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Abstract: Two organo- stimulants (PGRs); gibberellic acid at 200 ppm (GA ) and benzyladenine (BA) at 50 ppm3

and two bio-stimulants (PGPRs); Azospirillum brasilense and Bacillus polymyxa each at 5 x 10  cfu/ml culture8

were used. The results revealed that, GA  increased the plant height, while the bio-stimulants increased the N3

and K contents. BA increased significantly number of leaves/plant, leaf area, the fresh and dry weight of shoot
and inflorescences and P content. The shortest period to flowering, to cut the Celosia inflorescences with the
largest diameter was observed with GA  and Azospirillum, while the longest period noticed with BA or3

Bacillus. The total chlorophylls significantly increased with Azospirillum or GA while the greatest value of3,

anthocyanin was with GA  in both seasons as compared to the rest of treatments. The greatest total3

carbohydrate content of shoots was with bio-stimulants, then GA  followed by BA. At the fourth week from3

transplanting, the content of endogenous hormones GA was greater with the plants treated by GA  or3 3

Azospirillum. While, the plants treated with BA, the contents of GA , IAA and ABA were the greatest in the3

sixth  week.  However,  B.  polymyxa increased the  contents  of  IAA  gradually  through  the three periods.
Bio-stimulants  increased  the dehydrogenase enzyme activity (DHA) in the  rhizosphere  of Celosia plant at
the two periods studied, which reflected on all the growth parameters.

Key words: Organo-stimulants (PGRs)  Bio-stimulants (PGPRs)  Flower quality Celosia cristata

INTRODUCTION to  treat the  chest  complaints;  the flowers for diarrhea

Celosia a small genus of ornamental plants belongs Plant growth  regulators  including  gibberellins
to the family Amaranthaceae. It is widespread across contribute in  different  ways  to  effect plant growth.
Mexico, Northern South America, Tropical Africa, West There are types  of  gibberellins; gibberellic acid (GA ) is
India and South East Asia, where it is grown as a native an active  form  and  is  extensively used in agriculture.
wildflower. Celosia plant is a very simple and does need GA   is   an   organic   substance   which  influences  at
moderate  soil   moisture.   Celosia  is  commonly  known low  concentrations  the  plant   growth,  differentiation
as “Cockscomb” because  of  its  resemblance to a and   development.    Gibberellins     mainly    caused
rooster-head [1]. C. cristata is an annual species grown hyper-elongation of stems by stimulating cell  division,
usually  for  landscape purposes and commercially used elongation and enhancement the  flower bud formation
as cut flowers.  The  demand  of high quality Celosia as [2]. Stem length and flower size are known as quality
cut flower has increased manifolds owing to its unique factors for  better  acceptance  to  the consumers and
appearance and long shelf life. Thus, to meet such fetch better price in  the  market, meanwhile gibberellic
demand, there must be availability of variety of high acid  is used  to  achieve these parameters. The other
quality cut flowers throughout the year. Moreover, the type of growth regulator is 6-benzyladenine (BA) which
Celosia plant was used as a treatment for intestinal is the most common to promote the formation of lateral
worms; blood diseases and eye problems. Seeds are used branches [3].

and  the  leaves  as  dressings   for   boils  and  sores.

3
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Rhizosphere is the volume of soil surrounded and Seeds: The seeds of C. cristata cv. Red Velvet were
influenced the plant roots. Rhizoplane is the plant root obtained from FloraMix Co., Giza. The Seeds were
surfaces and strongly adhering soil particles [4]. germinated in plug trays on 25  of April in both seasons.

In the rhizosphere, bacteria are the most abundant After three weeks from sowing (17  of May), the
microorganisms. Rhizobacteria are rhizosphere competent seedlings were transplanted into pots (20 cm, inner
bacteria that aggressively colonize plant roots; they are diameter)  containing  a  mixture  of  sand  and peatmoss
able to multiply and colonize all the ecological niches (1:1 v/v). Each pot contained two seedlings.
found on the roots at all stages of plant growth, in the
presence of a competing microflora [5]. About 2 to 5% of Organo and Bio-stimulants Treatments: Organo
rhizobacteria, when reintroduced by plant inoculation in stimulants;  gibberellic  acid  (GA )   at  200 ppm was
a soil containing competitive microflora, exert a beneficial added  to  each   pot   with   a   rate  of  150  cm /pot  and
effect on plant growth and are termed Plant Growth 6- benzyladenine (BA) at 50 ppm with a rate of 50 cm /pot.
Promoting Rhizobacteria (PGPR) [6]. PGPR may induce These stimulants were applied one week after
plant growth promotion by direct or indirect modes of transplanted then the 2  and 3  treatments were applied
action. Direct mechanisms include the production of every two weeks. The bio-stimulants; Azospirillum
stimulatory bacterial volatiles and phytohormones, brasilense and Bacillus  polymyxa were provided from
lowering of the ethylene level in plant, improvement of the the Microbiology Department, Soils, Water and
plant nutrient status and stimulation of disease-resistance Environment Research Institute, Agricultural Research
mechanisms (induced systemic resistance). Indirect Center (ARC), Giza, Egypt. Each strain was grown on
effects   originate   for   example  when PGPR   act   like nutrient broth medium [9], incubated for 24 hr at 30°C to
bio-control agents reducing diseases, when they stimulate obtain population of approximately 5 x 10  cfu/ml culture.
other beneficial symbioses, or  when they protect the The strain was inoculated three times, the 1  during
plant by degrading xenobiotics in inhibitory contaminated transplanting where every plantlet dipped in inoculum
soils [7]. PGPR comprise a broad range of soil bacterial previously prepared, the 2  and 3  time were applied 30
taxa [8]. Some common and well identified genera are and 60 days after transplanting, where every pot
Azospirillum, Bacillus, Pseudomonas and Azotobacter. inoculated with about 10 ml of inoculum. Bacterial strains
PGPR have attracted increasing attention over the years were tested for  their  ability  to produce growth
as more significant results in plant health and yield are regulators, i.e. IAA and total gibberellins and were
reported. PGPR offer an environmentally friendly measured  by  applying   the   procedure   reported by
alternative for maintaining crop productivity in intensive Bric et al. [10] and Udagwa and Kinosheta [11] (Table 1).
agricultural practices. They may reduce excessive use of The Crystalone (19N: 19 P O : 19 K O), was prepared as a
chemical inputs in agriculture and therefore decrease solution by adding 1 g to one liter, then added at 200 cm
environmental degradation. PGPR may produce to each pot weekly.
gibberellins and cytokinins but most attention has
focused on the production of the auxin; indole-3-acetic Recorded Data: The following characters were recorded;
acid (IAA). plant  height  (cm),  number of leaves/plant,  leaf  area

The present study was designed to distinguish the (cm , the 4  leaf from soil surface), fresh and dry weights
effect of both organo and bio-stimulants on plant growth of shoot (g/plant), number of days to visible bud, number
and floral performance of Celosia cristata cv. Red Velvet of days to cut inflorescence, inflorescence diameter (mm),
plants. fresh  and dry weight  of  inflorescences  (g).  Besides the

MATERIALS AND METHODS

This study was carried out at the nursery of the
Ornamental Horticulture Department, Faculty of
Agriculture, Cairo University, Giza, Egypt during the two
successive seasons; 2012 and 2013. The following
materials and treatments were used:
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Table 1: The Production of indole acetic acid (IAA) and gibberellins (GA)
by different strains of bacteria.

*G.P.S.(mg/l)
----------------------------

Strain IAA GA
Azospirillum brasilence 101.4 604.7
Bacillus polymyxa 157.8 456.3
G.P.S:  growth promoting substances
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chemical analysis of the plants; N, P and K contents in reached the  highest  values  (56.47-   48.06   cm) by
shoot, total chlorophyll content, anthocyanin content, using gibberellic acid (GA ) exceeding the other
total carbohydrate percentage, the contents of treatments.  While,  the  compacted  plants  (31.78 - 36.44
endogenous   hormones   in   shoot   (GA ,  IAA  and cm)   were observed   when   using   Bacillus,   in  the3

ABA µg/100g F.W). In addition, dehydrogenase enzyme same  order.  6-  benzyladenine  (BA)  had  a  significant
activity (DHA) of the rhizosphere area of Celosia plant effect   on   number   of   leaves/plant,   leaf   area,  fresh
was recorded. Fresh leaf samples were taken for and  dry  weights  of  shoot  over  all   the  other
measuring  total  chlorophylls (SPAD)  according to treatments.
Netto et al. [12], anthocyanin by Knee [13] and The results were in  agreement  with those obtained
endogenous hormone contents in the leaves; Indole by Srivastava and Srivastava [20]. They stated that GA
acetic acid (IAA), abscisic  acid (ABA) and gibberellic caused a marked elongation in the length of shoot,
acid (GA ) were determined at 2, 4, 6 weeks from increase the number of leaves. GA  can modify plant3

transplanting in the second season according to the growth through an increase in volume of individual cells
method were described by Du and Xu [14]. Dried leaves and increasing the length may be attributed to the above
samples were digested and the extract was analyzed to cause. In addition, Asim et al. [21] stated that, GA
determine the percentages of; nitrogen using the modified application also significantly increase the chlorophyll
micro-Kjeldahl   method;  phosphorus  by  Jackson  [15]; contents, leaf area, number of leaves, fresh and dry
K and N by using a flame  spectrophotometer according weights of stem, flower diameter and fresh and dry
to Jameel and Kahayri [16] and total carbohydrates as weights of C. cristata flower. Regarding the effect of BA
described by Dubois et al. [17]. The dehydrogenase on vegetative  growth,  data are in  accordance  with
enzyme activity (DHA) of the  rhizosphere  area of those obtained by Nambiar et al. [22], who indicated that,
Celosia plant was determined twice; two and six weeks the appropriate concentration of BA increase the number
from transplanting by the method which were described of Dendrobium orchid leaves and leaf area. Blanchard and
by Thalmann [18]. Runkle [23] reported that, plants with bigger leaf during

Statistical Analysis: The experimental layout was and  flowers/plant  than smaller plants comparatively.
completely randomized block design includ five With respect to the effect of bacterial inoculation, it can
treatments in three replicates for each. The collected data be noticed that from Table 2, in the 1  season,
were statistically analyzed using LSD test to compare the Azospirillum inoculation significantly increased the
means  of  differences  the  treatments as  recommended formation of leaves /plant, leaf area and fresh weight of
by Steel and Torrie [19]. shoot. While, in the 2  season, using Azospirillum or

RESULTS AND DISCUSSION growth compared to control. At the same time, the lowest

Vegetative  Growth  Characters:  Data  in  Table 2 Bacillus application in the 2 season. These results in the
showed  that,   in   both   seasons,   the   plant   height  of 1  season are partially  in  harmony with those obtained
C.   cristata   plant  was    significantly    increased    and by Eid et al. [24], who  stated  that Azospirillum functions

3

3

3

3

the reproduction stage were produced more inflorescence

st

nd

Bacillus decreased all the parameters of vegetative

values of the above characters were observed with
nd

st

Table 2: Vegetative growth characters of Celosia cristata c.v. red velvet plant as affected by organo and bio-stimulants application during two seasons 2012
& 2013.

Treatments Plant height (cm) No. of leaves/plant Leaf area (cm ) Fresh weight (g/plant) Dry weight (g/plant)2

1  seasonst

Control 50.75 43.67 25.33 29.84 3.42
GA 56.47 43.52 29.00 35.88 3.463

BA 38.97 54.67 30.00 40.64 5.14
Azospirillum 37.63 46.76 27.67 36.97 3.29
Bacillus 31.78 39.33 26.67 21.43 2.98
LSD 0.05 2.28 3.58 3.66 3.89 0.21

2  seasonnd

Control 42.06 45.38 33.33 33.87 3.32
GA 48.06 45.39 30.00 29.24 3.383

BA 39.29 61.33 37.50 48.07 5.09
Azospirillum 38.90 44.60 29.00 32.52 3.18
Bacillus 36.44 40.35 21.67 25.80 2.55
LSD 0.05 1.95 7.99 6.02 1.65 0.14
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Table 3: Floral characters of Celosia cristata cv. Red Velvet plant as affected by organo and bio-stimulants application during two seasons 2012 & 2013.
No. of days to No. of days to Inflorescence Inflorescence fresh Inflorescence dry

Treatments visible bud cut Inflorescence diameter (mm) weight (g) weight (g)
1  seasonst

Control 56.13 84.04 36.35 2.20 0.34
GA 42.07 81.15 38.40 2.21 0.363

BA 60.64 86.49 30.20 2.36 0.38
Azospirillum 58.00 83.50 33.52 2.30 0.33
Bacillus 59.23 85.00 30.07 2.20 0.32
LSD 0.05 4.02 3.34 3.24 0.27 0.03

2  seasonnd

Control 58.00 83.72 30.65 2.17 0.32
GA 52.60 80.96 34.93 2.26 0.333

BA 63.67 94.00 27.44 2.45 0.36
Azospirillum 45.75 82.41 31.35 2.28 0.30
Bacillus 58.33 88.36 28.84 2.14 0.23
LSD 0.05 3.43 4.29 2.09 0.35 0.04

Table 4: Percentages of NPK of shoots of Celosia cristata cv. Red Velvet plant as affected by organo and bio-stimulants application during two seasons 2012
& 2013.

1  season 2  seasonst nd

------------------------------------------------------------------- ---------------------------------------------------------------
Treatments N % P % K % N% P% K%
Control 0.48 0.68 1.12 0.50 0.58 1.28
GA 0.82 0.86 1.27 0.68 0.69 1.303

BA 0.66 0.98 1.24 0.58 0.72 1.28
Azospirillum 0.97 0.75 1.29 0.92 0.60 1.54
Bacillus 0.84 0.80 1.27 0.68 0.62 1.32
LSD 0.05 0.04 0.03 0.08 0.02 0.06 0.09

as a natural alternative to growth regulators and (12.90 - 122.50%) in the 1  and 2  seasons, respectively.
encourages the efficiency use of nitrogen in the While, the lowest values among all the treatments were
rhizosphere   of   Celosia   argentea.   Moreover, observed with Bacillus treatment.
Caravaca et al. [25] reported that, increasing vegetative
growth may be due to increasing the rhizosphere Chemical Characters: Organo or Bio-stimulants led to
aggregate stability which might have favored in the significant increases in N, P  and K of Celosia shoots
beneficial of microbes which in turn could have over the control, in the 1  and 2  seasons (Table 4).
contributed to improve biomass. In addition, Azospirillum Through all treatments, the highest N and K percentages
strain inoculation significantly increased plant growth, of C. cristata shoots were recorded when using
number of leaves/plant, number of branches/ plant and Azospirillum followed by Bacillus application as
total dry mass accumulation in Gaillardia pulchella than compared   either   with    control   or  other  treatments.
other inoculations and/or uninoculated plants [26]. The content of P was the greatest with BA and GA

Floral Characters: Generally, in both seasons, the were recorded in the untreated plants in both seasons.
shortest period of the C. cristata plants to have a visible Massoud et al. [28] and Mohamed and Abou-Zeid [29]
bud and to cut inflorescence with the largest diameter by stated that bio-inoculation with PGPR increased the
using GA  or Azospirillum, the contrary was occurred immobilization of insoluble nutrients which reflected on3

with using BA or Bacillus (Table 3). Similar observation enhancement of N, P and K uptake by plants. The effect
of early flowering of other plants due to inoculation with of Azospirillum application is due to their capability of
Azospirillum was recorded previously by Kumar et al. fixing the atmospheric nitrogen and producing the plant
[27]. Concerning the fresh and dry weight of growth hormones [30]. Bacillus enhancement the plant
inflorescences in both seasons, treated the plants by BA growth in different ways, one of these is by producing
increased the values of these characters. These values plant hormones such as indole-3-acetic acid (IAA),
were exceeded the control value by (7.27-11.76%) and cytokinin and gibberellic acid (GA ) [31].

st nd

st nd

3

treatments  The lowest values of N, P and K percentages.

3
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Table 5: Effect of organo and bio stimulants application on total chlorophylls, anthocyanin and total carbohydrates of Celosia cristata cv. Red Velvet plant
during two seasons 2012 & 2013.

Treatments Total chlorophyll (SPAD) Anthocyanin (mg/g FW) Total carbohydrates (% D.W.)
1  seasonst

Control 55.47 1.64 33.75
GA 63.95 3.73 39.423

BA 53.05 1.38 37.86
Azospirillum 59.27 2.67 41.78
Bacillus 54.00 2.32 41.68
LSD 0.05 7.38 0.635 2.36

2  seasonnd

Control 36.30 1.432 29.87
GA 60.40 2.633 36.533

BA 45.05 1.745 33.73
Azospirillum 57.23 1.920 38.74
Bacillus 34.67 1.428 36.71
LSD 0.05 10.57 0.677 3.50

Pigments (Total Chlorophylls and Anthocyanin) and started blooming, while the contents of IAA were
Total Carbohydrates: Total chlorophyll contents of gradually increased by age. The contents of ABA were
Celosia plant were significantly increased when GA  or fluctuated during age, since these contents starting quite3

Azospirillum was applied. The values were 63.95 and high in the 1  two weeks, then decreased at the 4  week
59.27 SPAD and 60.40 and 57.23 SPAD in both seasons, and finally sharply increased at the 6  week. With the
respectively. Anthocyanin contents had the greatest plants treated by GA  or Azospirillum, the content of GA
values with significant differences with GA treatment in was the greatest (163.95 and 166.28 µg/100 g F.W) in the3

both seasons compared to control or other treatments. 4  week age, respectively, then decreased in the 6  one.
The lowest values of chlorophyll and anthocyanin On contrary, the contents of IAA increased gradually by
contents were recorded with BA treatment in the 1 age from the 1  two weeks till the 6  week. In the case ofst

season  and  with  Bacillus  in   the 2   one  (Table 5). ABA, with plants treated by GA , the ABA contentsnd

The effect of Azospirillum treatment on these parameters starting quite high in the 1  two weeks, then decreased in
was in agreement with Taiz and Zeiger [32], they reported the 2  and sharply increased in the 6  week. Plants
that plants inoculated with Azospirillum had greater total treated by Azospirillum, although the content of ABA
chlorophyll and anthocyanin contents than the started high (93.73 µg/100 g F.W) at the 1  two weeks,
uninoculated one. Emami et al. [33] confirmed that the then decreased in the 2  one (10.72 µg/100 g F.W) and
highest total chlorophyll content was achieved when increased again (58.91 µg/100 g F.W) at the 6  week, but
treated the plants with gibberellic acid or benzyladenine. still less than that of the 1  two weeks. With the plants

Concerning the total carbohydrate, it will know that treated by BA, the contents of GA , IAA and ABA were
there is a relationship between increasing the N and K the greatest (156.82, 450.13 and 187.17 µg/100 g F.W) at
contents in plant  and  increasing the total carbohydrate. the 6  week, respectively. However in case of plants
It is due to increasing these minerals in the studied plant treated by Bacillus, the contents of IAA were increased
after treated the plant by Azospirillum (Table 4), there was gradually by age. In contrary, the contents of GA  or
a significant effect on total carbohydrate, in both seasons. ABA  were   fluctuated   through   the   ages  (Table  6).
The organo and bio-stimulants treatments had significant It has been reported that  bio-stimulants not only
difference effect on the carbohydrate content of shoots. provides nitrogen, but also  produces  a variety of
Bio-stimulants gave the highest values then GA  followed growth-promoting  substances,  among them  indole3

by BA. The lowest values of total carbohydrate during acetic acid, gibberellins and B vitamins [34]. In addition,
the two seasons were showed with the untreated plants. plant growth promoting substances; IAA and GA play an

Endogenous Hormone Contents in Shoot: The control Moreover, Eid et al. [24] mentioned that Azospirillum
plant, the contents of GA  starting very low in the 1  two inoculation significantly increased indoles from leaves3

st

weeks, then increased in the 4  stage of growth and and flowers of C. argentea plants when compared toth

finally, at the 6  week, decreased again due to the plant uninoculated plants.th

st th

th
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st th
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important role in root elongation and shoot growth.
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Table 6: The periodical contents of GA , IAA and ABA of Celosia cristata cv. Red Velvet leaves as affected by organo and bio stimulants application. 3

GA  (µg/100g F.W) IAA (µg/100g F.W) ABA(µg/100g F.W)3

----------------------------------------------- --------------------------------------------- ----------------------------------------------
Treatments 2  week 4  week 6 week 2 week 4  week 6  week 2  week 4  week 6  weeknd th th nd th th nd th th

Control 26.52 61.18 43.18 155.40 201.17 504.41 73.33 70.07 278.40
GA 21.88 163.95 156.16 75.90 236.12 518.50 45.93 25.38 205.143

BA 39.75 83.12 156.82 78.84 151.40 450.13 83.98 12.16 187.17
Azospirillum 57.93 166.28 90.39 66.77 85.17 332.73 93.73 10.72 58.91
Bacillus 38.40 128.70 117.00 102.64 150.31 173.32 55.20 46.11 65.21

Table 7: Periodical effect of some organo and bio stimulants application on dehydrogenase enzyme activity in the rhizosphere of Celosia cristata cv. Red
velvet plant during two seasons 2012 & 2013.

Dehydrogenase enzyme activity (µg *TPFg  dry rhizosphere soil)1

-------------------------------------------------------------------------------------------------------------
1  season 2  seasonst nd

------------------------------------------------------------- -------------------------------------------------------
Treatment Two weeks Six weeks Two weeks Six weeks
Control 10.690 15.130 15.110 9.514
GA 28.028 21.412 30.430 28.9513

BA 16.665 31.101 25.210 14.203
Azospirillum 40.102 65.213 52.510 44.235
Bacillus 46.208 54.865 45.922 68.450
LSD 50.05 18.640 23.550 20.840 28.170
*TPF: Tri-phenyl formazan

Dehydrogenase Enzyme Activity (DHA): The effect of B.  megatherium  led to a significant increase in DHA in
some plant growth promoting rhizobacteria (PGPRs) and the rhizosphere of tested season. With respect to the
plant growth regulators (PGRs) on dehydrogenase activity of dehydrogense enzyme for the uninoculated
enzyme activity in the rhizosphere of C. cristata, exhibited treatments, these activities are caused by the native
that the highest values of dehydrogense enzyme activity bacteria.
were due  to  inoculate the plants with  A.  brasilense  or With regard to these  increases  in the enzyme
B. polymyxa at 2  periods. With A. brasilense, the activity in the rhizosphere soil as a result of drenching ofnd

corresponding DHA values were 40.102 and 65.213 µg plants with GA  or BA, it may be due to the effect of
TPFg  dry rhizosphere  soil  in  the 1  and 2  periods phytohormones under this study which make the plant1 st nd

(two and six weeks from transplanting), in the first season, more healthy, consequently increase the root volume and
respectively. Whereas, in the second season, it the microbial density in the rhizosphere which increase
represented 52.51 and 44.23 µg TPFg  dry rhizosphere the dehydrogense enzyme activity. Dehydrogenase1

soil, in the same order (Table 7). The lowest values were activity (DHA) was indicated to a criterion of respiration
obtained from control. However, there was a diversity of rate and total microbial activity. It is an oxidoreductase,
(DHA) among the inoculated treatments and these which is only present in viable cells. This enzyme has
activity changes indicated a change in the composition been considered as a sensitive indicator of soil quality
and activity of soil microorganisms. These results were in and it has been proposed as a valid biomarker to indicate
harmony with those obtained by Abou-Aly  [35], who changes in total microbial activity due to soil management
found that the combined inoculation of tomato plants with [38]. The present data confirmed the previous finding
Azospirillum and B. megaterium  var.  phosphaticum showing a  significant  increase in  dehydrogenase
increased the DHA at all growth stages. Zaghloul et al. activity nearly in most of the treatments. This could be
[36] indicated that tomato seedlings inoculated with due to the mode of action of the applied bacteria, which
Azotobacter chroococcum  individually   or   in not only provide nitrogen, but also produce a variety of
combination   with bio-control agents;  Trichoderma growth-promoting substances. These substances
harzianum and Bacillus subtilis significantly increased stimulate at least to some degree, the production of root
DHA.  Also,  Abou-Zeid   [37]   stated   that  inoculation exudates, which in turn affect their numbers and the
of   soybean   seeds   with   both   of   B.   polymyxa  and number of native bacteria.

3



World J. Agric. Sci., 10 (4): 146-153, 2014

152

CONCLUSION 10. Bric, J.M., R.M. Bostock and S.E. Silverstone, 1991.

The Azospirillum inoculation or gibberellic acid
(GA ) application significantly improved the floral3

characters of Celosia cristata cv. Red Velvet plant, where
they decreased the period of the plant needs to flowering
and to cut inflorescence. Moreover, Azospirillum
application significantly increased the contents of N and
P in shoot, total carbohydrates, total chlorophyll and
some endogenous hormones-like GA and ABA. The3

inflorescences with all these characters will match the
market demand and reduce the input costs.
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