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Flowering and reproductive biology of two endemic bamboo
species of the Western Ghats - Dendrocalamus stocksii and
Pseudoxytenanthera ritcheyi
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Abstract: Dendrocafarus stecksii, a common cultivaied bamboo species in Konkan area was observed
in flowering in Kerala during September 2003 - January 2006, Simitarly. Psewdonytenanthera ritcheyi,
endemic tothe Western Ghats, also flowered in 2006. The offscts of both the species collected previously
and planted in Kerala Forest Research Institute camnpus flowered synchronously. The previous record of
Nowering of £ siocksii dates back 1o more than a hundred years. while that of P ritcheyi was in 1987-
"8, Ohservations were recorded on flowering behavieur. reproductive biology and seed setin both the
species. £ ritchevi showed 98 per eent viability of pollen both in acetocarmine staining and in vitre
germination tests. Pollen germinated within 15 to 20 wun. in the medium containing sucrose, calcinm
nitraie and boric acid with tube length six tmes greater than the diameter of the pollen prain. Although
pollen grains of 0. stocksii showed 90 per cent viahility in the acetocarmine staining method, in vive
germination was abseotl and in vitro genmmunalion was very poor (magimuim 11%). There was no seed
formation in . siorksii and many flowered clumps reverted 1o vegetative phase. Profuse seed formation
was observed in A #itehevi and flowered clumps died after seed set. Lack of in vive pollen germination
vould prubably explain absence of secd set in £). stocksii. Reversion to vegetative phase is a promising
teait that can be used for sclection of mother clumps for targe-scale planting.
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INTRODUCTION

Dendrocalamus stocksii (Mupro) M. Kumar, Remesh and Unnrkrishnan
(=Psendoxvienanthera stocksii (Munro) Naithani, Oxytenanthera stocksti Munro) and
Pseudoxytenanthera ritcheyi (Munro} Naithani. {Banibusa ritcheyi Munro,
Ouyienanthera monosiigma Bedd., Oxvtenamthera ritcheyi (Munro) Blater and
McCann} are medium sized {the former 9 m tall and 2.5 to 4 cm diameter and the
latter 310 4.5 m tall and 2.5 to 3. 5 cm diameler} bamboo species endemic 10 the
Western Ghals. D. szorksii is naturaily distributed in the states of Maharashtra,
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Karnataka, Kerala and Goa and grows well in rocky and laterite soils. Since it is
widely cullivated in the coastal areas and homesteuds of Konkan (Northern Kerala,
Karnataka and Maharashtra), it is popularly known as Konkan bamboo. P ritcheyi is
distributed in Maharashtra, Karnaiaka. Kerala and Tamil Nadu. Culms of both the
specius are used [or fencing. making walking sticks, poles, umbrella handles.
agricultural inplements, baskets and artifacts for cultural aad religious ceremontes.

The information on flowening of D. stocksii dates back to 1889 from North Kanara
(Blatter, 1929). There are no reports on flowering of this species for more than one
hundred years. Caryopsis is not reported in this species (Seethalakshmi and Kumar,
1998). First report of flowering of P, ritcheyi from Kala Naddi was in 1852, and the
recent reports are from Nilambur (1987-"88) and Silent Vailey (1995-'96) (Sequiera
and Kumar, 1995; Seethalakshmi and Kumar, 1998). No information is available on
the reproductive biology and post-flowering behaviour of both the species. n this
paper we report information on flowering and reproductive biology of the species.

MATERIALS AND METHODS

Observation on the extent of flowering of D. siocksii was made on the clumps
distributed in homesteads of Cherkkala, Chattanchal, Poinachi, Chengala, Periyam.
Cheruvathur and Kanhangad in Kasaragode District, Kerala State during 2003-2006.
To carry out detailed investigation on reproductive biclogy, rhizomes of the flowered
clumps were collected and transplanted in the nursery area at Kerala Forest Research
Institute (KFR1) campus, Peechi, in the year 2004, One clump of D. stocksii in the
KFR1 bambusetum, which was raised in 1992 through planting of rhizome collected
from Kasaragode District, Kerala, also had flowered and continuous observation was
recorded for a period of four years. Rhizome collected from the greganous flowering
area of P, ritcheyi flowered during 1987-"88 at Marutha, Nilambur. Kerala planted in
KFRI campus in the year 2001 flowered in 2006. When the new sprouts from the
rhizome developed into inflotescence, observations on floral morphology, anthests,
pollen viability, germination and stigrma receptivity were made,

Flowering behaviour

The details of previous tlowering were collected fror literature and cornpiled to see
whether determination of {lowering cycle is feasible. The number of culms flowered
per clump was counted. The time of maturity of female and male phase of the tloret,
anther emergence and anthesis were recorded. Type of pollination was determined by
observing both inscels visiting anthers and by placing adhesive tapes near fiorets
during anthesis. The maturity and receptivity of stigma was assessed based on the
colour and fluid secretion. Flowers were also fixed in FAA 1o study the floral structure
in detail. Measurciments on length of spikelets. florets and anthers were taken.
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Post-flowering behaviour

The tlowered clumps of D. stocksii were observed for three years continuously 1o
note the changes occurring after flowering. Flowering was observed in P ritchevi
only recently and the clumps are under observation.

Pollen viability test

Viability of pollen was tested using acetocarmine stain, The pollen that stained weil
were considered as viable and the shriveled as nen-viable. Pollen at anthesis were
selected for the test.

In vitro pollen germination

To test the suitable media for in vitro germination of pollen, five different germination
media were tested (Table 1). Fresh mature anthers were collected and dusted over
clean Petri dishes containing germination medium. While dusting, pollen grains from
different anthers were mixed to account for variation. Pollen grains were trans{crred
to cavity slides for observation under high resolution.

One hour after inoculation, the number of pollen grains germinated and the total
number of grains per field of view were recorded. Pollens with tubes longer than the
diameter of the grains were considered as germinated (Twinstrz and Wedel, 2000)).
Diameter of the pollen grain and pollen tube length were determined using image
analyzer (Leica Q 500MC} in millimeter under 40 x magnifications. Pollen germination
percentage was calculated in each medium as proposed by Guangehu (2002). Sixteen
ficlds at random were selected for taking observations.

Number of pollen grains germinated in 16 fields
Genmination % = x 100
Total number of polien grains in 16 fields

I vivo pollen germination

To determine i# vive pollen germination, stigma was coliected a few minutes after
anthesis and was kept in 1M NaOH solution for 24 h. It was stained with aniline bluc

Table 1. Composition of different media tested for pollen germination

Composition MI M2 M3 M4 M35
Sucrose (g) 14 L0 11} 0 10
Boric acid (g]) 041 0.0 0 0.04 0
Calcium aitrate (2) .03 0 .03 0.03 0

Distilled water (> 1040 100 106 100 16X}
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for 1 h, placed over a imicroscope slide and crushed under a cover slip and observed
under the microscope (Ramanayake and Weerawardene, 2003). Stigma collected a
few minutes after hand pollination was stained with lactophenol cotton blue to observe
pollen pratns entangled among the stigmatic hairs.

Observation on seed set

A plastic sheet was spread below the flowered clumps and in the nursery, where the
transplanted rhizomes were observed in flower. Observation was made on seed set
when the spikelets dried afier flowering. The fallen mass was collected regularly and
examined for fertile seeds in both the species.

RESULTS

Flowering history and post-flowering behaviour

The details of previous reports of flowering in the two species along with the current
flowering are given in Table 2. From the previous flowering records of D. srocksii, no
definite conclusions on flowering cycle could be drawn. It was interesting to observe
that in the first year, ane third of the tolal culms flowered in the clump and during the

Table 2. Records of flowering of D). stecksii and I ritchevi

Species Flowering  Location Reference
L years
D srocksii 1884, 1888 Nonh Kanara Blatter, 1920
1994 Silent Valley Sequiera and Kumar 1995

2003-2006  Cherkkala, Chattanchal. Poinachi,
Chengala, Periyan, Cheruvathur

and Kanhangad Current repont
2003-2000 KFRI Peechi, Bambusefum Current report
£ oritcheyi 1870 Satara Ghat Blatter. 1929
1384 North Kanara Blauier, 1929
1889 North Kanara Blawer. 1929
1892 MahabalishwarAhamed Nagar  Blatier, 1929
1929 Kala Naddi Bluiter. 1929

1943-44 Agumbe, Ballehalli,
Chokkadabyle, Kunda, Strur,

Shimoga Iivision Kadambi. 1949
1945 Aramballi Kadambi, 1949
1957-38 Kovna Valley of Satara Districts
of Maharashltra Desai and Subramanian, 1980
1987 Ambuamala, Nilambur Seethalakshmi and Kumar.
1998
1995 Silent Valley Sequiera and Kumar (993

2006 Murutha. Vazhikadavu, Nilambur Current report
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second year almost all the culms flowered, while twa new shoots turned to vegetative
phase. The number of new shoots with vegetative phase increased during third year
and by f{ourth year, the clump resumed vegetative growth (Fig. 1 a, b),

Hawever, two consecutive flowerings of £ ritchevi were observed in [987-'88 and

m;:%... X
gt

g

B h i i k
Fig. 1 {a-} Dendrocalamus stocksii Fig. 1 {g-k) Psewdoxvienanthera ritcheyi
(a) 1lowered clump (g) a portion of flowered branch
(b} clump reverted to vegetative phase (h) spikelet showing stigma
(¢) a pomion of flowered branch (1) spiketet showing anthers
(d) spikelet showing anthers (j) germinated pollen (20 X magnified)
(e) spikelet showing stigma (k) sceds

(Y germinated pollen (40 X magnified)
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2006 from the same focation at Nilambur indicating that flowering cycie is about 18
years. Flowered clumps of P. ritcheyi indicated signs of drying after seed set.

Floral morphelogy

The details of number and length of spikelets per head. number of fiorets in female
phase and male phase, number and length of anthers and the diameter and tube length of
pollen grains are given in Table 3. In both the species, the inflorescence is a panicle with
branch-lets bearing serm-globular spicate heads of closely packed spikelets. Each spikelet
has 1-2 florets with six stamens and a plumose stigma. The colour of the stigma is
purple in D. stocksii and white in P rircheyi. Gynoecium matures 3-4 days before
androecium (protogyny) and this prevents setf-pollination. Stigma of both species was
found emerged out early in the morning around 9 a.m. and remaining receptive during
the period of anthesis. The receptivity of stigma was identified by the fluid secretion.
Dammer bees (Trigonia irridipennis) were {found visiting anthers daring anthesis;
however, they did not visit stigma indicating that bees have no role in pollination.

Anthesis

In D. stocksii anthers emerged out from 6 a.m. and dehisced by 11 a.m. Dehiscence
was observed only in 15 per cent of anthers while others dried out without shedding
pollen grains. Anthers of P. ritcheyi emerged at about 9 a.m. and dehisced by 11 a.m.
and liberated a large namber of pollen. Dammer bees visited and cut open the anthers
of P. ritcheyi before its full emergence, Pollen grains of both the species are
MONCPOrous.

Pollen viability and in vifro germination of pollen grains

Ninety per cent of the pollen of D. stocksii and 98 per cent of . ritcheyi were found
viable when statned with acetocarmine. But both the species behaved differently when
polten grains were germinated in vitre in different media (Table 4).

For P. ritchevi, of the five media tested, the medium containing sucrose, boric acid

Table 3. Details of spikelets, female and male phase. anther and pollen grains in . stocksii
and P. ritcteyi

Particuiars P ritchevi D. stocksii

Mean number of spikelets per head 2533 2 935 389 = 4.2

Mean number of florets with exposed stigma per head 29 + 207 51 = 1.97
Meun number of florets with emerged our anthers perhead 19 = 1. % + 137
Mean length of spikelet (cm) i.gt+ 02 136+ 000
Meun length of anthers (cm) 098+ 004 033« 001
Mean diameter of pollen grains imm) .17+ 0.02 0.17 + 0.01

Mean polten tobe length {mm) 097+ 012 002+ 009
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Table 4. Mean germination percentage of £ rircheyi and . stocksii in different medium

Medium P ritchevi D stocksii
£ permanation Duration {min.) % germinaiion  Duration (min.)
Ml 963 =+ 3.02 20 i 20
M2 6868 x B.27 20 i 20
M3 9531 + 434 90 0 -
M4 1496+ 142 20 0 -
0 -

M3 0395 =17.09 20

and calcium nitrate (M1) gave highest germination percentage (Mean 96.3) followed
by medium with sucrose and calcium nitrate (M3). But growth of polien tubes was
very slow when compared 1o M1 and M2 (20 and 90 min.). The rate of pollen tube
elongation was faster in M2 (sucrose and boric acid) but showed only 68 per cent of
germination. Germination rate was very poor (1.46) in M4 (no sucrose) and about 63
per cent in M5 (only sucrose ).

Generally in vitro germination of pollen grains was very poor in D, stocksii (maximum
1% in M| and 2% in M2 and no germination in other media).

Seed set

In D. stocksii, seed set was not found in the clump in KFRI bambusetum or in
homesteads selected for the study in Kasaragode district, Kerala. Observation of the
ground area under flowered clumps after monsoon showers did not show any wildlings
indicaling compiete absence of seed formation in this species. However, good seed
production was observed in P, ritchevi, flowered clumps in the nursery at KI'RE dried
after seed set.

DISCUSSION

D. stocksii was accommodated within the genus Pseudoxvienanthera according to
previous records (Natthani, 1991). Even though, D. stocksii and P. ritcheyi showed
similarities in habitat and habit, on closer scrutiny, it showed more affinity to the
genus Dendrocularnus in culm and branching patteens, inflorescence, short apiculate
anthers, vestiture of style and feathery stigma and aerial roots in the basal nodes and
hence recent nomenclature 1s 0. stocksii (Kumar ef al., 20045,

From the flowering history, no clue was avaiiabic about the flowering cycle of D.
stocksii. Flowering would have occurred between 1888 and 1994 and the flowering
cycle of B ritchevi appears to be 18 years. In 1987, flowering was observed at the
same location (Seethalakshmi and Kumur. 1998). There appears to be at least two
cohorts of the same species in this jocality since some of the patches have pot flowered
along with the clumps that flowered now.
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Pseudospikelets of both the species are bisexual. dichogamous and protogynous as
reported for other bamboo species such as Ochfandra travancorica, O. scripioria,
Dendrocalamus strictus (Venkatesh, 1984, Nadgauda ¢t al.. 1993; Koshy and
Harikumar. 2001). The long duration of 3-4 days between female and male phase
ensures that pollinaiion can happen only through pollen grains from other flowers.
While observing the possible role of dammier bees visiting the spikelets. they were
seen {0 prefer anthers of P. ritcheyi and the anthers were cut open cven before they
fully emerged out. But the bees were not opening anthers of D. stocksii. The bees
were not visiting flowers with female phase indicating that there is no role in pollination.
The obscrvation of floral structure of both the species reveals that these species are
adapted to anemmophilous poilination.

Lack of seed production was very obvious in . stocksii. 'This may be due to reasons
like low percentage of anther dehiscence due to quick drying of anthers. lack of
deposition of pollen grain in stigrnatic hairs and lack of in vive germination of polien
grains. Lack of seed production due to pollen sterility has been reported in other
bamboo species such as Bambusa vulgaris (Koshy and Pushpangadan, 1997) and B.
balcooa Roxb. (Banik et af., 1987). Acetocarmine staining showed 90 per cent viability
buteven 11 per cent germination could be obtained only on addition of boric acid into
the germination medium. Boron was added to the medium because i has a regulatory
role in pollen germination and pellen tube growth (Wang er al., 2003). It has been
reported that no seed set could be obtained when pollen viability is lower thar 5 per
cent (Wang et af., 2004). The first report on pollen viability and longevity in transgenic
forage grasses showed that, under sunny atmospheric conditions, viability of transgenic
and non-transgemic pollen reduced to 5 per cent in 30 mun, with a complete loss of
viability in 90 min. Under cloudy atmospheric conditions, pollen remained viable up
to 240 min, with about 5 per cent viability after 150 min (Wang er al., 2004). Whether
the climatic conditions at the time of flowering had any negative effect of pollen
development in D, stocksii is a matter for detailed investigation.

Gregarious flowering and death of flowered clumps after seed set is a common
phenomenon in most of the bamboo species. Death of flowered clumps was reported
in some of the species like B. vulgaris even in the absence of seed production (Koshy
and Pushpangadan, 1997}, Another report on B. vulgaris var. vifuata shows the
reversion to the ‘whole green’ state (Banik, 1995; Wong, 1995). In D. stocksii many
of the clumps flowered in Kasaragode and the clump in KFRI bambusetum returned
to vegetative phase after flowering. It can be presumed that since there is no secd set
and no consumption of reserve food materials for this purpose. such specics are able
to resume vegetative growth. A detailed investigation on biochemical aspects during
tlowering and post-flowering stage 1s required to provide ¢lear evidence regarding
post-flowering death/reversion 1o vegetative phase in bamboos.
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