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Abstract

The present study compares the regeneration status of Sal forests under
Assisted Natural Regeneration (ANR) and non-ANR conditions in the Kumaun
Himalaya, a region where such a comparative analysis has not been conducted
previously. Tree stages were classified into three categories based on
diameter at breast height (DBH): adults (DBH =5 cm), saplings (DBH <5 cm),
and seedlings (DBH < 1 cm). The results show that ANR has a hierarchical
structure of seedlings > saplings> adults, indicating good regeneration and
recruitment. Conversely, non-ANR shows fair regeneration, characterized by
seedlings being the most abundant followed by adults, and saplings being
the least abundant (seedlings > adults > saplings). The results highlight the
importance of ANR practices in promoting Sal regeneration.
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Introduction

Shorea robusta (Gaertn. f.) is a deciduous dominant
species in the Dipterocarpaceae family. It thrives as
a climax species' in Tropical Moist Deciduous and
Tropical Dry Deciduous forests of India. However, the
Sal region is facing significant threats from human
activities, including infrastructure development,
forest fires, and over- extraction of forest resources.
These are causing irreversible impacts on local forest
ecosystems. Also, expressway projects have led to
widespread clearing of centuries- old? Sal trees.
This could disrupt the natural regeneration process,

which is essential for maintaining ecological balance,
sustainable management of forest resources, and
stability in plant communities. Regeneration of this
climax species is influenced by various environmental
factors, including climate and soil conditions.® The
species thrives in acidic sandy loam soils, nutrient
availability, and aeration.*5 Soil moisture, particularly
during the seedling stage, is crucial for regeneration.*
Sal is a light- demanding species, requiring full
overhead light for optimal growth, except in dry
conditions where shade mitigates moisture stress
and frost damage.® Adequate seed supply and timely
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monsoon initiation are also essential for successful
natural regeneration. Microclimatic factors, such as
temperature fluctuations, drought, and frost, can
impact regeneration.”

Natural regeneration of forests is a key indicator of
ecosystem health, with healthy forests exhibiting
robust regeneration and recruitment patterns.
Adequate seedling (10,866 Indi ha™') and sapling
(1,354 Indi ha') populations signify satisfactory
regeneration, ensuring long-term species
persistence, whereas insufficient numbers indicate
poor regeneration.® Diameter distribution analysis
assesses forest population structure; a reverse
J- shaped curve, characterized by a high number
of individuals at the seedling stage and a gradual
decline in subsequent stages, suggests promising-
regeneration. However, Shorea robusta populations
frequently face challenges during the seedling
stage, with high mortality rates limiting maturity.® Its
regeneration in natural forests is characterized by
a high density of seedling (750 Indi ha'), but low
recruitment rates into juvenile and young tree
stages."®

Sal forests have faced significant challenges in
natural regeneration over the past few decades,
with the issue becoming increasingly severe.
Their regeneration is severely compromised by
anthropogenic disturbances and livestock grazing.
Natural regeneration is hindered by domestic
animals browsing on young seedlings and saplings.
Furthermore, the domestic use of forest litter and
soil results in reduced organic matter, adversely
affecting seedling development.!" Additionally, Sal
plantation efforts are often constrained by high
seedling mortality rates in nurseries, making it
challenging to raise healthy plants. The forests are
further threatened by borer attack (Hoplocerambyx
spinicoris) and fires, which accelerate their decline.
Consequently, valuable Sal forests are being
replaced by less desirable species like Rohini
(Mallotus philippensis) and invasive weeds like
Lantana camara.'?

To address the challenges in Sal forest regeneration,
Assisted Natural Regeneration (ANR) offers a viable
approach to restoring degraded forests by removing
barriers like soil degradation, weed competition,
and grazing pressures, thereby enhancing natural
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successional processes and facilitating healthier
forest regeneration. An ANR project was initiated in
a 700 ha Sal forest area in Lakhan Mandi, located in
Kumaun Himalayan foothills of Uttarakhand, with 273
ha under ANR management and the remaining area
without such interventions. The ANR plots received
treatments like regeneration felling and weeding to
enhance forest regeneration, whereas non-ANR
plots were left without such management practices,
facing natural challenges like competition, grazing,
and seed collection. Implemented over 19 years,
the ANR project aimed to rejuvenate Sal forests.
However, despite being a technique for enhancing
Sal forest regeneration, ANR has received limited
research attention, particularly in the Kumaun
Himalaya. This research was carried out over two
years, from April to October, examining regeneration
patterns in ANR and non-ANR Sal forests and filling
a knowledge void in the Kumaun region.

Materials and Methods

Description of Study Site

The study was conducted in Lakhan Mandi block,
situated in the Nandhaur range, Nainital, Uttara-
khand, focusing on Sal forests under Assisted
Natural Regeneration (ANR) and non-ANR
management. The study site is characterized by
sandy loam soil and a subtropical climate. It lies
approximately 40 km south of Nainital city and
21 km from Haldwani, with Sitarganj to the south
and Bhimtal to the north. Nearby villages include
Chorgallia, Katan nayagaon, Deopur danai, Malla
Pachauliya, Kunwarpur and Jagatpur. The Nandhaur
Wildlife Sanctuary is about 1 km away, and Macchli
van is 1.5 km from the block.

Sampling

A total of thirty quadrats were established, with 15
quadrats in ANR site and 15 quadrats in non-ANR
site. Each set of 15 quadrats was further divided
into 5 quadrats of 1m x 1m for seedlings, 5 quadrats
of 3m x 3m for saplings, and 5 quadrats of 10m x
10m for adult trees. DBH data for trees and collar
diameter data for seedlings and saplings were
collected from each quadrat.’ Populations were
stratified based on Diameter at Breast Height (DBH)
with adult trees ( DBH = 5cm), saplings (DBH < 5cm)
and seedling (DBH < 1cm)." The regeneration status
ofthe Sal species was categorized into three groups: (1)
good regeneration (seedlings > saplings > adults); (2)
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fairregeneration (seedlings > saplings <adults); and (3)
poor or no regeneration (species present only as
adults or saplings, with no seedlings).? This classifi-
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Fig. 1: Map of the study area showing sampling quadrats in ANR and non-ANR.

Statistical Analysis

A two-way analysis of variance (ANOVA) was
conducted using PAST software to examine the effects
of forest type and developmental stage on the
regeneration status of Sal.

Results

The regeneration status of Sal varied between ANR
and non-ANR forests. ANR showed good regeneration
with a higher density of seedlings (50,869 + 11.61 Indi
ha''), followed by saplings (3795 + 14.81 Indi ha™),
and adult trees (882 + 12.23 Indi ha™). In non-ANR,
the regeneration was fair, with seedlings being the
most abundant (10,443 £ 10.09 Indi ha™'), adults (500

+ 11.13 Indi ha) intermediate, and saplings (419 +
12.55 Indi ha™) least abundant. Overall, all stages
had lower densities in non ANR. A two-way ANOVA
(Table 1) confirmed significant effects of forest
type, developmental stage, and their interaction on
regeneration (p < 0.001), indicating that assisted
natural regeneration practices enhance seed
germination, seedling survival and sapling growth.

The graphical representation in Fig. 2 further
illustrates the comparison of seedling, sapling and
adult populations between ANR and non-ANR,
highlighting the differences in regeneration patterns.
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Table 1: Two-way ANOVA test among different developmental stages in
ANR and non-ANR forests.
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Source Sum of Squares df Mean Square F p-value
Forest Type 24.89 1 24.89 1377 <0.001
Developmental Stage 82.60 2 41.30 2285 < 0.001
Interaction 42.52 2 21.26 1176 <0.001
Within (Error) 0.43 24 0.018 - -
Total 150.44 29 - - -
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Fig. 2: Regeneration patterns of Sal in ANR and non-ANR.
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Fig. 3: Density- diameter distribution of Sal in ANR and non-ANR.
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The density- diameter relationship of Sal, is depicted
in Fig. 3, revealed a higher population in the >5 cm
diameter class in both ANR and non-ANR. However,
non-ANR showed a secondary peak in the 70 cm
and above diameter classes, whereas ANR had a
declining trend with increasing diameter classes,
representing a reverse J- shaped curve.

Discussion

Our study reveals a significant increase in seedling,
sapling, and adult tree density in ANR compared to
non-ANR site, indicating enhanced regeneration
potential in ANR site. This improvement is likely
attributed to the favourable edaphic conditions in
ANR, including acidic soil, adequate soil moisture,
and high nutrient availability, which collectively
support Sal growth and regeneration.'® These findings
align well with the previous research highlighting
the importance of favourable edaphic factors for
Sal regeneration.'”'8 Effective forest management
further promotes seedling establishment through
practices like regeneration felling and weeding, which
increase light intensity and reduce competition.™ In
non-ANR site, Sal regeneration faces significant
challenges. Despite high seedling density, the
number of saplings decline sharply, likely due
to intense competition for resources and biotic
disturbances.?° Additionally, short seed viability?' and
seed collection by local communities for economic
purposes worsen the situation, ultimately limiting the
seedling transition into adult stage. This resonates
with the prior study, showing a negative correlation
between disturbance level and Sal seedling and
sapling density, suggesting that overexploitation of
forest resources and grazing likely contributed to
reduced species richness.?

ANR demonstrated sustainable regeneration,
characterized by an inverse J- shaped diameter at
breast height (DBH) distribution, where tree density
decreased exponentially with increasing DBH.
This pattern, supported by a high seedling density
followed by saplings and adult trees, indicates
continuous regeneration.?? In contrast, non-ANR
deviated from the inverse J- shaped curve, with
a secondary peak in tree density among larger
diameter classes (> 70 cm) and higher tree density
than saplings, corroborating earlier findings that
human disturbances in forests can alter size- class
distributions and disrupt regeneration patterns.?
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Building on these findings, both ANR Sal forest
and naturally regenerating (non-ANR) Sal forest
promote ecosystem resilience and biodiversity, but
they differ in their approach. Non-ANR also promotes
local genetic adaptation and self- organizing
processes,?® but it is vulnerable to exploitation and
disturbances by local people. ANR, on the other
hand, has some limitations, including dependence
on sufficient natural regeneration, slower growth
rates, and labour- intensive initial phases, and is
often overlooked by policymakers favouring active tree
planting. However, ANR offers several advantages
like cost- effectiveness, promotion of native species
and increased carbon storage,? making it a
promising approach for forest restoration.

Conclusion

The study demonstrates that Assisted Natural
Regeneration (ANR) significantly enhances Sal
forest regeneration compared to non-ANR. ANR
forest shows good regeneration with a reverse
J- shaped diameter distribution, indicating healthy
forest ecosystem. In contrast, non-ANR forest has
fair regeneration, limited by biotic disturbances
and resource competition. The findings underscore
the potential of ANR in promoting the long- term
sustainability of Sal forests, making it a valuable
strategy for forest conservation management.
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