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The present study entitled “Phenology, Seed Production and Regeneration of 

Dendrocalamus longispathus Kurz.” has been carried out to record and explain the 

phenological attributes and regeneration in D. longispathus Kurz during and after 

flowering. The flowering of D. longispathus Kurz was observed in Mizoram (North-East 

Himalaya) during 2014 till 2018, and this bamboo exhibits an interesting pattern of 

growth and development, the rhizome produces a number of new culms annually. D. 

longispathus Kurz is one of the most abundant and important bamboo in Mizoram, and it 

usually occurs in moist hill slopes and along streams in the moist fertile loamy soil and 

particularly shaded fringes of the forest cover.  

The present research study was conducted at Lengte village within Mamit 

District which is located 33 km North West of Aizawl, the capital city of Mizoram. The 

study area falls on moist sub-tropical climate wherein temperature ranges between 2oC 

and 28oC during winter and 19oC to 40oC during summer; it has an average annual 

rainfall of 250cm to 300cm. The study sites were selected to compare two sites; 

disturbed sites and undisturbed sites. The study sites were situated at an elevation of 

400m to 500m above mean sea level and have a moderate slope. 

The objectives of the present study covers phenological features of D. 

longispathus Kurz such as; phenological characters, floral morphology, anthesis, floral 

and seed production in a culm, seed weight, seed setting, to estimate the soil seed bank, 

seed viability, seedling growth, seed mortality, seedling establishment and impacts of 

bamboo flowering on soil physical and chemical properties. 
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Three permanent sampling plots of 10m × 10m were established for disturbed 

and undisturbed study sites. Detailed phenological records on 30 randomly chosen 

individuals per culms of the species were made to observe the floral characters. The 

culm and clump height and girth were measured by harvesting the culm. The 

phenological parameter was recorded weekly (5 to 7 days interval) during the high 

activity period of summer season and 3-4 weeks intervals during the rest of the study 

period. Anthesis was conducted by following the technique used by Stephens and 

Quinby. The number of clumps per hectare was calculated by counting the number of 

the available clumps present within the sampling area and divided by 100 m2 and again 

multiplied by 104.Culm per hectare was calculated by counting the number of culms 

present in a clump within the sampling area, which was again multiplied by the number 

of clump per hectare. The average number of flowering nodes per culm was taken from 

counting 30 flowering culm each from disturbed and undisturbed study sites. The 

average number of spikelets per culm was estimated by counting two (2) branches, each 

at the base, middle and tip side of the flowering bamboo. Nodes per culms were 

calculated by multiplying average number of spikelets with number of nodes per culm. 

Spikelets per branch were determined by dividing the average number of spikelets in a 

culm with the average number of branches in a culm. Spikelets per node were 

determined by dividing the average number of spikelets in a culm with average number 

of nodes in a culm. Seeds per culm were estimated by taking average number of seeds 

counted which were multiplied by numbers of flowering nodes per culm. Seeds per 

branch were determined by dividing the average number of seeds on a culm with 
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average number of branches in a culm. Seeds per node were determined by dividing the 

average number of seeds on a culm with average number of nodes in a culm. 

A study was also conducted on seedling establishment, growth and survival for 

seedlings under thinning and without thinning operation. For this study, a total of six 

quadrats of 1.5m ×1.5m was established, three quadrats for bamboo seedlings subjected 

to thinning operation and another three quadrats for seedling for which there is no 

thinning operation. Thinning operation was done by randomly extracting 50 seedlings 

from each quadrats of thinning operation. Seedling mortality was observed in each 

plotted data, were data were collected bi-weekly. Seed weight, seed setting, soil seed 

bank, seed viability, seedling growth, seed mortality, and impacts of bamboo flowering 

on soil physical and chemical properties were done by using standard methods. 

The floral morphology of D. longispathus Kurz was studied and it was observed 

that the pistil matured first, i.e., they undergo protogynous nature. The ovary is sub-

globular and hairy with club shaped stigma. Floral buds were arranged distichously in 

tight capitates-wise clusters of spikelets at the nodes to perform successful pollination, 

as they were anemophilous (wind pollinated). The pollen type shows monoporate pollen 

grain, which consists of a spherical, often thin-walled and rather large grain, with a 

single pore. Studies of anthesis show that disturbed area has showed less activity for 

completing its flower, which could be the due to lesser development of inflorescence 

and excess wind disturbance to undergo its maturity and pollination respectively. The 

studies revealed that spikelets per flowering node of a culm at the disturbed area 
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(13,733.3 per ha.) shows less clump sporadic flowering compared to undisturbed area 

(3,26,66.7 per ha.), the nature of seed production also highly depends upon the 

pollination and development of seeds in natural sites(undisturbed sites) where there is 

less or no disturbances. 

The seed setting in D. longispathus Kurz was observed in the month of May for 

the two years of the study, when there were flocks of birds such as White-Rumped 

Munia or White-Rumped Mannikin (Lonchura striata) visiting frequently to consume 

the seeds. This may also indicate that the seed could have preceded maturity stage and it 

shall soon fall to the ground to initiate seeds germination. Seed production was lesser at 

disturbed habitat which may be caused by an open forest canopy that interrupts anthesis 

and pollination and also anthropogenic activities around the flowering D. longispathus 

Kurz. Fresh weight and dry weight give a significant finding of how much seed has to be 

collected in 1kg. Monthly seed setting of D. longispathus Kurz was comparatively 

higher in the undisturbed than the disturbed sites, especially during the end season of 

seed setting. This may be due to the higher floral developed and seed produced at 

undisturbed sites. The prevailing air moisture, temperature, humidity and rainfall during 

the seed setting may attributed to the high rate of germination. The percentage obtained 

in seed viability test were almost the same ranging from 48% to 58% when 300 seeds 

were tested with two methods, this may be due to the same timing for harvest of the 

seeds. Significant variation was observed, which may be due to improper germination 

testing, presence of seed-born organism and chemical injury, which may not inhibit the 

Tetrazolium staining but could affect normal germination. 



6 
 

The root growth was faster when compared to the shoot growth during its first 

week after germination. However, from the second week shoot growth was found to be 

higher throughout the study period. High root-shoot ratio on the first week may be due 

to the root length, which did not exhibit much growth after one month. The seedling 

mortality is higher in disturbed sites in the month of August, which could be due to less 

rainfall and anthropogenic activities at the study areas compared to the undisturbed 

study sites. The seedlings establishment in terms of thinning and no-thinning operation 

indicated that; the average seedlings survived for thinning operation on disturbed site 

was 10 out of 91. However, at the disturbed site there were 125 seedlings survived out of 

200 where the no-thinning operation was conducted. Whereas, the average seedlings 

survived for thinning operation on undisturbed site was 247 out of 430. And, at the 

undisturbed site where the no-thinning operation was conducted there were 377 

seedlings survived out of 520. The seedling establishment on mortality rate was found to 

be critically high on disturbed sites, especially where thinning operation was done and 

undisturbed site has less effect even after the thinning operation was performed. This 

may be due to the high mortality rate where there are less seedlings, which could lead to 

complete excision of seedlings and cause even complete absence of bamboo growth in 

that particular habitat. Hence, thinning of bamboo seedlings during the flowering period 

are not recommended, since it could be detrimental for the regeneration. Further, there is 

a competition amongst different bamboo species in the study area; thus, proper cleaning 

and caring is a challenge for the survival as well as proper growth and development of 

the new seedlings of D. longispathus.  
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It was observed that bamboo flowering has certain impacts on soil nutrients 

status. The impact on soil pH, soil organic Carbon, total Nitrogen, available 

Phosphorous and exchangeable Potassium could be due to decomposition of bamboo 

leaves and litters, the rate of decomposition is quite high under heavy rainfall, warm and 

humid climate. This could be due to the decomposition of fallen leaves from the 

flowering bamboo culm, where the leaves gradually become the source of soil nutrient 

enrichment, which in turn provide nutrients for the development of the seedlings. The 

soil moisture content was observed to be lower in the month of January and gradually 

increase in April. During the rainy season, peak soil moisture content was observed in 

the month of April and August which ranges between 31% to 37% and gradually 

decreases to minimum level in the month of January for the two years of the study. The 

average pH of the study areas was found to be 5.5 during the study period. Nitrogen loss 

in flowering and post-flowering phases may be attributed to denitrification due to higher 

moisture content in soil and it increases when the soil remains saturated. Availability of 

lesser quantity of Phosphorous in the rhizosphere of bamboo clump may indicated that 

this might have leached out through the soil after bamboo flowering. Potassium leaching 

could also be a factor for the low content of Potassium in the flowering and post-

flowering sites. 

It was observed during the study period that, D. longispathus Kurz flower in the 

months of December and seeds matured after fourth and fifth month of the following 

year i.e. March to April. At the start of the rainy season, after the ripening of the seeds, 
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the first new bamboo plants can be seen on the ground. Bamboo regrowth and 

regeneration is not a problem in bamboo brake and open areas; however, appropriate 

management methods shall be evolved and employed to ensure quality bamboo yield, 

keeping in view the increasing demand for various purposes. Hence, to improve the 

flowering and seed production in bamboo, a simple management practices can be 

implemented, such as reducing anthropogenic disturbances, mulching with leaf litter 

around the roots and soil mounding of the flowering bamboo clump can help to retain 

moisture and nutrients during the flowering period. Weeding twice a year is 

recommended for successful regeneration of bamboo seedlings. The existing bamboo 

stocks need to be harvested and utilized, employing the sustainable technology. 

Bamboos outside government notified forests and in jhum land may be managed in a 

scientific way, and appropriate guidelines may be developed in consultation with the 

various stakeholders. Providing proper awareness and guidance to the local people about 

the management of flowering bamboo stands would help in better regeneration of D. 

longispathus Kurz after flowering.  
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CHAPTER – 1 

Introduction 

1.1 General 

 Bamboo belongs to the Poaceae family and it has about 90 genera with over 1200 

species distributed all over the world (Lobovikov et al., 2007). The size of bamboo 

varies from small annuals to giant timber bamboo. Bamboo evolved only 30 to 40 

million years ago, after the demise of the dinosaurs. Bamboo is the fastest-growing 

woody plant in the world. It can grow up to 91–122 cm day -1 or 3.8-5.0 cm hr -1 

(Armstrong, 2013). Bamboos are fascinating plants, representing one of the greatest 

natural and renewable resources (Shanmughaval and Francis, 2001). Bamboos are aptly 

called the poor man’s timber and are found in great abundance. Their strength, 

straightness and lightness combined with extraordinary hardness, range in sizes, 

abundance, easy propagation and the short period in which they attain maturity make 

them suitable for a variety of purposes. The diversity of this fascinating plant has to be 

conserved, not just for financial reasons, but also more importantly in the revitalization 

of traditional sciences and technologies (Katwal et al., 2003).  

 There is a wide gap of knowledge on certain important aspect like genetics and 

floral biology, cytogenesis, compatibility pattern, phenology and biotechnology which 

are most important for undertaking genetic improvement of bamboo. Research both at 

national and international levels would be required in deciphering complete floral 

biology in bamboos. Since, it is well known that most of the bamboo species are 
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gregarious flowering in nature; some researchers have worked on species which flowers 

sporadically almost every year. Fruit and seed setting are the two important indicators of 

the reproductive success of plants and therefore, these two components can be expected 

to be under intense selection (Ganeshaiah and Uma shanker, 1988). They are 

multipurpose C3 plants, growing rapidly producing very high biomass and are 

commonly found in wet evergreen, moist deciduous and dry deciduous forests in the 

tropical parts of southeastern Asia (Rai and Chauhan, 1998). 

 Bamboos (sub-family Bambusoideae) comprise one of 12 subfamilies within the 

grass family (Poaceae) and represent the only major grass lineage to diversify in forests 

(Clark et al., 2015). Bamboos are distinguished by the presence of well-developed, 

asymmetrically strongly invaginated arm cells in the leaf mesophyll as seen in cross 

section and also generally exhibit relatively broad, pseudopetiolate leaf blades usually 

with fusoid cells flanking the vascular bundles. The nearly 1,500 described species of 

bamboos are classified into three tribes: Arundinarieae (temperate woody bamboos, 546 

species), Bambuseae (tropical woody bamboos, 812 species), and Olyreae which are 

herbaceous bamboos of 124 species (Clark et al., 2015). There are 52 species known 

under the genus Dendrocalamus (Orhnberger, 1999). Most of the species are restricted 

to high rainfall or montane areas (Banik, 2016). 

Stems of bamboo termed as “culm” are the most prominent, easily recognizable 

and widely used parts of bamboo developed from the rhizome. The culm of most 

bamboo species is a tall, woody and hollow cylinder. However, Dendrocalamus strictus 

of the drier regions generally has solid culms (Anon, 2010).The underground portion of 
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the bamboo is known as the rhizome. Generally, bamboo bears two distinctly different 

forms of subterranean rhizomes (Liese, 2003). Bamboos grow in association with a wide 

variety of mostly mesic to wet forest types in both temperate and tropical regions, but 

some bamboos have adapted to more open grasslands or occur in more specialized 

habitats (Clark et al., 2015). Bamboo makes efficient use of nutrients through internal 

cycling, and conserved them by storing in the belowground parts, particularly, coarse 

roots (Vanlalfakawma, 2014). 

 For the classification of bamboos, taxonomist usually relied on vegetative 

characters because these plants rarely produce flowers. Taxonomists thus rely solely on 

vegetative characteristics such as culm sheath and ligule for classification. Thus, 

rendering bamboo classification quite challenging (Friar and Kochert, 1991; Wu, 1962). 

Bamboo, is the fastest growing perennial, evergreen, arborescent plant and placed under 

the family Poaceae and under this placed under the subfamily or tribe Bambusoideae 

(Kigomo, 1988). The Bambusoideae now-a-days divided into the tribes Bambuseae and 

Olyreae. However, woody bamboos placed under Bambuseae and consist of 

approximate 77 genera and 1030 species worldwide. The division of Bambusodae 

diverges further into nine subtribes, one of which is Bambusinae, consisting of ten to 13 

genera and mostly restricted to tropical Asia (Dransfield and Widjaja, 1995). Under the 

Bambusoideae subfamily includes tribe Bambuseae and Olyreae, however, former 

includes woody bamboos and later includes herbaceous bamboo (Ramanayake et al., 

2007).  
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Taxonomic position of Bamboo (Cronquist, 1988) is given as follows: 

 Class – Liliopsida; Subclass – Commelinidae; Order – Cyperales; Family – Poaceae;  

Subfamily – Bambusoideae. 

The genus Dendrocalamus was first described by Nees under tribe Bambuseae 

and sub-tribe Bambusinae. Etymologically, Dendrocalamus: Greek word dendron, tree; 

kalamos, reed, tree-like reeds. This genus is closely related to genus Bambusa, but the 

number of keels on the inflorescence prophyll can distinguish between the two genera. 

Prophylls of Bambusa species have two keels, while those of Dendrocalamus species 

have only one (Stapleton, 1994). 

Most of the species of Dendrocalamus can be recognized by their thick-walled 

culms, swollen nodes reflexed culm sheath blade and aerial roots at the lower nodes. The 

species usually have white, blackish or light-brown hairs on the culm sheaths 

(Dransfield, 1980). The genus is distributed from China (not in northern part), 

throughout India including Andaman Islands and Terai region of the Himalayas, Nepal, 

Bhutan, Bangladesh, Sri Lanka, Myanmar, Pakistan, Thailand, Laos, Kampuchea, 

Vietnam, mainly southern-central-China, Malaysia, Singapore, Indonesia, Philippines 

and Papua New Guinea (Banik, 2016). 
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Scientific classification of Dendrocalamus longispathus:- 

Kingdom: Plantae 

Clade: Tracheophytes 

Clade: Angiosperms 

Clade: Monocots 

Clade: Commelinids 

Order: Poales 

Family: Poaceae 

Genus: Dendrocalamus 

Species: longispathus 

Binomial name: Dendrocalamus longispathus (Kurz) Kurz 

Synonyms: Bambusa longispatha Kurz 

1.2 Ecology and growth behavior 

Bamboos are tall grasses consisting of large canopies, and their stands are called 

'bamboo forests' (Huberman, 1959; Warming, 1909). Bamboo vegetation essentially 

describes both living composition of bamboo species (may be one or more), other plants 

and animals including all microbial organisms that exist in the system. Different species 

of bamboo are found both naturally and cultivated in farms. Depending on their 

physiognomy they are sometimes called 'bushlands' (Warming, 1909) and 'bamboo 

brakes' (Stamp, 1926). The leaves of all bamboos are very similar (oblong, lanceolate to 

linear lanceolate) in general appearance, although most species usually have normal size 
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leaves and others have quite small leaves (e.g., B. polymorpha, Pseudoxytenanthera 

stocksii, Thyrsostachys spp.), the size also depends much on the part of the plant from 

which they are taken for observation (Banik, 2015). Phenological behavior of bamboo 

species (B. cacharensis, B. vulgaris and B. balcooa) subject to same environmental 

regime share phenological patterns to varying degrees independently of their strategies 

in which water and nutrients are sequestered and utilized (Nath and Das, 2008). The 

clumps of D. longispathus that fresh weight of leaf biomass was maximum in the two-

year old culms then it decreased by about 30 per cent and remained somewhat static in 

third and fourth years (Banik, 2000; Banik and Islam, 2005). Naturally grown seedlings 

of bamboos are also used as planting material depending on the availability. Wild 

seedlings of bamboos, look like rice or wheat seedlings and are often seen as a thick mat 

on the ground just below the flowering mother clumps. These densely populated 

seedlings compete strongly in the wilderness for survival and should be thinned out to 

minimise competition (Banik, 1990). The erect and very erect (not lanky), and 

vigorously growing type of seedlings should be selected (juvenile selection) and 

multiplied through rhizome separation (macroproliferation method of multiplication) to 

produce more plants selected type (clone) for raising a bamboo plantation of maximum 

growth potential (Banik, 1997). 

Dendrocalamus longispathus usually occurs in moist hill slopes and along 

streams in the moist fertile loamy soil and particularly shaded fringes of the forest cover 

(Yadav et al., 2019). D. longispathus is a large tufted bamboo. Culms usually 10 to 18 m 

high, glaucous green when young, grayish-green on maturity; nodes slightly swollen, 
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often rooting; internodes 25 to 60 cm long, 6 to 10 cm diameter, covered by long papery 

remnants of sheaths and dark-brown pubescence, walls ca. 1.2 cm thick. Culm-sheaths 

35 to 50 cm long and 10 to 20 cm broad, inner surface glabrous and outer surface 

clothed densely with patches of stiff dark-brown hair; margin light straw-coloured in the 

upper half; ligule broad, much serrate or often long fimbriate; auricles usually absent, 

sometimes very small on one side; blade 25 to 40 cm long and 2.5 to 3.5 cm broad, 

lanceolate-acuminate, recurved. Young shoots spear-shaped. Leaves 1 to 30 cm long and 

2.5 to 4.5 cm broad, oblong-lanceolate to linear-lanceolate, acuminate, short-stalked 

margins rough; leaf-sheath ligulate, covered with brown pubescence, margin ciliate 

(Seethalakshmi and Kumar, 1998). 

1.3 Distribution of bamboo 

The wide distribution of bamboo species in India and its subcontinent depends 

upon the geography, ecological condition, microclimatic influence and rain fall of the 

country (Boontawee et al., 1988; Gamble, 1896). India has 136 species of Bamboo and 

is the second largest country in the world after China. The Bamboo is fast growing 

species in the Poaceae under tribe Bombusoideae and it occupies an economic status in 

the lives of the people especially in Asia. (Gielis et al., 1998). The first recognized 

species of bamboo, Arundo bambos (now known as Bambusa bambos), was described 

by Linnaeus in his Species Plantarum (Linnaeus, 1753). Several groups of scientists 

have been working on the diversity, distribution and taxonomy of bamboo in India. 

About 113 bamboo species have been reported by Bahadur and Jain (1983), whereas 102 
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species reported by Ohrnberger (2002) to 136 by Sharma (1980). There are over 1600 

species of Bamboo distributed in the tropical forests and the Asia 65%, Africa 7% and 

America 28% (Lobovikov et al., 2007). About 89 bamboo species out of 136 under 75 

genera recorded in India fewer than 16 genera grow naturally in different forest areas or 

are cultivated. The density of Bamboo in Forest Area is 7, 71,821 Km2 and India share is 

45% and about 12.8% of the total forest area of the country in context to global scenario 

of bamboos (Indian state of Forest Report, 2013). 

Bamboos are distributed throughout the Himalayas, with a variety of different 

genera adapted to different ecological zones and are often limited in distribution to a 

narrow geographic area (Biswas, 1988). About 125 bamboo plant species belonging to 

23 genera occur in India (Tewari, 1992; Varmah and Bahadur, 1980) whereas, about 78 

species belonging to 19 genera occur in northeastern region (Biswas, 1988; Hore, 1998). 

Geographical location and physiographical features contribute to bamboo diversity and 

its distribution in the different bio-climatic regions of north-eastern Himalayan region 

(Biswas, 1988). There are about 125 indigenous and 11 exotic species of bamboo 

belonging to 23 genera reportedly found in India (Anonymous, 2017). Out of 91 genera 

and over 1,000 species in the world, about 150 bamboo species have been recorded in 

India out of which more than 58 species occur in the North-East India, about 66% of the 

growing stock is concentrated in the North Eastern states of the country (Adkoli, 2002).  
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Bamboo is distributed thoroughly between 400 m and 1,520 meter above mean 

sea level (m.am.m.s.l). Out of the 150 bamboo species in India, more than 58 species 

occur in the North-East India, of which 22 species have been recorded in Mizoram 

(Lalramnghinglova and Jha, 1997). Recent survey reported 35 species of bamboo in 

Mizoram including indigenous as well as introduced species (Anon, 2010) which 

includes three newly discovered endemic species {Bambusa mizorameana (Naithani), 

Bambusa dampaeana (Naithani) and D. manipureanus (Naithani)} from the region. 

Melocanna baccifera is predominant and occupied about 95% of the total bamboo 

dominated land in the state. Other co-dominant bamboo species like D. hamiltonii, D. 

longispathus and Bambusa tulda are also found (Vanlalfakawma, 2014).  

The district-wise area and percentage distribution of bamboo in Mizoram was 

studied by Mizoram Remote Sensing Application Centre (MIRSAC) in 2005. Mamit 

district has the highest bamboo area of 1539.68 Km2 out of the total bamboo area of the 

state which is 5967.29 Km2 whereas Champhai district has the lowest bamboo area of 

237 Km2 (Anon, 2005). This trend also holds true for bamboo coverage in each district 

with reference to the geographical area. Mamit district has 50.89% bamboo coverage out 

of its district area followed closely by Kolasib district with 47.71% of bamboo cover. 

Aizawl district have total bamboo area of 1403.01 Km2, which accounts for 39.23% of 

the total area of the district while Champhai district in the east recorded a minimum of 

7.44% bamboo cover out of its total district area (Lalnunmawia, 2011). According to the 

estimation of the Mizoram Remote Sensing Application Centre (MIRSAC), a total of 

331.43 million culms of bamboo have been lost due to flowering in 2006, and with a 
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further increase of bamboo flowering, a total of 3324.63 million culms was lost further 

in 2007. These losses were prominent in Aizawl and Mamit districts with an estimated 

loss of 118.80 and 47.15 million culms respectively up to beginning of 2008 (Anon, 

2009).  

According to Forest survey of India 2019 report, Bamboo bearing area and 

growing stock inside the recorded forest area (RFA) or Green Wash in Mizoram which 

include culms of 1 year age and above is 3,476 Km2 (i.e. 2.17% of Country's GS of 

Bamboo) and Total number of culms is 1,074 million (i.e. 2.72% of Country's GS of 

Bamboo). The total bamboo cover of Mizoram is 7,092 Km2, which is about 33% of the 

total Geographical area of the state (Anon, 2010). Broadly bamboo diversity in north 

eastern region of India occurs in the bio-climatic regions such as, i) Tropical, ii) Sub-

tropical, iii) Temperate and iv) Alpine type. The zone of tropical type of vegetation 

occurs from 0 to 300m and comprises of evergreen, semi evergreen and grasslands. The 

bamboo species in this zone are found naturally as well as cultivated. The sub-tropical 

vegetation zone is found from 300 m to 1700 m and comprises of moist deciduous, 

savannah type and broad leaved hill forests. The temperate vegetation zone is found at 

elevations ranging from 1700 m to 3000 m while alpine type is found at higher altitudes 

of 3000 m to 4500 m. Diverse species of some bamboo species belonging to various 

genera widely found in different vegetation zones of north east India have been found to 

be as follows: (i) Bambusa, Dendrocalamus, Melocana and Neohouzeaua are found in 

the tropical forests zone, (ii) Chimonobambusa, Dendrocalamus, Neohouzeaua, 

Pseudostachyum, Teinostachyum and Thamnocalamus are found in the subtropical 
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forests zone, (iii) Arundinaria, Chimonobambusa, Semiarundinaria and Thamnocalamus 

are found in the temperate forests zone and (iv) Arundinaria, Pleioblastus and 

Thamnocalamus are found in alpine type of forests (Cajee, 2018). 

Bamboo has a cosmopolitan distribution, ranging from 46° N to 47° N latitude, 

reaching an elevation of 2000 m in Mizoram. Mizoram have the characteristics of 

valuable tropical rainforests with abundant biodiversity and it is one of the biodiversity 

hotspot in India. Bamboo generally forms in the in-stored of natural forests. It is found 

to grow in almost throughout Mizoram except in the eastern belt. Most bamboos are 

found in the elevation between 100 m and 1500 m. A total of 11 genera and 35 

indigenous and exotic species, including natural and cultivation species, have been 

found. The natural bamboo forests is found in the north and the north-west of Mizoram, 

and a large area of bamboo/tree mixed forests belongs to the state/ communities and 

individual landowners has also been found. As a source of livelihood, bamboo plays an 

important role in rural development and generates large scale employment beginning 

with the management of the bamboo stand, harvesting, transport, storage, processing, 

trade and utilization. Bamboo generally forms in the in-stored of natural forests. It is 

found to grow in almost throughout Mizoram except in the eastern belt. Most bamboos 

are found in the elevation between 100 m and 1500 m. A total of 11 genera and 35 

indigenous and exotic species, including natural and cultivation species, have been 

found. The natural bamboo forests is found in the north and the north-west of Mizoram, 

and a large area of bamboo or tree mixed forests belongs to the state communities and 

individual landowners has also been found. 
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Bamboo can be divided into two main categories according to their growth 

pattern, (1) sympodial or clump forming, and (2) monopodial or non-clump forming, 

runner bamboo. Monopodial bamboo accounts for about 90% of the total growing stock 

and the clump forming (sympodial) bamboo accounts for 10% of the bamboo growing 

stock in the state. Mizoram, a hilly state in the northeast India, is quite rich in bamboo 

resources covering about 29.03 per cent of forest in the state (Anon, 2009). Mizoram is 

one of the richest areas of bamboo in India with 29.03% of forest under bamboo. Out of 

a total bamboo species, Melocanna baccifera contributes about 90 per cent of the 

bamboo growing stock (Lalnunmawia and Lalramnghinglova, 2010). D. longispathus 

Kurz is distributed in India (Assam, Manipur, Mizoram and Tripura), Bangladesh and 

Myanmar. It is called as ‘Rawnal’ in Mizo language (Yadav et al., 2019). 

1.4 Ecological significance of bamboo 

Bamboo forest ecosystem is an important part of forest ecosystem and an 

important carbon source and carbon sink on the earth (Li et al., 2003). It is therefore 

hypothesized that bamboo has a capacity of carbon sequestration that is similar to that of 

fast growing forests. Recently there were studies conducted on account of the Carbon 

sequestration potential of bamboo forest with reference to Mizoram (Vanlalfakawma, 

2014). If bamboo were to be adequately recognized within ‘forestry,’ bamboo could 

potentially occupy an important position in climate change mitigation, adaptation, and 

sustainable development (Lobovikov and Lou, 2009). Therefore the impact of 

management practices on carbon sequestration capacity, the ecosystem and carbon 
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distribution patterns of bamboo forest are key issues to be addressed. At present, this 

issue has received little attention from researchers (Zhou, 2006; Qi, 2009).  

Increasingly studies are demonstrating that bamboo does have a role to play in 

carb sequestration within forest ecosystems (Yang et al., 2008). The great variation in 

attempts to estimate total bamboo forest carbon identify a need to harmonize the 

measurements of carbon density across different sites, species, climates and conditions. 

There is increased interest in reduced deforestation as a tool for climate change 

mitigation, as avoided deforestation is a relatively low cost carbon abatement option 

(Gullison and Frumhof, 2007). According to Bystriakova et al., (2004) bamboos have 

many uses which exemplify the connection between biodiversity and livelihoods very 

clearly. Thus, conserving genetic resources of bamboo is an essential step towards 

solving the problems of poverty alleviation, pursuing sustainable development and is 

also necessary in preserving culture. 

Bamboos are multipurpose plants with high economic and environmental values 

and have the potential to convert solar radiation into useful goods and services better 

than most other tree species (Embaye et al., 2005). Bamboo is the fastest growing, 

highest yielding renewable natural resources (Lessard and Chouinard, 1980). With 

global climate change, aspects such as carbon sequestration and biomass production 

potential of bamboo have been receiving increasing attention (Kumar et al., 2005; Das 

and Chaturvedi, 2006; Nath and Das, 2008). In order to avoid the most damaging effects 

of climate change, it is estimated that global levels of atmospheric greenhouse gases 
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(GHGs) need to be stabilized at approximately 445 to 490 parts per million CO2e (CO2 

equivalent) or less. To achieve this target, it is essential that urgent international action is 

taken. Forests will have a central role in meeting this target (Eliasch, 2008). Bamboos 

have rapid growth rates, high annual re-growth after harvesting and high biomass 

production. Bamboos are believed to perform roughly equivalent to fast growing 

plantation species with an increment biomass of between 5 and 12 tC/ha/yr. (Lobovikov 

and Lou, 2009). Bamboo has been utilized in many different manners but also has 

enormous potential for alleviating many problems, both environmental and social, facing 

the world today. Its biological characteristics make it a perfect tool for solving many 

environmental problems, such as erosion control (Austin et al., 1970) and carbon 

dioxide sequestration. Several workers studied the role of bamboo in rehabilitating 

degraded hill sides, catchment areas and river banks (Fu and Banik, 1995; Jha and 

Lalnunmawia, 2003; Lalnunmawia et al., 2005).  

Tropical forests have the largest potential to mitigate climate change amongst the 

world‘s forests through conservation of existing C pools (e.g. reduced impact logging), 

expansion of C sinks (e.g. reforestation, agroforestry), and substitution of wood products 

for fossil fuels (Brown et al., 2000). Due to its fast growth rate, bamboo has long been 

supposed to be a plant with a high sequestration capability, and the research to date 

confirmed that bamboo outperforms fast growing trees in its rate of C accumulation 

(Yiping et al., 2010). Bamboo culms of most species attain maturity after approximately 

7 to 10 years, after which they deteriorate rapidly, releasing C from the above-ground 

biomass back into the atmosphere (Liese, 2009). 
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1.5 Flowering of Dendrocalamus longispathus Kurz 

The Long-sheath bamboo, D. longispathus Kurz occurs in the moist hilly slopes 

and along streams in the moist fertile loamy soil and particularly shaded fringes of the 

forest cover (Sharma et al., 2014). D. longispathus are distributed mainly in India 

Bangladesh, Myanmar, and Thailand. They are also found to occur in the South and 

Southeast Asian countries, where traditionally they are used for variety of purposes and 

it plays a very important role in the rural economy In India, it is concentrated in the 

Northeastern states of Assam, Manipur, Mizoram and Tripura. This species has also 

been introduced to Orissa and the Western Peninsula. Localized arid conditions can be 

one of the factors triggering flowering (Yadav, 2019). Flowering of D. longispathus has 

been reported from Bangladesh during the years 1876, 1879, 1880, 1885, 1930 and 

1977-79, from Myanmar during 1862, 1871, 1875, 1887, 1891, 1912 and 1913. 

Flowering was observed in the clumps planted at Nilambur and Wynad (Kerala) in 1990. 

According to Gamble, D. longispathus flowered during 1876, 1879–80 at Chittagong 

(Bangladesh) and during 1871 &1891 in Myanmar (Gambel, 1896). Gupta (1972) 

reported from Assam in 1968 and in Mizoram during 1966 to 1967 (Gupta, 1972). 

Sporadic flowering of D. longispathus in Tripura during 2014, and the same was 

observed in the month of January and February 2014 in Mamit and Kolasib districts, 

Mizoram (Sinha and Roy, 2014). 
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There are some bamboo species that have continuous flowering annually or 

nearly so, as happens in most herbaceous bamboos and in some cases in woody bamboos 

like Schizostachyum (Thapliyal, 2015). Such species keep flowering year after year 

without any effect on the plant itself, although the seeds produced are rarely viable. 

There are some bamboo species which flower at the same time over an entire continent, 

some even say all over the globe. This is called gregarious flowering, i.e., simultaneous 

flowering of all the bamboos of a single clone spread over a large geographical area. 

Gregarious flowering generally progresses in waves for a period of two to three years 

from one end of a forest to the other. This is a strategy of nature to prevent the entire 

bamboo forest area from dying after the bamboos have flowered. Many of the big timber 

bamboos flower in this manner. Each species has an inbuilt genetic time clock keeping 

track of its life cycle which may vary from anywhere between 20 to 120 years 

(Thapliyal, 2015). 

Once a particular species reaches its life expectancy, it will start flowering which 

is then followed by the development of seeds. Bamboo flowering in this way spends an 

enormous amount of energy producing the flowers and seeds which usually stresses the 

plant to such an extent that it will die. Bamboos flower only once and die afterwards 

(Dhar, 2003). A particular species can flower and die all over the world at the same time 

which happens because all plants originating from a particular source are clones of the 

mother plant (since bamboos are usually multiplied via cuttings or clump divisions) 

though it also happens in naturally regenerated clumps through seed. Another type of 

flowering pattern that some bamboo species undergo is sporadic flowering. As the name 
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suggests, this type of flowering is found much lesser and it seems that it is brought on by 

environmental factors (such as drought or cold) rather than genetics. Flowering is 

usually not wide-spread but can happen to either singular plants or all of the same 

species within a localized area. Sporadic flowering rarely results in the production of 

viable seeds but on the upside, the plants rarely die after the event (Thapliyal et al., 

2015). Sporadic flowering can also occur when bamboo forests or plantations are 

heavily exploited (Schroder, 2011). 

In recent years, there have been several reports of bamboo flowering from the 

region. Apart from the recent gregarious flowering of bamboo (M. baccifera) in the 

region since 2006 onwards (Jeeva et al., 2009), gregarious flowering of thin walled 

species, Schizostachyum dulloa was reported from Assam (Nath and Das, 2010). In 

2014, sporadic flowering of D. longispathus was prevalent in the Mamit and Kolasib 

district of Mizoram (Sharma et al., 2014) which continued till date,  Vanlalfakawma et 

al., (2017) reported the sporadic flowering Bambusa tulda from the Mizoram-Tripura 

border areas of Mizoram. B. mizorameana, a recently described species (Naithani, 

2009), flowered sporadically in few locations in Mizoram   (Vanlalfakawma et al., 

2019).  

1.6 Cultural importance of bamboos 

The bamboo is considered as important multipurpose tree species especially in 

North East states of India (Marak, 2001). Bamboo is also an important raw material for 

cottage and small scale industries, large number of people from poorer section of the 
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society depends on bamboo for their livelihood. Men, women and children of different 

ages were engaged in bamboo and bamboo crafts (Singhal and Gangopadhyay, 1999). In 

the state of Mizoram, one of the commonly used bamboo species i.e. D. longispathus 

plays an important role in ecological and cultural impact of the state. Out of the 78 

species and 23 genera prevalent in the northeastern region of India, 6 species belonging 

to 2 genera Bambusa and Dendrocalamus are most popularly used. Bamboo has 

outstanding cultural, economic and biological value and has a potential development 

prospect in the future of Mizoram. With increasing human population and expanding 

their demands on bamboo resources, more approaches are required for managing 

bamboo forest and its resources (Lalnunmawia, 2002). Tender shoots are harvested 

during rainy season for dietary consumption and mature culms are harvested for 

construction material preferably during the dry season. It is also being utilized in 

handicraft industries, mats, and mat ply industries. It is one of the most versatile 

resources for the sustenance of rural livelihood. Bamboo is closely connected with the 

daily life of the people in Mizoram; bamboo is being used as a household materials, fuel 

wood etc. bamboo is a kind of native materials for making pillars, scaffold or staging, 

floors, walls, doors and window frames, etc.. Generally, the bamboo species with big 

culms, such as D. hamiltonii, D. longispathus and Bambusa vulgaris are commonly used 

for pillars, walls and floors. Among the edible bamboo species, the shoot of M. 

baccifera is most common, followed by that of D. longispathus, D. hamiltonii and 

Bambusa tulda (Vanlalfakawma et al., 2017).  
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During the months of June to August, the vegetable markets in Mizoram are 

flooded with tender bamboo shoots which are a vegetable among the Mizo’s. Among the 

four edible species, three species are sympodial (clump forming) bamboo while M. 

baccifera is monopodial bamboo. M. baccifera contributes approximately 90 per cent of 

the total bamboo growing stocks, while a meagre 10 per cent is shared by other bamboo 

species (Anon, 2009). There are few bamboo industries in Mizoram. Utilizing a small 

quantity of the state bamboos resources, most of the bamboos are being sold to the 

Nitol-Niloy Group, Bangladesh (Lalnunmawia, 2011). 

Some of the commonly used cultural tools are like the basket weaving practiced 

are mainly open and closed weave carrying basket. They are generally made entirely of 

thick bamboo outer splits. These baskets have a square base and gradually transforms 

into a circle at the rim of the basket. The main elements are those that form the base, 

sides and rim of the basket. In a particular type of basket called paiem or empai, the 

elements used are traditionally seasoned with a smoke. They are exposed to a smoke 

until it turned to rich red-brown colour and for this purpose; the species generally 

preferred is D. longispathus. In the northeastern region of India, people mainly from 

rural areas are highly dependent on bamboo for their daily activities and it naturally 

becomes their vehicle of development, since they generally have adequate access to it 

and are easily grown and harvested. Thus, most uses of bamboo in northeastern region 

of India continue to be traditional. Basketry making is common in this region because 

the jhum fields and water resources are located away from the village limits. They need 

to carry their loads such as, paddy, firewood and water on their backs and climb hilly 
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terrains. The basketry works of the people depicts their real aspect of material culture. 

The study reveals high dependency on bamboo as a natural resource in the community, 

especially in house construction, production of household mats, containers and baskets. 

(Cajee, 2018). 

1.7 Scope of the present work 

There are few studies available on the fruiting and regeneration of bamboos 

(Lalnunmawia et al., 2005; Lalnunmawia and Lalramnghinglova, 2010). Flowering and 

deaths of bamboos appeared to have caused the removal of nutrients from the forest 

ecosystem. This may severely impoverish the soil and may account for the low fertility 

of the soil after bamboo flowering and death (Lalnunmawia, 2008). Understanding the 

floral characters along with anthesis and flowering culm per clump were assigned as 

important studies, where flowering and death of bamboos appeared to have caused 

removal and or the addition of nutrients from the forest ecosystem. This may account for 

variation in the fertility of the soil after bamboo flowering and death. Several studies 

were made on the impacts of bamboo flowering and death on soil properties. Soil pH 

tends to decrease, which is in accordance with lower concentrations of exchangeable Ca 

and Mg at bamboo flowering sites (Takashi et al., 2007). Details of the mechanisms 

behind the decreases in soil pH and exchangeable cations are not apparent, but soil 

moisture and higher water holding capacity at flowering sites is suspect to enhance the 

leaching of cations from the soil surface especially in the rainy seasons (Venkatesh, 

1984).  



21 
 

However, study on the impact of bamboo flowering on the physical and chemical 

properties of soil is very meagre. The biogeochemical role of bamboo in sustaining the 

productivity of soil in hill areas of Mizoram and the neighboring states of northeast India 

cannot be neglected. The present study helps us understand D. longispathus Kurz about 

their floral development, phenological characters, seed production, seedling mortality, 

seedling establishment and impacts of bamboo flowering on soil characteristics in the 

hilly areas of Mizoram where bamboo is growing abundantly. 

1.8 Objectives 

Keeping in view all the above facts, the present study has been proposed to 

understand the phenological attributes, fruit and seed setting in D. longispathus Kurz in 

Mizoram (North-East Himalaya). The specific objectives of the study are:  

1. To study important phenological and morphological features of D. longispathus. 

2. To quantify the seeds produced by the flowering bamboo and to estimate the soil 

seed bank and seed viability. 

3. To study the seedling regeneration and seedling establishment. 

4. To study the impact of D. longispathus on soil Physico-Chemical properties. 
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CHAPTER – 2 

Review of literature 

 

2.1 Bamboo flowering 

A number of research works had been carried out on bamboo flowering and its 

ecological impacts at international, national and regional level.  An attempt has been 

made in this chapter to review the relevant literatures available on the flowering of 

bamboo, floral morphology, seed germination, bamboo regeneration, growth and 

development, impact of bamboo flowering on soil physico-chemical properties which 

are discussed below. 

Bamboos are naturally distributed in the tropical and subtropical belt between 

approximately 46° N and 47° S latitude, and is commonly found in Africa, Asia and 

Central and South America. There are few species which can grow in temperate zones 

also such as Arundinaria gigantean (Walter) Muhl. Among Asian countries, India and 

China are the two major bamboo producing countries (Maxim et al., 2005). The bamboo 

bearing areas in India are estimated to be 15.69 million hectares (Anonymous, 2017). 

Bamboos are giant grasses and the taxonomy of these plants has been neglected for long 

time. Moreover, taxonomy of bamboos is quite complicated because flowers are the 

main organ used as a major taxonomic character for discrimination of species in the 

Angiosperms taxonomically (Stapleton, 1994). 
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Bamboo plants produces flower at long intervals and some species have never 

been known to flower, bamboos are among the least studied of all higher plants. Names 

and descriptions developed in the past have been difficult to apply until the bamboos 

flower again, because they may rely upon floral characteristics for their identification. 

Among bamboo species, the vegetative growth phase varies from 1 year to 120 years 

(Janzen, 1976). Moreover, identification and classification is necessary for collection 

and conservation of germplasms (Bahadur, 1979; Soderstorm and Calderon, 1979). Plant 

identification keys are mostly based on floral characters. Depending on the flowering 

cycle, the bamboos are categorized into three major groups, viz. annual flowering 

bamboos it includes species like Indocalamus wightianus, Ochlandra sp., sporadic or 

irregular flowering bamboos for example Chimonobambusa sp., D. hamiltonii and 

gregarious flowering bamboos like B. bambos, B. tulda, D. strictus, T. spathiflora (Das 

et al., 2008; Bystriakova et al., 2003). 

Because of the flowering cycle the identification depending on reproductive 

structure was found to be difficult in some genera under Angiosperms. Moreover, the 

taxonomic status identification has been a difficult task, so to resolve this problem 

during early part of the 19th century, anatomical as well as micromorphological 

characters are also utilized for segregating the lower taxonomic categories. Non 

reproductive organs are also used for identification and segregation and among them, of 

which leaf is the most widely used organ in plant taxonomy (Metcalfe, 1960; Stebbins et 

al., 1961). 
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At some extent for identification and classification of bamboos in the world are 

dependent on vegetative characters such as culm and culm-sheath, for the identification 

because of the unusually long sexual cycle and unavailability of any other diagnostic 

taxonomic structure (Wu, 1962). And for the classification and identification of 

bamboos needs greater attention in order to resolve the taxonomic crunch (Hui and 

Yang, 1998). Bamboo grows for many years vegetatively by putting up of a fresh set of 

new shoots every year. At the end of the flowering cycle all the bamboos flower 

simultaneously. The vulnerability of some species is increased by the simultaneous 

flowering and, subsequent death of entire populations in cycles of 20 to 120 years. Thus, 

from economic point of view, bamboo flowering and fruiting is a calamity. Bamboos 

flower only once and die afterwards (Dhar, 2003), the reasons for it are still not clearly 

understood. The flowering of a bamboo is usually quite an extraordinary event - for the 

simple reason that it very rarely happens. In a population, flowering initially may be 

sporadic but gradually becomes gregarious. The flowering continues in a specific 

direction like a wave with a period of 12 to 14 years or more, spreading over the whole 

forest area as reported in Melocanna baccifera (Banik, 2000). Observations made on D. 

giganteus clumps in six locations in the Kandy district of Sri Lanka when 23 out of 111 

clumps flowered from 1990 to 1996. Flowering behavior did not indicate mast seeding, 

while the relatively large proportion of clumps that flowered ruled out sporadic 

flowering (Dramanayake, 1988). It was not possible to confirm that the species had a 

flowering cycle of 76 years as reported by Janzen (1976). 
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A bamboo can have one of the three flowering patterns dependent of genera and 

species. Flowering reports of 35 bamboo species in India, from early 19th century to 

recent ones. Flowering cycle of some bamboo species have been reported as Bambusa 

balcooa: 35 to 45 years, B. bambos: 45 years, B. tulda: 30 to 60 years, D. giganteus: 40 

years, D. hamiltonii: 30 to 40 years, D. longispathus: 30 to 32 years, D. strictus: 25 to 45 

years, M. baccifera: 40 to 45 years, Ochlandra ebracteata: 7 years, Phyllostachys 

bambusoides: 120 years, Sinarundinaria wightiana: 01 year and Thyrsostachys oliveri: 

48 to 50 years (Thapliyal et al., 2015).  

2.2 Flowering in NE India & Mizoram 

Mizoram is situated in the north eastern part of India, and it shares international 

borders with Bangladesh in the west and Myanmar in east and south. The geographical 

area of the state is 21,081 km2 which constitutes 0.64% of the total area of the country. 

The recorded forest cover in the state is 18,186 km2 which works out to be 86.27% of its 

geographical area (Anonymous, 2017). A number of bamboo species grow very 

luxuriantly in the state, most notably is the Melacanna beccifera (Roxb.) Kurz, which 

constitutes approximately 70% of the bamboo cover. D. longispathus Kurz, D. 

hamiltonii, D. strictus (Roxb.) Nees and Bambusa tulda Roxb are the other notable 

bamboo species of the state having populations distributed in small patches across the 

state (Anon, 2017).  It was reported that since 2014, small and segregated populations of 

this species flower annually across the state; Mamit, Kolasib, Aizawl, Lunglei, 

Lawngtlai, Siaha, Champhai and Serchhip district (Sharma et al., 2014). 
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Flowering and non-flowering clumps can be found within the same site of where 

D. longispathus flowering occurs. Few individual in the same population did not 

flowered at all. This peculiar flowering pattern of D. longispathus is a cause of concern 

for all those who are associated with it. Localized arid conditions can be one of the 

factors triggering flowering. Usually this species is present in gradually sloping hills 

where few natural water sources are present at some places. The observed sporadic and 

segregated flowering pattern is may be due to localized unavailability of water. After 

math of flowering in D. longispathus includes death of flowering culms and increase in 

rodent population. Since jhumming or slash and burn practice is quite prevalent in 

Mizoram, therefore, dead flowering clumps are very susceptible to fire (Thapliyal et al., 

2015). In different regions of Mizoram in 2014, sporadic flowering was observed in D. 

longispathus, D. hamiltonii, and D. strictus (Yadav et al., 2019). 

2.3 Floral morphology of flowering bamboo 

Dendrocalamus longispathus maintain separate entity under flowering 

morphology because of their culm, having high and long sheath, broad and long leaves 

as compare to species under genus Bambusa. Leaf blade is also shorter than that of culm 

sheath. Culm sheath length is same through for matured bamboo (Khanday et al., 2015). 

The inflorescence character of D. longispathus was studied in Mizoram which was 

found to align with studies made in Tripura, India. Inflorescences are large spicate 

panicle. Spikelets clustered in sub-globose head; head 5-13 x 3-11 mm, surrounded by 

two bracts. Bracts acute, approximately/ca 6 mm long, l - keeled, pubescent abaxially. 
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Individual spikelet ca (circa) 6 mm long, laterally compressed, hermaphrodite, blunt. 

Glumes 2; lower glume gibbous-obovate, ca 3.5 mm long, blunt at apex, laterally 

compressed, scarcely pubescent abaxially, faintly 5-nerved; upper glume obovate, ca 5 

mm long, blunt-acute at apex, membranous, 16-nerved, glabrous. Florets usually 2, 

hermaphrodite. Lemma obovate, ca 5.5 x 4 mm, membranous, blunt acute at apex, ciliate 

at margin, scarcely pubescent abaxially, l7 - nerved with undulating lower part. Palea 

oblong, ca 5 x 0.8 mm, truncate-acute at apex, 2 - keeled, ciliate on keels, faintly 1-3 

nerved, minutely pubescent. Lodicules absent. Stamens 6, exerted; filaments short; 

anthers ca 3.7 x 0.8 mm, glabrous, with a reddish or black mucro at tip. Ovary broadly 

ovoid, ca 1 mm long, acute at apex, with a short glabrous stalk, pubescent; style short, 

hairy; Stigma one plumose. Caryopsis ovoid, ca 2.6 x 2 mm, somewhat narrow on the 

middle, glabrous, beaked at apex at the base of the style; style persistent on the caryopsis 

(Devi et al., 2014). 

2.4 Seed morphology of bamboo 

Seeds of bamboos cannot be obtained every year and after seeding the bamboos 

die. Seeds can be used for seedling production only for short duration of maximum six 

months. There are bamboos which have not produced seeds yet. So, production of 

planting stock in bamboo is difficult due to the absence of regular seeding and short 

viability of seeds. Bamboos produce one-seeded fruit with thin pericarp adnate to the 

seed coat, is known as caryopsis covered with a number of persistent glumes (Gould, 

1968). The seeds (caryopsis) of Bambusa are oblong, smooth, fusiform, grooved on one 
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side, ending in a short beak, pale brown and always surrounded by persistent glumes and 

palea. While, that of Dendrocalamus are brown, ovoid to sub-globose and fusiform with 

obtuse or aristate rostrum at the apex covered with white pubescence, pericarp 

crustaceous (Seethalakshmi and Muktesh Kumar, 1998). Seed longevity in bamboos 

varies with species from one to eight months. Caryopsis and glans types can be stored by 

controlling moisture content and temperature, for about four to five using scientific 

methods of seed storage (White, 1947; Gupta and Sood, 1978; Somen and 

Seethalakshmi, 1989; Sur et al., 1989; Thapliyal et al., 1991) but for bacca type no 

storage methods were found successful. Banik (1994) opined that bamboo seeds lose 

their viability within short period of time and the viability of bamboo seeds depend on 

the storage condition and time. Kassahun et al., (2003) reported that bamboo seeds are 

sensitive to moisture. The recalcitrant seeds of O. ebracteata and O. scriptoria have 

viability for about a month, while O. setigera is viable for one to two weeks; O. 

travancorica and O. wightii have 10 to 30 days viability (Seethalakshmi and Muktesh 

Kumar, 1998). 

2.5 Seed management and germination of bamboos 

In the year following the flowering of the bamboo or years in the case of bamboo 

flowering, blooms tend to be concentrated in the months between November and April. 

Seeds are generally available from March to April onwards. However, seeds in the 

period May to July tend to have better viability and reproductive ability. Germination, in 

majority of the bamboo species, is epigeal with some exceptions like Ochlandra spp. 
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with hypogeal germination (Seethalakshmi and Muktesh Kumar, 1998). High percentage 

of germination (80 to 100%) is obtained, if seeds are sown soon after collection under 

shade. Germination period is four to twenty days in orthodox seeds, while for 

recalcitrant seeds of Melocanna spp. and Ochlandra spp. it may be less. Germination in 

fresh seeds of bamboo is high like 90-95% in B. bambos, 75-80% in D. asper, upto 75% 

in D. strictus, 55 to 90% in Ochlandra spp. Use of growth regulators like IBA and GA 

had significant influence on germination 3 and vigour of seeds of D. hamiltonii (Singh 

and Nayyar, 2000) while IAA, IBA and NAA on D.strictus (Gopi Chand and Sood, 

2008). The nutritional changes upon germination and sprouting are summarized where, 

the desirable nutritional changes that occur during sprouting are mainly due to the 

breakdown of complex compounds into a more simple form, transformation into 

essential constituents and breakdown of nutritionally undesirable constituents. This is a 

reason why sprouts are also called pre-digested foods (Chavan and Kadam, 1989). 

Reports show that storing the orthodox seeds of bamboos over calcium chloride with a 

moisture content of 10 to 11% is ideal. The viability of seeds of B. bambos and B. tulda 

was extended by storing the seeds over calcium chloride at room temperature. Also, by 

soaking and drying the seeds of D. strictus with low concentration of disodium hydrogen 

phosphate the germination and viability were found to improve (Sur et al., 1988).  When 

compared to other crops, reduction in moisture content was not substantially over the 

period of time as seeds mature and remain within a relatively moist environment in 

fleshy fruit, where desiccation is delayed (Welbaum, 1999). 
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2.6 Studies of bamboo in Mizoram 

In Mizoram most of the research related to bamboo and its related impact were 

mainly focuses on the following field described by different researchers such as; In 

1997, there are 22 species of bamboo reported in Mizoram (Lalramnghinglova and Jha, 

1997). And later, there were reports of 35 species of bamboo in Mizoram including 

indigenous as well as introduced species (Anon, 2010). The species -wise availability of 

bamboo shoot in the market is estimated as 50, 30, 15 and 2 per cent for M. baccifera, D. 

longispathus, D. hamiltonii and B. tulda respectively (Jha et al., 2000). Combination of 

bamboos (Melocanna baccifera Roxb. Nees. and D. longispathus Kurz) with soybean 

gives better result in comparison with control plot (being nitrogen fixers) Soybean 

enriches the soil (Lalnuntluanga, 2000).  

Bamboo based agroforestry system can be an ecological and economically viable 

system to rehabilitate jhum land, provided farmers adopt the desire management 

practices to minimize the negative effect of root interaction and to increase the sunlight 

penetration in order to maintain sustainability (Lalnunmawia, 2002). Out of three edible 

bamboo species grown with ginger, the growth performance of D. hamiltonii was 

recorded maximum in terms of diameter in all the three years of study under replication 

whereas diameter of B. tulda and D. longispathus were more or less the same 

(Lalnunmawia, 2002). Incorporation of clump forming edible bamboo species i.e. D. 

hamiltonii, D. longispathus and Bambusa tulda is recommended to rehabilitate degraded 

jhum land in Mizoram (Laha, 2002). 
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Growth performance during two years of three clump-forming edible bamboo 

species, viz., D. hamiltonii, D. longispathus and Bambusa tulda grown along with ginger 

(Zingiber officinale). Growth of bamboos, as well as yield of ginger, were found 

significant under fertilizer treatment as compared to control (Jha and Lalnunnmawia, 

2003). Gregarious flowering of bamboo Melocanna baccifera, followed by famine, is 

locally known as 'Mautam' and appears to occur in an established cycle in Mizoram, 

North East India. This cycle has been reported to have occurred in 1815, 1863, 1911 and 

1959, a regular interval of 48 years. Thus, it is predicted that the next cycle will occur in 

2007 (Lalnunmawia et al., 2005). Seed production rate significantly increased in case of 

culms subjected to fire in comparison to the control. It indicated that fire stimulated the 

seed production in M. baccifera stand (Lalnunmawia, 2008). 

Multi-date satellite data of IRS P-6 were utilized for mapping and monitoring the 

phenomenon of bamboo flowering giving an area and synoptic view of flowering pattern 

for a period of 5 years (2005 to 2009) and also the specific location and distribution 

pattern of M. baccifera. The cumulative progression in flowering pattern shows 

successive increase in flowering areas which recorded a maximum of 73.83% out of the 

total bamboo forest (Lallianthanga and Sailo, 2012). Soil bulk density decreases with the 

increase in soil C and N content. In terms of C and N sequestration potential, bamboo is 

found to be the highest compared to other forest area nearby. This is because of the high 

seasonality of fine roots in bamboo ecosystem that adds C and nutrients to the 

ecosystems to speed up the process of sequestration (Vanlalfakawma, 2014). The 

rhizosphere effect of bamboo in shorter fallow is microbial mediated under C and 
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nutrient limited conditions and in longer fallow the same is regulated by the accumulated 

organic matter and the available nutrients (Hauchhum and Tripathi, 2017). 

The first Ṭhingtâm, recorded in the region was in 1880, which was preceded by 

Mautâm (gregarious flowering of Melocanna baccifera) in 1862; i.e., the Ṭhingtâm 

phenomenon occurred approximately 20 years after the Mautâm. The last Ṭhingtâm was 

recorded in 1981. However, there has been a localised Ṭhingtâm at Zawlnuam, a village 

at the Northwestern Mizoram. The flowering of B. tulda (Ṭhingtâm) was again recorded 

in 2015 (Vanlalfakawma et al., 2017). Bamboo flowering seriously hampers the 

sustainability of different industries in the state of Mizoram where, Melocanna baccifera 

flowered gregariously in 2007 and most of the flowered population died out and is 

currently in regeneration phase (Yadav et al., 2019). D. longispathus require proper 

management for the successful establishment under natural forests ( Lalnunmawia and 

Lalrammuana, 2017). 

A thorough literature review revealed that research on phenological studies is 

void along with studies of seed production and seedling regeneration of bamboos of 

Mizoram, D. longispathus Kurz in particular. Since, the studies on life cycle of a 

bamboo species has not been done in Mizoram, along with their floral development and 

seed formation. These studies can bring about the understanding of naturally 

regenerating flowering and seedlings phenology along with the morphology of D. 

longispathus Kurz. 
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CHAPTER – 3 

Study site 

3.1 Introduction 

Situated in the North Eastern part of India, Mizoram covers geographical area of 

21,081 km2, which is 0.64% of the geographical area of the country. The State lies 

between 21°56' N to 24°31' N latitude and 92°16' E to 93°26' E longitude and shares 

borders with Tripura in the west, Assam and Manipur in the north. Mizoram also shares 

international border with Myanmar on the east and Bangladesh in the south and west. 

Physiographically, the State is comprised of rugged, steep hill ranges and interspersed 

valleys.  

The State has a climate ranging from moist tropical to moist sub-tropical. The annual 

rainfall ranges between 2,100 mm to 3,500 mm and the annual temperature during 

winter, 11°C to 24°C and in summer between 18°C to 29°C. It rains heavily from May 

to September. The State has 8 districts, all of which are tribal and hill districts. As per 

the 2011 census, Mizoram has a population of 1.09 million which is 0.09% of India's 

population. The rural and urban population constitute 47.89% and 52.11% respectively. 

The tribal population of the State is 94.43%. The population density of the State is 52 

per Km2 which is much lower than the national average. The 19th Livestock census 2012 

has reported a total livestock population of 0.31 million (Indian State of Forest report, 

2019).  
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Forest cover presented in tree patches of size 1 ha and more having canopy density 

are more than 10%. However, trees occurring in patches of size less than 1 ha including 

scattered trees are assessed through sampling based methodology. Based on the 

interpretation of IRS Resourcesat-2 LISS III satellite data of the period December, 2017 

to February, 2018, the Forest Cover in the State is 18,005.51 per Km2 which is 85.41% 

of the State's geographical area. In terms of forest canopy density classes, the State has 

157.05 per Km2 under Very Dense Forest (VDF), 5,800.75 per Km2 under Moderately 

Dense Forest (MDF) and 12,047.71 per Km2 under Open Forest (OF). Forest Cover in 

the State has decreased by 180.49 per Km2 as compared to the previous assessment 

reported in ISFR, 2017 (Indian State of Forest report, 2019). 

As per the Champion & Seth Classification of Forest Types (1968), the forests in 

Mizoram belong to four Type Groups, which are further divided into six Forest Types. 

Tropical wet-evergreen forests of the State have valuable species in the top canopy such 

as Dipterocarpus turbinatus, Artocarpus chaplasha, Terminalia myriocarpa, Amoora 

wallichii, Michelia champaca, Mesua ferrea etc. Bamboos occur abundantly in the 

middle and lower stories in the evergreen forest type, Canes are also present in this type 

of forest. 27 species of bamboo are reported from the State (Indian State of Forest report 

2019). The climate of Mizoram as a whole is Tropical Monsoon type of climate. Owing 

to its location, Mizoram topography is conspicuous by the presence of hills and 

mountain ranges as the eastern side of the state is situated at a higher altitude than the 

western side of the state. Lengte Village (N 23°46’25.1”, E 092°35’48.2”) of Mamit 

district is at the north western part of the state enjoys a moderate climate owing to its 
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tropical location. It is neither very hot nor too cold throughout the year. The economic 

status of the study site varies from place to place and from individual to individual, but it 

can be summarized thus: in general, people are poor. The crop production per unit area 

is low and marketing facilities are also poor due to lack of transport and communication. 

The inhabitants of the study area mostly depend on jhumming cultivation. The sources 

of income other than agricultural products are forest products like timber, fuel wood and 

bamboo. 
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3.2 Study site. 

3.2.1 Location.  

Mizoram is bounded on the North by Cachar District of Assam and Manipur 

state; on the east and south by Chin Hills of Myanmar; on the west by Chittagong hill 

tract of Bangladesh and Tripura. The tropic of cancer runs across the state. The study 

was conducted in Lengte village inside Mamit District which is located 33 km North 

West of Aizawl, the Capital City of Mizoram (Figure 3.1). 

         Figure 3.1: Map showing study sites. 
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 The study sites of disturbed sites are located at 23°46’25.2” N, 092°35’48.1” E. 

The study sites were selected as these sites were once under shifting cultivation over 4 

years ago. At the time of the study period the study sites was considered as regenerating 

forest. Undisturbed sites are located at 23°90’06.3” N, 092°65’54.8” E. A natural stand 

of D. longispathus Kurz was selected for these sites as shifting cultivation was 

implemented over 30 years ago which was considered to be regenerated forest. The 

study sites are situated at an elevation of 400 m to 500 m above mean sea level and have 

a moderate slope. 

3.2.2 Climate 

Mizoram generally enjoys a typical monsoon type of climate, it is humid and 

warm in summer and dry and cold in winter. The climate of the state, however, is also 

influenced by the periodic cyclonic disturbances, local mountain and valley breezes. 

Lengte Village of Mamit district falls under the direct influence of the South-West 

monsoon. As such the area receives an adequate amount of rainfall which is responsible 

for a humid tropical climate characterized by short winter and long summer with heavy 

rainfall.  

The maximum and minimum data during the study year was recorded on account 

of air temperature, air humidity and annual rainfall of 2015 to 2018 with the assistance 

of Mizoram Science, Technology and Innovation Council (MISTIC) as the sporadic 

flowerings was observed to occur at the end of 2014 till 2019 in Mizoram. 
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3.2.2.1. Temperature 

During the study period (January, 2015 to December, 2018) monthly maximum 

temperature varied from 23° C (December, 2015) to 30.5° C (November, 2018) and 

monthly maximum temperature during 2015 and 2016 varied from 30.2° C (March, 

2016) to 23.8° C (January, 2016). The average monthly minimum temperature is the 

lowest in January, 2017 (5.7° C) and highest in September, 2018 (18.3° C). However, 

the average monthly minimum temperature during 2015 and 2016 was lowest in 

January, 2017 (6.4° C) and highest in June, July, August and September, 2015 (15.6° C). 

The temperature gradually increased from March each year, and with the one set of 

monsoons, it showed a marginal decline and remains almost constant from July to 

November (Table 3.1). 

Table 3.1: Maximum and minimum air temperature (°C) at the study site. 

Month 
Years 

2015 2016 2017 2018 
Max Min Max Min Max Min Max Min 

January 24.1 8.4 23.8 6.4 26.3 5.7 25.7 7.3 

February 25.9 9.0 27.2 9.6 28.4 8.2 28.6 11.1 

March 29.2 12.8 30.2 12.4 27.1 8.5 30.0 14.3 

April 26.8 12.6 29.3 12.7 30.0 10.6 29.6 12.0 

May 27.6 14.4 28.1 13.1 30.3 13.8 30.2 10.5 

June 27.4 15.6 27.8 14.1 28.4 12.2 30.0 12.0 

July 26.8 15.6 27.2 12.2 29.1 12.6 30.0 13.0 

August 26.8 15.6 28.5 12.8 29.4 12.6 29.9 13.8 

September 27.5 15.6 28.0 12.3 29.9 14.1 30.4 18.3 

October 27.1 14.3 28.4 12.0 29.7 15.6 29.9 16.1 

November 27.2 11.7 25.7 8.2 28.8 13.9 30.5 12.7 

December 23.0 8.1 24.9 7.0 25.3 11.4 23.6 11.2 
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3.2.2.2. Humidity 

During the study period (January, 2015 to December, 2018) monthly percentage 

(%) of maximum air humidity varied from 30.8% (March, 2015) to 96.7% (August, 

2017). Average monthly minimum air humidity was lower in March, 2015 (36.1%) and 

highest in August, 2017 (97.8%). The air humidity gradually increased from June each 

year, and with the one set of monsoons, it showed a marginal decline and remains almost 

constant from July to October (Table 3.2). 

Table 3.2: Maximum and minimum humidity (%) at the study site. 

Month 

Year 

2015 2016 2017 2018 

Max Min Max Min Max Min Max Min 

January 44.3 79.9 81.4 96.4 79.6 89.3 84.7 92.1 

February 32.8 64.8 82.1 92.7 79.9 89.1 81.1 93.4 

March 30.8 63.1 80.8 88.5 82.0 90.7 80.4 91.7 

April 70.7 93.3 89.2 93.5 84.5 91.1 76.8 88.0 

May 50.7 89.9 87.9 93.7 86.4 92.7 74.7 85.5 

June 60.3 90.7 90.4 95.2 93.6 96.5 93.1 96.5 

July 90.4 95.7 93.2 96.7 95.1 97.5 95.0 97.3 

August 91.1 95.6 90.0 95.0 96.7 97.8 94.0 96.4 

September 91.3 94.7 92.9 97.1 95.9 97.5 93.0 96.2 

October 88.7 94.4 89.2 96.2 92.4 96.0 91.2 95.1 

November 83.5 96.6 85.3 94.2 85.3 92.1 84.1 92.0 

December 84.6 96.2 81.4 91.0 84.4 91.7 83.8 91.9 
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3.2.2.3 Rainfall 

The average monthly rainfalls recorded during the study period were presented in 

table below (Table 3.3). In 2015, rainfall was maximum in the month of August (486 

mm) and minimum rainfall of 3.7 mm was recorded for the month of November. There 

was no rainfall in the month of February. In 2016, the onset of rain was from January, 

peak rainfall recorded was 396.3 mm in June, and the lowest value was 1.0 mm in 

January. However, it was observed that there was no rainfall during the month of 

December up to January, 2017. In 2017 peak rainfall of 743.5 mm was recorded in the 

month of June, which was recorded as the maximum monthly rainfall recorded during 

the study period (Figure 3.2). Minimum rainfall of 8.0 mm was recorded in the month of 

November. In 2018, there was no rainfall in the month of December. The onset of rain 

was from January, peak rainfall recorded was 463.0 mm in June, and the lowest value 

was 3.0 mm in November.  

Table 3.3: Average monthly rainfall of the study area (in mm) during the study period. 

Months 
Years 

2015 2016 2017 2018 

January 8 1 0 8 

February 0 11.8 18.7 8 

March 40.8 80.6 95.9 47 

April 241.8 124.3 145 115 

May 189.8 351.7 216.5 232 

June 429.1 396.3 743.5 463 

July 418.2 290.5 374.5 233 

August 486 328.4 479 420 

September 356.1 380.6 239 131 

October 233.4 106 329 89 

November 3.7 89.9 8 3 

December 5.4 0 37.6 0 
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Figure 3.2: Average monthly rainfall of the study area (in mm) during the study period. 

3.2.3 Vegetation of study site 

The forest type of Lengte village, Mamit district is mainly tropical wet evergreen 

forest associated with moist deciduous forests and semi evergreen forest. The study area 

falls under less dense forest where regeneration of different plant species were spotted to 

have successfully flourish at the study sites. Some of the important components of the 

study area are mentioned below: 

Timber and herbs species: There are about 125 good timber yielding species reported 

from the state (Singh et al., 2002). Some of the common timber species of the study area 

are Albizia lebbeck, A. odorattissima, Schima wallichii, Tectona grandis, Artocarpus 

chama, Michelia champaca, Terminalia myriocarpa, Dipterocarpus turbinatus, 

Artocarpus chaplasha, Mesua ferrea, etc. Majority of the undisturbed sites were found 
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to be habitat of Musa paradisiaca var. sylvestris. The study sites were also colonized by 

different climbers, herbs and shrubs such as; Mikania micrantha, Entada phaseoloides, 

Phrynium placentarium, Eupatorium odoratum, Tithonia diversifolia, Bidenspilosa L, 

Blumea lanceolaria, Celaenorrhinus, Saccharum longisetosum, Thysanolaena maxima, 

Imperata cylindrical, Mimosa pudica, Spilanthes acmella, Plantago major, Urena 

lobata, Solanum nigrum, Centella asiatica etc. 

Orchids: Orchids are very common and about 251 species have been reported from the 

state (Singh et al., 2002). The orchid species found in the study area are Vanda coerulea 

(Blue Vanda) and Renanthera imschootiana (Red Vanda) were spotted. 

Wild Relatives of Cultivated Crop Plants: There are wild relatives of the cultivated 

crops, which have been spotted at the study area, such as Acacia pennata, Parkia 

speciosa, Artocarpus integrzfolin, Eurya cerasifolia, Ammomum dealbatum, Solanum 

torvum, Emblica officinalis  etc. 

Bamboos: Recently 35 species of bamboos have been reported from the state out of 

them, 21 species are indigenous to the state, while 14 species have been introduced from 

outside. Bambusa tulda, D. longispathus, D. hamjltonii, Melocanna baccifera, 

Melocalamus compactiflorus, Sinarundinaria griffithiana are the main species of the 

bamboos found in the state.  

Approximately, 80% of the total bamboo area is occupied by Melocanna 

baccifera (Lalnunmawia and Lalramnghinglova, 2010). D. hamjltonii, Melocanna 

baccifera and D. longispathus Kurz were the two bamboo species found to have 

successfully grown in the study area. 
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Land use: The forest type and study sites of Lengte village were characterized by those 

lands where shifting cultivation (Slash and burn) had been practiced and then left fallow 

for over a year. The resultant new vegetation of which, regenerated to form new forests 

for both the study sites, which were once disturbed and affected by biotic factors like 

shifting cultivation and human activities. Since the local people of Lengte village were 

highly depend upon farming, practicing of shifting cultivation were still practiced. At 

some part of the area cultivation of annual and perennial crops were also practiced. 

Recently the cultivation of Elaeis guineensis (Oil palm), Hevea brasiliensis (Rubber 

tree) and Hevea brasiliensis (Betel nut) were practicing so that farmers can support their 

finance incomes in a better position and to leave behind the shifting cultivation practices 

which were believed to bring better cause for the flora and fauna regeneration and 

protection respectively. 
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CHAPTER – 4 

Phenology of Dendrocalamus longispathus Kurz 

4.1 Introduction 

The flowering of a bamboo is an intriguing phenomenon. A phenomenon, not 

because bamboo produces any spectacular flowers, but it is a unique and very rare 

occurrence in the plant kingdom. Most bamboos flower once every 60 to 130 years, 

depending on the species (Patowary, 2015). The lack of environmental impact on the 

time of flowering indicates the presence of some sort of "alarm clock" in each cell of the 

plant which signals the diversion of all energy to flower production and the cessation of 

vegetative growth (Cleofe, 1979). This mechanism, as well as the evolutionary cause 

behind it, is still largely a mystery. Depending on the species, a bamboo can exhibit 

gregarious flowering, sporadic flowering or annual flowering. The scutellar and 

coleoptilar bundles are not separated by an internode, the epiblast is absent, the lower 

portion of the scutellum and the coleorhiza are separated by a cleft and the margins of 

embryonic leaves overlap. The features unique to fleshy fruited bamboos are: presence 

of a massive scutellum, the juxtaposition of plumule and radicle and the occurrence of a 

bud in the axil of the coleoptile. The fleshy fruit bearing bamboos should be classified 

into one group, the tribe Melocanneae. Evidence is provided to recognize additional 

groups in the subfamily Bambusoideae (Hari Gopal and Mohan Ram, 1985). 
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There are 3 types of flowering in bamboo which largely depend on species and 

circumstances: 

A) Continuous Flowering or annual flowering happens with most herbaceous 

bamboos and in some cases also with woody bamboos (Schizostachyum). Some species 

keep flowering year after year without any effect on the plant itself, although the 

produced seeds are rarely viable. 

B)  Gregarious Flowering which means that all plants of a 

particular species flower at the same time, regardless of differences in geographic 

locations or climate conditions, and then die a few years later, most woody bamboo 

species are subject to gregarious flowering. Intervals in the gregarious flowering cycle 

vary depending on the species, but in general bamboo flowering intervals can be as long 

as 20-120 years. 

C)       Sporadic flowering bamboo occurs on culms of the same clump in a 

forest. As the name suggests, there is very little pattern to this type of flowering and it 

seems that it may be induced by environmental factors such as drought or cold instead of 

genetics (Schroder, 2011). 

The structure of the ovule, mature embryo and fruit wall development in 

Bambusa and Dendrocalamus are similar (Philip and Haccius, 1976; Hari Gopal and 

Manasi Ram, 1981; Hari Gopal and Mohan Ram, 1985). Flowering was observed in the 

clumps planted at Nilambur and Wynad (Kerala) in 1990. Embryological studies have 

https://www.guaduabamboo.com/genera/schizostachyum
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shown that the ovule, embryosac, endosperm and fruit wall development is similar to 

that of Dendrocalamus hamiltonii except that the cells of the fruit wall are thick and 

round. The position of the embryo cannot be made out from the surface (Harigopal and 

Mohan Ram, 1987). Culms in some bamboo species are very short lived and more 

commonly persist for five to ten years (McClure, 1966). In the past, bamboo flowering 

was reported to be related with inflation in rodent population and incidence of famines 

in the state of Mizoram. Therefore, whenever bamboo flowering is observed in the state, 

researchers and foresters become anxious. There are several theories on the unusual 

flowering habits of bamboo, though researchers have not yet found any conclusive cause 

of this behavior. Although, environmental factors influence the growth of bamboos, and 

in the majority of bamboos they influences flowering, factors that trigger flowering in 

bamboo still remain a mystery (Ramanayake, 2006). 

The phenology or flowering type of D. longispathus Kurz undergoes sporadic 

flowering. The present study of floral morphology and phenological parameters could be 

important for comparisons to further studies of D. longispathus Kurz flowering in terms 

of anthesis, culm behaviors and clump density in Mizoram and other parts of the 

country. The comparison after several years of its flowering may indicate how D. 

longispathus Kurz increased or decreased in density and also to any other characteristic 

changes in the species. 
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4.2 Methodology 

4.2.1 Phenological characters and floral morphology (Opler et al., 1980) 

The study was carried out in the natural populations of D. longispathus Kurz. 

Three permanent sampling plots of 10 m × 10 m (which was free from biotic 

disturbances) were established. Detailed phenological records on 30 randomly chosen 

individuals per culms of the species were made to observe the floral morphology. The 

culm and clump diversity and floral characters were observed and tabulated within the 

selected areas. The height and girth were measured by harvesting the culm.  

The phenological parameter was recorded weekly (5 to 7 days interval) during 

the high activity period of summer season and 3 to 4 weeks intervals during the rest of 

the study period. According to the requirements of the studies the phenological events 

were categorized following Opler et al., (1980). 

4.2.2 Anthesis 

Anthesis were conducted by following the technique used by Stephens and 

Quinby (1934), with some modification as follows; three (3) replicates were taken on 

each study site for three (3) consecutive days on the account of air temperature and air 

humidity during the studies of floral formation. Floral development of different 

amplitude parameters was also taken such as numbers of complete flowering spikelet up 

to six (6) flowering branches from the ground was observed for both disturbed and 

undisturbed site. Three culms, each for disturbed and undisturbed site were observed, 

where the complete flowers observed were removed accordingly for easier notification 
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of the upcoming new complete flowers. For tabulation, the mean data were compared for 

both the study site. 

4.2.3 Floral development per clump and per culm 

Randomly selected clump of sporadic flowering were studied by taking three (3) 

sites each for disturbed area and undisturbed area. The numbers of clumps within 10 m × 

10 m were counted on each study site.  The number of clumps presents in one hectare 

(ha.) was calculated by counting the number of the available clumps present within the 

sampling area (10 m × 10 m) which was divided by 100 m2 and again multiplied by 104. 

The number of clump presents in one hectare was determined by using the following 

calculation: 

𝐶𝑙𝑢𝑚𝑝 𝑝𝑒𝑟 𝐻𝑒𝑐𝑡𝑎𝑟𝑒 =
𝑁𝑜. 𝑜𝑓 𝑐𝑙𝑢𝑚𝑝

10 × 10
× 10000 

Also, the number of culms present in one hectare (ha.) was calculated by 

counting the number of culms present in a clump within 10 m × 10 m to get an average 

number of culm in a clump, which was again multiplied by the number of clump 

presents in one hectare (ha.). The number of culm per hectare was determined by using 

the following calculation: 

𝐶𝑢𝑙𝑚 𝑝𝑒𝑟 𝐻𝑒𝑐𝑡𝑎𝑟𝑒 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑢𝑙𝑚 𝑝𝑒𝑟 𝑐𝑙𝑢𝑚𝑝 × (
𝐶𝑙𝑢𝑚𝑝

ℎ𝑎.
) 
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The average number of flowering nodes per culm was taken from counting 30 

flowering culm each from disturbed and undisturbed study sites. The average number of 

spikelets per culm was estimated by counting two (2) branches, each at the base, middle 

and tip side of the flowering bamboo. The average number of nodes present was taken 

by counting 30 culms. This average number of spikelets was again multiplied by 

numbers of flowering nodes per culm as under: 

𝑁𝑜. 𝑜𝑓 𝑠𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑒𝑠 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑒𝑠 𝑜𝑛 6 𝑏𝑟𝑎𝑛𝑐ℎ𝑒𝑠 × 19 𝑁𝑜𝑑𝑒𝑠 

 

The branches per culm on D. longispathus Kurz was estimated by counting 

branches from 30 culms for each study site. For this the culm was harvested. The 

number of spikelets on a branch was determined by dividing the average number of 

spikelets in a culm with the average number of branch in a culm.The number of spikelets 

on a branch was determined using the following calculation: 

𝑆𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑠 𝑝𝑒𝑟 𝐵𝑟𝑎𝑛𝑐ℎ =
𝑆𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑠 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚

𝐵𝑟𝑎𝑛𝑐ℎ 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚
 

And again, the number of spikelets on each node was determined by dividing the 

average number of spikelets in a culm with average number of node in a culm, using the 

following calculation: 

𝑆𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑠 𝑝𝑒𝑟 𝑁𝑜𝑑𝑒 =
𝑆𝑝𝑖𝑘𝑒𝑙𝑒𝑡𝑠 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚

𝑛𝑜𝑑𝑒 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚
 

The parameters were again analyzed by comparing mean to understand 

significant difference between the study sites using PASW Statistica 18. 
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4.3 Results 

4.3.1 Phenological characters and floral morphology 

The flowering D. longispathus Kurz clumps and culms attributes such as total 

number of culms per clump, no of culms flowered and the height, girth (at fifth node), 

internodal length  and number of nodes of the culms within the clump during March, 

2015 were presented in the Table 4.1 as 46.75, 21.01, 25.66 and 19.04 respectively. The 

flowering branch pattern was similar to that of a vegetative culm. Numerous floral buds 

were arranged distichously in tight capitates-wise clusters of spikelets at the nodes. 

Towards the ends of long branches and in shorter ones, spikelets were fewer and loosely 

arranged compared to the vertical edge of the node.  

Table 4.1: Clump and culm attributes of D. longispathus Kurz (± 1 SD). 

Source Parameters Mean 

Clump attributes No. of culms per clump 46.75 ± 8.75 

Culm attributes 

Height (m) 21.01 ± 3.71 

Girth at fifth node (cm) 25.66 ± 7.26 

Internode length (cm) 46.66 ± 9.11 

No. of nodes 19.04 ± 5.50 
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Floral morphology was conducted by observing 30 random sporadic flowering 

D.  longispathus Kurz. Spikelets are large with leafy panicle, with stiff nodose branches 

bearing large globose heads; rachis dull brown, sparsely pubescent. The spikelets were 

several in numbers and arranged capitates wise on nodes. Spikelets were pale green 

when young and turned dark green on maturity and the exerted yellow anthers gave 

yellow appearance to heads.  

The details of floral parts of D. longispathus Kurz are given in the Table 4.2, 

Figure 4.1 and Photo No. 4. Spikelets were dichogamous, protogynous and closed. 

Maturation of pistil three to five days prior to anther emergence was observed in the 

field studies indicated the protogynous nature. Presence of young anthers along with 

mature pistil in the FAA fixed flowers also confirmed the same. Three to four empty 

glumes per spikelet were seen, which were basal broadly ovate rounded with ciliate 

keels. Two to three fertile spikelets and florets per spikelet were observed. Lemma was 

pale white in colour when young and turned pale green on maturity, broad at base 

ending, needle at top and glabrous. Palea was pale green to white, with many nerved and 

shortly bifid. Stamens were six, pale green in colour and filaments were narrow, long, 

apiculate. Anthers and pollens were yellow; pollens were monoporate. Ovary sub-

globular, hairy with club shaped stigma. The present observations on floral morphology 

agree with that of the classical and recent description by Devi et al., (2014). 
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Table 4.2: Matured D. longispathus Kurz flowering morphology and dimension (ca = 

circa i.e., approximately). 

Sl. 

No. 
Floral Characters 

1 Flowering period October-January 

2 Flower type Large panicle 

3 Flower colour Pale green Palea with Yellow Anther 

4 Spikelet with exposed stigma per head Most of the florets 

5 Spikelet with exposed anthers per head Most of the florets 

6 Stigma type Wet and papillate 

7 Anther dehiscence mode Longitudinal. 

8 Pollen shape Round and circular/spherical 

9 Number of stigma One 

10 Number of Palea 2 

11 Number of Lemma 3 

12 Number of Glume  ca 2 to 3 

13 Number of anther ca 6 to 7 

14 The number of spikelets per branch ca 3000 to 4000 

15 Number of spikelet's/ florets per head ca 1 to 25 

16 Width of spike (mm) ca 4.9 to 5.9 

17 Width of spike complete flower (mm) ca 2.4 to 2.7 

18 Length of the spikelet's (mm) ca 5.4 to 6.3 

29 Length and width of Glume (mm) ca 2.4 to 5.9 and ca 2.4 to 3.8 

20 Length and width of  Lemma (mm) ca 4.8 to 5.3 and ca 2.1 to 2.8 

21 Length and width of Palea (mm) ca 3.7 to 4.3 and ca 1.4 to 2.1 

22 Length and width of ovary (mm) ca 11.8 to 15.1 and ca 1.3 to 5.6 

23 Length of the stigma + style (mm) ca 13.2 to 13.5 and ca 0.4 to 0.9  
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Figure 4.1: Floral parts and seeds of D. longispathus Kurz; a) Leaf with flowering 

branch, b & c) Spikelets, d) Glume, e) Lemma, f) Palea with seed, g) Pistil, h) 

Pistil and Stigma with Ovary, i) Stamen, j) T.S of seed, k) Seedling with root 

and shoot. 
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4.3.2 Anthesis 

The anthesis of D. longispathus Kurz time of anthesis varied from approximately 

6:00 am to 12:00 pm. The stigma of the flowers emerged out 4 to 5 days prior to anther 

emergence. In general stigma became receptive around 7:00 am to 7:30 am and the 

receptivity was indicated by the viscous fluid secretion, where suitable temperature and 

humidity are at suitable timing on both disturbed and undisturbed areas (Figure 4.2 and 

4.3). The yellow anthers emerged out around 7:30 am to 8:00 am and they were in the 

peeping out stage at around 8:00 am to 8:30 am. They exerted out completely after 8:30 

am and linearly dehisced to disperse yellow pollens between 8:30 am and 10:00 am. It 

was the peak time of pollen dispersal. Gentle breeze and insects shook the anthers to 

liberate dusty pollen grains in the air. The majority of the anthers curled out in the 

afternoon.  

 

Figure 4.2: Temperature and humidity during anthesis of D. longispathus on the study 

site. 
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Figure 4.3: Temperature and humidity during anthesis of D. longispathus on the study 

site. 

Like many other bamboo species, D. longispathus Kurz is anemophilous (wind 

pollinated). Honey bees Apis florea, and Apis cerana along with common housefly 

Musca domestica visited the flowers from morning till dawn as a frequent floral visitors. 

They foraged mainly on the anthers of flowers. The peak insect visit was observed 

during 8:00 am to 3:00 pm. Presence of large numbers of pollen grains on the adhesive 

tapes fixed near flowers also indicated the anemophily.  From the end of February, the 

White-Rumped Munia or White-Rumped Mannikin (Lonchura striata) was observed 

visiting the flowering clump, this indicated that some fruits were already ripening. 
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Amplitude of anthesis was conducted, where the numbers of complete flowering 

per culm for three days indicated that there were 592 complete flower development 

occurring on the undisturbed study site whereas on disturbed site 518 complete flower 

development was observed (Table 4.3).  

Table 4.3: Anthesis amplitude of D. longispathus Kurz flowering site (± 1 SD). 
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From the graph (Figure 4.4) we can observed that disturbed area had shown low 

performance with an average of 172.789 flower open per day whereas undisturbed area 

is 197.445 in completing its flower, this may be due to lesser spikelets present on the 

clump and also lesser number of pollinators, which were disturbed by different activity 

during the process of wind pollination as compared to undisturbed areas. The one way 

ANOVA also stated that there is a significant variation between disturbed area and 

undisturbed area of D. longispathus Kurz flowering site where p-value was 0.00078 

(Table 4.4). 

 

Figure 4.4: Number of complete flowers formed per culm. 

Table 4.4: ANOVA Table for anthesis of disturbed area and undisturbed area of 

flowering site. 

Parameters F- value P - value 

Disturbed Area × Undisturbed Area 1,281.64 0.00078** 

                * values are significant at P<0.05, ** values are significant at P<0.01 
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4.3.3 Floral development per clump and per culm 

Clump sporadic flowering was studied on 0.001 ha (10 m × 10 m) for disturbed 

area and disturbed area of the experimental site, where four (4) clump was spotted 

having a maximum of 38 culm and minimum of 21 culm on disturbed study site. 

However, on undisturbed area six (6) clumps were observed within the selected area, the 

maximum culm per clump was 69 culms and the minimum was 14 culm per clump 

(Table 4.5). The number of flowering culm within 1 ha was assumed to be 13,733 per ha 

per culm on disturbed sites and 32,667 per ha per culm on undisturbed sites (Figure 4.4).  

Table 4.5: D. longispathus Kurz with flowering culm per clump within 10 m² (± 1 SD). 

CLUM with flowering 

( 10 m × 10 m) 

Disturbed area Undisturbed area 

Mean  

Culm per Clump 

Mean  

Culm per Clump 

CLUMP 1 37 ± 5.03 61 ±  6.56 

CLUMP 2 38 ± 3.06 69 ± 2.89 

CLUMP 3 33 ± 7.09 68 ± 4.62 

CLUMP 4 21 ± 9.43 66 ± 7.00 

CLUMP 5 0.0 56 ± 7.64 

CLUMP 6 0.0 14 ± 4.83 

 

 

Figure 4.4: D. longispathus Kurz with flowering culm per hectare (ha). 
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Significant variation between disturbed and undisturbed area was observed 

through one way ANOVA where p-value obtained was 0.02689 (Table 4.6). 

Table 4.6: ANOVA Table for number of flowering culm within 10m² of study sites. 

Parameters F- value P - value 

Disturbed Area × Undisturbed Area 371.687 0.02689* 

                  * values are significant at P<0.05, ** values are significant at P<0.01 

Number of flowers of D. longispathus Kurz produced per culm; the number of 

flowering bamboo on the two study sites was determined as given in Table 4.7. The 

average number of flowering node was counted as 19 for both the study sites. The 

number of spikelets present per culm was 60,790 on disturbed site and 75,446 on 

undisturbed study site. The number of branches present per culm was counted as 114 on 

disturbed sites and 116 on undisturbed site. Hence, the spikelet present per branches was 

assumed to be 534 on disturbed sites and 651 on undisturbed site. Thus the spikelets per 

flowering node were assumed to have 3,199 at disturbed sites and 3,971 on undisturbed 

study site. 

Table 4.7: Number of flowering D. longispathus Kurz produced per culm (± 1 SD). 

Parameters 
Disturbed Area Undisturbed Area 

Mean Mean 

No of Flowering Node per Culm 19 ± 0.58 19 ± 0.58 

No. of Spikelets per Culm 60,790 ± 3.01 75,446 ± 3.74 

No. of Branches per Culm 114 ± 6.00 116 ± 1.53 

No. of Spikelets per Branch 534 ± 3.01 651 ± 2.02 

No. of Spikelets per Flowering Node 3,199 ± 5.89 3,971 ± 7.51 
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Comparison of disturbed area and undisturbed area by one way ANOVA (Table 

4.8) indicated that there is a significant difference where p-value obtained were 0.00028, 

0.01728 and 0.00029 in number of spikelets per culm, number of spikelets per branch 

and number of spikelets per node respectively. However, there is no significant 

difference in number of branches per culm where p-value obtained was 0.51347. This 

indicated that the number of D. longispathus Kurz spikelets is successfully developed 

under natural habitat compared to disturbed area of flowering site. 

Table 4.8: ANOVA Table of D. longispathus Kurz between the study sites. 

Parameters between disturbed area and 

undisturbed area 
F- value P - value 

No. of Spikelet per Culm 3,547.45 0.00028** 

No. of Branches per Culm 0.620 0.51347 

No. of Spikelets per Branch 56.363 0.01728** 

No. of Spikelets per Node 3,470.25 0.00029** 

          * values are significant at P<0.05, ** values are significant at P<0.01 
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4.4 Discussion 

The flowering in bamboos is an exceptionally interesting event because most of 

the species were assumed to flower either gregariously or sporadically. Bamboos are 

monocarpic in nature, i.e., they flower only once, set seed and then die. Death in large 

populations is a cause of concern due to ecological, social and economic crises that set 

forth after flowering (John and Nadgauda, 2002).  

The pistil mature first, i.e., they undergo protogynous nature. The Ovary is sub-

globular and hairy with club shaped stigma. Floral buds were arranged distichously in 

tight capitates-wise clusters of spikelets at the nodes to perform successful pollination, 

as they were anemophilous (wind pollinated). The pollen type shows monoporate pollen 

grain, which consists of a spherical, often thin-walled and rather large grain, with a 

single pore. Moreover, the presence of large anthers producing abundant uniform pollen 

grains, which is the characteristic of wind pollinated species also leads to the conclusion 

of the occurrence of anemophily in this species. 

Studies of anthesis show that disturbed area has showed less activity for 

completing its flower, which could be the due to lesser development of inflorescence 

and excess wind disturbance to undergo its maturity and pollination respectively. 

Flowering of D. longispathus Kurz from Mizoram were reported by (Mohan Ram and 

Hari Gopal, 1981; Pathak and Kumar, 2000; Sharma at el., 2014; Naithani, 2015), 

Assam (Gupta, 1972; Sinha and Roy, 2015), Kerala (Seethalakshmi and Kumar, 1998) 

of India. Bangladesh (Gambel, 1896; Anonymous, 1928; Anonymous, 1930; Blatter, 

1930; Banik, 1985; Banik, 1987; Banik, 2015) and Myanmar (Blatter, 1930). 
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The studies revealed that spikelets per flowering node of a culm at the disturbed 

area (13,733.3 per ha.) shows less clump sporadic flowering compared to undisturbed 

area (3,26,66.7 per ha.) as on Figure 4.4, this may be due to the practice of jhumming 

cultivation which was easily explored by human activities and other disturbance that 

affect the bamboo population at disturbed area. The number of spikelet per culm, 

number of branches per culm, number of spikelets per branch and number of spikelet per 

node was well developed and found to be more in production at its natural habitat of 

undisturbed site. Thus the studies revealed that, the nature of seed production also highly 

depends upon the pollination and development of seeds in natural sites (undisturbed 

sites) where there is less or no disturbances. 
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CHAPTER – 5 

Seed production of Dendrocalamus longispathus Kurz 

5.1 Introduction  

There are about 110 genera and more than 1,500 species of bamboos in the 

world. There are only three types of bamboo seeds, which can be recognized from the 

external appearance (morphologically) as under (Thapliyal et al., 2015): 

1. The first type is known as caryopsis in which, the pericarp is membranous, thin, soft 

and adhered to the seed coat. It is thin like a membrane and stuck to the seed coat which 

is the next structure below. The fruit has an apparent ventral suture- a depression, which 

is nearly as long as the whole fruit.  

2. The second type of seed is known as glans, it has hard, smooth, crustaceous pericarp 

separated from seed coat and no ventral suture.  

3. The third type is known as bacca in which the pericarp is fleshy and thick and 

separated from seed coat.  

Where, seeds of bacca type are large. Largest bamboo seed, seed of Muli 

bamboo (Melocanna baccifera) is of this category. Seeds of B. polymorpha are very 

small and about 125,000 seeds weigh a kilogram, whereas some are so big that only 15 

to 20 seeds weigh a kilogram like those of Melocanna baccifera. The approximate 

number of seeds per kg for some bamboo species, such as Bambusa tulda was 20,000 to 
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25,000, Bambusa bambos 60,000 to 75,000, Bambusa nutans 65,000, Bambusa 

polymorpha 125,000, Dendrocalamus brandisii 20,000, Dendrocalamus hamiltonii 

26,000, Dendrocalamus giganteus 40,000, Dendrocalamus strictus 35,000 to 50,000, 

Dendrocalamus asper 75,000 to 80,000, Thyrsostachys oliveri 15,000 to 18,000, 

Melocanna baccifera 10 to 20, Ochlandra travancorica 45 to 50 (Thapliyal et al., 2015). 

Marod et al., (2002) stated that death of flowering bamboo clumps results into 

drastic changes in forest dynamics and environmental conditions, for example, light 

intensity, seedling survival, organic matter decomposition, and nutrient cycling, 

although complete destruction of bamboo clumps requires another few years. Bamboo 

seeds need to be collected immediately before rains set in as seeds lose viability rapidly 

on exposure to excess moisture. Most bamboo seeds lose viability within short period of 

time. The deterioration of seed quality depends on two environmental factors – relative 

humidity that regulates seed moisture content and temperature and both influence by 

affecting the metabolic rate of seeds (Bhumibhamon, 1980).The lifespan of the seeds 

vary among species. In B. tulda seeds are viable for 30 to 35 days, in D. longispathus for 

55 days and in B. arundinacea var. spinosa for 65 days (Sur el al., 1989). 

The information on different aspects of seed propagation is limited as many 

bamboos produce seeds after long time intervals. In general, bamboos produce one-

seeded fruit, known as a caryopsis with thin pericarp close to the seed coat and covered 

with a number of persistent glumes. Orthodox and recalcitrant types of seeds are found 

in different genera of bamboo. Orthodox type tolerates desiccation and may be of 
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Caryopsis or glans type. In Melocanna and reeds the fruits are sensitive to desiccation 

and are called bacca type of recalcitrant seeds. Depending on the species, the size and 

weight of seeds may vary. Seeds are generally small, grain-like and wheat-coloured; but 

those of Melocanna baccifera are onion-shaped, big and green coloured. Generally 

large-sized bamboos produce smaller seeds than small-sized bamboos (Anantachote, 

1988). Seed production per culm varies from 3 to 80 g in B. bambos, and 40 to 90 g in 

D. longispathus Kurz. One full grown clump of Melocanna baccifera produces 5 to 7 kg 

seeds. In general, the number of seeds per kg varies depending on the species (Banik, 

1987; Liese, 1985). 

A shoot- root ratio partitioning model is presented where the model incorporates 

as a physiologically reasonable apparent ‘goal’ for the plant. The assumption was that, 

the partitioning of growth between the shoot and root maximizes the plant specific 

growth rate in balanced exponential growth. Plant growth is driven by the environmental 

conditions, and partitioning is defined entirely in terms of the shoot-root ratio and 

Carbon and Nitrogen status of the plant. In its basic form, the model requires the 

definition of a single plant growth parameter, along with the shoot and root specific 

activities and structural composition (Johnson and Thornley, 1987). D. longispathus 

Kurz is commonly found in Mizoram, Tripura and Bihar. Culms usually reach a height 

of 10 to 18 meters with an internodal length of 25 to 60 cm. The diameter may be 6 to 10 

cm. One kilogram may have 1,34,880 to 1,35,220 seeds. Vegetative propagation by 

rhizome and two-noded-culm cuttings treated with NAA or IBA are promising. This 
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species is mainly used for making tooth picks, baskets and manufacture of paper (Somen 

et al., 2011). 

The scope of the study is to record the quality and quantity of seed produced 

during the sporadic flowering, which could be helpful for future flowering and 

precaution for bamboo reforestation and agroforestry. The quality of the seeds that were 

to be collected for afforestation in a barren land to create a forest would be easier as the 

estimated soil seed bank and seed setting quantity in a culm or clump were also 

quantified. The studies could be applicable for reforestation as well, by dispersing the 

collected seeds into a forest. The studies between the disturbed site and undisturbed site 

were to compare and understand the difference between the two sites in terms of their 

seed quantity, seed drop, seed viability and soil seed bank. 
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5.2 Methodology 

5.2.1 Seed production per culm and seed weight 

5.2.1.1 Seed production per culm: According to studies of other bamboo species (Arun 

et al., 2012), the seeds produce per culm was studied with a modification suitable for the 

studied species. Randomly selected clump of seed production was studied by taking 

three (3) sites each for disturbed area and undisturbed area within 10 m2. 

The average number of seeds per culm was estimated by counting two (2) 

branches each from 30 flowering bamboo at the base, middle and top portion of the 

selected individuals of bamboo before complete seed maturity. This average number of 

seeds counted was again multiplied by numbers of flowering nodes per culm. The 

number of seeds on a culm was determined by as under; 

𝑁𝑜. 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑒𝑒𝑑𝑠 𝑜𝑛 6 𝑏𝑟𝑎𝑏𝑐ℎ𝑒𝑠 × 19 𝑁𝑜𝑑𝑒𝑠 

 

The number of seeds on a branch was determined by dividing the average 

number of seeds on a culm with average number of branches in a culm.The number of 

seeds per inflorescences were determined by using the following calculation; 

𝑆𝑒𝑒𝑑𝑠 𝑝𝑒𝑟 𝐵𝑟𝑎𝑛𝑐ℎ =
𝑆𝑒𝑒𝑑𝑠 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚

𝐵𝑟𝑎𝑛𝑐ℎ𝑒𝑠 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚
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The number of seeds per node was determined by using the following 

calculation, where the number of seeds on a node was determined by dividing the 

average number of seeds on a culm with average number of nodes in a culm: 

𝑆𝑒𝑒𝑑𝑠 𝑝𝑒𝑟 𝑁𝑜𝑑𝑒 =
𝑆𝑒𝑒𝑑𝑠 𝑝𝑒𝑟 𝑐𝑢𝑙𝑚

𝑁𝑜. 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠
 

 

5.2.1.2 Seed weight: Three replicates of fresh weight and dry weight of 300 seeds each 

were taken, which were dried at room temperature. Randomly selected seeds were again 

weighted. The data were compared and analyzed by using one way ANOVA (PASW 

Statistica 18). 

The calculation was prepared by following George E. Welbaum procedure 

(Welbaum, 1999) with a slight modification to obtain the suitable data result for the 

study sites. The weight of a seed per kilogram (Kg) was estimated by using the 

following calculation, where number of seed weight was divided by weight of one seed 

multiplied by 1000; 

𝑆𝑒𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 (Kg) =
𝑁𝑜. 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 1 𝑠𝑒𝑒𝑑 (𝑔)
× 1000 
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5.2.2 Seed setting 

Seed setting was observed from its maturity till the maximum seed fall happens 

in 2016. By clearing the ground for clear visibilities on the number of seed falling on the 

ground. Three quadrats each of 1.5 m × 1.5 m on disturbed sites and undisturbed sites 

were counted and the numbers of seeds falling naturally in each quadrat were counted.  

The data were compared and analyzed by using PASW Statistica 18. 

5.2.3 Soil seed bank 

The bulk soil sample was analyzed using two methods (Bernhardt & Hurka, 

1989; Bernhardt, 1995). 

a) Three sampling plots of 1.5 m × 1.5 m on disturbed sites and undisturbed site of seed 

along with soil and organic fraction was taken, by separating the organic fraction by 

washing and floating (sieving method) and then recovered by sieving, followed by 

counting the seeds under a microscope. 

b) Collected seeds were again randomly spread in the greenhouse and counting of 

germinated seeds and identification of the seedlings (seedling emergence method) 

was done for both the study sites. The data were analyzed by using PASW Statistica 

18. 
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5.2.4 Seed viability 

Seed collection surface samples was tested for viability using two techniques 

(Radford et al., 1974) which was slightly modified by experimenting each 300 seeds for 

one replicate on disturbed area and undisturbed area: 

First, seeds were placed on moist tissue in petri dishes and the number of seeds 

that germinated within 30 days was recorded. 

The second method test of viability test was done by using a 1% solution of 

2,3,5-triphenyltetrazolium. 1% solution of 2,3,5-triphenyltetrazolium chloride was 

prepared by taking 1 gram (1000 mg) of 2,3,5-triphenyltetrazolium chloride and it  was 

dissolved in 100 ml of distilled water and  was kept in the dark (Waes and Deburg, 

1986). Seeds that stain red after immersion in the solution for 48 hours was assumed as 

viable. The data were then analyzed by using PASW Statistica 18. 
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5.3 Result 

5.3.1 Seed production per culm and seed weight 

5.3.1.1 Seed production per culm: The number of seeds produced by a flowering D.  

longispathus Kurz culm is given in Table 5.1. The number of flowering branches in a 

node per culm was 114 and 116 for the disturbed area and undisturbed area respectively. 

On each branch there were 72 seeds for disturbed sites and 93 seeds for undisturbed site. 

The numbers of seed in a node per culm were 432 and 568 for the disturbed area and 

undisturbed area respectively. Where, the average number of seeds produced per culm 

was estimated to be 8,203 seeds per culm for disturbed area and 10,800 seeds per culm 

for undisturbed area of the study site.  

Table 5.1: Number of seed produced per culm of D. longispathus Kurz (± 1 SD). 

Parameters 

Disturbed Area Undisturbed Area 

Mean Mean 

No of Flowering Node per Culm 19 ± 0.58 19 ± 0.58 

No. of Branches per Culm 114 ± 6.00 116 ± 1.53 

No of Seeds per Branch 72 ± 4.58 93 ± 6.25 

No. of Seeds per Node 432 ± 6.7 568 ± 8.33 

No. of Seeds per Culm 8,203 ± 5.29 10,800 ± 6.21 
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One way ANOVA indicated that, the seed produced by flowering bamboo culm 

between disturbed area and undisturbed area shows significant variation where p-value 

obtained were 0.007, 0.015 and  0.015 in number of seeds per branch, number of seeds 

per node and number of seeds per culm respectively (Table 5.2).  

Table 5.2: ANOVA Table for number of seed produced per culm. 

 Disturbed area × Undisturbed area F - value P - value 

No of Seed per Branch 147.00 0.007** 

No. of Seed per Node 65.97 0.015** 

No. of Seed per Culm 64.73 0.015** 

      * values are significant at P<0.05, ** values are significant at P<0.01 

 

5.3.1.2 Seed weight: The Seed of D. longispathus Kurz for Fresh weight and dry weight 

are given in Table 5.3. Average fresh weight was 0.88 g per seed and on the other hand, 

average dry weight was found to be 0.65 g per seed. The average number of seeds 

available in 1kg was found to be 1,14,069 as fresh seeds and 1,54,742 as on dry weight.  

Table 5.3: Fresh weight and dry weight in gram (g) and kilogram (Kg) (± 1 SD). 

Parameters Mean 

Fresh Weight (g) per Seed 0.88 ± 0.002 

Dry Weight (g) per Seed 0.65 ± 0.012 

No. of seeds per Kg of Fresh Weight 1,14,069 ± 2.977 

No. of seeds per Kg of Dry Weight 1,54,742 ± 3.630 
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ANOVA between fresh weight and dry weight indicate that there is a significant 

variation between the study sites where p-value obtained was 0.00189 (Table 5.4). 

Table 5.4: ANOVA Table of fresh weight and dry weight of D. longispathus Kurz. 

Parameters F - value P - value 

Fresh Weight (kg) × Dry Weight (kg) 528.724 0.00189** 

                 * values are significant at P<0.05, ** values are significant at P<0.01 

5.3.2 Seed setting 

 The monthly seed fall of D. longispathus Kurz on the study sites of February, 

2016 to September, 2016 within 2.25 m2 were shown in Table 5.5 and Figure 5.1, where 

average seed setting for disturbed site was 6,792.7 seeds and undisturbed site was 8,869 

seeds. 

Table 5.5: Monthly seed setting of D. longispathus Kurz within 2.25 m² (± 1 SD). 

Months Disturbed Site Undisturbed Site 

February 1,534.7 ± 8.71 2,071.0 ± 8.09 

March 1,896.3 ± 9.01 2,315.0 ± 9.42 

April 1,210.0 ± 22.82 1,323.7 ± 24.18 

May 627.0 ± 8.36 1,082.7 ± 9.34 

June 561.0 ± 3.75 931.0  ± 3.82 

July 429.3 ± 20.75 783.7 ± 24.68 

August 292.0  ± 11.32 541.0  ± 12.98 

September 242.3 ± 16.35 412.7 ± 18.29 

Total 6,792.7 ± 16.6 8,869.0 ± 20.7 
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Figure 5.1: Monthly seed setting of D. longispathus Kurz within 2.25 m². 

Analysis of data for monthly seed setting of disturbed sites and undisturbed sites 

indicated that, there was no significant variation during the month of peak season, where 

p-value obtained were 0.0749, 0.28895, 0.51326, 0.07651, 0.08869 and 0.08323 for the 

month of February, March, April, May, June and August, 2016 respectively. However, 

there were a significant variation during the month of July, 2016 and September, 2016 

where p-value obtained were 0.04983 and 0.05289 respectively (Table 5.6). 

Table 5.6: ANOVA Table for seed setting of D. longispathus Kurz. 

Months Parameters F - value P - value 

February Disturbed Site × Undisturbed Site 11.871 0.0749 

March Disturbed Site × Undisturbed Site 2.045 0.28895 

April Disturbed Site × Undisturbed Site 0.621 0.51326 

May Disturbed Site × Undisturbed Site 11.59 0.07651 

June Disturbed Site × Undisturbed Site 9.798 0.08869 

July Disturbed Site × Undisturbed Site 18.58 0.04983* 

August Disturbed Site × Undisturbed Site 10.537 0.08323 

September Disturbed Site × Undisturbed Site 17.421 0.05289* 
                 * values are significant at P<0.05, ** values are significant at P<0.01 
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5.3.3 Soil seed bank 

 The average soil seed bank of D. longispathus Kurz on the study site during 

February, 2016 to September, 2016 within 2.25 m2 of disturbed sites and undisturbed 

site were 649 and 2,128 respectively (Figure 5.2).  

 

Figure 5.2: Average seed of Soil seed bank within 1.5 m × 1.5 m of D. longispathus 

Kurz. 

Figure 5.3 indicates that, (seed fall within the sampling plot of 1.5 m × 1.5 m) 

during the month of March, 2016 there were a higher chance of seed production, which 

indicate that it is the peak season for seeds collection. The green house germination also 

revealed that, the seed falls during the month of March, 2016 shows highest germination 

rate in comparisons to the rest of the months.  

 

Figure 5.3: Monthly soil seed bank of D. longispathus Kurz. 
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One way ANOVA indicates that there is a significant variation between the 

disturbed site and undisturbed site from the month of March, April, May, June, July, 

August and September, 2016 where p-value obtained were 0.00719, 0.05383, 0.00079, 

0.00058, 0.00301, 0.03136 and 0.0269 respectively. Whereas, on February there is no 

significant variation observed where p-value obtained was 0.15482 (Table 5.7). 

Table 5.7: ANOVA Table for soil seed bank of D. longispathus Kurz. 

Parameters F - value P - value 

(Disturbed × Undisturbed area) February 5.001 0.15482 

(Disturbed × Undisturbed area) March 137.535 0.00719** 

(Disturbed × Undisturbed area) April 17.09 0.05383* 

(Disturbed × Undisturbed area) May 1,264.47 0.00079** 

(Disturbed × Undisturbed area) June 1,716.33 0.00058** 

(Disturbed × Undisturbed area) July 331.164 0.00301** 

(Disturbed × Undisturbed area) August 10.565 0.03136* 

(Disturbed × Undisturbed area) September 43.890 0.00269** 

                  * values are significant at P<0.05, ** values are significant at P<0.01 
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5.3.4 Seed viability 

Seed viability test using tissue paper test indicated that there is 50.5% viability of 

seeds for disturbed sites and 55.7% viability for undisturbed sites.  

On the other hand, using the second method of dissolving the seeds to 1% 

solution of 2, 3, 5-triphenyltetrazolium chloride on randomly selected seed of 300 seeds 

from a disturbed site shows 52.2% and 56% of the seeds turns red in colour indicating 

viable for undisturbed sites (Table 5.8). 

Table 5.8: Seed viability of D. longispathus Kurz using 300 selected seeds for each 

replicates (± 1 SD, TTS = Tissue paper test & TTZ = Tetrazolium test). 

Seed Viability (%) Disturbed Site Undisturbed Site 

TTS 50.5 ± 0.957 55.7 ± 0.422 

TTZ 52.2 ± 0.792 56 ± 0.683 
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One way ANOVA shows that, there is a significant variation between disturbed 

areas of Tissue paper tests against Tetrazolium test and undisturbed areas of Tissue 

paper test against Tetrazolium test where p-value obtained were 0.00127 and 0.01287 

respectively. Whereas, there was no significant variation between disturbed areas of 

Tissue paper test against undisturbed areas Tissue paper test and disturbed areas of 

Tetrazolium test against undisturbed areas Tetrazolium test where p-value obtained were 

0.08000 and 0.53000 respectively (Table 5.9). 

Table 5.9: ANOVA Table for seed viability test of D. longispathus Kurz. 

(Note: DA TTS = Disturbed Area Tissue paper test, UDA TTS = 

Undisturbed Area Tissue paper test, DA TTZ = Disturbed Area Tetrazolium 

test & UDA TTZ = Undisturbed Area Tetrazolium test). 

Parameters F - value P - value 

% DA TTS v/s % UDA TTS 4.808 0.08000 

% DA TTZ v/s % UDA TTZ 0.455 0.53000 

% DA TTS v/s % DA TTZ 42.52 0.00127** 

% UDA TTS v/s UDA TTZ 14.30 0.01287** 

                  * values are significant at P<0.05, ** values are significant at P<0.01 
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5.4 Discussion 

The seed setting was observed to happen when there were flocks of White-

Rumped Munia or White-Rumped Mannikin (Lonchura striata) visiting frequently to 

consume the seeds. This indicated that the seeds were at ripening stage and thus the seed 

setting data were taken at the end month of February during the study period. 

The presence of birds also indicated that the seed could have preceded maturity 

stage and it shall soon fall to the ground to initiate seeds germination. The number of 

seed produced by a flowering D. longispathus Kurz per culm was much higher in the 

natural bamboo forest of undisturbed study sites. This may be due to the availability of 

proper anthesis and pollination which affect in a significant way of seed fertilization. On 

the other hand, seed production was lesser at disturbed habitat which may be caused by 

an open forest canopy that interrupts anthesis and pollination; and also anthropogenic 

activities around the flowering D. longispathus Kurz. 

Fresh weight and dry weight of D. longispathus Kurz give a significant finding 

of how much seed has to be collected in 1kg, which could be very important in assuming 

the seed viability and seed germination percentage on how much seed is required to 

achieve actual seedlings from 1 kg of seeds of D. longispathus Kurz. Slash-and-burn 

agriculture, also called fire-fallow cultivation where large-scale deforestation of forests 

for agricultural use was practiced at the study site by the local peoples. Land cleared by 

slash-and-burn farmers was eventually taken over by systems of land tenure focusing on 
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long-term improvement and discouraging practices associated with slash-and-burn 

agriculture. For this land treatment, to obtain significant afforestation and regeneration 

of bamboo natural forest, taking the viable seeds of D. longispathus Kurz to different 

fallow land can be simply introduced. 

Monthly seed setting of D. longispathus Kurz was comparatively higher in the 

undisturbed than the disturbed sites, especially during the end season of seed setting. 

This may be due to the higher number of flower of D. longispathus Kurz and seed 

production at the undisturbed sites. The higher soil seed bank germination status during 

the month of March at the undisturbed sites may be due to the consumption of seed by 

birds and insects. The activity of birds and other beneficiaries could be the reason of 

major seed falls during the month of March as the fruit starts to ripen. The suitable 

availability of moderate air moisture, temperature, humidity and start of the rainy season 

of the study sites can also be the reasons for the high rate of germination conducted 

under soil seed bank experiment during the study period. 

The percentage obtained in seed viability test were almost the same ranging from 

48% to 58% when 300 seeds were tested with two methods, this may be due to the same 

timing for harvest of the seeds. Significant variation was observed, which may be due to 

improper germination testing, presence of seed-born organism and chemical injury, 

which may not inhibit the Tetrazolium staining but could affect normal germination. 
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CHAPTER – 6 

Seedling regeneration of Dendrocalamus longispathus Kurz 

6.1 Introduction 

Natural regeneration depends much upon the nature as how bamboo grows, its 

flowering cycle whether gregarious, sporadic or annual. Seeds fall off and the clumps 

and culm having died after the flowering cover the seeds and protect them from animals 

and birds as far as possible. At the onset of rains or some moist conditions the grass like 

seedlings appears as green carpet in the areas where bamboo has seeded in mass 

(Biswas, 2007). Distribution and growth performance of multipurpose bamboo species 

of different altitude, slope per cent and aspect is reported by Jha et al., (2000). Seeds of 

different bamboo species possess embryos at their swollen stalk-ends, which need to be 

buried in the soil during sowing to protect germinating radicles from being desiccated. 

Bamboo seeds germinate at a higher percentage under the shade than in direct sunlight. 

The germination media (soil and cow dung 3:1) should be wet, but not waterlogged. The 

seeds start germinating within 3 to 7 days of sowing and continue up to 15 to 25 days 

(Banik, 1987).  

Some bamboo species (e.g. Bambusa balcooa, Bambusa vulgaris) do not 

produce seed while others often flower at long intervals varying from 30 to 70 years 

(e.g. Bambusa bambos, Bambusa polymorpha, D. strictus and Melocanna baccifea). 

Usually seeds of bamboo germinate within 5 to 10 days with good percentage when 

sown in polypot directly than in beds. The viability, that is, dormancy of bamboo seed 
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remains between 1 to 2 months but under controlled storage conditions which can be 

increased (Biswas, 2007). In many species of bamboos, flowering may lead to the death 

of parent clumps, while in some cases the plants may rejuvenate and in some species a 

combination of both patterns were reported (e.g. Bambusa tulda, Bambusa 

longispiculata). Only few species there is more frequent flowering and seed production 

(e.g. Ochlandra spp.). These flowering patterns mean that seed is rarely available for 

propagation, when it is needed. Also, bamboo seeds tend to be relatively short-lived and 

difficult to store without sophisticated controlled drying and sealing in containers. Even 

within a species there are great variations in growth-forms observed in the nursery beds, 

especially when seedlings are raised from the seeds after gregarious flowering. Different 

types of growth-form like, grassy, grassy erect, erect and very erect have been seen 

among the seedling population of B. glaucescens, B. tulda and D. strictus (Banik, 1980) 

The number of seedlings presents per unit area under the dead mother clump and 

also in areas with a lower weed density was higher than in areas under complete shade 

or full of weeds. Almost all seedlings died within 7 to 12 months under complete shade 

condition (Banik, 1988). The study of seedling growth, seedling density and seedling 

establishment were to understand the seedling diversity and qualities which will enhance 

the bamboo forest of D. longispathus Kurz for further generation. And also, such studies 

shall be very useful for resource management, concept development which is widely 

applicable in the fields of plant breeding, silviculture and plant growth rates assessment 

of bamboo. 
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6.2 Methodology 

6.2.1 Seedling growth 

The shoot height and root length was measured by following the technique of 

Johnson and Thornley (1987) with some modification, where nine (9) individual 

seedlings were randomly selected from the natural habitat of germination site and 

germinated. Although several methods are available for germination testing, germination 

using absorbent paper was used because these are adaptable to most environments and in 

general give uniform results.  

In this method, the filter papers were cut to the size and shape of the petri plates 

and moisten the paper with water, free from chemical residues to avoid interference with 

the germination of the seeds. The seeds were placed in two layers of tissue paper in a 

petri plates. The filter paper was moistened with water. The seeds were inspected daily, 

after 4 to 5 days the seeds sown on top of the paper shows germination. The number of 

seedlings were counted and recorded. The seedling was measured against shoot height 

and root length (in cm) weekly for one month, i.e., five weeks during the study period. 

The root- shoot ratio was calculated by dividing the root length with shoot length using 

the following calculation: 

𝑅𝑜𝑜𝑡 − 𝑆ℎ𝑜𝑜𝑡 𝑅𝑎𝑡𝑖𝑜 (𝑐𝑚 𝑐𝑚¹־) =  
𝑅𝑜𝑜𝑡 𝐿𝑒𝑛𝑔𝑡ℎ 

𝑆ℎ𝑜𝑜𝑡 𝐿𝑒𝑛𝑔𝑡ℎ 
 

The data were compared and analyzed by using ANOVA analysis PASW Statistica 18. 
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6.2.2 Seedling mortality 

Seedling density on D. longispathus Kurz was studied under disturbed and 

undisturbed bamboo forests. Permanent plots were established for the studies. 6 (Six) 

parameter plot of size 10 m × 10 m was maintained (3 each for disturbed and 

undisturbed sites). At the study site seedling mortality was observed in each plot as the 

seed germination and mortality was observed from the end of February, 2015. Data was 

collected after every 2 weeks interval from the month of July, 2015 till August, 2016 and 

data were compared in terms of percentage and analyzed by using one-way ANOVA 

(PASW Statistica 18). 

6.2.3 Seedling establishment 

A study was conducted on the impact of thinning against the survival and growth 

of bamboo seedlings. For this a total of 6 quadrats (1.5 m × 1.5 m) was established, 3 

quadrats for bamboo seedlings subjected to thinning operation and another 3 quadrats 

for seedling for which there is no thinning operation. Thinning operation was done by 

randomly extracting 50 seedlings from each quadrats of thinning operation.  Seedling 

mortality was observed in each plot.  

The same procedure for seedling density was followed for collecting the seedling 

estimation data, as the study site seedling mortality was also observed to have 

germinated at the end of February during the study period. Data was also collected at 

every 2 weeks intervals for the month of July, 2015 till August, 2016. The data were 

compared in terms of percentage and analyzed by using PASW Statistica 18. 
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6.3 Result 

6.3.1 Seedling growth 

It was observed that the growth in length of one week old bamboo seedling of 

1.8 cm has increased to 5.9 cm after two weeks, 8.1 cm after three weeks, 9.6 cm after 

fourth weeks and 11.0 cm after fifth weeks. The seedling growth (shoot growth) which 

survives was observed to have remained almost the same even after six months. Where, 

total numbers of observation (N) was nine (9) for each replicate. It was also observed 

that the growth in length of one week old bamboo roots was 2.6 cm, which has increased 

to 4.9 cm after two weeks, 5.6 cm after three weeks, 6.2 cm after fourth weeks and 6.3 

cm after fifth weeks (Table 6.1).  

The growth in the length of roots is comparatively higher than the growth in 

length of shoots during the first week and remains almost the same till fifth week. 

Whereas, the shoot length were comparatively higher in each week when compared to 

the increase in root length (Figure 6.1). High root-shoot ratio on the first week, i.e., 1.4 

cm was observed. Whereas, the second, third, fourth and fifth weeks were recorded as 

0.8 cm, 0.7 cm, 0.7 cm and 0.6 cm respectively (Table 6.1) during the study period on 

figure 6.2, the first week of germination show highest growth rate in terms of both root 

and shoot growth. However, the root-shoot ratio is not significant, where p-value 

obtained was 0.08634 (Table 6.2), which may be due to incomparable germination on 

either root or shoot growth within the study duration i.e., within 35 days and thus it did 

not show significant growth on root against shoot or shoot against root. 
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Table 6.1: Seedlings growth in D. longispathus (N = 9, ± 1 SD). 

PARAMETER 
SHOOT LENGTH 

(cm) 
ROOT LENGTH 

(cm) 
ROOT - SHOOT 

RATIO (cm) 

WEEK 1 1.8 ± 0.24 2.6 ± 0.23 1.4 ± 0.21 

WEEK 2 5.9 ± 0.69 4.9 ± 0.13 0.8 ± 0.11 

WEEK 3 8.1 ± 0.23 5.6 ± 0.34 0.7 ± 0.05 

WEEK 4 9.6 ± 0.21 6.2 ± 0.16 0.7 ± 0.02 

WEEK 5 11 ± 0.34 6.3 ± 0.16 0.6 ± 0.02 

WEEK 6 11 ± 0.34 6.3 ± 0.16 0.6 ± 0.02 

 

 

Table 6.2: ANOVA Table for D. longispathus seedling growth in root against shoot. 

Parameters F - value P - value 

ROOT × SHOOT 5.124 0.08634 

       * values are significant at P<0.05, ** values are significant at P<0.01 
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Figure 6.1: Average growth rate of bamboo seedlings in D. longispathus. 

 

 

Figure 6.2: Average root-shoot ratio of bamboo seedlings in D. longispathus. 
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6.3.2 Seedling mortality 

The seedling mortality was much higher at disturbed sites, only 72% of seedlings 

were observed to survive and hence 28% died during the study period at disturbed sites. 

Whereas, the seedlings survived at the undisturbed sites was observed to be 97% and 

only 3% died at the study site within 10m x 10m (Table 6.3 and Figure 6.3). 

Table 6.3: Average density of bamboo seedlings in D. longispathus (± 1 SD). 

Parameters MEAN 

Disturbed Area  72% ± 2.87 

Undisturbed Area 97% ± 0.58 

 

  

Figure 6.3: Seedlings mortality of D. longispathus at study sites. 

Analysis of variance (Table 6.4) indicated that the survival rate of seedling 

between the disturbed sites and undisturbed sites was found to be significant where p-

value obtained was 0.01085. 

Table 6.4: ANOVA Table of density of bamboo seedlings in D. longispathus. 

Parameters F-value P-value 

Disturbed area × Undisturbed area 20.235 0.01085** 

        * values are significant at P<0.05, ** values are significant at P<0.01 
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6.3.3 Seedling establishment 

 The average percentage of seedling survived (Figure 6.4 and Table 6.5) showed 

that the disturbed area of thinning operation (11%) has the highest mortality percentage, 

compared to undisturbed area of thinning operation (57%). However, then no-thinning 

operation of disturbed area (62%) still has a higher mortality percentage compared to 

thinning operation of disturbed area (57%). This could be due to certain interference on 

the rhizomes formation as they undergo clumping.  

 

Figure 6.4: Seedlings establishment of D. longispathus at study site. 

Table 6:5: Percentage of bamboo seedlings established in D. longispathus (± 1 SD). 

Parameters 
MEAN  

(%) 

Disturbed Area Thinning 11 ± 3.180 

Disturbed Area No Thinning 62 ± 3.383 

Undisturbed Area Thinning 57 ± 1.000 

Undisturbed Area No Thinning 73 ± 2.728 
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One way ANOVA (Table 6.6) showed that there is no significant variation in 

seedling establishment under disturbed and undisturbed sites where no-thinning 

operation was done, the p-value obtained was 0.07619. Whereas, analysis between 

disturbed sites thinning and no-thinning, undisturbed sites thinning and no-thinning and 

thinning of disturbed sites and thinning undisturbed sites were all found to be significant 

where p-values obtained were 0.00037, 0.00573 and 0.00016 respectively. 

Table 6.6: ANOVA Table for mortality percentage of seedlings establishment of D. 

longispathus. 

Parameters F - Value P - Value 

Disturbed Thinning ×  

Disturbed No-Thinning 
123.840 0.00037** 

Undisturbed Thinning ×  

Undisturbed No-Thinning 
29.066 0.00573** 

Disturbed Thinning ×  

Undisturbed Thinning 
193.21 0.00016** 

Disturbed No-Thinning ×  

Undisturbed No-Thinning 
5.653 0.07619 

     * values are significant at P<0.05, ** values are significant at P<0.01 
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6.4 Discussion 

The root growth was faster when compared to the shoot growth during its first 

week after germination. However, from the second week shoot growth was found to be 

higher throughout the study period. High root-shoot ratio on the first week may be due 

to the root length, which did not exhibit much growth after one month. Root-shoot ratio 

is obviously an important component of light acclimation that is regulated by Sucrose 

(Walter and Nagel, 2006). Hence, the open canopy and close canopy of the seedlings 

germinating on different habitat had great impact on the suitable reach for light during 

germination. 

The seedling mortality is higher in disturbed sites in the month of August, which 

could be due to less rainfall and anthropogenic activities at the study areas compared to 

the undisturbed study sites. Seedling mortality was higher at disturbed sites; which 

indicated that germinated seeds had been competing with the weeds and the 

anthropogenic activities, which result in significantly higher mortality rate. Somewhat 

paradoxically, Eis (1967) observation was aligned with the present study where, both 

minerals, litter seedbed and seedling mortality was greater in moist habitats (alluvium 

and Aralia–Dryopteris) than in dry habitats (Cornus–Moss) and concluded that in dry 

habitats after the first growing season, surviving seedlings appeared to have a much 

better and chance of survival than those in moist or wet habitats. 

 



92 
 

Light thinning of bamboo seedlings from densely populated regenerating areas 

did not adversely affect the regeneration process and on the other hand, decreased 

competition among the seedlings (Banik, 1988). The seedlings establishment in terms of 

thinning (randomly extracting 50 seedlings from the seed bed) and no-thinning operation 

of data were collected bi-weekly, which indicated that; the average seedlings survived 

for thinning operation on disturbed site was 10 out of 91. However, at the disturbed site 

there were 125 seedlings survived out of 200 where the no-thinning operation was 

conducted. Whereas, the average seedlings survived for thinning operation on 

undisturbed site was 247 out of 430. And, at the undisturbed site where the no-thinning 

operation was conducted there were 377 seedlings survived out of 520. The seedling 

establishment on mortality rate was found to be critically high on disturbed sites, 

especially where thinning operation was done and undisturbed site has less effect even 

after the thinning operation was performed. This may be due to the high mortality rate 

where there are less seedlings, which could lead to complete excision of seedlings and 

cause even complete absence of bamboo growth in that particular habitat. Hence, 

thinning of bamboo seedlings during the flowering period are not recommended, since it 

could be detrimental for the regeneration. 
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CHAPTER – 7 

Impact of D. longispathus Kurz on soil physico-chemical properties 

7.1 Introduction 

The soils of Mizoram are classified by Sanker and Nandy (1976) into three 

orders of soil taxonomy: (i) Entisols, (ii) Inceptisols and (iii) Ultisols followed by Anon 

(1998), Hrahsel (1988), Singh and Dutta (1989) and Saithantluanga (1997). The majority 

of the soil in Mizoram is of alluvial type depending on the morphological characteristics 

of the sites. Accordingly, the texture of soil varies from sandy loam to clay and the pH 

value ranges from 5 to 5.5. Mizoram has primarily sand-loamy and clay-loamy soil rich 

in organic carbon and moderately rich in available potash. Due to high rainfall during 

May to September, soil is acidic ranging from 4.5 to 5.6 pH. Soil types of Mizoram are 

Entisols, Inceptisols and Ultisols. The soils of the study area also fall under the above 

three orders. They were generally young, immature and sandy. The surface soils are 

dark, highly leached and poor in bases, rich in iron and have low pH values ranging 

from 4.5 to 5.5 i.e., highly acidic. They are well drained, rich in organic carbon, low  

phosphate content and high in available potash. The surface soil texture is loam to clay 

loam with clay content increasing in depth. The pH and organic carbon content decrease 

with the increase in depth. They are capable of providing substantial oxygen supply for 

plant growth and retaining moisture for sufficient supply of oxygen throughout the year. 

The percentages of clay, silt and sand within 50 cm of the surface is 15 to 30%, 35 to 

45%, 25 to 45% respectively (Anon, 1999). Flowering and deaths of bamboos appeared 
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to have caused the removal of nutrients from the forest ecosystem. Soil quality and its 

degradation depend on a large number of physical, chemical, biological, microbiological 

and biochemical properties. Biochemical reactions involve nutrient transformation of 

organic and inorganic substances in the soil environment through the catalytic activity of 

biomolecules called enzymes. The soil microbiological activity viz., the enzymatic 

activities play a key role in soil nutrient cycling. Its activity is essential in both the 

mineralization and transformation of organic matters and plant nutrient activity in the 

soil ecosystem (Dick and Tabatabai, 1993). This may severely impoverish the soil and 

may account for the low fertility of the soil after bamboo flowering and death 

(Lalnunmawia, 2008). A bamboo grove releases some 35 per cent more oxygen into the 

air than a similar-sized stand of trees, and it matures (and can be replanted) within seven 

years (compared to 30 to 50 years for a stand of trees), helping to improve soil health 

and prevent erosion along the way. Bamboo is so fast-growing that it can yield 20 times 

more timber than trees on the same area (Pandea et al., 2012). 

The scope of the studies was to understand the soil nutrients performance during 

the study years of the sporadic flowering of D. longispathus Kurz. By understanding the 

soil Physico and chemical properties around the study area, we can be well aware of the 

determination of required chemical and bio-fertilizers for application for the next 

flowering bamboo of D. longispathus Kurz. As the economic importance for the future 

generation were assumed to be highly in demand where population density of all 

bamboo forest was found to be declining. 
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7.2 Methodology 

7.2.1 Soil sample collection 

Soil samples were collected from Lengte Village of Mamit District, Mizoram. 

Two different sites for disturbed area and undisturbed area of flowering sites and also 

disturbed area and undisturbed area of non-flowering sites. For each replicates, soil 

samples were collected using spade from a depth of 0 to 15 cm, from the soil surface. 

The soil samples were oven dried, crushed, sieved through finer mesh (No. 10 to 2.00 

mm and No. 35 to 0.500 mm), weighted and subjected for analysis. 

7.2.2 Soil moisture content (Hot air oven method) 

10 g of freshly collected soil samples and was kept in a hot air oven at 105 °C for 

24 hrs and again the oven dried soil was weighed. The percentage of moisture content 

was calculated by subtracting fresh weight with dry weight, which was divided by fresh 

weight and multiplied by 100, as the following calculation: 

 Moisture content (%) = 
fresh weight−dry weight

fresh weight
 × 100 

7.2.3 Soil pH 

20 g of soil sample was taken in a 100 ml beaker to which 40 ml of water was 

added. Soil to water ratio of 1:2 was maintained. The suspension was stirred at regular 

intervals for 30 minutes and the pH was recorded with the help of pH meter (Model No. 

2018/34/DG).  
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7.2.4 Soil Organic Carbon (SOC) (Walkey and Black, 1934) 

The dried soil was grounded completely and sieved through 0.2 mm (80 mesh) 

and 0.5 g of the soil sample was taken in a dry conical flask. 10 ml of 1 N potassium 

dichromate solution was added, then 20 ml concentrated sulphuric acid was added 

carefully and swirled for 2 to 3 times. The flask was allowed to stand for 30 minutes. 

200 ml of distilled water and 10 ml ortho-phosphoric acid was added to get a sharper 

end point of the titration. After the addition of 1 ml diphenylalamine indicator, the 

content was titrated with 0.5 N ferrous ammonium sulphate solutions till the colour 

flashes from blue-violet to green. Simultaneously, a blank was run without soil. The soil 

organic Carbon is calculated by the following formula and expressed in percentage. The 

result was calculated by the following method: 

10(B - T) 100
Organic Carbon (%) = ×0.003×

B S
 

Where, 

B= Volume of Ferrous Ammonium Sulfate solution for blank titration in ml. 

T= Volume of Ferrous Ammonium Sulfate solution needed for soil sample titration 

in ml. 

S= Weight of soil in gram. 
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7.2.5 Total Nitrogen (TN) (Kjeldahl, 1883) 

The Total Soil Nitrogen (N) was estimated by following Kjeldahl’s Digestion 

Method. 5 g of soil sample was weighed and transfer to the digestion tube. 10 ml 

of conc. H2SO4 and 5 g of catalyst mixture (Potassium sulphate or Sodium sulphate: 

Copper sulphate, 5:1) was added. The digestion tubes were loaded in the Digester and 

the digestion block was heated at 410° C till the sample colour turns colourless or light 

green. The digestion tube large (DTL) was taken with digested soil sample. After the 

addition of 10 ml distilled water, it was shaken well. The DTL was loaded in Distillation 

Unit using the slider mechanism. 25 m1 of 40% boric acid (3 drops of methyl red and 

bromocresol green) was taken in a 250 ml conical flask and kept in the receiver end. 40 

ml of 40% NaOH was added by using the control panel. The timer was set at 20 seconds 

on the upper button. After the process was over the boric acid turned colourless. After 

the ready signal was glowing, the tap water inlet was opened for condensation. The 

required process time was set at 6 minutes for distillation on the lower button. The run 

key was pressed at the lower button. After the process time was over, steam was 

automatically cut off and the condensation tap water inlet was closed. The conical flask 

containing boric acid was taken out from the receiver end and the sample was ready for 

titration. The total Nitrogen in soil was expressed as percentage and calculated by the 

following formula: 

14× Normality of  acid×Titrant value
Total N (%) = ×100

SampleWeight×1000
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7.2.6 Available Phosphorous (AP) (Olsen et al., 1954) 

The method developed by Olsen et al., (1954) was followed for estimation of 

available Phosphorus in the soil samples. 2.5 g of dried soil and 50 ml of sodium 

bicarbonate solution in a flask was mixed and shake for 30 minutes with a suitable 

shaker. The suspension was filtered through Whatman filter paper No.40 and activated 

carbon was added to obtain a clear filtrate. 5 ml of the extract was taken in a 25 ml 

volumetric flask to which 5 ml of Dickman and Bray’s reagent was added drop by drop 

with constant shaking till the effervescence due to CO2 evolution ceases and 1 m1 of 

diluted SnCl2 was added. The volume was then made up to the mark. The colour is 

stable for 24 hrs and maximum intensity was obtained in 10 minutes. The absorbance 

was read with a Spectrophotometer (Dynamica Halo DB-20) at 660 nm and calculated 

by the following formula:  

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑃ℎ𝑜𝑠𝑝ℎ𝑜𝑟𝑢𝑠 (
𝐾𝑔

ℎ𝑎
) = 𝑅 ×

𝑉

𝑣
×

1

𝑆
×

(2.24 × 106)

106
 

Where, 

V = Total volume of extractant (ml) 

v = Volume of aliquot taken for analysis (m1) 

S = Weight of soil (g) 

R = Weight of phosphorus in the aliquot in µg (from standard graph)  
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7.2.7 Exchangeable Potassium (EK) (Ghosh et al., 1983) 

5 g of dried soil was mixed with 25 ml of neutral Ammonium acetate solution 

(1:5) was shaken in a beaker for 5 minutes and filtered immediately through a Whatman 

filter paper No.1. The first few ml of the filtrate was rejected. The potassium 

concentration in the extract was determined by flame photometer (Systronics flame 

photometer, Model No. 5060) and calculated according to the following formula:  

𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑎𝑏𝑙𝑒 𝑃𝑜𝑡𝑎𝑠𝑠𝑖𝑢𝑚 (
𝐾𝑔

ℎ𝑎
) = 𝑅 ×

𝑉

𝑊
× 244 ×

106

106
 

Where, 

R = ppm of K in the extract (obtained from standard graph) 

V = Volume of the soil extracted in ml 

W = Weight of dry sample taken for extraction in gram. 

7.2.8 Statistical analysis 

All the experimental analysis were performed in triplicate and the mean value 

with standard error were calculated. Parameter for Analysis of variance (using PASW 

Statistica 18) for the first year (2015) and the second year (2016) were calculated for 

disturbed area and undisturbed area of the flowering site and also disturbed area and 

undisturbed area of non-flowering site to obtain Soil pH, Total percentage (%) of Soil 

moisture, Soil Organic Carbon and Total N, Available P and Exchangeable K by the 

following calculation:                       

𝑇𝑜𝑡𝑎𝑙 (%) =
𝐹𝑖𝑛𝑎𝑙 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙

𝐼𝑛𝑖𝑡𝑖𝑎𝑙
× 100 
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7.3 Result 

Soil physico-chemical properties 

Soil physico-chemical properties of the soil samples were measured during the 

first year (2015) and the Second year (2016) for flowering and non-flowering sites 

(Figure 7.1). 

7.3.1 Soil Moisture content 

 The average soil moisture content during the study period was found to be 

29.58% in the disturbed area and 30.15% in the undisturbed area of flowering sites. 

Without much difference, the soil moisture content for the non-flowering site was 

29.92% in the disturbed area and 29.54% in the undisturbed area (Table 7.1). 

Analysis of soil moisture data (Table 7.2) showed that there was no significant 

variation between disturbed area flowering sites against disturbed area non-flowering 

sites,  undisturbed area flowering sites against undisturbed area non-flowering sites, 

disturbed area flowering sites against undisturbed area flowering sites and disturbed area 

non-flowering sites against undisturbed area non-flowering sites where p-value obtained 

were 0.2254, 0.0927, 0.0942 and 1.0000 respectively. 

7.3.2 Soil pH 

The soil is sandy-loam and dark brown in colour. The average soil pH in the 

flowering sites was found to be 5.4 in the disturbed and undisturbed areas. The soil pH 
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for non-flowering site was the same, which were 5.5 in the disturbed and undisturbed 

areas (Table 7.1). 

Analysis of variance of data for pH (Table 7.2) indicated that there was no 

significant variation between disturbed area flowering sites against disturbed area non-

flowering sites,  undisturbed area flowering sites against undisturbed area non-flowering 

sites, disturbed area flowering sites against undisturbed area flowering sites and 

disturbed area non-flowering sites against undisturbed area non-flowering sites where p-

value obtained were 0.42265, 0.1835, 0.01835 and 0.42265 respectively. 

7.3.3 Soil Organic Carbon (SOC) 

The average organic Carbon content of flowering sites was found to be 0.60% in 

the disturbed area and 0.62% in the undisturbed area. The average organic Carbon 

content for the non-flowering site was also found to be 0.60% in the disturbed area and 

0.59% in the undisturbed area (Table 7.1). 

However, Analysis of variance of data for soil organic Carbon (Table 7.2) 

showed that there was no significant difference between disturbed area flowering sites 

against disturbed area non-flowering sites,  undisturbed area flowering sites against 

undisturbed area non-flowering sites, disturbed area flowering sites against undisturbed 

area flowering sites and disturbed area non-flowering sites against undisturbed area non-

flowering sites where p-value obtained were 0.84121, 0.86736, 0.61939 and 0.09242 

respectively.  
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7.3.4 Total Nitrogen (TN) 

The total Nitrogen content was found to be 0.299% in the flowering bamboo 

stand of disturbed area and 0.288% in the undisturbed areas. Whereas, the total nitrogen 

content of the non-flowering site was found to be 0.292% in the disturbed area and 

0.302% in the undisturbed areas (Table 7.1).  

Analysis of variance (Table 7.2) of data for total Nitrogen indicated that there 

was significant variation in nitrogen content of the soil between disturbed area flowering 

sites against disturbed area non-flowering sites where p-value obtained was 0.03775. 

However, there was no significant variation between undisturbed area flowering sites 

against undisturbed area non-flowering sites, disturbed area flowering sites against 

undisturbed area flowering sites and disturbed area non-flowering sites against 

undisturbed area non-flowering sites where p-value obtained were 0.21433, 0.34793 and 

0.39013 respectively.  

7.3.5 Available Phosphorous (AP) 

The available Phosphorous was found to be 12.10 kg ha-1 in the disturbed area 

and 12.14 kg ha-1 in the undisturbed area of the flowering bamboo stands. However, for 

non-flowering site 11.97 kg ha-1 was found to be available at the disturbed area and 

11.84 kg ha-1 at the undisturbed study areas (Table 7.1).  

Analysis of variance  (Table 7.2) of data for available Phosphorous revealed that 

there was significant variation in Phosphorous content of the soil between disturbed area 

flowering sites against disturbed area non-flowering sites where p-value obtained was 



103 
 

0.0310. However, there was no significant variation between undisturbed area flowering 

sites against undisturbed area non-flowering sites, disturbed area flowering sites against 

undisturbed area flowering sites and disturbed area non-flowering sites against 

undisturbed area non-flowering sites where p-value obtained were 0.6936, 0.3626 and 

0.6578 respectively. 

7.3.6 Exchangeable Potassium (EK) 

The exchangeable Potassium content of flowering sites was found to be 180.54 

kg ha-1 in the disturbed area and 178.04 kg ha-1 in the undisturbed area. Whereas, the 

exchangeable Potassium content for non-flowering site was also found to be 180.21 kg 

ha-1 in the disturbed area and 184.83 kg ha-1 in the undisturbed area (Table 7.1). 

Analysis of variance (Table 7.2) of data for exchangeable Potassium indicated 

that there was significant variation in Potassium content of the soil between disturbed 

area flowering sites against undisturbed area flowering sites where p-value obtained was 

0.0351. However,  there was no significant variation between disturbed area flowering 

sites against disturbed area non-flowering sites, undisturbed area flowering sites against 

undisturbed area non-flowering sites and disturbed area non-flowering sites against 

undisturbed area non-flowering sites where p-value obtained were 0.4381, 0.0955 and 

0.4381 respectively. 
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Table 7.1: Average Soil Moisture Content, pH, Soil Organic Carbon, Total N, Available 

P and Exchangeable K of flowering and non-flowering sites (±1 SE).  

Parameters 

DISTURBED AREA UNDISTURBED AREA 

FLOWERING 

SITE 

NON-

FLOWERING 

SITE 

FLOWERING 

SITE 

NON-

FLOWERING 

SITE 

SMC (%) 29.58 ± 5.48 29.92 ± 5.36 30.15 ± 5.56 29.54 ± 3.75 

pH 5.44 ± 0.33 5.54 ± 0.13 5.43 ± 0.22 5.51 ± 0.35 

SOC (%) 0.60 ± 0.60 0.60 ± 0.60 0.62 ± 0.62 0.59 ± 0.59 

TN (%) 0.299 ± 4.78 0.292 ± 11.54 0.288 ± 13.05 0.302 ± 5.76 

AP (Kg ha¹־) 0.38 ± 11.84 0.27 ± 12.14 0.44 ± 11.97 0.46 ± 12.10 

EK (Kg ha¹־) 2.22 ± 184.83 6.91 ± 178.04 6.58 ± 180.21 6.73 ± 180.54 
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(a)                                                               (b) 

   

                                  (c)                                                                 (d) 

    

                                   (f)                                                                  (g) 

Figure 7.1: Soil physico-chemical properties of the study sites: (a) Soil Moisture 

Content, (b) Soil pH, (c) Soil Organic Carbon, (d) Total Nitrogen, (e) 

Available Phosphorous, (f) Exchangeable Potassium (F = Flowering, DA 

= Disturbed area, NF = Non-flowering, UDA = Undisturbed area). 
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Table 7.2: ANOVA Table for Soil moisture, Soil pH, SOC, TN, AP and EK. 

Objectives Parameter F - Value P - Value 

Soil Moisture 

DA FS × DA NFS 3.000 0.2254 

UDA FS × UDA NFS 9.308 0.0927 

DA FS × UDA FS 9.143 0.0942 

DA NFS × UDA NFS 0.000 1.0000 

Soil pH 

DA FS × DA NFS 1.000 0.42265 

UDA FS × UDA NFS 4.000 0.1835 

DA FS × UDA FS 4.000 0.1835 

DA NFS × UDA NFS 1.000 0.42265 

SOC 

DA FS × DA NFS 0.052 0.84121 

UDA FS × UDA NFS 0.036 0.86736 

DA FS × UDA FS 0.339 0.61939 

DA NFS × UDA NFS 9.344 0.09242 

TN 

DA FS × DA NFS 25.000 0.03775* 

UDA FS × UDA NFS 3.226 0.21433 

DA FS × UDA FS 1.479 0.34793 

DA NFS × UDA NFS 1.184 0.39013 

AP 

DA FS × DA NFS 30.765 0.0310* 

UDA FS × UDA NFS 0.207 0.6936 

DA FS × UDA FS 1.369 0.3626 

DA NFS × UDA NFS 0.265 0.6578 

EK 

DA FS × DA NFS 0.923 0.4381 

UDA FS × UDA NFS 9.000 0.0955 

DA FS × UDA FS 27.000 0.0351* 

DA NFS × UDA NFS 0.923 0.4381 

                   * values are significant at P<0.05, ** values are significant at P<0.01 
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7.4 Discussion 

The major impact on soil pH, soil organic Carbon, total Nitrogen, available 

Phosphorous and exchangeable Potassium could be due to soil moisture content and 

rainfall observed during the study period. The soil moisture content was observed to be 

lower in January and gradually increase in April. During the rainy season, soil at its peak 

soil moisture content was observed in the month of April and August which ranges 

between 31% to 37% and gradually decreases to its minimum in January during the 

study period i.e., 2016.  

The lower pH in flowerings sites may indicates that the soil nutrients could be 

utilized more by the flowering bamboo than the non-flowering bamboo stand. Present 

study had shown that there was no sudden increase or decrease in pH. In general, the pH 

is acidic ranging from 4.8 to 6.1, where the average pH of the study areas was found to 

be 5.5 during the study period.  

The organic Carbon content increased in the flowering sites than the non-

flowering sites. This could be due to the decomposition of fallen leaves from the 

flowering bamboo culm, where the leaves gradually become the source of soil nutrient 

enrichment. This in turn provide nutrients for the development of the seedlings. 

Nitrogen loss in flowering and post-flowering phases may be attributed to 

denitrification due to higher moisture content in soil and it increases when the soil 

remains saturated. Loss of nitrogen also occurs during break down of organic matters in 
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low oxygen, generally in saturated soil (Laboski, 2008). Leaching is also a major factor 

influencing reduction of Nitrogen (Berg and Staaf, 1980). 

Present of Phosphorous present may indicated that in the rhizosphere of bamboo 

clump, they might have leached out through the soil after bamboo flowering. Low 

Phosphorous availability in the flowering bamboo stand could be linked with the uptake 

of more Phosphorous during the reproductive stage; as in bamboo, flowering and 

seeding occurred in mass scale. Besides, in most environmental conditions Phosphorous 

act as a limiting element due to smaller concentration in soil against the demand of 

plants and microbes (Hopkins and Huner, 2008). In addition, unavailability of 

Phosphorous could as well be related with the tie up of Phosphorous in organic matter 

and inorganic sediments, adsorption of Phosphate onto clay particles, iron and 

Aluminium hydroxides, etc. (Mitch and Gosselink, 1993). 

Potassium leaching could be a factor for the low content of Potassium in the 

flowering and post-flowering sites, besides, excess water due to high precipitation 

increase the risk of Potassium leaching in sandy soils, including low CEC values, high 

sodium, calcium and magnesium content (Hodges, 2006; McAfee, 2008). After mass 

flowering in bamboo a large stock of standing mother crops died in a short span which is 

similar to removal of crops, such events moreover may influence to depletion in 

Potassium rapidly by escalating soil compaction, acidity, etc. (Taylor, 1998). 
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CHAPTER – 8 

Summary 

D. longispathus Kurz have an interesting pattern of growth and development. 

Each plant produces a number of new culm annually - these culms grow to their 

maximum height in their first year of growth, subsequent growth in the culm being 

limited to the production of new side branches and leaves. In the case of some mature 

tropical species the new culm could be as much as 30 meters tall, with daily increases in 

height of 30cm or more during their peak growth time. This makes them some of the 

fastest-growing species in the world. In general they are usually monocarpic, living for 

many years before flowering, then flowering and seeding profusely for a period of 1 to 3 

years before usually dying. A cutting cycle of every three years is recommended for this 

species (Seethalakshmi and Muktesh Kumar, 2002). 

The distribution of bamboos in India has been related to the rainfall (Gamble, 

1896). The peak rainfall in the month of June could affect the seedling growth as almost 

all viable seeds fall off for maximum seedling germination to happen. During the study 

period (2015 and 2016) rainfall was much higher as compared to previous years, which 

indicates that seedling growth and survival was high in both disturbed and undisturbed 

areas of the study sites. Bamboo requires moist condition for proper growth, and 

insufficient water is the major cause of poor health in new bamboo plants. Gradually 

increased and decreased in temperature as well as humidity may affect the seedling 

growth; the air temperature and humidity was higher during the study period as 
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compared to previous years. It may, therefore, be inferred that these prevailing local 

environmental factors have an influence in the floral formation, seed formation and 

seedling growth of D. longispathus Kurz. 

The vegetation diversity of the study sites indicated that there could have been 

competition for the growth and regeneration of D. longispathus Kurz. The chances of 

survival were also assumed to be highly depending upon the type of vegetation at the 

regenerating sites of D. longispathus Kurz. For instance, at the disturbed site, 

regeneration of seedlings is lower due to the presence of invasive herbs and weeds, 

which were colonizing the areas. Apart from the study area, it was also observed that if 

shifting cultivation practices were abstained at the flowering sites, the mortality rate of 

the D. longispathus Kurz is expected to be much lower. 

In D. longispathus Kurz the pistil matured first, i.e. they undergo protogynous 

nature of flowering. The ovary is sub-globular and hairy with club shaped stigma. Floral 

buds were arranged distichously in tight capitates-wise clusters of spikelets at the nodes 

to perform successful pollination, as they were anemophilous (wind pollinated). The 

pollen type shows monoporate pollen grain, which consists of a spherical, often thin-

walled and rather large grain, with a single pore. The presence of large anthers 

producing abundant uniform pollen grains, which is the characteristic of wind pollinated 

species, may also leads to the conclusion of the occurrence of anemophily in D. 

longispathus Kurz. Studies of anthesis may indicated that disturbed area has shown less 

activity for completing its flower which in turn had an impact on the floral development 

and seed formation. Hence, to improve the flowering and seed production in bamboo, a 
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simple management practices can be implemented, such as reducing anthropogenic 

disturbances, mulching with leaf litter around the roots and soil mounding of the 

flowering bamboo clump can help to retain moisture and nutrients during the flowering 

period. 

Birds were found to have visited the flowering clump, such as the white-rumped 

munia or white-rumped mannikin (Lonchura striata), this indicated that fruits were 

already ripening at that time and some seeds are ready for collection. Germination of 

seeds started within a week of falling on the ground. In general, a very large number of 

seedlings were produced below the dying mother clump between May and August. 

Several seeds and germinating seedlings were carried away by rain water, often far from 

the mother plant. The density of seedlings after one to two months was about 45/100 

cm2 in depressions and valley areas and lower on the slopes was about 3/100 cm2 

(Banik, 1988). When sporadic flowering occurs on individual culms, the plants very 

rarely die but most of the seeds are not viable either (Schroder, 2011). Further, there is a 

competition amongst different bamboo species in the study area; thus, proper cleaning 

and caring is a challenge for the survival as well as proper growth and development of 

the new seedlings of D. longispathus.  

Ahmed (1954) and Seth (1954) determine that the dead clumps would 

considerably benefit the regenerating bamboo crop and lead to a well-developed stand 

with healthy clumps. The condition of the bamboo seedlings was found to be better 

under partial shade and lower weed conditions than under full weeds and complete 

shade, which may indicate that the bamboo seedlings require some light in the early 
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stages of development. In complete shade, almost all seedlings perished after 12 months. 

In both conditions, the seedlings survived, but the general condition of the seedlings was 

comparatively better in areas with lesser weeds. The influence of light on seedling 

mortality and their health is comparatively more important than weed competition, at 

least in the early stages of regeneration. The felling of the dead mother clump if delayed 

for at least for 9 to 12 months will provide partial shade to the regenerating bamboo 

seedlings. Hence, in order to obtain successful regeneration of D. longispathus leaving 

the mother culm was considered to be a suitable conservation technique for regenerating 

D. longispathus Kurz.  

According to Troup (1921) and MC Clure (1967), bamboo seedlings generally 

produce an underground rhizome after four to six months of age. Burning and felling 

operations after six to nine months of age only destroyed the aerial part of the bamboo 

seedlings and within a few months, shoots appeared again from the underground 

rhizome as observed by Naito et al., (1968) on Sasa palmata in Japan. However, burning 

or clear-felling of the mother bamboo clumps during the months of seed germination 

was considered to be hazardous and could stop the regeneration process, which 

simultaneously could result in killing almost all the bamboo seedlings through these 

practices. Thus, it could result in complete eradication of regenerating bamboo species 

like the D. longispathus Kurz from their habitat. 
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The dead mother clumps provided partial shade to the regenerating seedlings and 

this condition seemed to favor the regeneration process. After 12 months it was observed 

that seedling density was better in thinned out areas than in the unthinned areas. 

Competition between seedlings was high in the unthinned areas and as a result the rate 

of mortality was higher than that in the thinned areas (Banik, 1988). Young seedlings do 

not prefer heavy shade. The heavy growth of weeds suppresses the growth of the 

seedlings. Light shade is helpful to provide them protection against frost and drought. It 

takes up to 10 years for the seedlings to occupy the areas left open by the flowered 

bamboos (Biswas, 2007). The ultimate establishment/survival of the thinned out bamboo 

seedlings in the field was around 8% in D. longispathus and 70% in B. tulda after three 

years of the plantation (Banik, 1988). Weeding twice a year is recommended for 

successful regeneration of bamboo seedlings. As the seedlings cannot grow under 

complete shade either and hence partial shade and occasional weeding are important for 

successful natural regeneration of bamboo seedlings after each sporadic flowering in the 

bamboo forest. 

During the phenomena of sporadic flowering, particularly in D. longispathus 

Kurz, primary macronutrients such as NPK in soil were found to be less in bamboo 

flowering and post-flowering phases. The soil moisture content was assumed to be 

higher in bamboo flowering stand as compared to non-flowering bamboo stands, this 

may be due to the fact that there could be more leaf and litter falls in bamboo flowering 

site as the flowering bamboo usually shed their leaves before flowering. Soil pH is 

defined as the negative logarithm of the H+ ion concentration. It was observed that the 
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amount of H+ in the soil increases, the soil pH decreases thus becoming more acidic. The 

experimental data on pH indicated that the soil was moderately to slightly acidic 

(Gangopadhyay et al., 2008). After sporadic flowering in bamboo forests, soil increase 

vulnerability to leaching, this could be a major source and one of the most important 

limiting factors for soil pH in the hilly topography that could cause increase in soil 

acidification. The major key indicators of soil health relied on Potassium levels, as 

potassium was found to be significantly lower in the flowering site, which may be the 

effect of low pH of flowering site and also Low P availability in the flowering bamboo 

stand. This could be linked with the uptake of more P during reproductive stage as 

bamboo flowering and seeding occurred in mass scale within the clump. Due to high 

precipitation and being a hilly gradient in both study sites, soil Phosphorous was 

assumed to be regularly eroded from ecologically disturbed sites. Hence, Phosphatic 

fertilizers such as Diammonium Phosphate (DAP), Monoammonium Phosphate (MAP), 

NPKs and SSP may be recommended to use in supplementation of the loss of potassium. 

Thus, flowering and death of bamboo culm might cause decrease or increase of nutrients 

in the forest ecosystem.  

Sustainable management and utilization of bamboo resources in Mizoram are 

discussed below which is needed to improve the growing stock volume. Bamboo, at 

present, is collected in an unregulated manner by villagers to meet their minor domestic 

need. With a view to manage the bamboo resources in a sustainable manner and to 

ensure a support base to increasing bamboo yield to meet the local need and export of 

bamboo and improved bamboo produce, annual bamboo harvest and yield need to be 
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predetermined through silvicultural availability, felling regulation, seasonal requirement, 

market need and in consultation with the stakeholders, so that bamboo resources are 

optimally harvested and used. Bamboo regrowth and regeneration is not a problem in 

bamboo brake and open areas, however appropriate management methods shall be 

evolved and employed to ensure quality bamboo yield, keeping in view the end use, 

need etc. However, management and regeneration strategy of natural bamboo stand shall 

focus on preferred species keeping in view the end use requirement. Protection and 

management of the area for at least three to four years appears to be beneficial for 

regenerating bamboo (Lalnunmawia and Lalramnghinglova, 2010). Bamboo occurs as a 

lower storey in the evergreen and semi evergreen forests along river banks and grows 

profusely in abandoned jhum lands. The existing bamboo resources within the notified 

forests and outside in government lands, jhumland and Village council areas need to be 

managed scientific ally, keeping in view the end use, socioeconomic need of local 

people and industrial need. The existing bamboo stocks need to be harvested and 

utilized, employing the latest technology. Bamboos outside government notified forests 

and in jhum land may be managed i.e. conserved, protected-and harvested in a scientific 

way. Appropriate guidelines may be developed in consultation with the stakeholders. 

The present study helps us in understanding the floral development, seed 

production and regeneration of bamboo. In general, D. longispathus flowers sporadically 

or intermittently, like other bamboos, the bamboo culms die and fall to the ground after 

the production of flowers and fruits, and frequently their rhizomes are exhausted and die. 

The individual flowers are formed from the ears and panicles and measured only a few 
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millimeters. The bamboos normally flower in the last months of a year and seeds 

matured after fourth and fifth month of the next year. At the start of the rainy season, 

after the ripening of the seeds, the first new bamboo plants can be seen on the ground.  

If proper awareness on the impact of the flowering bamboo is conducted, 

anthropogenic activities may reduce. Which may result in the reduction of mortality rate, 

and hence the production of bamboo would meet the demand. 
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PHOTO PLATES 

 

    

Picture 1. Bamboo flowering area (Disturbed Sites). 

    

Picture 2. Bamboo flowering area (Undisturbed Sites). 
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Picture 3. Peak flowering of Dendrocalamus longispathus Kurz. 

       

         

Picture 4. Some morphology of flowering bamboo with young seed. 
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Picture 5. Seed counting and measurement. 

    

Picture 6. Tissue Paper Test and Tetrazolium Test on bamboo seeds. 
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Picture 7. Germinated seeds. 

   

Picture 8. Length and height of root and shoot. 
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Picture 9. Seedlings at study sites. 

   

Picture 10. Counting of germinated seedlings. 

   

Picture 11. Thinning and No-Thinning operation of seedlings. 
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Picture 12. Collection of soil sample at the study sites. 

   

Picture 13. Soil samples analysis. 

   

Picture 14. Regenerating bamboo forest at study sites. 
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