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Resprouting is believed to be a survival strategy to chronic disturbance 117. The 
phenomenon is seen sometimes even in the species known for their grand size, such 
as some Madhuca indica trees in Rajasthan. In the early years of resprouting, shoot 
singling, i.e., retaining the leading stem and removing others, may be helpful in 
supporting the growth of trees. 

5.5. Promoting natural regeneration under nurse-trees: Facilitation is a widely 
observed phenomenon in plant communities worldwide118-126. This has been used as 
a restoration strategy in a variety of contexts118. Tropical secondary dry forest may be 
best restored by underplanting late-successional species within whatever existing 
vegetation we have. As native leguminous trees are rare in mature dry forests, 
naturalized non-native species such as Leucaena leucocephala and Vachellia tortilis 
can act as nurse trees. For example, fast growth and quick natural regeneration of 
Leucaena leucocephala provides green cover, reduces fire damage to native 
species, enriches the soil by supplying humus and nutrients such as nitrogen and 
organic contents, thereby facilitating the recruitment of native species. The care that 
now needs to be taken in some patches of Kulish Smriti Van is to reduce the density 
of stands, so that seeds deposited by seed-dispersing birds that have germinated in 
the shade are now able to grow (Fig. 6). We may also treat the area with direct 
seeding of native large-seeded late-successional species. 

 

5.6. Conserving woody debris and necromass: Litter, woody debris and 
necromass is an important habitat element for many organisms such as saproxylic 
beetles and fungi in tropical forests80, 82, 83, 127-132. It also facilitates restoration by 
supplying humus and nutrients through decomposition, conserving moisture and 
physically providing microsites for seed deposition, germination and sapling 
development. In a large number of patches in Kulish Smriti Van this strategy has 
supported natural regeneration of several local species. 

 

Figure 6: 
Natural 
regeneration 
through seeds 
available in the 
soil seed bank 

Figure 7: 
Woody 
debris and 
necromass 
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5.7. Instant trees through vegetative cuttings: Planting of large-sized cuttings can 
produce "instant trees" in tropical dry forests109, 133-141. For example, in Kulish Smriti 
Van, planting of Boswellia serrata, Bombax ceiba, Ficus religiosa, Ficus 
benghalensis, and Garuga pinnata just before the onset of monsoon gave excellent 
results (Fig. 8). This method provides instant green cover in a short period and trees 
reach beyond browsing height making protection easier and less costly. Sprouted 
branches in these cuttings can mimic the remnant trees that facilitate tropical forest 
restoration by providing perch to seed-dispersing birds in the restoration area. 

 

5.8. Protecting natural lianas and climbers: Lianas (woody vines) play an 
important role in forest regeneration, species diversity and ecosystem-level 
processes in the tropical forests 142. They are an important component across the 
range of tropical dry forests globally143-154.  

In the urban green space at Kulish Smriti Van, there are several species of these 
medicinally important woody vines (Fig. 9) such as Tinospora cordifoila, Leptadenia 
reticulata, Pergularia daemia, Cocculus pendulus, Caesalpinia bonduc, Abrus 
precatorius, Asperagus racemosus, Celastrus paniculatus, and seasonal climbers 
such as Gloriosa superba and Coccinia grandis. 

 

5.9. Applied nucleation, tree-islands and recruitment-foci: An alternative 
approach to large-scale plantations for restoration is to plant tree islands as nuclei to 
simulate the nucleation model of succession and accelerate natural recovery155. 
These tree-islands act as recruitment foci and facilitate tropical dry forest restoration. 
Planting tree islands facilitates tree recruitment to a similar degree as restoration 

Figure 8: Stake planting of 
Boswellia serrata and Ficus 
benghalensis 

Figure 9: Lianas and 
woody climbers play an 
important ecological 
role in tropical dry 
forests 
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through intensive plantations155-160. Likewise, if large remnant trees from earlier 
planting are present, they develop fertile islands that enhance urban biodiversity. In 
Kulish Smriti Van, this phenomenon is clearly discernible (Fig. 10): undisturbed soil 
beneath large trees is enriched by decaying humus of fallen leaves and twigs. Birds 
visiting these trees and associated woody-climbers for fruits and forage bring seeds 
along and an autogenic regeneration chain starts, becoming complex over time, and 
thus improving and expanding the regeneration-niche further. 

 

5.10. Sequential stabilization of urban sand dunes using Geotextiles: Urban 
sand dune stabilization using hard-plastic mesh or grids made of extruded 
polystyrene geotextiles is essentially sequential restoration strategy in this area. 
Seed deposited by birds and wind in several of these regeneration niches (i.e., grids) 
have developed into trees (Fig. 11). 

 

Figure 10: 
Remnant 
trees 
facilitate 
recruitment  

Figure 11: Sequential 
stabilization of sand dunes 
using Geotextiles 
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5.11. Rainwater harvesting microcatchments: In water-limited environments such 
as tropical dry forests, rainwater harvesting is an age-old indigenous adaptation to 
climate change161, 162. Rainwater harvesting in the form of soil manipulation and 
saucer-shaped structures called micro-catchments (Fig. 12) has been found to 
promote survival, growth, diversity and heterogeneity of vegetation163-173. Also, these 
structures ameliorate local environmental conditions and facilitate autogenic 
regeneration of local species. Saplings with microcatchment have better chances of 
establishment tropical dry forest restoration programmes. 

 

 

6. Conclusion and outlook for research and practice 

A self-sustaining, naturally regenerating, and ecologically functional green space is 
the foundation for multiple ecosystem services that society may desire from urban 
ecosystems 174-177. Conserving and restoring ecosystem services in cities can reduce 
the ecological footprints and the ecological debts of urban systems while enhancing 
resilience, health, and quality of life for their citizens 178. In urban systems ecosystem 
functions and processes that optimally support the production of ecosystem services 
and goods are not yet clearly understood. There are thus several research questions 
that may both advance science and support the practice on the ground. These 
include: How does natural colonization support biological diversity of a maximum 

Figure 12:  Saucer-shaped micro-catchment for rainwater harvesting around seedlings 
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possible set of native species in urban green spaces through seed dispersal, soil 
seed bank development, and natural regeneration? What kind of exotic tree 
plantations may promote an autogenic regeneration of local species of herbs, shrubs 
and trees in urban green spaces? How should we promote natural regeneration in 
old exotic plantations that are entrapped green islands within the urban systems? 
What are the integrated strategies for restoration of urban green spaces that promote 
multifunctionality (e.g., health benefits, biodiversity conservation, climate change 
adaptation, removal of atmospheric pollutants, noise reduction, microclimate 
regulation and mitigation of urban heat island effects, stabilization of soil, 
groundwater recharge, prevention of soil erosion, and carbon sequestration etc.). 
Should we let nature run its own course in urban green spaces, and if not, then how 
should we design research-informed, evidence-based interventions to guide 
restoration towards a desired trajectory? Currently, answers to these question are not 
known and thus should be rewarding to work on. 

A novel research question that may also be explored is on the comparison of tropical 
dry forest restoration in places where, unlike the provisioning of some irrigation at 
Kulish Smriti Van, the restoration solely relies on the rainwater harvesting. For 
instances, preliminary observations at tropical dry forests in proximity to villages Sar, 
Kalighati and Bilochi in Jaipur district suggest that facilitation by Euphorbia bushes 
may be playing a critical and more dominant role in the regeneration of economically 
valuable wood-carving species Wrightia tinctoria. Surprisingly, this species has not 
been seen regenerating in Kulish Smriti Van. Also, the ecological surprise we report 
here in Kulish Smriti Van is not seen in regenerating forests of Sar, Kalighati and 
Bilochi that are subjected to livestock grazing pressure. An ongoing study may 
provide useful insights on the comparative perspective.   

Our case study also lends support to the fact that tropical dry forests, once lost, are 
not lost forever, provided knowledge on ecological, economic and social issues is 
strategically linked to restoration action. The case of ecological surprise in urban 
forests and green spaces has important implications for research and practice. 
Mimicking this natural process (i.e., seed addition through direct seeding) in seed-
limited urban soils is likely to be successful in similar other contexts. In order to 
encourage the autogenic regeneration, soil should remain undisturbed from 
trampling, sweeping, and debris cleaning. This helps in humus build-up and carbon 
accumulation in soils. Seeds deposited in such humus-rich soils germinate and grow 
successfully. For scientists it would be worthwhile to investigate the conditions under 
which natural regeneration can be encouraged in urban green spaces.  Likewise, 
practitioners should invest their energy and time in drawing on the best available 
science to design and implement strategies that also rely on natural seed dispersal 
and regeneration to create multifunctional green spaces for urban sustainability. 

 



16 
 

Acknowledgements: We are grateful to Pushp Deep Pandey, iSplash Creative 
Consulting and Akash Anand for photographs. Insightful discussions with Pushpa 
Pandey and Shalini Pandey have been valuable. Views expressed in this paper are 
those of the authors. The authors declare that they have no competing financial 
interest. Authors also declare that this research is purely voluntary without funding or 
investment from any source other than authors themselves.  
 

References: 
1. Lindenmayer, D.B., Likens, G.E., Krebs, C.J. and Hobbs, R.J., Improved probability of detection of 
ecological "surprises". Proceedings of the National Academy of Sciences of the United States of 
America, 2010, 107, 21957-21962. 

2. Paine, R.T., Tegner, M.J. and Johnson, E.A., Compounded perturbations yield ecological surprises. 
Ecosystems, 1998, 1, 535-545. 

3. Beals, S.C., Hartley, L.M., Prevéy, J.S. and Seastedt, T.R., The effects of black-tailed prairie dogs 
on plant communities within a complex urban landscape: An ecological surprise? Ecology, 2014, 95, 
1349-1359. 

4. Wang, X., Wang, Y. and Wang, Y., Use of exotic species during ecological restoration can produce 
effects that resemble vegetation invasions and other unintended consequences. Ecological 
Engineering, 2013, 52, 247-251. 

5. Scheffer, M., Bascompte, J., Brock, W.A., Brovkin, V., Carpenter, S.R., Dakos, V., Held, H., Van 
Nes, E.H., Rietkerk, M. and Sugihara, G., Early-warning signals for critical transitions. Nature, 2009, 
461, 53-59. 

6. Scheffer, M., Carpenter, S.R., Lenton, T.M., Bascompte, J., Brock, W., Dakos, V., Van De Koppel, 
J., Van De Leemput, I.A., Levin, S.A., Van Nes, E.H., Pascual, M. and Vandermeer, J., Anticipating 
critical transitions. Science, 2012, 338, 344-348. 

7. Wu, J., Urban ecology and sustainability: The state-of-the-science and future directions. Landscape 
and Urban Planning, 2014, 125, 209-221. 

8. Niemelä, J., Ecology of urban green spaces: The way forward in answering major research 
questions. Landscape and Urban Planning, 2014, 125, 298–303. 

9. Lawrence, A., De Vreese, R., Johnston, M., Konijnendijk van den Bosch, C.C. and Sanesi, G., 
Urban forest governance: Towards a framework for comparing approaches. Urban Forestry & Urban 
Greening, 2013, 12, 464-473. 

10. Jim, C.Y., Holistic research agenda for sustainable management and conservation of urban 
woodlands. Landscape and Urban Planning, 2011, 100, 375-379. 

11. Ahern, J., Urban landscape sustainability and resilience: The promise and challenges of 
integrating ecology with urban planning and design. Landscape Ecology, 2013, 28, 1203-1212. 

12. James, P., Tzoulas, K., Adams, M.D., Barber, A., Box, J., Breuste, J., Elmqvist, T., Frith, M., 
Gordon, C., Greening, K.L., Handley, J., Haworth, S., Kazmierczak, A.E., Johnston, M., Korpela, K., 
Moretti, M., Niemelä, J., Pauleit, S., Roe, M.H., Sadler, J.P. and Ward Thompson, C., Towards an 
integrated understanding of green space in the european built environment. Urban Forestry and Urban 
Greening, 2009, 8, 65-75. 

13. Jansson, M. and Lindgren, T., A review of the concept ‘management’ in relation to urban 
landscapes and green spaces: Toward a holistic understanding. Urban Forestry & Urban Greening, 
2012, 11, 139-145. 

14. Konijnendijk, C.C., Nielsen, A.B., Schipperijn, J., Rosenblad, Y., Sander, H., Sarv, M., Mäkinen, 
K., Tyrväinen, L., Donis, J., Gundersen, V., Åkerlund, U. and Gustavsson, R., Assessment of urban 
forestry research and research needs in nordic and baltic countries. Urban Forestry and Urban 
Greening, 2007, 6, 297-309. 



17 
 

15. Hauru, K., Niemi, A. and Lehvävirta, S., Spatial distribution of saplings in heavily worn urban 
forests: Implications for regeneration and management. Urban Forestry & Urban Greening, 2012, 11, 
279-289. 

16. Nowak, D.J., Contrasting natural regeneration and tree planting in fourteen North American cities. 
Urban Forestry & Urban Greening, 2012, 11, 374-382. 

17. Lehvävirta, S., Non-anthropogenic dynamic factors and regeneration of (hemi)boreal urban 
woodlands - synthesising urban and rural ecological knowledge. Urban Forestry and Urban Greening, 
2007, 6, 119-134. 

18. Nováková, J., Vegetation changes in Prague's suburban forest during the last 40 years - human 
impact and legislative protection. Urban Forestry and Urban Greening, 2008, 7, 301-314. 

19. Chen, B. and Nakama, Y., A study on village forest landscape in small island topography in 
Okinawa, Japan. Urban Forestry and Urban Greening, 2010, 9, 139-148. 

20. Stewart, G.H., Ignatieva, M.E., Meurk, C.D. and Earl, R.D., The re-emergence of indigenous forest 
in an urban environment, Christchurch, New Zealand. Urban Forestry & Urban Greening, 2004, 2, 
149-158. 

21. Lehvävirta, S. and Rita, H., Natural regeneration of trees in urban woodlands. Journal of 
Vegetation Science, 2002, 13, 57-66. 

22. Millard, A., The potential role of natural colonisation as a design tool for urban forestry a pilot 
study. Landscape and Urban Planning, 2000, 52, 173-179. 

23. Oldfield, E.E., Warren, R.J., Felson, A.J. and Bradford, M.A., Challenges and future directions in 
urban afforestation. Journal of Applied Ecology, 2013, 50, 1169-1177. 

24. Konijnendijk, C.C., Ricard, R.M., Kenney, A. and Randrup, T.B., Defining urban forestry - a 
comparative perspective of North America and Europe. Urban Forestry & Urban Greening, 2006, 4, 
93-103. 

25. Konijnendijk, C.C., Annerstedt, M., Nielsen, A.B. and Maruthaveeran, S., Benefits of urban parks-a 
systematic review. IFPRA Available at http://www.ifpra.org/images/park-benefits.pdf. 

26. Konijnendijk, C.C., Enhancing the forest science-policy interface in Europe: Urban forestry 
showing the way. Scandinavian Journal of Forest Research, Supplement, 2004, 19, 123-128. 

27. Konijnendijk, C.C., A decade of urban forestry in Europe. Forest Policy and Economics, 2003, 5, 
173-186. 

28. Konijnendijk, C.C., Adapting forestry to urban demands - role of communication in urban forestry in 
Europe. Landscape and Urban Planning, 2000, 52, 89-100. 

29. Verma, S.S., Spatio-temporal study of open spaces of part of Jaipur city-Rajasthan through aerial 
photo interpretation techniques. Journal of the Indian Society of Remote Sensing, 1985, 13, 9-16. 

30. Verma, S., Shrinking green spaces in a city environment-Jaipur-a case study. In Ecosystem 
degradation in india (ed. ^(eds., South Asia Books, pp 295-307. 

31. Ruangrit, V. and Sokhi, B.S., Remote sensing and GIS for urban green space analysis: A case 
study of Jaipur city, Rajasthan, India. Journal of Institute of Town Planners India, 2004, 1, 55–67. 

32. Datta, S. and Tappenden, H., Greening of Jaipur. Environment and Urbanization Asia, 2012, 3, 63-
78. 

33. Gupta, R., Temporal and spatial variations of urban heat island effect in Jaipur city using satellite 
data. Environment and Urbanization Asia, 2012, 3, 359-374. 

34. Gupta, R., Joshi, R. and Gupta, N., Urbanization and air environment in Jaipur. Environment and 
Urbanization Asia, 2012, 3, 353-358. 

35. Singh, V.S., Pandey, D.N. and Chaudhry, P., Urban forests and open green spaces: Lessons for 
Jaipur, Rajasthan, India. RSPCB Occasional Paper No 1/2010, Rajasthan State Pollution Control 
Board, Jaipur, Rajasthan, India, pp pp. 23. 



18 
 

36. Pandey, D.N. and Prakash, N.P., Tropical dry forest restoration: Science and practice of direct 
seeding in a nutshell. RSPCB Occasional Paper No 7/2014, Rajasthan State Pollution Control Board, 
Jaipur, India. 

37. Puri, H.S., Neem: The divine tree azadirachta indica. Taylor & Francis e-Library, 2006. 

38. Muthulingam, U. and Thangavel, S., Density, diversity and richness of woody plants in urban 
green spaces: A case study in Chennai metropolitan city. Urban Forestry & Urban Greening, 2012, 11, 
450-459. 

39. Khera, N., Mehta, V. and Sabata, B.C., Interrelationship of birds and habitat features in urban 
greenspaces in Delhi, India. Urban Forestry & Urban Greening, 2009, 8, 187-196. 

40. Pathak, V., Tripathi, B.D. and Mishra, V.K., Evaluation of aticipated performance index of some 
tree species for green belt development to mitigate traffic generated noise. Urban Forestry & Urban 
Greening, 2011, 10, 61-66. 

41. Chaturvedi, A., Kamble, R., Patil, N.G. and Chaturvedi, A., City–forest relationship in Nagpur: One 
of the greenest cities of India. Urban Forestry & Urban Greening, 2013, 12, 79-87. 

42. Singh, H.S., Tree density and canopy cover in the urban areas in Gujarat, India. Current Science, 
2013, 104, 1294-1299. 

43. Lamichhane, D. and Thapa, H.B., Participatory urban forestry in nepal: Gaps and ways forward. 
Urban Forestry & Urban Greening, 2012, 11, 105-111. 

44. Moro, M.F., Westerkamp, C. and de Araújo, F.S., How much importance is given to native plants 
in cities’ treescape? A case study in fortaleza, brazil. Urban Forestry & Urban Greening, 2014, 13, 
365-374. 

45. Thaiutsa, B., Puangchit, L., Kjelgren, R. and Arunpraparut, W., Urban green space, street tree and 
heritage large tree assessment in Bangkok, Thailand. Urban Forestry & Urban Greening, 2008, 7, 
219-229. 

46. Tiwari, R., Verma, A.K., Chakraborty, S., Dhama, K. and Singh, S.V., Neem (azadirachta indica) 
and its potential for safeguarding health of animals and humans: A review. Journal of Biological 
Sciences, 2014, 14, 110-123. 

47. Biswas, K., Chattopadhyay, I., Banerjee, R.K. and Bandyopadhyay, U., Biological activities and 
medicinal properties of neem (Azadirachta indica). Current Science, 2002, 82, 1336-1345. 

48. Schmutterer, H., Properties and potential of natural pesticides from the neem tree, Azadirachta 
indica. Annual review of entomology, 1990, 35, 271-297. 

49. Yannawar, V.B. and Bhosle, A.B., Air pollution tolerance index of various plant species around 
Nanded city, Maharashtra, India. Journal of Applied Phytotechnology in Environmental Sanitation, 
2014, 3, 23-28. 

50. Chaudhari, P.R., Gajghate, D.G., Dhadse, S., Suple, S., Satapathy, D.R. and Wate, S.R., 
Monitoring of environmental parameters for CO2 sequestration: A case study of Nagpur city, India. 
Environmental Monitoring And Assessment, 2007, 135, 281-290. 

51. Singh, S.K., Rao, D.N., Agrawal, M., Pandey, J. and Naryan, D., Air pollution tolerance index of 
plants. Journal of Environmental Management, 1991, 32, 45-55. 

52. Govindaraju, M., Ganeshkumar, R.S., Muthukumaran, V.R. and Visvanathan, P., Identification and 
evaluation of air-pollution-tolerant plants around lignite-based thermal power station for greenbelt 
development. Environmental Science and Pollution Research, 2012, 19, 1210-1223. 

53. Prajapati, S.K. and Tripathi, B.D., Anticipated performance index of some tree species considered 
for green belt development in and around an urban area: A case study of Varanasi city, India. Journal 
of Environmental Management, 2008, 88, 1343-1349. 

54. Khan, F.I. and Abbasi, S.A., Effective design of greenbelts using mathematical models. Journal of 
Hazardous Materials, 2001, 81, 33-65. 



19 
 

55. Garg, N., Sharma, O., Mohanan, V. and Maji, S., Passive noise control measures for traffic noise 
abatement in Delhi, India. Journal of Scientific and Industrial Research, 2012, 71. 

56. Thakar, B. and Mishra, P., Dust collection potential and air pollution tolerance index of tree 
vegetation around Vedanta Aluminium Limited, Jharsuguda. The Bioscan, 2010, 3, 603-612. 

57. Saini, Y., Bhardwaj, N. and Gautam, R., Effect of marble dust on plants around Vishwakarma 
industrial area (VKIA) in Jaipur, India. Journal of Environmental Biology, 2011, 32, 209-212. 

58. Singh, R., Singh, M.P. and Singh, A.P., Ozone forming potential of tropical plant species of the 
vidarbha region of maharashtra state of india. Urban Forestry & Urban Greening, 2014, DOI: 
10.1016/j.ufug.2014.1005.1007. 

59. Begum, A. and Harikrishna, S., Evaluation of some tree species to absorb air pollutants in three 
industrial locations of south Bengaluru, India. E-Journal of Chemistry, 2010, 7, S151-S156. 

60. Singh, G. and Singh, B., Plant growth and nutrient uptake in Azadirachta indica planted along 
municipal sewage channel in Indian arid zone. Indian Forester, 2000, 126, 22-30. 

61. Sinha, R.K., Sewage as a resource: A case study of afforestation using sewage irrigation in Jaipur, 
Rajasthan, India. Environmentalist, 1996, 16, 91-94. 

62. Singh, G., Bala, N., Rathod, T.R. and Singh, B., Effect of textile industrial effluent on tree 
plantation and soil chemistry. Journal of Environmental Biology, 2001, 22, 59-66. 

63. Singh, G., Bala, N. and Rathod, T.R., Utilization of textile industrial effluent for raising Azadirachta 
indica a. Juss seedlings in Indian desert. J Environ Eng Landsc Manage, 2009, 17, 171-180. 

64. Chaudhry, P. and Gupta, R.K., Urban greenery and its sustainable extension strategies in hot arid 
region of India. International Journal of Sustainable Society, 2010, 2, 146 - 155. 

65. Ahmed, S., Bamofleh, S. and Munshi, M.t., Cultivation of neem (Azadirachta indica , meliaceae) in 
Saudi Arabia. Economic Botany, 1989, 43, 35-38. 

66. Trivedy, R.K., Gopal, B. and Goel, P.K., Comparative study of primary production and chlorophyll 
concentration in a non-polluted and a sewage receiving reservoir. International Journal of Ecology & 
Environmental Sciences, 1993, 19, 103-120. 

67. Bhullar, L., Ensuring safe municipal wastewater disposal in urban India: Is there a legal basis? 
Journal of Environmental Law, 2013, 25, 235-260. 

68. Sharma, D. and Dubey, A., Assessment and treatment of municipal wastewater of Indore city of 
India. Archives of Applied Science Research, 2011, 3, 450-461. 

69. Serrona, K.R.B. and Yu, J.S., Municipal waste management in metropolitan Manila, Philippines: 
The role of the city and the informal waste sector in mitigating climate change. Regional Development 
Dialogue, 2010, 31, 20-36. 

70. Singh, R.P., Jiang, Y.H. and Mathur, P., Status of municipal wastewater treatment in some cities of 
India. Wuhan, pp 346-350. 

71. Tyagi, V.K., Kazmi, A.A. and Chopra, A.K., Removal of fecal indicators and pathogens in a waste 
stabilization pond system treating municipal wastewater in India. Water Environment Research, 2008, 
80, 2111-2117. 

72. Rai, P.K. and Tripathi, B.D., Microbial contamination in vegetables due to irrigation with partially 
treated municipal wastewater in a tropical city. International Journal of Environmental Health 
Research, 2007, 17, 389-395. 

73. Jayakumar, K.V. and Dandigi, M.N., A study on the use of constructed wetlands for treatment of 
municipal wastewater during summer and rainy seasons in a semi arid city in India. Strecker, E.W. 
and Huber, W.C.), Portland, OR, pp 1-13. 

74. Braatz, S. and Kandiah, A., The use of municipal waste water for forest and tree irrigation. 
Unasylva, 1996, 45-51. 



20 
 

75. Wilschut, M., Theuws, P.A.W. and Duchhart, I., Phytoremediative urban design: Transforming a 
derelict and polluted harbour area into a green and productive neighbourhood. Environmental 
Pollution, 2013, 183, 81-88. 

76. Wang, Y. and Miao, K., The function of phytoremediation for urban forest plants on pollutants in 
soil. Journal of Northeast Forestry University, 2003, 31, 65-67. 

77. Pandey, V.C., Pandey, D.N. and Singh, N., Sustainable phytoremediation based on naturally 
colonizing and economically valuable plants. Journal of Cleaner Production, 2014, 
http://dx.doi.org/10.1016/j.jclepro.2014.1008.1030. 

78. Singhal, V., Pandey, D. and Pandey, P.D., Workplace green space for health and happiness: Case 
of RSPCB, Rajasthan, India. Rajasthan State Pollution Control Board, Jaipur, 2013. 

79. Pandey, D.N., Singhal, V. and Pandey, P.D., Workplace greens: Productivity with health. 
UrbaNature, 2013, 1, 18-20. 

80. Shoo, L.P., Wilson, R., Williams, Y.M. and Catterall, C.P., Putting it back: Woody debris in young 
restoration plantings to stimulate return of reptiles. Ecological Management & Restoration, 2014, 15, 
84-87. 

81. Lodge, D.J., Cantrell, S.A. and González, G., Effects of canopy opening and debris deposition on 
fungal connectivity, phosphorus movement between litter cohorts and mass loss. Forest Ecology and 
Management, 2014. 

82. Kissing, L.B. and Powers, J.S., Coarse woody debris stocks as a function of forest type and stand 
age in Costa Rican tropical dry forest: Long-lasting legacies of previous land use. Journal of Tropical 
Ecology, 2010, 26, 467-471. 

83. Eaton, J.M. and Lawrence, D., Woody debris stocks and fluxes during succession in a dry tropical 
forest. Forest Ecology and Management, 2006, 232, 46-55. 

84. Gould, W., González, G., Hudak, A. and Hollingsworth, T., Downed woody debris in moist lowland 
and dry forest fragments in Puerto Rico. International Institute of Tropical Forestry, USDA Forest 
Service (IITF), Río Piedras, pp 64-67. 

85. Mackensen, J., Hölscher, D., Klinge, R. and Fölster, H., Nutrient transfer to the atmosphere by 
burning of debris in eastern Amazonia. Forest Ecology and Management, 1996, 86, 121-128. 

86. Khare, P., Assessment of soil seed banks in biotically influenced tropical deciduous forests of 
Sagar. Indian Forester, 2014, 140, 171-176. 

87. Alvarez-Aquino, C., Barradas-Sánchez, L., Ponce-González, O. and Williams-Linera, G., Soil seed 
bank, seed removal, and germination in a seasonally dry tropical forest in Veracruz, Mexico. Botanical 
Sciences, 2014, 92, 111-121. 

88. Maza-Villalobos, S., Lemus-Herrera, C. and Martínez-Ramos, M., Successional trends in soil seed 
banks of abandoned pastures of a Neotropical dry region. Journal of Tropical Ecology, 2011, 27, 35-
49. 

89. Reubens, B., Heyn, M., Kindeya, G., Hermy, M. and Muys, B., Persistent soil seed banks for 
natural rehabilitation of dry tropical forests in northern Ethiopia. Tropicultura, 2007, 25, 204-214. 

90. Miller, P.M., Effects of deforestation on seed banks in a tropical deciduous forest of western 
Mexico. Journal of Tropical Ecology, 1999, 15, 179-188. 

91. Pandey, D.N., Discovery of the largest living tree of the species holoptelia integrifolia planch. In 
India. Indian Forester, 1992, 118, 305. 

92. Pandey, D.N., Beyond vanishing woods: Participatory survival options for wildlife, forests and 
people. Himanshu Publications, Udaipur, India, 1996. 

93. Pandey, D.N., Participatory forest management in Udaipur. Yojana, 1996, 40, 18-20. 

94. Pandey, D.N., Ethnoforestry: Local knowledge for sustainable forestry and livelihood security. 
Himanshu/Asia Forest Network, New Delhi, 1998. 



21 
 

95. Pandey, D.N., Ethnoforestry practices for biodiversity conservation and management in Mewar 
region of Rajasthan. FRI Deemed University, Dehra Dun. 

96. Pandey, D.N., Global climate change and carbon management in multifunctional forests. Current 
Science, 2002, 83, 593-602. 

97. Pandey, D.N., Sustainability science for mine-spoil restoration. Current Science, 2002, 83, 792-
793. 

98. Pandey, D.N., Ethnoforestry and sustainability science for JFM. In Root to canopy: Regenerating 
forests through community-state partnerships (eds. Bahuguna, V.K., Mitra, K., Capistrano, D. and 
Saigal, S.), Winrock International India/Commonwealth Forestry Association-India Chapter, New Delhi, 
pp 195-209. 

99. Mall, U. and Singh, G., Soil seed bank dynamics: History and ecological significance in 
sustainability of different ecosystems. In Environment and sustainable development, eds. Fulekar, 
M.H., Pathak, B. and Kale, R.K.), Springer India, pp 31-46. 

100. Wang, N., Jiao, J.Y., Du, H.D., Wang, D.L., Jia, Y.F. and Chen, Y., The role of local species pool, 
soil seed bank and seedling pool in natural vegetation restoration on abandoned slope land. 
Ecological Engineering, 2013, 52, 28-36. 

101. Martínez Orea, Y., Castillo-Argüero, S., Álvarez-Sánchez, J., Collazo-Ortega, M. and Zavala-
Hurtado, A., Seed rain and seed bank as natural regeneration facilitators in a temperate forest in 
Mexico city. Interciencia, 2013, 38, 400-409. 

102. Overdyck, E. and Clarkson, B.D., Seed rain and soil seed banks limit native regeneration within 
urban forest restoration plantings in Hamilton city, New Zealand. New Zealand J Ecol, 2012, 36, 177-
190. 

103. Khare, P. and Khare, P.K., Species diversity in soil seed banks of tropical dry deciduous forests. 
Indian Forester, 2012, 138, 737-741. 

104. Lévesque, M., McLaren, K.P. and McDonald, M.A., Coppice shoot dynamics in a tropical dry 
forest after human disturbance. Journal of Tropical Ecology, 2011, 27, 259-268. 

105. McLaren, K.P. and McDonald, M.A., Coppice regrowth in a disturbed tropical dry limestone forest 
in Jamaica. Forest Ecology and Management, 2003, 180, 99-111. 

106. Miller, P.M., Coppice shoot and foliar crown growth after disturbance of a tropical deciduous 
forest in Mexico. Forest Ecology and Management, 1999, 116, 163-173. 

107. Bond, W.J. and Midgley, J.J., Ecology of sprouting in woody plants: The persistence niche. 
Trends in Ecology & Evolution, 2001, 16, 45-51. 

108. Torres, R.C., Giorgis, M.A., Trillo, C., Volkmann, L., Demaio, P., Heredia, J. and Renison, D., 
Post-fire recovery occurs overwhelmingly by resprouting in the chaco serrano forest of central 
Argentina. Austral Ecology, 2014, 39, 346-354. 

109. Vieira, D.L.M., Coutinho, A.G. and Da Rocha, G.P.E., Resprouting ability of dry forest tree 
species after disturbance does not relate to propagation possibility by stem and root cuttings. 
Restoration Ecology, 2013, 21, 305-311. 

110. Clarke, P.J., Lawes, M.J., Midgley, J.J., Lamont, B.B., Ojeda, F., Burrows, G.E., Enright, N.J. and 
Knox, K.J.E., Resprouting as a key functional trait: How buds, protection and resources drive 
persistence after fire. New Phytologist, 2013, 197, 19-35. 

111. Poorter, L., Kitajima, K., Mercado, P., Chubiña, J., Melgar, I. and Prins, H.H.T., Resprouting as a 
persistence strategy of tropical forest trees: Relations with carbohydrate storage and shade tolerance. 
Ecology, 2010, 91, 2613-2627. 

112. Emmanuel F. Nzunda, M.E.G.M.J.L., Resprouting enhances seedling persistence in a subtropical 
coastal dune forest. African Journal of Ecology, 2008, 46, 32-38. 



22 
 

113. Neke, K.S., Owen-Smith, N. and Witkowski, E.T.F., Comparative resprouting response of 
savanna woody plant species following harvesting: The value of persistence. Forest Ecology and 
Management, 2006, 232, 114-123. 

114. Luoga, E.J., Witkowski, E.T.F. and Balkwill, K., Regeneration by coppicing (resprouting) of 
miombo (African savanna) trees in relation to land use. Forest Ecology and Management, 2004, 189, 
23-35. 

115. Higgins, S.I., Bond, W.J. and Trollope, W.S.W., Fire, resprouting and variability: A recipe for 
grass–tree coexistence in savanna. Journal of Ecology, 2000, 88, 213-229. 

116. Dunphy, B.K., Murphy, P.G. and Lugo, A.E., The tendency for trees to be multiple-stemmed in 
tropical and subtropical dry forests: Studies of Guanica forest, Puerto Rico. Tropical Ecology, 2000, 
41, 161-167. 

117. Nzunda, E.F., Griffiths, M.E. and Lawes, M.J., Multi-stemmed trees in subtropical coastal dune 
forest: Survival strategy in response to chronic disturbance. Journal of Vegetation Science, 2007, 18, 
693-700. 

118. Gómez-Aparicio, L., Zamora, R., Gómez, J.M., Hódar, J.A., Castro, J. and Baraza, E., Applying 
plant facilitation to forest restoration: A meta-analysis of the use of shrubs as nurse plants. Ecological 
Applications, 2004, 14, 1128-1138. 

119. Sánchez-Velásquez, L.R., Quintero-Gradilla, S., Aragón-Cruz, F. and Pineda-López, M.R., 
Nurses for brosimum alicastrum reintroduction in secondary tropical dry forest. Forest Ecology and 
Management, 2004, 198, 401-404. 

120. Aerts, R., Maes, W., November, E., Negussie, A., Hermy, M. and Muys, B., Restoring dry 
Afromontane forest using bird and nurse plant effects: Direct sowing of Olea europaea ssp. Cuspidata 
seeds. Forest Ecology and Management, 2006, 230, 23-31. 

121. Padilla, F.M. and Pugnaire, F.I., The role of nurse plants in the restoration of degraded 
environments. Frontiers in Ecology and the Environment, 2006, 4, 196-202. 

122. Aerts, R., Negussie, A., Maes, W., November, E., Hermy, M. and Muys, B., Restoration of dry 
afromontane forest using pioneer shrubs as nurse-plants for Olea europaea ssp. Cuspidata. 
Restoration Ecology, 2007, 15, 129-138. 

123. Jacobs, D.F., Davis, A.S. and Dumroese, R.K., Nursery cultural techniques to facilitate 
restoration of Acacia koa competing with exotic kikuyu grass in a dry tropical forest. In IUFRO 
International Conference on Forest Landscape Restoration Seoul, South Korea, pp 14-19. 

124. Ricardo, J.S.G., Colón, S.M., Sollins, P. and Van Bloem, S.J., The role of nurse trees in 
mitigating fire effects on tropical dry forest restoration: A case study. Ambio, 2008, 37, 604-608. 

125. Badano, E.I., Pérez, D. and Vergara, C.H., Love of nurse plants is not enough for restoring oak 
forests in a seasonally dry tropical environment. Restoration Ecology, 2009, 17, 571-576. 

126. Medawatte, A.W., Amarasinghe, J., Iqbal, M.C. and Ranwala, S.M., Restoration of a degraded 
dry forest using nurse trees at Dambulla, Sri Lanka. Conservation Evidence, 2014, 11, 16-19. 

127. Scotti, M.R. and Corrêa, E.J.A., Growth and litter decomposition of woody species inoculated 
with rhizobia and arbuscular mycorrhizal fungi in semiarid Brazil. Annals of Forest Science, 2004, 61, 
87-95. 

128. Descheemaeker, K., Muys, B., Nyssen, J., Poesen, J., Raes, D., Haile, M. and Deckers, J., Litter 
production and organic matter accumulation in exclosures of the Tigray highlands, Ethiopia. Forest 
Ecology and Management, 2006, 233, 21-35. 

129. dos Santos, P.S., de Souza, J.T., dos Santos, J.M.F.F., dos Santos, D.M. and Araújo, E.L., 
Seasonal differences in the contribution of leaf litter in a caatinga area in Pernambuco. Diferenças 
sazonais no aporte de serrapilheira em uma área de caatinga em Pernambuco, 2011, 24, 94-101. 

130. Galicia, L. and García-Oliva, F., Litter quality of two remnant tree species affects soil microbial 
activity in tropical seasonal pastures in western Mexico. Arid Land Research and Management, 2011, 
25, 75-86. 



23 
 

131. Harmon, M.E., Whigham, D.F., Sexton, J. and Olmsted, I., Decomposition and mass of woody 
detritus in the dry tropical forests of the northeastern Yucatan peninsula, Mexico. Biotropica, 1995, 27, 
305-316. 

132. Palace, M., Keller, M., Asner, G.P., Silva, J.N.M. and Passos, C., Necromass in undisturbed and 
logged forests in the Brazilian Amazon. Forest Ecology and Management, 2007, 238, 309-318. 

133. Kuaraksa, C. and Elliott, S., The use of Asian Ficus species for restoring tropical forest 
ecosystems. Restoration Ecology, 2013, 21, 86-95. 

134. Castellanos-Castro, C. and Bonfil, C., Propagation of three bursera species from cuttings. 
Botanical Sciences, 2013, 91, 217-224. 

135. Zahawi, R.A. and Holl, K.D., Comparing the performance of tree stakes and seedlings to restore 
abandoned tropical pastures. Restoration Ecology, 2009, 17, 854 - 864. 

136. Negussie, A., Aerts, R., Gebrehiwot, K., Prinsen, E. and Muys, B., Euphorbia abyssinica latex 
promotes rooting of Boswellia cuttings. New Forests, 2009, 37, 35-42. 

137. Zahawi, R.A., Instant trees: Using giant vegetative stakes in tropical forest restoration. Forest 
Ecology and Management, 2008, 255, 3013-3016. 

138. Zahawi, R.A., Establishment and growth of living fence species: An overlooked tool for the 
restoration of degraded areas in the tropics. Restoration Ecology, 2005, 13, 92-102. 

139. Danthu, P., Soloviev, P., Gaye, A., Sarr, A., Seck, M. and Thomas, I., Vegetative propagation of 
some west African ficus species by cuttings. Agroforestry Systems, 2002, 55, 57-63. 

140. Jolin, D. and Torquebiau, E., Large cuttings: A jump start for tree planting. Agroforestry Today, 
1992, 4, 15-16. 

141. Khan, M.A.W., Propagation of Boswellia papyrifera through branch-cuttings. Indian Forester, 
1972, 98, 437-440. 

142. Schnitzer, S.A. and Bongers, F., The ecology of lianas and their role in forests. Trends in Ecology 
& Evolution, 2002, 17, 223-230. 

143. Worbes, M. and Raschke, N., Carbon allocation in a Costa Rican dry forest derived from tree ring 
analysis. Dendrochronologia, 2012, 30, 231-238. 

144. Nayak, K.G. and Davidar, P., Pollination and breeding systems of woody plant species in tropical 
dry evergreen forests, southern India. Flora: Morphology, Distribution, Functional Ecology of Plants, 
2010, 205, 745-753. 

145. Madeira, B.G., Espírito-Santo, M.M., Neto, S.D., Nunes, Y.R.F., Arturo Sánchez Azofeifa, G., 
Wilson Fernandes, G. and Quesada, M., Changes in tree and liana communities along a successional 
gradient in a tropical dry forest in south-eastern Brazil. Plant Ecology, 2009, 201, 291-304. 

146. Madeira, B.G., Espírito-Santo, M.M., D'Ângelo Neto, S., Nunes, Y.R.F., Arturo Sánchez Azofeifa, 
G., Wilson Fernandes, G. and Quesada, M., Changes in tree and liana communities along a 
successional gradient in a tropical dry forest in south-eastern Brazil. In Forest ecology: Recent 
advances in plant ecology, Springer Netherlands, pp 291-304. 

147. Avalos, G., Mulkey, S.S., Kitajima, K. and Wright, S.J., Colonization strategies of two liana 
species in a tropical dry forest canopy. Biotropica, 2007, 39, 393-399. 

148. Vieira, D.L.M. and Scariot, A., Effects of logging, liana tangles and pasture on seed fate of dry 
forest tree species in central Brazil. Forest Ecology and Management, 2006, 230, 197-205. 

149. Heinrich, A. and Hurka, H., Species richness and composition during sylvigenesis in a tropical dry 
forest in northwestern Costa Rica. Tropical Ecology, 2004, 45, 43-57. 

150. Saha, S., Vegetation composition and structure of tectona grandis (teak, family verbanaceae) 
plantations and dry deciduous forests in central India. Forest Ecology and Management, 2001, 148, 
159-167. 

151. Gillespie, T.W., Grijalva, A. and Farris, C.N., Diversity, composition, and structure of tropical dry 
forests in central America. Plant Ecology, 2000, 147, 37-47. 



24 
 

152. Fredericksen, T.S. and Mostacedo, B., Regeneration of timber species following selection logging 
in a Bolivian tropical dry forest. Forest Ecology and Management, 2000, 131, 47-55. 

153. Carse, L.E., Fredericksen, T.S. and Licona, J.C., Liana - tree species associations in a Bolivian 
dry forest. Tropical Ecology, 2000, 41, 1-10. 

154. Kadavul, K., Ganesan, T. and Presena, J., A survey of angiospermous climbers, lianas and 
woody plant species of Pondicherry and it's near by area. Journal of Economic and Taxonomic 
Botany, 2004, 28, 355-365. 

155. Zahawi, R.A., Holl, K.D., Cole, R.J. and Reid, J.L., Testing applied nucleation as a strategy to 
facilitate tropical forest recovery. Journal of Applied Ecology, 2013, 50, 88-96. 

156. Holl, K.D. and Zahawi, R.A., Factors explaining variability in woody above-ground biomass 
accumulation in restored tropical forest. Forest Ecology and Management, 2014, 319, 36-43. 

157. Zahawi, R.A. and Augspurger, C.K., Tropical forest restoration: Tree islands as recruitment foci in 
degraded lands of Honduras. Ecological Applications, 2006, 16, 464–478. 

158. Cole, R.J., Holl, K.D. and Zahawi, R.A., Seed rain under tree islands planted to restore degraded 
lands in a tropical agricultural landscape. Ecological Applications, 2010, 20, 1255-1269. 

159. Holl, K.D., Zahawi, R.A., Cole, R.J., Ostertag, R. and Cordell, S., Planting seedlings in tree 
islands versus plantations as a large-scale tropical forest restoration strategy. Restoration Ecology, 
2011, 19, 470-479. 

160. Corbin, J.D. and Holl, K.D., Applied nucleation as a forest restoration strategy. Forest Ecology 
and Management, 2012, 265, 37-46. 

161. Pandey, D.N., Chaubey, A.C., Gupta, A.K. and Vardhan, H., Mine spoil restoration: A strategy 
combining rainwater harvesting and adaptation to random recurrence of droughts in Rajasthan. 
International Forestry Review, 2005, 7, 241-249. 

162. Pandey, D.N., Gupta, A.K. and Anderson, D.M., Rainwater harvesting as an adaptation to climate 
change. Current Science, 2003, 85, 46-59. 

163. Ojasvi, P.R., Goyal, R.K. and Gupta, J.P., The micro-catchment water harvesting technique for 
the plantation of jujube (Zizyphus mauritiana) in an agroforestry system under arid conditions. 
Agricultural Water Management, 1999, 41, 139-147. 

164. Singh, G., Effect of rainwater harvesting on distribution of water and nutrients in soil influencing 
growth of dendrocalamus strictus in degraded hills in Rajasthan, India. The Journal of the American 
Bamboo Society, 2014, 27, 11-26. 

165. Singh, G., Mishra, D., Singh, K. and Parmar, R., Effects of rainwater harvesting on plant growth, 
soil water dynamics and herbaceous biomass during rehabilitation of degraded hills in Rajasthan, 
india. Forest Ecology and Management, 2013, 310, 612-622. 

166. Singh, G., Rathod, T.R., Komara, S.S. and Limba, N.K., Rainwater harvest influences habitat 
heterogeneity, nutrient build up and herbage biomass production in Aravalli hills of Rajasthan, India. 
Tropical Ecology, 2012, 54, 73-88. 

167. Singh, G., Khan, A., Kumar, A., Bala, N. and Tomar, U., Effects of rainwater harvesting and 
afforestation on soil properties and growth of Emblica officinalis while restoring degraded hills in 
western India. African Journal of Environmental Science and Technology, 2012, 6, 300-311. 

168. Singh, G., Enhancing growth and biomass production of plantation and associated vegetation 
through rainwater harvesting in degraded hills in southern Rajasthan, India. New Forests, 2012, 43, 
349-364. 

169. Singh, V.S., Pandey, D.N. and Prakash, N.P., What determines the success of joint forest 
management? Science-based lessons on sustainable governance of forests in India. Resources, 
Conservation and Recycling, 2011, 56, 126-133. 



25 
 

170. Singh, G., Choadhary, G.R., Ram, B. and Limba, N.K., Effects of rainwater harvesting on 
herbage diversity and productivity in degraded aravalli hills in western India. Journal of Forestry 
Research, 2011, 22, 329-340. 

171. Singh, G., Rani, A., Bala, N., Shukla, S., Baloch, S. and Limba, N.K., Resource availability 
through rainwater harvesting influenced vegetation diversity and herbage yield in hillslope of Aravalli in 
India. Frontiers of Agriculture in China, 2010, 1-14. 

172. Singh, G., Soil water dynamics, growth of dendrocalamus strictus and herbage productivity 
influenced by rainwater harvesting in Aravalli hills of Rajasthan. Forest Ecology and Management, 
2009, 258, 2519-2528. 

173. Gupta, G.N., Mutha, S. and Limba, N.K., Growth of Albizia lebbeck on microcatchments in the 
Indian arid zone. Forests Trees and Livelihoods, 2000, 10, 193-202. 

174. McPhearson, T., Hamstead, Z. and Kremer, P., Urban ecosystem services for resilience planning 
and management in New York city. AMBIO, 2014, 43, 502-515. 

175. Bolund, P. and Hunhammar, S., Ecosystem services in urban areas. Ecological Economics, 
1999, 29, 293-301. 

176. Hansen, R. and Pauleit, S., From multifunctionality to multiple ecosystem services? A conceptual 
framework for multifunctionality in green infrastructure planning for urban areas. AMBIO, 2014, 43, 
516-529. 

177. Wratten, S., Sandhu, H., Cullen, R. and Costanza, R., Ecosystem services in agricultural and 
urban landscapes. John Wiley & Sons. 

178. Gómez-Baggethun, E. and Barton, D.N., Classifying and valuing ecosystem services for urban 
planning. Ecological Economics, 2013, 86, 235-245. 

 

 

 


