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ABSTRACT

Human depends upon the forest for their day-to-
day need. The increasing population has caused the over-
exploitation of natural forest resources. Initially, the rate of
forest exploitation was balanced by the rate of natural
restoration but in the last few centuries due to the
population explosion and increased greed of humans, the
rate of deforestation is far more than the rate of
restoration, which results in the degradation of forests
globally. Forest degradation is followed by many
consequences including unavailability of forest goods and
services, reduction in pollutant absorption by forests which
in turn accelerate global warming, climate change, etc.
There is an urgent need to conserve what we have left with
and restore what we have lost otherwise the outcomes of
human greed will be drastic.

Forest restoration is the process of improving the
health, productivity, and array of life of a forest and re-
establishes the integrity of the ecosystem. There are usually
4 strategies of restoration used according to the type of
ecosystem and level of degradation, these are rehabilitation,
reconstruction, reclamation, and replacement. Principles
involved in restoration are ecological (benefit the
environment), economical (economically support the
community), and community-based (enhance the
community values like integrity, etc.). Restoration varies
from site to site, according to the environment and species
present in the degraded ecosystem, it is a normal belief that
species with larger seed sizes can withstand stress
conditions, and tree legumes form the excellent primary
introduction subjects in such areas due to their nitrogen-
fixing ability. The process of restoration involves multiple
steps and for a successful restoration project
implementation of each step should be careful. As with any
other project, restoration has its challenges like fund
availability, exotic species, lack of support and awareness,
etc.

Keywords- Restoration, degradation, reference species,
monitoring.

I.  INTRODUCTION

Human needs are served by forests for an
indefinite time in form of food, timber, fibers, etc. and
now the awareness of society’s dependence on the forest
is much stronger than before. Despite all this awareness,
the unsustainable use of forest resources led us to the
vast degradation of forests. It is estimated that more than
2 billion hectares of forest area are degraded worldwide

and require restoration (Lindenmayer, et al., 2012).
There are many social factors responsible for
degradation  including, economic, demographic,
technical, and governance (Kanninen, et al., 2007).
Although 12% of the total global forest is reserved and
expected to be repositories of biodiversity there is no
forest in the world left without human disturbance, even
our so-called reserve forest is often degraded and
threatened by encroachment. Degradation can occur in
degrees; for example, land may be classed as marginal,
fragile, or degraded (Hudson & Avyala, 2006); or
ecosystems as degraded, damaged, or destroyed (Society
of Ecological Restoration, 2004). The loss of forests
leads us to the loss of ecological services like
biodiversity, carbon sequestration, and protective and
productive functions. Loss of forest cover also
accelerates the process of climate change, global
warming, and the greenhouse effect because forests or
trees are known to absorb responsible pollutants. So,
conservation of what have we left with and restoration of
what we have lost should be our utmost priority in the
current situation.

1. WHAT IS RESTORATION?

No forest in the world remains completely
unaffected by humans, the effects imposed by humans
are either direct like overexploitation, invasions, etc. or
indirect like impacts of climate change, change in
weather patterns, etc. In both scenarios, nature is the one
that suffers. WWF defines forest restoration as “the
process of improving the health, productivity, and array
of life of a forest and is a complex undertaking that can
never fully bring back the original forest” (WWF, n.d.).
It can also be defined as “actions to re-instate ecological
processes, which accelerate recovery of forest structure,
ecological functioning and biodiversity levels towards
those typical of climax forest” (Elliott, et al., 2014).
Forest restoration can also be defined as accelerating the
regeneration process by removing and overcoming the
hurdles to natural forest regeneration (Lamb, 2011; Holl,
2012).

Generally, the term restoration is being
confused with replantation but in reality, restoration is an
umbrella covering replantation, conservation of remnant
vegetation, biodiversity conservation, and economy;
hence IUCN introduced a new concept of FLR i.e.,
Forest landscape restoration. IUCN defines FLR as an
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ongoing process of regaining ecological functionality
and enhancing human well-being across deforested or
degraded forest landscapes. FLR is restoring a whole
landscape to meet present and future needs and to offer
multiple benefits and land uses over time (IUCN, 2003).
Restoration practices in degraded land may involve seed
addition (Turner, et al., 2006; Kirmer, et al., 2012),
native species transplant (Stradic, et al., 2014), turves
and rhizomes transfer (Cooper & MacDonald, 2001) and
use of exotic species for revegetation to reach specific
goals as prevention of soil erosion rapidly (usually a
threat to native species).

I11. PRINCIPLES OF RESTORATION:

The soul of all the principles of the restoration
lies in healing the degraded land and then helping it to be
actively restored. There are mainly 3 core principles of
restoration viz.

1. Ecological principle of forest restoration: Re-
establishment of a fully functional ecosystem is the
prime object of any restoration program. A fully
functional ecosystem possesses the “ability of an
ecosystem to support and maintain a balanced, adaptive
community of organisms having a species composition,
diversity, and functional organization comparable to that
of natural habitats within a region” (Karr, 2000). It
includes processes like planning and documentation,
assessment, monitoring, evaluation, protection of areas
with high integrity, restoration approaches like active
restoration (introduction of native species), and passive
restoration (natural recolonization of species).

2. Ecological economic principle: It believes in
improving the integrity of an ecosystem in an ecological
and institutional make-up that accounts for the economic
benefits and costs associated with restoring natural
capital (DellaSala, et al., 2003)

3. Communities and workforce principles: A
sustainable restoration promotes the relation of humans
to the land by ecological integrity, preserving and
restoring culture; and supporting workers and
communities economically. In turn, a strong, healthy,
and diverse community and a skilled committed
workforce is the base of an effective restoration
(DellaSala, et al., 2003). The foundation of effective
restoration lies in the meaningful involvement of
communities, groups, agencies, and stakeholders (Higgs,
1997).

IV. RESTORATION STRATEGIES

There are usually 4 restoration strategies, being
used according to overall objectives, initial site
conditions, and landscape context (Stanturf, et al., 2014).
These strategies involve:

(i) Rehabilitation applies to restore native species in a
degraded but existing ecosystem. Rehabilitation can use
2 alternate approaches one is, a conversion which

involves the complete replacement of one species with
another (Zerbe, 2002) and the second is the
transformation which involves only partial replacement
(Pommerening, 2006).

(if) Reconstruction is used to restore an ecosystem that
is not completely degraded but recently in other
resources used as forest area converting into pasture etc.,
these lands usually contain competing species and
degraded soil by the previous land uses. In this, the
treatment approaches include improving the soil quality
via increasing organic content, reducing weed seed
banks, planting the desired seedlings, etc. (Benjamin, et
al., 2005).

(iii) Reclamation involves the restoration of completely
degraded land, usually devoid of any vegetation.
Restoration of such area is most difficult, sometimes
non-native species are grown at first to make land
favourable for native species. Other approaches include
amelioration of soil, early weed control, natural
recolonization of native species and irrigation, etc.
(Lamb, et al., 2012).

(iv) Replacement involves replacing the flora or their
locally adapted genotype with either other plant species
or a different genotype of the same species, which is not
native to the area with changing climate (Williams, et
al., 2013).

The restoration project is a complex process
and must include a clear logic as to why restoration is
needed, a site in need of restoration with its ecological
description, an index of goals and objectives to achieve,
design and description of the reference (modal for
planning a restoration project and later for its
evaluation), description of how the restored ecosystem
integrates with the landscape, plans, schedule, and
budget for restoration process; careful monitoring and
evaluation of the process, strategies for long term
protection and maintenance of restored ecosystem
(Society of Ecological Restoration, 2004). An ecosystem
is considered restored when it contains a characteristic
community as a reference, has indigenous species,
contains all functional groups required for the continued
stability of the restored ecosystem, is capable of
sustaining reproducing population, integrates with the
surrounding  landscape,  possible  threats  from
surrounding landscape are eliminated, it should to
resilient to normal stress condition and should be self-
sustainable, provides natural goods and services to the
society in a sustainable manner, strengthen the
community relations by individual participation in the
restoration project (Society of Ecological Restoration,
2004).

Designing a restoration pattern is a must for the
success of restoration planning. A good design must
include landscape engineering, selection of appropriate
plant species, water management, etc. Reintroduction of
the plant at a suitable distance is also a part of good
restoration design to reduce competition between plants
(Stradic, et al., 2014).
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Some characteristics of plants like seed size,
and germination phenology influence plant recruitment
patterns and affect the success of the restoration. Plants
with larger seeds tend to germinate in stressful
conditions imposed by drought, herbivores, competition,
etc. (Moles & Westoby, 2004). Larger seeds give rise to
longer roots, enabling them to absorb from greater depth,
reduce competition, and have high nutrients (Leishman
& Westoby, 1994). However, a study on Fabaceae plant
seeds shows that seeds with larger and smaller sizes are
more potent to germinate than intermediate seeds
(Pereira, et al, 2013).

Degraded lands are poor in nutrient as well as
water content and provide a stressful environment for
seed germination, but restoration of such lands is
necessary to restore the ecological integrity of the area.
Such lands are N and P poor and the biological nitrogen
fixation ability of legumes can be considered of key
importance to overcoming nutrient deficiency,
increasing greatly biomass production and N use
efficiency (Morris, et al., 2011). Legumes can increase
soil fertility, reduce the external input and regulate the
biochemical cycle (Good, 2018). When the N content of
the plant increase it leads to an increase in
photosynthesis and leaf area which in turn increase the
biomass (Junyu, et al., 2016; Li, et al., 2012). Nitrogen-
fixing species increase eight times the biomass growth as
compared to non-nitrogen fixing species mostly in stem
and leaves (Jaquetti, 2018). Legumes with high or very
high level of VAM (Vesicular Arbuscular Mycorrhizae)
colonization are considered ideal for restoration
practices (Rajpurohit & Jaiswal, 2020).

Grasses are usually pioneers on degraded or
disturbed land. Thus, their role in restoration is very
important. There are 2 opposite views regarding the role
of grasses in restoration one says that grasses alter the
soil consistency and make a favourable microclimate for
seed germination (Vieira & Scariot, 2006) while the
others say that grasses inhibit seed germination and plant
growth by competition (Craven, et al., 2009; Orth &
Ramos , 2011).

V. CHALLENGES IN FOREST
RESTORATION

The global human population is increasing at a
rate faster than ever and is expecting a 50% increase in
the next 4 decades. With increasing, population
dependency on land use also increases proportionally,
for home, agriculture, food, work, fuel, fiber, etc., in that
case, forest restoration seems nothing more than just
another factor seeking land. Moreover, in a situation like
this where land is inelastic restoration or conservation of
any area leads to leakage i.e., deforestation and
overexploitation of another area. However, the best way
to balance food production and environmental needs is
to improve the use of already cleared land (Herrero, et
al., 2010; Phalan, et al., 2011). Another challenge faced

during the restoration projects is the effective removal of
invasive species, which affect germination as well as the
survival of native species negatively (Campoe, et al.,
2010). Conflict of interest is yet another problem
associated with restoration because there are many
stakeholders involved in the project, each having
particular interests. Funds, careful implementation,
monitoring, lack of local participation, lack of
awareness, and no support from the government are
other issues associated with restoration.

Restoration projects are hindered by abiotic
factors like altered physical and chemical properties (low
soil moisture and low nutrients), and increased soil
nutrients (in the case of degradation by agriculture)
(Wong, 2003; Yuan, et al., 2006). Biotic factors like low
soil microbes especially mycorrhizal fungi in disturbed
land (Rajpurohit and Jaiswal, 2021), exotic species,
dispersal of propagules, and seed germination also
determine the rate of restoration (Shu, et al., 2005). The
introduction of a whole plant community in a degraded
area is costly and hard to implement thus usually a single
species is reintroduced (Sampaio, et al., 2007).
Restoration success usually depends upon various
criteria (Society of Ecological Restoration, 2004; Ruiz-
Jaen & Aide, 2005), 2 most considered criteria are (i) the
ability of introduced species to reach and reproduce in
the degraded area and (ii) the tendency of introduced
species to alter its immediate environment i.e. to make it
favourable for other species which are less tolerant to the
harsh conditions of degraded land.

VI. CONCLUSION

Forest restoration is a relatively new but
interesting concept helps us to restore what was
degraded and natural restoration is time taking process.
To accelerate the process of restoration selection of
appropriate planning and designing, selection of native
plant species and proper monitoring is necessary. There
are a few challenges in the process but there is nothing
we can’t overcome, policies should be made for
restoration, awareness campaigns should be organized at
local levels, different stakeholders should be involved in
the process and funds should be raised by the
government, non-government organization, and different
stakeholders.

REFERENCES

[1] Benjamin, K., Domon, G., & Bouchard, A. (2005).
Vegetation composition and succession of abandoned
farmland: effects of ecological, historical, and spatial
factors. Landscape Ecology, 627-647.

[2] Brancalion, P., Viani, R. A., Strassburg, B. B., &
Rodrigues, R. R. (2012). Finding the money for Tropical
forest restoration. Unasylva, 25-35.

[3] Campoe, O. C., Stape, J. L., & Mendes, J. C.
(2010). Can intensive management accelerate the

This work is under Creative Commons Attribution-Non Commercial-No Derivatives 4.0 International License.



International Journal for Research in
Applied Sciences and Biotechnology

Www.ijrash.com

ISSN: 2349-8889
Volume-9, Issue-3 (May 2022)

https://doi.org/10.31033/ijrash.9.3.15

restoration of Brazil's Atlantic forests? Forest Ecology
and Management, 1808-1814.

[4] Cooper, D. J., & MacDonald, L. H. (2001).
Restoring the Vegetation of Mined Peatlands in the
Southern Rocky Mountains of Colorado, U.S.A.
Restoration Ecology, 103-111.

[5] Craven, D., Hall, J., & Verjans, J. M. (2009).
Impacts of Herbicide Application and Mechanical
Cleanings on Growth and Mortality of Two Timber
Species in Saccharum spontaneum Grasslands of the
Panama Canal Watershed. Restoration Ecology, 751-
761.

[6] DellaSala, D. A., Martin, A., Spivak, R., Schulke,
T., Bird, B., Criley, M., et al. (2003). A Citizen's Call for
Ecological Restoration: Forest Restoration Principles
and Criteria. Science and Advocacy, 14-24.

[7] Elliott, S., Blakesley, D., & Hardwick, K. (2014).
Restoring Tropical Forests: A Practical Guide. London:
Kew Publication.

[8] Good, A. (2018). Toward nitrogen-fixing plants.
Science, 869-870.

[9] Herrero, M., Thornton, P. K., Notenbaert, A. M.,
Wood, S., Msangi, S., Freeman, H. A., et al. (2010).
Smart Investments in Sustainable Food Production:
Revisiting Mixed Crop- Livestock Systems. Science,
822-825.

[10] Higgs, E. S. (1997). What is good ecological
restoration? Conservation Biology, 338-348.

[11] Holl, K. D. (2012). Restoration of Tropical forest.
In Tropical forest restoration (pp. 103-114). Blackwell
publishing.

[12] Hudson, P. F., & Ayala, I. A. (2006). Ancient and
modern perspectives on land degradation. Catena, 102-
106.

[13] IUCN. (n.d.). Retrieved from InfoFLR:
https://www.iucn.org/theme/forests/our-work/forest-
landscape-restoration (accessed on 15 March, 2022)

[14] Jaquetti, R. K. (2018). Ecophysiology of Fabaceae
Tree Species During Forest Restoration in the Balbina
Hydroelectric dam in Amazonas state. INPA.

[15] Junyu, L., Qingxue, G., Jinxin, Z., Korpelainen, H.,
& Chunyang, L. (2016). Effects of Nitrogen and
Phosphorus Supply on growth and physiological traits of
two Larix species. Environmental and Experimental
Botany, 206-215.

[16] Kanninen, M., Murdiyaeso, D., Seymour, F.,
Angelsen, A., Wunder, S., & German, L. (2007). Do
trees grow on money?: the implications of deforestation
research for policies to promote REDD. CIFOR.

[17] Karr, J. R. (2000). Health, Integrity and biological
assessment: The importance of measuring whole things.
Ecological  integrity; Integrating  environment,
conservation, and health, 209-236.

[18] Kirmer, A., Baasch, A., & Tischew, S. (2012).
Sowing of low and high diversity seed mixtures in
ecological restoration of surface mined-land. Applied
Vegetation Science, 198-207.

[19] Lamb, D. (2011). Regreening the Bare Hills:
Tropical Forest Restoration in the Asia Pacific Region.
New York: Springer, Dordrecht.

[20] Lamb, D., Stanturf, J., & Madson, P. (2012). What
Is Forest Landscape Restoration? Forest landscape
restoration, 3-23.

[21] Leishman, M., & Westoby, M. (1994). The role of
seed size in seedling establishment in dry soil
conditions- experimental evidence from semi-arid
species. The Journal of Ecology, 249- 258.

[22] Li, H., Li, M., Luo, J., Cao, X., Qu, L., Gai, Y., et
al. (2012). N-fertilization has different effects on the
growth, carbon and nitrogen physiology, and wood
properties of slow and fast-growing Populus species.
Journal of Experimental Botany, 6173-6185.

[23] Lindenmayer, D., Franklin, J. F., Lohmus, A,
Baker, S. C., Bauhus, J., Beese, W., et al. (2012). A
major shift to the retention approach to forestry can help
resolve some global forest sustainability issues.
Conservation Letters, 421-431.

[24] Moles, A. T., & Westoby, M. (2004). Seedling
Survival and Seed Size: a synthesis of the literature.
Journal of Ecology, 372-383.

[25] Morris, T. L., Esler, K. J., Barger, N. N., Jacobs, S.
M., & Cramer, M. D. (2011). Ecophysiological traits
associated with the competitive ability of invasive
Australian acacias. Diversity and Distributions, 898-910.
[26] Orth, X. G., & Ramos, M. M. (2011). Isolated
Trees and Grass Removal Improve Performance of
Transplanted Trema microantha (L.) Blume (Ulmaceae)
Saplings in Tropical Pastures. Restoration Ecology, 24-
34.

[27] Pereira, S. R., Laura, V. A., Andrea, L., & Souza,
T. (2013). Establishment of Fabaceae Tree Species in a
Tropical Pasture: Influence of Seed Size and Weeding
Methods. Restoration Ecology, 67-74.

[28] Phalan, B., Balmford, A., Green, R. E., &
Scharelemann, J. P. (2011). Minimising the Harm to
biodiversity of producing more food globally. Food
Policy, S62- S71.

[29] Pommerening, A. (2006). Transformation of
continuous cover forestry in a changing environment.
Forest Ecology and management, 27-44.

[30] Rajpurohit, S. S., & Jaiswal, P. (2020). Studies on
the Occurrence and Distribution of Mycorrhiza in
Different Sites of Kota, Rajasthan, India. Applied
Ecology and Environmental Sciences, 408-413.

[31] Rajpurohit, S. S, & Jaiswal, P. (2021).
Mycorrhizal Association in Industrial Wastelands in
Kota, Rajasthan, India. International Journal for
Research in Applied Sciences and Biotechnology , 231-
236.

[32] Ruiz-Jaen, M. C., & Aide, T. M. (2005).
Restoration Success: How Is It Being Measured?
Restoration Ecology, 569-577.

[33] Sampaio, A. B., Holl, K. D., & Scariot, A. (2007).
Does Restoration Enhance Regeneration of Seasonal

This work is under Creative Commons Attribution-Non Commercial-No Derivatives 4.0 International License.



International Journal for Research in
Applied Sciences and Biotechnology

Www.ijrash.com

ISSN: 2349-8889
Volume-9, Issue-3 (May 2022)

https://doi.org/10.31033/ijrash.9.3.15

Deciduous Forests in pastures in Central Brazil.
Restoration Ecology, 462-471.

[34] Shu, W. S., Ye, Z. H., Zhang, Z. Q., Lan, C. Y., &
Wong, M. H. (2005). Natural Colonization of Plants on
Five Lead/Zinc mine Tailings in Southern China.
Restoration Ecology, 49-60.

[35] Society for Ecological Restoration International
Science & Policy Working Group. (2004). The SER
International Primer on Ecological Restoration.
www.ser.org & Tucson: Society for Ecological
Restoration International. Retrieved from
https://cdn.ymaws.com/www.ser.org/resource/resmgr/cu
stompages/publications/ser_publications/ser_primer.pdf
[36] Stanturf, J. A., Palik, B. J., & Dumroese, R. K.
(2014). Contemporary forest restoration: A review
emphasizing function. Forest Ecology and Management,
292-323.

[37] Stanturf, J. A., Palik, B. J., Williams, M. 1,
Dumroese, R. K., & Modsen, P. (2014). Forest
Restoration Paradigms. Journal of sustainable forestry,
161-194.

[38] Stradic, S. L., Buisson, E., Negreiros, D.,
Campagne, P., & Fernandes, G. W. (2014). The role of
native woody species in the restoration of Campos
Rupestres in quarries. Applied vegetation science, 109-
120.

[39] Turner, S. R., Pearce, B., Rokich, P. D., Dunn, R.
R., Merritt, D. J., Majer, J. D, et al. (2006). Influence of
Polymer Seed Coatings, Soil Ranking, and Time of
Sowing on Seedling Performance in Post Mining
Restoration. Restoration Ecology, 267-277.

[40] Vieira, D. L., & Scariot, A. (2006). Principles of
Natural Regeneration of Tropical Dry Forests for
Restoration. Restoration Ecology, 11-20.

[41] Williams, M. I, & Dumroese, R. K. (2013).
Preparing for Climate Change: Forestry and Assisted
Migration. Journal of Forestry, 287-297.

[42] Wong, M. H. (2003). Ecological restoration of
mine degraded soils, with emphasis on metal
contaminated soils. Chemosphere, 775-780.

[43] WWEF. (n.d.). Retrieved from Forest restoration:
https://www.worldwildlife.org/stories/what-is-forest-
restoration-and-how-do-we-do-it-well. (accessed on 26
March, 2022)

[44] Yuan, J.-G., Fang, W., Fan, L., Chen, Y., Wang,
D.-Q., & Yang, Z.-Y. (2006). Soil Formation and
Vegetation Establishment on the CIiff Face of
Abandoned Quarries in the Early Stages of Natural
Colonization. Restoration Ecology, 349-356.

[45] Zerbe, S. (2002). Restoration of Natural broad-
leaved woodland in Central Europe on sites with
Coniferous Forest Plantations. Forest Ecology and
Management, 27-42.

m This work is under Creative Commons Attribution-Non Commercial-No Derivatives 4.0 International License.



