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Abstract 
Impact of blue green algal inocula (cyanobacteria biofertil izer) on the growth of 
kidney bean plants grown on clay-sandy soil  (2:1 v ∕ v) was investigated in pots. 
Application of 10%, 20% and 30 % of cyanobacteria inoculum either by foliar 
application or soil  incorporation for 30 days induced significant increase in root 
length, shoot length, fresh weight, dry weight and leaf area and significant 
decreases in electrolyte leakage. The magnitude of response is most pronounced in 
case of soil  incorporation treatment. Transmission electron microscopy of leave 
sections of xylem and phloem of Phaseolus plants showed the presence of 
cyanobacteria in both xylem vessels and phloem sieve tubes inducing the 
application and treatment of cyanobacteria either from root to leaves (soil  
incorporation treatment) or from leaves to roots (foliar spray treatment). The best 
value was achieved by cyanobacteria inocula at concentration of 20% treatment 
either by foliar application or by soil  incorporation to stimulate the growth of kidney 
bean plants. 
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Introduction 

The impact of ferti l izers is an inevitable and basic requirement of modern 
intensive vegetable farming because of increase demand of nutrients of the high 
yield varieties. Of the ferti l izer, nitrogen being an essential element deserves the 
vital position. Physiologically it plays the key role and has been considered as a yield 
l imiting factor .However, increased cost of the ferti l izer is being an economical 
constrains. Moreover, the continuous  use of chemical ferti l izers causes the 
ecological and biochemical imbalance in the vegetable yield  ) Roger and 
Kulasooriya  ,1980 ; Begum and Islam, 2011 ( .  

As a consequence, to overcome these dual problems, the impacts of 
biofertil izers are recently being gaining momentum and are successfully practical in 
in legumes in many countries.  

The Significant contribution of blue green algae as an alternative source of 
nitrogen particularly in the legume and rice yields. The algalization technology has 
been reported to be successful to a great extent in many countries (Kaushik, 2000). 
Therefore an attempt has been made to follow the impact of cyanobacteria 
inoculum on growth of phaseolus vulgaris plants grown in clay: sand soil  (2:2 v∕ v). 
Materials and methods 
• Plants materials and growth conditions 

Phaseolus vulgaris (cv. baladi) seeds were surface steril ized by soaking in a 
10-3 M HgCl solution for 3 min, then washed with sterile water and divided into two 
sections. Each section contains four groups and the seeds of each group were 
divided into a number of sets, with each set having 20 seeds. These sets are allowed 
to germinate in (30 X 28 X 26 cm) pots. The soil  obtained from the Agriculture 
Research station of Mansoura, Dakahlia Governorate, was taken from the upper 30 



cm arable layer. All  pots contained equal amounts of soil  (8 Kg). 12 pots were 
subdivided into 4 groups each of 3 pots, one group left to serve as control and the 
other 3 groups treated with cyanobacteria biofertil izer inoculum at 3 levels (10 %, 
20 % and 30 %) incorporation with soil  and planted the other 4 groups each of 3 
pots, one of them left as control and the other 3 groups was planted with kidney 
bean seeds. Treatment of such seeds spray with different concentrations of 
cyanobacteria biofertil izers was carried out after 3 weeks from date of sowing. The 
biofertil izer was added to the plant by foliar spray to each pot.  

All  pots were irrigated with tap water every 3 days to maintain the field 
capacity throughout the experiment. Samples from each treatment were taken after 
30 days from date of sowing respectively fully vegetative stage. 

Sampling was made in a way so as to include all  plants allotted for each 
treatment in the 3 pots. Samples were used for determination of growth 
parameters, electrolyte leakage as well as investigation of cyanobacteria colonies 
inside plant leaf tissues using Transmission electron microscopy (TEM). 
• Determination of electrolyte leakage 

Plant leaves were cut into discs (10 mm), 20 leaf discs were placed in a test 
tube, rinsed 3 times with 20 ml disti l led water. Tubes were fi l led with 30 ml disti l led 
water and stand in dark for 24 hours at room temperature. Electrical conductivity of 
the solution was measured at the end of incubation period using electrical 
conductivity (EC) meter. The tubes were then heated in water bath at 950C for 20 
minutes and then cooled to room temperature. The final EC was measured as 
following: EC= (EC1̸ EC2) X100 (Shi et al., 2006). 
• Ultrastructural studies using transmission electron microscope (TEM) 

To verify the presence of the observed cyanobacterial inoculum 
biofertil izer inside kidney bean plants, TEM analysis of the plant leaves after 
applying cyanobacterial inoculum. Small parts (about 1 mm3) of freshly harvested 
leaves were cut with a sharp razor blade under 2.5% (v̸v) glutaraldehyde. Leaf 
tissues were transferred to vials of 2.5 % (v̸v) glutaraldehyde in 1M phosphate 
buffer at pH 7.5 at 40C for 24 h. Following fixation, the specimens were embedded in 
gelatin capsules and left in an oven at 60 0C for 60 h. The gelatin capsules were 
dissolved in boil ing water for 1-2 h. 

Ultra-thin sections were cut on a Reichert ultra-microtome using glass 
knife. Si lver or pale gold interference sections were picked up on the dull  surface of 
form-coated 100 or 200 mesh copper grids (Juniper et al., 1970). The grids with 
sections were left on a clean fi lter paper to dry. Ultra-thin sections were stained by 
2 % aqueous uranyl acetate (Juniper et al., 1970). A drop of stain was put in a clean 
plastic petri dish and the grids were gently floated, with the sections facing down, 
on a drop of the stain. The grids were washed by a stream of disti l led water and 
then transferred to drops of lead citrate (Reynolds, 1963) which were placed on a 
wax plate in a petri dish. Pellets of sodium hydroxide were placed in the petri dish to 
remove carbon dioxide. The grids were left in lead citrate for 10 -20 min and then 
rinsed by disti l led water, dried under a bench lamp and stored in a grid box. The 
stained sections were examined and photographed with a JEOL 1010 transmission 
electron microscope at 80 kv.  



The data obtained from triplicate samples were remarkably close, thus only 
the mean value will  be presented. Experimental data were subjected to one-way 
analysis of variance (ANOVA) with Post Hoc L.S.D. (least significant difference) test. * 
P value < 0.05 was accepted statistically significant. Statistical analysis was 
performed with statistical package for social science for windows (SPSS, version 
13.0, 2004, Chicago, IL, USA) 
Results and discussion 
• Changes in growth parameters 

The values of growth parameters (root length, shoot length, fresh weight, 
dry weight and leaf area) appeared to increase significantly with increase in 
cyanobacteria biofertil izer levels (Table 1). The magnitude of increase appeared to 
be progressive with the optimum levels of cyanobacteria biofertil izers (20 %). 

Table 1: The effect of foliar application and soil  incorporation of cyanobacterial inoculums 
biofertil izers on growth of kidney bean plants. Mean values are significantly different from 
control at p ≤ 0.05. 
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The percent increase in fresh weight in foliar spray treatments was as 
follows: 11.9% for 20% biofertil izer, 10.0% for 10% biofertil izer and 10.11% for 30% 
biofertil izer for plants treated with biofertilzer by soil  incorporation. On the other 
hand, The percent increase was 26.59% for 20% biofertil izer, 6.38% for 10% 
biofertil izer and 7.50% for 30% biofertil izer from control plants treated with 
cyanobacteria by foliar spray.  

In support of the present results, addition of biofertil izers resulted in 
significant increase in vegetative growth, plant dry weight and area of freshly 
expanded of a variety of crop plants (Srivastava et al., 1998; Hasaneen et al., 2009). 
The promoting effect of cyanobacteria biofertil izer on growth of the variously 
treated kidney bean plants may be due to the active bacteria in biofertil izer which 
as stated by Sherif et al (1997), allow to convert insoluble phosphate to soluble 
forms, fix atmospheric nitrogen and secreting organic acids such as formic acids and 
lactic acids. Such acids lower the pH and bring about the dissolution of bounced 
forms of phosphate and render them available for growing plants (Hasaneen et al., 
2009). 

The response of plants to bio-N- ferti l izers was studied by  Fisinin et al. 
(1999), Rizk and shafeek (2000) and Adam (2002) who reported that bio-N- 
ferti l izers has a great number of bacteria which are responsible for nitrogen fixation 
by atmosphere. The stimulatory effects of cyanobacteria biofertil izer are attributed 
to the activation of the growth of microflora including production of many plant 
growth stimulators (Hasaneen et al., 2009). 

The results suggest that application of cyanobacteria was effective in 
enhancing the growth attributes of kidney bean plants. This indicates the better 
efficiency of cyanobacteria in promoting the growth of kidney bean plants. Similar 
information in increasing the dry weight of kidney bean plants due to cyanobacteria 
has also been achieved by the other investigators (Aiyer et al., 1972; Begum and 
Islam 2011; Hasaneen et al., 2012). 
• Uptake and translocation 

a- Changes in electrolyte leakage 
The observed changes in the electrolyte leakage from variously treated 

kidney bean plants throughout the entire period of the experiment are presented in 
table 2. 

Electrolyte leakage of soil  incorporation treatment plants appeared the 
decrease progressively from control values. The following sequence treatment 30% 
> 10% > 20% > control was displayed with respect to decrease in electrolyte leakage 



(table 2). On the other hand, foliar application of cyanobacteria biofertil izers to 
kidney bean plants induce significant decrease in electrolyte leakage with the 
following order control> 10% biofertil izer > 30% biofertil izer > 20% biofertil izer. 

Cyanobacteria biofertil izer appeared to reduce the amount of 
malonyldialdehyde (MDA) and ion leakage in treated kidney bean plants, as 
reported by Oancea et al. (2009) who hypothesized that controlled release of active 
plant growth stimulators. On the other hand, cyanobacteria biofertil izers appeared 
to increase the amount of MDA and ion leakage in kidney bean plants treated with 
cyanobacteria biofertilizer as soil incorporation as represented by Adam (2002) who 
reported that bio-N-ferti l izer has a great number of bacteria which are responsible 
for nitrogen fixation by atmosphere. The stimulatory effects of cyanobacteria 
biofertil izer in the present study might be contributed to the activation of the 
growth of microflora including production of many plant growth stimulators 
(Hasaneen et al., 2009). 

Table 2: The effect of foliar application and soil  incorporation of cyanobacterial inoculum 
biofertil izers on electrolyte leakage of kidney bean plants. Mean values are 
significantly different from control at P ≤ 0.05 
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b- Ultrastructure changes 

Examination of figures 1 and 2 revealed the following:  
• In all  cyanobacteria biofertil izers, treated kidney bean plants either by soil  

incorporation or foliar spray cyanobacteria were observed inside xylem vessels 
and in sieve tubes after entering the stomata, theses cyanobacteria were 
translocated by the xylem system and in consequence translocated into phloem 
system.  

• The phloem consists of l iving vascular tissues that translocate photosynthetic 
products including sucrose and some mineral ions for plant growth.  

• The observed results indicate that xylem and phloem tissues are the main and 
unique pathway for translocation of cyanobacteria biofertil izer and in 
consequence, confirm the penetration of either plant roots and leaves and lead 
to a strong support to the observed changes in growth of kidney bean plants 
affected by cyanobacteria biofertil izers. 

Of interest, these results might indicate that cyanobacteria biofertil izers 
mitigated the increase in the plasma membrane permeability and cell  mortality 
under cyanobacteria effects in kidney bean plants (Hegazi et al., 2010). 



It was observed that growth parameters in the present study were 
significantly increased compared with controls. These increases could be attributed 
to the nitrogenase as well  as nitrate reductase activities of the alga penetration into 
kidney bean plants or the amino acids and peptides produced in the algal fi ltrate 
and ̸ or other compounds that stimulate growth of crop plants (Hegazi et al., 2010). 

Moreover, Jagannath et al. (2002) studied the effect of blue green algae as 
potent biofertil izer on chickpea and they found that it enhanced all  the 
morphological characters and biomass of the chickpea. Also Nanjappan et al. (2007) 
stated that cyanobacteria have growth promoting activity as inoculants of wheat. 
These stimulation effects of cyanobacteria on plant growth may be attributed to 
their influence on increasing the biological activity (Hegazi et al., 2010) and 
chemical properties of the tested soil  (Hasaneen et al., 2009). 

 
 



 
 
Figure 1: Transmission electron micrograph showing cyanobacterial inoculum    

culture medium. 
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Figure 2: Transmission electron micrograph showing cyanobacterial inoculum 

inside phloem sieve tubes (1), (2) and xylem vessels (3), (4) of kidney 
bean plants treated with soil  incorporation of cyanobacteria 
inoculum. 
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Figure 3: Transmission electron micrograph showing cyanobacterial inoculum 

inside phloem sieve tubes (5), (6) and xylem vessels (7), (8) of kidney 
bean plants treated with foliar application of cyanobacteria 
inoculum. 
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 إستخدام  طحلب السیانوبكتیریا كمخصب حیوي من زیاده نمو نبات الفاصولیا ؟ إمكانیة ھل في
 مروة مصباح حسن ,أبو الوفا غادة سمیر ,شیماء محمد ناجي تركي ,حسنین محمد نجیب عبد الغني

 جامعة المنصورة -كلیة العلوم -قسم النبات
م�ن الن��وع س�یانوبكتیریا كمخص��ب  ب الخض�راء المزرق��ةیھ�دف ھ��ذا البح�ث إل�ي دراس��ة ت�أثیر إس��تخدام الطحال� -

و لم�دة  1:2أص�ص تحت�وي عل�ي ترب�ھ طینی�ة رملی�ة بنس�بة حجمی�ة  حیوي علي نمو نب�ات الفاص�ولیا الم�زروع ف�ي
 .یوم 30

س��واء % 30و % 20و %  10و لق��د أظھ��رت النت��ائج أن المعامل��ة بالس��یانوبكتیریا كمخص��ب حی��وي بتركی��زات  -
الخض�ري أو كإض��افات أرض�یة أدت إل�ي زی�ادة ملحوظ��ة ف�ي دلالات النم�و و المتمثل�ة ف��ي  ب�الرش عل�ي المجم�وع

و ق�د ; و مع�دل تس�ریب الإلكترولیت�ات ) مس�احة الورق�ة, ال�وزن الج�اف , الوزن الطازج, طول الساق,طول الجذر(
 .كان مقدار الإستجابة أكثر تأثیرا في المعاملات الأرضیة بالمقارنة بالرش علي المجموع الخضري

و ق�د أظھ�ر الفح�ص بإس�تخدام المیكروس��كوب الإلكترون�ي لمق�اطع م�ن أوعی�ة الخش��ب و اللح�اء ف�ي الورق�ة إل��ي  -
دل عل�ي نج�اح إنتق�ال الس�یانو بكتیری�ا تواج�د الس�یانوبكتیریا ف�ي ك�ل م�ن الخش�ب و الص�فیحة الغربالی�ة للح�اء مم�ا ی�



ف��ي المع��املات الأرض��یة أو م��ن خ��لال ) م�ن الج��ذرإلي الأوراق(داخ�ل النب��ات س��واء م��ن خ��لال أوعی��ة الخش��ب 
 .في معاملات الرش) من الأوراق إلي الجذر(الصفائح الغربالیة للحاء 

و %  20یا كمخص��ب حی�وي بتركی��ز م�ن خ��لال النت�ائج المتحص��ل علیھ�ا إستوض��ح لن�ا أن إس��تخدام الس�یانوبكتیر -
المعامل�ة ب��ھ س�واء ب��الرش عل�ي المجم��وع الخض�ري أو الإض��افة الأرض�یة ق��د أعط�ي نت��ائج ملموس�ة و ملحوظ��ة 
.بالنسبھ لنمو نبات الفاصولیا  

 
 
 
 


