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Abstract
Functioning and productivity of forest ecosystems vastly dependents on the 
phenological characteristics of the tree species. The study was carried out from 
June� 2017� to� December� 2018� to� explore� the� phenological� traits� of� 74�
recalcitrant seed bearing tree species of natural forests and plantations in 
Bangladesh. Data were collected from Chittagong University campus, 
Hathazari, Boalkhali, Hazarikhil, Dohazari, Rangamati, Kaptai, Ukhiya, 
Bandarban and Khagrachari through repeated field visits including review of 
published papers. The results showed that flowering, fruiting and seed maturity 
periods varied from species to species. The Seventy Four tree species belongs 
to�55�genera�of�31�families.�Maximum�(39.19%)�fruits�were�under�the�Berry�
category�and�minimum�(1.35%)�in�Samara.�The�study�revealed�that�flowering�
of� maximum� species� occurred� during�March� (54.05%)� and� fruiting� in�May�
(54.05%).�The�peak�period�for�collecting�viable� recalcitrant�seeds�was�found�
both� in� May� and� June� (36.49%� respectively).� The� study� will� be� a� ready�
reference with information on flowering, fruit initiation and seed collection 
time�of�74�recalcitrant�seed�bearing� trees�of�Bangladesh.�The�findings�of� the�
study may be useful to the nursery owners, foresters, and private plant growers 
for collection of seeds in right time and establishment of the plantations. This 
paper may also be a supportive document to the policymakers in taking 
decision on raising seedlings of recalcitrant seed bearing trees for mass 
plantations towards the greening program of the country.

mvims‡¶c
eb ev¯ÍyKvi‡`i KvR I Drcv`bkxjZv e„ÿcÖRvwZi †d‡bvjwRK¨vj ‰ewk‡ó¨i Dci wbf©ikxj| 
evsjv‡`‡ki cÖvK…wZK ebvÂj I evMvb¸wji 74 wU recalcitrant exR e„ÿ cÖRvwZi †d‡bvjwRK¨vj 
‰ewkó¨�A‡š̂lY�Kivi�j‡ÿ¨�Ryb�2017� †_‡K� wW‡m¤î�2018�ch©šÍ�GB�M‡elYv�Kiv� nq|�M‡elYv�
ch©v‡jvPbvmn�evievi�gvV�cwi`k©‡bi�gva¨‡g� PÆMÖvg�K¨v¤úvm,� nvUnvRvix,� †evqvjLvjx,� nvRvwiwLj,�
†`vnvRvix,�iv½vgvwU,�KvßvB,�DwLqv,�ev›`ievb�I�LvMovQwo�†_‡K�Z_¨�msMÖn�Kiv�nq|�djvd‡j�†`Lv�
†M‡Q,�dzj�†dvUv,�dzj�aviY�I�ex‡Ri�cwic°Zv�mgq�cÖRvwZ�†_‡K�cÖRvwZ-‡Z�‰ewPÎgq|�Aa¨qbK…Z�
74�wU�e„ÿ�cÖRvwZ�31�wU��cwiev‡ii�55�wU�†Mv‡Îi�Aax‡b�cvIqv�hvq|�m‡e©v”P�dj�cvIqv�†M‡Q�‡ewi�
K¨vUv‡Mvwi‡Z� (39.19%)� Ges� me©wb¤œ� mvgviv-‡Z� (1.35%)|� eZ©gvb� M‡elYvq� cÖKvk,� me©vwaK�
cÖRvwZi�dzj�dz‡U‡Q� gvP©� gv‡m� (54.05%)�Ges�dj� aviY� n‡q‡Q� †g� gv‡m� (54.05%)|� Kvh©Kix�
recalcitrant�exR�msMÖ‡ni�Rb¨�me‡P‡q�Dchy³�mgqKvj�cvIqv�†M‡Q�†g�I�Ryb�Dfq�gvm�(36.49%�
ch©vqµ‡g)|�AZGe�GB�M‡elYvq�evsjv‡`‡ki�74�wU�recalcitrant�exR�e„ÿ�cÖRvwZi�dzj�†dvUv,�dj�
aviY,�I�exR�msMÖn�msµvšÍ�cÖ‡qvRbxq�mKj�Z_¨�wb‡q�cȪ ‘Z�†idv‡iÝ�_vK‡e|�GB�M‡elYvi�djvdj
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evMvb� ’̄vc‡bi� � Rb¨� bvm©vix� gvwjK,� ebiÿx,� †emiKvix� e„ÿPvlx‡`i� mn‡hvMx� DcKiY� n‡e|� GB�
M‡elYvwU�GKwU�meyR�evsjv‡`k�Movi�jÿ¨�AR©‡b�e¨vcK�A½‡Y�ebvqb�Ki‡Z�Mv‡Qi�Pviv�Drcv`‡bi�
†ÿ‡Î�bxwZwba©viK‡`i�mnvqK�`wjj�n‡e|

Keywords: Flowering, Fruiting and seed maturity, Phenology, Recalcitrant seed, Forest and 
plantation tree species

Introduction 
Phenology is the study of the timing of recurring biological events where it not only provides 
knowledge about plant growth but also supportive to the afforestation programs (Kumar et al. 
2014, Nath 2012). In identifying the quality fruits and seeds, the knowledge of phenotypic or 
physical characteristics is an important factor (Cantín et al. 2010). Phenological traits can explain 
the evolution of plants including their flowering, fruiting, and seed maturity behavior influenced 
by the timing of biotic and abiotic events (Davies et al. 2013; Forrest and Miller-Rushing 2010, 
Khanduri 2014). Though it has a significant impact on individual species to whole ecosystems, it 
usually an overlooked aspect of plant ecology (Cleland et al.�2007,�Omondi�et al. 2016). 

Seed is a fundamental element of plant life cycle, while intact as a storehouse of genetic traits, 
necessary for regeneration, disperse, establish, and develop to maintain the species heredity 
(Nambara and Nonogaki 2012). It is the most important reproductive part for introducing a plant 
in any area and in establishing a plantation. Production of seeds in sufficient quantities will go in 
vain if plant producers do not know the seed collection time of the desired species (Hasnat et al. 
2016). Seed quality is, therefore, of critical importance in determining many options and outcomes 
in producing seedlings (Aras et al.�2007).�However,�the�basic�knowledge�of�phenology�is�essential�
for anyone involved in seed collection and supply, both in order to identify fruits or seeds and to 
design processing procedures (Vidyarthi and Tripathi 2002).

The term ‘recalcitrance’ refers to seeds that undergo no maturation drying (Berjak et al.�1989,�
Radwan et al. 2014), as the final phase of development tolerate very little post-shedding 
desiccation and are often chilling-sensitive. Such seeds are not storable by applying any of the 
methods used for drying orthodox seeds (Berjak et al.� 1989,�Walters� et al. 2013). By nature, 
recalcitrant seeds are short-lived, most commonly found in moist regions with an invariant 
climate.�The�seeds�either�germinate�or�eaten�by�animals�in�the�wild�(Berjak�and�Pammenter�2007,�
Lee et al. 2012). In addition, recalcitrant seeds are mainly fleshy seeds produced by woody plants 
of both the temperate zone and the tropics and generally forest trees of the families Araucariaceae 
and�Dipterocarpaceae�(Kozlowski�and�Pallardy�1997).�However,�mangrove�plants�are�a�special�
example of recalcitrant seeds, but the phenomenon is much more widespread and is seen in 
plantation species as well (Srivastava 2002).

A good, healthy, successful plantation depends on seed quality and seed quality primarily depends 
on the physical quality of fruits and seeds (Barracosa et al.� 2007).� However,� the� study� of�
phenotypic characteristics of fruits and seeds of natural and planted tree species in Bangladesh is 
only at the pioneer stage (Vozzo 2002). Some researchers reported the phenological behaviors such 
as�flowering,�fruiting�and�seed�collection�time�of�different�species�(Alvim�and�Alvim�1978,�Anwar�
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and Takewaka 2014, Borchert 2000, Hasnat et al. 2016, Jadeja and Nakar 2010, Kushwaha et al. 
2011a;b, Motaleb and Hossain 2010, Nahar et al. 2010, Pezzini et al. 2014, Rahman and Islam 
2015,�Sheikh�and�Matin�2007),�but�studies�on�phenology�of�solely�recalcitrant�seeds�has�yet�not�
been found. Therefore, the present study aimed to generate a physical feature and document with 
general information about the phenological characteristics of recalcitrant seeds of Bangladesh 
which will help the foresters and other stakeholders about the timing of flowering, fruiting, and 
seed maturity as well as information  to collect desired fruits and seeds in time. 

Materials and Methods
The�study�was�carried�out�during�June�2017�to�December�2018�at�Seed�Research�Laboratory�of 
Institute of Forestry and Environmental Sciences, University of Chittagong, Bangladesh. In the 
study, both primary and secondary data were collected. Natural, plantation and homestead forests 
of Hathazari, Boalkhali, Hazarikhil, Dohazari, Rangamati, Kaptai, Ukhiya, Bandarban, 
Khagrachari, and Chittagong University campus were visited repeatedly for primary data 
collection.�Recalcitrant�fruits�and�seeds�of�74�tree�species�were�collected�from�fields,�and�preserved�
in the Seed Research Laboratory after identification and verification. Flowering, fruiting and seed 
collection time were recorded for most of the species. However, few data on phenological behaviors 
were collected from field guides and existing research documents. The data were verified with the 
existing reports by different researchers (Ahmed et al.� 2008;2009,�Brandis� 1906,�Heinig� 1925,�
Hasnat et al. 2014, Hasnat et al. 2018, Hasnat et al.�2019,�Hossain�et al. 2013, Hossain and Ahmed 
2008, Hossain and Hossain 2014, Motaleb and Hossain 2010, Rahman et al.� 2017,�Uddin� and�
Hassan 2010, Uddin and Hassan 2018) studied on natural, plantation and homestead forests.

Results
The�study�revealed� that�74� tree�species�are�belonging� to�55�genera�and�31�families.�Maximum�
(12.16%)� species� were� found� in�Anacardiaceae� family� followed� by� Myrtaceae� (10.81%)� and�
Dipterocarpaceae�(8.11%)�whereas�14�species�found�from�14�different�families�(Table�1).

Table�1.�Flowering,�fruiting�and�seed�collection�time�of�74�recalcitrant�seed-bearing�tree�species�in�
Bangladesh
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1 Annonaceae Annona reticulata Nona Ata A Oct-Nov Jan-Feb Mar-Apr

2 Annona squamosa Sharifa A Mar-Apr Oct-Nov Jan-Feb

3 Anacardiaceae Bouea oppositifolia Miriam, 
Mailam

D Nov-Jan Jan-May May-Jun

4 Drimycarpus racemosus Kodi-barela D Sep-Nov Mar-Apr May-Jun

5 Holigarna caustica Barela D Mar-May May-Jul Jun-Jul
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6 Lannea coromandelica Jial Bhadi D Mar-Apr May-Jul Jul-Aug

7 Mangifera indica Aam D Jan-Feb Apr-Jun May-Jul

8 Mangifera longipes Jangli Aam D Feb-Apr Apr-Sep Sep-Nov

9 Mangifera sylvatica Uri Aam D Jan-Feb Feb-Apr May-Jun

10 Semecarpus anacardium Beula, Bhela D May-Jun Oct-Nov Feb-Mar

11 Swintonia floribunda Civit D Feb-Apr Apr-May May-Jun

12 Arecaceae Arenga pinnata Chini Tal D Mar-Apr Jul-Aug Dec-Jan

13 Apocynaceae Carissa carandas Karamcha B Mar-Jun May-Oct Sep-Nov

14 Wrightia arborea Dud Kuruch F May-Jul Jun-Nov Sep-Jan

15 Araucariaceae Araucaria cunninghamii Araucaria C Jun-Jul Sep-Oct Dec-Jan

16 Boraginaceae Cordia dichotoma Bohal D Mar-Apr Apr-Aug Sep-Oct

17 Celastraceae Lophopetalum wightianum Raktan C Dec-Jan May-Jun Aug-Sep

18 Clusiaceae Garcinia acuminata Kuki B Sep-Oct Mar-Apr Jun-Jul

19 Garcinia cowa Kau B Feb-Apr Mar-Jul May-Aug

20 Garcinia xanthochymus Dephal B Mar-Apr Apr-May Apr-May

21 Messua ferrea Nageshwar C Feb-May Mar-Aug Jun-Oct

22 Combretaceae Anogeissus acuminata Chakwa P Jan-Feb Mar-Apr May-Jun

23 Terminalia bellerica Bohera D Mar-May Jan-Feb Jan-Feb

24 Datiscaceae Tetrameles nudiflora Chandul C Mar-Apr May-Jun Aug-Oct

25 Dilleniaceae Dillenia indica Chalta D May-Jul Jul-Dec Dec-Feb

26 Dillenia pentagyna Hargaza B Feb-Apr Apr-May May-Jun

27 Dipterocarpaceae Anisoptera scapula Boilam P Dec-Jan Mar-Apr Apr-May

28 Dipterocarpus alatus Dhullya 
Garjan

N Dec-Jan Jan-Apr Apr-May

29 Dipterocarpus costatus Baittya 
Garjan

N Dec-Feb Feb-Apr Apr-May

30 Dipterocarpus turbinatus Telia Garjan N Mar-Apr Apr-Jun May-Jun

31 Hopea odorata Telsur N Mar-Apr May-Jun May-Jun

32 Shorea robusta Sal S Mar-Apr Apr-Jun Jun-Jul

33 Euphorbiaceae Phyllanthus acidus Orboroi D Mar-May May-Aug Aug-Dec

34 Phyllanthus emblica Amloki D Nov-Dec Mar-Apr Jan-Feb

35 Trewia nudiflora Pitali B Mar-Apr Apr-Jun Jul-Aug

36 Fabaceae Gliricidia sepium Bashanta 
Manjuri

P Jan-Mar Mar-May Apr-May

37 Ormosia robusta Ormosia P Feb-Mar May-Jun May-Jun

38 Pongamia pinnata Kerong P Apr-Jun Feb-May Apr-Jun
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39 Pterocarpus indicus Paduk P Mar -Apr Apr-May May-Jun

40 Flacourtiaceae Flacourtia jangomas Painnagula B Mar-May Apr-Jun Jul-Oct

41 Hydnocarpus laurifolius Hiddigach B Jul-Sep Aug-Dec Dec-Feb

42 Lauraceae Cinnamomum verum Dalchini B Jan-Feb Feb-Mar Feb-Mar

43 Lecythidaceae Careya arborea Kumbi C Apr-May May-Jun Jun –Jul

44 Magnoliaceae Michelia champaca Champa C Mar-May Apr-Jun Jun-Jul

45 Meliaceae Azadirachta indica Neem C Mar-Apr Apr-May Jun-Jul

46 Moraceae Artocarpus chama Chapalish D Dec-Mar Feb-Apr May-Jun

47 Artocarpus lachucha Barta /Dewa D Mar-Apr Apr-Jun May-Jun

48 Moringaceae Moringa oleifera Sajna P Oct-Dec Dec-Feb Dec-Feb

49 Myrsinaceae Aegiceras corniculata Kholshi C Mar-May May-Aug Jul-Aug

50 Myrtaceae Melaleuca leucadendrone Melaleuca C Mar-May Apr-Jun Jun –Jul

51 Syzygium balsamea Buti-jam B Oct-Nov Dec-Feb Feb-Mar

52 Syzygium cumini Kala Jam B Feb-Mar Mar-Apr Apr-May

53 Syzygium firmum Dhaki Jam B Feb-Mar Mar-Apr Apr-May

54 Syzygium formosum Paniya Jam B Dec-Jan Jun-Jul Sep-Oct

55 Syzygium fruiticosum Puti Jam B Mar-Apr Apr-Jun Apr-Jun

56 Syzygium jambos Gulab Jam B Mar-Apr Apr-Jun Apr-Jun

57 Syzygium malaccense Jamrul B Feb-Mar May-Jun Aug-Sep

58 Oxalidaceae Averrhoa bilimbi Belamboo B Oct-Dec Nov-Feb Feb-Apr

59 Averrhoa carambola Kamranga B Sep-Oct Oct-Mar Feb-Apr

60 Rhizophoraceae Bruguira gymnorrhiza Kankra D Dec-Feb Feb-Mar Mar-Apr

61 Bruguira parviflora Rohinia B Jan-Feb Apr-May Jun-Jul

62 Ceriops decandra Goran B Jan-Mar Mar-Jun May-Jun

63 Rhizophora apiculata Bhora, 
garjan

B Oct-Nov Feb-Mar Apr-May

64 Rubiaceae Haldina cordifolia Haldu B Apr-Jul Jun-Dec Dec-Feb

65 Mitragyna diversifolia Phul Kadam C Aug-Sep Oct-Nov Jan-Feb

66 Mitragyna parvifolia Puti Kadam F Nov-Dec Dec-Jan Jan-Feb

67 Rutaceae Aegle marmelos Bel B Apr-Jul Jun-Dec Sep-Dec

68 Limonia acidissima Kotbel B Feb-Apr Mar-Oct Oct-Dec

69 Sapindaceae Schleichera oleosa Kusum B Mar-May May-Oct Oct-Nov

70 Sapotaceae Madhuca longifolia Mahua B Mar-May Apr-Aug Jul-Aug

71 Palaquim polyanthum Tali B Mar-Apr May-Jun Jul-Aug
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72 Sterculiaceae Firmiana colorata Udal B Mar-Apr Apr-May Apr-May

73 Pterospermum 
semisagittatum

Lana Assar B Apr-Jun Jun-Aug Jul-Aug

74 Thymelaeaceae Aquilaria malaccensis Agar C May-Jul Jul-Sep Aug-Oct

[Here, *A: Achene, B: Berry, C: Capsule, D: Drupe, F: Follicle, N: Nut, P: Pod, S: Samara]

The fruit types of the studied species were categorized into Achene, Berry, Capsule, Drupe, 
Follicle,�Nut,�Pod,�and�Samara.�Maximum�(39.19%)�fruits�were�recorded�under�the�Berry�category�
followed� by�Drupe� (24.32%)� and� Capsule� (14.86%),� whereas� only� 1.35%�was� recorded� from�
Samara (Fig. 1).

Figure 1. Fruits belonging to different categories

Figure�2.�Time�of�flowering,�fruiting�and�seed�maturity�of�74�recalcitrant�seed-bearing�tree�species�in�Bangladesh
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The graphical presentation of field observation revealed that flowering, fruiting and seed maturity 
occurred round the year. Visible flowering time was between January and May. Maximum trees 
(54.05%)�bloomed�in�March�and�minimum�(4.05%)�flower�blooming�occurred�in�August.�Results�
revealed�that�noticeable�fruiting�was�found�in�April�to�June,�fruiting�of�maximum�species�(54.05%)�
occurred� in�May,�whereas�minimum� (10.81%)� in� January.�The� prominent� seed� collection� time�
varied�from�April�to�July,�maximum�seeds�(36.49%)�were�available�for�collection�during�May�and�
June�respectively,�whereas�minimum�(9.46%)�in�March�and�November�respectively�(Fig.�2).�

Discussion
Phenological behaviors, such as flowering, fruiting and seed maturity time of trees are very 
important as they are the indisputable factors of seed biology and regeneration process as well as 
forest dynamics (Dey 2006, Hasnat et al. 2016). The present study is in agreement with the 
findings of Hossain and Ahmed (2008), Kaur et al. (2013), Rahman et al. (2018), Schmidt and 
Jøker (2000), Singh and Kushwaha (2005), Upadhyay and Mishra (2010), Vashistha et al.�(2009)�
where they studied different species from different regions of the world and revealed that 
phenological characteristics varied with time and species. In Bangladesh, Hasnat et al. (2016) 
recorded flowering, fruiting and seed maturity time of common 65 plantation tree species where 
they found the best time for collecting viable recalcitrant seeds was May and June that also 
supports�the�present�findings.�The�same�results�found�by�Hasan�(1971)�that�seeds�of�most�of�the�
tree species may be collected from May to June. 

The present study also supported by the findings of Motaleb and Hossain (2010) where they 
reported that most of the fruits and seeds become available for collection from May to September. 
Seed collection time of some tropical and subtropical species represented by Schmidt (2000), 
which supports this study too. Findings from different researches (Bajpai et al.�2012,�Bhat�1992,�
Kumar et al. 2014, Kushwaha et al. 2011a, Mishra et al. 2006, Singh and Kushwaha 2006) 
revealed that flowering and fruiting of most species occurred just before the rains that also 
supports the findings of the present study. 

Conclusion
Knowledge on phenological behaviors of trees, e.g. flowering, fruiting, and seed collection time is 
fundamental for any forestry programs. Recalcitrant seeds have short viability ranging from few 
days to weeks. Lack of proper information about the flowering, fruiting, and seed maturity traits of 
recalcitrant seed trees may delayed afforestation or reforestation programs and may lead to a 
failure of plantation establishment. The study elucidated the information on flowering, fruiting and 
seed� collection� time�of� 74� recalcitrant� seed� tree� species� from�natural� and� plantation� forests� of�
Bangladesh. The information may be useful to government and non-government organizations, 
policymakers, extension officers, foresters, general nurserymen, and local plantation growers.
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