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vation of Röst4 that air canals per unit area in the central 
part of the blades is the only reliable structural character 
for identification of cytotypes in Acorus. A remarkable 
feature of early autumn senescence and late spring 
growth was found in all the three accessions with low  
β-asarone contents irrespective of their ploidy levels, as 
compared to other accessions with high β-asarone con-
tents growing under identical conditions at our campus.  
 In conclusion, most of the accessions from Indian sub-
continent were predominantly triploids with very high  
β-asarone contents and not tetraploids as reported earlier. 
Only one triploid accession was found to be with low  
β-asarone content. Two diploids were also detected with 
very low β-asarone contents from temperate western  
Himalayas. All the low β-asarone accessions were col-
lected from western Himalayas and appear to be more 
akin to European A. calamus with respect to β-asarone 
contents. Amongst the phenotypic characters, lower SLW 
values and quicker senescence and late emergence in a 
population may help in preliminary quick screening of 
accessions for low β-asarone contents. 
 
 

1. Motley, T. J., The ethnobotany of sweet flag, Acorus calamus 
(Araceae). Econ. Bot., 1994, 48, 397–412. 

2. Singh, C., Jamwal, U. and Singh, P., Acorus calamus (sweet flag): 
an overview of oil composition, biological activity and usage. J. 
Med. Aromat. Plant Sci., 2001, 23, 687–708.  

3. Bertea, M. C., Azzolin, M. M. C., Bossi, S., Doglea, G. and Maf-
fei, M. E., Identification of an EcoRI restriction site for a rapid 
and precise determination of β-asarone-free Acorus calamus cyto-
types. Phytochemistry, 2005, 66, 507–514. 

4. Röst, L. C. M., Biosystematic investigations with Acorus. 4. 
Communication. A synthetic approach to the classification of the 
genus. Planta Med., 1979, 27, 289–307.  

5. Ramachandran, K., Cytological studies on South Indian Araceae. 
Cytologia, 1978, 43, 289–303. 

6. Darlington, C. D. and Wylie, A. P., Chromosome Atlas of Flower-
ing Plants, George Allen and Unwin Ltd., London, 1955. 

7. Löve, A. and Löve, D., Studies in the flora of Thailand. Dansk. 
Bot. Ark., 1961, 27, 39–59. 

8. Janaki Ammal, E. K., Sobti, S. N. and Handa, K. L., The interrela-
tionship between polyploidy, altitude and chemical composition in 
Acorus calamus. Curr. Sci., 1964, 33, 500.  

9. Larsen, K., Cytology of vascular plants III. A study of Thai  
Aroides. Dansk. Bot. Ark., 1969, 27, 39–59.  

10. Krabulcova, A., Chromosome numbers in selected monocotyle-
dons (Czech Republic, Hungary, and Slovakia). Preslia Praha, 
2003, 75, 97–113.  

11. Mazza, G., Gas chromatographic and mass spectrometric studies 
of the constituents of the rhizome of calamus. I. the volatile  
constituents of the essential oil. J. Chromatogr., 1985, 328, 179–
194.  

12. Menghini, A., Pocceschi, N., Venanzi, G. and Tomaselli Paladini, 
B., Effect of nitrogen fertilization on photosynthesis rate, nitro-
genous metabolites and α- and β-asarone accumulation in triploid 
Acorus calamus L. leaves. Flav. Fragr. J., 1998, 13, 319–323. 

13. Raina, V. K., Srivastava, S. K. and Syamasunder, K. V., Essential 
oil composition of Acorus calamus L. from the lower region of the 
Himalayas. Flav. Fragr. J., 2003, 18, 18–20. 

14. Röst, L. C. M. and Bos, R., Biosystematic investigations with 
Acorus. 3. Communication. Constituents of essential oils. Planta 
Med., 1979, 26, 350–361.  

15. Todorova, M. N. and Ognyanov, I. V., Chemical composition of 
essential oil from Mongolian Acorus calamus L. rhizomes. J.  
Essent. Oil Res., 1995, 7, 191–193.  

16. Dubelis, L. N., Magic and Medicine of Plants, The Reader’s  
Digest Association Inc, Pleasant Ville, NY, 1986. 

17. Furia, T. E. and Bellance, N., Fenaroli’s Handbook of Flavor  
Ingredients, CRC Press, Cleveland, 1971, 2nd edn. 

18. Lander, V. and Schreier, P., Acorenone and γ-asarone: indicators 
of the origin of calamus oils (Acorus calamus L.). Flav. Fragr. J., 
1990, 5, 75–79.  

19. Duke, J. A. and Ayensu, E. S., Medicinal Plants of China, Refer-
ence Publication Inc., CRC Press, Cleveland, 1985. 

20. Sharma, A. K. and Sharma, A., Plant Chromosomes: Analysis, 
Manipulation and Engineering, Hardwood Academic Publishers, 
The Netherlands, 1999, p. 371. 

21. Sinha, A. K., Process for the preparation of 1-propy1-2,4,5-
trimethoxybenzene from toxic β-asarone (US Patent no. 6525041). 
2003. 

22. Chiariello, N. R., Mooney, H. A. and Williams, K., Growth, car-
bon allocation and cost of plant tissues. In Plant Physiological 
Ecology. Field Methods and Instrumentation (eds Pearcy, R. W., 
Ehlenger, J., Mooney, H. A. and Rundel, P. W.), Chapman & Hall, 
New York, 1989, pp. 327–366. 

23. Keller, K. and Stahl, E., Zusammensetzung des atherischen Oles 
von asaronfreien Kalamus. Planta Med., 1983, 47, 71–74. 

 
ACKNOWLEDGEMENTS. The financial assistance from Depart-
ment of Biotechnology, Govt of India is gratefully acknowledged.  
 
Received 11 February 2009; revised accepted 22 September 2009 

 
 
 
Mature coconut as a bio-fermentor  
for multiplication of plant growth  
promoting rhizobacteria  
 
K. N. Anith  
Department of Agricultural Microbiology,  
College of Agriculture, Kerala Agricultural University,  
Vellayani, Thiruvananthapuram 695 522, India 
 
A cheap and farmer-friendly multiplication method 
for plant growth promoting rhizobacteria (PGPR) in 
mature coconut is described here. Uncontaminated 
coconut water naturally available within the coconut 
was used as medium for multiplication of two PGPR 
strains, Pseudomonas sp. PN026R and Bacillus pumilus 
SE34. Bacterial strains were separately innoculated in 
aseptically collected coconut water as well as coconut 
water in mature intact coconut and the growth  
pattern was studied. Growth of PGPR strains with  
coconut water as a sole nutrient source was compara-
ble to that in conventional liquid medium. Both the 
strains multiplied in the coconut water to the tune of 
108 cfu ml–1 within a period of 24 h. The bacterial 
strains developed mucoidal colonies on coconut water 
agar medium as a result of increased polysaccharide 
production. Seed colonization and plant growth pro-
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motion in tomato was more when cultures grown in 
coconut water were used for seed treatment. Treat-
ment with bacterial cultures grown in coconut water 
improved root initiation and increased the number of 
roots of black pepper cuttings in the nursery both un-
der sterile and non-sterile soil conditions.  
 
Keywords: Black pepper, coconut water, colonization, 
mature coconut, plant growth promoting rhizobacteria, 
rooting. 
 
PLANT growth promoting rhizobacteria (PGPR) are 
rhizosphere bacteria that exert a positive influence on the 
plant growth especially under stress conditions1. They 
can influence plant growth directly either by providing 
specific compounds that help plant growth or by facilitat-
ing uptake of nutrients from the soil, and indirectly by 
suppressing the phytopathogenic organisms in the rhizo-
sphere2. The interaction between rhizobacteria and the 
plant host depends on the intimate association between 
the two partners brought about by ‘effective’ root coloni-
zation. Root colonization by the rhizobacteria is an impor-
tant aspect that determines the efficacy of plant growth 
promotion, pathogen suppression and disease control3. 
PGPR usually colonize the rhizosphere around the roots, 
the rhizoplane, i.e. the root surface and often within the 
roots as well. The root colonization efficiency is deter-
mined by several factors and the medium in which the 
bacteria are grown prior to crop application is also one of 
the important determinants3,4.  
 Search for cheap and locally available materials for 
bacterial cultivation and as carriers for formulations has 
resulted in use of several naturally occurring plant deri-
ved organic substrates. Coconut water (CW) present in 
the intact coconut is free from any microbial contamina-
tion and is highly nutritious, rich in many amino acids, 
vitamins and minerals5. CW is a rich source of nutrients 
for the multiplication of microbial agents also6–8. It has 
been shown that CW also acts as a good nutritional  
supplement in many of the bacteriological media9,10.  
A cheap and ecofriendly method for multiplication of  
the mosquitocidal agent, Bacillus thuringiensis var.  
israelenis within mature coconut for releasing into the 
breeding sites of mosquitoes has also been reported11. 
CW also has plant growth promoting ability and is  
routinely used as a supplement in plant tissue culture  
media12. It is traditional knowledge among the farmers, 
that dipping the cut ends of black pepper cuttings in ten-
der CW, prior to planting, improves rooting and growth 
of the plantlets in the nursery. Scientific information is 
also available on the ability of CW to promote rooting in 
black pepper cuttings13. 
 A simple method for multiplication of PGPR in CW 
and within mature coconut is described here. This method 
is expected to help farmers easily multiply PGPR, for  
usage in nurseries of transplanted and vegetatively pro-
pagated crops.  

 Plant growth promoting rhizobacterial strains Pseudo-
monas sp. strain PN026R and Bacillus pumilus strain 
SE34 were obtained from the Department of Agricultural 
Microbiology, College of Agriculture, Vellayani and  
Auburn University, Alabama, USA respectively. Pseudo-
monas and Bacillus strains were grown on King’s medium 
B (KB) and nutrient agar (NA), respectively, at 28°C.  
 As an initial step to exploit the potential of CW as a 
medium for multiplication of the PGPR strains, the abi-
lity of the bacterial strains to use CW as a sole source of 
nutrients was assessed. Ten-month-old mature coconut 
was de-husked and the eye of the coconut bearing the 
embryo was surface sterilized with 70% alcohol. The eye 
of the coconut was cut open and the embryo removed 
with the help of a sterile blade. CW was then aseptically 
collected and transferred to a sterile conical flask with the 
help of a sterile 20 ml syringe fitted with an 18 gauge 
needle by inserting it through the opened eye of the coco-
nut in a laminar air flow chamber. Twenty ml of the CW 
was further filter sterilized with a 0.2 μ disposable  
syringe filter and collected in a 100 ml sterile conical 
flask. A single colony of the bacterial culture was sus-
pended in 1 ml of sterile distilled water and 100 μl of the 
suspension transferred to the CW and incubated without 
shaking at 28°C for 24–48 h in an incubator. Samples 
were drawn at regular time intervals and the population 
of the Pseudomonas and Bacillus strains was monitored 
using viable plate counts on KB and nutrient agar plates 
respectively.  
 For assessing the ability of the bacterial strains to mul-
tiply within coconut, the embryo from the eye of the  
coconut was removed, as described above, in a laminar 
flow chamber. A single colony of the bacterial culture 
was suspended in 1 ml of sterile distilled water and 
100 μl of the suspension was injected into the coconut 
with the help of a sterile syringe. The opened eye of the 
coconut was covered with a band of sterile cotton. Sam-
ples from the coconut were drawn with the help of a ster-
ile syringe at regular intervals and the population of the 
bacteria was monitored by viable plate counts. In both the 
above cases, Pseudomonas strain incubated in KB broth 
and Bacillus strain in nutrient broth served as control. 
 To understand the colony morphology and growth pat-
tern of the PGPR strains on solid medium, when grown 
with only coconut water as a nutrient source, both the 
strains were grown on coconut water agar (CWA) plates. 
Plain agar (20 ml) with double the agar concentration 
(agar @ 30 g/l) in 100 ml conical flasks was prepared 
with double distilled water as the base and sterilized by 
autoclaving. 20 ml of filter sterilized coconut water col-
lected aseptically as described above was added to the 
sterile molten plain agar and poured into plates. Bacterial  
cultures were streaked on the plates, incubated at 28°C 
and observations were made on the colony morphology  
and growth characteristics. Growth characters were  
compared with bacterial cultures grown on KB agar and  
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nutrient agar plates, respectively, for the Pseudomonas 
and Bacillus strains. 
 As the medium for multiplication of the PGPR cultures 
has a direct effect on the colonization ability, cultures 
grown in CW were compared for the ability to colonize 
tomato with that grown in KB broth for the Pseudomonas 
and nutrient broth for Bacillus. Seeds of tomato variety 
‘Shakthi’ were surface sterilized with 1% sodium hypo-
chlorite for 3 min and washed in sterile distilled water 
twice in a laminar air flow chamber. Seeds were spread 
on sterile tissue paper to drain the excess water. The sur-
face sterilized seeds were then separately soaked in Pseu-
domonas culture grown in CW and KB broth and Bacillus 
grown in CW and NB for 30 min. The population density 
in the bacterial cultures was adjusted to equality by spec-
trophotometrically determining the turbidity and by dilut-
ing the suspension with the corresponding sterile liquid 
medium14. The treated seeds were kept in sterile petri 
plates at room temperature. The population of bacteria on 
the seeds was determined 30 min and 24 h after the seed 
treatment by serial dilution and dilution plating in KB 
agar and nutrient agar, respectively, for the Pseudomonas 
and Bacillus strains. Four independent observations were 
made in each treatment and the population was expressed 
as cfu/seed and cfu/g of the seed. 
 Plant growth promoting ability of the bacterial cultures 
grown in different media was assessed under glass-house 
experimental condition. Bacterial strains were grown in 
conventional broth as well as coconut water within  
mature de-husked coconuts. Innoculation of the bacteria 
into coconut was done as described earlier. Seeds of the 
tomato variety Shakthi were surface sterilized and soaked 
in bacterial culture for 30 min after adjusting the popula-
tion density of the suspension as described. Soaking 
seeds in coconut water without innoculation of the bacte-
rial cultures and sterile distilled water served as controls. 
Seeds were then sown in sterile sand-soil (1 : 1) mixture 
taken in plastic trays of dimension 18 × 16 × 5 cm. The 
planting medium was sterilized by autoclaving at 121°C 
for 20 min for three consecutive days. Sixty seeds were 
planted in each tray and four replications having four 
trays each were kept in a glass house. After emergence, 
the plant population was thinned to 30 seedlings per tray. 
The plants were watered regularly with sterile water. No 
external application of chemical fertilizers was done.  
After 21 days of planting, the seedlings were uprooted 
carefully, washed under running tap water and biometric 
observations were taken.  
 Coconut water is an essential component in many of 
the tissue culture media as it provides several growth fac-
tors and enhances plant growth. With the knowledge that 
it also has some root initiation property in black pepper 
cuttings, the effect of CW and PGPR strains that were 
grown in CW on the rooting of black pepper was tested 
both under sterile and non-sterile soil conditions in a glass 
house. The PGPR strains, Pseudomonas sp. PN026R and 

B. pumilus SE34 tested in this experiment also had better 
root initiating ability in black pepper (data unpublished). 
Same treatments as in the growth promotion experiment 
with tomato were imposed in the rooting experiment with 
black pepper also. Disease free three-node cuttings of 
black pepper cv. Karimunda selected from the gardens of 
College of Agriculture, Vellayani, were surface sterilized 
with 0.1% sodium hypochlorite solution for 3 min, rinsed 
with sterile water twice and used for planting. Before 
planting, the basal 5 cm cut-end portion of the planting 
material was dipped for 30 min separately in bacterial 
suspension grown in the conventional medium and in CW 
within coconut. The population density of the bacterial 
cells in the suspension was adjusted to the same level  
before dipping the cuttings. Control treatments received 
dip in freshly collected sterile coconut water or sterile 
distilled water for the same period. Planting medium con-
sisted of sand and soil in the ratio of 1 : 1. Experiments 
were performed both in sterile and non-sterile planting 
medium. Five hundred grams each of the potting mixture 
was filled in polythene bags of size 15 × 10 cm and five 
cuttings were planted in each bag. Four replications, each 
having 10 cuttings, were kept under glass house condi-
tions. The plants in sterile medium were watered with 
sterile distilled water and those in non-sterile soil with 
tap water regularly. No external application of chemical 
fertilizers was done. After 30 days of planting, the cut-
tings were uprooted and root growth measured.  
 Both the PGPR strains, Pseudomonas sp. PN026R  
and B. pumilus SE34 were found to multiply well in  
coconut water utilizing it as a sole source of nutrients. 
When they were grown in CW collected in conical flask 
as well as within intact coconut, the growth pattern was 
comparable to that in conventional liquid medium (Fig-
ures 1 and 2). The growth pattern of both the bacterial 
strains showed a similar trend. In CW, the maximum 
population was attained within a period of 24 h and then 
 
 

 
 
Figure 1. Multiplication and growth of Pseudomonas sp. PN026R in 
different media. KB, King’s Medium B; CW, Coconut water in flask. 
*Mean of four independent observations. 
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Table 1. Bacterial population on tomato seeds 

 cfu/seed* cfu/g of seeds* 
 

Source Initial population in the suspension (cfu/ml)* 30 min 24 h 30 min 24 h 
 

PN026R in KB 1 × 109 7.388 × 106 3.81 × 106 7.39 × 108 4.705 × 108 
PN026R in CW 0.95 × 109 3.68 × 108 6.737 × 106 1.369 × 109 7.234 × 108 
SE34 in NB 1.32 × 109 6.025 × 106 2.4 × 106 5.738 × 108 2.21 × 108 
SE34 in CW 1.28 × 109 1.265 × 107 8.7 × 106 1.29 × 109 8.5 × 108 

*Mean of four independent observations. KB, King’s B broth; NB, Nutrient broth; CW, Coconut water. 
 
 

 
 
Figure 2. Multiplication and growth of Bacillus pumilus SE34 in dif-
ferent media. NB, Nutrient broth; CW, Coconut water in flask. *Mean 
of four independent observations. 
 
 
it declined. However, with conventional liquid medium 
the growth continued and achieved a count of approxi-
mately 1010 cfu/ml at 48 h. The population of both the 
bacterial strains did not increase beyond 109 cfu/ml in the 
case of CW in flask and 108 cfu/ml in the case of CW 
within coconut. This could be due to a substantial change 
in pH of coconut water during the bacterial multiplica-
tion. The mean initial pH of coconut water before inocu-
lation was 5.5 and that after 24 h and 48 h of innoculation 
was 4.8 and 4.2 respectively. This acidic condition might 
have adversely affected further bacterial population build-
up. There are many reports about using coconut water as 
a medium for multiplication of bacteria as a sole source 
of nutrient and as a component6–10. In all such cases,  
CW was autoclaved and used. In the present study, either 
filter sterilized or uncontaminated CW that is naturally 
available within coconut in an unaltered form was used 
for multiplication of PGPR strains. This helps in preserv-
ing the integrity of any heat labile microbial/plant growth 
promoting constituents present in CW.  
 When the bacterial strains were grown on CWA, which 
actually had only half the strength of the naturally avail-
able CW, growth of both the bacterial strains was compa-
rable with that on the conventional solid media. The 
colony morphology of both the bacterial strains on CWA 
was different from that on the conventional medium with 

the colonies showing mucoidal appearance in CWA (Fig-
ure 3 a–d). Colonies of PN026R on CWA were mucoidal, 
round, raised and sticky whereas those on KB were 
round, flat and without mucoidal appearance. Colonies of 
SE34 on CWA were flat, spreading with mucoidal  
appearance and those on NA were small, well separated 
and having dry appearance. The presence of sucrose in 
CW must have favoured an increase in production of 
polysaccharides by the bacterial strains. The mucoidal  
nature of the colonies is supposed to have a positive  
influence on colonization. The seed and root colonization 
efficiency is highly influenced by the type and amount of 
bacterial polysaccharides15,16. 
 Assessment of the bacterial population on the treated 
tomato seeds showed that cells from the cultures grown in 
CW were present in more numbers on the seeds as com-
pared to those treated with cultures grown in conven-
tional broth, though the initial populations of the cultures 
used for the treatment were almost the same (Table 1). 
The mucoidal nature of the colonies must have helped in 
better adherence and agglutination of the cells to the seed 
surface. When the population present on seeds was analy-
sed, it was found that though there was a decline in popu-
lation for both the treatments over a period of time, those 
seeds receiving the cultures grown in CW had a higher 
bacterial population. The decline in population in the in 
vitro test could be attributed to insufficient environmental 
conditions for bacterial survival. The quantum of rhizo-
bacteria on the seeds or in the rhizosphere at the time of 
delivery highly influences the population dynamics of the 
same over the cropping period17–19. Such assessments are 
in progress in our laboratory at present. Initial obser-
vations showed that the population of Pseudomonas sp. 
PN026R on roots of the tomato seedlings was almost 10 
times more when the seeds were treated with cultures 
grown in CW compared to that treated with bacteria 
grown in KB medium (unpublished data).  
 It is postulated that for plant growth promotion and 
biocontrol to occur, there should be a minimum threshold 
number of bacterial cells to be present in the rhizo-
sphere17. In the present study, a high population of the 
PGPR strains on the tomato seeds at the time of seed 
treatment had positive effect on the growth promotional 
ability of the strains as evidenced in the plant growth 
promotion experiment under sterile soil conditions. Seed 
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Table 2. Plant growth parameters of tomato seedlings under sterile soil conditions 

Treatment Germination (%)* No. of leaves** Height (cm)** Fresh shoot weight (g)** Fresh root weight (g)** 
 

CW 64.98ab 3.7013a 8.1915ab 0.27888ab 0.019225b 
PN026R in CW 68.30ab 3.7363a 8.1825ab 0.27535ab 0.025725ab 
SE34 in CW 63.28ab 4.0463a 9.2250a 0.33973a 0.042250ab 
PN026R in KB 71.63a 3.5438a 8.0278ab 0.24755ab 0.036850ab 
SE34 in NB 42.98ab 3.6875a 7.8655ab 0.26000ab 0.036675ab 
Control 33.13b 3.7415a 6.9618b 0.22500b 0.025600ab 

*Mean of four replications having 60 seeds each. **Mean of four replication having 30 seedlings each. CW, Coconut water; KB, King’s B broth; 
NB, Nutrient broth. Figures followed by same letters in each column do not differ significantly according to Duncan’s multiple range test 
(P = 0.05). 
 

Table 3. Root initiation and growth in black pepper cuttings 

 Sterile soil Non-sterile soil 
 

  No. of roots/ Root length/  No. of roots/ Root length/ 
Treatment Rooting (%)* cutting* cutting (cm)* Rooting (%)* cutting* cutting (cm)* 
 

CW 66.6bcd 2.75cd 0.836cd 31.25d 2.43e 2.17ab 
PN026R in CW 54.5e 3.61bc 1.326abc 26.6e 3.00c 1.76b 
SE34 in CW 70.6abc 4.42a 1.88a 42.10c 5.656a 2.23a 
PN026R in KB 72.7ab 2.75cd 1.046bcd 52.63a 4.0b 2.15ab 
SE34 in NB 75.0a 3.375b 1.564ab 50.0ab 2.57cd 1.90ab 
Control 57.1e 2.25e 0.605d 31.25d 1.40f 1.95ab 

*Mean of four replications having 10 cuttings each. CW, Coconut water; KB, King’s B broth; NB, Nutrient broth. Figures followed by same letters 
in each column do not differ significantly according to Duncan’s multiple range test (P = 0.05). 
 
 
treatment with bacterial cultures, irrespective of the  
medium in which they were grown, improved the germi-
nation percentage of the seeds (Table 2). Treatment of 
seeds with PN026R grown in KB showed the maximum 
germination and the untreated control the minimum. 
There was no significant difference among the treatments 
with respect to the number of leaves produced by the 
seedlings as well as the fresh root weight. However there 
was statistically significant difference with respect to  
the height and fresh shoot weight of seedlings between 
the untreated control and seeds treated with SE34 grown 
in CW. Comparison of the treatments revealed that in all 
the cases, seeds treated with PGPR grown in CW had 
more growth promotional ability than those treated with 
bacteria grown in conventional media (Figure 3 e–m). Such 
a benefit was more pronounced in the case of the Bacillus 
strain SE34. The PGPR strain SE34 has been reported to 
have plant growth promoting ability in tomato14 as well 
as other crops20. Seed treatment with CW alone also  
improved plant growth which was comparable with that 
observed in other bacterial treatments. The combination 
of PGPR and CW as a one-step application method  
assumes importance as many of the PGPR are growth 
promoters as well as efficient biocontrol agents. Studies 
on efficiency of biocontrol as well as root colonization in 
such treatments are to be done to understand any further 
synergistic benefits of the application method. 
 Very little work has been done on plant growth promo-
tion and biological control of diseases in vegetatively 
propagated crops. Black pepper is mainly propagated by 

vegetative means using runner shoot cuttings. It is a regu-
lar practice of farmers in pepper growing tracts of Kerala 
to treat the planting material of black pepper with tender 
coconut water prior to planting in the nursery. Several 
personal accounts suggest that such a treatment improves 
the overall establishment of the plantlets. In the nursery, 
black pepper cuttings take a period of 30–45 days to  
develop proper root system. Treatment of basal end of the 
black pepper runner shoot cuttings for 24 h in 50% CW is 
reported to increase the root initiation and root system 
formation13. Several microbial agents also help in root 
initiation in vegetatively propagated crops21,22. The Pseu-
domonas sp. strain PN026R, an isolate from black pepper 
rhizosphere, is an efficient root growth promoting bacte-
rium as well as biocontrol agent against Phytophthora 
capsici, the causal agent of root rot of black pepper23,24. 
The synergistic effect of both CW and PGPR strains on 
rooting in black pepper could therefore be studied by 
combining them. Experimental results both under sterile 
and non-sterile soil conditions in the present study 
showed that PGPR strains when grown in CW had posi-
tive influence on the root formation in vegetatively 
propagated black pepper (Table 3, Figure 3 n and o). The 
number of roots per cutting and the mean root length per 
cutting were more in the case of planting material treated 
with bacterial suspension of SE34 grown in CW. In ster-
ile and non-sterile soil conditions, the number of roots 
per cutting was statistically significant in cuttings treated 
with SE34 grown in CW compared to all other  
treatments. A higher number of roots is expected to 
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Figure 3. a, Pseudomonas sp. PN026R on King’s B agar medium; b, Pseudomonas sp. PN026R on CWA medium; c, Bacillus 
pumilus SE34 on nutrient agar medium; d, Bacillus pumilus SE 34 on CWA medium; e, Growth of tomato plants treated with  
coconut water (1), PN026R in CW (2), SE34 in CW (3), PN026R in KB (4), SE34 in NB (5), untreated control (6); f, Growth of  
tomato plants treated with coconut water (1), PN026R in CW (2), SE34 in CW (3), PN026R in KB (4), SE34 in NB (5), untreated 
control (6); g, Growth of tomato plants treated with coconut water (1), PN026R in CW (2), PN026R in KB (3), untreated control 
(4); h, Growth of tomato plants treated with coconut water (1), SE34 in CW (2), SE34 in NB (3), untreated control (4); i, Pairwise 
comparison of growth of tomato plants. Coconut water (1) vs untreated control (2); j, Pairwise comparison of growth of tomato 
plants. PN026R in CW (1) vs untreated control (2); k, Pairwise comparison of growth of tomato plants. SE34 in CW (1) vs  
untreated control (2); l, Pairwise comparison of growth of tomato plants. PN026R in KB (1) vs untreated control (2); m, Pairwise 
comparison of growth of tomato plants. SE34 in NB (1) vs untreated control (2); n, Root initiation and growth in black pepper cut-
tings treated with coconut water (1), PN026R in CW (2), PN026R in KB (3), untreated control (4); o, Root initiation and growth in 
black pepper cuttings treated with coconut water (1), SE34 in CW (2), SE34 in NB (3), untreated control (4). 
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improve the establishment of the plants. Attachment of 
bacterial cells to the cuttings is an important aspect for 
establishment of rhizobacteria in black pepper as the root 
system development is very much delayed unlike seed 
propagated crops23. The high amount of polysaccharides 
produced when bacterial cells were grown in CW must 
have helped in better attachment of the bacterial cells to 
the cuttings. Population of bacterial cells on the deve-
loped roots and rhizosphere was more in the case of cut-
tings treated with bacterial cultures grown in CW than 
those grown in conventional liquid media, both in the 
case of PN026R and SE34 under sterile soil conditions 
(data not presented).  
 To test the feasibility of farmers carrying out this bac-
terial multiplication technique for seed treatment in the 
field, an improvized test was also performed. Instead of 
carrying out the innoculation in a laminar air flow chamber, 
the same was done in a room in front of a candle flame. 
De-husked coconut, after cutting open the eye of the co-
conut with a flame sterilized knife, was innoculated with 
the bacterial suspension stored in an injection vial with 
the help of a commercially available sterile disposable  
syringe. The innoculated coconut, after covering the 
pierced eye with a piece of cotton and adhesive tape, was 
then stored at room temperature for 24 h. Thereafter, 
samples from the coconut were drawn as mentioned ear-
lier and dilution plated on agar plates under laboratory 
conditions for assessing the extent of contamination with 
external bacteria. Five independent samplings each with 
the Pseudomonas and Bacillus strains showed little to 
negligible amount of contamination occurring within the  
innoculated coconut even when the innoculation was per-
formed under ordinary room conditions.  
 It is therefore proposed that farmers could carry out  
inoculation of mature coconut without contamination and 
multiply PGPR, if cultures are provided in stable liquid 
formulations in containers similar to injection vials, from 
which cell suspension could be drawn with a syringe with-
out exposing them to the external environment. The pro-
cedure also requires no sophisticated instruments and 
methods as there is avoidance of sterile glassware and the 
lengthy procedure of sterilization by autoclaving.  
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