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Abstract 
Bamboo is a renewable and versatile resource with low weight and high strength. Bamboo is most important non-timber plants 
that have highly socio-economic benefits worldwide. It is the world’s fastest growing non-timber woody plant with three time 
faster growth rate than others. Bamboos belong to subfamily Bambusoideae, family Poaceae under the class Monocotyledonae 
of phylum Spermatophyta. These are usually tall, erect and woody arborescent grasses with great morpho-phenological 
diversity. The present study was carried out in the New Forest of Forest Research Institute (FRI), Dehradun (Uttarakhand), 
India campus that has huge diversity in bamboos genus Dendrocalamus Nees. Authors reported seven species of 
Dendrocalamus Nees during investigations that have been known for their socioeconomic values were: Dendrocalamus 
giganteus, D. calostachyus, D. longispathus, D. somdevai, D. hamiltonii, D. membranaceus and D. strictus. The maximum 
leaves size was recorded in D. hamiltonii and D. giganteus. However, the minimum size of leaves was documented in D. 
membranaceus. The heights of culms were measured for all species and found to be maximum in D. membranaceus and 
minimum in D. strictus. The peak culm sheath area was observed in D. calostachyus on contrary the minimum examined in D. 
strictus. The bamboo plants having great socioeconomic and ethnomedicinal significance in conventional therapeutic 
practices. The authors wish to recommend that there should be a strong strategic management of Dendrocalamus sp. for 
sustainable livelihood and economy. 
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Introduction 
Bamboo is the roof and crown of all plants, having close 
association with man's existence from primeval times to the 
time of information technology and bamboo has been man's 
closest friend (Devi, 2013; Dwivedi et al., 2019) [11, 12]. 
Bamboos used by Gods and humans, the haves and have-
notes, the sophisticated and the rustic, the artistes and the 
artisans (Kaushik et al., 2015; Singh et al., 2020a)[20, 32]. 
Bamboo plants play important role to cover 21.1% of forest 
of Indian sub-continent and contributing 12.8% total forest 
area of country (FSI, 2011; Singh et al., 2018) [15, 30]. It is 
the world’s fastest growing non-timber woody plant with 
three time faster growth rate than others (Jha, 2010; Brar et 
al., 2012) [5, 19]. Bamboo occurs in different bioclimatically 
defined forest types ranging from tropical, subtropical to 
subalpine zones and temperate regions except Europe 
(Bystriakova et al. 2003; Jha, 2010) [6, 19]. The bamboos 
have strong adaptability from equator zone to bored zone 
and occupied habitats from sea level to high mountains up 
to an altitude of 3300-4000 m as well (Goyal et al., 2012) 
[17]. Most of the bamboo species need warm and humid 
climate and are distributed over plain and hilly area in 
tropical and subtropical monsoon zone between the Tropic 
of Capricorn and the Tropic of Cancer (Banik, 2015) [2]. The 
diversity has considerably dwindled from natural habitats 
due to over exploitation, shifting cultivation, gregarious 
flowering and extensive forest fires (Zheng et al., 2020) [40]. 
Bamboo is a grass of subfamily Bambusoideae, family 
Poaceae under the class Monocotyledonae of phylum 
Spermatophyta and spread over with more than 88 genera 
and nearly 1,642 species worldwide, of which 28 genera and 

more than 120 species are herbaceous bamboo (Vorontsova 
et al., 2016) [37]. After China India has the second position in 
bamboo cropping and production after China (Bystriakova 
et al. 2003; Loushambam et al., 2017; Luo et al., 2020) [6, 23, 

24]. The Bambusoideae appears to be one of the most 
successful and diverse subfamilies of grasses and can play 
an important role in protecting our planet from pollution and 
improving the soil (Emamverdian et al., 2020; Singh et al., 
2020b) [13, 33]. The genus Dendrocalamus was first described 
by Nees in Linnaea 9: 476 during 1834, under 
tribe Bambuseae, sub-tribe Bambusinae and etymologically 
derived from Greek word dendron, tree; kalamos, reed, tree-
like reeds (Banik, 2016) [3]. The bamboos are contributing 
billions of dollars in international trade using young bamboo 
culm flour as a new ingredient for food products, improving 
the intake of insoluble fiber and considering the consumer 
demand for healthier products (Jha, 2010; Felisberto et al., 
2017; Singh et al., 2019; Singh et al., 2020c) [19, 14, 31, 34]. 
The bamboo shoots are a good source of vitamins, minerals, 
amino acids, and dietary fibers (Singh et al., 2020c) [34]. The 
soft shoots and leaves of bamboos contain vitamin A, 
vitamin B6, vitamin C and vitamin E as well as 17 amino 
acids, of which 8 were essential for the human body 
(Chongtham et al., 2011) [8]. Dendrocalamus asper 
commonly called giant bamboo used for housing at many 
rural areas, and it has been used for handicrafts, daily 
utensils, furniture and paper as well (Akwada and Akinlabi, 
2016) [1]. The therapeutic application of plant products and 
parts of plant known since ancient period as traditional 
medicine (Singh et al., 2020a, b, c) [32,33, 34]. This traditional 
knowledge of ethnomedicine and socioeconomic values of 
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native wild plants have been handed down from one 
generation to the next by spoken word and through lifestyle 
(Hossain et al., 2015; Singh et al., 2019) [18, 31]. The 
bamboos are applicable in cure of various digestive system 
disorders, haematuria, fever, after birth complication in 
women (Tangjitman et al., 2015; Chaudhry and Murtem, 
2016) [36, 7]. D. strictus nodes and decoctions of leaves used 
as medicine to cure jaundice and young shoots for food 
(Chaudhry and Murtem, 2016) [7]. The antifertility, 
antidiabetic, antibacterial, anthelmintic, anti-inflammatory, 

antiulcer and insecticidal properties of bamboo worked out 
by various scientists during yesteryears (Kumar et al., 2012; 
Rathaur, 2013) [21, 28]. Thus the herbal drugs have got 
tremendous momentum in global health care system. 
Therefore the present study was designed to work out the 
taxonomical diversity and socioeconomic values of 
Dendrocalamus Nees that will be helpful in planning 
strategies for sustainable conservation of these natural 
resources. 

 

 
 

Fig 1: Map showing the sites of investigation to study diversity of Dendrocalamus sp. in Forest Research Institute (FRI), Dehradun 
(Uttarakhand), India. 

 
Materials and Methods 
Present study was designed to reveal the taxonomical 
diversity and distribution of Dendrocalamus Nees (Poaceae: 
Bambusoideae) on the basis of survey in New Forest, Forest 
Research Institute (FRI), Dehradun (Uttarakhand) India 
(Fig. 1). Vegetations were evergreen and deciduous in an 
expansion of more than 1100 acre area situated between 
N30o20ꞌ31.56ꞌꞌ Latitude and E77o59ꞌ50.28ꞌꞌ Longitude. The 
climate was marked by hot summer, well distributed rainfall 
during South-West monsoons (average precipitation 
360mm), however winter season marked with less rain. The 
entire campus was thoroughly surveyed including 
Bambusetum, Botanical garden, Beeson road, Canning road, 
Chaturvedi road, Circular road, Parker road, Takle road, 
Hospital road, Howard road, Tierman road, Lace road, Teak 
road, Trevor road, Troup road, Shalich road and Rao road. 
The wild as well as planted species of bamboos considered 
for the study. For each species taxonomic characters were 
recorded on site, photographs captured, phenology 
compared using literatures to assess the correct taxonomic 
summary. The specimens identified were further 

substantiated and validated through relevant literature and 
herbarium specimens housed in Systematic Botany 
Discipline, Forest Research Institute, Dehradun 
(Uttarakhand).  
 

 
 

Fig 2: Dendrocalamus sp. with culm sheath: (A) D. giganteus, (B) 
D. calostachyus, (C) D. longispathus, (D) D. somdevai, (E) D. 

hamiltonii, (F) D. membranaceus and (G) D. strictus. 
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Results and Discussion 
The findings of the present work reflected that the New 
Forest, Forest Research Institute (FRI), Dehradun 
(Uttarakhand), India has been found a rich source of 
bamboo Dendrocalamus sp. Nees which taxonomically 
belonged to subfamily Bambusoideae, family Poaceae under 
the class Monocotyledonae of phylum Spermatophyta. The 
identification and characterization of 7 species of 
Dendrocalamus was well documented during thorough 
examination of survey area. The morpotaxonomic and 
morphometric examinations of individual species showed 
remarkable variability among the recovered 7 species: D. 
giganteus (Giant bamboo or Dragon bamboo), D. 
calostachyus (Indian bamboo), D. longispathus (Long-
sheath bamboo), D. somdevai (Magar bamboo), D. 
hamiltonii (Hamilton's bamboo), D. membranaceus (White 
bamboo) and D. strictus (Male bamboo or Solid bamboo or 
Calcutta bamboo) (Fig. 2). The significant taxonomic 
attributes documented were: Plant height, culm sheath, 
blade length, ligule length, presence or absence of auricle, 
petiole length, internodal length, leaf dimensions 
summarized in Table 1. The maximum leaf size 35x10 cm2 
and 50x7 cm2 were calculated in D. hamiltonii and D. 
giganteus respectively. However, the minimum size of 
leaves 17x2 cm2 was documented in D. membranaceus. The 
heights of culms were measured for all species and found to 

be maximum in D. membranaceus (20-40 m) and minimum 
in D. strictus (8-16 m). The peak culm sheath area was 
observed in D. calostachyus (110x45 cm2) on contrary the 
minimum calculated in D. strictus (28x17 cm2). The blade 
and leaf sheath proper length were maximum in case of D. 
calostachyus and measured as 50 cm and 60 cm 
respectively. The maximum internode length was 
enumerated was 40-60 cm in D. giganteus. The 
interrelationships among the selected taxonomical attributes 
were assessed using advanced numerical tools and showed 
rich variability (Fig. 3). The socio-financial importance was 
assessed on the basis of information collected from the rural 
populace and validated by published reports as well. The 
bamboos were considered in numerous traditional practices 
and contributed in societal economy as well. The 
investigation uncovered that bamboo utilized for tangle 
board planning, flooring, bin making, fiber making, house 
construction, etc. The ethnomedicinal significance was 
surveyed through close to home cooperation with the 
general population living in the neighborhood approved by 
the accessible writing also. It was seen that the various parts 
of bamboos including stem, leaves and barks utilized as a 
conventional solution for digestive ailment, abscesses, 
jaundice, heart issues, respiratory problems, haematuria, 
fever, etc. in different forms.  

 

 
 

Fig 3: Correlation of morphotaxometric attributes among Dendrocalamus sp. Where: i, D. strictus; ii, D. longispathus; iii, D. hamiltonii; iv, 
D. somdevai; v, D. calostachyus; vi, D. giganteus; vii, D. membranaceus. 

 
Table 1: Morphological and morphotaxometric attributes of different Dendrocalamus sp. (Where: L, Length; B Breadth; m, Meter; cm, 

Centimeter; mm, Millimeter) 
 

S. 
No. 

Botanical name (Common 
name) 

Height 
(m) 

Culm sheath 
(LxB) cm2 

Blade 
(L) cm 

Sheath 
proper (L) 

cm 

Ligules 
(mm) Auricles Inter node 

(L) cm 
Leaf 

(LxB) cm2 
Petiole 
(mm) 

1. Dendrocalamus giganteus 
(Giant bamboo) 24-30 75x65 26 49 8-13 absent 42-50 50x7 3-5 

2. Dendrocalamus calostachyus 
(Indian bamboo) 20-30 110x45 50 60 1-2 absent 30-40 30x5 1-2 

3. Dendrocalamus longispathus 
(Long-sheath bamboo) 10-18 70x15 35 35 1 absent 39-40 30x4 1 

4. Dendrocalamus somdevai 
(Magar bamboo) 15-20 75x35 30 45 7-12 absent 20-40 30x4 3 

5. Dendrocalamus hamiltonii 12-20 45x40 12 33 1-2 absent 30-40 35x10 1 
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(Hamilton's bamboo) 

6. Dendrocalamus membranaceus 
(White bamboo) 20-40 50x20 20 30 5 present 25-40 17x2 1 

7. Dendrocalamus strictus 
(Calcutta bamboo ) 8-16 28x17 6.5 22 2-3 absent 30-40 25x3 1 

 
The Life cycle of bamboo is more long approximately 3 to 
120 years. The identification of the bamboo species on the 
basis of floral characters was not a good practice, therefore 
important taxonomical attributes were taken in 
consideration during present investigation. The pattern of 
branching and leaf morphometric dimensions helped in 
identification of Dendocalamus species and supposed to be 
key feature in taxonomy (Pattanaik and Hall, 2014; Das et 
al., 2018) [27, 9]. The flowering of bamboos species was 
studied and found to be gregarious in nature, even it was 
uncertain and incidentally observed in some wild species 
(Banik and Islam, 2005; Das et al., 2018) [4, 9]. The findings 
of the present investigation in favor of important 
taxonomical attributes including size of leaves, size of culm-
sheath, blade size, leaf sheath proper, ligule, petiole, 
internode length and number of auricles substantiated by 
earlier literatures also important in the taxonomical studies 
(Pattanaik and Hall, 2014; Felisberto et al., 2017; Rojas-
Sandoval, 2019; Wang and Li, 2019) [27, 14, 29, 38]. D. 
giganteus and D. hamiltonii are important species widely 
used for multiple purposes, facing their depletion due to 
heavy extraction in the hilly terrain (Meena et al., 2019) [25]. 
Hence the conservation of bamboos is utmost necessity to 
fulfill the socioeconomic need of peoples and country. The 
medicinal plants including wild flora, bamboos etc. of hilly 
terrain have always been the principle sources of medicine 
worldwide (Daswad et al., 2020) [10]. India sustains a very 
rich traditional medicinal plant wealth and D. strictus was 
found to be an excellent source of many bioactive 
compounds such as crude protein, crude fiber, ash and other 
minerals (Goyal and Middha, 2011) [16]. The leaves found to 
contain several chemical constituents which were 
pharmacologically important and have claimed to be 
beneficial in many specific diseases like cancer, 
inflammation, infectious, cardiopathy, diabetes, 
hepatotoxicity, memory enhancement and many microbial 
attacks (Singhal and Satya, 2011; Lin and Miao, 2012; 
Mulyono et al., 2012; Wangawar et al., 2017; Daswad et al., 
2020) [35, 22, 26, 39, 10]. 
 
Conclusion 
Bamboo forests are undoubtedly one of the most abundant 
non-timber plants on Earth and cover a wide area of tropical 
and subtropical regions. The present investigation carried 
out at New Forest, Forest Research Institute (FRI), 
Dehradun (Uttarakhand), India showed rich diversity of 
Dendrocalamus sp. Nees. There were 7 species recovered 
from new forest on the basis of key taxonomic attributes and 
morphometry viz. Plant height, culm-sheath, blade length, 
ligule length, presence or absence of auricle, petiole length, 
inter-nodal length and leaf dimensions. As these are the 
socioeconomically and ethnomedicinally important plants, 
therefore it was assessed by personal interactions to the 
population living in the local area. Bamboo has many uses, 
mainly in construction (flooring, roofing designing, and 
scaffolding), furniture, food, biofuel, fabrics, cloth, paper, 
pulp, charcoal, ornamental garden planting, and 
environmental characteristics, such as a large carbon sink 

and good phytoremediation option, improving soil structure 
and soil erosion. The authors finally concluded that the 
proper and strategic management of bamboos is the utmost 
need for sustainable development. There is a need of more 
exploration of medicinal values through pre and post 
clinical assessment for the restoration of conventional 
therapeutic approaches.  
 
Acknowledgments  
MK is thankful to Dr. Ranjana Negi, Systematic Botany 
Discipline, Forest Research Institute (FRI), Dehradun 
(Uttarakhand) India, and Er. Rakesh Verma, Dept. of 
Biotechnology, Maharishi Markandeshwar (Deemed to be 
University), Mullana-Ambala (Haryana), India for kind 
guidance. 
 
References 
1. Akwada DR, Akinlabi ET. Economic, social and 

environmental assessment of bamboo for infrastructure 
development. International Conference on 
Infrastructure Development in Africa, South Africa, 
2016, 1-16. 

2. Banik RL. Flowering nature of Dendrocalamus 
longispathus (Kurz) Kurz with notes on seedling and 
other planting materials for raising plantation. Indian 
Forester,2015:141(9):920-929. 

3. Banik RL. Dendrocalamus Nees. In: Silviculture of 
South Asian priority bamboos. Tropical Forestry, 
Springer, Singapore, 2016. 

4. Banik RL, Islam SAMN. Leaf dynamics and above 
ground biomass growth in Dendrocalamus 
longispathus Kurz. Journal of Bamboo and 
Rattan,2005:4(2):143-150. 

5. Brar J, Anand M, Sood A. In vitro seed germination of 
economically important edible bamboo Dendrocalamus 
membranaceus Munro. Indian Journal of Experimental 
Biology,2012:51:88-96. 

6. Bystriakova N, Kapos V, Lysenko I, Stapleton C. 
Distribution and conservation status of forest bamboo 
biodiversity in the Asia-Pacific region. Biodiversity 
Conservation,2003:12:1833-1841. 

7. Chaudhry P, Murtem G. An ethnobotanical study of 
medicinal plants used by the tribes in upper Subansiri 
district of Arunachal Pradesh, India. American Journal 
of Ethnomedicine,2016:3(3):35-49. 

8. Chongtham N, Bisht MS, Haorongbam S. Nutritional 
properties of bamboo shoots: Potential and prospects 
for utilization as a health food. Comprehensive Reviews 
in Food Science and Food Safety,2011:10(3):153-168. 

9. Das MC, Singnar P, Nath AJ, Das AK. Flowering of 
Dendrocalamus hamiltonii in Northeast India during 
recent years. International Journal of Environment and 
Biodiversity,2018:9(4):304-306. 

10. Daswad AK, Shelke D, Shendarkar G, Dhadwe A. 
Evaluation of memory enhancing potential of 
Dendrocalamus strictus leaf extracts on suitable animal 
model. International Journal of 
PharmaO2,2020:2(3):186-194. 



International Journal of Botany Studies   

416 

11. Devi YR. Bamboo forest resources of India and its role 
in food security - A review. Agriculture 
Review,2013:34(3):236-241.  

12. Dwivedi AK, Kumar A, Baredar P, Prakash O. Bamboo 
as a complementary crop to address climate change and 
livelihoods– Insights from India. Forest Policy and 
Economics,2019:102:66-74.  

13. Emamverdian A, Ding Y, Ranaei F, Ahmad Z. 
Application of bamboo plants in nine aspects. Scientific 
World Journal,2020:7284203:1-9. 

14. Felisberto MHF, Beraldo AL, Clerici MTPS. Young 
bamboo culm flour of Dendrocalamus asper: 
Technological properties for food 
applications. Lebensmittel Wissenschaft Technologie-
Food Science and Technology,2017:76:230-235. 

15. FSI. State of forest report. Forest Survey of India 
Dehradun, 2011, 197p. 

16. Goyal A, Middha S. In vitro Antioxidative profiling of 
different fractions of Dendrocalamus strictus (Roxb.) 
Nees leaf extracts. Free Radicals and 
Antioxidants,2011:1(2):42-48. 

17. Goyal AK, Ghosh PK, Dubey PK, Sen A. Inventorying 
bamboo biodiversity of North Bengal: A case study. 
International Journal of Fundamental and Applied 
Sciences,2012:1:5-8. 

18. Hossain MF, Islam MA, Numan SM. Multipurpose uses 
of bamboo plants: A review. International Research 
Journal of Biological Sciences,2015:4(12):57-60. 

19. Jha LK. Bamboo based agroforestry systems to reclaim 
degraded hilly tracts (Jhum) land in North Eastern 
India: Study on uses, species diversity, distribution and 
growth performance of Melocanna baccifera, 
Dendrocalamushamiltonii, D. longispathus and Bambus
a tulda in natural stands and in stands managed on a 
sustainable basis. Bamboo Science and 
Culture,2010:23(1):1-28. 

20. Kaushik S, Singh YP, Manisha, Kumar D, Thapliyal M, 
Barthwal S. Bamboos in India. ENVIS Centre on 
Forestry, FRI, Dehradun, 2015, 300p. 

21. Kumar HKS, Raju MBV, Dinda SC, Sahu S. Evaluation 
of anthelmintic activity of Bambusa arundinacea. 
Asian Journal of Pharmacy and Technology,2012:2:62-
63. 

22. Lin X, Miao Z. Antioxidant activity of bamboo leaf 
extracts from the species Dendrocalamopsis oldhami. 
Scientific Research and Essays,2012:7(44):3789-3796. 

23. Loushambam RS, Singh NR, Taloh A, Mayanglambam 
S. Bamboo in North-East India. Indian Journal of Hill 
Farming,2017:30(2):181-185.  

24. Luo B, Ahmed S, Long C. Bamboos for weaving and 
relevant traditional knowledge in Sansui, Southwest 
China. Journal of Ethnobiology and 
Ethnomedicine,2020:16:63.  

25. Meena RK, Bhandhari MS, Barhwal S, Ginwal HS. 
Genetic diversity and structure of Dendrocalamus 
hamiltonii natural metapopulation: A commercially 
important bamboo species of northeast Himalayas. 3 
Biotech,2019:9(2):60. 

26. Mulyono N, Lay BW, Rahayu S, Yaprianti I. 
Antibacterial activity of Petung bamboo 
(Dendrocalamus asper) leaf extract against pathogenic 
Escherichia coli and their chemical identification. 
International Journal of Pharmaceutical and Biological 
Archives,2012:3(4):770-778. 

27. Pattanaik S, Hall JB. Patterns of morphometric 
variability in Dendrocalamus hamiltonii Munro 
populations across East Khasi Hills, Northeast India. 
Indian Forester,2014:140(9):868-874. 

28. Rathaur AK. Bambusa arundinacea (Vanshlochan): An 
overview. International Journal of Research in 
Pharmacology and 
Pharmacotherapeutics,2013:2(1):248-255. 

29. Rojas-Sandoval J. Dendrocalamus strictus (male 
bamboo): Invasive species compendium. Centre for 
Agriculture and Bioscience International, 2019, 55p. 

30. Singh R, Upadhyay SK, Sunita. Phytodiversity of wild 
flora from Maharishi Markandeshwar (Deemed to be 
University), Mullana-Ambala, Haryana, India. Bulletin 
of Pure and Applied Sciences 
(Botany),2018:37B(2):130-136.  

31. Singh R, Upadhyay SK, Rani A, Kumar P, Kumar A, 
Sharma P. Ethanobotanical study of Subhartipuram, 
Meerut, Uttar Pradesh, India. I. Diversity and 
pharmacological significance of trees. International 
Journal of Pharmaceutical Research,2019:11(4):782-
794. 

32. Singh R, Upadhyay SK, Tuli HS, Singh M, Kumar V, 
Yadav M et al. Ethnobotany and herbal medicine: 
Some local plants with anticancer activity. Bulletin of 
Pure and Applied Sciences (Botany),2020a:39B(1):57-
64.  

33. Singh R, Upadhyay SK, Rani A, Kumar P, Kumar A. 
Ethanobotanical study of Subhartipuram, Meerut, Uttar 
Pradesh, India. II. Diversity and pharmacological 
significance of shrubs and climbers. International 
Journal of Pharmaceutical Research,2020b:12(2):383-
393.  

34. Singh R, Upadhyay SK, Rani A, Kumar P, Sharma P, 
Sharma I et al. Ethnobotanical study of weed flora at 
district Ambala, Haryana, India: Comprehensive 
medicinal and pharmacological aspects of plant 
resources. International Journal of Pharmaceutical 
Research,2020c:12(1SP):1941-1956. 

35. Singhal P, Satya S. Antioxidant and pharmaceutical 
potential of bamboo leaves. The Journal of the 
American Bamboo Society,2011:24(1):19-28. 

36. Tangjitman K, Wongsawad C, Kamwong K, Sukkho T, 
Trisonthi C. Ethnomedicinal plants used for digestive 
system disorders by the Karen of northern 
Thailand. Journal of Ethnobiology and 
Ethnomedicine,2015:11:27. 

37. Vorontsova MS, Clark LG, Dransfield J, Govaerts R, 
Baker WJ. World checklist of bamboos and rattans. 
Beijing Science Press, 2016. 

38. Wang PY, Li DZ. 
Dendrocalamus menghanensis (Poaceae, Bambusoidea
e), a new woody bamboo from Yunnan, China. 
Phytokeys,2019:130:143-150. 

39. Wangawar SN, Shendarkar GR, Shelke DP, Daswad 
AK, Pohare JG, Roge AB. Phytochemical screening 
and antimicrobial activity of Dendrocalamus strictus 
leaves extracts. World Journal of Pharmaceutical 
Research,2017:6(4):1029-1041. 

40. Zheng X, Lin S, Fu H, Wan Y, Ding Y. The bamboo 
flowering cycle sheds light on flowering diversity. 
Frontiers in Plant 
Science, 2020:https://doi.org/10.3389/fpls.2020.00381. 


