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ABSTRACT 
Spores of four Frankia-Casuarina strains were tested for their ability to infect and fix atmospheric 
nitrogen in combination with Casuarina equisetifolia plants, after being stored for 3 and 6 months in 
different media. The media used were liquid cultures (BAP) and wet or dry polyacrylamide. The Frankia 
strains used were: UGL020601, UGL020604, HFPCcI3 and ORS021001. Inoculation with stored spore 
inocula showed reduction in total nitrogen content. The reduction ranged between 33 and 88% of freshly 
prepared spores-inoculated plants, depending on strain and the inoculum type. The wet gel-incorporated 
Frankia strains scored the best values within all treatments. In general, the reduction in plant total 
nitrogen was lower after 3 months than after 6 months of storage at 7°C for all treatments indicating 
better performance after short storage. The number of nodules decreased gradually with the increase in 
storage time for all strains and treatments. For all the tested strains, spores scored better values for 
root/shoot and nodules/plant ratios (i.e. lower and higher ratios) for all strains stored for 3 months, as wet 
gel, than for other treatments. Dry powdered gel may have an advantage of long "shelf- life" than the 
other treatments and may be used also as a preservation medium for large-scale inoculation with Frankia. 
In general, it is recommended to store dry or wet gel-immobilized Frankia spores in the refrigerator for 
up to 3 months for commercial purposes. 
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INTRODUCTION 

Frankia, the nitrogen-fixing endosymbiont of many 
actinorhizal plants, is difficult to preserve and requires 
special nutrient formulations and culture maintenance 
conditions (Fontaine et al., 1986; Sayed et al., 2000; 
Hahn et al., 2003). Infective and effective Frankia is 
often low or may be absent within the total population 
of some rhizospheric soils (Smolander and Sundman, 
1987; Dawson et al., 1989; Visser et al., 1990; Kohls et 
al., 1994). In such soils, especially those with low 
N-content, inoculation with a compatible Frankia strain 
is necessary for successful plant growth (Sprent and 
Parsons, 2000). Several types of Frankia inocula and 
inoculation procedures were tested in many studies 
including immobilization in polyacrylamide gel or 
alginate beads (Martin et al., 1991; Wheeler et al., 
1991; Kohls et al., 1999; Sayed et al., 2002; Salem, 
2003). Inoculation with pure culture carries the 
advantage of introducing the more beneficial organism, 
although this requires special techniques and is a time 
consuming process (Diem and Dommergues, 1990; 
Sayed et al., 2002). Traping infective Frankia in special 
carriers including polyacrylamide was also tested. 
Alginate and k-carrageenan are among the specific 
carriers for entrapping viable cells (El-Komy, 2001). 
Alginate was an appropriate carrier for Frankia in many 
studies (Frioni et al., 1994; Sougoufara et al., 1989; 
Borthakur et al., 1996; Sayed et al., 1997). Positive 
results were also obtained for using polyacrylamide gel 
(PAG), as it was the appropriate carrier for 
immobilization and storage of different Frankia strains 
(Sayed et al., 2002). 

The present study was carried out to investigate the 
possibility to use freshly prepared and dried PAG, 

mixed with spore suspension, as carriers after being 
stored for 3 and 6 months at 7 ºC. Storage conditions of 
Frankia inoculants should maintain the viability and 
improve the quality of Frankia inoculation process and 
consequently the plant growth and overall performance. 

 
MATERIALS AND METHODS 

Preparation of spore suspensions 
Four strains of Frankia were used: UGL020601 

(Sayed et al., 1998), UGL020604 (Sempavalan et al., 
1996), HFPCcI3 (Zhang et al., 1984), and ORS021001 
(Diem et al., 1983). These strains were subcultured in 
liquid spore-inducing BAP medium (modified from 
Murry et al., 1984). After four weeks of incubation at 
28°C, spores were released from sporangia and 
collected by filtration through Whatman No.1 filter 
paper (Mansour and Torrey, 1991). The filtrates were 
centrifuged at 2500 rpm for 1h, the supernatant was 
discarded and the collected spores were washed twice in 
distilled water. After microscopic examination, spores 
were re-suspended in distilled water and parts of the 
pure spore suspensions were sonicated (Sayed and 
Wheeler, 1999). Protein concentration was determined 
(Bradford, 1976) and then adjusted to 2.5µgml-1 (Sayed 
et al., 2005).  
 
Polyacrylamide-entrapped Frankia (PEF) 

Spore suspensions of different strains were 
immobilized in polyacrylamide gel (Dommergues et al., 
1979). Acrylamide, bisacrylamide and other solutions 
were prepared according to Sayed et al. (2002). 
Gelation was completed in about 20 minutes and the 
solidified culture blocks were cut into smaller blocks 
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(0.5-1 cm3) and washed overnight under running water. 
The gel blocks were stored in 0.2 M phosphate buffer, 
pH: 7.0 (wet PEF). Since the entrapping procedure was 
not carried out aseptically, fungal contaminants were 
avoided by the addition of cycloheximide (150 µg/ml, 
Jung et al., 1982). Two sets of the wet PEF were 
prepared, one was stored for one day only and the other 
was stored in sealed polyethylene bags (50g each) in a 
refrigerator (5-7 ºC) for three and six months. A third 
set was spread out on a sheet of polyethylene, dried in 
a desiccator at a relative humidity 40%. After dryness, 
the dried gel was ground in a tissue grinder and stored 
as dried powder (dry PEF, Fig. 1), in the refrigerator for 
three and six months. Inoculation of plants with 
different treatments was carried out in order to compare 
dried and wet PEF inocula at different storage times to 
those applied to Casuarina plants immediately after 
preparation (control). Plants inoculated with fresh 
prepared spores of the same Frankia strains were used 
as reference treatments after being treated as the others. 
 

 
Figure (1): Polyacrylamide gel containing spore suspensions. 

(A) wet PEF, (B) dried blocks and (C) powdered blocks or 
dry PEF. 

 
Survival of Frankia in wet and dry polyacrylamide  

The viability of Frankia spores, entrapped in 
polyacrylamide gel, were tested by measuring the 
protein concentration, as mentioned above, after 
rehydration with liquid PAB medium immediately and 
after 4 weeks. Growth and emergence of hyphae was 
also examined microscopically. 
 
Infectivity and effectiveness of Frankia spores 

Six-week old C. equisetifolia seedlings were 
inoculated with liquid cultures, wet PEF, and dry PEF

after 1-day (zero time, control treatments), 3- and 6- 
month of storage at 7 ºC. For liquid cultures, inoculation 
was carried out according to Baker (1987), and the 
inoculation was repeated after one week. For both wet 
and dry PEF the contents of each bag were ground using 
methanol-sterilized mortar and pestle, and the 
homogenates were mixed with 1 kg of sterilized 2:1 
(w/w) sand/clay mixture (Sayed et al., 2002). Seed 
germination and plant growth conditions were carried 
out according to Sayed (1995). After inoculation, plants 
were grown in green house and harvested 3 months after 
inoculation. Plant dry mass and nodulation were 
determined. Plant total nitrogen content was also 
measured using Kjeldahl micro-technique (Nelson and 
Sommers, 1973). For the used instrumentation and 
calculation, methods described by Sayed (2003) were 
followed. 

 
Statistical analysis 

The data were subjected to analysis statistically using 
the least significant differences test (L. S. D) (PC-STAT 
program version 1A, University of Georgia). 

 
RESULTS 

Effect of spore-preserved media and storage time on 
nodulation and plant performance.  

(1) Nodulation 
Nodulation was reduced for plants inoculated with 

Frankia stored at 7 °C for three and six months in all the 
three treatments (Table 1). However, inoculation with 
strain UGL020604 stored in liquid medium for three 
and six months showed total inhibition of nodule 
formations. Same results were obtained with the same 
strain in dry PAG after six month, and with strain 
UGL020601 in dry PAG after storage for three and six 
months (Table 1). At zero-time-prepared inocula, the 
wet PEF showed better performance with the Casuarina 
seedlings plant than the other treatments. Nodule 
number, and nodule dry weights per plant, were all 
significantly higher in the wet PAG-immobilized

 

Table (1): Effect of spore-preserved media and storage time on nodule formation, nodule number and nodule 
dry weight of Casuarina equisetifolia seedlings.  

Preserved  media Nodule formation (+, -) Nodule number plant-1 Nodule dry weight (mg plant-1) 
 Storage time (month) 
Liquid BAB Zero 3 6 Zero 3 6 Zero 3 6 

ORS021001 + + + 0.6 ± 0.4 ± 0.0 0.2 ± 0.0 0.8 ± 0.5 0.4 ± 0.0 0.2 ± 0.0 
UGL020604 + - - 0.8 ± 0.0* 0.0* 1± 0.5 0.0** 0.0** 
HFPCcI3 + + + 0.4± 0.0 0.6± 0.0 0.2 ± 0.0 0.8 ± 0.0 0.6 ± 0.0 0.2 ± 0.0 
UGL020601 + + + 1 ± 0.0 0.6 ± 0.0 0.4 ± 0.0 1.6 ± 0.2 0.6** ± 0.0 0.4** ± 0.0 

Wet PAG    
ORS021001 + + + 1.2 ± 0.6 ± 0.0 0.4 ± 0.0 2.2 ± 0.4 0.8** ± 0.6 0.4** ± 0.0 
UGL020604 + + + 1.4 ± 0.4* ± 0.0 0.2* ± 0.0 2.6 ± 0.5 0.4** ± 0.0 0.2** ± 0.0 
HFPCcI3 + + + 0.6 ± 0.8 ± 0.0 0.6 ± 0.0 2.8 ± 0.8 1** ± 0.0 0.6** ± 0.0 
UGL020601 + + + 0.8 ± 0.6 ± 0.0 0.4 ± 0.0 1 ± 0.0 0.8 ± 0.0 0.52 ± 0.0 

Dry PAG    
ORS021001 + + + 0.6 ± 0.4 ± 0.0 0.2 ± 0.0 0.6 ± 0.0 0.4 ± 0.0 0.18 ± 0.0 
UGL020604 + + - 0.4 ± 0.2 ± 0.0 0.0* 0.4 ± 0.0 0.2 ± 0.0 0.0 
HFPCcI3 + + + 0.8 ± 0.4 ± 0.0 0.2 ± 0.0 1 ± 0.0 0.4 ± 0.0 0.2 ± 0.0 
UGL020601 + - - 0.2 ± 0.0* 0.0* 0.2± 0.0 0.0 0.0 

 

 

* = Significantly different, ** = Highly significant. 

(A) (B)  (C) 
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cultures than the two other treatments (Table 1). 
Nodulation as a percentage of whole plant dry weight 
decreased gradually with the increase in storage time for 
all treatments (data not shown). 

 (2) Plant performance 
Shoot dry weights and whole plant dry weights were 

significantly greater for the wet PAG-immobilized 
cultures than that of the two other treatments. There was 
also highly significant reduction in these two parameters 
for all treatments compared to its control. Consequently, 
root/shoot ratios were higher for all treatments than their 
controls (Table 3). 

Significant reductions occurred in shoot height with 
strain UGL020601 for all treatments and strain 
ORS021001 only for the wet PAG cultures after six 
months and dry PAG cultures after both three and six 
months (Table 2).  

Total nitrogen content in all plant treatments, after 
three and six months, was reduced significantly when 
compared to control plants (zero-time inoculation) 
except for the liquid cultures of strain HFPCcI3 
(Table 2). 

In general, better plant performance was obtained for 
cultures stored as wet PAG cultures for 3 and 6 months. 
On the other hand, the dried inoculants, stored for 3 
months, recorded approximately the same values (or 
better) as for liquid cultures of strains ORS021001 and 
UGL020604 (Table 2). 

(3) Survival of Frankia in wet and dry 
polyacrylamide 

Gel-incorporated Frankia spores (wet and dry) were 
examined after 30 days of rehydration with liquid BAP 
medium incubated at 28 ºC. These cultures showed the 
emergence of dense Frankia hyphae under the 
microscope. The increase in their protein content 
indicated growth and viability of these dried spores 
(data not shown). 

 
DISCUSSION 

There are different processes for bacterial invasion 
of plant roots with symbiotic nitrogen-fixing bacteria, 
that result in successful relationship with the host plant. 
Bacteria should reach the root system, soil particles 
should contain bacteria in great numbers, and bacterial 
compatibility with its host (Bashan, 1986). Furthermore, 
bacteria should remain viable in the dry soil for long 
time, and should proliferate rapidly and immediately to 
colonize the root system of the seedlings (Bashan and 
Levanony, 1985). All these difficulties may explain the 
limited commercial use of bacterial inoculation with 
Frankia, but not for the legume-Rhizobium system 
(Thompson, 1980). To date, only a few different 
methods of inoculation are used. The simplest 
inoculation method is the application of bacteria in 
liquid broth (Bashan, 1986; Salem, 2003; Abdel-Karim, 
2004) or dried bacterial cultures on seeds (Wilkinson et 
al., 1982; Kohls et al., 1999).  

In the present study, wet and dry polyacrylamide 
gel-containing Frankia spores, were evaluated for their 

performance with Casuarina plants. These inoculants, 
along with alginate beads, are synthetic, simple to use, 
and biodegradable by soil microorganisms. They 
contain a large uniform bacterial population, slowly 
releasing the bacteria for long periods. Furthermore, 
these inoculants can be stored for long periods up to six 
months without any apparent effect on its bacterial 
population (Sayed et. al., 2002; Abdel-Karim, 2004). 
Metabolic activities of the cells and their efficiencies 
may undergo changes during immobilization and the 
immobilized microbial cells increase their biocatalytic 
capacity due to increased densities and stabilized 
enzymatic activities (Borthakur et al., 1996). Therefore, 
we performed immobilization experiments on Frankia 
spore cultures to investigate the difference between 
freshly prepared and dried PAG inoculants after storage 
for 3 and 6 months at 7 ºC. 

The results obtained in our study coincide with the 
previous studies (Sayed et al., 2002, 2005). Nodule 
formation was completely inhibited on plants inoculated 
with strain UGL020604 in liquid medium stored for 
three and six months, and in dried PAG after six month. 
Similary, inhibition occurred for plants inoculated with 
strain UGL020601 in dried PAG cultures stored for 
three and six months at 7°C. These strains may be 
stimulated for their nodulation capacity by changing the 
storage temperature (Sayed et. al., 2002). Stimulation 
may also be achieved by increasing the spore protein 
titers as some spores showed lower or no DNA content 
in a study by Krumholz et. al. (2003). The freshly 
prepared inoculants were the highest between all 
treatments. Only strain HFPCcI3, that was stored in 
liquid medium, was the same or better than its control in 
some criteria. Some variations occurred between strains 
in the results obtained for wet and dry PAG treatments. 
Similar variations at optimum temperature were 
reported by Tisa et. al. (1983). Also, at lower 
temperature, variations were recorded for maximum 
growth of different strains in culture medium leading to 
variations in the N2-fixing ability (Sayed et al., 2002). 

In the current study, higher nodulation of Casuarina 
plants was obtained with spores incorporated in wet 
PAG than those of liquid cultures but significantly 
lower where stored for either 3 or 6 months. The dried 
gel gave approximately similar results for plant 
performance and nodulation as for the liquid cultures 
(Table 1 and 2). 

On the basis of dry mass and plant total nitrogen, the 
wet PAG-inoculated plants showed substantial 
differences from dried PAG and liquid cultures at zero 
time (control). It is also obvious that storage for shorter 
times, for these types of inoculants, is better for 
successful nitrogen-fixing capability of the immobilized 
Frankia spores (i. e. 3 months better than 6, see 
Table 1). The used titer in this study was 2.5 µg ml-1 
spore protein that recorded the highest nodulation and 
plant performance in another study by Sayed et. al. 
(2005). The use of lower protein titers may create the 
appropriate conditions for spores to grow inside the 
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Table (2): Effect of spore-preserved media and storage time on performance of Casuarina equisetifolia seedlings after 6 months of inoculation. 

 Plant growth (mm) Plant dry weight (mg) 

Shoot height Root length Shoot Root 
Plant total N content (mg/g) 

Preserved 
media Time of storage 

Liquid Zero 3 6 Zero 3 6 Zero 3 6 Zero 3 6 Zero 3 6 
ORS021001 149 ± 2.2 148 ± 4 148 ± 4 47 ± 10 48 ± 2.4 49 ± 2 12 ± 4.4 10.4 ± 0.8 9.6 ± 0.5 6 ± 1.4 6.4 ± 0.5 6.2 ± 0.4 9 ± 0.3 3.8** ± 0.0 1.7** ± 0.0 
UGL020604 134 ± 5 130 ± 6.3 126 ± 5 57 ± 7 52 ± 2.4 55 ± 4.5 17.5 ± 0.9 10.2** ± 0.4 9.4** ± 0.5 5.6 ± 0.5 4.8 ± 0.4 5.4 ± 0.5 4.5 ± 0.0 2.1** ± 0.3 1.4** ± 0.3 
HFPCcI3 148 ± 8 154 ± 4.9 148 ± 4 50 ± 10 59 ± 2 52 ± 4 15.2 ± 5 12 ± 1.4 10.4 ± 0.5 8.4 ± 1.5 6.8* ± 1 6** ± 0.0 1.7 ± 0.0 4.7** ± 0.3 3.1** ± 0.0 
UGL020601 162 ± 4 150** ± 6 148** ± 4 55 ± 4.5 59 ± 2 59 ± 2 16.6 ± 0.8 12** ± 0.9 11** ± 0.9 9 ± 0.6 7.8* ± 0.4 7** ± 0.6 8.4 ± 0.9 4** ± 0.3 3.1** ± 0.6 

Wet PAG                
ORS021001 152 ± 8 152 ± 4 124** ± 10 50 ± 8 49 ± 2 45 ± 4 28 ± 4.4 13.2** ± 1.9 9.4** ± 0.8 2.2 ± 4.4 0.8** ± 0.6 0.4** ± 0.0 16.6 ± 0.9 6.6** ± 0.6 2.8** ± 0.3 
UGL020604 159 ± 9 154 ± 5 154 ± 5 43 ± 10 53** ± 4 55** ± 4.5 24 ± 5.4 14.4** ± 1.6 11.6** ± 2.3 7.8 ± 0.8 7.2 ± 0.4 7 ± 0.4 14.7 ± 1.2 6.1** ± 0.3 1.7** ± 0.0 
HFPCcI3 162 ± 8 154 ± 4.9 152 ± 4 54 ± 11 59 ± 2 53 ± 6 22.2 ± 3 14.4** ± 3.6 12** ± 2.5 13.2 ± 4.3 6.8** ± 0.7 7.8** ± 0.7 12 ± 1.4 6.6** ± 0.0 3.3** ± 0.3 
UGL020601 140** ± 6 152** ± 7 158 ± 4 51 ± 2 47 ± 2.4 54 ± 5 15.2 ± 0.4 9.8** ± 0.4 13.2* ± 1.7 8.8 ± 0.4 6.6** ± 0.5 8* ± 0.6 8 ± 0.6 5** ± 0.6 2.8** ± 0.3 

Dry PAG                
ORS021001 158 ± 4 128** ± 4 117** ± 16 59 ± 2 51** ± 2 44** ± 3.7 12.4 ± 8 9.4** ± 0.8 7.2** ± 0.4 7.2 ± 0.7 5** ± 0.6 4.6** ± 0.5 6.8 ± 0.3 4.2** ± 0.6 1.4** ± 0.3 
UGL020604 154 ± 5 148 ± 4 138** ± 4 59 ± 2 66** ± 5 51** ± 2 15.4 ± 0.5 10.8** ± 1.1 8.8** ± 0.4 8.2 ± 0.4 7.8 ± 0.7 5.2** ± 0.4 6 ± 0.6 4** ± 0.3 1** ± 0.6 
HFPCcI3 164 ± 10 156 ± 8 150 ± 10 55 ± 4.5 57 ± 4 59 ± 10 15.6 ± 0.5 11.4** ± 1.7 9.2** ± 0.7 8 ± 0.0 5.8** ± 0.4 7.8 ± 0.4 7 ± 0.3 2.8** ± 0.3 1.2** ± 0.3 
UGL020601 158 ± 4 148* ± 4 140** ± 6 51 ± 2 50 ± 3.2 53 ± 4 10 ± 0.0 9.8 ± 1.6 9.4 ± 0.5 7.8 ± 0.4 7.8 ± 0.4 7.6 ± 0.5 2.4 ± 0.0 1.2** ± 0.3 1** ± 0.0 

 
a Means of 5 experiments ± SD; control = zero-time inoculation, b Media: PAG = polyacrylamide gel, BAP = liquid spore-inducing medium, * Significant differences (P = 0.05) and ** highly significant differences 
 (P = 0.01) as compared with control. 

 

Table (3): Effectiveness of stored Frankia spores in symbiosis with Casuarina equisetifolia. 

Frankia  strains ORS021001 HFP CcI3 UGL020604 UGL020601 

Medium Month R:S N:P R:S N:P R:S N:P R:S N:P 

Control 52 ± 11 4.7 ± 4.4 62.5 ± 28.4 3.8 ± 0.0 31.8 ± 2 4.1 ± 2.5 54 ± 2.4 6 ± 0.8 
3 62 ± 4 2.1 ± 2 58 ± 13 2.3 ± 0.3 47** ± 4 0.0** 65* ± 6 2.8 ± 2.3Liquid BAP 

6 65 ± 7 1.2 ± 1 58 ± 2.6 1.1 ± 0.0 58** ± 7.5 0.0** 64* ± 8 2.2 ± 0.0
Control 31.3 ± 10 5.8 ± 1.6 60 ± 20.6 7.4 ± 2.2 33.6 ± 6 7.7 ± 1.7 58 ± 2.7 4 ± 2.5 

3 58* ± 12 3.7 ± 3.6 52 ± 19 4.4 ± 3 50* ± 5 1.6** ± 0.0 67 ± 4 4.5 ± 0.0Wet PAG 
6 81** ± 15 2.4 ± 2 67 ± 12 3 ± 2.5 63** ± 14 1** ± 0.0 61 ± 8 2.5 ± 0.0

Control 58 ± 5 2.9 ± 2.4 51 ± 1.6 4 ± 2.4 53 ± 2 1.5 ± 0.0 78 ± 4 1 ± 0.0 
3 53 ± 7 2.7 ± 2 52 ± 10 2.3 ± 0.0 73** ± 7 1 ± 0.0 82 ± 14 0.0 Dry PAG 
6 64 ± 6 1.5 ± 1 85** ± 10 1.1 ± 0.0 59 ± 8 0.0* 81 ± 9 0.0 

 

a Ratios: R:S = root/shoot, N:P = nodule/plant; means of 5 experiments ± SD, * Significant differences (P = 0.05) and ** highly significant differences 
 (P =0.01) as compared with control. 
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polymer for longer periods. This may indicate the 
possibility of using more lower titers (i. e. ≤ 2.5 µg ml-1) 
for storage periods longer than 3 or 6 months or higher 
titers for those strains that did not nodulate. Moreover, 
the number of nodules per plant is the best measure of 
the infection process (Kohls et al., 1999). The data 
obtained here indicate the superiority of wet gel-
incorporated Frankia for storage and subsequently, 
successful nodulation than the other used media (Tables 
1 and 2). Our data are consistent also with the concept 
that overall nodule weight corresponds to plant 
productivity in nitrogen-limited environments (Hielman 
and  Ekuan, 1982). Higher nodule dry mass and lower 
root to shoot ratios, for plants inoculated with the 
polymerized Frankia indicates a shift in dry weight 
allocation towards shoot growth and plant productivity 
(Table 2). Moisture deficits can adversely affect 
Frankia growth (Shipton and Burggraaff, 1982). This 
suggests that the polymer itself may facilitate the uptake 
of water and associated nutrients and the rhizosphere 
moisture conditions are ameliorated by the water 
retaining capacity of the polymer (Table 2; Hielman and 
Ekuan, 1982; Arnone et al., 1994; Kohls et al., 1999). 
Furthermore, we have observed highly significant 
differences between the effectiveness of the varied three 
treatments, when stored for three and six months, and its 
control (zero-time). In the present, the gel-incorporated 
Frankia spores can also be stored in the refrigerator 
(i.e. at 7 ºC) for more than 3 months. The stored dried 
gel-containing Frankia spores can also be used for 
large-scale inoculation procedures in nurseries and field, 
as well as the wet gel, but the inoculum nodulation 
capacity should be improved first as discussed above. 
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  آويستيفولياإستخدام جراثيم الفرانكيا آلقاحات لنباتات الكازوارينا إ

 
  1سام سالمو ،2حمدى زهران ،1وائل سيد

  قنا، مصر  جنوب الوادى، آليه العلوم، جامعةقسم النبات،1
  ، مصربنى سویف ،بنى سویف  آليه العلوم، جامعةقسم النبات،2

  
 

  الملخص العربـــى 
  

 آازوارینѧا علѧى تكѧوین العقѧد الجذریѧة وتثبيѧت النيتѧروجين مѧع نباتѧات                  - أربعة سلالات من الفرانكيا    ختبار قدرة جراثيم  إتم    
والأوسѧاط المѧستخدمة هѧى الوسѧط الѧسائل      . آویستيفوليا وذلѧك بعѧد تخزینهѧا لمѧدة ثلاثѧة وسѧتة أشѧهر فѧى أوسѧاط  مختلفѧة           إالكازوارینا  

BAPل   وѧاف     جѧب والجѧد الرطѧولى أآریلاميѧلالات  . البѧا سѧى   أمѧستخدمة فهѧا المѧالفرانكي UGL020601, UGL020604, HFPCcI3, 
ORS021001.    ين                إوقد حدثѧاض بѧراوح الانخفѧة وتѧراثيم المخزنѧات الجѧيح بلقاحѧد التلقѧ33نخفاض فى محتوى النيتروجين الكلى بع 

ختلاف الѧسلالة ونѧوع اللقѧاح    إ بѧ وذلѧك التفѧاوت  ) قبѧل التجربѧة مباشѧرة   ( بالمقارنة بالنباتات الملقحѧة بجѧراثيم محѧضرة حѧدیثا       %88إلى  
   .المستخدم

  
                     ѧام فѧه عѧاملات وبوجѧاض  لإن اإوقد سجلت سلالات الفرانكيا المدمجة فى لقاح الجل الرطب أفضل القيم بين جميع المعѧنخف

 لجميѧع المعѧاملات     درجѧات مئویѧة    7 أشهر من التخѧزین عنѧد        6نخفاض بعد   لإ أشهر من ا   3 فى محتوى النيتروجين الكلى آان أقل بعد      
قѧѧد تѧѧدریجيا بإطالѧѧة مѧѧدة التخѧѧزین لجميѧѧع الѧѧسلالات      نخفѧѧض عѧѧدد العُ إوقѧѧد . ممѧѧا یѧѧدل علѧѧى أداء أفѧѧضل بعѧѧد التخѧѧزین لمѧѧدة قѧѧصيرة      

سѧاق  /جѧل رطѧب قيمѧا أفѧضل لمعѧدلات الجѧذر            شѧهور آ   3وقد سجلت جراثيم جميѧع الѧسلالات المختبѧرة والمخزنѧة لمѧدة              . والمعاملات
أمѧѧا الجѧѧل المجفѧѧف  ). الجѧѧل الجѧѧاف والمѧѧزارع الѧѧسائلة (مѧѧن المعѧѧاملات الأخѧѧرى  ) قѧѧل وأعلѧѧى علѧѧى التѧѧوالى أي نѧѧسب أ(نبѧѧات /قѧѧدوالعُ

آمسحوق فقد یكون له مميزات أفضل من ناحية مدة الصلاحية من المعاملات الأخرى وربما یكون أفضل آوسط للحفѧظ فѧى حѧالات       
نѧه یوصѧى بتخѧزین جѧراثيم الفرانكيѧا المدمجѧة فѧى الجѧل الرطѧب أو                إوبوجѧه عѧام ف    . التلقيح على نطاق واسع آما فى المѧشاتل الكبيѧرة         

 .الجاف لمدة تصل إلى ثلاثة اشهر للأغراض التجاریة


