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Mangrove forests in India, estimated in the past to be 1.4 million hectares, have declined to
0.35 million hectares (Untawale 1986), largely due to over-exploitation. Most of the
mangrove forests in India are in a state of degradation and their conservation and
restoration are matters of urgency.

Mangrove forests of Bhitarkanika, Orissa, in the Eastern part of India, constitute
approximately 130 km2 located within Bhitarkanika Wildlife Sanctuary. Heritiera fomes,
Amoora cucullata, Intsia bijuga and Pongamiapinnata are commonly found in Bhitarkanika.
While Heritiera fames is the dominant mangrove species seen in terrestrial areas constituting
the top canopy, P. pinnata (a mangrove associate) occurs both in terrestrial locations and
near creeks and channels. Amoora cucullata and /. bijuga are shrubby elements. Heritiera
fames and I. bijuga are timber species of economic value.

Mangroves are mostly viviparous in nature, i.e. seeds germinate within the ovary while
still attached to the tree. Therefore, seed is not available for storage and use as and when
needed. To overcome the problems of non-availability of propagules throughout the
year and also poor germination rate in some mangrove species, it is necessary to
undertake efforts to propagate mangroves by vegetative methods such as in the present
study using stem cuttings with auxins under mist for four mangrove (and associate)
species of Bhitarkanika, India.

The experiment was conducted in the nursery at the Bhitarkanika Wildlife Sanctuary
(20° 30' - 20° 50' N, 86° 30' - 87° 6' E). Stem cuttings, 2.0-2.5 cm diameter, were taken from
young lower branches of healthy and vigorous H. fames, A. cucullata, I. bijuga and P. pinnata
from selected plants of each species. Cuttings were 20 cm long with at least two nodes.
The leaves from the bottom node were removed and a basal cut was made just below the
node. The two leaves at the terminal node were trimmed by about 1/3 to reduce
transpiration. Cuttings were made during the cooler morning hours when the leaves were
turgid. These cuttings were then treated with auxins [indole-3-acetic acid (IAA), indole-3-
butyric acid (ISA) and a-napthylene acetic acid (NAA)] by the quick dip and prolonged
dip (12 h) methods, and commercial rooting powders, Rootex (No. 3) and Keradix by
smearing. The following 15 treatments each consisting of 20 cuttings were used: T-l
(control),T-2 (IAA, lOOppm; 12hdip),T-3 (IAA,500ppm;quickdip),T-4 (IAA, lOOOppm;
quick dip), T-5 (IAA, 2000 ppm; quick dip), T-6 (IBA, 100 ppm; 12 h dip), T-7 (IBA, 500
ppm; quick dip), T-8 (IBA, 1000 ppm; quick dip), T-9 (IBA, 2000 ppm; quick dip), T-10
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Table 1. Effect of auxins on sprouting and rooting response of Heritiera fomes, Amoora cucullata, Intsia bijugaand Pongamia pinnata

Heritiera fomes

Treatment

Control
IAA 100

500
1000
2000

IBA 100
500

1000
2000

NAA 100
500

1000
2000

Rootex
Keradix

Sprouting
(%)

60
70
70
80
30
80
90
30
60
80

100
80
90
90
90

Rooting
(%)

30
40
30
50
10
20
30
40
20
50
60
50
40
40
SO

Mean
root
No.

1.0
1.0
1.0
2.0
1.0
0
0
2.0
1.0
0
0
1.0
0
0
0

Mean
root
length
(cm)

1.8
3.2
3.8
3.5
3.2
3.5
4.0
5.5
5.8
4.2
4.0
3.6
4.0
2.5
3.0

Amoora cucullata

Sprouting
(%)

60
30
50
30
20
60
40
20
50
70
70
80
0
20
30

Rooung
(%)

0
0

20
10
0
0

20
0
0

10
20
20
0
0
0

Mean
root
No.

0
0
1.0
1.0
0
0
1.0
0
0
1
2
1
0
0
0

Mean
root

length
(cm)

0
0
0.7
0.8
0
0
0.3
0
0
0.8
1.5
1.2
0
0
0

Intsia bijuga

Sprouting
(%)

40
20
70
30
50
30
20
30
30
20
30
20
20
0
0

Rooung
(%)

0
0

20
20
10
0
0
0

20
0
0
0
0
0
0

Mean
root
No.

0
0
1
2
1
0
0
0
2
0
0
0
0
0
0

Mean
root

length
(cm)

0
0
0.6
1.4
1.5
0
0
0
1.6
0
0
0
0
0
0

Sprouting
(%)

90
100
90
80
90
90

100
90

100
100
70
80
90
90
90

Pongamia pinnata

Rooting
(%)

80
90
90
80
90
90

100
80

100
90
70
80
90
80
90

Mean
root
No.

08
10
12
10
09
09
10
12
14
15
12
16
10
09
10

Mean
root

length
(cm)

6.4
7.5
7.5
8.0
8.5
6.0
7.0
8.0
9.4
9.0
8.5
8.2
8.4
7.0
6.8

03

NO
NO

NO
NO

Oo
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(NAA, 100 ppm; 12 h dip), T-ll (NAA, 500 ppm; quick dip), T-12 ( NAA, 1000 ppm; quick
dip),T-13 (NAA, 2000 ppm; quick dip), T-l4 (Rootex; smear) and T-15 (Keradix; smear).

The treated cuttings were then stuck in plastic pouches containing river sand as
rooting medium and transferred to a mist chamber, a low-cost polyhouse (size 3.0-4.0 m X
1.5-2.5 m; ht. 2.0—2.5 m). Intermittent mist of fresh water was provided 4 times at 3 hourly
intervals during daytime with the help of a pneumatic sprayer. Humidity was maintained
at 85 ± 5% RH and maximum day and night temperatures were 32+20 and 24 ± 10 °C
respectively. The potted cuttings were examined every week for root initiation. The
cuttings were uprooted two and half months after planting and the rooting data recorded.
The rooted cuttings were transferred to pots containing a mixture of sand:soil:compost
(1:1:1) and maintained for further observations. The data presented in the table were
subjected to ANOVA after arc sin transformation.

Sprouting was observed in the cuttings of H. fomes and P. pinnata after one week but the
other two species, i.e. A. cucullata and /. bijuga, sprouted after two weeks. The cuttings
remained fresh and rooting took place after two and half months. Similar delayed rooting
of mangrove stem cuttings for about two months has been noticed in Avicennia species
(Keshava Reddy at al. 1994).

Pongamiapinnata showed a different rooting pattern from H. fomes, A. cucullata and
/. bijuga in which one or two strong and thickened roots, reddish-brown in colour,
emerged at the base and often showed branching; P. pinnata developed a cluster of
roots which were thin and long and emerged at the basal region (Figure 1). Table 1 shows
the different effects of auxins and commercial rooting powders on sprouting, rooting,
root number and mean root length of the cuttings.

The stem cuttings of all the four species exhibited significant variation (p <0.001,
ANOVA) in their sprouting; and rooting responses. But such variation under the effect of
different auxins and their concentrations was not significant except for the root length
(p<0.01, ANOVA). Among the four species, H.fome.sa.nd P. pinnata showed better sprouting
and rooting response than the other two species. Sprouting in H. fames was generally
above 60 %. But the rooting response was within 60% in which IAA100 ppm, 1000 ppm and
NAA 100 ppm, 500 ppm and 1000 ppm showed the best responses. Cuttings treated with
commercial rooting powders exhibited good sprouting and rooting responses. Between
the two rooting powders, Rootex induced higher rooting (40%) than Keradix (30%). In
H. fomes (and P. pinnata), rootingwas noticed even under control conditions (30%). Basak
et al. (1995) reported low rooting (up to 33%) of this species through application of IAA
and IBA mixtures at low concentration (1000 ppm) and higher rooting (39.9% and
85.8%) due to IBA and NAA mixture at 2500 ppm and 5000 ppm concentration levels
respectively. The present study reported successful rooting ability of H. fames under
mist at a much lower concentration (100 ppm) of growth regulators IAA, IBA, NAA as
well as under control condition and with commercial rooting powders. The two species,
A. cucullata and /. bijuga, showed low percentages of sprouting and rooting. Though
sprouting was between 20 and 80% for A. cucullata, and 20 and 70% for /. bijuga, rooting
response was well within 10 to 20% for both species. In A. cucullata the auxins IAA 500 ppm,
IBA 500 ppm, and NAA 500 ppm, 1000 ppm were found effective in inducing rooting,
whereas in /. bijuga IAA 500 ppm, 1000 ppm and IBA 2000 ppm were found to have better
inducing effect. Both commercial rooting powders showed no rooting ability for these
two species.
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Heritiera fomes Intsia bijuga

Amoora cucullata Pongamia pinnata

Figure 1. Rooting in stem cuttings of four mangrove (and associate) species

Stem cuttings of P. pinnata showed maximum sprouting and rooting ability amongst all.
Almost all growth regulators under all concentrations including control and commercial
rooting powders resulted in excellent sprouting and rooting response ranging between
70 and 100%. However, IBA 500 ppm and 2000 ppm were the most effective. Many roots,
thin and branched, arose at the base of the stem. In some cuttings, flowering was observed
after a few weeks of sprouting and rooting. It is interesting to note that in vegetative
propagation flowering of plants can be achieved within a short duration as the cuttings are
taken from mature parts of the plant. This indicates genetical and physiological aging of
clones following the pattern of the mother plants from which they are propagated.

Application of auxin has been shown to stimulate cambial activity resulting in mobilisation
of reserve food materials to the site of root initiation (Gurumurti et al. 1984). Natural and
synthetic auxins when applied to cuttings usually increase the development of already
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existing root primodia (Hassing 1974). Factors determining rooting in cuttings include
accumulation of sugars and auxin content which play a dominant role (Weaver 1972).

Among the various methods of propagation, rooting of branch or shoot cuttings is the
most convenient method (Hartman & Kester 1983). Forsuccesful multiplication of clones,
type of cutting, growth hormone, the time of the year when cuttings are taken, age of the
mother plant and several other factors play a significant role. Rao (1958) was the pioneer
in the Forest Research Institute to use the 'mist tent'. With this facility, many difficult-to-
root species can also be propagated easily. The technique adopted in the present study
employed only a low-cost polyhouse system. This is simple and economical when
compared to a sophisticated and more expensive mist chamber system. The polythene
chamber develops high humidity and temperature inside the chamber thereby facilitating
easy rooting.

Although the rooting response of A. cucullata and /. bijuga was not very encouraging
(but could be improved through suitable modification of the procedures), the findings of
the present study offer scope of application of this vegetative propagation technique for
mass production of planting materials in the restoration of degraded mangrove areas.
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