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Abstract: Gregarious flowering in Dendrocalamus hamiltonii Nees and Melocanna baccifera (Roxb.)
Kurz, the predominant bamboo species of Arunachal Pradesh and Mizoram states respectively, was
followed by the death of entire bamboo stands. Valid scientific reasons behind such critical phenomenon
are not available. In order to determine the possible role of nutrients resulting in death of these bamboo
species; nitrogen, phosphorus and potassium contents in the culms of pre-flowering, flowering and postflowering phases were analysed. Concentration of culm nutrient contents during flowering and postflowering phases varied significantly when compared to normally growing bamboos under vegetative
(pre-flowering) phase. Higher values of culm N, P and K were recorded in the pre-flowering phase in both
bamboo species. A significant decline in these three nutrients was observed from vegetative phase to
reproductive phase and was found to be lowest in senescence phase. Such rapid reduction in
concentration of essential macro nutrients during the flowering (reproductive) and post-flowering
(senescence) phases could be one of the key reasons responsible for the post- flowering death in these
bamboo species.
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INTRODUCTION

Dendrocalamus hamiltonii Nees and Melocanna baccifera (Roxb.) Kurz are two
important bamboo species which form pure brakes in the natural forests of the eastern
Himalayas. These two bamboo species provide essential commodities including food
in the form of tender shoots and raw materials for several household and commercial
applications including veneer, paper and rayon industries in the Eastern Himalayan
region. However, gregarious flowering in these two bamboo species which occurs
over a vast area of bamboo forests in the region is a major threat to their natural
habitats in the form of land degradation; soil and nutrient loss due to solarization and
surface runoff, and mass invasion by weeds including invasive alien species which
completely change the micro habitats. It also affected the socio-economic security of
the region by complete cease in new shoot production with no pole yield. Such
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flowering events in bamboo are generally followed by the death of entire
clumps/brakes, consequently leading to drastic change in forest compositions, and
ecosystems including the microclimate (Chen, 1973; Das, 1976; Banik, 1989; Alam,
1997; Ramanayake and Yakandawala, 1998; Marod et al., 2002; Marchesini et al.,
2009). Due to the long intermast period, studies on the relation between nutrients and
flowering phenomenon in bamboos are very meagre and their role, if any, in bamboo
flowering or post-flowering death of bamboos is yet to be understood. This
necessitates the assessment of the nutrient contents when bamboo goes through
different phases such as the pre-flowering i.e. vegetative phase, the flowering i.e.
reproductive phase and the post-flowering i.e. senescence or death phase.
Considering this, the present study was carried out to understand the status of the three
important macro nutrients i.e. N, P and K in the culms of D. hamiltonii and M.
baccifera growing in their natural habitats of Arunachal Pradesh and Mizoram,
respectively in the Eastern Himalayas, India.
MATERIALS AND METHODS

Nitrogen, phosphorous and potassium content in different phases (pre-flowering,
flowering and post-flowering) of the culms of D. hamiltonii and M. baccifera were
analysed during 2008- 2010. Culm samples were collected from the randomly
selected poles of D. hamiltonii from the natural forests in East Siang District of
°
′
°
′
Arunachal Pradesh (27 58 N and 95 17 E), whereas samples of M.baccifera were
°
′
°
′
collected from natural forests of Mamit district in Mizoram (23 54 N and 92 29 E).
Collection of culm samples was made on seasonal basis during October 2008 to July
2010. In each replicate sampling site, sample culms in clumps were identified for each
phase, i.e. pre-flowering (NF), flowering (FL) and post-flowering (PF). Collected
samples were air dried and ground in the form of powder using Wiley's mill.
Determination of plant nitrogen content in culms was carried out through microKjeldhal method as described by Allen et al.(1974) using KEL PLUS nitrogen
analyzer (Pelican Equipments) and manual titration. Phosphorus and potassium
contents in culms were determined following Allen et al.(1974) through tri-acid
digestion in KEL PLUS digestion system followed by UV-VIS spectrophotometry
(Labomed, Inc.) and flame photometry (Systronics India Ltd.) respectively.
All the data were statistically analysed using multiway ANOVA (Statistica 7.0) to
understand their significant levels in variations, and changes in plant nutrient contents
during different phases of life cycle.
RESULTS

Temporal variation in nitrogen (N), phosphorus (P) and potassium (K) contents in the
culms of D. hamiltonii and M. baccifera during pre-flowering, flowering and post-
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flowering phases are presented in Figure 1 and 2, respectively. N, P and K content was
significantly higher in pre-flowering culms than the flowering and post flowering
culms in both bamboo species. N, P and K contents in the culms of D. hamiltonii and
M. baccifera during the three phases were in the order of pre-flowering> flowering >
post-flowering phases.

Figure 1.Temporal variation in Nitrogen (A), Phosphorus (B) and Potassium (C) content (%) in the Preflowering (NF), Flowering (FL) and Post-flowering (PF) culms of D. hamiltonii collected from
East Siang district of Arunachal Pradesh during different months (Mean ± SE).

Figure 2. Temporal variation in Nitrogen (A), Phosphorus (B) and Potassium (C) content (%) in the Preflowering (NF), Flowering (FL) and Post-flowering (PF) culms of Melocanna baccifera
collected from Mamit district of Mizoram during different months (Mean ± SE).
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Nitrogen, phosphorus and potassium content in culms varied significantly among the
pre-flowering, flowering and post-flowering phases in both D. hamiltonii and M.
baccifera. It was highest in pre-flowering phase followed by a sharp decline in
flowering and post-flowering phases in both bamboo species (Figure 1 and 2). Culm
NPK content also varied significantly during different sampling months in both
bamboo species. During pre-flowering (vegetative) phase peak values of culm
nitrogen and phosphorus were recorded during April and lowest during January,
however, peak culm potassium was recorded during July with a gradual decrease and
lowest value during January in both bamboo species (Figure 1 and 2). Whereas, culm
NPK content in flowering and post-flowering phases decreased gradually since the
first sampling month and lowest value was recorded in the last sampling month during
the study in both species (Figure 1 and 2). Culm nitrogen and potassium content
during the pre-flowering phase was recorded higher in D. hamiltonii and culm
phosphorus was higher in case of M. baccifera. There was a significant seasonal
variation in culm N, P and K content with ups and downs during pre-flowering phase
in both bamboo species in both study years, where in case of flowering and postflowering phases, there was a significant reduction in culm N, P and K content from
the first year of study to the second year in both bamboo species (Figure 1 and 2).
DISCUSSION

During vegetative or pre-flowering phase, very active physiological activities, such as
photosynthesis, transpiration, respiration, etc. are associated with continuous uptake
and accumulation of more nutrients in bamboos. Nutrient content in healthy bamboo
may fluctuate during growth and establishment phases but are balanced immediately
after attaining maturity (Shanmughavel and Francis, 2001). During flowering and
post-flowering phases, most of the important physiological activities such as,
photosynthesis, transpiration and respiration in these two bamboo species were
ceased due to mass senescence of leaves. Important growth and development
activities such as, induction of new shoots, production of new leaves, branches etc.
were also completely ceased. Similar findings on regular leaf shedding, restricted
growth and developmental activities in other bamboo species due to flowering were
also reported by many authors, where, the nutrients reserved in rhizomes supported
the aboveground bamboo parts for a certain period of time (Kurz, 1876; Troup, 1921;
Deogun, 1936; Janzen, 1976; Zhang and Ma, 1991). There was a decrease in N, P and
K content in culms that shift from vegetative phase to reproductive phase in both
bamboo species, which may be explained as due to rapid translocation of highly
essential nutrients to the developing flowers and seeds which generally function as
major nutrient sink (Ueda, 1960; Kao, 1972; Janzen, 1976). Similar findings on
switching in nutrient sink from leaves to reproductive parts in other flowering plants
were also reported by several workers (Mooney, 1972; Stephenson, 1981; Obeso,
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2002; Miyazaki et al., 2007). In case of pre-flowering individuals, temporal variation
in nutrient (NPK) contents in the culms may be explained due to the variation in
concentrations of their available forms in soil nutrient pool associated with influence
of microclimate during their uptake and translocation to different plant parts.
Moreover, decrease in culm nutrient (NPK) content from flowering to post-flowering
phase may be explained due to rapid translocation of the nutrients to the flowers and
fruits as major sink associated with poor nutrient uptake but regular translocation to
the aerial plant parts to fulfil their requirements for survival. Both bamboo species
considered for the present study also produced large quantity of seeds during the mass
flowering period. Reduced transpiration pull due to the lack of foliage associated with
ageing effect in post-flowering culms might have played a key role in poor nutrient
uptake as reported in other bamboo species, where significant change in chemical and
structural components in parenchyma and fiber tissues with decrease in moisture
uptake took place (Espiloy, 1994; Satter et al., 1994). The reasons for death of bamboo
culms followed by the death of rhizomes in many bamboo species after flowering is
not yet very clear. Although, this study has revealed significant role of N, P and K
content in post-flowering death of D. hamiltonii and M. baccifera, where there was a
sharp decrease of these essential nutrients in the culm from pre-flowering to postflowering phase. This result is supported by findings where, significant role of P and
other essential nutrients during the cessation of life in bamboos has been reported
(Soderstrom and Calderon, 1979; Plank, 1989; Anon, 1999; Provin and Pitt, 2005). A
sharp decline in K content in the post-flowering culms might have affected water and
nutrient transport systems and other physiological activities including functioning of
many enzymes and plant hormones as reported by others in different bamboo species
(Marschner et al., 1996; Anon., 1998). Post-flowering death of these two bamboo
species may be directly linked to the cessation of moisture and nutrient uptake as
evident by their poor levels in the culms. Such situation is supported by the reports
where cell wall thickening takes place due to regular deposition and accumulation of
metabolic residues in metaxylem and sieve tubes of bamboo culms on aging, and the
conductivity of xylem for water and phloem for nutrients and assimilates
progressively decreased, that finally led to breakdown of the transport systems and
death of culms (Liese, 1991; 1995; Liese and Weiner, 1995; Takahashi et al., 2007).
CONCLUSION

This study has provided information on the temporal variation in the content of three
most essential macro nutrients such as, Nitrogen, Phosphorus and Potassium content
during three important phases of the life cycle of D. hamiltonii and M. baccifera.
During flowering and post-flowering phases, a rapid reduction of these nutrients was
associated with the death of all the flowered clumps. Reduction in nutrient content
particularly N, P and K in culms may therefore play a key role in death of bamboo
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species. However, further detailed studies on changes in biochemical parameters and
anatomical features of bamboo parts during pre-flowering/vegetative phase to
flowering and post-flowering phases may provide more insights on the phenomenon
of post-flowering death in bamboos.
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