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Abstract: The effect of some bacteria strains and algae extraction as soil biofertilizers on growth of
bitter orange (Citrus aurantium, L.) seedlings was studied during 2009 and 2010. The soil application
treatments included the control (without bacteria inoculation or algae), inoculation with mutant
bacteria strains Azotobacter chrocoocum (A), Bacillus megatherium var phosphaticum (B), mixture of
50% (A) and 50% (B) (v\v) and algae extraction. The growth vigor parameters (leaves number, height
and thickness of stem), fresh and the dry matter of shoots and roots were measured, leaf content of
chlorophyll and leaf N, P and K content were estimated. All the biofertilizer treated seedling exhibited
higher growth parameter values and higher chlorophyll content than those of the control. The seedlings
received the algae extraction treatment had the highest values of growth shoots, roots and chlorophyll
content in a general, also the mix of the bacteria strains (A+B) in the second season had insignificants
values of growth compared with algae extraction which were better than the application of each strain
individually. Results of the study show that applying bacteria Azotobacter, Bacillus and algae
extraction as soil application biofertilizers increased root, shoot weight and have ability to stimulate
bitter orange growth.
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INTRODUCTION

Recently, there has been a resurgence of interest in environmental friendly sustainable agricultural
practices. In the development and implementation of sustainable agriculture techniques, bio-fertilization is of
great importance in order to alleviate deterioration of natural and environmental pollution (O’Connell 1992).

In Egypt is becoming increasingly important for organic agriculture to increase the demand for organic
products and clean also there are many farms applied Global GAP therefore study the biofrtilization by use
some bacteria and algae extraction to producing organic seedlings and reduce sources of pollution resulting
from the use of chemical fertilizers.

Applying humic acid, organic and biofertilizer may be useful to minimizing the amount of mineral
fertilization (Abd EI-Monem et al 2008).

Also, using algae (seaweed) as fertilizer were improved soil fertility (Finck 1982). Applying algae
extractions to the soil improving soil characteristics which reflects on plant nutrition (Al-Gosaibi 1994) and
providing favorable habitat for raising number of soil microorganisms, which reduce several cations and
increase their availability for plants (Kabata-Pendies and Pendias 1986).

Citrus is the most important fruit tree in Egypt. It considered the first fruit crop in the exports where
reached 853,432, 93 ton in 2009 according to Union of Producers and Exporters of Horticultural Crops
(UPEHC) also citrus species occupied the largest planted area of fruit trees (451,547 feddan) where the total
area of fruit trees were 1,407,071 feddan according to statistic of Agriculture Directorates of Governorates in
2009.

The aim of this search is to study the influence of some bacteria strains and algae extraction as biofertilizers
to increase the growth vigor of bitter orange seedlings which is the most common citrus rootstock in Egypt, so
we could be grafted in the same season and producing organic seedlings which can be used in organic
agricultures also to comparative effect of the bacteria and the algae on growth of bitter orange seedlings.

MATERIALS AND METHODS

The present study was carried out during two successive seasons of 2009 and 2010 in the Faculty of
Agriculture, Ain Shams University, Egypt. This study applied on new seedlings of bitter orange after two
months of seed germination, the height of seedlings were about 20-22 cm at applications in April. Experimental
plants were grown in plastic bags (20x35 cm) under green house and the soil was sand and peat moss (3:1).

A randomized complete block design was employed as the experimental design, 16 seedlings similar vigor
as far as possible were selected for each treatment with four replicates.

Corresponding Author: Omayma M. Ismail , Horticultural Crop Technology, National Research Center (NRC), Egypt
E-mail: omaymaismail@yahoo.com
1285



Aust. J. Basic & Appl. Sci., 5(11): 1285-1289, 2011

The treatments were as the following: a) Seedlings without bacteria inoculation or algae (control), b)
Seedlings inoculated with Azotobacter chrocoocum (A), 100 ml/ seedling, ¢) Seedlings inoculated with Bacillus
megatherium var phosphaticum (B), 100 ml/ seedling, d) Seedlings inoculation with mixture of 50% (A) and
50% (B) (v\v). 100 ml/ seedling, e) Seedlings received algae extraction as soil addition with 5gm/ seedling.

All the applications were once per week for six months

Bacteria Strains Preparation:

1-Azotobacter chrocoocum conjugate (histidneless adeninless) was isolated in the Genetics Departments,
Faculty of Agriculture, Minia University by (Abdel-Rahem et al.1995).

2- Phosphate dissolving Bacillus megatherum var phosphaticium mutant (methionine less) was isolated in
the Genetics Department, Faculty of Agriculture, Minia University by (Dakhly et al. 1998).

Media:

Complete medium (Strandberg and Wilson 1968) for growing Azotobacter chrocoocum, composed of:
peptone 10.0 gm, yeast extract 8.0 gm and NaCl 5.0 gm sterilization was carried out by autoclaving at 121°C for
20 min.

Complete medium for growing Bacillus megatherium var phosphaticum strain which composed of :
Glucose 10.0 gm , (NH, ), SO4 0.5 gm, Mg SO,. 7H,0 0.1 gm . FeSO, traces, Cas(PO,), 5.0 gm, KCI 0.2
gm.MnSQ, traces and yeast extract 0.5 gm. PH: 7-7.2 (Abdel Hafez 1966).

Methods:

Six flasks, each containing 500 ml liquid complete media, three of them were used for growing Azotobacter
chrococcum strain and the other three flasks were inoculated with the Bacillus megatherium var phosphaticum
and them incubated at 28 °C for 5 days. The growth in each flask (10 cell/ml).

Algae Extraction:
It produced by Fertilization Technology Dept. of National Research Center, Egypt. The elements
concentration of the algae extraction as in Table (1)

Table 1: Some nutrient content of the algal bulk of Scenedesmus sp. (on dry weight basis).

% ppm
N P K Ca Mg Na Fe Zn Mn Cu
8.61 13 0.35 0.38 0.60 0.11 18.50 634 57.8 7.4

Measuring Parameters:

At the end of the growing season in December, each seedling was subjected to the following measurements:
Seedling height/cm from the surface of the soil to the highest growing point, Leaves number /seedling and stem
thickness/mm at the crown part. Leaf chlorophyll content was recorded by using chlorophyll meter (model
SPAD 502, Minolta Company). Using four leaves / replicate from the forth terminal expanded leaf of the shoot.
Also fresh and dry weight of shoots, leaves and roots were recorded, for dry weight: Samples were dried at 70
°C till weight stability in electric oven then weighted. Leaves mineral contents of nitrogen(N), phosphorus(P)
and potassium(K) were estimated in mature leaves where samples were collected from fully expanded leaves in
the middle part of the seedling at the end of the growing season, where the leaves samples were washed with
water then dried at 70 °C till constant weight and ground after that 0.3 gm was taken for determine nitrogen and
phosphorus according to A.O0.A.C where the potassium was determined by " Atomic absorption
spectrophotometer” Perkin EI mer — 3300, (Chapmau and Pratt 1961)

Results were subjected to ANOVA and were evaluated by MSTAT program. Means were compared by
Duncan' s multiple range test at 5% level of significance

RESULTS AND DISCUSSIONS

Our results point to in general; algae extraction treatment exhibited the highest values in all growth vigor
parameters and leaf chlorophyll content as shown in Table (2) during the first season where the control showed
the lowest values. Bacteria strain (A) and strain (B) were in general insignificant values of stem (thickness, fresh
and dry weight) and roots (fresh and dry weight). The values of strains mixture (A+B) treatment was lower than
the values of each bacteria strain separately treatment as a general trend where as it recorded high chlorophyll
content but insignificantly differences.

Data of the second season (Table 3) showed in general the same trend of the first season of the growth vigor
parameters and leaf chlorophyll content except the values of strains mixture (A+B) treatment was insignificantly
compared with values of algae extraction treatment also it was higher values than both strain (A) and (B).
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The important role of biofertilizers on enhancing the formation of leaf chlorophyll might be attributed to
their action on increasing the availability of water and minerals (Shaban and Mohsen 2009) also, (Kohler et al
2007) reported that the high chlorophyll content might have resulted from enhanced plant growth.

Table 2: Effect of some bacteria strains and algae extraction as biofertilizers on growth vigor and leaf chlorophyll content of bitter orange seedlings during season 2009.

Treatments Season 2009
Shoots Roots Chlorophyll

Leaves/plant Stem/plant Fresh Dry

No. of Fresh weight Dry Height Thickness Fresh Dry vzg;ght vz/g;ght

leaves (9) weight (cm) (mm) weight weight

(@ ((©) @
Control 26.94d 8.18d 2.01d 29.94d 6.21b 6.07b 211c 13.77b 6.15b 45.66 b
Strain A 42.06 ¢ 12.97 be 3.77¢ 42.26b 7.25a 9.3la 4.23b 19.22a 9.62a 4753 b
Strain B 53.06 ab 13.64b 450b 41.76 b 7.33a 9.29a 5.09a 18.86a 10.18a 4745 b
(SA‘:;”)‘S 4550 be 1152¢ 3.89 be 37.33¢ 6.62b 7.15b 353b 1424b 7.66b 50.08 ab
Algae
extraction 60.75a 17.21a 6.19a 46.69 a 7.15a 10.51a 544 a 1890 a 10.53a 55.34 a
Mean 45.62 12.70 4.07 39.59 6.91 8.46 4.08 16.99 8.83 49.21
Table 3: Effect of some bacteria strains and algae extraction as biofertilizers on growth vigor and chlorophyll content of bitter orange seedlings during season 2010.
Treatments Season 2010
Shoots Chlorophyll
Leaves/plant Stem/plant Fresh Dry
No. of leaves Fresh weight Dry Height Thickness Fresh Dry wzﬁht W?Sht
(9) weight (cm) (mm) weight weight
@ @ (@

Control 26.19¢ 3.71c 1.10b 26.19¢ 5.60b 1.46d 0.55¢ 3.26¢ 1.62d 56.54 bc
Strain A 38.88b 6.13 bc 2.17b 38.88b 5.81b 2.65cd 1.05¢ 5.24 bc 2.82cd 55.78 ¢
Strain B 45.31b 8.37ab 3.73a 4531b 6.25ab 3.94 be 1.88b 6.08 ab 3.63 be 56.09¢c
(ngg‘)s 48.94ab 1030 4662 4894 ab 6.65a 490ab 271a 7.88a 530a 5054 b
Algae
extraction 57.13a 10.00 a 4.16a 57.13a 6.53a 5.86a 2.61ab 8.32a 4.57 ab 63.54a
Mean 43.29 7.70 3.16 43.29 6.17 3.76 1.76 6.16 3.59 58.29

In general, at the both seasons the algae extraction treatment recorded the highest values of growth
parameters these back to the highly content of GA3 and Zeatin in its extraction also it contains some other
growth regulators as shown in table (4).

Table 4: Some growth regulators content of algae extraction.

Growth regulators pg/ 100 g
content GA3 1AA ABA kinten zeatin
5546.2 NIL 62.39 25.04 384.3

A considerable number of bacterial species are able to exert a beneficial effect on plant growth. The
beneficial effects of these rhizobacteria on plant growth can be direct or indirect. Several mechanisms by which
PGPR (plant growth promoting rhizobacteria) can act beneficially on plant growth are described. Examples of
direct plant growth promotion that are discussed include (a) biofertilization, (b) stimulation of root growth, (c)
rhizoremediation, and (d) plant stress control. (Lugtenberg and Kamilova 2009).

These results revealed that soil addition of biofertilizers as bacteria or algae increased the growth
parameters ( leaves number, height and thickness of stem) also the fresh and dry matter of shoots and roots in
addition, increased the leaf chlorophyll content, these results agreed with (Omayma and Kardoush 2011) where
found that the algae extraction treatment of the pistachio seedlings recorded the best results of growth vigor,
this may refer to algae extraction contains most of the nutrient elements and growth hormones which increased
the seedling growth which is very important for grafting process in the same year, also agreed with (Abdel-
Maguid et al. 2004) used green algae as soil application on olive seedlings and found that, root dry
weight/transplant showed significant increases with all treatments containing green algae as compared with
control due to the simulative effect of auxins, which naturally occur in the green algae, for root growth. Auxins
have been shown to naturally occur with considerable amount in the green algae (Thimann et al. 1942). Auxins
stimulated establishment and elongation rate of root hairs or increase their number according to concentration
(Devlin and Jackson 1961).Plant height, root and shoot dry weights of maize plants were significantly increased
with soil application of increased levels from the dried green algae Chlorella vulgaris under NPK common
fertilization (Shaaban 2001).

Leaf Content of Nitrogen, Phosphorus and Potassium of Bitter Orange as Affected by Biofertilizers:
Data represented in Table (5) cleared that the highest N content recorded with bacteria strains while the
algae extraction treatment recorded the highest values of P and K. In general, the minerals percentage of N and
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K were at the optimum level except the N content of the control and the P percentage was at high level in all
seedlings where it was at the excess level with algae treatment (Hanlon et al 1995). The lowest values of leaves
K content were observed with bacteria strains Azotobacter chrocoocum (A), Bacillus megatherium var
phosphaticum (B) and the mix of the two strains treatments while there were the highest values of leaves N
content, may be these results due to The interrelationships between plant nutrients with a special reference to
potassium and macronutrients like nitrogen and phosphorus, potassium. The antagonism, excessive amounts of
nitrogen reduce the uptake of potassium (Ujwalaranade-Malvi 2011).

These results agreed with (Shaban and Mohsen 2009) where the lowest values of leaf K content were
observed with phosphorine treatment.

Table 5: Effect of some bacteria strains and algae extraction as soil biofertilizers on N, P and K content of bitter orange seedlings, means of
the two seasons 2009 and 2010

Treatments N % P % K %

control 190 b 0.292 b 149 b

strain A 247 a 0.197 ¢ 126 c

strain B 261 a 0.292 b 126 ¢

strains (A+B) 2.60 a 0.290 b 124 ¢

Algae extraction 211 b 0.342 a 1.62 ab
Conclusion:

In conclusion, our results show that, all the seedling treatments of bioferilizers had good results in growth
vigor parameters and leaves chlorophyll content compared to the control. Using algae extraction of bitter
orange seedlings where had the highest values of growth shoots, roots and chlorophyll content in a general
where in the second season there were insignificant growth values with the mix of bacteria strains, also the mix
of the bacteria strains (A+B) were better than the application of each strain individually, as well as, we could
recommended that the applying the mix of bacteria strains Azotobacter chrocoocum (A) and Bacillus
megatherium var phosphaticum (B), or algae extraction as a biofertilzers to the seedlings of bitter orange could
be useful for nurseries working in Egypt to product organic seedling and to improve the growth vigor of
seedlings which reflects on the grafting process.
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