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(0,25 m!;!l). Thes.: cll1i were' Ib...:n t,',kd Jt 0, 20, 40, 
80, 10 and 20n p?l glyrho,:-.re trl'J.trm:nt on EPM medium 
containing AB.\ 2.5 Ill,,:i!. Sml1atic embryos formed 
within two weeks J.ftcr calli, were transferred to formation 
EPM containing WO IlM, and 200 1ll\1 glyphosate. How
ever on those control explants cultured on medium with 
ABA alone and without glyphosate, embryos appeared 
only after three weeks. The number of embryos produced 
per explant was highest in 200 pM and least in 20 pM 
glyphosate (Table 1). The lower levels of glyphosate 
(20, 40 and 80 pM) had an inhibitory effect on embryo 
initiation and development; this result is difficult to 
explain and may be due to the interaction of ABA with 
glyphosate up to 80 pM. Somatic embryos formed in 
medium containing higher concentrations of glyphosate 
(100 and 200 pl\O clearly appeared desiccated. The 
epidermal layer of the leaf appeared peeled off, and the 
embryos arose from the sub-epidermal layer of the leaf. 
The epidermal layer in the control explants may hinder 
the somatic embryo development and the corrosion of 
such layers by glyphosate treatment has perhaps facili
tated easier protrusion of somatic embryos. The 
torpedo-stage embryos differentiated faster in the 
glyphosate-treated calli, and this was in contrast to the 
control where most embryos ge[lIlinated pre- cociously. 
Such precocious germination hinders the full utilization 
of somatic embryos in many crop plants5

• In our study, 
glyphosate at both 100 ~ and 200 11M effectively con
trolled the precocious germination. Although embryos 
obtained from 100 11M as well as 20011M glyphosate 
treatments appeared normal, those from 200 11M treatment 
showed the highest percentage of germination and grew 
more vigorously. Somatic embryos derived from 
glyphosate treatments of 100 11M and 20011M also ex
hibited a higher conversion rate ex vitro to normal 
plantlets (Table 1). 

The presence of 2,4-0, BAP and ABA in the medium 
was essential to somatic embryogenesis and development. 
When various concentrations of glyphosate were included 
in the CPM, but 2,4-0 and BAP were not included, 
callus formation was not observed in the sweetpotato 
explants. Such explants also did not produce any somatic 
embryos when subsequently transferred on to EPM. 
Further, the use of glyphosate alone (without ABA) in 
EPM did not result in embryo production on explants 
cultured on CPM with 2,4-D and BAP. Thus, glyphosate 
by itself may not aid either in the initiation or the 
subsequent development of som,ltic embryos, but appears 
to act in conjunction with ABA in enhancing the number 
and quality of somatic embryos in sweetpotato. 
Glyphosate inhibits the activity of 5-enolpyruvyl shikimic 
acid-3-phosphate (EPSP) synthase, a key enzyme of 
shikimic acid pathway. However, there are m,my other 
effects of glyphosate on plant metabolism9

• Glyphosate 
is known to r,lpidly decrease the levels of IAA and 
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inhibits IAA transpore". While auxin is required for the 
initiation of somatic embryos, it is often detrimental to 
further histodifferentiation II. Thus glyphosate may have 
facilitated somatic embryo development by depleting the 
auxin reserves in the embryos. It is also possible that 
glyphosate may have simply facilitated the developmental 
arrest of somatic embryos by promoting desiccation via 
synergistic interaction with ABA. Glyphosate may have 
also enhanced the embryo development through its dis
ruption of epidermal layer so that embryos arising from 
sub-epidermal layers would develop without any physical 
interference. Further studies are needed to identify the 
mechanisms by which glyphosate improves the somatic 
embryo production in sweetpotato. 

I. Zheng, Q., Porobo Dessai, A. and Prakash, C. S., Plant Cell Rep., 
1996, 15, 381-385. 

2. Prakash, C. S., Biotechno/. Dev. Monitor, 1994, 18, 18-22. 
3. Finkelstein, R. R. and Crouch, M. L., Planta, 1984, 162, 125-131. 
4. Gray, D. J., Hemic. Sci" 1987,22,810-812. 
5. Lee, C. W. and Thomas, 1. C., Horrie. Sci., 1985, 20, 267. 
6. Carman, 1. G., In Vitro Cell Dev. Bio/. Plane, t990, 26, 746-753. 
7. Ammirato, P. Y., Evans, D. A., Sharp, W .R. and Yamada, Y, 

Handbook of Plant Cell Cultllre, Macmillan Publishing Co., New 
York, 1984. 

8. Murashige, T. and Skoog, P., Physiol. Pla/ll, 1962, 15, 473-497. 
9. Duke, S. 0., Glypho,mte ill Herbicides: Chemistry, ReKulatioll alld 

Mode of Action (eds Kearney, P. C. and Kaufman, D. D.), Academic 
Press, New York, 1987, pp. 2-71. 

10. Lee, T. T., J. Plant Growth Regulators, 1982, I, 37-38. 
II. Merkle, S. A., Parrot, W. A. and Ainn, B. S., In Vitro Embryogenesis 

in Plants (ed. Thorpe, T. T.), Kluwer Academic Publishers, 
Dordrecht, The Netherlands, 1995, pp. 173-203 

ACKNOWLEDGEMENTS. We thank Dr Marceline Egnin for her 
assistance during the study.PHRG was initially supported by a fellowship 
from UNESCO/BAC. Research supported by USDA/CSREES and 
NASA is gratefully acknowledged. 

Received 10 March 1998; revised accepted 30 June 1998 

Soil enzymes in the mangroves: 
Activities and their relation to 
relevant soil properties 

R. Dinesh, B. R. Shome, Rajeshwari Shome and 
A. K. Bandyopadhyay 
Central Agricultural Research Institute, Indian Council of Agricultural 
Research, P.B. No. 18t, POlt Blair 744 101, India 

We report here some basic but significant observations 
on enzyme activities in soils of a few prominent 
mangroves in South Andamans. In the present study, 
soil enzymes important in nutrient cycling were 
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