Y,6Y129.40(30.90| 27.40 |29.23
Pseu. sp.+ 50%N Yo o [ YY) | Ye,4Y [ Y),VA127.03(34.13| 32.37 |31.18
Cyano.+Azo. sp.+ 50%N YAY [ YY) [ YY,Y. [YY,Y.128.50(32.40| 30.10 |30.33
Cyano.+Pseu.sp.+ 50%N Y460 V), 60 | VY,.0 V4,47 126.40(30.40| 30.50 |29.10
Azo. sp.+Pseu. sp.+ 50%N Vo, oV YY 00 Y)Y, | VY,Y8127.63(31.70( 31.70 |30.34
Cyano.+ Azo. sp. + Pseu. sp.+ 50%]| YA,V+ | Y\,V. | ¥+,4. | V4,87 (27.60(29.50| 27.03 | 28.04
LSD 0.05 0.16 | 0.1¢ | 0.4 | +,+2]0.09 [ 0.21 | 0.16 | 0.11
Mean 29.71]32.35 | 30.92 |30.99]28.44|31.39| 29.70 | 29.85

Concerning the ash percentage, the data presented in Table 7
showed that the first cut gave the highest ash content followed by the third
and the second cuts in the two location (10.00, 8.90 and 9.32%) at the New
Valley and (11.06, 9.13and 9.24%) at the Giza for first, second and third cut
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as an average of cuts, respectively. Treatment (Cyano. + Azo. sp.) had the
highest ash content in the first cut (10.47%), while treatment (Cyano. +
50%N) gave the highest ash content in the second cut (9.87%) while
treatment (Cyano. +Pseu. sp. +50%N) recorded the highest ash content in
the third cut (10.53%) at New Valley. Treatment (Azo. sp. + Pseu. sp.+50%N)
had the highest ash content in the first cut (13.43%), while treatment (Azo.
sp. + Cyano. + Pseu. sp.) gave the highest ash content in the second cut
(11.20%) while treatment (Azo. sp.+ Pseu. sp.) recorded the highest ash
content in the third cut (10.27%) at Giza.

Table 7: Ash percentage of teosinte at two locations over the two

seasons.
Character Ash (%)
New Valley Giza
[Treatments Cutl | Cut2 | Cut3 |[Mean| Cutl | Cut2 | Cut3 | Mean
Control (without N) VOV AA 14,77 19.70 111.97(10.23(11.23] 11.14
N 50% (60 kg N fed? Ve84 Aey 14,04 1946 12.23/10.80(11.23] 11.42
N 100% (120 kg N fed? V)0« 4,04 14,Y7 [10.11)11.80| 9.72 |10.17| 10.56
Cyanobacteria 4,4V [ 4,7V | AYY 1 9,19 |11.03| 7.53 | 8.77 | 9.11
Azospirillum sp. Ve,or | 8 | A 19.07 1893|767 837 832
Pseudomonas sp. VY [ ATY | 4,Y. 19,19 |11.20| 8.37 | 8.97 | 951
Cyano. + Azo. sp. Ve,€V] AAY | 4,07 1 9652 |18.77 | 7.80 | 7.63 | 8.07
Cyano. + Pseu. sp. 4,00 [ 3,YV [ 4,7+ 19.36 [12.10] 8.60 | 9.00 | 9.90
IAzo. sp. + Pseu. sp. VY [ AAY Y., 19,53 [10.93[10.43(10.27| 10.54
Cyano.+ Azo. sp. +Pseu. sp. L,6Y | A4+ | 4,YY | 9,29 111.03(11.20(10.10| 10.78
Cyano.+ 50%N 9,9V | AV [V.,7V]10.07| 9.73 | 9.63 | 9.17 | 9.51
AZo. sp.+ 50%N VoY 4,8 | AVY 1943 18.7319.30 873 | 8.92
Pseu. sp.+ 50%N 4,8V | AYY 14,841 9.03 |12.63] 8.43 | 8.63 | 9.90
Cyano.+Azo. sp.+ 50%N 4,°Y [ AV | AYY | 852 (10.18| 8.00 | 8.57 | 8.92
Cyano.+Pseu.sp.+ 50%N VOV AAY Y.,eY) 9,78 112.10) 857 | 8.83 | 9.83
IAzo. sp.+Pseu. sp.+ 50%N Ve,o0 | AOY | 4,A. 1944 113.43] 9.00 | 9.63 | 10.69
Cyano.+ Azo. sp. + Pseu. sp.+ 50%N | 3,0V | A2Y | 4,8V 1 9.22 [11.20] 9.93 | 7.80 | 9.64
LSD 0.05 YV | €Y | LY | 401017 | 0.78 | 0.47 | 0.29
Mean Vo, [ AS ] 4,YY 9,8 111.06] 9.13[9.24 | 981

Concerning the ether extract (EE %), the data presented in Table 8
showed that the first cut had the highest value followed by the third and the
second cuts in the two locations (1.97, 1.25and 1.81%) at the New Valley and
(2.06, 1.88 and 1.92%) at Giza for first, second and third cut as an average of
cuts, respectively. Treatment (Azospirillum sp.) gave the highest EE% in the
first cut (2.23%) at the New Valley while treatment (Cyano. + Pseu. sp.) had
the highest value (3.03%) at Giza.

With regard to nitrogen free extract , data in Table 9 revealed that
third cut gave the highest nitrogen free extract followed by the second cut and
the first cut in the two locations (48.17,49.62 and 50.79%) at the New Valley
and ( 46.22,47.07and 48.43%) at Giza for first, second and third cut as an
average of cuts, respectively. Treatment (Azo. sp. + Pseu. sp.) gave the
highest NFE% in the first cut (48.50%) at the New Valley while treatment
(Azospirillum sp.) had the highest value (46.80%) at Giza.
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Table 8: Ether extract percentage of teosinte at two locations over the

two seasons.

Character Ether extract (%)
New Valley Giza
[Treatments Cutl|Cut2|Cut3|Mean| Cutl |Cut2|Cut3|Mean
Control (without N) 177[Vyv|Vwr 161 | 197 |150(167]1.71
N 50% (60 kg N fed? 203V YAV 1168 1.30 |1.30(1.33]1.31
N 100% (120 kg N fed? 207V [V (171 187 [1.70|157]| 171
Cyanobacteria 1.97 | YY),y 166 | 147 [1.30(1.30] 1.36
IAzospirillum sp. 223V [ Vvav 167 | 1.37 [1.60(1.23] 1.40
Pseudomonas sp. 2.03[ ),V VLAV 1.72 | 223 | 210 (213 2.15
Cyano. + Azo. sp. 1.93]| VYV [V 169 | 213 [1.80(1.83]1.92
Cyano. + Pseu. sp. 173 V¢V |V,vr | 164 | 3.03 | 240 [2.60]| 2.68
IAzo. sp. + Pseu. sp. 1.70] V&V VL,V 165 | 2.77 | 210 237|241
Cyano.+ Azo. sp. +Pseu. sp. 2.03|[ V.YV [,V [ 1.74 | 243 | 2.30 |2.40]| 2.38
Cyano.+ 50%N 203V |V, vY 164 | 220 | 217 |2.07| 2.15
IAzo. sp.+ 50%N 1.97|),'Y [ V,4.]1167 | 1.87 [1.801.93]1.87
Pseu. sp.+ 50%N 1.93[V,¥v|VAav | 173 | 190 |1.60(1.80]1.77
Cyano.+Azo. sp.+ 50%N 1.93] VY[ VLAY ] 160 ] 1.90 [1.90 [2.00] 1.93
Cyano.+Pseu.sp.+ 50%N 1.93 [, Y|,y | 161 | 200 |[1.901.93| 1.94
IAzo. sp.+Pseu. sp.+ 50%N 200V Y, vw (163 | 2.13 | 2.10(2.07] 2.10
Cyano.+ Azo. sp. + Pseu. sp.+ 50%N 2.13[),YY 1,4V [1.81 | 247 | 237 |2.40] 241
LSD 0.05 sAY [ 08 ] 08] 4,06 019 |0.13]0.20] 0.15
Mean 197125181 | 167 | 2.06 |1.88|1.92]| 1.95
Table 9: Nitrogen free extract percentage of teosinte at two locations
over the two seasons.
Character Nitrogen free extract (%)
New Valley Giza
[Treatments Cutl [Cut2 | Cut3 |Mean | Cutl | Cut2 | Cut3 | Mean
Control (without N) £8.4%|£A,A+ 1 50.63 [49.2946.19(48.73 48.90| 47.94
N 50% (60 kg N fed? £8.17[€4,.Y| 51.63 [49.60|47.50(50.50 |50.04 | 49.35
N 100% (120 kg N fed™ £Y,17|£A,YV[51.93 [49.12 [47.56 |48.88|52.09 | 49.51
Cyanobacteria £A,24 | £A,0Y] 52.07 |49.62|46.73[50.00 |48.13 | 48.29
IAzospirillum sp. £8.03|£A,47| 51.9V | 49.64 [46.80|46.90 |48.67 | 47.46
Pseudomonas sp. €8.1V|£4,YV|©.,'Y |149.36|45.97 |46.10|47.37 | 46.48
Cyano. + Azo. sp. £8.2V[£4,1Y| .,AV 149.59|46.03 | 48.47 |48.24 | 47.58
Cyano. + Pseu. sp. £€8.4Y|0+,Y+| ©4,YY 149,63 (45.17 |44.44 |44.26 | 44.62
IAzo. sp. + Pseu. sp. £€8.5 [£9,7+] 2+,AY 149.6445.40[47.17[49.69| 47.42
Cyano.+ Azo. sp. +Pseu. sp. £8VV.|e:,YV | 2.,YY 149.56|45.74 46.20 [48.94 | 46.96
Cyano.+ 50%N £AV [ E9,0V | 0),YY 149.66|45.94(45.37 |49.13| 46.81
IAzo. sp.+ 50%N EAY 00,0V 24,0V 149.61(46.33[46.10(49.21]47.21
Pseu. sp.+ 50%N ALYV EAAV] 0Y,00 14955 (46.31(44.31(46.80| 45.81
Cyano.+Azo. sp.+ 50%N EAYV]0 YV 04,EY 149.69(46.25(45.70(47.26 | 46.40
Cyano.+Pseu.sp.+ 50%N EAYV 04 AY| €A,4Y 149.36|46.13|46.93 |46.64 | 46.57
IAzo. sp.+Pseu. sp.+ 50%N EAY 0,80 24,0V 149.5646.08|48.67 [47.97| 47.57
Cyano.+ Azo. sp. + Pseu. sp.+ 50%)] £A,+V [0+,YY] 24,17 1 49.48 |45.63|45.73|50.04 | 47.13
LSD 0.05 YY | €Y | oYY | .05 ]10.19 | 0.82 | 0.53 | 0.33
Mean AV [€9,7Y | 0.,V | £9.5Y146.22(47.07 |48.43| 47.24

Results of total digestible nutrient presented
the first cut had the highest value followed by the third and the second cuts in

the two

in Table1l0 showed that

locations (58.89,55.76 and56.28%) at the New Valley and

(61.12,59.16and 59.46) at Giza for first, second and third cut as an average
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of cuts, respectively. The treatment of Cyano. + Azo. sp. +Pseu. sp.+50%N
had the highest values (60.39%)in the first cut ,while the inoculated plants
with (Azospirillum sp.) had the highest value (62.50%) of TDN% of the first
cut followed by (62.40%) of TDN% obtained from the plant inoculated with
Cyanobacteria in the same cut.

Table 10: Total digestible nutrient of teosinte at two locations over the
two seasons.

Character Total digestible nutrient (%)
New Valley Giza
[Treatments Cutl| Cut2 |Cut3 |Mean|Cutl | Cut2 | Cut3 |[Mean
Control (without N) 55.92| 54.19 |54.16|54.76|56.80|55.27|54.73|55.60
N 50% (60 kg N fed? 56.93| 54.81 |54.65|55.46|57.75|56.67|56.23|56.88
N 100% (120 kg N fed? 57.81| 55.57 |55.26|56.21|59.10|56.96|56.06|57.37
Cyanobacteria 59.50| 56.29 |57.37|57.72|62.40|58.26|59.03|59.90
Azospirillum sp. 59.39| 56.25 |57.38|57.67|62.50|60.92|60.84|61.42
Pseudomonas sp. 60.23| 57.65 |58.09|58.66|61.00|59.50|61.08|60.53
Cyano. + Azo. sp. 59.01| 56.33 |57.06|57.47|62.24|60.27|60.77|61.09
Cyano. + Pseu. sp. 59.65| 55.69 [57.04|57.46(61.17|59.42|60.72|60.44
IAzo. sp. + Pseu. sp. 60.11| 56.95 |56.57|57.88|61.53|56.95|56.54|58.34
Cyano.+ Azo. sp. +Pseu. sp.. 60.33] 55.68 [56.85|57.62(62.32|60.43|61.62|61.46
Cyano.+ 50%N 58.98| 55.50 |55.72|56.73|62.26|60.54|61.88|61.56
IAzo. sp.+ 50%N 58.29| 54.40 |56.45|56.38|62.57|60.62|61.73|61.64
Pseu. sp.+ 50%N 58.94| 56.28 |55.35|56.86|61.13|60.01|58.96|60.03
Cyano.+Azo.sp.+ 50%N 58.18| 54.88 |56.33|56.46|62.11|60.62|60.86|61.20
Cyano.+Pseu.sp.+ 50%N 58.99| 55.88 |55.83|56.90|62.47|60.97|60.86|61.43
Azo. sp.+Pseu.sp.+ 50%N 58.47| 55.65 |55.89|56.67|59.64|57.06|57.17|57.96
Cyano.+ Azo. sp. + Pseu. sp.+ 50%N [60.39| 55.96 |56.74|57.70|62.10|61.31|61.76|61.72
LSD 0.05 0.36| 0.26 |0.11)0.13/0.18|0.17 | 0.30 |0.16
Mean 58.89| 55.76 |56.28]56.98]61.12]59.16|59.46]59.92
DISCUSSION

Results of the current study assured the significance of biofertilization
on teosinte growth and productivity. These results are in agreements with
many investigators. Gantar (2000) emphasized significance  of
Cyanobacteria-wheat association and found that Cyanobacteria penetrated
the roots in the form of motile filaments (hormogonia), at once inside, they
divided and transformed into a seriate packages, which showed nitrogenase
activity. Thus, co-cultivation of wheat with Cyanobacteria could partially meet
the wheat nitrogen needs.

Results were almost in accordance with others concerning
Cyanobacteria inoculation (Abd El-Rasoul et al., 2003 and 2004; Mussa et
al., 2003; Hanna et al., 2004 and EI- Sawy 2006) regarding Pseudomonas
(Abdel —Wahab et al., 2006; Hassanein et al., 2006 and Abo EIl-Soud et al.,
2007) and Azospirillum (Saubidet et al., 2002; Meawed & Gebraiel, 2002 and
Abo El-Soud et al., 2007).

Inoculation of local teosinte variety with (Cyanobacteria, Azospirillum
and Pseudomonas) individually or in dual and in combination and improved
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total plant dry weight , fresh vyield, crude protein, crude fiber, ash , ether
extract, nitrogen extract and total digestible nutrient.

Over the last few years, a diverse array of bacterial species including
Cyanobacteria, Azospirillum, Pseudomonas, Serratia, Azotobacter, Bacillus,
Klebsiella and Anterobacter has been shown to promote plant growth. The
mechanisms by which these rhizobacteria enhance plant growth are not
clear, but it is postulated that they may be associated with (a) production of
secondary metabolites such as antibiotics, cyanide and hormone like
substances, (b) production of sidrophores (c) dinitrogen fixation, (d) increase
phosphate solubilization, (e) enhance mineral uptake and/or (f) antagonism to
soil borne root pathogens.

Conclusion

From the previous results of forage teosinte, it could be concluded
that combination between PGPRs and N2— fixer bacteria inoculants increased
growth, forage yield and quality traits of teosinte and save about 50% of
nitrogen fertilizer with decreasing hazard environmental effects that may be
caused by mineral N-fertilizer.
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