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ABSTRACT 
Increasing culturability of RMO under laboratory conditions 

resembles a challenge to specialists in the field, and the need arises to 
explore innovative culture media. The idea of using plant juices is 
introduced here. A number of juicy desert plants 
(Mesembryanthemum crystallinum, Zygophyllum album, 
Carpobrotus edulis) and cultivated (Trifolium alexandrinum) were 
tested. Pure culture studies confirmed that representatives of RMO 
(A. brasilense, K. pneumoniae and E. agglomerans) successfully 
developed, and exhibited characteristic colonies, on surface–
inoculated agar plates prepared from crude and diluted juices. In 
liquid batch cultures, cells grew nicely, with doubling times very 
comparable to those grown in a number of tested reference culture 
media. In situ analysis proved that the plant juice–based culture agar 
medium, compared to commonly used agar media, successfully 
supported the growth and culturing of RMO populations, resident to 
various tested host plants. In addition, RMO associated to roots of 
plants were able to develop on culture media prepared from 
homologous and heterologous plant juices. This indicates the 
commonality of a significant population of RMO, and promiscuity of 
plant juices to support such populations. Results presented 
recommend fellow researchers to just sap their tested plants and 
prepare the necessary culture media for further RMO culturing. 

 
Key words:  Rhizosphere – plant juices – ice plant – culturable RMO 

– diazotrophs 
 



5 
 

 

DEDICATION 
 

 

I dedicate this work to whom my heart felt 

thanks; to my husband  Tarek and my daughter Laila  

for their patience and help, as well as to my father, 

mother and sisters for all the support they lovely 

offered along the period of my post graduation. 

 

 

 

 

 

 

 

 



6 
 

ACKNOWLEDGEMENT 

I wish to convey my sincere thanks, deepest gratitude and 

appreciation to Dr. Mohamed Monib and Dr. Nabil Ibrahim 

Hegazi Professors of Microbiology, Faculty of Agriculture, Cairo 

University for supervision, continued assistance and their 

guidance through the course of study and writing of the 

manuscript.  

A warm word of gratitude goes to Dr. Mohamed Fayez, 

Professors of Microbiology, Faculty of Agriculture, Cairo 

University for his help and support.  

Sincere thanks to Dr. Waffaa Ameer, Professor of Botany, 

Faculty of Science, Cairo University for her help and support in 

the classification of plants used in the study. 

A warm word of gratitude goes to Dr. Gehan Josef for her 

help and support in the chemical analysis of the plant juice. 

Sincere thanks to Dr. Mervet Abd El Ghaffare and my colleagues 

at Environmental Studies and Research Unit (ESRU), Faculty of 

Agriculture, Cairo University, Giza, Egypt.  

 

 



I 
 

CONTENTS 
 

Page 
INTRODUCTION…..........……..........……..........……… 1 
REVIEW OF LITERATURE...............................……… 3 

1.  The rhizosphere ………...……..…...…..................... 4 
2.  The root products classification ………………… 5 
3.  Root exudation and rhizosphere biology ……… 7 

a.  Root-rhizosphere communication ………… 7 
b. Root-root communication…………………… 7 
c. Root-Microbe communication……………… 9 

 4.  Effect of plant roots on the composition of 
microbial communities in the rhizosphere soil…… 12 

5. Unculturable bacterial form……………………… 16 
a. The history of uncultivibility………….............. 16 
b. Detection of unculturable bacteria ……………. 16 
c. Factors responsible for bacterial uncultivability. 17 
d. Methods for studding unculturable bacteria…… 18 

1. Cultivation – dependent techniques ….. 18 
2. Cultivation – independent techniques… 19 
3. Denaturing gradient gel electrophoresis 

(DGGE)……………………………….. 20 
e. Viable but non-culturable (VBNC) form……… 21 

1. The VBNC hypothesis………………… 21 
2. Microorganisms inter this state…….... 22 
3. The importance of studying VBNC…… 22 
4. The most studied example of VBNC…. 24 
5. The role of the VBNC………………… 25 

3MATERIALS AND METHODS…………………........…. 26 
1. Tested plants……………………………………. 26 
2. Preparation of plant juices, and related culture 

media (PJCM)…………………………………… 28 
3. Tested diazotrophs ……………………………… 28 
4. The use of ice plant juice to prepare RMO solid 

culture medium………………………………… 28 



II 
 

5. The use of ice plant juice to prepare liquid 
culture media for biomass production of RMO 
(diazotrophs)…………………………………… 29 

6. The use of ice plant juice to prepare solid 
culture medium for plating and cfu counting of 
RMO on roots of various host plants…………… 30 

7. The use of homologous and heterologous plant 
juices for culture media preparation and 
quantification of RMO populations on roots of 
host plants……………………………………… 31 

8. Reference media………………………………… 31 
9. Statistical analysis………………………………... 32 

RESULTS………………………………………………..... 33 
1. The use of ice plant juice to prepare RMO solid 

culture medium………………………………… 33 
2. The use of ice plant juice to prepare liquid 

culture media for biomass production of RMO 
(diazotrophs)…………………………………… 36 

3. The use of ice plant juice to prepare solid 
culture medium for plating and cfu counting of 
RMO on roots of various host plants………… 44 

4. The use of homologous and heterologous plant 
juices for culture media preparation and 
quantification of RMO populations on roots of 
host plants………………………………………. 46 

  DISCUSSION……………....………….................................... 56 
SUMMARY…………….…………………………..………… 61 
REFERENCES.…………………………..………...……… 65 
ARABIC SUMMARY ………...….........…………………  

 
 
 
 
 
 
 

 



III 
 

LIST OF TABLES 
 

Page Title No. 

26 Plants used to obtain juices………………………………... 1. 

27 Chemical analysis of tested plant juices…………………. 2. 

27 Amino acids contents in the crude juice of M. crystallinum. 3. 

28 Strains of tested associative diazotrophs…………………... 4. 

37 Doubling times of tested strains…………………………… 5. 

44 ANOVA one way interaction of tasted plants……………... 6. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IV 
 

LIST OF FIGURES 
 

Page Title No. 
 
 
 

33 

Count of A. brasilense (CFU) on agar plates of  plant juice 
culture media, prepared from successive dilutions (1:1 up to 
1:50) of ice plant juice, compared to the recommended CCM 
medium…………………………………………………….. 
 

1. 

 
34 

Colony morphology of A. brasilense on both plant juice 
(PJCM) and recommended CCM agar media……………… 
 

2. 

 
 
 

34 

Count of E. agglomerans (CFU) on agar plates of  plant 
juice culture media, prepared from successive dilutions (1:1 
up to 1:50) of ice plant juice, compared to the recommended 
CCM medium........................................................................ 
 

3. 

 
35 

Colony morphology of E. agglomerans on both plant juice 
(PJCM) and recommended CCM agar media……………… 
 

4. 

 
 
 

35 

Count of K. pneuominae (CFU) on agar plates of  plant juice 
culture media, prepared from successive dilutions (1:1 up to 
1:50) of ice plant juice, compared to the recommended CCM 
medium................................................................................... 
 

5. 

 
36 

Colony morphology of K. pneuominae on both plant juice 
(PJCM) and recommended CCM agar media………………... 
 

6. 

 
 
 
 
 

38 

Growth performance of K. pneumoniae grown in batch 
cultures prepared from successive dilutions of ice plant juice, 
and plated on ice plant juice (1:40) agar medium. Inserted 
with each growth curve the ice plant juice dilution of the 
prepared liquid batch culture (crude juice, and dilutions 1:10, 
1:20, 1:30, 1:40, 1:50) and doubling time (dt)………………. 
 

7. 



V 
 

 
 
 
 
 
 

39 

Growth performance of K. pneumoniae grown in batch 
cultures     prepared from successive dilutions of ice plant 
juice, and plated on CCM agar medium. Inserted with each 
growth curve the ice plant juice dilution of the prepared 
liquid batch culture (crude juice, and dilutions 1:10, 1:20, 
1:30, 1:40, 1:50) and doubling time (dt)……………………... 
 

8. 

 
 
 
 
 

40 

Growth performance of E. agglomerans grown in batch 
cultures prepared from successive dilutions of ice plant juice, 
and plated on ice plant juice (1:40) agar medium. Inserted 
with each growth curve the ice plant juice dilution of the 
prepared liquid batch culture (crude juice, and dilutions 1:10, 
1:20, 1:30, 1:40, 1:50) and doubling time (dt)………………. 
 

9. 

 
 
 
 
 

41 

Growth performance of E. agglomerans grown in batch 
cultures     prepared from successive dilutions of ice plant 
juice, and plated on CCM agar medium. Inserted with each 
growth curve the ice plant juice dilution of the prepared 
liquid batch culture (crude juice, and dilutions 1:10, 1:20, 
1:30, 1:40, 1:50) and doubling time (dt)……………………... 
 

10. 

 
 
 
 
 

42 

Growth performance of A. brasilense grown in batch cultures 
prepared from successive dilutions of ice plant juice, and 
plated on ice plant juice (1:40) agar medium. Inserted with 
each growth curve the ice plant juice dilution of the prepared 
liquid batch culture (crude juice, and dilutions 1:10, 1:20, 
1:30, 1:40, 1:50) and doubling time (dt)……………………. 
 

11. 

 
 
 
 
 

43 

Growth performance of A. brasilense grown in batch cultures     
prepared from successive dilutions of ice plant juice, and 
plated on CCM agar medium. Inserted with each growth 
curve the ice plant juice dilution of the prepared liquid batch 
culture (crude juice, and dilutions 1:10, 1:20, 1:30, 1:40, 
1:50) and doubling time (dt)…………………………………. 
 

12. 

 Two-way interactions among RMO in root spheres (free-soil,    13. 



VI 
 

 
 

45 

ecto-rhizosphe, and endo-rhizosphe) of tested host plants and 
culture media (nutrient agar, soil extract agar, CCM and ice 
plant juice culture medium). (L.S.D at 0.05 = 0.09)…………. 
 

 
 
 

47 

Ranked RMO populations in various spheres (ecto-, endo- 
and free soil) of tested host plants developed on agar plates of 
reference media(soil extract, SE; nutrient agar, NA; CCM) 
compared to ice plant  juice culture medium (PJCM)………... 
 

14. 

 
 
 
 

48 

Ranked RMO populations of tested host plants developed on 
their homologous plant juices, as affected by the dilution of 
the plant juice (crude as such, 3 or diluted 1:10, 4; 1:20, 5; 
1:30, 6; 1:40, 7), and reference culture media (nutrient agar, 
1; soil extract agar, 2)………………………………………… 
 

15. 

 
 
 
 

49 

Ranked RMO populations of tested host plants developed on 
their homo- and heterologous plant juices, as affected by the 
plant juice dilution (crude or diluted 1:10, 1:20, 1:30 and 
1:40), M. crystalinum (3, 4,5, 6, 7), C. edulis (10, 11, 12, 13, 
14), T. alexandrinum (17, 18, 19, 20, 21) and Z. album (24, 
25, 26, 27, 28) respectively and reference culture media (NA, 
1, 8, 15, 22; SE, 2, 9, 16, 23). 
 

16. 

 
 
 
 

51 

Ranked RMO populations of ecto-rhizosphere, endo-
rhizosphere and free soil developed on plant juices, as 
affected by the plant juice dilution, (crude 3, 10, 17; or 
diluted 1:10, 4, 11, 18; 1:20, 5, 12, 19; 1:30, 6, 13, 20; 1:40, 
7, 14, 21 ) respectively and reference culture media (nutrient 
agar, 1,8,15; soil extract agar , 2,9,16). 
 

17. 

 
 

52 

RMO populations of tested host plants developed on various 
culture media, as affected by the tested host plant (two-ways 
interaction). …………………………………………………. 
 

18. 

 
 

RMO populations of tested host plants developed on various 
culture media, as affected by the root sphere (two-ways 

19. 



VII 
 

53 interaction). ………………………………………………….. 
 

 
 

55 

RMO populations of tested host plants developed on various 
culture media, as affected by tested plants, root spheres and 
culture media (three-ways interaction)………………………. 

20. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





1 
 

INTRODUCTION 

  From the microbiological perspective, the rhizosphere is a cross 

road and a market place (Hawkes et al., 2007) where microorganisms 

are actively involved with roots and soil. Concomitantly is the 

formation of  both sources and sinks of diverse range of compounds, 

and the mediation of large fluxes of solution and gas-phase nutrient 

(and non-nutrient) compounds (Benlap et al., 2003). Realistically, plant 

roots do grow into and through an extraordinary array of indigenous 

soil microorganisms. The phylogenetic and functional characteristics of 

the associated microbial community develop in concert with the plant 

root, and as well framed by the background and bulk soil community. 

Actually, this did direct the ever-going efforts to formulate culture 

media recommended for culturing rhizospheric microorganisms 

(RMO). An example is the nutrient agar-based formulas (Jensen, 1962) 

and the development of the soil extract agar culture medium (Parkinson 

et al., 1971). 

In fact, the development of new methods for studying the 

compositional and functional characteristics of rhizosphere is a real 

challenge for all of us. The recent development and popularity of 

molecular techniques to identify soil organisms has allowed us to move 

beyond the small subset of culturable soil organisms, less than 10% 

(Finlay, 2006). It is increasingly common to characterize complex 

microbial communities genotypically using the small subunit 16S 

rDNA or 16S rRNA. Such DNA-based characterization of rhizosphere 

microbial communities do increase our understanding of these 

communities and their controllers (Hawkes et al., 2007).  


