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Abstract: Pot experiment study was conducted to ascertain the effectiveness of associative mitrogen fixing
bacteria 4 zospirillum application with organic and inorganic nitrogen fertilizers on the growth parameters and
marketable cut flowers of C. argenfea during the growth seasons of 2004 and 2005. The results revealed that
the population of Azospirillum significantly increased in all the inoculated treatments, when compared to
uninoculated control. The maximum population of Azospirillum harbored in 75% N and Azospirillium treated
plant, which was sigmficantly more than all other treated plants. The same results were obtained when soil
amended with FYM, which produce highest increase over unamended treatments. Azospirillum inoculation
significantly mcreased the plant growth, flower yield and nutrient concentration of C. argenfea when compared
to uninoculated plants. Application of nitrogen at a rate of 75% from recommended doses to inoculated plants
with Azospiriffum further significantly increased the plant growth, yield parameters and nutrient concentration.
The highest values of soluble, non-soluble sugars, indoles and phenols were obtained from leaves and flower
of plants amended with FYM plus Azospirilliwm + 75% N compared with the plant amended with 75% N plus
Azospirillum without FYM. Our results show that inflorescence marketability based on stem length 1s promising
for C. argentea grown under FYM plus 75% N + Azospirillum. The 100% of the recommended N dose showed
statistically same flower yield as that inoculation with Azospirillum n combimnation with application of 75% from
recommended doses of nitrogen indicating the possibility of reducing input cost of N-fertilizers. Based on
the present study it could be concluded that biofertilization of C. argentea with Azospirillum substitutes 25%
of mtrogen application to soil and reduce the nput cost and sustain the soil fertality.

Keywords: Celosia argentea - mtrogen fixing bacteria + Azospirillum - nitrogen fertilizer - organic fertilizer
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INTRODUCTION

Ornamental plants became an important crop, where
the farmers began to diversify mto high-value specialty
crops; retail florists began asking for new and unusual
flowers; consumers had more disposable income and
were willing to spend some of it on flowers; more farmers'
markets were established throughout the country and
flowers became an integral part of those markets. The
genus Celosia consists of about 60 species belong to
family Amaranthaceae (Caryophyllales) is a native plant in
subtropical and temperate zones of Africa, South America
and South Hast Asia. Celosia argentea is a cultivated

annual plant that is mainly used for planting flowerbeds
m different types of gardens that has become an
economically important floral crop. Celosia grown under
full light and warm conditions, reach heights up te 71 cm,
tolerate a wide range of soil conditions and high levels of
organic matter are required for good yields, particularly
for the green type. C. argentea 1s a well known medicinal
plant for treating dysentery, diarrhea, acute abdominal
pam, mflamed stomach, skin eruptions [1] and exhibited
antibacterial activity against, Bacillus subtilis, S. aureus,
Salmonella  typhi, Escherichia coli, Agrobacterium
tumefaciens and Mycobacterium tuberculosis [2]. Celosia
is also one of the main sources of nakural pigments used

Corresponding Address: Dr. Rawia A. Eid, Omamental and Woody Trees Department, National Research Centre, Cairo, Egypt



World J. Agric. Sci., 2 (4): 450-438, 2006

in several industries and in the bird-feed for poultry
production.

The practical way to improve the quality of soils with
a low orgamic matter content 15 of the addition of organic
materials to the soil either fresh, or composted [3, 4] or
farmyard mamures (FYM). These materials are rich in
labile carbon fractions which act as a source of energy
for microorganisms also increasing soil microbial
populations and their activities [5]. Organic materials
also increase soil water-holding capacity and aggregation
and unprove the nutrient status [6]. In addition, organic
matter is a necessary food for the soil organisms. The
combination of organic matter and mineral fertilizers
provides the 1deal environmental conditions for the crop
while alone is not sufficient (and often not available in
large quantities) for the level of crop production the
farmer is aiming at.

The genus Azospirillum are nitrogen-fixing
organisms that live in close association with plants in
the rhizosphere. The Azospirillum-plant association
leads to the enhanced development and yield of different
plants under appropriate growth conditions [7, 8]. This
plant stimulatory effect exerted by Aspergillum has
been attributed to several mechanisms, including nitrogen
fixation and production of plant growth promoting
substances [9]. Upon A4zospirillum inoculation an alter
in root morphology was observed which has been
ascribed to the bactermal production of plant growth
regulating substances [10]. An increase number of lateral
roots and root hairs enlarge the root surface available
for nutrients. This result in a lngher nutrient uptake by
moculated roots and an improved water status of the
plant, which in turn could be the nail factor enhancing
plant growth [11]. Tnoculation of plants with Azospirillum
can result in a sigmficant change m various plants
growth parameters, which may affect crop yield
Worldwide data accumulated in the field over the past
30 years indicated that Azospirillum 13 capable of
promoting the yield of agriculturally important crops
mn different soils and climatic regions. The reviewed data
show statistically significant increases in yield on the
order of 5-30% 1n 60-70% of published reports [12]. Most
studies of the Azospirillum plant association have
been conducted on cereals and grasses [13] and only a
few other plants familiars have been investigated so far
[14]. Although, not much information is available on the
1solates from omamental plants and their possible role in
the N economy of these plants. Hence, the purpose of this
investigation was to evaluate effectiveness of associative
nitrogen fixing bacteria Azospirillum application with
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organic and inorganic nitrogen fertilizers on the growth
parameters and marketable cut flowers of C. argentea.

MATERIALS AND METHODS

The bacteria strain: Associative nitrogen fixing strain of
Azospirillum  brasilense, 1mtally 1solated from the
rhizosphere of maize grown in sandy soil and identified in
the Agriculture Microbiology Department, National
Research Centre were used. The bacterial inoculum was
prepared by transferring a loopful of 48 h old culture to
50 ml semisolid N-free medium. After five days of
incubation at 28°C, the entire broth was transferred to
one-liter capacity Erlenmeyer flask containing 500 ml
NFM. The flasks were incubated at 28°C for five days.
The standard population of 4zospirillum was adjusted
X10" CFU per ml of broth medium at the time of
mnoculation.

The soil used: The soil used was a sandy loam containing
0.2% orgaric matter, 90.76% sand, 9.24% silt with pH 7.8
and EC (dS m™") 0.38. N, P and K content were 0.2, 0.38
and 0.28% respectively.

Experimental design: One way experiment planned in
Completely Randomized Block Design with four replicates
was conducted in the greenhouse of the National
Research Centre, Dokki, Cairo, Egypt during the growth
seasons of 2004 and 2005. The soil was unamended or
amended with the FYM and fertilized with or without
mineral nitrogen fertilizers. Chemical properties of FYM
was BEC (dSm™") 1.4, pH 7.9, moisture content 28.9%, N, P
and K content were 8.5, 2.63 and 6.7 ppm, respectively.
The soil was air dried and passed through 2 mm sieve
before being dispensed into plastic pots (7 kg pot™). Five
seeds of Celosia argentea were sown in each pot and
thinned to two per pot after emergence. FYM were added
at the rate of 500g per pot and mixed with soil before
sowing. Inoculated pots received 2 ml of Azospirillum
liquid inoculum for each seed and re-moculated after
three weeks from first. Uninoculated fertilized with
recommended doses of ammonium mtrate (33% N) at rate
of 4 g pot™ applied in two equal doses after thinning and
after two weeks from first. One half of the inoculated
treatments were amended with 75% {rom recommended
doses of nitrogen fertilizers. All treatments received
recommended doses of phosphorus and potassium.
Calcium superphosphate (15% P,0;) was added at the rate
of 1.5 g pot™ before sowing and potassium sulphate
(48% K,O) was added at a rate of 1.0 g pot™'. After
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planting, each pot received 150 ml of tap water and
watered twice weekly with 200 ml pot™ of tap water.
Rhizosphere and plant samples were taken at vegetative
and flowering stages for enumeration of Azospirillum n
the rthizosphere as well as plant growth parameters.
Rhizosphere samples were taken arbitrarily from the four
replicated pots for enumeration of Azospirilfum spp.
using the MPN technique. The method was followed
according to the Cochran [15] and expressed as CFU per
gram dry soil.

The following data were recorded at vegetative and
flowering stages of C. argentea in both seasons:

*  Plant height {cm)

e Fresh and dry weight of shoot and roots (g plant™)
e Leaf area(cm?)

¢ Number of inflorescences and their length (cm)

¢ Fresh and dry weights of inflorescences (g plant™)
*  Chemical compositions

Chlorophyll (a, b) and carotenoids were determined
in the fresh leaf samples according to Saric et al. [16].
Total soluble mdoles were determined calorimetrically
as described by Selim ef al. [17]. Total soluble phenols
were determined by A.O.A.C. [18]. Total anthocyanins as
mg g dry weight were determined by using the methods
of Fuleki and Francis [19] and developed by Du and
Francis [20]. Soluble and non-soluble sugars (%) were
determined using the methods described by Dubois et al.
[21]. Dried leaves and Inflorescences were ground to
pass through a 0.5-mm sieve for determination of mineral
nutrients. Macronutrients (N, P and K) concentration in
plants were determined according to Kalra and Maynard
[22].

Statistical Analysis Software (SAS Institute Inc.,
Cary, NC). One-way ANOVA and combined analysis for
the two seasons were calculated according to Snedecor
and Cochran [23].

RESULTS AND DISCUSSION

At vegetative
Azospirillum spp was mereased sigmificantly in the
inoculated Celosia argentea plants than uninoculated
control (Table 1). The lughest Azospirillum population
was recorded m the treatments inoculated with
Azospirilhim and fertilized with 75% mineral nitrogen.

stage, the population size of

FYM 1is an important source of nutrients usable by
microorganisms, as a consequence, FYM amendments
generally enhanced the development of the microflora
and increase the global activity of the soil [24]. The least
Azospirillum count was recorded in the uninoculated
control with or without any mitrogen fertilizers. At
flowering stage, the density of Azospirillum in the
rhizosphere of Celosia argentea decreased compared to
vegetative stage although, inoculated plants still recorded
the lnghest density of Azospirillim spp. population in the
rhizosphere of Celosia argentea. Since, N fertilization did
not modify the densities of Azospirillum compared to
control treatment. FYM combination with 75% N plus
Azospirillum inoculation had the highest Azospirillium
densities (Table 1). Our finding supports the results of
many scientists who found that the population size of
introduced Azospirillum strains increased in the other
rhizosphere plants [25]. As such less reports on the
survivability of introduced Azospirillum in the Celosia
argentea or any other flower plant [26].

Data in Table 2 show that, in the absent of FYM,
Azospirillum moculation significantly increased the fresh
and dry weight of roots and shoots of Celosia argentea
plants as well as leaf area and plant height when
compared to uninoculated control. The above parameters
increased significantly when nitrogen application at
recommended dose (100%). The highest parameters
values were recorded when plants received 75% N with
Azospirillum inoculation, which significantly superior
over the all other combination treatments. The least plant

Table 1: The population of Azespiriffum spp. in the rhizosphere of C. argenfea as influenced by organic and inorganic forms of N fertilizers

Treatments Vegetative stage Flowering stage
Control 325X 108 20.3x 10¢
1000 N 46.9 X10° 33.7x10°
Azosp. 47.5X10° 37.8x10°
75% N+ Azosp. 56.0X1¢7 44 2x1(F
FYM 455X 10° 38.1x103
FYM+ 100% N 53.0X1¢° 45.3x1(°
FYM + Azosp. 51.5X10° 43.2x1(F
FYM+ 75%N + Azosp. 56.5X107 54.7x107
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Table 2: Effect of Azospirillum inoculation, organic and/or inorganic nitrogen fertilizers on growth parameters of C. argentea plant (average of two seasons)

Fresh wt. (g plant™)

Dry wt. (g plant™)

Plant height TLeaf area
Treatments Shoot Root Shoot Root (cm) (cm?)
Control 28.58f 3.1e 6.35¢e 0.7f 46.3F 11.35¢e
100%% N 41.22¢ 9.3d 8.74¢ 7.5d 70.5d 11.92e
Azosp. 39.32¢ 16.3b 7.25d 4.2e 78.9¢ 12.58d
75% N + Azosp. 42.38¢c 13.2¢ 10.85b 9.2b 80.5h 13.21c
FYM 41.31e 10.2d 7.81d 4.3e 68.3¢ 11.8%
1000 N+ FYM 55.52d 13.4¢ 8.82¢ 7.6d 76.5d 12.38d
Azosp. + FYM 53.83b 16.0b 11.12ba 8.5¢cb 82.9a 14.51b
75%N + Azosp. + FYM 57.11a 19.8a 11.75a 10.1a 82.5a 15.36a

Different letters in each column indicate significant differences at p<<0.05

Table 3: Effect of Azospirilium inoculation, organic and/or inorganic nitrogen fertilizers on inflorescences parameters of C. argentea (average of two seasons)

No. of

Treatments inflorescences (plant) Length (cm) Fresh wt. (g) Dry wt. (g)
Control 574 9.8f 8.0dg 1.43f
100%% N 11.58e 10.3fe 9.83g 1.73f
Azosp. 14.95d 13.5d 14.85e 2.06¢cd
75% N + Azosp. 16.35bc 16.7¢c 17.29d 2.59bc
FYM 6.761 11.4e 12.56F 1.82d
1000 N+ FYM 17.38b 14.3d 26.35b 4.17a
Azosp. + FYM 15.51cd 18.2b 19.37¢ 3.08b
75%N + Azosp. + FYM 19.63a 21.3a 28.52a 4.39a

Different letters in each column indicate significant differences at p<0.035

parameters recorded in umnoculated control
without mtrogen. Application of 75% N plus Azospirillum
significantly increased the plant vegetative growth
parameters over 100% N application. The same results
were obtained when the combination treatments include
FYM, which produce highest increase over unamended
treatments. Bhavamsanker and Vanangamudi [27] found
that FYM and neem cake and NPK fertilization were
effective for improving various biometric parameters of
pepper plants. Improved vegetative growth of C.
argentea grown in severely degraded sandy soils and
amended with poultry mamure has also been reported
by Obi and Ebo [28]. A few field studies conducted
elsewhere also confirmed the above results of plant
parameters of other flowering plants which were increased
due to Azospirillum inoculation [26]. Several mechanisms
by which Azospirillim affects plant growth are proposed.
Hypothetical mechanisms include hormonal influence,
increased water and mineral uptake, changes in membrane
function, or a combination of small mechanisms affecting

were

the plant m concert [14]. The response of Celosia
argentea to FYM application may also be attributed to the
mncreasing total organic matter, macro and micronutrients
rendered after the application of manure [29]. Similar
results have also been reported by Wong et al. [30]. The

authors attributed the increase m plant dry weight may be
due to the better nutrient status of N, P and K 1n the soils
as well as in the plants also. The increase vegetative
growth may be due to increased rhizosphere aggregate
stability which might have favored the beneficial microbes
which in tum could have contributed to improved
biomass [31]. Tt suggests the 25% N substituted by
Azospirillum inoculation. Similar conclusions were also
made in other plant elsewhere [26, 32]. This mvestigation
shows that C. argentea could be produced for commercial
use in FYM plus 75% N + Azospirillum.

Data in Table 3 show that the marked mcrease in
length, fresh and dry of C. argentea inflorescences as
well as their numbers were due to the enrichment of soil
fertility through FYM addition to the soil [33] and
improved growth parameters and yield attributes [34].
Azospirillum inoculation with 75% of the chemical N dose
registered higher fresh and dry weight of C. argentea
inflorescences. Tnoculation with 4zespirillum combined
with 75% of the inorganic N plus FYM application
recorded highest fresh and dry weight of C. argentea
mnflorescences. The ability to produce lugh quality
flowers with an adequate stem length 13 of utmost
mnportance for any flower grower [35]. The data in
Table

3 mdicate that the Azospiriiwm moculation

453



World J. Agric. Sci., 2 (4): 450-438, 2006

Table4: Effect of Azospirilium inoculation, organic and/or inorganic nitrogen fertilizers on chlorophyll, total anthocyaning and carotenoids in C. argeneta

plant
Anthocyanine
(mg g~* fresh weight) (mg g~! dry wt.)
Treatments Chla Chlb Total Chl Carotenoids Leaves Flowers
Control 0.313e 0.115¢ 0.428e 0.193d 17.9¢ 19.13e
100%% N 0416d 0.153¢ 0.569d 0.219 22.8¢c 24.50d
Azosp. 0.432bc 0.186¢ 0.671c 0.241c 24.3b 2840c
T5% N + Azosp. 0.485¢ 0.185¢ 0.617c 0.315b 24.8b 28.30bc
FYM 0.437cd 0.228b 0.669¢ 0.198d 20.0d 19.53e
100%% N+ FYM 0.518b 0.257h 0.775h 0.245¢ 25.2a 25.20d
Azosp. + FYM 0.587ba 0.387a 0.874a 0.349% 25.2a 30.10b
75%N + Azosp. + FYM 0.590a 0.28% 0.828a 0.498a 25.3a 33.20a

Different letters in each column indicate significant differences at p<0.035

increased number, length, fresh and dry weights of
mflorescences in combination with both 75% mtrogen
fertilizer and FYM when compared with the 100% N plus
FYM treatments without inoculation. The increase in
mnflorescences parameters may be due to promoted root
function [36]. Azespirillum inoculation increased the
mnflorescences parameters over norganic N alone due to
atmospheric N fixation [33] and reduction in the N loss
[37]. Tnoculation with Azospirillum and application of
75% morganic N substantially increased inflorescences
parameters over 100% of inorganic N alone. This indicated
that moculation of Azospirillum could reduce the bill
of inorganic fertilizer N by 25%. Barr [35] suggested
that the commercial standard for stem length for cut
flowers mn general 1s 41 cm (16 ). Our results show
that marketability based on stem length is promising
for Celosia argentea grown under FYM plus 75% N +
Azospirillum. In fact, Azospirillum may be used to
excessive stem lengths which occurs when plants are
produced in the 100% N fertilizer plus FYM and even in
75% N fertilizer plus Azospirillum. In this sense,
Azospirillum functions as a natural altemative to
growth regulators and encourages the efficiency use
of mtrogen in the rhizosphere of Celosia argentea.
Devitt and Morris [38] found that plant height for
C. argentea L. ranged from 49 cm in 100% N to 30.4 cm in
50% N under greenhouse conditions.

Recorded results in Table 4 regarding leaf chlorophyll
(a & b), carotenoids and anthocyanine content of C.
argentea followed the same pattern observed for plant
growth responses. Plants moculated with Azospirillum
had greater total chlorophyll,
anthocyanine content than uninoculated plants (Table 4).

carotenoids  and

Chlorophyll values range from 0.428 to 0.874 mg g~ fresh

weight. In soil amended with FYM, greatest leaf
chlorophyll, carotenoids and anthocyamne occurred
with the 75% N plus Azospirillum. Plants fertilized with
100% N had greater leaf chlorophyll and carotenoids
than unmoculated or moculated with Azospirillum.
Results of chlorophyll analysis and carotenoids coincide
with unamended FYM in the different fertility treatments.
The data recorded in Table 4 indicate clearly that all
treatments
both leaves and flowers compared to control. Also,

increased the content of anthocyaning in

the anthocyanin content increased gradually in plant
amended with FYM plus Azospiriflum + 75% N, which
showed the highest values in this respect. Leaf area
and chlorophyll content vary according to mineral
status (N, P, K) of plants [39]. Increase leaf area and
chlorophyll content and carotenoids of moculated
plants were related to improve N uptake.

The effect of inoculation with Azeospirillum on
photosynthetic pigments in inoculated plants 1s solely
recorded as increased of total chlorophyll content
of the inoculated plants, whether in higher plants
[40, 41] or single-cell plants [42, 43]. Carotenoids act as
light-harvesting molecules inside the cell, allowing the
efficient utilization of the light spectrum [44]. Besides this,
carotenoids protect the pigment-protein complexes and
the chloroplast against photo oxidation [45].

Data 1n Table 5 showed that scluble, non-soluble
sugars, indoles and phenols were markedly improved in
the leaves and flower of Celosia argentea plants grown
in soil amended with FYM. The highest values were
obtained from leaves and flower of plants amended
with FYM plus Azospirillun: + 75% N compared with the
plant amended with 75% N plus Azospirillum without

FYM. The beneficial effect of compost on sugars and
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Table 5: Effect of Azospirillum inoculation, organic and/or inorganic nitrogen fertilizers on total soluble, non-soluble sugars, indoles and phenols of ¢

argentea plants

Soluble sugars %

Non-soluble %

Total indoles Total phenols
Treatments Leaves Inflorescences Leaves Inflorescences (mg g~ fw) (mg g~ fw)
Control 0.311e 0.543f 4.21d 1.89¢ 13.15¢ 2.13¢
1000 N 0.357e 0.741d 5.32¢ 2.18b 13.18¢ 2.18¢
Azosp. 0.321e 0.893¢c 6.18b 2.54b 14.15b 3.15b
75% N+ Azosp. 0.521bc 0.934¢ 6.34b 2.58b 14.93b 3.18b
FYM 0.431d 0.753d 6.42b 211b 13.18¢ 2.19¢
100%% N+ FYM 0.493cd 0.694e 7.31a 3.13a 14.15b 2.93bc
Azosp. + FYM 0.596b 1.034b 7.8la 3.74a 15.23a 3.18b
75%N + Azosp. + FYM 0.611a 1.931a 6.31b 3.24a 15.31a 3.94a
Different letters in each column indicate significant differences at p<0.05
Table 6:  Effect of Azospirilium inoculation, organic and/or inorganic nitrogen fertilizers on NPK concentration in C. argentea plant
(mg g™ dry weight)
Leaves Inflorescences
Treatments N P K N P K
Control 3.7e 0.19% 1.127¢ 4.48¢e 0.28e 2.137e
10006 N 4.32d 0.25d 1.634¢ 5.24d 0.37d 2.644d
Azosp. 6.17b 0.30bc 2.52b1 7.28b 0.40bc 3.531b
75% N + Azosp 4.58d 0.27c 2.153b 5.68 0.39¢cd 3.163¢
FYM 4.85d 0.24d 1.635¢ 537d 0.31e 2.635d
10006 N +FYM 5.32¢ 0.28¢c 2.210b 6.21c 0.36d 3.210bc
Azosp. + FYM 7.71a 0.35a 3.132a 8.85a 0.46a 4.142a
75%N + Azosp. + FYM 5.58c 0.33ab 2.835a 6.82bc 0.42b 3.84ab

Different letters in each column indicate significant differences at p<0.035

carbohydrates were stated by El-Ashry et al [46] on
Peperomia obtusifolia and Herrera et al. [47] on three
medicinal plants. Mona [48] found that, on Rosmarinus
officinals L., the mcrements in soluble and non-soluble
sugars were associated with the increase in the level of
applied compost in soil.

FYM icorporation recorded higher total soluble
and non-soluble sugars compared to unamended. These
mcreases parameters might be due to ensured sustamable
supply of nutrients and favorable soil condition. The
highest loss of total soluble, non-soluble sugars,
mdoles and phenols were observed in non-amended
soil with FYM. Regarding to biofertilizer and inorganic
N, Azospirillum with 75% of the recommended N resulted
in higher total soluble, non-soluble sugars, indoles and
phenols. Azospirilfum inoculation in combination with
75% of the recommended inorganic N dose recorded
significantly more total soluble, non-soluble sugars,
indoles and phenols.

Both Azospirillwm inoculation and mmeral nitrogen
fertilizers affected plant mineral concentration (Table 6).
In general, Azospirillum inoculated plants had higher N,
P and K than umnoculated. With FYM the Azospirillum
inoculated plants gave the highest mean values of NPK
concentration compared with the other treatments
mcluded the control. The moculated Azospirillum
capable of fixing the atmospheric nitrogen and producing
the plant growth hormoenes [26]. Inoculated organisms
increased the N-availability in the rhizosphere soil with
concomitant increase in the N concentration by the
plant also (Table 6). In the present study, the
Azospirillum  inoculation significantly increased the
N, P and K concentration in plant than uninoculated
control plants. The interaction between the Azospirillum
moculation and nitrogen levels also significant. Where
in the treatments receiving Azospirillum and 75% N
showed the highest N, P and K concentration when
compared to the other of the treatments. However, lowest
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N, P and K concentration recorded in the uninoculated
control with no nitrogen application. The highest mtrogen
N, P and K concentration noticed in the plant receiving
75% N plus Azospirillum inoculation closely followed
by 100% N, both of which statistically compared with
each other indicating that application of 75% N plus
Azospirillum has same effect as that of only 100% N.
Similarly increase in N-uptake also reported in the plant
species due to Azospirillum inoculation [49]. As
mentioned before, data in Table 6 indicate that the
concentrations of N, P and K were increased m C.
argentea plants with FYM application.

CONCLUSIONS

The Azospirillum moculation sigmficantly increased
the growth and inflorescences parameters of C. argentea
over umnoculated control plants. Application of 75% of
N plus Azospirillum mnoculation treatment results highest
plant fresh, dry weights and flower characters than 100%
N without inoculation, which indicates the possibility of
saving 25% nitrogen fertilizer. Azospirillum inoculated
plants also showed 13% higher dry weight and 23%
higher over uninoculated control. On the other hands,
the application of organic N fertilizer produced the
same positive yield response from flowers as those
produced by application of inorganic N fertilizer. This
1s related to the availability of N m the fertilizers applied
[50]. The inorganic fertilizer studied released their N
almost mstantaneously on addition to the soil. The
FYM appeared to behave similarly. Several workers
have reported, for a range of vegetable corps, that organic
N fertilizers produced yields similar to those produced by
inorganic N fertilizers. However, N applied at all rates plus
FYM produced yields sigmficantly higher than those
unamended.

The difference between N supplied in FYM and other
N fertilizers 1s also reflected in the lngher N concentration
of plants fertilized with FYM plus 75% N + dzospirillum
compared to those fertilized with the other N fertilizers.
Comparing the two forms of N fertilizers, indicated that
significant lngher yield was obtained with FYM plus 75%
N + Azospirilfum compared with other treatments, may be
attributed to the higher N concentration and lower C:N
ratio of FYM used i the present study.
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