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Chapter-1

INTRODUCTION

Vegetation is an assemblage of plants that growthay in a specific location and are
distinguished by either their component speciesth@ combination of structural and
functional characteristics that define vegetatighienotypic characteristics (Goldsméhal,
1986). The magnitude of changes in forest standstudied through phyto-sociological
attributes, mainly by density and total basal cowdrich are the foremost basis of study for
any vegetation typéMishra et al, 2000).The ecological characteristics of sites, species
richness, diversity, distribution, abundance angeneration status of species significantly
influence the composition of forest communitiesn@ta et al, 2019). The stand structure
represented in terms of diameter class distribugigas vital information on the reproductive
capability of the forest stand (Joshi and Chand@20; Sinhaet al, 2018). Furthermore, an
examination of species diversity indices shows stability and sustainability of forest
communities (Sarkar and Devi, 2014). Each speciglsirva community exhibits a high
degree of structural and functional individualisaa,well as varying ecological amplitude and
modality (Singh and Joshi, 1979). Hence, the ftmrisomposition and phyto-sociological
attributes can be used to compare one communiynadther from season to season and year
to year (Singh, 1976).

Biomass is defined as the total amount of abovesgtdiomass in trees expressed as
oven-dry tons per unit area that reduces the cdratean from atmospheric concentration of
carbon dioxide (Chavan and Rasal, 2012). Quant#tatformation on biomass helps to
estimate energy accumulation within forest ecosystand serves as an ecological indicator
for sustainability by assessing forest productivitytrient cycling, carbon pools and carbon
sequestration in biomass components (Cleva., 2005). The forest ecosystem is the most
important carbon sink because it produces vastocapmols that are stored as vegetative
biomass in wood, leaves, litter, and roots inclgdoarbon storage in the soil (Brown and
Lugo, 1982).

Forests can operate as either a carbon sink orbercaource, depending on their
succession stage and disturbance or managemenveintien (Maserat al, 2003; Lorenzo
and Lalet al, 2010). Carbon sequestration, the capture of spmeric carbon dioxide and its

storage in terrestrial ecosystems in the formwh¢) biomass for a very long period of time,



such that it is not quickly re-emitted back inte ttmosphere (Ladt al, 2004; Malhiet al,
2009 and Paet al, 2011). Forest ecosystems are particularly stuat the global climate
change scenario because they serve as a repasitbrgdiversity and a carbon sink in their
biomass and soil (Giblet al, 2007 and Fahest al, 2010). Carbon sequestration in biomass
is currently regarded as the most promising metbbanitigating the greenhouse effect
(Kimble et al, 2002). As a result, carbon storage as biomaksaést ecosystems has become
increasingly relevant in global climate change EsiqUsugeet al, 2010; Gren and Zeleke,
2016; Nonini and Fiala, 2019). The Kyoto Protocableitly considered afforestation,
reforestation and forest regeneration for carbajusstration accounting in order to reduce

greenhouse gas emissions and counterbalance dafaegIPCC, 2007).

The regeneration status of a forest indicatesatdth and vitality and a healthy forest
ensures good future regeneration. The presencif@fetit age groups of seedlings, saplings
and tree determines the forest's regenerating sodtigtive character (Chauhahal, 2008).
The majority of the regeneration stock in Sal-daatga mixed forests typically comes from
seed and root suckers re-sprouting. Sal seeds mgierat a rate of more than 90% and if they
do not receive rain within a week due to a delayh@ onset of monsoon, which usually
begins in mid-June or insufficient moisture, theddoses viability (Gautam and Devoe,
2006). The 'die back' of Sal seedlings caused byarety of factors environmental
conditions, such as light, temperature, frost, gaglity, drought, soil moisture availability
and drainage system affect the regeneration oF&ast and lead to mortality (Mishe& al.,
2000). Although Sal seeds germinate profusely, Isegp@stablishment and conversion to
trees are very lowShorea robustdas a high seedling mortality rate (Chaubkaal, 2010).
Sal is a light-demanding species and complete eagrhight is required in most cases from
the earliest stages of development (Champion atid $868). The opening of the canopy in
a forest stand promotes regeneration and the groWwiimderstory seedlings and saplings
(Troup, 1986 and Gautam, 1990).

The physiochemical characteristics of forest sdilange in location and time due to
differences in terrain, climate, physical weathgrprocesses, plant cover, microbiological
activity and a variety of other biotic and abid&ctors. The nature of the soil profile, pH and
nutrient cycling between soils and plants are irtggardimensions in determining the quality
of a forest site. Plants are the primary sourcsailf organic matter, which influences soil
physicochemical properties such as texture, pH,ewagtention capacity and nutrient

availability (Johnston, 1986). Sal grows on a wrdage of soil types, except in the very



sandy and gravely soils immediately adjoining rsvand in waterlogged areas (Jackson,
1973). It prefers slightly acidic to neutral sandam (pH=5.1-6.8) and may develop on
alluvial to lateritic soils (Tewari, 1995). Primagroduction is usually regulated by the
availability of nutrients. On better sites, minenatrition appears to be an important factor in
sal forest productivity or where the rate of stember production is greater; the nutrient
requirements are much higher. On poor sites, mitagtus is lower and a higher proportion
of the uptake goes into the production of foliajayl et al, 1966). Deficiencies of nitrogen,
phosphorus and magnesium affects height growthicieaties of calcium and magnesium
produce a shorter taproot and sparse lateral nobte nitrogen and potassium-deficient
seedlings had thin and long tap roots. Good sanegtion is highly influenced by nitrogen,
phosphorus, potassium, and soil @hé#étta, 2016) The composition of the forest stand and
ground cover, the pace of tree development, thength of natural reproduction and other

silvicultural important elements are influencedfbrest soils (Bhatnagar, 1965).

A forest compartment is a section of a forest idmogenous growth conditions and
tree species. It may also be called a stand compatt Compartments are marked on
forestry maps and forest management plans are awmbeding to their growing conditions.
A compartment is kept as far as possible homogetiwaaghout its extent with regard to the
composition of growing stock, soil and aspect. @hea of the compartment depends mainly
on the intensity of management. In forest areas ah@ worked intensively; the area of the
compartment is usually small and sometimes it ighaaaround 10 to 20 ha. However, in
forests managed extensively, the area of the cdmpat may go up to 1000 ha or even
more. Other factors such as topographic and siteatian may affect the area of the
compartment. During the preparation of the workpten, a compartment is inspected and if
necessary, it is further divided into sub comparnteeSub-compartment is usually identified
as a unit of treatment. The compartment is diviohd sub compartments mainly based on
vegetation, growing stock and site conditions. traga of management sub-compartment

forms the unit of silvicultural and utilization atBments.

Sal Shorea robust&aertn. f.) is a dominant tree species with a dlo\a moderate
growth rate that is valued for its heavy, thick ahaable wood in India's tropical moist and
dry deciduous forests. It frequently develops a oaspecific canopy, which requires
complete overhead light from the start of its elstiiment (Kayastha, 1985). Its geographical
range stretches from the southern Himalayan slapddower foothills to plains, river slopes
and valleys in India, Nepal, Bangladesh, Bhutam, South China, between 7&nd 95 E



longitudes and 20to 32 N latitude (Sapkota, 2009). In India, forests cowvearly 21.71 per
cent of the country’s total geographical area (PBR1) and Sal forest accounts for around
13.3 per cent of India's total forest area. Ittstres up to the Assam valley (including
Meghalaya and Tripura) in the east to the foothotfsnorth-west Bengal, Uttar Pradesh,
Uttarakhand and Paonta Sahib in Himachal PradegheirHimalayan foothill region. Sal
forest is relatively rich in ground flora diversityn sal forests, there are generally four
separate layersShorea robustand Terminalia alatain the top storySyzygium cumunin

the middle story withMallotus philippensisas a codominant tree species ahdlisia
solanaceaClerodendron viscosurand Lantana camaraas understory associate species in
shrub layer ané?ogostuimon benghalensisthe herb layer. Apart from trees and shrubs, th
ground flora of sal forests includes ferns, hegrasses, and liana species, the abundance of
which varies amongst woods (Sharma and Bahugui®®)18 is one of the principal timber
species of the country, which needs to be managedsively on a sustained yield basis for
achieving maximum productivity level. Knowing thetent of inter-compartmental variation
or sub-compartmental variation in vegetation, grgwstock and site condition will form the
scientific base for developing a set of silvicultutreatments to enhance and maximize
productivity of this species on a sustained basisHimachal Pradesh, the Sal Forest is
present in the Paonta and Andreta village of diskkangra with a total area of around 306.97
km? (Sharmaet al, 2020). Champion and Seth (1968) categorizedatest types found in
the division as: 3C/C2a Moist Shiwalik Sal Fore€/C2b(i) Moist Bhabar Sal-Bhabhar-
Dun Sal Forest, 5b/Cla Dry Shiwalik Sal Forests €2 Northern Dry Mixed Deciduous
Forests. Sal forests of compartments includingptfesent study area are part of the 3C/C2b
(i) Moist Bhabar Sal-Bhabhar-Dun Sal Forest.

Hitherto no detailed study has been carried outhese lines; therefore, the present
investigations entitled'Inter compartmental variations in floristic composition, biomass
productivity and soil physico-chemical characterisics of Sal forest in Himachal

Pradesh” were carried out with the below objectives:

1. Assessment of inter-compartmental variatiofianstic composition and regeneration
status in sal forest ecosystems;

2. To study the variation in biomass and site dquainder different compartments of sal
forest ecosystems;

3. To establish the relationship between physicthal characteristics and site quality
of sal forest ecosystems.



Chapter-2

REVIEW OF LITERATURE

The pertinent literature related to the presentestigations entitled“Inter
compartmental variations in floristic composition, biomass productivity and soil
physico-chemical characteristics of Sal forest in khachal Pradesh” has been reviewed

under the following major headings:

21 Floristic composition and regeneration statsl
2.2 Biomass productivity and carbon stock.

2.3 Physico-chemical characteristics.

2.1 FLORISTIC COMPOSITION AND REGENERATION STATUS

Floristic composition refers to the measure of ggediversity in any community. Its
study form one of the fundamental prerequisiteschassifying the flora into different
vegetation type. The nature of a community at alageis determined by the species that
grow and develop in such an environment. Foresemrregation makes a significant
contribution to the sustainable and balanced gravtiorest ecosystem. It provides the base
for forest protection and rehabilitation, increasmabon sequestration, and restoration of

native biodiversity.

Odum (1969) defines species diversity as "the esBnof species as well as the
balanced distribution of species. Floristic composj stratification and other vegetation
characteristics vary with season and year. Theiaspeatversity reflects the gene pool and
adaptation potential of the community and distitnutof individuals among the species in a
particular habitat and the importance of quantitatinformation, like floristic richness,
diversity, evenness and dominance of the vegeté&@aium, 1971; llorkar and Khatri, 2003).

It is also affected by the biotic and abiotic comeots of the area liable to the change and the

net result of the interaction in a new community.

Giril et al (1999) investigated the vegetation compositiod eegeneration of tree
species in TerabhoreaForest (TSF) an®horea-TerminaligForest (STF) in Nepal's Royal
Bardia National Park's southwestern region. The dapopy of forests was dominated by



Shorea robustand Terminalia alata TSF had a higher basal area and total densitySH,
Shorea robustdad the maximum density and basal area, whene&T I, Terminalia alata
had the maximum density and basal area. In the &r8FSTF, respectively, 9 and 21 tree
species displayed seedling and sapling stagese Mnete no seedlings or saplings in 17 tree
species in TSF and 19 in STGhorea robustdad the most seedlings (13166.66)ha the
TSF, followed byLagerstroemia parviflorg666.66 hd). A similar trend was observed for
saplings. In STFShorea robustahad the highest number of seedlings (9204.5% laad
saplings (321 hY followed byMallotus philippensigseedlings: 1590.9 Hasaplings: 184
ha?).

Pandey and Shukla (2003) accessed the plant diversgeneration pattern and the
status of species conservation of S8hdrea robustaforest in Sohagibarawa Wildlife
Sanctuary, Gorakhpur. 208 species representinggé68ra and 72 families were recorded
within 24 ha of sal standsShorea robustavas the most frequent species. Affadnorea
robustg the next most frequent species wevkallotus philippensisand Ichnocarpus
frutescensfollowed byClerodendrum infortunaturandDesmodium gangeticunn general,
the sal stands showed a high Shannon index ofespdoiersity (H 53.96). Simpson’s index
was quite low (50.06). Among the four different @th forms, the species richness was
maximum for trees (93) followed by shrubs (50)néa (34) and perennial herbs (31). The
mean density of individuals having >30 cm girth waty 404 h& while that for tree species
having 30 cm girth was 20413 ha

Kumaret al (2006) studied the plant and soil diversities isub-tropical forest of the
Garhwal Himalaya. The highest density of the tegeet (380 trees H3 was documented in
the southern aspect. Whereas, the lowest dendity tt2es hd) is in the western aspect. In
the shrub layer, the highest density (1790 shrat)$ Was recorded in the eastern aspect and
the lowest (970 shrubs fgin the western aspect. The range of values af tinsity and
total basal cover of saplings were 200 to 550 mgplihd and 0.78 to 1.43 mha’,
respectively. The values of similarity among th@eass and different layers ranged from
25.0 to 66.67 per cent, 22.22 to 57.14 per cen§2® 57.14 per cent and 57.14 per cent to
72.72 per cent for trees, saplings, seedlingssaindbs, respectively. The range of diversity
was 0.846 to 1.710 (trees), 1.943 to 2.847 (shrubgp to 1.520 (saplings) and 0.496 to
1.435 (seedlings).



Chauharet al (2008) compared regeneration, tree diversity fioriktic diversity of
natural and planted tropical deciduous forests dated byShorea robustaand Tectona
grandis Acacia catechuand Syzygium cuminii respectively in Katarniaghat Wildlife
Sanctuary, Uttar Pradesh. Species diversity asasedpecies evenness was higher in natural
forests than in planted forests. Natural foregtssétlso had a higher mature tree, pole, sapling
and seedling densities compared with planted fereBominant families in both forest types
are Fabaceae, Euphorbiaceae, Verbenaceae, Rubiacda€aesalpiniaceae (five species
each), followed by Moraceae, Mimosaceae and Combeae. Of the 126 species found in
both sites, 32.5 per cent showed good regenerditihB, per cent fair, 24.6 per cent poor and
11.1 per cent lacked regeneration. The remaining fiér cent of species were present only
as seedlings. Species richness and diversity ddfeetween natural and planted forests and
the regeneration of some important tree species \asied because of variations in their

microclimate and edaphic characteristics.

Sapkotaet al (2009) investigated the spatial distribution, @used regeneration and
stand structure of fiv&horea robustalominated forests subject to disturbances of wffe
intensities. A total of 67 tree species were reedrth the forest plots, 41 species in least
disturbed forests, and 10 species in heavily digiforests. A total of 5320 individuals out
of which 3254 individuals were advanced regenenadiod poles and 1966 were mature trees
with >1.5 cm dbh. Significant variations in the meatem density of advanced
regeneration/poles (F [4,620] = 27.95; p<0.000dyltatrees (F [4,620] = 25.66; p<0.0001)
and total population (F [4,620] = 21.40; p<0.000&re observed among forests. A strong
inverse relationship was found between the ovestalhd density and diameter class in the
least disturbed and moderately disturbed foresttie lor no regeneration in the least and
most heavily disturbed forests showed for socicreatically important tree specieShorea
robustashowed a change in its advanced regenerationfpisity across the disturbance
gradient.

Basyalet al (2011) studied regeneration $iorea robustan tropical forest of Palpa
district, central Nepal. The major tree speciethatstudy site waShorea robustalt had the
highest importance value index among the 26 trexisp (99.93). Frequency &horea
robustawas 87.5 per centerminalia alatawas codominant species in the forest. The total
tree density in the forest ranged from 3.13 N [®209.37 N h& The total basal area of all
tree species was 63.86°ma’. In the case of saplings, the total density wa7& N ha,



with Shorea robustavas found higher (2250 N i Likewise, it had 4375 N Haseedlings,
2562.5 sapling N hj and 209.37 N hasaplings.

Deka et al. (2012) in Assam observed the community charasttesi of naturally
regenerated sal forest. Altogether, 71 plant sgesire recorded from the selected sal forest.
The herbaceous layer of the forest was the mosiiespech (30 species) layer followed by
tree and shrub specieShorea robustdnas contributed about 90 per cent of the totaidsta
density (2559 individual K of the forest and it contributed to the higheasdl area of
26.08 nf ha'. Among the total basal area$fiorea robustathe highest basal area (10.44m?2
ha') was recorded in the 30-45 cm girth class followgad!5-60 cm (6.63 frha’) and 15-30
cm (3.98 M ha?) girth class. Hence, the girth class distributonfirmed a reverse J-shaped
distribution with higher density in lower girth slses and a sharp decline thereafter. The total
density of shrubs and herbs was recorded as 2idhdils m* and 63 individuals A
respectively. Among shrubsChromolaena odoratavas the dominant species with the
highest VI (36.48) having a density (of 5560 iridivals h&) followed by Cledodendron
viscosumwith an IVl (33.22) with a density of 4506 indivdls hd and Flemingia
strobilifera with VI (32.47) and density 4826 individuals haBased on the dominance,
Shorea robustahowed the highest dominance followedzigyphus rugosusThe diversity
index for tree, shrub and herb species was recaadeld43, 2.30 and 3.28, respectively. The
dominance index showed a reverse trend to thateofliversity index. About 84per cent of
the plant species showed contagious distributiawever, none of the species exhibited
regular distribution. The forest is heterogenesusdmposition with high dominance of Sal

and is under regenerating stage.

Chaubey and Sharma (2013) reported the regenenatitantial ofShorea robusta
and its associates in Satpura Tiger Reserve, MaBhgdesh. The results indicated that the
average number of regenerations of sal seedlingswes 6372 h4 which was quite
adequate. The distribution pattern of individudisSborea robustavas uninterrupted, which

is a healthy sign of establishment.

Dutta and Devi (2013) performed a quantitative wsial of plant diversity and
community structure in the Doboka reserve forestAs$am's tropical wet deciduous Sal
forest. A total of 89 plant species were identifi@d trees, 15 shrubs, 25 herbs, and 15
climbers) from 77 genera and 45 famili€dhorea robustahad the highest IVI (125.3)
followed byDillenia_pentagyna27.24) andCareya arborea23.12). The tree stand density



and basal area were 422 individual*hend 88.87 mha®, respectively. Tree density was
found to be higher in the lower girth class, i20;60 cm. The Shannon-Wiener diversity

index ranged between 2.02 to 2.43.

Mandal and Joshi (2014) compared the vegetatiomycs and plant diversity from
the dry deciduous forests of Doon Valley. Specigsness, regeneration, soil conditions and
change in community composition of these foresteevstudied and change was noticed with
Shorea robustas the main dominant species avidllotus philippensisSyzygium cuminii
and Ehretia laevisas codominant tree species in all communities. Tighest species
richness and diversity rates increased with theedese in tree density and basal area. The
high IVI recorded in Thano (>150) indicated tiiiorea robustdorest was progressing
toward the culmination stage, whereas the lowervdues (100 and 150) in the other two
sites (Selaqui Jhajra and Asarori) signified thauvyedisturbance of these sites and further
establishment of alien invasive species suctCassia tora Cassia occidentaljsLantana
camarg Urena lobata Ipomoea carneaSida acutaand Solanum torvumlVI values for
shrubs ranged between 8.35 and 27.33, \Wilrraya koenigij Lantana camaraand
Clerodendrum viscosutmeing the most dominant species in the Selaquialrenge. A 100
per cent frequency was recorded &rtorea robustaTerminalia alata, Bauhinia variegata,
Flacourtia indica, Ehretia laeviandCordia dichotoméaad a frequency of 20 per cent in this
range, however, a 10 per cent frequency was olséovewo tree species. VI (16.59) value
with 90 per cent frequency and highest density O(@riividual nf) were recorded for
Vernonica cinereaAn analysis of the diversity status of herbsatous study sites showed
that diversity (species richness) ranged from Ztigs (Thano range) to 49 species (Asarori
range). The concentration of dominance (Cd) rarfgeah 0.03 (for Asarori range) to 0.04
(Thano range and Selaqui Jhajra range). The resviémled that diversity (species richness)
for the herb layer was highest at the Thano ra@d¢ Asarori range and Selaqui Jhajra had
the same diversity (21). The diversity (speciebness) for tree species was highest (15) at
the Asarori range. Selaqui Jhajra and Thano, medawiad the diversity of 14 and 08,

respectively.

Nag and Gupta (2014) studied the population stractund regeneration of Sal by
laying 34 quadrats in three differently managecekd$ts of 3 Wildlife Sanctuaries: Ballavpur
(protected, artificially created), lllambazar (nay disturbed) and Garhjungle (natural,
sacred). For 595 trees, mean tree density and dasalvere highest in Garhjungle (2233.3 N
ha' and 13.89 mha') and lowest in Ballavpur (1441.7 N hand 12.89 m2 h§. The
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density of regenerating individuals (seedling aapliag) was highest in Garhjungle (4266.7
N ha') and lowest in lllambazar (2710 N'HaThe seedling density was highest in Ballavpur
(1016.7 N ha). The diameter class distribution of the tree m=cevealed that the highest
number of individuals were concentrated in the lodiameter classes indicating a young and
expanding population ofShorea robustain all three forests indicating good overall

regeneration.

The diversity and composition of tree species abadary Dipterocarpus hill forests
in Chunati Wildlife Sanctuary of Chittagong, Barmdgah were studied by Mamuwet al
(2015). A total of 993 individual trees of 99 specbelonging to 73 genera and 36 families
were recorded from the forests of Chunati. The dotead diverse floristic resources as
indicated by Shannon Wiener's diversity index (3.8%argalef's richness index (14.20) and
Simpson's dominance index (0.09). The total baszd af tree species was 12.47 ha’,
whereasDipterocarpus turbinatushowed the highest basal area (2.62hat") followed by
Acacia auriculiformis (1.39 nf ha'). IVI was found maximum (40.11) forcacia
auriculiformis followed by Tectona grandig16.46) plantation species. On the other hand,
IVl was highest foDipterocarpus turbinatug25.10) followed byFicus hispida(19.76) for

natural species.

Kumar and Saikia (2020) studied the regeneratiatustofShorea robustand its
four dominant associated tree speci@®$pyros melanoxylon, Buchanania cochinchinensis,
Madhuca longifoliaandButea monosperman Sal forests of Ranchi, Eastern India. Out of
the 103 recorded tree species, 50 species (48.5hddb) shown the total absence of
regeneration, while 23 species each (22.33 %) stigp@er and good regeneration, and rest
07 species (6.80 %) showed fair regeneration instbdied Sal forests stand. On the other
hand, the maximum studied Sal forest stands (423%had shown fair regeneration of
Shorea robustdollowed by good regenerating forests (36.96 %} &A.39 per cent forests
showed no regeneration. The total seedling demitghorea robustavas 22,071 N Ha.
However, the recorded tree density (416 N Haof Shorea robustadensity (N ha') of
seedlings ranged from 54—22,071 N'héor saplings 4-1239 N R and adults ranged from

0.02-416 N hd of tree species were significantly varied among3hkforests.

Nag and Gupta (2020) assessed the population wteuand regeneration status of
nine selected tree species in eight tropical dgidimus forests in West Bengal's lateritic
zone. Highest number of species was record&alévpur (8) and lowest at Garh Joypur
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(2). The overall structure of the eight forests poises of 15.82 per cent seedlings, 59.35 per
cent saplings and 24.82 per cent adult trees. Gaypur forest had the largest percentage of
trees (61.02 %) and Ganpur forest had the lowedi781%). Several species' seedling,
sapling, and tree densities varied dramatically rgnlocations. Regeneration was better in
the Ganpur forest, which had the highest seedlemgity (3290 N hd) and sapling density
(15900 N h&), followed by the Aduriya forest, which had thegkng density (2780 N ha

Y, sapling density (9720 N Hpand the lowest seedling density (260 NYhand sapling
density (940 N hd) was found at Garh Panchakot.

Sharmeet al (2020) investigated the status of regeneratioa oaommunity-managed
hill forest. In the study area, the total numberseédlings, saplings and trees of all species
were 12,589, 2643 and 1979 N'haespectively. The total number of Sal seedlisgglings,
and trees was 8352, 1876, and 1320 N, maspectively. Similarly, the total number of sal
seedlings (4384 N H, saplings (1043N K3 and trees (804 N Hin site A was greater
than the total number of sal seedlings (3968 N)hsaplings (833 N hY and trees (516 N

ha?) in site B.

Biswaset al. (2021) conducted a study to assess biodiversityestimate the carbon
stock of two dry deciduous forest ranges in Biladja. The Banka and Bounsi ranges had a
total distribution of 18,888 [14,893 <10 cm (diasredt breast height) dbh] and 2,855 (1,783
<10 cm dbh) individuals with basal areas of 181,08%nf and 32,743.76 crespectively.
Shorea robustdnad the highest IVI in both ranges, with valueg\if56.27 and 55.88. The
species diversity index and dominance index, winehe 1.89 and 1.017 in Banka and 1.99
and 5.60 in Bounsi, showed the presence of bioksqure. Decreased dbh and tree height
resulted in a lowered growing stock volume of 59,48 cni ha' (Banka) and 71,306.37
cm® ha' (Bounsi).The total biomass of the two ranges w875 and 93.014g ha™. Total
C stock at Banka and Bounsi ranges was 39.44 ar&lKké ha®, respectively where the
highest C stock is recorded f&horea robustan both the ranges (Banka 76§ ha™;
Bounsi 9.4(kg ha’) C sequestration potential was about 194.25 } (B@nka) and 45.9 t
CO, (Bounsi). A positive correlation was found betwélea volume, total biomass, and basal

area of tree species and C stock.

Kongkhamet al (2021) assessed the community structure and eegjgon status in
four different sites viz. Shuduwala, Manduwala, Bak and Tilwari of Shivalik Sal forests
in Dehradun Forest of Uttarakhand. Sal tree demgty maximum in the Manduwala (226.66
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trees ha). Shorea robustéad the highest IVI value (203.63) in the Tilwsite, followed by
Malloutus phillippinsis(46.74). Species richness (Margalef index) vabetiveen 1.15 and
22.56 in different study sites. The tree densityshbrea robustavas recorded as higher as
compared to seedlings and saplings in all the.sheEximum seedlings and saplings were
reported in Shuduwala (93.30 N*ha60 N ha). Whereas, Manduwala and Bhawala had

identical values of 53.30 and 36.70 N*Har seedlings and saplings, respectively.

2.2 BIOMASS PRODUCTIVITY AND CARBON STOCK

An estimation of the biomass carbon stock is berafin determining the effect of
disturbances on productivity, nutrient cycling astbility of forest stands. Tree above
ground biomass (AGB) distribution and carbon sterag different dbh classes were
compared between natural semi-evergreen forestssahglantation forests in the humid
tropical region of northeast India by Baishgtal (2009). The natural forest had a lower
AGB (323.9 Mg h#) than the plantation forest (406.4 MghaAbout 49 per cent of the
AGB was present in > 60 cm dbh trees in the natfoast against 24 per cent in the
plantation forest. The carbon storage was highe#$0i80 cm and 40-60 cm dbh classes in
the natural forest and plantation forest, respebttivThe differential AGB and carbon
distribution pattern had been related to past thstuce history and the age of the forests.
Although both the forests had the potential foboarsequestration due to the presence of a
large number of trees belonging to small dbh ckesde plantation forest had an edge over

the natural forest because of better silvicultpraktices.

Devi and Yadava (2009) analyzed the abovegroundandss dynamics and net
primary productivity to assess the productive ptétrof Dipterocarpus forest in Manipur,
Northeast India. Two forest stands (stand | andvlje earmarked randomly in the study site
for the evaluation of biomass in the different lyiclasses of tree species by harvest method.
The total biomass was 22.50 t hand 18.27 t h&in forest stand | and II, respectively. The
total aboveground production was recorded to b@ 928 848.80 and 294.44 kga'a’ for
D. tuberculatusA. peniculataandW. wallichii, respectively in the stand I. In forest stand II,
total aboveground net production Bf tuberculatusand A. peniculatawas recorded to be
7506.68 kgt ha'a® and 1354.37 Kcha'a®, respectively; stem 32.64 per cent , branch 31.73
per cent and leaf 35.63 per cent of the totavegmund net production. The total biomass
for the tree species recorded in the different comepts was in the order of bol>leaf>branch
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for D. tuberculatus The total forest aboveground biomass was 2182 twhich accounted
for 68.51 per cent trees, shrub 28.96 per centhambls 2.5per cent in the stand I. In forest
stand I, total aboveground biomass was 18.28t I@ut of the total aboveground net
primary production, the bole production accountad31.80 per cent, branch 29.60 per cent
and leaf 38.60 per cent in the stand I. In stanthé bole production accounted for 32.64 per
cent, branch 31.73 per cent and leaf 35.63 per céithe total aboveground net production.
Hence, the values of production efficiency andlifmmass accumulation ratio indicated that
the forest is at the succession stage with higdymtive potential.

Pande and Patra (2010) compared the biomass awmldigbiraty of sal forest and
miscellaneous forests (MF) of Satpura plateau (MadRradesh) India. These forest types
were divided into four sites namely open misceltarse(OMF, site-1), closed miscellaneous
(CMF, site-Il), open sal (OSF, site-Ill) and clossal (CSF, site-1V). The per cent allocation
of above-ground tree biomass followed the order0®8%l1) < 85.51 (I) < 81.31 (Ill) < 78.09
(IV). The higher above ground tree biomass wasywwed by MF than by SF. OMF produced
9.5per cent less biomass than the CMF whereas;@839.91per cent less biomass than
the CSF. The contribution of above ground biomdsshoubs percentage was as follows: 8.3
(IV) < 32.72 (1) <33.77 (lll) <52.63 (ll). The pearent contribution of root biomass was
higher for closed sites as compared with open.sitee Root: Shoot ratio ranged between
0.169-0.249. NPP tree (kg ha-1yr-1) was highestHersite —IV (38094.79), followed by IlI
(33384.29), 11 (12374.89 and | (9736.52). NPP sHuallowed the order: 204 (1V) > 109 (llI)
> 79.80 (I) > 52.69 (ll), while for NPP herb, theder of importance was, 109.50 (IV) >
73.27 (1) > (1), 71.75 (1) > 55.71 (II). NPP tatt was highest for closed forest stands than
for the open ones. NEP was higher for SF than MBtutbances in open forests not only
reduced the stand biomass of tree species, domapeties in particular but also declined
tree productivity. So, a gap-filling plantation it the forest was suggested to improve the
productivity of open forests.

Chavan and Rasal (2012) carried out biomass estmaf 4099 trees oEucalyptus
spp. was calculated by a non-destructive approAtiove ground biomass (AGB) was
calculated by multiplying the volume by wood deysithe BGB has been evaluated by
multiplying AGB taking 0.26 as the root-to-shootisa The total standing biomass and total
carbon sequestered &ucalyptusspp. were estimated at 641.35 t'hend 320.67 t h§

respectively.
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Rabha (2014) studied the Species richness biontag<Carbon stock in pure Sal
forests and excludingShorea robusta only one individual ofAlbizia procera was
encountered. Average density and basal area wevederl at 830 + 33.6 tree’hand 26.29
+ 1.0 nf hal. In the present study, the average basal areaasasded at 26.29 + 107ha’,
respectively. The mean AGB and C were recorde®@a45 + 12.8 Mg hdand 119.73 + 6.4
Mg ha’, respectively.. The lowermost two dbh classes gsssxi 97 per cent density,
pointing out the mass regeneration nature of Sakste and 91.6 per cent AGC indicated the
potential of carbon sequestration of that stand.

Shahid and Joshi (2015) conducted the study inhitee forest ranges of Dehra Dun
Forest Division of Doon Valley, Western Himalayadia. Volumetric equations were used
to evaluate the biomass and the carbon statug imtist deciduous forest. The carbon stocks
varied between 169.20 Mg hand 219.08 Mg haand the biomass ranged from 338.40 Mg
ha' to 438.17 Mg ha in different study sites.

A study was conducted in a Sal-dominated moisti¢eddorest of Sunsari District,
eastern Nepal to determine the biomass and catieokssof trees, shrubs, herbs and fine
roots by Gautam and Mandal (2016). Total biomass$hi® undisturbed forest stand (US) was
960.4 Mg ha (equivalent to 452.06 Mg C fa while for the disturbed forest stand (DS) it
was 449.1 Mg Ha (equivalent to 211.33 Mg C Hia Biomass and NPP of trees and shrubs
were estimated by using allometric equations andbdomous biomass was estimated by
harvest method. Fine root biomass was determinech fsoil monolith. The C stock in
vegetation was calculated by multiplying C concatndn to dry weight. Total stand biomass
(Mg ha®) in undisturbed forest stand (US) was 960.4 winildisturbed forest stand (DS) it
was 449.1. The biomass (Mg feof trees, shrubs and herbs in the US was 94840ard
1.4, respectively, while in DS they were 438.4, &t 1.2, respectively. Total NPP (Mg ha
vr ) was 26.58 (equivalent to 12.26 Mg Clya™?) in the US and 14.91 (6.88 Mg Cha™
) in DS. Total C input into the soil through littend root turnover was 6.78 and 3.35 Mg ha
! yrtin US and DS, respectively. Among the differefe forms: trees, shrubs, and herbs
comprised 72 per cent, 2 per cent, and 6 per dedP® in the US and 67 per cent, 5 per cent
and 9 per cent in DS, respectively; while restifg2r cent of NPP in the US and 19 per cent
in DS were contributed by stand fine root. The gbation in NPP by different components
of trees was in the order leaf > bole > twig > seaoot > branch, in both stands.
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Aboveground biomass and carbon stock assessmelmdian tropical deciduous
forest and its relationship with stand structutilitzutes were investigated by Behestaal
(2017). The relationship between PFT microclimateyctural attributes and diversity vs.
AGB were studied with a total of 22, 22 and 6 tspecies found in dry mixed (DM), sal
mixed (SM), teak plantation (TP) and plant funcéibtypes (PFTS), respectively. Shannon’s
diversity index was highest (2.46) in DM, whereasn@&on’s dominance index was
maximum (0.85) in TP. AGB (Mg Ha ranged from 290.82—-455.99 among all PFTs. AGBC
(Mg ha') ranged between 207.52-220.34, 215.58-228.87,186D4-141.18 in DM, SM
and TP, respectively. AGB observed a strong pasitiorrelation between tree density and
cover. PCA revealed humidity and air temperatureha&s major microclimatic variables,
leading to higher AGB.

Banik et al (2018) in Tripura investigated tree compositistand characteristics,
biomass allocation pattern and carbon storage hiityain Sal forests under two forest
management regimes (Sal Forest and Sal plantafitwe) results revealed that Sal plantation
possessed maximum AGB (179.88+29.43 Mg)hia girth class 121-150 cm followed by
110.53 + 1.82 Mg HAin girth class 31-60 cm recorded in Sal ForessoAhigher species
richness (29 species), stand density of 1060.0D.#2Istems hhand diversity index (1.90 +
0.08) in Sal Forest and lower species richnesgétiss), stand density of 230.00 + 37.22
stems ha and diversity index (0.38 + 0.15) in Sal plantatidihe total basal cover (33.02 +
4.87 nfha') and dominance (0.76 + 0.08) were found higheéh@Sal plantation than in the
Sal Forest (22.53 + 0.38%ha' and 0.23 + 0.02, respectively). The total vegetatiarbon
density was recorded higher in the Sal plantat@i9(68 +19.65 Mg hY than in the Sal
Forest (167.64+16.73 Mg Hp The carbon density estimates acquired in théystuggested
that the Sal plantation in Tripura has the potértastore a large amount of atmospheric

carbon despite very low species diversity.

Subedi (2018) estimated the timber volume of Sdl selected model for total over
bark stem volume as In V = - 8.04674 + 2.26641 BHDwith R* of 0.92 and standard error
of 0.18. Similarly, the selected models for overkbzlume up to 10 and 20 cm top diameter
have R of 0.82 and 0.79 and standard errors of 0.35 a4 Gespectively.

Paudelet al. (2020) developedarbon stock models based on DBH and total height.
Regression model with natural logarithm of DBIENd total tree height (i.e. log transformed
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polynomial equation) was best fitted for estimatidrcarbon stock per tree in different crown

cover class with adjusted40.99.

Raj and Jhariya (2021) evaluated vegetation staistiong with carbon dynamics,
sequestration, storage, mitigation, and carbon ifiu®al-dominated mixed tropical forests in
Chhattisgarh, India, that used a compartment magpftoach. In different SQ, the density
(individuals/ha) and basal area(he?) ranged from 710 to 1010 and 33.5-46.8 in a tree,
2000-2500 and 0.32-0.33 in a sapling, and 9750-046®@ 17.96-21.43 in the seedling. In
varying SQ, total biomass ranged from 182.27 t0.8%% ha". The total carbon content of
trees ranged from 79.86 to 163.63 t-ha@he amount of carbon in the above ground and
below ground sections of trees at various sites ¥2a32-143.36 t hhand 7.54-20.27 t fa
respectively. On various SQ, total aboveground @esequestration levels ranged from 5.12
to 11.68 t C hdyr™. Different regression models based on carbon siocknet fluxes were
generated to evaluate the different SQ. Accordmgnbdels, the forest produced 14.63,
10.81, 8.19, and 6.83 t ™! of C input through net primary production (NPPS®-I, SQ-

Il, SQ-IIl, and SQ-IV, respectively, which is defdd as 3.55, 3.12, 2.77, and 2.33 t/halyr. as
total C input in the soil. Furthermore, 1.77 (SQ)60 (SQ-11), 1.46 (SQ-III), and 1.30 (SQ-
IV) t ha' yr* of C were transferred from the foliage to theefittompartment.

2.3 PHYSICO-CHEMICAL CHARACTERSTICS AND FERTILITY | NDICES OF
SOIL

Primary production is generally influenced by thaikability of nutrients which in
turn depends on the amount of organic matter ptesenthe soil, and its rate of

decomposition and mineralization.

Paudel and Sah (2003) studied the physicochemiopkpties of soils of two different
types of forests (pur&horea robustaand mixedShorea robustain tropical sal $horea
robusta Gaertn.) forests in eastern Nepal. Soil samples weilected from both types of
forest and analyzed for texture, pH, organic matiamus content, water holding capacity,
nitrogen, phosphorous and potassium. In both tihe @gnd mixed forest, soil was sandy loam
(60.12 per cent and 50.58 per cent sand, 28.58qrgrand 35.24 per cent silt and 11.12 and
22.41 per cent clay, respectively). The pH value Veaver in pure forest (4.33) than in the
mixed forest (5.26), and so were phosphorus anémwetlding capacity. The higher values
of humus carbon, organic matter, nitrogen and gatas (7.34 per cent, 2.42 per cent, 0.117
per cent, 267.73 kg Harespectively) were found in pure forest. The Piglevels of soil
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nutrients in the pure forest were due partly taucdidn in the loss of top soil and partly to the
increased supply of nutrients in the form of ledét and biomass from the larger number of

sal trees and their saplings.

Hoqueet al. (2008) analyzed the seasonal variation of edafglaittires and available
nutrients in soils of Madhupur Sal Forest in Badgkh. The percentage of soil moisture
content was found to vary from one stand to anoihelifferent seasons. The overall mean
moisture content was 5.26 per cent to 7.78 per gerbp soil layer and subsoil layer
(January-February). Moisture content was 10.94cpet and 10.83 per cent, 23.82 per cent
and 22.11 per cent in March- April and 20.87 pemtc and 20.60 per cent in May-June,
respectively. In the months of November- Decembeit, moisture came down to 10.49 per
cent in top soil layer and 11.61 per cent in subsger. Seasonal variation of pH was
observed in different stands ranged from 4.60 28.6Seasonal fluctuation of the electrical
conductivity of soil was observed in different ssas Highest value (207.90 micromhos cm
1 May-June) and lowest value (34.65 micromhos‘cnSeptember-October), (40.04
micromhos/cm: November and December). An increasirgd of sodium accumulation was
found in both top and sub-soil layers at all thends. The concentration of potassium also
showed a decreasing tendency in both layers. Itaxasmmon phenomenon to all the stands
condition that the percentage of organic matteterttrwas higher in top soil layer than sub
soil layer. In the months of March-April (dry sea¥othe average mean value of organic
matter was 1.71 per cent in top soil and 1.36 pat an sub soil layer in March-April. In the
months of September-October (wet season), the geenaean value of organic matter
content was 1.94 per cent in top soil and 1.51cgeet in sub soil layer. As a whole, the
organic matter content was highest in wet seasdmaas lowest in dry season. The variation
of CEC in soils was found to range between 7.604t00 me/100 g. CEC was a bit higher in
top soil than sub soil layer. Bad soil aeration aratlequate moisture are chiefly responsible

for unsatisfactory regeneration and dying backabsedlings was reported.

Kunwar et al. (2008) analyzed soil characteristics $forea robustand Castanopsis
hystrix forests and slash and burn habitats of Arun Vdllegtern Nepal. Sandy loam soil texture
was common inCastanopsis hystriforests while loam-sandy loam was observedShorea
robustaforests. Concentration of Nitrogen (0.281 -0.438Was high in slash and burn site
whereas the value (0.112-0.127 %) was lowesharea robustdorest site. Soil was slightly
acidic (pH 5.78 £ 1.28) and fertile (OM 11.67 +Z)4n all the sites. The soil texture was sandy
loam (sand, silt and clay, 49-61 per cent, 27-B¢eyd and 6-19 per cent, respectively). Theeptage of
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sand and silt increases at higher altitude siteac€ntration of all chemical components of
soil decreased with increase in altitude excepthmg of Phosphorus, which showed the
significant reverse trend. Concentration of Nitnog®.281-0.438 %) was high in SB site
where as low in SR site (0.112-0.127 %). Similattg concentration of Phosphorus (97.62—
225.00) kg ha was high in SR site and low (61.51-70.36) kg raCH site. The CH site
was richer in bearing the concentration of Potasg852.80-471.75) kg Ha

Sheikh and Kumar (2010) compared the soils of taredt types i.e., oakQuercus
leucotrichophora A. Camiisand pine Rinus roxburghii Sargeptfor physico-chemical
properties. The collected soil samples from bothftrests were analysed for texture, water
holding capacity, pH, potassium, phosphorus andgen. The results showed that the higher
percent of moisture and water holding capacity wasak forest and lower in pine forest.
The forest types indicated that the soil of oale$brwas acidic and slightly acidic to pine
forest. The average SOC in oak forest was 2.1 @et followed by 1.63 per cent in pine.
The nitrogen for oak and pine forests was 0.15@#h@ per cent, respectively. The available
phosphorus in oak forest was higher (17.99 k¢ iaan in pine forest (16.88 kg fa The
exchangeable potassium was 188.92 K inaoak forest and 166.43 kg hin pine forest.
The total nutrients generated by soils, as an atesyservice in oak and pine forests were
calculated for market costs. The maximum contrdoutamong the nutrients was of

potassium followed by phosphorus and nitrogen i ltioe forests.

Joshi and Pant (2014) analyzed the physico-chenpiagberties of soils in Tarai
region of Kumaun Himalaya near Kashipur (Uttarald)an 2 sites viz: Site | (Jurkha Forest)
is mixed deciduous and plantation foresEofcalyptus hybrid L. Herit., Tectona grandis L.f.
and Site Il, (Gulzarpur Forest) is mixed decidutrgest of Acacia catechu W illd., Bombax
ceiba L., Butea monosperma (Lamk). Thub., Dalbesigso Roxb., Ficus racemosa L.,
Mallotus philippenensis Muell. Argspil texture varied from silty clay loam to sandaim.
The average moisture contents in soil in site | W49 per cent. In site Il, the average
moisture contents in soil were 16.09 per cent & Bi In site |, average water holding
capacity was 36.27 per cent and in site Il, it a5 3 per cent. The average value of soil pH
ranged from 6.97+0.45 in site | and site I, respety. Soil organic carbon under two sites:
in site |, the average amount of organic carbon &8 per cent. In site I, it was 0.48 per
cent. The average value of total nitrogen was @BQ#er cent, and 0.00475 per cent in site
Il. In site |, the average value of available petas was 89.36 kg Faand in site II, the

average value was 96.89 kg'haverage value of available phosphorus was 5.38&gn
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site | however, in site II; it was 4.88 kg haln site I, the average value of available

potassium was 89.36 kg hand the average value was 96.89 kg inesite L.

Mandal and Joshi (2014) studied the soil conditiam&l change in community
composition of these forests wiBhorea robustaas the main dominant species in the dry
deciduous forests (Asarori, Jhajra and Selaquisteyeof Doon Valley. The percentage of
sand ranged between 55.44 per cent and 69.87 pér ik between 10.12 per cent and
26.11 per cent ; and clay between 18.45 per cemt 28.01 per cent . Bulk density ranged
between 1.25 g cfand 1.43 g caf, and it was comparatively higher in Asarori foréuil
porosity ranged between 42.97 per cent and 44.22c@et, and the higher values were
observed in Jhajra and Selaqui forests. Soil m@stontent was also comparatively higher
in the Jhajra and Selaqui forests, and the ovexafie was between 12.03 per cent and 15.04
per cent in all sites. The pH of the soil was fouade acidic in all sites, ranging between
5.69 and 6.21. The carbon content ranged betwegh der cent and 1.87 per cent, the
nitrogen content ranged between 0.12 per cent Oal®l per cent, the available phosphorus
ranged between 22.98 ppm and 24.7 ppm, and theafiNranged between 12.85 and 14.92.

Bhattarai and Mandal (2016) studied the physicayibal properties of forest soil
and reported the variation in altitude, vegetattoner and microbial activities in Tarai Sal
Forest (TSF) and Hill Sal Forest (HSF), of eastdepal. Both forests had sandy loam type
of soil texture. Soil moisture was higher in TSFwhs maximum in the rainy season in both
forests. Water holding capacity was slightly higivei SF. Bulk density was higher in TSF
and it increased with soil depth in both forestse PH value was slightly higher in HSF than
TSF however, the value increased in lower soil ldeptboth forest stands. In the upper soil
layer (0-15 cm), soil organic carbon (SOC) was érgh HSF (2.09 per cent) than TSF (1.6
per cent). Similarly, total nitrogen (TN) was alsigher in HSF (0.173 per cent) than in TSF
(0.129 per cent ) while total phosphorus (TP) waseror less same in both forest stands.
Potassium (K) a soil extractable nutrient also skmwigher value in HSF (312.18) ¢*)
than TSF (238.4%g g"). The values of SOC, TN, TP and K decreased iretayepth (15-

30cm) in both forest stands.

Singhet al. (2019) estimated the physico-chemical propedfeSal Shorea robusta
forests in foothills of Garhwal Himalaya, Uttarakiga India. Different sites viz. Khalanga,
Vikasnagar, Raiwala, Byasi and Dugadda were s@ent@ehri Garhwal, Pauri Garhwal and
Dehradun districts of Uttarakhand. Soil physicocloamcharacteristics revealed that sites
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were highly supplemented by soil nutrients. Theximam soil organic matter (3.65per
cent), soil moisture (10.92 per cent) and availail®gen (139.23 kg hd were observed in
Khalanga site, whereas maximum available phosph¢tds.51 kg ha), pH (5.6) and
electrical conductivity (0.12 dS) were recorded in Vikasnagar site. The minimunaoig
matter (1.59 per cent ), soil moisture (7.45 pert gesoil organic carbon (0.92 per cent ),
available electrical conductivity (0.09 dSty available nitrogen (87.1 kg Hy available
phosphorus (101.31 kg Hawas found in Dugadda site whereas, minimum pi3)(%as
observed in Byasi site.

The Physico-chemical studies of soil in the SaleBbrof the Hazaribag district,
Jharkhand, India, were conducted by Kumetral. (2021). The soil pH was slightly acidic
which was found to be in the range of 6.05-6.40e Thoisture content, water-holding
capacity, organic carbon, organic matter, and tatabgen of soil samples were determined
to be between 7.20 per cent and 13.20 per ceriQ5&er cent and 77.70 per cent, 1.32 per
cent and 2.40 per cent, 2.65 per cent and 4.05%eetr , and 0.17 per cent and 0.34
correspondingly. P, Na, K in mg/L was found to behe range of 0.54 mg/L-0.92 mg/L, 2.5
mg/L-5.3 mg/L, 8.7 mg/L-15.14 mg/L and Ca in me@IPwas found to be 6.3 meq/100 g-
7.4 meq/100 g, respectively.

Kongkham et al. (2021) investigated soiphysico-chemicalproperties in four
different sites, viz., Shuduwala, Manduwala, Bhayahnd Tilwari of Shivalik foothills
Dehradun Forest Region of Uttarakhand. Soil bulksity ranged from 1.23 g/chio 1.50
g/cnt at various sites. Bhawala sites had the highedt Behsity recorded. Soil moisture
ranged from 9.71 per cent to 13.70 per cent at 6rit5and from 3.90 per cent to 17.56 per
cent at 16-30 cm. The pH of various sites rangenh f5.40 to 6.18. Soil organic carbon (%)
ranged from 0.75 to 2.06. The higher value of awdilable Nitrogen at various sites ranged
from 204.77 to 291.45. The values of Phosphorusrded in all the sites were between
14.55 to 34.92.

Poudel and Devkota (2021) evaluated the soil pbysiemical properties of
community-managedhorea robustgSal) forests in Tanahun district, Gandaki Proginc
Nepal.The soil of both forests was acidic in nature. Wean soil pH of the MCF forest was
5.22, while that of LCF was 5.02. The mean sdilogien (N) content in MCF forest was
0.19 per cent whereas; in LCF forest was 0.16cpat. The average organic carbon (OC)
content in the soil of the LCF forests was 2.89 parad to 3.46 in the MCF forest. The
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average available phosphorus and potassium indihe@fsLCF forest were 71.0 and 67.5,
respectively. Similarly, the average available phmsus and potassium in the soil of MCF

forest were 113.64 and 80.5, respectively.

Kumara and Kumar (2022) studied the physic-chentbalacterization of soil on the
growth of selected Sal forest in Hazaribag, Chakaderma, and Ranchi districts of
Jharkhand in India. Ten samples each were cotldoben Hazaribag, Chatra, Koderma, and
Ranchi Sal forests of Jharkhand for the study off gperties. The soil samples were
collected from eight different quadrates in orderdetermine soil quality index viz., soil
texture, MC, WHC, OC, OM, pH, N, P, Na, K, and Cae soil pH was found to be slightly
acidic having a range of 5.40-5.99. Moisture conteater-holding capacity, organic carbon,
organic matter and available nitrogen of soil sasplere found to be in the range of 3.70—
11.30 per cent , 35.27-57.59 per cent , 0.46-0e9tgnt , 1.36-3.54 per cent , 207-314 kg
ha', respectively. P, Na, K was found to be in thegeaof 2.96-7.19 kg ha 2.73-5.34,
154.56- 471.38 kg hteand Ca in mg K§ was found to be 1712- 3144, respectively.
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Chapter-3
MATERIALS AND METHODS

The present investigations entitlébhter compartmental variations in floristic
composition, biomass productivity and soil physica&hemical characteristics of Sal forest
in Himachal Pradesh” were conducted during the year 2019-2021. Fielg@stigation was
conducted in different compartments selected/amatounder Experimental Silvicultural
Green Felling in the Paonta Forest Range of thatadeorest Division in Himachal Pradesh.
Laboratory research was conducted at the DepartofeBiiviculture and Agroforestry, Dr.
Yashwant Singh Parmar University of Horticultureddforestry, Nauni, Solan (H.P.). This
chapter provides details of experimental sites,enls utilized and procedures employed
during the research period. The sampling desidat collecting techniques and analytic
methods used in these investigations are providddis chapter, which assisted in drawing
the following conclusions discussed as below:

3.1 SITE DESCRIPTION

After reviewing the literature from the Paonta BorBivision's working plan, seven
compartments were selected/approved under “ExpataheSilvicultural Green Felling”
under Sal working circle in the Paonta Forest Rampe detail of compartments under study

are given below:
Description of the compartments under study:

1. Rajban Cg: This compartment is situated above Chaudi culowato the North West
of Paonta road and South of Choudi Khali. It hasiadulating, slightly flat to hilly
terrain with a southern aspect. The soil texturdagey to clayey loam with adequate

drainage.

2. Rajban C;: This compartment is situated between Rajban Khadi Bhangwali
Khali to the south of the newly blazed block lifféne topography is relatively flat to

hilly with a southern aspect. The compartment tagey loam type of soil texture.

3. Rajban C,o. This compartment is situated in between Baggarl&laad Haaldu
Khala and to the south of the block line. It hageatle to moderate slope with a

southern aspect. The soil texture is clayey loath good drainage.



4, Kukron C 14 This compartment is situated in between compartrh8rand below the
sub-compartment cut line. It is a hilly area witlgentle main land slope near khalas

and a southern aspect. The solil texture is clayaylto sandy loam.

5. Kukron C 15 This compartment is situated along Jammu khalabahalv block line.
It is a hilly tract with a gentle main land slopean Khalas. The topography is
undulating, relatively flat to hilly with a southemspect. The soil texture is clayey

loam.

6. Gorakhpur C7: The slope is a flat plain with a southern asp€&he soil texture is
clayey loam.

7. Lai C,g: This compartment is situated south of Mehrar-Rajb@ad and west of

Khara Ka Khala and East of Satiwala Khala. It hastlg slope with Southern aspect.

The soil texture is loam to clayey loam.

Table 1 Details of compartments under sal workingircle of Paonta Forest Division,
Himachal Pradesh.

Forest Site

class Forest type | Compartments quality Silviculture system

Il Sal Conversion Working Circle,
PB | with Sal overlapping.
1] Sal Conversion Working Circle,
PB | with Sal overlapping.

. , 1] Sal Conversion Working Circle,
30/.02b(') : |RI8G | Rajban Go PB | with Sal overlapping.
Reserve Moist Sal Conversion Working Circle,
Forest (RF) Bhabhar Saly R23 G| Kukron G, . PB | with Sal overlapping.
Bhabhar-Dun Il Sal Conversion Working Circle
Sal Forest R23 G | Kukron Gs PB | wth Sal overlapping.
1] Sal Conversion Working Circle,
PB | with Sal overlapping.
1] Sal Conversion Working Circle,
PB | with Sal overlapping.

R18 G | Rajban G

R18 G | Rajban G

R19 G | Gorakhpur @

R25 G | LaiCyp

(Working Plan Paonta Forest Division, 2019-20)

The scientific forest management of Forests in Radnvision started in 1895 with
Chintamani Joshi/R. Bhattacharya Working P{@895-1915). This Working Plan did not
provide any silviculture system but only standaedithe extraction of tress and some control
regarding the felling. The period of Working Plaassor 20 years. In Vineet Working Plan
(1998-99 to 2012-13), the Sal Working Cirglenerally covered all the Sal forest of the area.
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The main criteria for allotment to this was the qumaption that Sal regeneration can be
obtained there. The poor sal forest which was telibin Chauhan’s Working Plan under
Protection cum Afforestation Working Circle wers@included in Sal Working Circle. The
density and quality of Sal crop varied from sitestte. This was due to biotic pressure on
each forest. The result indicated that Sal constit6é9 per cent by number and 84 per cent by
volume. Sain came next as 4 per cent and 8 per muectively. The site quality varied |l
and IIl according to compartments. The densityadifrom 0.3 to 0.9 with an average of 0.7
(Table 2).

Natural regeneration was also very poor due to padility of Seed. The Sal forest
were bifurcated into two Categories:
Type A: It included Sal Forest having predominant matus¢ sees. Coppice
regeneration was deficient. Such forest have bpeaialy mentioned as Type
A.

Type B: It included the area where regeneration is maintyn coppice. It was
supplemented by artificial planting. All the areast categorised type A were

presumed as Type B.

Table 2 Working Plan for the entire management peod of Paonta Forest Division

Sr. No. Working Plan Period

1 Chintamani Joshi / R. Bhattacharya Working Plan 5189915

2 The Period without working Plan 1916-1932

3 Sewal’'s Working plan 1933-34 to 1952-53
4 Sharma and Tikku’'s Working Plan 1953-54 to 1962-63
5 Period without working Plan 1963-68

6 Arya’s Working Plan 1968-69 to 1977-78
7 Period without working Plan 1978-82

8 Chauhan’s Working Plan 1982-83 to 1991-92
9 Period without working Plan 1992-98

10 Vineet Working Plan 1998-99 to 2012-13

However, green felling has been banned vide orofetfse Hon’ble Supreme Court of
India dated 12 December 1996 and February 2000 and reinitiatedxperimental basis in
the selected forest compartments vide the Hon’hipré&ne court order of 2018 through
which area of 76.01 ha. for the year 2018-2019 amed of 120.12 ha. for the year of 2019-
2020 has been earmarked for silvicultural felliigal. Therefore, seven compartments viz.,
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Rajban G, Rajban G Rajban Gy Gorakhpur G, Kukron G4, Kukron Gs and Lai Ggin Sal

Working Circle of Paonta Forest Division of HimatiRaadesh, India were selected for the
Working Plan, which is extended working plan foe tperiod 2018-19 to 2019-20. One
felling series have been formed with rotation pemad 120 years with regeneration period of

30 years under irregular shelterwood system keejpingew the rate of growth and market

favourable size, the exploitable diameter was fiaedd0 cm DBH has been proposed. The

detailed description of each compartment is takdlat Table 1 and 3.

Table 3

Circle of Paonta Forest Division, Himachal Pradesh.

Proposed felling sequence in different conaptments in Sal Working

Felling in PB |

Year of felling

Compartment No. in which Silvicuitl

Area of Forest

Type of felling

felling proposed (area in ha)
R-18 Rajban (Comptt. 6) 30.96 Seeding felling
R-18 Rajban (Comptt. 7)) 19.87 Seeding felling
R-18 Rajban (Comptt. 10) 30.18 Seeding felling
R23 Kukron (Comptt. 14) 45.00 Seeding felling
2018-19 Total area for Silvicultural Felling (126.01 ha)
R-25 Lai (Comptt. 28) 22.56 Seeding felling
R-23 Kukron (Comptt. 15) 70.12 Seeding felling
2019-20 Total area for Silvicultural Felling (92.68 ha)
Felling in PB IV
Year of feling | Compartment No. in which Silvicufal | Area of Forest Type of felling
felling proposed (area in ha)
2018-19 R-19 Gorakhpur(Comptt. 7) 50.00 Finalrigll
2019-20 R-19 Gorakhpur (Comptt. 7) 50.00 Finairigll
Total area for Silvicultural Felling (100 ha)
3.1 STUDY AREA

3.1.1 Location

The research was conducted in the Paonta Foregidivof the Sirmour district of
Himachal Pradesh. The area is located betwe@B@7" and 3041' 36" North latitude and
77° 7' 19" and 7749’ 48" East latitude at elevations ranging frad® 8 400 m above mean

sea level. In the north, the area is surroundethbyNahan and Renuka ji Forest Divisions.

Uttarakhand’s Dehradun and Chakrata Forest Divisioonfine the east. The south is

bounded by the Haryana district of Yamuna Nagarilemine west is surrounded by the

Haryana district of Ambala. Most of the tract isaipl The slope is generally gentle to

moderate. The valley is thickly populated and suigpone of the best Sal forests of the outer
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Himalayas. The three well defined ranges runningoat parallel form the most striking
geographical feature of the area, they are thew&lik hills “and the “Kamraoo-Bharli Dhar”
and the “Dharti dhar”.

3.1.2 Geology, Rock and Soil
It is divided broadly into two distinct formations:
a) Sub Himalayan formation
b) Himalayan formation.
b) Himalayan Formation
This consist of Shiwalik Hills
i) Shiwalik Hills:

The major part of division is Shiwalik formation dans the outer most part of

Himalayas adjoining the plains.

It is formed of alternating bed of hard clay, satehe, conglomerate and sand. These
alternating titled bands can be seen at many pliacesrtical section of the hills formed by
denudation and sliding landmasses. Soil is podnumus, shallow and inter bedded with
boulders. Naked vertical edged hillocks are the mom sight in this tract. Good quality sal
forests are found from Dhaula Kuan to Behral on Nuethern aspect towards Gorakhpur,

Rajban Malgi in Paonta Sahib.

3.1.3 Climatic parameters

The climate is mainly Sub tropical. All the seasa@ms well marked i.e., summer,
monsoon and winter season. The months of May & dvaextremely hot. Temperature rises
up to 48 C. Monsoon starts from last week of June and cassirup to mid September.
Sometime pre monsoon occurs in the month of MagJleo. Most of the rains received
during monsoon. Average rainfall varies from 127@ to 1900 mm. During winters, rain are
received in the last week of December. In the yaliee frost is of common occurrence but
damage is not high. The tender Seedlings in nurseed special attention during winter

season.
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3.1.4 Vegetation

The dominant species found in the compartments rusidiely wasShorea robusta
Other associated species weferminalia tomentosaMallotus philippenensis Cordia
dictomg Bauhinia variegata Syzygium cuminiiAcacia catechuCallicarpa macrophylla
Ficus palmateandCassia fistulaWhile, there is a heavy undergrowthArflisia solanacea
Lantana camara Murraya koenigii, Carissa carandas Clerodendron infortunatumand
Phyllodium longipesThe forest types found in the division are as/C&a Moist Shiwalik
Sal Forests, 3C/C2b(i) Moist Bhabar Sal-Bhabhar-Bah Forest, 5b/Cla Dry Shiwalik Sal
Forests and 5b/C2 Northern Dry Mixed Deciduous §tste

Experiment I: Assessment of inter compartmental variation imigtec composition
under Sal forest.

Treatments (7 compartments)

T1- Rajban G

T, - Rajban G
T3- Gorakhpur @
T4 - Rajban Gy
Ts - Kukron G4
Te- Kukron Gs
T7- Lai Gy

Sample plot size

Trees : 31.62m x 31.62m
Shrubs ; 5mx5m

Herbs : Imx1m
Regeneration 2mx2m
Replications 4

Design : One-way ANOVA

Experiment Il: Assessment of stand characteristics, biomasspaténsity and site quality

of different compartments of Sal forest.

Experiment Ill: Studies on natural regeneration status througtdssaead coppice shoots

under different compartments of Sal forest.
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Dun Sal Forest)

Bhabhar-

Plate 1: Shorearobusta Forest (3C/C2b (i): Moist Bhabhar Sal-



Experiment IV: Estimation of physico-chemical

compartments of Sal forest.

Treatments (7 compartments)

T.:- Rajban G

T, - Rajban G
T3- Gorakhpur @
T4 - Rajban G
Ts - Kukron G4
Te- Kukron Gs
T;- Lai G

Sample plot size:

Trees 31.62m x 31.62m
Shrubs 5mx5m
Herbs Imx1m
Soil Depths
L1 : 0to 20 cm
Lo : 21to 40 cm

Treatment combinations
Replications : 4

Design Two-way ANOVA
Soil analysis (Soil physical and chemical analysis)

* Humus depth (cm)

* Bulk density (g/cc)

* Organic carbon (%)

« EC

° pH

« Available nitrogen (kg hd

« Available phosphorous (kg Ha

« Available potassium (kg Ha

» Soil depth
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Fig. 1 Map of the study area
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3.2 EXPERIMENTAL METHODOLOGY

3.2.1 Vegetation analysis

Tree

Four tree sample plots of 0.1 ha (31.62 x 31.6} (fig. 2) were selected in each
experimental compartment of the forest division emdxperimental felling for analyzing
structural and functional parameters of tree veagetaDensity of trees was calculated by
counting trees in each sample plot. Basal areadi &ee in the sample plot was determined
by tree caliper and height was measured by SpRegklskop. Volume of standing trees was

calculated by Pressler’s formula (1865).

Shrubs

The shrub characteristics were studied by layirtgsab-plots of size 5m x 5m in each
sample plot (Fig. 2). Density of shrubs was cal@déy counting plants of different species
in each sub-plot. Stratified sampling of each shspecies was done by grouping them into
three categories by visual appearance viz., aglajgnedium and c) small; based on size and
number of stems in each of them. In each categamnbers of plants were counted. Basal

area of stem was determined by vernier calliper.
Herbs

Herbaceous vegetation in different compartmentevgtudied at its peak growth in
the month of September by harvesting quadratesizef 3m x 1m within each sample
plot(Fig. 2). The vegetation from each quadrate se&gegated species wise and identified.
The help of herbarium in the university, expertajrpals and research books was taken to
identify them. The numbers of tillers in each hepecies were counted to find out their
density. Collar diameter of bundle of tillers ofchaherb species was measured to determine
basal area of each species. Frequency of a speagedetermined by its presence in different

guadrates sampled.

7
atylg
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§

Nt
¢
B

O sSamplc Site Center

Fig. 2  Cluster sample plot design (2-stage safmm) for enumerating trees, shrubs
and herbs sampling.
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3.3.2 Density (N hd)
It measured the total number of individuals pdt area and calculated as:

Total number of individual
Total number of quadrates studied

Density (D) =

3.3.3 Basal area (cA)

It measures the cross-section area of the stemitasdobtained by the following

relationship with diameter/girth.

Where;
ld?

Basal Area =
4

D = Diameter at breast height (1.37m)

3.3.4 Frequency (%)

It measures the degree of occurrence of a specsampling units, thus it expresses
the distribution of various species in the commynit

Number of sampling units in which the species ogcur

Percent frequency (%)= Number of sampling units studied x 100

3.3.5 Relative density, relative basal area and ledive frequency

These parameters were obtained from per centdrexyl density and basal area by

using the following relationship:

Number of individuals of the species x 100
Total number of individuals of all species

Relative density (RD)=

Total basal area of individual species
. x 100
Total basal area of all species

Relative basal area (RBAFE

Number of occurrence of individual species % 100
Number of occurrence of all species

Relative frequency (RF) =

3.3.6 Importance value index (1VI)

IVI is the sum total of relative density, relatibasal area and relative frequency and

was calculated for all herbs, shrubs and tree spesgparately at each study sites.
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IVI = Relative basal area (RBA) + Relatdensity (RD) + Relative frequency (RF).
3.4  VEGETATION INDICES

Community diversity was assessed using non-par&magasures such as diversity
indices, and these measures have gradually gairestibidity (Magurran, 1988). Simpson
diversity index (Simpson, 1949), Simpson conceimmabf dominance (Simpson, 1949),
Margalef index of species richness (Margalef, 195B¢ Importance Value Index (IVI)
(Phillips, 1959), Shannon—Wiener diversity indexhdBnon and Weaver, 1963), Pielou
equitability (Pielou, 1966) and species richnesteinof Menheink (Whittaker, 1977), were
computed for each particular forest type with teloty mentioned formulae:

1. Shannon-Wiener Index of diversity'{H -Ypi In pi

2. Simpson’s concentration of dominance index (€H)pi?
3. Simpson’s diversity index (D)= 1-Cd

4. Margalef’s Index of richness (MI) =(S-1)/InN

H/

/
5. Pielou equitability (Ep)?j— ==

max

6. Menheink index of species richness (Me%z

3.5 BIOMASS ESTIMATION
3.5.1.1 Stem biomass (Mg h§
a) Diameter at breast height

The stem diameter over bark was measured (meamoofight angle measurements)
at 1.37 m above ground level with the help of tcadiper according to method given by
Chaturvedi and Khanna (1982).

b) Tree height

The height from base to tip of the trees was meakswvith the help of Spiegel
Relaskop and expressed in meters according to whejhen by Chaturvedi and Khanna
(1982).
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C) Form factor

The form factor was calculated using the formulaegi by Pressler (1865) and
Bitterlich (1984).

__2h
f ST
Where;
ff - Form factor
h; - Height at which diameter is half of dbh, measufeg Speigel
Relaskop.
h - Total height of the tree measured by Speigel $kela

d) Volume of standing trees

Volume of standing trees was calculated by Presslermula (1865) and expressed
in cubic meters.

V = ffxhxg
Where;

Vv - Volume

Ff - Form factor

h - Total height

g - Basal area

e) Specific gravity

Specific gravity was determined from the availalilerature (Appendix-I). Where,
the specific gravity values were not availablenose case the stem cores were taken to find
out specific gravity which was used further to deii@e the biomass of the stem using
maximum moisture method (Smith, 1954). The woodhe form of disc (5-8 cm) was
removed from two places (base and breast heighthéodetermination of specific gravity of
wood. The weight of samples was taken at maximurnston@ content. Then these samples
were kept in oven at 102%C until a constant weight was obtained, dried sasplere
weighed and specific gravity of these samples weterthined separately by applying the

following formula:

& :[ (M- Mo) . 1 ]
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Where;

Gt - Specific gravity of wood

Mn - Constant weight of sample having maximum moestiontent
Mo - Oven dried constant weight of sample

GS - Average density of wood, a constant havingiealf 1.53

The final value was determined by taking out therage of these samples (base and
breast height).The final value was determined liyntaout the average of these samples
(Lower and upper).

Thus, the weight of wood (biomass) was estimateadguthe formula i.e. mass per unit
volume

Stem Biomass = Average specific gravity of stem aveo/olume.
3.5.1.2 Above ground tree biomass (Mg fa

The total tree biomass was calculated by multiglythe stem biomass with the
biomass expansion factor of the species (Appenyix |
3.5.1.3 Below ground tree biomass (Mg 3

Below ground biomass of trees was calculated bggutie equation developed by
Cairnset al.(1997).

BGB t ha' = exp {-1.059 + 0.884 xIn (AGB) + 0.284}

3.5.1.4 Total biomass (Mg ha)

Tree biomass was calculated by adding above groeediomass and below ground
biomass.
3.5.1.5 Carbon Estimation

Carbon = Biomass x 0.5 (IPCC defauluga
3.5.1.6 Carbon density (Mg ha)

Carbon density = Carbon in Mg per hectare.
3.5.1.7 Ecosystem carbon density [soil+plant (Mg ha?)]

Total carbon was calculated by adding carbon dgasitl plant carbon.
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3.5.1.8 Carbon stock
Carbon density was multiplied by area of the cortmpant.
3.5.2 Shrub biomass

Each shrub samples were collectedttatysng the phyto-sociology and were brought
to laboratory. They were segregated into leavemdires and stem portion, washed and oven
dried at 76C for 72 hours until the constant dry weight wasaoied. Each sample was
weighed to determine aboveground biomass (stemahchr + leaves) of each species.
Belowground biomass estimations were done by extigacoots of sample plants (shrubs).
These were washed thoroughly and weighed to daterrtheir fresh weight. The root
samples for each species were brought to laborgb@acgked in paper bags and dried at 70 £
5°C for 72 hours to determine their dry weight. Tobabmass of a shrub species was

calculated by adding its aboveground and belowgta@imub biomass.

3.5.3 Herbaceous biomass

The different species in each quadrate were pack@dper bags separately. Whole
plants were uprooted with their root systems. botatory, these plants were segregated into
shoot and root portion. The shoot portion was padkepaper bag and oven dried. The roots
of different species were then washed in runningewasing fine mesh, packed in paper
bags, oven dried at 70 for 72 hours until constant dry weight is attairend weighed to
determine their dry weight. Total biomass was daled by adding above ground and below

ground herb biomass of each species.

3.6 REGENERATION STUDIES

Within each demarcated sample plot of 31.62x31.62hm regeneration survey was
carried out in a plot of size 2x2 m by recording ttumber of seedlings (<0.5 m) and sapling
(0.5-2 m) of tree species. The main object of regation survey is to assess whether or not
there is adequate regeneration in the forest dteaadequacy of regeneration was judged on
the basis of number of established plants in a awrga. According to Chacko (1965), the
desired numbers of established plants are 2500 Nahd the quadrate is considered fully
stocked when it contained one established plant.aFdetailed assessment of the status of
regeneration following observations were made &mhequadrate.
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Recruits, un-established, established and per cerggeneration
1. The total number of recruits (r): which maydadined as current year seedlings.

2. The number of un-established regeneration @8dling other than recruits which has
not established by not reaching established hexfjlt m and four un-established
plants were considered equivalent to one estaloliplant.

3. The number of established regeneratiprsgzdlings above 2 m height.

The recruits, un-established and established regtme were computed using

formulae given by Chacko (1965) as:

2500 x Total number of individuals

Recruits (r)/ha

Total number of quadrates studied

2500 x total number of un-established plants in
sampling units
Total number of recording units

Un-established _
regeneration (u)/ha”

2500 x total number of un-established plamts i
sampling units
Total number of recording units

Established _
regeneration (e)/ha

iah Total ht. of un-established regeneration + (Namb
Weighted average_ of established plants x establishmeilit)

height (cm) Total number of recording units

Based on above estimates, following indices weralculated:

- Weighted average height
Established Index{) =

Establishment height

1 9 Weighted average height N Established

Stocking Index @) - = —5545 Establishment height regeneration

Regeneration success (%) = Stocking Indgixx(1100

Established stocking per cent = 100Xl,)
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3.7 PHYSICO-CHEMICAL ANALYSIS

The composite soil samples were collected fromedffit layers viz., 0-20 cm and 20-
40 cm for studying the soil physical analysis ae@tt-wise distribution of nutrient elements
from each site. The composite soil samples wemddground with mortar and pestles and
sieved with 2 mm mesh sieve before analysis. Betail methodologies employed for

estimating different soil physico-chemical parametge given in Table 4 as below:

Table 4 Methods applied for soil physico-chemicalraalysis

Particular Method employed

Soil pH 1:2.5 soil: water suspension, with the heligital pH
meter (Jackson, 1973).

EC 1:2.5 soil: water suspension, with the help dital
conductivity bridge (Jackson, 1973).

Bulk density (g criv) Soil core sampler

Organic carbon (%) Walkely and Black method (1934)

Soil carbon density (t Fa [Soil bulk density (g cm-3) x Soil depth (cm) xa®on] x
100 (Nelson and Sommers, 1996).

Labile soil carbon (%) Difference in oxidizable argc C extracted between 18
N and 12 N HSO, (18 N-12 N HSQ,)

Non labile soil carbon (%) Difference in organice&tracted with 24 N 60O, and
TOC determined by CHN analyzer (TOC-24 bS@ay).

Available nitrogen (kg h3 Alkaline potassium permanganate method of Subbiah
and Asija (1956).

Available phosphorus (kg H | Olsen method (Olseet al. 1954).

Available potassium (kg fd | Merwin and Peech method (Merwin and Peech, 1951)).

Zinc (ppm)

Copper (ppm)

Iron (ppm) DTPA method

Sulphur (cmol/kg)

Boron (cmol/kg)

3.8 STATISTICAL ANALYSIS

Descriptive statistics, scattered plots and histogr were made directly from a
spreadsheet in window excel 2007. Analysis of vegaand correlation coefficients were
assessed by using Statistical Package for Sodeh&s (SPSS) version 16.0 software PAST
and R programming language version 4.2.0 softwatee.least significant difference at 5 per

cent level (<0.05) was used for testing the sigaiit differences among treatments.
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Analytical Framework
3.8.1 Criteria for the selection of appropriatefunction
A function is supposed to be an appropriate onthef sign and magnitude of the

estimated parameters are consistent with the theory

Adjusted R (Guijrati, 1998) calculated as under

R2=1— ((1—R2) (n—1) )

n—-k-1
Where;
R = Sample R-square
n = Number of observations
k = Number of parameter

Adjusted R is an appropriate tool to decide the selectionfusfdamental form.

Usually, the function with higher adjusted B selected for the purpose.

A function with more significant explanatory variab is considered a better function

compared to other functions.

3.8.2 Regression analysis

Based on the adjusted falues different regression equatiosis linear, logarithmic,
exponential, growth, quadratic and power were frteveloped for stem volume, total
biomass and carbon (dependent variable) with DBékE height and density (independent

variable).

3.8.3 Principal Component Analysis

It is a multivariate statistical technique to reduthe data with large number of
correlated variables in to a substantially smadkrof new variables. A principal component
analysis is concerned with explaining the variara®Aariance structure of a set of variables
through a few linear combinations of these varigblis general objectives are:

1. Data reduction
2. Interpretation
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It does not require the assumption of multivarrademality. It deals with the internal
structure of the variables involved. Its aim isstxrifice some information contained in the
original variables in order to keep as few variabds possible, but the lost information is

kept as minimum as possible.

The aim of principal component analysis is to asoe new variables, called principal
components, which carry most of the informationspreé in original variables. Principal
components are generally estimated from either dbeelation matrix (R) or sample
variance-covariance matrix (S). When the varialales measured in different units, scale
effect can influence the composition of the derieethponents. In order to overcome such
situation it is desirable to standardize the vaeialdlso correlation matrix should be used.
The first few principal components usually accofantmost of the variation of the original
variables and the variation described by follomprgncipal components is relatively little, it
is often useful to retain only those first few migal component and drop all subsequent
components from the analysis. It is so becausesdni@ble they express is largely random
and is of no use in the analysis. Several thumésrbave been proposed for the number of
principal components of the correlation matrix witigen roots less than one. The principal

component's with the variance less than one cantass information.

Various steps involved in worked out of princigaimponents can be summarized as

below:

I. First of all Keyse-meyer-olkin measure for sampledequacy is computed. If the
value of KMO comes out to be more than 0.5 onlynthve should go for principal
component analysis.

il. After that find the eigen value of variance-cogade matrix of correlation matrix.

iii. Arrange eigen values in decreasing order. Let tlvagees in decreasing order bg

Aoye v v . Ap, and corresponding variability be;,Wo.... V,, Where 4 is variability
for Ap.
iv. Starting from first principal component, go on eudthe variance or first few

principal components whose value is more than ufibe variability described by
them is of greater use. Discard the remaining gralcomponents.
V. From the eigen vectors of chosen principal comptmeariables which load the

respective principal components are found.

39



The output desired for interpretation and groughguld include:

I. Eigen value and percentage of total variation erpliby each principal component.
il. The eigen vector for each principal component.

iii. The principal component scores

Iv. The correlation between original Standardized wéeiaand the corresponding

principal component scores (occasionally callediilog)
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Chapter-4

RESULTS AND DISCUSSION

The results emerging out of the present investigatentitled‘Inter compartmental
variations in floristic composition, biomass produtivity and soil physico-chemical
characteristics of Sal forest in Himachal Pradeshiwere carried out in seven compartments
of Sal Working Circle in Paonta Forest Divisionkiimachal Pradesh. These compartments
were assessed for their variation in floristic casipon, population dynamics, carbon
storage potential and natural regeneration stétlishese compartments are the parts of the
felling series in which felling were done in theaye of 2018-2020. The floristic composition,
carbon storage, soil nutrient and regeneratiotustassessed in years of 2018-2020 have
been described in this chapter under the followragor heads and sub heads:

4.1 Floristic composition

4.2 Phyto-sociological studies

4.3 Diversity indices

4.4 Species-wise distribution

4.5  Stand structure

4.6  Biomass and carbon stock

4.7 Regeneration status

4.8 Soil physico-chemical properties
4.9 Regression equations

4.10 Correlation studies

4.11 Principal component analysis

Experiment 1: Assessment of intercompartmental vadtion in foristic composition
under Sal forest.
4.1 FLORISTIC COMPOSITION

4.1.1 Diversity of trees, shrubs and herbs

The flora of different compartments in Sal Worki@gcle of Paonta Forest Division
constituted a total of 33 genera, 34 species belgrtg 26 families (Table 5). In Rajbar,®
species of trees, 10 shrubs and 10 herbs repnegefitgenera of trees, 10 shrubs and 10



herbs and 6 families of trees, 9 shrubs and 6 heeos recorded. Similarly, 6 tree species, 10
shrub species and 10 herb species identified ibdRaf; belonged to 6 tree families, 9 shrub
families and 6 herb families, as well as, 6 tresega, 10 shrub genera and 10 herb genera. In
Kukron G4, there were 6 tree species from 6 families aneéréern, 9 shrub species from 9
genera and 8 families and 9 herb species from ®rgeand 4 families. 7 tree species
represented 7 genera and 17 families, 11 shrubespespresented 10 genera and 9 families,
whereas, 8 herb species belonged to 8 genera tamdilles were identified in Rajban;& In
addition, 7 species of trees belonged to 7 famidies 7 genera. 11 species of shrubs
belonging to 10 genera and 9 families and 8 spexfidwerbs representing 8 genera and 4
families were recorded in Kukrom& In Gorakhpur & 6 species were reported, representing
6 genera and 6 families, 10 species of shrubs Bdamilies and 9 genera and 8 species of
herbs from 8 families and 4 genera. Lak @cluded 9 tree species from 8 families and 9
genera, 8 shrub species from 8 genera and sevalietaand 9 herb species from 9 genera

and 6 families, respectively.

Table 5 Floral distribution of vegetation under different compartments in Sal
Working Circle of Paonta Forest Division, HimachalPradesh
Vegetation form
Trees Shrubs Herbs Total
wn 0] M wn o) T n 0 T v a T
Q Q Q
8|S |5 |2 |8 |5 |&8 |8 |2 |§ |§ |&
o Z < o & < o & < o 5 | =
Compartments =~
Rajban Cs 6 6 6 10 10 9 10 10 6 26 26 21
Rajban C; 6 6 6 10 10 9 10 10 6 26 26 21
Rajban Cys 6 6 6 9 9 8 9 9 4 24 24 18
Kukron C 1c 7 7 7 11 10 9 8 8 5 26 25 21
7 7 7 11 11 10 8 8 4 26 26 21
Kukron C 15
Gorakhpur C 6 6 6 10 9 8 8 8 4 24 23 18
Lai Coe 9 9 8 9 8 7 9 9 6 27 26 21

Among different compartments under the presentystodly a slight variation can be
noticed in respect of number of species, genrafamidly of trees, shrubs and herbs. The
number of tree species were maximum under the campat Lai Gs. However, in shrub
layer the representation of species, genra andliésmiin general lower than other

compartments under intvestigation.
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Table 6 Presence/absence of tree, shrub and herbpesies among different
compartments in Sal Working Circle of Paonta Foret Division, Himachal
Pradesh
Trees
© ~ w S — ﬁ'.
S & 0 O 2 o
c c o
ST Scientific name Family @ ] o S g < %) s g
No. 2| 2 3 E =) < £ =
- [l o
x| @ < x | O <
1 | Shorea robusta Depterocarpaceae + + + + + + + 7
2 | Syzygium cuminii Myrtaceae + + + + + + + 7
3 | Cordia dichotoma Boraginaceae + + + + + + + 7
4 | Mallotus philippinensis Euphorbiaceae | + + + + + + + 7
5 | Cassia fistula Caesalpiniaceae| + + - - - + + 4
6 | Bauhinia variegata Caesalpiniaceae| - - + - - - - 1
7 | Acacia catechu Mimosaceae - - + - - - - 1
8 | Terminalia tomentosa Combretaceae | + + + + + + + 7
9 | Eucalyptus globulus Myrtaceae - - + - - - - 1
10 | Callicarpa macrophylla Verbenaceae - - - + + - - 2
11 | Ficus palmata Moraceae - - + + + - - 3
Total 6 6 9 7 7 6 6
Shrubs
) o S ) &) 3 %) _
c c ~
Scientific name Family S| 8 % 5 g % %) s g
Sr = e — = ‘T o) =
. < o O <
No.
1 | Adhatoda vasica Acanthaceae | + + + + + + + 7
2 | Ardisia solanacea Myrsinoideae | + + + + + + + 7
3 | Asparagus racemosus Liliaceae + + + + + + + 6
4 | Baliospermum montanum | Euphorbiaceael + + - + + - + 5
5 | Carissa carandas Apocynaceae | + + + + + + + 7
6 | Clerodendron infortunatum| Verbenaceae | + + + + + + + 7
7 | Lantana camara Verbenaceae | + + + + + + + 7
8 | Lonicera japonica Caprifoliaceae | + + - - - - - 2
9 | Murraya koenigii Rutaceae + + + + + + + 7
10 | Phyllodium longipes Fabaceae - - - + - - - 1
11 | Rubus ellipticus Rosaceae - - - + + + - 3
12 | Solanum indicum Solanaceae | + + + - + + + 6
13 | Solanum virum Solanaceae - - + + + + - 4
Total 10 10 9 11 11 10 9
Herbs
c c & c c < " c
S .| < 0 T o =<0 5 <
Scientific name Family 28| 26 © £5 25 gz £5 g
Sr. & & 3 2 o 63 | 2 =
No.
1 | Achranthus bidentata Amaranthaceag ~ + + + + + + ~
2 | Ageratum conyzoides Asteraceae + + + + + + + ~
3 | Apluda mutica Poaceae + + + + + : + ©
4 | Bidens bipinnata Asteraceae + + + + + + + ™~
5 | Cynodon dactylon Poaceae + + : + + + + ©
6 | Cyperus rotundus Cyperaceae | * + + : : : : ™
7 | Dicliptera paniculata Acanthaceae | + + : + + + ©
8 | Digitaria sanguinalis Poaceae + + + + : + + ©
9 | Parthenuim hysterophorug Asteraceae + + + + + + + ~
10 | Pogostemon benghalensis Lamiaceae * + * * * * + ~
Total 10 10 9 8 8 8 9
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In nutshell, the total inter-compartmental variatia representation of trees shrubs
and herbs was less. This can be owed to the fadt diferent compartments under
investigations are located within the same forasge and thus limited micro-environment
variation. Mishraet al (1997) opined that species composition variesfsite to site mostly
due to micro environmental changes and patternigifiloution, depends both on physico-
chemical nature of environment and biological peeities of the organisms themselves. The
floristic composition of the trees, shrubs and Beirb the present study is lower than that
reported by Divakara (2015) in sal forests of Jimamki and Dutta and Devi (2013) in the
Doboka reserve forest of Assam's tropical wet demid sal forest. It is evident from the
Table 6 that most common tree associate of sdl theacompartments of Paonta Sahib forest
range wereSyzygium cuminiiCordia dichotomaand Mallotus philippinensisTerminalia
tomentosawhile, Bauhinia variegataandAcacia catechuvere present only in LaiJ In the
understorey layer, the most common species of shallich showed their presence in all the
compartments aréd.vasica A. solanacepA. racemosug£arissa carandasC. infortunatum
M. koenigii and L. camaraand Rubus ellipticusshown its presence in compartments of
Kukron G, Rajban Gy Gorakhpur G, only. While,P. longipeswvas present in Kukroni&

In the herbs layer, the of species Ad¢hranthus bidentataAgeratum conyzoide8idens
bipinnata Cyperus rotundysParthenuim hysterophoruendPogostemon benghalensiere
present in all the compartments being investigaWwtile, Cyperus rotundushowed its
presence in only in RajbansRajban G and Lai Gg. Thus based on floristic composition of
the trees, shrubs and herbs we can infer that ofdbie species are common among all the

compartments of the present investigation.

4.2 Phyto-sociological studies

Phyto-sociological parameters of trees, shrubs hexbs pertaining to different
compartments are presented in Tabl&forea robustavas the dominant species in Rajban
Cs, with the highest relative density (47.57 %) amd (152.50), followed byTerminalia
tomentosg11.65 %, 37.64)Cordia dictoma(12.62 %, 35.75)Mallotus philippensig13.59
%, 30.55) andByzygium cumini{12.62 %, 33.55), respectivelyCassia fistulaon the other
hand, exhibited the lowest relative density (3.88 félative basal area (0.60 %) and IVI
values (15.01)Shorea robustalso had the highest relative basal area contoib(83.87 %)
followed byTerminalia tomentosél0.20 %).

The most dominant shrub species in Rajbgns@rdisia solanaceawhich had the

highest relative density (47.38 %), relative freqeie(14.29 %), relative basal area (24.94 %)
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and IVI (86.61) followed byCarissa carandaswith relative density (8.52 %), relative
frequency (11.43 %), relative basal area (21.57a%g VI (86.61) andantana camara
[relative density (6.55 %), relative frequency {1D%), relative basal area (18.39 %) and IVI
(86.6 (35.66)]. In contrasBaliospermum montanuhmad the lowest relative density (3.71 %),
relative frequency (7.86 %), relative basal areab7q0%) and IVI (12.14) followed
by Asparagus racemosugith relative density (3.93 %), relative frequer(8y57 %), relative
basal area (0.31 %) and 1VI (12.82).

Table 7 Phyto-sociological status of Rajban g compartment of Sal Working
Circle of Paonta Forest Division, Himachal Pradesh
Component| Sr. No. Scientific Name RD RF RBA VI
1 Syzyguim cuminii 10.68 15.79 2.08 28.55
2 Cordia dichotoma 12.62 21.01 2.07 35.75
® 3 Mallotus philippenensis 13.59 15.79 1.17 30.55
o 4 Cassia fistula 3.88 10.53 0.60 15.01
= 5 Terminalia tomentosa 11.65 15.79 10.20 37.64
6 Shorea robusta 47.57 21.05 83.87 152.50
Total 100 100 100 300
1 Adhatoda vasica 8.08 11.43 11.93 31.44
2 Asparagus racemosus 3.93 8.57 0.31 12.82
3 Ardisia solanacea 47.38 14.29 24.94 86.61
4 Baliospermum montanum  3.71 7.86 0.57 12.14
@ 5 Carissa carandas 8.52 11.43 21.57 41.52
g 6 Lantana camara 6.55 10.71 18.39 35.66
n 7 Murraya koenigii 7.42 10.56 6.84 24.26
8 Solanum indicum 3.93 7.14 3.39 14.46
9 Lonicera japonica 4.59 8.57 3.24 16.39
10 Clerodendron infortunatum 5.9 10.45 8.88 24.77
Total 100 100 100 300
1 Dicliptera paniculata 12.96 9.57 21.75 44.28
2 Digitaria sanguinalis 11.12 10.43 10.38 31.81
3 Achranthus bidentata 9.35 10.78 5.49 25.63
4 Bidens bipinnata 7.86 10.09 3.96 21.93
@ 5 Ageratum conyzoides 8.04 10.43 6.34 24.82
o 6 Apluda mutica 14.31 12.17 28.66 55.14
T 7 Cyperus rotundus 6.56 7.48 3.87 17.91
8 Cynodon dactylon 10.94 8.87 4.73 24.54
9 Parthenuim hysterophorus 10.56 9.19 9.98 29.73
10 Pogostemon benghalensis  8.37 10.26 5.71 24.34
Total 100 100 100 300

RD = Relative density, RF= Relative frequency, RBRetfative basal area, IVI = Importance value index
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In case of herb species inside of Rajban tBe compartment was dominated Agluda
muticawith maximum value of relative density (14.33 ¥@lative frequency (12.17 %), relative
basal area (28.66 %) and VI (55.14), which waselp followed byDicliptera paniculatawith
IVI value of 44.28. The minimum value of relativersity (6.56 %), relative frequency (7.48 %),
relative basal area (3.87 %) and VI (17.91) wasorged forCyperus rotundugollowed by
Bidens bipinnatdrelative density (7.88 %), relative frequency . %), relative basal area (3.96
%) and IVI (20.61)]

Phyto-sociological parameters of trees, shrubs lertds are shown in Table 8. It
demonstrate that Rajban; @as dominated b$s. robustawith maximum value for relative
density (41.00 %), relative basal area (75.86 %) BA value (137.91) followed byC.
dichotoma(18 %, 4.24 % and 43.29). However, the maximunuedbr relative frequency
was recorded fo€. dichotoma21.05 %). The other most frequently occurringcsge were
S. cuminii, M. philippinensiand T. tomentosaC. fistulg on the other hand, exhibited the
lowest relative density (4.00 %), relative basakaf0.70 %) and VI (15.23).

The under-storey vegetation of Rajbapvias dominated bj. solanaceawhich had
the highest relative density (53.20 %), relativagfrency (14.49 %), relative basal area (25.23
%), and IVI (92.92) followed by. camara having a relative density of 7.14%, relative
frequency (11.59 %), relative basal area (23.6@&#4) VI (42.40),C.carandaswith relative
density (6.91 %), relative frequency (10.87 %)atieke basal area (19.60 %) and IVI (37.37).
While, the least dominating species w&sanum indicunwith relative density of 1.97 per
cent, relative frequency of 5.80 per cent and ineddtasal area of 1.32 per cent and IVI value
of 9.09.

In herb layer, the compartment of Rajbanvias dominated bipigitaria sanguinalis
with maximum value for relative density (14.64 %glative frequency (10.73 %), relative
basal area (36.5 %) and IVI value of 61.95 followsdA. muticawith maximum relative
density of 13.56 %, relative frequency of 9.12 pent, relative basal area of 18.31 per cent
and VI value of 40.99. Whereas, the minimum vdimerelative frequency (7.69 %), and
relative basal area (2.37 %) and VI (16.95) waoreed forCyperus rotundusFurther,

Pogostemon benghalensiad lowestelative density of 6.57 per cent.
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Table 8 Phyto-sociological studies of Rajban ££compartment in Sal Working
Circle of Paonta Forest Division, Himachal Pradesh
o RD RF RBA VI
Component | Sr. No. Scientific Name

1 Syzygium cuminii 10.00 15.79 1.82 27.61

2 Cordia dichotoma 18.00 21.05 4.24 43.2¢

@ 3 Mallotus philippinensis 14.00 15.79 4.07 33.86
o 4 Cassia fistula 4.00 10.53 0.70 15.23
= 5 Terminalia tomentosa 13.00 15.79 13.30 42.09
6 Shorea robusta 41.00 21.05 75.86| 137.9

Total 100 100 100 300

1 Adhatoda vasica 6.16 11.59 10.80 28.55

2 Asparagus racemosus 3.94 8.70 0.47 13.11

3 Ardisia solanacea 53.20 14.49 25.23 92.9’

4 Baliospermum montanum 3.20 8.70 0.51 12.39

2 5 Carissa carandas 6.91 10.87 19.6 37.37
g 6 Lantana camara 7.14 11.59 23.66 42 .4
%) 7 Murraya koenigii 5.42 8.70 2.96 23.90
8 Solanum indicum 1.97 5.80 1.32 9.09

9 Lonicera japonica 6.16 9.42 9.06 24.64

10 Clerodendron infortunatum 5.91 10.14 6.41 22.46

Total 100 100 100 300

1 Dicliptera paniculata 11.63 8.59 14.48 34.64
2 Digitaria sanguinalis 14.64 12.16 36.58 61.95

3 Achranthus bidentata 10.98 12.16 5.29 24.86

4 Bidens bipinnata 7.75 8.59 3.78 20.83

@ 5 Ageratum conyzoides 7.75 10.73 4.34 22.87
o 6 Apluda mutica 13.56 9.12 18.31 40.99
L 7 Cyperus rotundus 6.89 7.69 2.37 16.95
8 Cynodon dactylon 11.41 10.55 6.02 27.99

9 Parthenuim hysterophorus 8.83 11.09 4.15 23.97

10 Pogostemon benghalensis 6.57 10.02 4.83 21.41

Total 100 100 100 300

)

The phyto-sociological parameters of trees, shamasherbs in Kukron & presented

in Table 9 reveals the. robustawas dominant species with a highest value fortixela
density (45.54 %), relative frequency (22.22 %latree basal area (83.59 %) and IVI value
of 153.35 followed byT. tomentosg12.30 %, 16.67 %, 9.75 % and 38.72). Howe&er,

cuminii, C. dichotoma, M. philippinensesdT. tomentosdnad the identical value for relative

frequency (16.67 %). Furthet, fistulahad the minimum value for relative density (7.38 %

relative frequency (11.11 %), relative basal af284 %) and IVI (19.32)espectively.

A. solanaceawvas the most dominating shrub species of Kukipwdth maximum

value of relative density (53.79 %), relative freqay (15.04 %), relative basal area (30.08

%) and IVI (99.63) followed by.. camaralrelative density (7.22 %), relative frequency
(10.53 %), relative basal area (32.74 %) and INMJ.4B)] andC. infortunatumirelative

47



density (5.05 %), relative frequency (12.03 %).atiee basal area (10.08 %) and IVI
(27.17)], respectively. The lowest value for relatidensity (6.86 %), relative basal area
(30.08 %) and IVI (99.63) was recorded fBaliospermum montanunturthermore,C.

carandashad lowestelative frequency of 3.97 per cent.

Table 9 Phyto-sociological status of Kukron ¢ compartmentin Sal Working Circle of
Paonta Forest Division, Himachal Pradesh

component | Sr. No. Scientific Name RD RF RBA VI
1 Syzyguim cumini 9.02 16.67 1.22 26.90
2 Cordia dichotoma 10.66 16.67 1.50 28.83
@ 3 Mallotus philippenensis 13.11 16.67 3.11 32.89
o 4 Cassia flstula 7.38 11.11 0.84 19.32
= 5 Terminalia tomentosa 12.30 16.67 9.75 38.72
6 Shorea robusta 47.54 22.22 83.59 153.3b
Total 100 100 100 300
1 Adhatoda vasica 6.86 9.77 7.26 23.9
2 Asparagus racemosus 5.78 11.28 0.45 17.51
3 Ardisia solanacea 53.79 15.04 30.8 99.63
" 4 Baliospermum montanum|  6.86 9.02 0.44 16.32
< 5 Carissa carandas 3.97 11.28 5.27 20.52
(’/E) 6 Lantana camara 7.22 10.53 32.74 50.48
7 Murraya koenigii 4.69 12.03 8.78 25.50
8 Solanum indicum 5.78 9.02 4.18 18.97
9 Clerodendron infortunatum 5.05 12.03 10.08 27.17
Total 100 100 100 300
1 Dicliptera paniculata 15.60 9.39 27.34 52.34
2 Digitaria sanguinalis 15.60 11.69 8.22 35.52
3 Achranthus bidentata 9.60 13.36 2.54 25.50
" 4 Bidens bipinnata 8.93 13.57 9.79 32.28
el 5 Ageratum conyzoides 9.68 11.48 9.84 31.01
£ 6 Apluda mutica 18.30 12.32 28.05 58.68
7 Cynodon dactylon 4.65 5.43 0.33 10.41
8 Parthenuim hysterophorus 9.15 11.69 8.51 29.36
9 Pogostemon benghalensig  8.48 11.06 5.38 24.92
Total 100 100 100 300

In case of herb species, Kukron,@as dominated byA. muticawith maximum
relative density of 18.30 per cent, relative basah of 28.05 per cent and VI value of 58.68
which was closely followed byicliptera paniculatawith relative density of 15.60 %,
relative frequency of 9.39 per cent, relative baseala of 27.34 per cent and IVI value of
52.34. Maximum relative frequency of 13.57 per ogas reported ilBidens bipinnataThe
minimum value of relative density (4.65 %), relativasal area (0.33 %) and 1VI (10.41) was
reported foiICynodon dactylon.

The phyto-sociological parameters of trees, shrabd herbs are shown in Table 10.

It reveals thatS. robustawas the most dominant tree species in Rajban a0 having
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maximum value for relative density (54.17 %), rekatbasal area (81.37 %) and IVI value of
156.59, followed byM. philippenensig10.00 %, 6.46 and 32.25) amdtomentos49.17 %,
5.62 % and 30.58), respectively. Howev&rcuminii, C. dichotoma, M. philippinensisdT.
tomentosaexhibited the identical value of relative frequgrit5.79 %), except foCalicarpa
japonicg which had shown minimum relative frequency vahfes.26 per centFicus
palmatg on the other hand, presented the lowest reldivesity (5.00 %), relative frequency
(10.53 %), relative basal area (1.46 %) and IVueal(16.99).

Table 10 Phyto-sociological status of Rajban fgcompartment in Sal Working Circle
of Paonta Forest Division, Himachal Pradesh

Component| Sr. No. Scientific Name RD RF RBA VI
1 Syzygium cuminii 10.00 16.67 1.12 26.91
2 Shorea robusta 54.17 21.05 81.37 156.59
" 3 Cordia dichotoma 10.00 15.79 3.40 29.19
o 4 Mallotus philippinensis 10.00 15.79 6.46 32.25
= 5 Terminalia tomentosa 9.17 15.79 5.62 30.58
6 Calicapra japonica 1.67 5.26 0.56 7.49
7 Ficus palmata 5.00 10.53 1.46 16.99
Total 100 100 100 300
1 Adhatoda vasica 6.96 9.21 5.26 21.44
2 Asparagus racemosus 5.54 10.53 0.66 16.72
3 Ardisia solanacea 38.75 13.16 20.44 72.35
4 Baliospermum montanum 411 7.89 1.28 13.28
” 5 Carissa carandas 9.64 9.87 15.40 34.91
< 6 Lantana camara 6.43 8.55 24.45 39.43
% 7 Murraya koenigii 10.18 10.53 19.40 40.11
8 Rubus ellipticus 3.93 8.55 1.13 13.61
9 Solanum indicum 3.04 5.92 1.05 9.97
10 Clerodendron infortunatum 8.57 10.53 9.94 29.04
11 Solanum viarum 2.86 5.26 1.00 9.12
Total 100 100 100 300
1 Dicliptera paniculata 18.97 12.03 29.32 60.32
2 Achranthus bidentata 13.44 14.48 3.55 31.47
3 Bidens bipinnata 9.93 14.92 10.45 35.31
@ 4 Ageratum conyzoides 11.13 13.14 10.88 35.15
o 5 Apluda mutica 19.42 12.47 29.41 61.30
L 6 Cynodon dactylon 5.90 6.68 0.45 13.03
7 Parthenuim hysterophorus 12.32 13.59 10.60 36.51
8 Pogostemon benghalensis 8.89 12.69 5.34 26.93
Total 100 100 100 300

A. solanaceadominated the understory vegetation of Rajbag @ith a maximum
relative density of 38.75 per cent, relative frequyeof 13.16, relative basal area of 20.44 per
cent and IVI of 72.35, followed bylurraya koenigiiwith relative density of 10.18 per cent,
relative frequency of 10.53 per cent, relative basea of 19.40 per cent and VI of 40.11.

The least dominant species, however, 8atanum viarumwhich had a relative density of
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2.86 per cent, a relative frequency of 5.26 pet,cemelative basal area of 1.05 per cent and
an IVl value of 9.12.

In herb layer, Rajban g with maximum relative density of 19.42 per centatige
basal area of 29.41 per cent and IVI value of 61038 reported irA. muticawhich was
closely followed byD. paniculatawith relative density of 18.97 per cent, relatiuequency
of 12.03 per cent, relative basal area of 29.32 qeent and VI value of 60.32Bidens
bipinnatahad maximum relative frequency of 14.92 per cehe minimum value of relative
density (5.90 %), relative frequency (6.68 %), tieta basal area (0.33 %) and VI (13.03)

was reported fo€ynodon dactylon

The phyto-sociological parameters of trees, sharasherbs in respect of KukronsC
in Table 11 reveals th&. robustais the dominant tree species, with the maximunraive
relative density (52.94 %), relative frequency (&l%), relative basal area (77.94 %) and
IVI value of 151.94, followed byf. tomentosg10.92 %, 15.79, 11.97 and 38.69) avid
philippenensis(12.61 %, 15.79, 5.38, and 33.77), respectivelgnversely,C.dichotoma
Ficus palmata and C. japonicaall exhibited the identical relative frequency @3 %).
While, F. palmatahad the minimum density (2.52 %), relative basahg0.80 %) and IVI
values (13.35).

A. solanaceawhich had a maximum relative density of 40.98 pent, relative
frequency of 12.90 per cent, relative basal are2BdE3 per cent and VI of 74.53, dominated
the under-storey vegetation extensively. koenigii came in second with relative density
(11.37 %), relative frequency (10.32 %), relatiasdl area (20.64%) and VI value (44.83).
C. carandashad a relative density of 8.82 per cent, a retafrequency of 10.32 per cent, a
relative basal area of 17.13 per cent and an Nevaf 36.28, whereas,. infortunatumhad
a relative density of 11.37 per cent, a relativaxjfrency of 10.32 per cent, a relative basal
area of 23.13 per cent and an IVI value of 4483indicum on the contrary, was the least
dominant species, with a relative density of 2.86 @ent, a relative frequency of 5.16 per

cent, a relative basal area of 2.67 per cent ariflaralue of 14.14.

In the case of herb specids, muticahad the maximum relative density of 21.07 per
cent, relative frequency of 12.63 per cent, reéabasal area of 53.11 per cent and VI value
of 86.81, followed byDigitaria sanguinalis which had a relative density of 17.65 per cent, a
relative frequency of 12.42 per cent, a relativedbarea of 12.16 per cent and an IVI value

of 42.22. FurtherPogostemon benghalensiad maximum relative frequency of 14.99 per
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cent.In terms of relative density, frequency, relatiasal area and IVIC. dactylonhad the

minimum values at 6.12 per cent, 8.78 per ceng fet cent and 15.38, respectively.

Table 11 Phyto-sociological status of Kukron & compartment in Sal Working
Circle of Paonta Forest Division, Himachal Pradesh

Component| Sr. No. Scientific Name RD RF RBA VI
1 Syzygium cuminii 11.76 15.79 2.13 29.69
2 Shorea robusta 52.94 21.05 77.94 151.94
" 3 Cordia dichotoma 12.61 15.79 5.38 33.77
o 4 Mallotus philippinensis 5.88 10.53 0.86 17.27
= 5 Terminalia tomentosa 10.92 15.79 11.97 38.69
6 Calicapra japonica 2.52 10.53 0.80 13.85
7 Ficus palmata 3.36 10.53 0.91 14.80
Total 100 100 100 300
1 Adhatoda vasica 7.45 9.68 7.62 24.75
2 Asparagus racemosus 5.10 10.32 0.83 16.25
3 Ardisia solanacea 40.98 12.90 23.13 77.01
4 Baliospermum montanum 4.51 7.74 0.31 12.56
. 5 Carissa carandas 8.82 10.32 17.13 36.28
S 6 Lantana camara 4.51 8.39 10.29 23.18
% 7 Murraya koenigii 11.37 10.32 20.64| 42.33
8 Rubus ellipticus 2.75 7.11 1.34 11.18
9 Solanum indicum 2.55 5.16 0.62 8.33
10 Clerodendron infortunatum 3.73 7.74 2.67 14.14
11 Solanum viarum 8.24 10.32 15.41 33.97
Total 100 100 100 300
1 Dicliptera paniculata 17.65 12.42 12.16 42.22
2 Achranthus bidentata 10.49 13.06 2.03 25.58
3 Bidens bipinnata 10.11 13.28 9.39 32.76
2 4 Ageratum conyzoides 11.61 12.42 7.66 31.69
o 5 Apluda mutica 21.07 12.63 53.11 86.81
T 6 Cynodon dactylon 6.12 8.78 0.48 15.38
7 Parthenuim hysterophorus 12.56 14.99 8.85 36.40
8 Pogostemon benghalensis 10.41 12.42 6.33 29.16
Total 100 100 100 300

The phyto-sociological parameters of trees, shri#mg] herbs in Gorakhpur;C
(Table 12) reveals th&horea robustavas having highest value for relative density §49.
%), relative basal area (56.05 %) and IVI valueld6.72, followed bySyzygium cuminii
(18.60 %, 12.22 and 51.88) ardrminalia tomentosd8.53 %, 22.80 % and 47.12) ,
respectively. HoweverCordia dichotoma, M. philippinensiand Terminalia tomentosa
exhibited the identical relative frequency (15.79 I&ewise, Shorea robustandS. cuminii
exhibited the identical relative frequency (21.0%, %hile, C. fistula displayed the lowest
relative density (3.10 %), relative frequency (B0%), relative basal area (0.96 %) and IVI
values (14.59).
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The most dominant shrub species in Gorakhpuw&sA. solanaceawhich had the
maximum relative density (58.67 %), relative freogeye (14.71%), relative basal area (36.60
%) and IVI (109.98) which was followed Hy. camarawith a relative density of 8.38 %,
relative basal area (19.60 %), and VI (37.75)nta=l relative frequencies (11.76 %) were
noted forA. vasica L. camara M. koenigii and C. infortunatum On the other handR.
ellipticus and S. indicumhad the lowest identical value for relative fregeye (5.88 %).
Likewise, minimum values of relative density (58.%a) was inS. indicum(2.31 %) and
relative basal area (1.54 %), and IVI (9.61) wesewhented irR. ellipticus.

Table 12 Phyto-sociological status of Gorakhpur €compartment in Sal Working
Circle of Paonta Forest Division, Himachal Pradds

Component| Sr. No. Scientific Name RD RF RBA [\
1 Syzygium cuminii 18.6 21.05 12.22 51.88
2 Shorea robusta 49.61 21.05 56.05 126.72
o 3 Cordia dichotoma 7.75 15.79 2.61 26.16
o 4 Mallotus philippinensis 12.40 15.79 5.35 33.54
= 5 Cassia fistula 3.10 10.53 0.96 14.59
6 Terminalia tomentosa 8.53 15.79 22.80 47.12
Total 100 100 100 300
1 Adhatoda vasica 5.2 11.76 8.75 25.71
2 Asparagusacemosus 4.34 10.29 0.54 15.17
3 Ardisia solanacea 58.67 14.71 36.6 109.9¢
4 Carissa carandas 4.62 8.82 0.68 14.13
2 5 Lantana camara 8.38 11.76 19.60 39.74
g 6 Murraya koenigii 5.20 11.76 17.60 34.56
n 7 Rubus ellipticus 2.60 5.88 1.12 9.61
8 Solanum indicum 2.31 5.88 1.54 9.74
9 Clerodendron infortunatum 5.78 11.76 12.32 29.86
10 Solanum viarum 2.89 7.35 1.25 11.49
Total 100 100 100 300
1 Dicliptera paniculata 18.91 13.24 34.44 66.59
2 Digitaria sanguinalis 14.7 11.52 16.04 42.25
3 Achranthus bidentata 9.01 12.09 5.55 26.66
" 4 Bidens bipinnata 7.35 11.32 5.54 24.21
e 5 Ageratum conyzoides 9.39 11.52 8.03 28.94
% 6 Cyperus rotundus 9.39 8.25 5.09 22.73
7 Cynodon dactylon 11.69 9.98 6.41 28.08
8 Parthenuim hysterophorus 11.05 10.56 11.73 33.34
9 Pogostuimon benghalensis 8.50 11.52 7.18 27.20
Total 100 100 100 300

In case of herb species inside of Gorakhpyrtl compartment was dominatedy

paniculatawith maximum relative density of 18.91 per ceetative frequency of 13.24 per
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cent, relative basal area of 34.44 per cent andrélie of 66.59, which was closely followed
by D. sanguinalis(14.70 %, relative 16.04 % and 42.25) dhdhysterophorug11.05 %,
11.73 % and 36.02p. sanguinalis, Ageratum conyzoidasdP. benghalensisxhibited the
identical relative frequency (11.52 %). The minimualue of relative frequency (8.25 %),
relative basal area (5.09 %) and VI (22.73) wasored forC. rotundus.Further,Relative

density (8.50 %) was lowest i benghalensis

The results pertaining to the phyto-sociologicalapaeters of trees, shrubs and herbs
in Lai Cyg(Table 13) reveals th&. robustavas documented with highest value for relative
density (45.59 %), relative frequency (16.67 %latree basal area (76.70 %) and IVI value
of 135.96 followed byM. philippinensiswith relativedensity (12.96 %), relative basal area
(3.96 %) and IVI value of 29.43 anducalyptus globulug8.33 %, 3.94 % and 24.77).
However, S. cuminii, C. dichotoma, M. philippinensand E. globulus exhibited the
identical values for relative frequency (12.50 @ the other handB. variegata, A. catechu,
T. tomentosand depicted lowest identical values for relatikegéiency (8.33 %).Whereas,
F. palmatapresented the lowest relative density (3.70 %ptned basal area (1.47 %) and
IVI values (13.50).

The most dominant shrub species in Laig @as A. solanacea which had the
maximum relative density (42.93 %), relative fregene (16.52 %), relative basal area (19.69
%), and IVI (79.14) followed by. camarawith a relative density of 9.00 %, relative basal
area of 26.71% and VI value of 49.62 a@dinfortunatumwith a relative density (8.23),
relative basal area (16.99) and VI values (39.18)ntical relative frequencies were noted
for L. camara and C. infortunatur(i3.91 %) followed byAsparagus racemosusnd M.
koenigii (10.43 %) andC. carandasS. indicumandsS. viarum(6.96).S. indicumshowed the
lowest relative density (4.11 %), relative basakafl.30 %) and VI values (12.37).

In the herb layer, inside of Lab4A. muticahad the maximum relative density of
17.38 per cent, relative basal area of 27.77 per @ed [VI value of 56.79 followed by.
paniculatawith relative density of 16.82 per cent, relathasal area of 26.95 per cent and
IVI value of 55.24, which was closely followed . sanguinalis(14.43 %, 7.67 % and
33.14, respectively. Identical relative frequenciere noted forD. sanguinalis, A.
conyzoidesandPogostuimon benghalensiBhe minimum value of relative density (9.39 %),
relative frequency (8.25 %) and IVI (22.73) wasared forC. rotundusandrelative basal
area ofC. carandaswas 0.46 per cent.
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Table 13 Phyto-sociological status of Lai {gcompartmentin Sal Working Circle of
Paonta Forest Division, Himachal Pradesh

Component Sr. No. Scientific Name RD RF RBA VI
1 Syzygium cuminii 9.26 12.50| 2.22 23.98
2 Shorea robusta 4259 | 16.67| 76.70 135.96
3 Cordia dichotoma 8.33 12.50 1.72 22.55
" 4 Mallotus philippinensis 12.96 | 12.50 3.94 29.41
o 5 Bauhinia variegata 5.56 8.33 2.30 16.19
= 6 Acacia catachu 5.56 8.33 3.29 17.18
7 Terminalia tomentosa 3.70 8.33 4.41 16.45
8 Eucalyptus globulus 8.33 12.50 3.94 24.77
9 Ficus palmata 3.70 8.33 1.47 13.50
Total 100 100 100 300
1 Adhatoda vasica 6.43 13.91| 14.72 35.06
2 Asparagus racemosus 5.66 10.43 0.50 16.59
3 Ardisia solanacea 4293 | 16.52| 19.69 79.14
. 4 Carissa carandas 7.71 6.96 0.46 15.13
S 5 Lantana camara 9.00 | 13.91| 26.71 49.62
g 6 Murraya koenigii 10.28 | 10.43| 18.32  39.04
7 Solanum indicum 4.11 6.96 1.30 12.37
8 Clerodendron infortunatum 8.23 13.91| 16.99 39.13
9 Solanum viarum 5.66 6.96 1.31 13.92
Total 100 100 100 300
1 Dicliptera paniculata 16.82 | 10.65| 26.95 54.42
2 Digitaria sanguinalis 14.43 | 11.05 7.67 33.14
3 Achranthus bidentata 9.99 12.62 2.73 25.35
" 4 Bidens bipinnata 9.64 13.21| 10.43 33.29
Qo 5 Ageratum conyzoides 9.36 11.65| 27.77 29.94
£ 6 Apluda mutica 17.38 | 11.64| 26.95 56.79
7 Cyperus rotundus 4.79 6.90 0.35 12.04
8 Parthenuim hysterophorus 9.64 11.83 9.51 30.98
9 Pogostuimon benghalensis 7.95 11.05 5.06 24.05
Total 100 100 100 300

Phytosociological studies help in understandingsthnecture and composition of plant
communities (Braun and blanquett al, 1965). Floristic composition is important to ged
the state of natural forests in any region andomniilate conservation and management
strategies. In the present study, it was found thast of species of trees shrubs and herbs
were common among different compartment, exceptgindicating uniformity in habitat
and topography, prevailing climatic conditions, atmlis implies application of similar
management practices for the compartments undestigations with slight variation for Lai
Cos. In the present study§horea robustavas found to be extensively prevailing in all
compartments, followet¥. philippinensisT. tomentosa, C. dichotonaad S. cuminiiwith
the rest of the species exhibiting non-frequentutatpon pattern, Similarly, Mandal and
Joshi (2014), while studying vegetation dynamicg plant diversity in dry deciduous forests
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of Doon valley region adjoining to the presentdstarea,M. philippinensis T. tomentosa
and S. cuminiifound to be the maiassociates of sal forest. The number of spectesaed
in the present study was found to be lower tham tbported by earlier worker in other
climatic condition, which indicate uniformity withithe compartments under investigation in

respect of habitat, climate, soil and geograpHaadtion.

In forest ecosystems, the magnitude of variationnigestigated through phyto-
sociological aspects, mainly by relative densiglative frequency, relative basal area and
IVI values. In all the compartments investigatedthie current study, it was found th&t
robustamainly accounts for values of RD, RBA and IVI vadu On the basis of RD and IVI
values it can have ascertained that almost 50 et @ccupation of these compartment is
under theS. robustaThe most common associatesSofrobustan all the compartments are
M. phillippinensis T. tomentosa, C. dichotonzand S. cuminii,while, excepting Lai €. In
Lai Cyg, in addition to these associateésglobulus B. variegata A. catechuandF. palmata
were also present in insignificant proportion basadtheir VI values. In shrub layeA.
solanaceawas the most common species (IVI values) occurringalmost all the
compartments. while, in the herbaceous laygruda mutica a was the most dominating
associates db. robustan the Rajban g€and Rajban ¢ Kukron G4, Rajban G, Kukron Gs
and Lai Gg. However, in Gorakhpur CDicliptera peniculatawas the main associate.
Analysis of IVI values showed thab. robustawas the dominant species in all the
compartments (IVI value~150), which is well withime limits of earlier studies (Rawat and
Bhainsora, 1999). Tree species with higher VI ealindicate good regenerative capability,
better adaptability and wide ecological amplitudehus, on the basis of present
investigations, we can conclude that there ielNthriation among the common associates of

S. robustaamong tree shrub and herb layer excepting in kgc@npartment.

Phytosociological data from these forests were tjadinely analyzed to work out the
density, relative density, basal area and importaitie index (IVI).In our study, the
variation under different compartments can be btleaeen for tree density that ranged
between 322 to 250 N Hahaving basal area of 0.37 to 1.18ma™. It may be because there
is less competition for space and light in comparita with higher tree density.
Environmental factors include site factors (moistand temperature, wind conditions, soil
and soil nutrients) and stand factors (competitaright, moisture, and nutrients from other
trees). With access to light (i.e., no taller tressading it), good soil depth and site

quality are the key limiting constraint for the tisution of the tree among the
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compartments with lesser number of trees. Theasull climate in compartments constrain
development, resulting in heterogeneity in standratteristics.S. robustadocumented
highest value for relative density (41.00-57.17 %@lative frequency (16.67-22.22 %),
relative basal area (56.05-83.87 %) and VI valle6(72-156.94)Kumar et al. (2009 also
observed the similar range for tree dens¥§(( trees H&260 trees Ha) in sub tropical forest
of the Garhwal Himalaya.Although the basal ared.(8 to 1.43 mha') was higher than
present study. Mandal and Joshi (2014) studiedgélgetation dynamics and plant diversity in
dry deciduous forests of Doon Valley and concludeat Shorea robustavas the main
dominant species and. philippensis S. Cuminiiwere its associate¥he highest IVI (150)
indicated dominance 08. robusta.Additionally, similar patterns were observed ihe
Doboka reserve forest of Assam's tropical wet demid sal $horea robusteGaertn. f )
forest S. robustahad the highest IVI (125.30) density, which wasnd to be higher in the
lower girth class, i.e., 30-60 cm (Dutta and D&@13). In the present studg, robustavas
found to be extensively dispersed in all compartsefollowed byM. philippenensisT.
tomentosaC. dichotomaandS. cuminij with the rest of the species exhibiting non-frexju
population pattern. In additiorg. robustashowed considerably maximum values in all the
compartments with highest VI (156.59) for Rajbam,.AVI values for shrubs ranged
between 8.35 and 27.33. The results confirmed dnagrsity (species richness) for tree
species was highest followed by shrubs and herlesul® of present phytosociological
studies of trees are in line with the similar fimgls of Dekaet al (2012), who suggested that
Shorea robustdnas contributed about 90 per cent of the totaldstiensity (2559 individual
ha') of the forest and exhibited the highest IVI (B2, However, the low basal area
recorded in our present study resulted from lowclstg among the large size diameter
classes (i.e., 60-80 cm) despite the presencemé small diameter class trees. Differences
in basal area can be related to altitudinal vaganage structure, forest successional stage,
species composition and disturbance (Gogoi and &t 8). The forest was heterogenous
in composition with high dominance &. robustain tree and regenerating stage. In our
study, the dominance &. solanacean invasive plant exotic shrub with 1VI ranged from
71.31-109.98. It could be another possible reasothe observed trend and lower shrub and
herb diversity of different compartments under eantrstudy. In all the compartments,
relative basal area, density and frequencyAaddlisia thicketshad the maximum share
compared to other shrubs and herbs. This may bibuéd to thick monoculture oA.
solanaceahat alters the microenvironment below its undeystand inhibit the germination

and growth ofS. robustaand other associate species that results in tbieisean of native
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plants, probably through a strong decrease in whakgr light availability (Sharma and
Raghubanshi, 2007; kumat al, 2022). Furthermore, Koop and Horvitz (2005) sdd
spatial and temporal variation in the populatiomaiyics of an invasive speciestdisia
elliptica, across a range of habitat types to identify g¢buating factors for its demographic
success. Mean population density was highest atAtiésia thicket (358.5 N i) and
relatively low at the other sites (5.4-47.0 N®m-While, deep shade generated by a
continuously dense canopy of adults in the Ardibiaket, has suppressed the growth of
seedlings and juveniles. However, high water abditg has probably resulted in high
germination rates of seeds and a dominance ofiegedhnd small juveniles (Koop, 2003),
The invasive potential, population dynamicsAofelliptica on native communities may be
strongly influenced by light and water availabiligoop, 2004), which resulted in reduced
population growth ofS. robusta All these trends may indicate the influence dfedent

forest management regimes in the compartments.
4.3 DIVERSITY INDICES

The intercompartmental variation in the biodiversihdices is studied through
various diversity indices viz., Simpson Index ofndpance index (Cd), Simpson Index of
diversity (D), Shannon Index of diversity (H’), Mesink index of species richness (Mel),
Margalef’s Index of richness (MI) and Pielou’s Egbility (EqQ) (Table 14).

The Simpson Index of dominance index(Cd), rangennfi0.23(Lai Gg) to 0.33
(Kukron Gg; Simpson Index of diversity (D) from 0.67 ( Kukrd@,) to 0.77 ( Lai Gg);
Shannon Index of diversity (H’) from 1.44 (Gorakinyy) to 1.83 (Lai Gg); Menheink index
of species richness (Mel) from 0.33 (Gorakhpy) © 0.55 (Lai Gg); Margalef's Index of
richness (MI) from 0.87 ( Rajbam&and Gorakhpur & and Pielou’s Equitability (Eq) from
0.75 (Kukron Gg) to 0.88 (Rajban §.

Different indices of diversity (Table 14) did nog¢mlct much variation in shrub and
herb diversity. Several climatic and edaphic faxtmicluding habitat heterogeneity species
composition, forest age and anthropogenic distubsrare responsible for difference in
diversity and structure of sal forest along its grephic range (Champion and Seth, 1968;
Gautam andevoe 2006). Very less variation among different conipents as depicted in
form of various diversity indices investigated unttee current study could be owed to their
uniformity in management class (reserve forestines age class (PB | or PB 1IV); a very
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close groups) and minimum anthropogenic distwban Further, the lower values of
diversity indices among various compartments wesgel than the normal usual values
reported for these indices could be owed to thaifoumity in the crop composition and
closeness (space) of compartments.

The index of similarity and dissimilarity of treeshrubs and herb layer in respect of
different compartment is depicted in Table 15. dt evident from the table that the
Compartmentsviz., Rajban @ and perfectly similar with Rajban ;CKukron G4 and
Gorakhpur G. Similarly, Rajban &€bears perfect similarity with Kukronig&and Gorakhpur
C7; Rajban Gy with Gorakhpur @ kukron G4 with Kukron Gs. The compartment of Laig
has minimumsimilarity with other compartments unaefestigations. A very high level of
different similarity among different compartment®cassitates application of uniform
management practices for attaining high produgtitowever, the Lai ¢z requires different
set of management prescription. Likewise, in theulstand herb layers, there is similarity
among different compartments, indicating similarity surface environment, which has

implication for initiating natural regeneration.

Several climatic and edaphic factors including tabiheterogeneity, species
composition, forest age and anthropogenic distubsrare responsible for differences in
diversity and structure of sal forests along itegraphic range (Champion and Seth, 1968;
Gautam and Devoe, 2006). The values in the custewly were found to be well within the
range of values of The Shannon-Wiener diversitiex (HO) for Indian forests which
ranged from 0.83 to 4.10 (Jha and Singh, 1990; pgga and Parthasarathy, 1999; Pandey,
2000). In contrast, Kumar and Saik{a020) reported higher the values of Shannon dityer
index (2.25 for trees, 2.72 for shrubs and 2.98hkenbs) than the present study. However,
they are in close proximity to the values repotigdBaniket al (2018) for Sal forests under
two forest management regimes (Sal forest and &atgiion) in Tripura, Northeast India.
The range of diversity indices from the presentdgtwere lower than those found by
Divakara (2015), who evaluated the floristic compos of semi-dense and open forests in
two districts of different sal forests in Jharkhaidle maximum Shannon-Wiener diversity
index (H' = 2.5754, R' = 2.4071), Simpsons indexdiversity (D = 0.8900, D = 0.8596),
Margalef richness index (R' = 4.5806, R' = 4.5122)d evenness index (E = 0.6677, E =
0.6062) were obtained in Latehar. On the other hapdn and dense forests of Hazaribagh

showed lowest for Shannon-Wiener diversity index £H1.3825 H' = 1.1658). However,
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lowest Simpsons index of diversity (D = 0.6096),rlyidef richness index (R' = 2.2216) and

evenness index (E = 0.4100) was found in densestfod Latehar.

Table 14 Diversity indices of trees, shrubs and hbs among different compartments in
Sal Working Circle of Paonta Forest Division, Himabal Pradesh

Trees
Rajban | Rajban | Rajban | Kukron | Kukron | Gorakhpu | Lai
Diversity indices Ce C, Cqc Cyy Cis r C, (o
Simpson concentration of 0.29 0.25 0.28 0.33 0.32 0.31 0.23
dominance index (Cd)
Simpson diversity index(D) 0.71 0.75 0.72 0.67 0.68 0.69 0.77
Shannon Wiener Index of 1.50 1.57 1.53 1.46 1.47 1.44 1.83
diversity (H")
Menheink index of species 0.37 0.38 0.34 0.40 0.40 0.33 0.55
richness (Mel)
Margalef Index of species 0.90 0.90 0.87 1.05 1.05 0.87 1.43
richness (MI)
Pielou Equitability (Ep) 0.84 0.88 0.85 0.75 0.76 0.80 0.83
Shrubs
Rajban | Rajban | Rajban | Kukron | Kukron | Gorakhpu | Lai
DiverSity indices Cs C, Cic Cua C s r Cy, C
Simpson concentration of | ,¢ 0.31 0.32 0.19 0.21 037 | 0.23
dominance index (Cd)
Simpson diversity index(D) 0.74 0.69 0.68 0.81 0.79 0.63 0.77
Shannon Wiener Index of |, g, 1.69 1.64 2.02 1.97 156 | 1.85
diversity (H")
Menheink index of species | 1, 0.11 012 |  0.10 0.11 012 | o011
richness (Mel)
Margalef Index of species |, gq 1.00 0.93 1.07 1.08 102 | 089
richness (MI) T
Pielou Equitability (Ep) 0.79 0.73 0.75 0.84 0.82 0.68 0.84
Herbs
Rajba | Rajban | Rajban | Kukron | Kukron | Gorakhpu Lai
Diversity indices n Cg C, Cqc Cyy C i r Cy Cog
Simpson concentration of |49 | 47 | (13 0.14 0.14 0.12 0.13
dominance index (Cd)
Simpson diversity index(D) 0.89 0.89 0.87 0.86 0.86 0.88 0.87
Shannon Wiener Indexof | 5 56 | 557 | 213 | 202| 202 2.15 2.13
diversity (H")
Menheink index of species | 55 | 502 | 003 | 003 0.02 0.02 0.04
richness (Mel)
Margalef Index of species | 47, | 74 | o068 | 059 0.60 0.67 0.67
richness (MI) ' ) ' ' ) ' '
Pielou Equitability (Ep) 0.99 0.98 0.97 0.97 0.97 0.98 0.97

A persual of data regarding similarity and dissamtly index of trees shrubs and
herbs is demonstrated in Table 15. The similangek of trees in different compartments
ranged from 0.67 to 1.00. Rajbap &d Rajban €had the maximum similarity index (1.00)
with Kukron G4 and Gorakhpur £while minimum value for similarity index (0.67) wa
reported with Lai Gg. Similarly, Kukron G4 had the maximum similarity index (1.00) with
Gorakhpur G On the other hand, for tree species RajbghRajban G Kukron G4 and
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Rajban Go reported minimum value for similarity index (0.6#ith Lai Gyg. In case of shrub
species, Rajban ¢Chad the maximum similarity index (1.00) with Rajb&;. Maximum
similarity index of 0.95 was reported in Rajbapwith Kukron G4 and minimum value for
similarity index (0.76) was reported with KukromsCFurthermore, Kukron £z showed
maximum similarity index of 0.90 with RajbanlIn respect of herb species, Rajbayh@d
the maximum similarity index (1.00) with Rajban.@ai C;g showedminimum similarity
index (0.82) with Rajban {5, Kukron Gsand Gorakhpur &

Table 15 Index of similarity and dissimilarity of trees shrubs and herbs under different
compartments in Sal Working Circle of Paonta ForestDivision, Himachal
Pradesh
Similarity Rajban Rajban Kukron Rajban Kukron Gorakhpur Lai
CG C7 C14 ClO c 15 c 7 c 28
Dissimilarity
Trees
Rajban Cg - 1.00 1.00 0.77 0.77 1.00 0.67
Rajban C, 0.00 - 1.00 0.77 0.77 1.00 0.67
Rajban Cyq 0.00 0.00 - 0.77 0.77 1.00 0.67
Kukron C 44 0.23 0.23 0.23 - 1.00 0.77 0.75
Kukron C ¢ 0.23 0.23 0.23 0.00 - 0.77 0.75
Gorakhpur C, 0.00 0.00 0.00 0.23 0.23 - 0.67
Lai C 5 0.33 0.33 0.33 0.25 0.25 0.33 -
Shrubs
Rajban Cg - 1.00 0.95 0.86 0.76 0.80 0.84
Rajban C, 0.00 - 0.95 0.86 0.76 0.80 0.84
Rajban Cyq 0.05 0.05 - 0.90 0.80 0.84 0.89
Kukron C 44 0.14 0.14 0.10 - 0.91 0.95 0.90
Kukron C ¢ 0.24 0.24 0.20 0.09 - 0.86 0.8(Q
Gorakhpur C, 0.20 0.20 0.16 0.05 0.14 - 0.95
Lai C 5 0.16 0.16 0.11 0.10 0.20 0.05 -
Herbs
Rajban Cq - 1.00 0.95 0.89 0.89 0.89 0.95
Rajban C, 0.00 - 0.95 0.89 0.78 0.89 0.95
Rajban Cy, 0.05 0.05 - 0.94 0.94 0.94 0.89
Kukron C 44 0.11 0.11 0.06 - 0.88 0.88 0.82
Kukron C ;¢ 0.11 0.22 0.06 0.13 - 0.88 0.82
Gorakhpur C, 0.11 0.11 0.06 0.13 0.13 - 0.82
Lai C 5 0.05 0.05 0.11 0.18 0.18 0.18 -

On the other handfor tree species, RajbangsQeported minimum value for
dissimilarity index (0.00) with Rajban;CSimilarly, Kukron G4reported minimum value of
dissimilarity index (0.00) with Lai £g. Gorakhpur @ and minimum value of dissimilarity
index (0.00) was documented with RajbanRajban G and Kukron G, Whereas, maximum

value was recorded by Rajban,@nd Kukron Gswith Rajban G, Rajban G andKukron
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Ci4. In case of shrub species, Rajbag r€corded minimum value for dissimilarity index
(0.00) with Rajban € Kukron Gshad the maximum dissimilarity index (0.24) with Ba

Cs and Rajban € In respect of herb species, Rajbag r€ported minimum value for
dissimilarity index (0.00) with Rajban;@owever, maximum value was recorded by Kukron
C15(0.22) followed by Lai Gg with Rajban G Kukron GsandGorakhpur G.

4.4  SPECIES WISE DISTRIBUTION OF DENSITY BIOMASS AND CARBON
STOCK

The data in Table 16-22 presents the distributibdemsity, above ground biomass
(AGB), belowground biomass (BGB), total biomass YT&hd carbon stock of different
species present under different compartments of V8atking Circle of Paonta Forest
Division, Himachal Pradesh.

Table 16 Species wise density (N g Volume (m’ha™), AGB (Mg ha™), BGB (Mg ha?),

TB (Mg ha™) and carbon (Mg C ha') of trees in Rajban G compartment under
Sal Working Circle of Paonta Forest Division, Himatial Pradesh

Above Below ground Total Carbon
Sr. R Density | Volume (m® ground . 9 . -
Scientific Name T 1 . biomass (Mg biomass density
No. (N ha?) ha™) biomass ha‘l) M ha‘l) (Mg C ha‘l)
(Mgha-l) g g
1 Shorea robusta 122.50 140.03 176.89 76.03 252.92 120.14
2 Syzygium cuminii 27.50 1.52 1.49 0.85 2.34 1.11
3 Mallotus philippinensis | 35.00 1.11 1.07 0.76 1.83 0.87
4 Terminalia tomentosa 30.00 11.26 11.10 5.91 17.01 8.08
5 Cordia dichotoma 32.50 1.07 0.78 0.35 1.13 0.54
6 Cassia fistula 10.00 0.86 0.69 0.4 1.09 0.52
TOTAL 257.50 155.86 192.02 84.30 276.32 131.25

In Rajban G (Table 16), 257.50 N Hecontributed to the total volume of 155.86 m
ha', AGB of 124.24 Mg hd, BGB of 56.89 Mg ha, TB of 181.14 Mg hdand carbon stock
of 86.04 Mg C ha. Out of which 122.50 N htwere ofS. robustawhich was followed by.
philippinensis(35.00 N h&), C. dichotoma(32.50 N h&) and T. tomentosg30.00 N h&),
respectively. The maximum volume was contributedSbyobusta(140.03 ni ha') which
was followed byT. tomentosg11.26 nf ha'), S. cuminii(11.26 ni ha’) M. philippinensis
(1.11 n? ha'), respectively. FurthermoreS. robustahad the maximum above ground
biomass (176.89 Mg H, below ground biomass (76.03 Mghatotal biomass (252.92 Mg
ha') and carbon stock (120.14 Mg CHawhich was followed byl. tomentosa, S. cuminii,
M. philippinensisrespectively. The minimum contribution was@ffistulawith a density of
10.00 N h& , volume of 0.86 thha® , AGB of 0.78 Mg ha , BGB of 0.35 Mg ha, TB of
1.13 Mg h& and carbon stock of 0.54 Mg Chaespectively. However, the contribution for
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volume, AGB, BGB, TB and carbon stock follows theler; S.robustaT. tomentosa>S.

cuminiii>M. philippinensis C. dichotoma>C. fistula,respectively.

The data in Table 17 reveals that under Rajaodhpartment a total density of 250
N ha’, volume of 103.71 thha’, AGB of 124.24 Mg ha, BGB of 56.89 Mg ha, TB of
181.14 Mg h# and carbon stock of 86.04 Mg Chaas recorded. Density-wis robustas
the dominant species of the compartment with marinaensity of 102.50 N Hafollowed
by C. dichotoma(45.00 N h&), M. philippinensis(35.00 N h&) andT. tomentos32.50 N
ha'), respectively. However, the maximum volume wastgbuted byS. robusta82.49 ni
ha'), which was followed byl. tomentosg15.32 ni ha'), M. philippinensis(3.08 n? ha?)
and C. dichotoma(1.66 nt ha'), respectively. Furthermor&. robustahad the maximum

contribution for above ground biomass (104.12 Mg@)haelow ground biomass (46.15 Mg
ha'), total biomass (150.27 Mg faand carbon stock (71.38 Mg Chafollowed by T.

tomentosa, M. philippinensis, C. dichoton®, cuminiiand C. fistula, respectively. The

contribution for volume, AGB, BGB, TB and carboock followed the orderS. robusta> T.

tomentosa, M. philippinensis, C. dichotorBacuminiiandC. fistula,respectively.

Table 17 Species wise density (N Ha Volume (m’ha'), AGB (Mg ha'), BGB (Mg ha"),
TB (Mg ha™) and carbon (Mg C ha')of trees in Rajpban G compartment under
Sal Working Circle of Paonta Forest Division, Hima&hal Pradesh
Above Below Total Carbon
Sr. o Density Volume ground ground | biomass| density
No. Scientific Name (Nha') | (m*ha®) | biomass | biomass | (Mgha | (MgC
(Mgha®) | (Mgha?) | % har’)
1 | Shorea robusta 102.50 82.49 104.12 46.15 150.27 71.3
2 | Syzygium cuminii 25.00 0.74 0.73 0.52 1.25 0.59
3 | Mallotus philippinensis 35.00 3.08 2.96 1.87 4.83 2.29
4 | Terminalia tomentosa 32.50 15.32 15.02 7.42 22.44 10.66
5 | Cordia dichotoma 45.00 1.66 1.07 0.76 1.83 0.87
6 | Cassia fistula 10.00 0.42 0.35 0.17 0.52 0.25
TOTAL 250.00 103.71 124.24 56.89 181.14 86.04

The data in Table 17 presents the density, volun@nass and carbon density,

distribution among different tree species in Raj@arcompartment of Sal working circle. It

is evident from the data th& robustacontributed to maximum value of density, volume,

above, below and total biomass and carbon densifyeo hectare basis.The contributiorSof

robustato total carbon density of the stand was 8@&¢4cent.
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The data presented in Table 18 shows the spedsesdistribution of density, above

ground biomass (AGB), belowground biomass (BGBaltbiomass (TB) and carbon stock

of trees in Kukron €, this compartment was having total density of 805\ ha', volume
of 277.88 mha', AGB of 343.96 Mg hd, BGB of 143.39 Mg ha, TB of 487.35 Mg h3,
and carbon density of 232.66 Mg C*hamong whichS. robustahad the maximum tree
density (145.00 N K9 which was followed byM. philippinensis (40.00 N h&), C.
dichotoma(37.50 N hd) andT. tomentos#32.50 N hd). Whereas(. fistulahad lowest tree
density (22.50 N Ha The maximum volume was contributed Byrobusta254.56 niha?)
which was followed byT. tomentos#16.46 ni ha'), M. philippinensig40.00 ni ha') andS.

cuminii (16.46 ni ha'). However, the minimum value for volume was reeatdorC. fistula

(0.52 n? ha'). Furthermore,S. robustawas recorded to have maximum value of AGB
(321.56 Mg hd), BGB (121.25 Mg ha), TB (442.82 Mg hd) and carbon stock (210.34 Mg
C ha') which was followed byl. tomentosaM. philippinensisandS. cuminii While, AGB
(0.45 Mg h&), BGB (0.29 Mg h#), TB (0.74Mg h&) and carbon density (0.35 Mg Ha
was documented foC. fistula The species wise contribution for volume, BGB, aB&d

carbon stock is arranged in following ord8&t;robusta> T.tomentosaM. philippinensis S.

cuminii>C. dichotoma>C. fistularespectively.

Table 18 Species wise density (N fig Volume (m*ha™), AGB (Mg ha'), BGB (Mg ha),
TB (Mg ha™) and carbon (Mg C ha") of trees in compartment Kukron C,, under
Sal Working Circle of Paonta Forest Division, Himabal Pradesh
Below
S| scientific Name | Bersty | volume Ab?;lvﬂtzrﬁég;smd bio?n%"%dwg (?AE%? de?&g}&g
1 | Shorea robusta 145.00| 254.54 321.57 121.25 442.82 210.34
2 | Syzygium cuminii 27.50 1.18 0.78 0.42 1.21 0.57
3 | Cordia dichotoma 37.50 1.16 0.58 0.37 0.95 0.45
4 | Mallotus philippinensis 40.00 4.00 3.84 2.41 6.25 2.97
5 | Cassia fistula 22.50 0.52 0.45 0.29 0.74 0.35
6 | Terminalia tomentosa 3250 | 16.46 16.74 18.65 35.38 17.97
TOTAL 305.00 | 277.88 343.96 143.39 487.35 232.6p

The results pertaining to the species-wise tigtion of density, above ground

biomass (AGB), belowground biomass (BGB), totahiéss (TB) and carbon density of trees
is presented in Table 19. The total tree densi60.@ N h&), volume (209.19 rhha),
AGB (258.46 Mg ha), BGB (112.74 Mg hd), TB (371.20 Mg hd) and carbon density
(176.32 Mg C hd) was recorded in Rajban S. robustadisplayed maximum tree density
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(162.50 N ha) followed byS. cuminij C. dichotomaandM. philippinensisdemonstrated an
identical value of tree density (30.00 N'haT. tomentos#27.50 N h#), F. palmata(15.00

N ha'), and C. japonica (83.33 N h#), respectively. HoweverS. robustadisplayed
maximum volume contribution (188.61%ma?) followed byT. tomentos#10.25 ni hat), M.
philippensis(5.56 ni ha') andFicus palmata1.72 n? ha'). Further,C. dichotomehad the
minimum contribution of volume (0.56hha"), AGB (0.71 Mg h#), BGB (0.40 t hd), TB
(1.11 Mg hd) and carbon stock (0.53 Mg C Ha respectively. On the contrary, The
maximum values for AGB (48.07 Mg hg BGB (25.06 Mg hd), TB (73.12 Mg ha) and
carbon density (34.73 Mg C fiawas displayed b$. robustaollowed by T. tomentosa>M.

philippenensis>F. palmata>C. japonica>S. cumin. dichotoma.

Table 19 Species wise density (N i Volume (m’ ha™), AGB (Mg ha™), BGB (Mg ha?),
TB (Mg ha™) and carbon (Mg C ha') of trees in Rajban G,compartment under
Sal Working Circle of Paonta Forest Division, Himatial Pradesh
_ Above Below Total Carbon
Sr. Scientifi Density | Volume ground ground , .
cientific Name 1 3.1 . . biomass density
No. (Nha”) | (m*ha”) biomass biomass Mg ha') | (Mg C ha?)
(Mgha)) | (Mg ha?) | M9
1 | Shorea robusta 162.50 188.61 238.26 101.59 339.8% 161.4B
2 | Syzygium cuminii 30.00 1.30 1.27 0.58 1.85 0.88
3 | Cordia dichotoma 30.00 0.56 0.71 0.40 1.11 0.53
4 | Mallotus philippenensis | 30.00 5.56 5.47 3.22 8.69 4.13
5 | Terminalia tomentosa 27.50 10.25 10.02 5.70 15.72 7.47
6 | Callicarpa japonica 5.00 1.19 1.31 0.60 1.91 0.91
7 | Ficus palmata 15.00 1.72 1.42 0.65 2.07 0.98
TOTAL 300.00 209.19 258.46 112.74 371.20 176.32

The data illustrated in Table 20 shows the densibgve ground biomass (AGB),

belowground biomass (BGB), total biomass (TB) aatbon stock for Kukron . A total
density of 297.50 N K4 volume of 182.48 thha', AGB of 222.86 Mg hd, BGB of 94.98
Mg ha', TB of 317.84 Mg h@, and carbon stock of 152.58 Mg C'haas recorded, out of
which S. robustahad the maximum tree density (157.50 Nbhavhich was followed by.
philippinensis(37.50 N h#), S. cuminii(35.00 N h#) and T. tomentosg32.50 N h).
Whereas,F. palmatahad lowest tree density (7.50 N HaThe maximum volume was
contributed byS. robusta(163.62 niha'), which was followed byT. tomentosg11.05 nd
ha'), M. philippinensis(3.65 nt ha') andS. cuminii(1.50 nt ha'). However, the minimum
value for volume was recorded f6r dichotoma0.52 ni ha’). FurthermoreS. robustavas
recorded to have maximum value of AGB (204.69 Mg)h&8GB (77.75 Mg ha), TB
(282.44 Mg ha) and carbon stock (133.41 Mg CHawhich was followed byl. tomentosa,
M. philippinensisandS. cuminii While, the minimum contribution of AGB (0.37 Mgih,
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BGB (0.35 Mg hd), TB (0.72Mg h&) and carbon density (0.31 Mg C Hawas forC.
dichotoma
Table 20 Species wise density (N Hg Volume (n? ha'), AGB (Mg ha™), BGB (Mg ha'), TB

(Mg ha') and carbon (Mg C ha') of trees in Kukron C;s compartment under Sal
Working Circle of Paonta Forest Division, HimachalPradesh

Densit Above Below Total Carbon
Sr. Scientif Volume ground ground , )
cientific Name y (N 3.1 . . biomass density
No. ha’) (m”ha™) b|oma§s b|oma§s (Mg ha')) | (Mg C ha?)
(Mgha™) | (Mg ha)
1 | Shorea robusta 157.50 163.62 204.69 77.75 282.44 133.41
2 | Syzygium cuminii 35.00 1.50 1.47 1.45 2.92 1.27
3 | Mallotus philippinensis| 37.50 3.65 3.98 3.88 7.86 4.98
4 | Terminalia tomentosa 32.50 11.05 10.02 9.55 19.57 10.62
5 | Cordia dichotoma 17.50 0.52 0.37 0.35 0.72 0.31
6 | Ficus palmata 7.50 1.02 1.05 0.98 2.03 0.82
7 | Callicarpa japonica 10.00 1.12 1.29 1.02 2.31 1.18
TOTAL 297.50 182.48 222.86 94.98 317.84 152.58

The data evinced in Table 21 shows the distributibiotal density, volume, above
ground biomass (AGB), belowground biomass (BGBgltbiomass (TB) and carbon stock
among different species in Gorakhpus. Che total tree density of 322.50 numbef‘ha
volume of 68.95 rhha’, AGB of 81.91 Mg hd, BGB of 41.98 Mg ha, TB of 123.89 Mg
ha' and carbon density of 58.85 Mg C’haas recorded. In Gorakhpur, Eompartments.
robustawas the dominant species with maximum density &.00 number h§ AGB of
64.80 Mg hd, BGB of 32.43 Mg h3, TB of 97.23 Mg haand carbon density of 46.18 Mg C
ha' which was followed byS. cuminii(60.00 N h&), M. philippinensis(40.00 N h&).
WhereasC. dichotoma(25.50 N hd) and T. tomentosg27.00 N h&) C. fistula On the
other hand, had the lowest tree density (10.00N.Hehe contribution of different species to
the carbon storage potential in the forest followleel order:S. robusta> T. tomentosa> S.
cuminii >M. philippinensis> C. dichotoma> C. fistul

Table 21 Species wise density (N B Volume (n?* ha™), AGB (Mg ha™), BGB (Mg ha®),
TB (Mg ha™) and carbon (Mg C ha') of trees in Gorakhpur C; compartment
under Sal Working Circle of Paonta Forest DivisionHimachal Pradesh

Below
Sr. S Density (N | Volume Above ground round Total Carbon
No. Scientific Name ha.%’( (mhath biomass%Mghal) (%stl? Fl\lnogmr?;ls) ( l\/?ger(]:SIft]);'l)
1 Shorea robusta 160.00 51.29 64.80 32.43 97.28 46.18
2 Syzygium cuminii 60.00 4,37 4.28 2.64 6.93 3.29
3 Mallotus philippinensis 40.00 1.60 1.53 1.05 2.58 1.23
4 | Terminalia tomentosa 27.00 10.69 10.49 5.24 15.73 7.47
5 Cordia dichotoma 25.50 0.71 0.46 0.35 0.80 0.38
6 Cassia fistula 10.00 0.29 0.35 0.26 0.61 0.29
TOTAL 322.50 68.95 81.91 41,98 123.89 58.85
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The data presented in Table 22 shows the totaltgteaf270.00 number h volume
of 131.39 m ha', AGB of 163.71 Mg ha, BGB of 72.60 Mg ha, TB of 236.31 Mg h3,
and carbon density of 112.25 MgHa Lai C,s. S. robustavas the most contributing species
(115.00 N h#), followed byM. philippinensis(35.00 N h&), S.cuminii(25.00 N h&), C.
dictomaandEucalyptus globuluandAcacia catechiandBauhinia variegataoth displaying
identical values for density (22.50, 15.00 N}hawhile, T. tomentosandF. palmatahad the
lowest tree density (10.00 N Ha S. robustawas recorded to have maximum value of
volume, AGB, BGB , TB and carbon stock ( 118.03ha", 150.76 mha', 60.21 Mg h#,
210.65 Mg h& and 100.21 Mg h8,respectively, followed by{f. tomentosa, A. catachu and
M. philippinensis The least contributing species having minimumtgbution of storage
potential of volume (0.80 frha'), AGB (0.52 ni ha', 0.45 Mg h&), BGB (0.29 Mg ha),
TB (0.74 Mg h&) and carbon density (0.35 Mg HavasC. dicotoma

The data depicted in Table 16-22 for the specisg wistribution of density, volume,
above, below and total biomass and carbon densugals quite variation among different
compartments of Sal Working Circle of Paonta FoRestge. The density ranged from 250 N
ha' (Rajban G) to 325 N h# (Gorakhpur G). Similarly, volume, above and below ground

biomass, total biomass and carbon density showetdd intercompartmental variation. The

volume of sal, principal species followed the ordeGorakhpur ¢ (51.2 nfha')>Rajban G
(82.49 nfha') >Lai Gy (118.03 miha')>Rajban G (140.03 niha’)>Kkukron Gs (163.62
m®ha?) > Rajban Go(188.61 niha®) > Kukron G4 (254.56 miha?).

Table 22 Species wise density (N B Volume (n?* ha™), AGB (Mg ha'), BGB (Mg ha®),
TB (Mg ha) and carbon stock (Mg C h&d) of trees in Lai C,s compartment
under Sal Working Circle of Paonta Forest DivisionHimachal Pradesh
Above Below Total Carb
Sr. . Density | Volume ground ground . arbon
Scientific Name 1 3 1 . g biomass density
No. (N ha”) | (m°ha™) biomass biomass M ha'l) (Mg C ha?)
(Mgha™) | (Mg ha™) Y
1 | Syzyguim cuminii 25.00 1.11 1.09 0.94 2.03 0.96
2 | Cordia dichotoma 22.50 0.80 0.78 0.38 1.16 0.55
3 | Shorea robusta 115.00 | 118.03 150.76 60.21 210.97 100.21
4 | Mallotus philippenensis 35 oo 153 1.41 1.26 267 1.27
5 | Bauhinia variegata 15.00 1.25 1.20 1.10 2.30 1.09
6 | Acacia catachu 15.00 1.56 1.52 2.55 4.07 1.93
7 | Terminalia tomentosa | 19,gg 4.90 4.85 4.56 9.41 4.47
8 | Eucalyptus globulus 22.50 1.36 1.30 1.15 2.45 1.16
9 | Ficus palmata 10.00 0.85 0.80 0.45 1.25 0.59
TOTAL 270.00 | 131.39 163.71 72.60 236.31] 112.25
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This indicate that there is enough scope for immpsdptimum treatments, like
density manipulation of mixture to create favoueabhvironment for growth of Sal so that
volume realization and carbon storage capacity ftbelow yielding compartments, like
Gorakhpur G Rajban G, Lai Ggand Rajban & etc. can be enhanced.

45  STAND STRUCTURE

Stand structure (N Ha under different compartments of Sal Working Gircl is
depicted in Table 23. In case of Rajbay &total tree density of 258 N havere recorded of
which the majority of distribution (103 N Hawas in D diameter class followed by;[48 N
ha') and O (31 N h&). Likewise, the total tree density of 250 N'haas recorded in Rajban
C; of which diameter class 110 N h&d') had the maximum contribution followed by; D
(64 N ha') and D (42 N ha') and Kukron Gs followed the same trend for distribution of
trees among diameter classes with a total den§ig®® N ha of which diameter class D
(113 N h&) had the maximum contribution followed by 85 N ha') and D (43 N h&),

respectively.

Table 23 Stand structure (N h&) of different compartments in Sal Working Circle
of Paonta Forest Division, Himachal Pradesh

Compartments
Diameter | Rajban | Rajban | Kukron Rajban | Kukron | Gorakhpur :
classes Cs C; Cus C1o Cus C, Lai Cos
(cm)
10-20 (D) 103 110 120 102 113 197 98
20-30 (o) | 30 15 33 55 40 68 70
3040 (@) | 48 64 60 54 65 58 37
40-50 () | 31 41 28 47 42 - 20
50-60 (@) | 14 10 23 10 13 - 10
60-70 (o) | 20 10 15 33 15 - 25
70-80@) | 9 - 18 - 10 - 10
80-90 () | ° - 10 - - - -
Total 258 250 305 300 298 323 270
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DIAMETER CLASSDISTRIBUTION
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Fig. 3 Stand structure (N ha') under different compartments in Sal Working Circle of

Paonta Forest Division, Himachal Pradesh

Data presented in the Table 23 indicated that imeg® the number of the trees
declined from the lowest to higher diameter classepting in Gorakhpur{&ompartment.
This characterstic decline in the number of the frem the lowest to higher diameter classes
is a characteristic feature of the natural/selectayest ecosystems. The compartments under
our investigation are managed under the shelterveystem even then compartments tends
to follow the reverse J-shaped curve. This distrdou pattern of the stems in the
compartments indicate towards the good environrhergaditions prevaling under these
compartments which induces the regeneration aridda@anthropogenic/biotic pressure. In
addition to this, it also indicates towards theligbiof the sal tree and its associates to
regenerate under less opened up canopy. This mahstructure the population undsr
robusta forest of the compartments also indicate towatds gradual progression of the
population and protection of the forests from tine &nd other disturbances. The pyramidal
structure of the population as recorded in ouryshus been reposted by other workers in the
sal species (Poudel and Devkota, 2022; Adhi&ggl, 2017). In both RajbanA&and Rajban
Cyp distribution of the trees is only upta; [[60-70 cm diameter class). Similiarly in Kukron
Cis and Lai Gg tree distribution is upto 70-80 cm diameter clamg of the seven
compartments under study only Gorakhputh@s most restricted distribution of the trees i.e.

in only three diameter classes.
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High proportion of individuals in lower diametefass indicates a healthy and
growing population. The absence or presence ofghehninumber of trees in the different
diameters class of various compartments is duecpbesl felling carried out in these
compartments. The reverse J-shaped curve indibates/ exploitation in higher girth classes
(Raoet al, 1990). Although, this shape of curve is a goadidator for development and
regeneration of forest stand and the growth ofshoege also indicated by the movement of
trees in various diameter classes. According tdipland Gentry(1993), a reverse ‘J’ shape
is common for natural forests with active regeneratand recruitment. In general, trees
belonging to bigger diameter classes contributatgrebasal area, as compare to the lower
diameter classes (Hailemariam and Temam, 2018).stualy is in conformity with Kumar
and Saikia (2020) who reported the Girth classribistion that showed a reverse J-shaped
population curve and decline in tree density withigcrease in girth class, with very few
(9.30 %) mature trees with higher girth (> 120 ewhjch is closer to and within range of our
study. Moreover, the lesser number of trees in drigfjameter classes in Gorakhpuy C
indicate towards anthropogenic disturbances, likgging, fuel wood extraction, and
encroachments of the area as this compartmentgsokimity to habitationHuman-induced
disruptions influenced stand characteristics in stlldy sites, regardless of management
regime. Howeverthe diameter class distribution of the tree spegesaled that the highest
number of individuals were concentrated in the lodiameter classes indicating a young and

expanding population &. robustan Gorakhpur @ (Nag and Gupta, 2014)

Table 24 Population dynamics (N hd) of different compartments in Sal Working Circle o
Paonta Forest Division, Himachal Pradesh

Compartments | Seedling (N hd) | Sapling (N ha') Pole (N ha) Trees (N ha')
Rajban Cq4 4688 2125 290 258
Rajban C; 4625 2000 230 250
Kukron C 14 6000 2438 440 305
Rajban Cy 5688 3063 190 300
Kukron C 35 4875 2125 220 298

Gorakhpur C; 5438 2250 310 323

Lai Cog 5250 2563 160 270

The results pertaining to the Population dynami¢$&’) of different compartments
are presented in Table 24. Kukrogp,8ad maximum seedling density (6000 N'héllowed
by Rajban G, (5688 N h&) and Gorakhpur £(5438 N h&d), while, Rajban € had the
minimum seedling density (4625 N HaRajban G, on the other hand, had the maximum
recorded sapling density at 3063 N*h#llowed by Lai Gg with 2563 N h& and Kukron
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CiaWith 2438 N hd, respectively. Rajban-CGecorded the minimum reported sapling density
(2000 N h&). In the case of pole density, the maximum valas wecorded in Kukron
(440 N hé&) followed by Gorakhpur €(310 N h&) and Rajban €290 N hd). Rajban G
recorded the minimum pole density (160 N'h#hereas, Gorakhpur,Q323 N hd)
recorded maximum value of tree density followed<inkron Gi4(305 N h&). Differences in
the relative proportions of seedlings, saplingsl tiees in various compartments in our study
can be traced to anthropogenic disturbances asasatlatural phenomena such as climate,
soil, seed and biotic conditions of the forest. Twerall population structure based on the
density of seedling, sapling and pole individualsifed a pyramidal structure in all the forest
compartments. The reverse J-shaped population coayebe due to evolving/expanding or
climax/stable population indicating a natural regration and healthy population in the
studied forests (Sahat al, 2012).

Experiment II: Assessment of stand characterstics ibmass carbon density and site
guality of different compartments of sal forest.

4.6 STAND CHARACTERISTICS

Stand characteristics of trees under different amnpents of Sal Working Circle of
Paonta Forest Division, Himachal Pradesh has bemsepted and discussed under following
sub-heads (Table 25).

4.6.1 Tree density (N h3)

The data pertaining to density (numbet‘haf trees is depicted in Table 25. It shows
that Gorakhpur € had significantly maximum tree density (322.80ha') which was
statistically at par with Kukron G (305.00N ha’) and Rajban & (300.00N ha) followed
by Rajban G (300.00N ha'), which was statistically at par with KukrongZ297.50N ha
Y. Tree density in kukron & (297.50N ha') was statistically at par with Lai,&(300.00N
ha'). However, Rajban isplayed the lowest tree density (28ha'), which was found to
be statistically at par with Rajbarg 257.50N ha) only.

4.6.2 Tree Diameter (cm)

A perusal of the data presented in Table 25 rewbalsmaximum average diameter
(33.27 cm) was recorded in Kukron4Gwnhich remained statistically at par with Rajbagp C
(31.51 cm), Rajban ¢31.15 cm) andKukron G5 ( 31.05 cm). Further, average diameter in
Rajban G was statistically at par with Kukrom&Rajban G (28.73 cm) Lai Gg (28.01 cm).
Significantly minimum diameter was recorded in Gamaur G (20.27 cm), which remain

statistically at par with Lai ggonly.
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4.6.3 Basal area (thha™)

A significant variation in basal area of trees undiéferent compartments (Table 25).
Significantly maximum value for basal area (1.19ha") was recorded in Kukronigwhich
was statistically at par witRajban G (1.01 nf ha'), Rajban G remain statistically at par
with Rajban Go (0.99 nf ha') and Kukron Gs (0.95 nf ha'). The minimum value of basal
area was estimated in Gorakhpyr(Q.37 nf ha?).

4.6.4 Tree height (m)

The data presented in Table 25 delineates signifizder compartmental variation
for tree height among different compartments. Theximum tree height (15.10 m) was
recorded in Rajban g which was statistically at par with Kukron4§14.97 m), Gorakhpur
C7 (14.16 m) and Kukron £ (13.51 m). Whereas, the minimum tree height waerdked in
Rajban G (11.60 m), which was found to be statistically at with Lai Gg(11.71 m) and
Rajban G (12.37 m).

4.6.5 Volume (nf hal)

The volume of trees had shown a significant vasramong different compartments
(Table 25). Significantly maximum volume (277.88 ha) was recorded in Kukron (G
which was followed by Rajban ;6£(209.19 ni ha') and Kukron Gs (182.48 ni ha?),
respectively in descending order. However, Kukrag (£82.48 mi ha') was statistically at
par with Rajban €(155.86 mi ha'). Whereas, the lowest value for volume was reabide
Gorakhpur G (68.95 ni ha), which was observed to be statistically at pahvRajban G
(103.71 ni hat), only.

Table 25 Stand characteristics of trees under diffent compartments of Sal Working Circle
of Paonta Forest Division, Himachal Pradesh

Tree

Density(number diameter Basal Tree height | Volume (m®
Compartments ha?) (cm) area(m? ha?) (m) ha)
Rajpan C, | 257.50£6.29 | 31.1%105| 10006 | 123%0.80 | 155.866.92
Rajpan C, | 250.00£7.07 | 28.7#0.90| 08003 | 11.6G:049 | 103.7%7.54
Kukron C., | 30500 £6.46 | 332#209| 116014 | 1492084 | 277.8&34.70
Rajban C,; | 30000 £6.46 | 31.5%1.12| 099005 | 15.1@0.68 | 209.1¢14.37
Kukron C .. | 297.0+750 | 31.0%0.76| 0.9%0.03 | 1351046 | 182.4&9.34
Gora(‘;hp“r 322 +8.54 | 202#0.71| 0.3#0.03 | 14.1¢0.53 | 68.9%4.86
,
Lai Coe 270.00 $9.13 | 28.0£0.30| 08%002 | 11.74025 | 131.3%3.54
C.Doo 22.95 3.06 0.18 1.59 46.51
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4.6.6 Density (N hd) and Basal area (crhha™) of shrubs

The data pertaining to the density fia') of shrubs under different compartments is
depicted in Table 26. The significantly maximumuhdensity was recorded in Rajbap C
(11,200.00N ha'), which was followed by Kukron € (10,200.00N ha'), Rajban @
(9,100.00N ha?), Rajban G (8,120.00N hal), Lai Gy (7,780.00N ha') and Gorakhpur €
(6,920.00N hal), respectively in decreasing order. The signifisafowest shrub density
(5,540.00N ha') was recorded in Kukron:@

4.6.7 Basal area (cthha) of shrubs

The basal area of shrubs (Table 26) shows that ke significant variation among
different compartments. The maximum basal area3g®l94 cm ha') was recorded in
Rajban Go, which remains statistically at par with Kukrons@75,465.85 chha') and was
followed by Rajban € (66,123.78 crh ha'), Rajban G (63,392.72 cth ha'), Lai Gy
(52,248.02 crh ha') and Gorakhpur £(41,294.04 crh ha'), respectively in decreasing
order. Whereas, the significantly minimum basabaf29,991.88 cmha') was recorded in
Kukron Ga.

Table 26 Density (number hd) and basal area (cri ha) shrubs and herbs under
different compartments of Sal Working Circle of Pamta Forest Division,
Himachal Pradesh
Shrubs Herbs
Density Basal Area Density Basal Area
Compartments |  (number ha™) (cm? ha'®) (number ha) (cm® ha?)
Rajban Cq 9,100.08-32.30 | 63,392.724.228.33 | 133,300.0&2.106.34 | 189,511.0&6.032.22
Rajban C; 8,120.00-31.64 | 66,123.78725.30 | 142,100.06374.46 | 201,513.7&7.621.02
Kukron C,, | 5,540.00:88.694 | 29,991.8%2.673.93 | 185,800.06783.16 | 212,444.1623.733.77
Rajban Ci 11,200.06-73.03 | 81,326.94-2.119.19 | 181,200.084.3353.90 | 207,540.8622.026.23
Kukron C,s | 10,200.06103.83 | 75,465.8%2.280.10 | 167,000.06-1.831.13 | 134,552.76-8.493.24
Gorakhpur C- 6,920.0@-23.02 41,294.041.012.16 | 155,000.0¢-2.223.47 | 211,661.9¢-85.540.27
Lai Coe 7,780.03:191.48 | 52,248.0Z1.662.40 182,800.0&683.13 143,948.9&528.81
C.D. g0 284.30 7151.24 6954.45 40,203.13

4.6.8 Density (N hd) of Herbs

A perusal of data presented in Table 26 showsKhkton G, (185,800.00N ha') had

maximum herb density, which remains statisticatiith Lai Cyg (182,800.00N ha') and
Rajban G, (181,200.00N ha'). Rajban @ was recorded with lowest herb density
(133,300.00N ha).
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4.6.9 Basal area (crha™) of Herbs

Herbage basal area varied significantly among iiffe compartments of sal (Table
26). Kukron Gy displayed maximum basal area of herbs (212,44énftha), which was
found to be statistically at par with Gorakhpur 211,661.90 chha') and followed by
Rajban G, (207,540.80 ct ha'), Rajpan G (201,513.70 cf ha') and Rajban €
(189,511.00 chha?), respectively in descending order. Whereas, thenmim basal area
(495.81 crf ha') was recorded in Kukron:§which remained statistically at par with Lai
Cas.

4.7 BIOMASS AND CARBON STOCK
4.7.1 Stem biomass (Mg hH

The stem biomass of tree under different compartsnen presented in Table 27.
Significantly maximum stem biomass was recordedampartment of Kukron £z (199.32
Mg ha'), which was followed by Rajban;£(150.10 Mg had), respectively in descending
order followed by Kukron G (130.66 Mg ha) and Rajban €(111.45 Mg hd). Further
remained statistically at par with Rajbag (@11.45 Mg hd) remained statistically at par
with Lai Cs(94.37 Mg hd) and Rajban €(72.88 Mg hd). The minimum value for stem
biomass was displayed by Gorakhpuyr(€8.53 Mg h&), which was found to be at par with
Rajban G (72.88 Mg h&). Overall, the stem biomass under different cormpents followed
the order: Kukron € > Rajban Gy > Kukron Gs> Rajban @ > Lai Cyg > Rajban G >
Gorakhpur G.

4.7.1.1 Above Ground Biomass (AGB) (Mg h9

The above ground biomass of tree under differemtpaotments is shown in Table 27.
Significantly maximum AGB (343.96 Mg Hj was recorded in Kukron ;G which was
followed by Rajban @ (258.46 Mg h#), Ci5(224.87 Mg hd). Furthermore, Kukron &
(224.87 Mg  h3d) remains statistically at par with Rajbag(C92.02 Mg ha), respectively.
Rajban G (192.02 Mg hd) remains statistically at par with Lab§%163.71 Mg h#), which
further remains statistically at par with Rajbap(f24.22 Mg hd). The minimum value for
AGB was displayed by Gorakhpur (81.91 Mg h&) which remained at par with Rajban C
(124.22 Mg ha). Overall, the AGB under different compartmentdloiwed the trend:
Kukron G 4> Rajban Go>Kukron Gs>Rajban @>Lai C,3> Rajban G> Gorakhpur G.
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4.7.1.2 Below Ground Biomass (BGB) (Mg h8

The below ground biomass was computed from the A@Rlifferent compartments
is shown in Table 27. The BGB of tree under différeompartments is illustrated in Table
27. Significantly maximum BGB (143.39 Mg Pawas recorded in Kukron;gand followed
by Rajban Gy (112.74 Mg ha), respectively in descending order. Furthermonekrin Gs
(94.98 Mg h&) remains statistically at par with Rajbag(84.30 Mg hd) and Lai Gg(72.60
Mg ha'), respectively. However, Lai£(72.60 Mg h&), which remained statistically at par
with Rajban G (56.89 Mg h&). The minimum value for BGB was displayed by Gdwakr
C; (41.98 Mg hd). The AGB under different compartments followed tirder: Kukron >
Rajban Go> Kukron Gs> Rajban @> Lai C,g> Rajban G> Gorakhpur G.

4.7.1.3 Total biomass (TB) (Mg ha)

The Total biomass was computed by adding the AG8 BGB under different
compartments and is shown in Table 27. Signifigantaximum TB (487.35 Mg h was
recorded in Kukron G which was followed by Rajban€(371.20 Mg hd), Kukron Gs
(317.84 Mg ha), respectively in descending manner. Furthermigtron Gis (317.84 Mg
ha') remains statistically at par with Rajbag (€76.32Mg h&) and Lai Gs(236.31 Mg ha
1. However, Lai Gs(236.31 Mg hd) remained statistically at par with Rajban (€81.14
Mg ha'). While, the minimum value for total biomasss reported by Gorakhpur ¢123.89
Mg ha?) at par with Rajban 9181.14 Mg hd). The trend of total biomass under different
compartments followed the trend: Kukrons€ Rajban Gy>Kukron C15>Rajban &lLai
C.g>Rajban G> Gorakhpur G

Table 27 Biomass (Mg h&) of tree component under different compartments ofSal
Working Circle of Paonta Forest Division, HimachalPradesh
Above ground Below ground
Stem biomass biomass biomass Total biomass
Compartments | (Mg ha™) (Mg ha™) (Mg ha™) (Mg ha®)
Rajban Cyq 111.45%5.19 192.04£9.27 84.3¢3.79 276.3213.03
Rajban C, 72.88t5.10 124.248.44 56.893.62 181.1412.85
Kukron C,, | 199.32£25.51 343.9¢44.71 143.3¢17.11 487.3%61.80
Rajban C;; | 150.10£10.07 258.44:16.94 112.747.30 371.2824.23
Kukron C iz 130.66+6.36 222.8410.55 94.9844.72 317.8412.27
Gorakhpur C, | 48.54£3.40 81.9%5.76 41.984.83 123.8%10.43
Lai C 94.372.54 163.7t4.18 72.61.48 236.3%7.52
C.D.gos 33.79 58.64 23.06 80.23
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4.7.3 SHRUB BIOMASS (t ha)
4.7.3.1 Above ground shrub biomass (AGB) (Mg 1§

The above ground shrub biomass under different estmgnts is shown in Table 28.
Table depicts that significantly maximum value &»ove ground shrub biomass (1.25 Mg ha
) was in Rajban G, this was followed by Kukron € (0.98 Mg h&), which remains
statistically at par with Rajbans@0.92 Mg h&). Further, Rajban £(0.92 Mg h&) remains
statistically at par with Rajban;{0.85 Mg h&) and Gorakhpur £(0.83 Mg h&). Whereas,
the lowest value for above ground shrub biomasg®(Mg ha') was recorded in KukronG

which was found to be statistically at par withLisi C ,5(0.80 M g h&).

4.7.3.2 Below ground shrub biomass (BGB) (Mg Fa

The results pertaining to the below ground shrulbmiaiss under different
compartments is shown in Table 28. Significantlyxmmaum value of below ground shrub
biomass (0.83 Mg g was recorded in Kukron ;€ which was followed by Gorakhpur;C
(0.64 Mg h&), Rajban G(0.60 Mg h&), Lai C3(0.57 Mg hd), Rajban G (0.55 Mg hd)
and Rajban § (0.55 Mg hd), respectively. Moreover, the lowest value forowelground
shrub biomass was recorded in Kukrop (0.49 Mg h&) which remains statistically at par
with Rajban G(0.55 Mg h&), Kukron Gs (0.55 Mg hd) and Lai Gg(0.57 Mg h&).

4.7.3.3 Total Shrub biomass (Mg ha)

A perusal of the data presented in Table 28 shdwstatal shrub biomass under
different compartments. Significantly maximum vafoe total shrubs biomass (2.07 Mg ha
') was recorded in Rajban & which was followed by Kukron & (1.62 Mg hd and Rajban
Cs (1.52 Mg h&), respectively.. Whereas, Rajban (1.52 Mg h&) was found to be
statistically at par with Rajban;d1.40 Mg hd) and Gorakhpur €(1.38 Mg hd).
Gorakhpur G (1.38 Mg h&) was found to be statistically at par with LaigC1.33 Mg ha).
The lowest value for total shrub biomass (1.18 Md)twas estimated in Kukron;Gwhich
was followed by Lai G (1.33 Mg h&).
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Table 28 Biomass (Mg h&) of shrub component of different compartments of &l
Working Circle of Paonta Forest Division, HimachalPradesh
Above ground shrub Below ground shrub :
Compartments biomass biomass Total Zt]/lrukr)];ll())mass
(Mg ha') (Mg ha) J
Rajban Cg 0.92+0.02 0.6G0.01 1.52£0.03
Rajban C, 0.85+0.03 0.5%0.02 1.4@0.05
Kukron C 14 0.70+0.05 0.4¢0.05 1.18-0.06
Rajban Cyg 1.25+0.05 0.5%0.07 2.0%0.08
kukron C 5 0.96+0.03 0.8%0.02 1.62£0.04
Gorakhpur C - 0.83+0.03 0.64:0.02 1.38:0.05
Lai C 5 0.80+0.02 0.5%0.03 1.330.03
C.D. g0 0.10 0.11 0.16

4.7.4 Herb biomass (t hd)
4.7.4.1 Above ground herb biomass (Mg h

The above ground herb biomass under different cameats is displayed in Table
29. It shows that maximum value for above grountd foomass (4.58 Mg Ha was reported
in Gorakhpur G, which remains statistically at par with Rajban(€.07 Mg h&). While Lai
C»5(3.36 M g h&) and Rajban & (3.30 Mg h&) remains statistically at par with each other.
Whereas, the lowest value for above ground hermbss (2.68 Mg K8 was recorded in
Kukron G5 which was found to be statistically at par withkken G4(3.19 M g h&).

Table 29 Biomass (Mg hd) in herb component of different compartments of SeWorking
Circle of Paonta Forest Division, Himachal Pradesh
Compartments Abovii%rrtr)]ggg herb Below ground herb Total herb biomass
) biomass (Mg ha) (Mg ha™)
(Mg ha™)
Rajban Cq 3.89+0.02 2.530.02 6.42-0.04
Rajban C; 4.07+0.04 2.64:0.02 6.71#0.06
Kukron C 14 3.16+0.04 2.070.03 5.2€:1.01
Rajban Cyg 3.30+0.06 2.150.04 5.430.11
Kukron C ;s 2.6810.03 1.730.02 4.410.05
Gorakhpur C- 4.58+0.46 2.98:0.30 7.550.75
Lai C 3.36+0.03 2.19:0.02 5.580.05
C.D.oo: 0.51 0.54 0.56
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4.7.4.2 Below ground herb biomass (Mg Fa

Variation in below ground herb biomass under ddfercompartments is presented in
Table 29. A similar trend as in above ground hedmlass can be seen. Maximum value for
below ground herb biomass (2.98 Mg*havas reported in Gorakhpur,(Rajban G (2.53
Mg ha') remains statistically at par with Lab§t2.19 Mg ha). While, Lai Gg(2.19 Mg ha
) and Rajban & (2.15 Mg h&) remains statistically at par with each other. Vs, the
lowest value for below ground herb biomass (1.73Mg) was recorded in Kukron ;6
which was found to be statistically at par with Kok G4(2.07 M g h&).

4.7.4.3 Total herb biomass (Mg hd)

The results pertaining to the total herb biomasteuwlifferent compartments (Table
29) shows that maximum value was recorded in GaakB; (7.55Mg ha'), which remains
statistically at par with Rajban;G6.71 Mg hd) and Rajban €(6.42 Mg h&. However,

significantly lowest value for total herb biomads4(l Mg h&) was recorded in Kukron,§
4.7.5 Carbon density (Mg C ha')

The carbon density present in different layers alffarest compartments as well as
total has been depicted in Table 30.

4.7.5.1 Tree carbon density (Mg C hd)

A perusal of the data in Table 39 reveals tsggnificant maximum value for tree carbon
density (232.66 Mg C h) was recorded for Kukron& which was followed by Rajban,&
(176.32 Mg C hd). The tree carbon recorded in Rajbap (176.32 Mg C hd) was
statistically at par with Kukron € (152.58 Mg C hd). Further, Kukron @ remains
statistically at par with RajbansQ131.25 Mg C hd).Whereas, the lowest tree carbon
density (58.85 Mg C ha) was in Gorakhpur £which remained statistically at par with
Rajban G(86.04 Mg C hd).

4.7.5.2 Shrub carbon density (Mg C hd)

Significantly maximum shrub carbon density was fbum Rajban G (0.98 Mg C
ha ') which was followed by Kukron  (0.77 Mg C ha'), which remained statistically at
par with Rajban €(0.72 Mg C ha'). Shrub carbon density in Rajbar (0.72 Mg C ha)
remains statistically at par with Rajban (0.66 Mg C ha') and Gorakhpur £(0.65 Mg C
ha’). Further, Gorakhpur Ovas statistically at par with Lai,&(0.63Mg C ha'). Whereas,
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Kukron Ci4(0.56 Mg C ha') had minimum value and remained statistically at with Lai
Cus (0.63Mg C ha').

4.7.5.3 Herb carbon density (Mg C hd)

For herb carbon density, the maximum value wasrdsebin Gorakhpur £(3.59 Mg
C ha?), which remains statistically at par with Rajbap(819 Mg C ha') and Rajban €
(3.05 Mg C ha'). Rajban G (3.05 Mg C ha') remained statistically at par with Lapg%2.63
Mg C ha’), (2.59 Mg C hd) and Rajban G (2.49 Mg C ha). The lowest value for herb
carbon density was recorded in Kukrogs 2.09 Mg C ha'), which remained statistically at
par with Kukron G4 (2.49 Mg C ha'), Rajban Go(2.59 Mg C ha') and Lai Gg (2.63 Mg C
ha?).

4.7.5.4 Total carbon density (Mg C ha)

The total carbon density (Mg C Harecorded under different compartments of sal
working circle in Paonta Forest Range (Table 30jieda significantly. Significantly
maximum value was recorded in Kukrons@234.26 Mg C hd), which was followed by
Rajban G (179.57 Mg C hd) Kukron G4 remained statistically at par with KukronsC
(155.44 Mg C hd). Further, Kukron @remained statistically at par with Rajbag(C35.02
Mg C ha'), which remained at par with Lai»£(115.51 Mg C hd), Lai Cs remained
statistically at par with Rajban;{89.99 Mg C ha). Whereas, Gorakhpur;{63.09 Mg C
ha ') had the lowest value for total carbon densityalhiemained statistically at par with
Rajban G(89.99 Mg C ha).

Table 30 Total carbon density of trees, herbs andchsubs under different compartments of Sal
Working Circle of Paonta Forest Division, HimachalPradesh

Tree carbon Shrub carbon Herb carbon Total carbon
Compartments density density(Mg C density(Mg C (Mg C ha™
(Mg C ha™) ha?) ha™?)
Rajban Cq 131.25+ 6.19 0.7240.01 3.056.02 135.026.21
Rajban C; 86.04+ 6.10 0.6640.03 3.196.03 89.896.10
Kukron C 14 232.66+29.36 0.5640.03 2.490.48 234.2629.45
Rajban Cyq 176.32+11.51 0.9840.04 2.596.05 179.5711.54
Kukron C ;= 152.58+5.83 0.7740.02 2.096.02 155.44%.83
Gorakhpur C; 58.85+ 4.95 0.6540.02 3.596.36 63.094.25
Lai C 112.25+ 4,95 0.6340.02 2.636.02 115.513.55
C.D.goe 38.11 0.08 0.66 38.2
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4.7.6.1 Leaf litter (Mg ha™®)

A perusal of data presented in Table 31 shows #& litter biomass under different
compartments of sal forest. Maximum value (5.35 Mg') for Leaf litter biomass was
recorded for Kukron Gwhich remained statistically at par with Rajbagn (5.30 Mg hab),
Lai Cps (5.15 Mg ha') and Kukron Gs(5.11Mg ha). Whereas, the minimum value of Leaf
litter biomass (3.99 Mg h3) in Rajban G, which remained statistically at par with Rajban C
(4.10 Mg hab).

4.7.6.2 Dead twigs and branches (Mg hd)

The dead twig and branch biomass under differempastmentsas is shown in Table
31. The maximum value (0.85 Mg Mawas recorded Kukron G which remains
statistically at par with Rajban16(0.80 Mg ha') and followed by Kukron G Kukron Gs
remained statistically at par with Lab4(0.44 Mg ha'), Gorakhpur G (0.36 Mg ha') and
Rajban G (0.34 Mg ha'). Whereas, the lowest value was recorded in Raha0. 31 Mg
ha%), which remained statistically at par with Raji@&n(0.34 Mg ha'), Gorakhpur ¢(0.36
Mg ha') and Lai Gg(0.44 Mg ha), respectively.

4.7.6.3 Dead trees (Mg hd)

Dead tree biomass under different compartmenteaws in Table 31. Table depicts
that the maximum value (0.96 Mg Hfor Kukron G4, which remains statistically at par
with Lai Cs (0.89 Mg ha') and Gorakhpur £(0.83 Mg ha') followed by Gorakhpur €
which remained statistically at par with Rajbag(@€74 Mg ha®), Rajban G, (0.72 Mg ha')
and Kukron Gs(0.70 Mg ha'). Whereas, the lowest value was recorded in Rafha0.67
Mg ha?), which remained statistically at par with Kukr@as (0.70 Mg ha'), Kukron G4
(0.72 Mg ha') and Rajban €(0.74 Mg ha'), respectively.

4.7.6.4 Total detritus biomass (Mg ha®)

Total detritus biomass under different compartmesitshown in Table 31. It reveals
significantly maximum value (7.16 Mg Ha for Kukron G is followed by Rajban G (6.82
Mg ha?), which remains statistically at par with Lapsd6.49 Mg ha'). Further, Lai Gg
remains statistically at par with Kukron#£6.29 Mg ha') and Gorakhpur £(5.57 Mg hab).
Whereas, the minimum value was recorded in Rajbaf4®7 Mg ha'), which remained

statistically at par with Rajbans@5.18 Mg ha’).
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Table 31  Detritus biomass (t ha) in different compartments of Sal Working Circle d Paonta
Forest Division, Himachal Pradesh

Leaf litter Dead twigs and Dead trees Total detritus
Compartments (Mg ha™) | branches (Mg ha®) (Mg ha™) biomass (Mg h&)
Rajban Cq 4.10+0.02 0.34:0.06 0.74:0.04 5.180.05
Rajban C; 3.99+0.02 0.310.05 0.670.04 4.9%0.06
Kukron C 14 5.35+0.18 0.8%0.04 0.96:0.05 7.16£0.16
Rajban Cy, 5.30£0.18 0.8@:0.04 0.72:0.01 6.82£0.21
Kukron C ;= 5.11+0.04 0.48:0.03 0.7G0.03 6.2%0.06
Gorakhpur C- 4.38+0.03 0.36:0.04 0.830.08 5.5%0.09
Lai Cyg 5.15+0.02 0.440.07 0.8%:0.06 6.4%0.10
C.D.oo: 0.11 0.15 0.15 0.36

4.7.7 Carbon density (Mg C h&) in different pools

Data presented in Table 32 reveals that the cadkosity (Mg C hd) present among
different pools of the compartments being studidte maximum value of vegetation carbon
density was recorded in Kukron(234.26 Mg C hd) which was followed by Rajban;&
(179.57 Mg C hd). Further, Kukron & remains statistically at par with Rajbag (€35.02
Mg C ha%). Whereas, Gorakhpur;@3.09 Mg C h&') had the lowest value for vegetation
carbon density which remains statistically at pahwRajban G(89.99 Mg C hd).

Table 32 Carbon density (Mg C hd) in different pools of the compartments of Sal Wdking
Circle of Paonta Forest Division, Himachal Pradesh

Parameters
Total Detritus
Vegetation Humus Soil carb carbon b Ecosystem Carb
bon carbon oif carbon densit carbon carbon arbon
Compartments carbo density Y density - stock(Mg
density (Mg C (Mg C ha) (humus (Mg C density C ha)
(Mg C ha™} ha?) +s0il) ha') (Mg C hal)
(Mg C ha?)

Rajpan C, | 135.02:6.21 | 3.92:0.08 | 71.1¢:3.24 | 75.1%2.00 | 2.46x0.02 | 21259%10.47 | 7,640.03

Rajban C , 89.89:6.10 | 3.5k 0.13 | 54.096.31 | 57.60:4.83 | 2.3& 0.03 | 149.827.83 | 5774.63

Kukron C,, | 234.26:29.45 | 6.0#0.06 | 43.8%4.63 | 49.92+4.65 | 3.40+0.07 | 287.5&34.24 | 9,314.10

Rajban C 4 179.5#11.54 | 5.2%0.07 | 50.2z7.99 | 55.4%5.27 | 3.240.10 | 238.2&9.72 8,378.27

kukron C ;. | 155.44:5.83 | 5.13+0.10 | 45.6%5.64 | 50.76+5.76 | 2.99:0.03 | 209.129.62 | 7,216.34

Gorakhpur C, | 63.09:4.25 | 514:0.06 | 43.3%3.00 | 48.7%515 | 2.6%0.04 | 11453254 | 4,718.12

Lai C 115.51+3.55 | 4.71+0.04 | 40.9¢4.81 | 45.61x4.79 | 3.0& 0.05| 164.20:7.26 | 5909.95

C.D.os 38.20 0.26 16.39 14.48 0.17 50.75

4.7.7.1 Humus carbon density (Mg C h3)

Significantly maximum humus carbon density (6.07 Kigha®’) was recorded in
Kukron Gy, which was followed by Rajban6(5.23 Mg C ha'), Gorakhpur €(5.14 Mg C
ha’), Kukron Gs (5.13 Mg C ha), Lai Gy (5.14 Mg C ha) and Rajban €(5.14 Mg C
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ha'), respectively. Whereas, Rajbag @&d significantly minimum value (3.92 Mg C Hr

among all compartments.

4.7.7.2 Soil carbon density (Mg C h3)

The soil carbon density recorded in the 0-40 cihlager is depicted in Table 32.
Significantly maximum value for soil carbon densitgs revealed in Rajbans (71.19 Mg C
ha ') followed by Rajban €(54.09 Mg C hd), Rajban G, (50.22 Mg C ha), Kukron Gs
(45.63 Mg C ha), Kukron G4 (43.83 Mg C ha) and Gorakhpur £(48.79 Mg C ha),
respectively. Whereas, the lowest value for saibea density (45.61 Mg Ha was recorded

for Lai Cos.
4.7.7.3 Total carbon density [(humus +soil (Mg C&")]

Total carbon density [humus+soil (0-40 cm)] shovsaahilar trend as soil carbon
density with significantly maximum value of totahrbon density reported in Rajbany, C
(75.11 Mg C ha) followed by Rajban €(57.60 Mg C hd), Rajban Gy(55.45 Mg C hd),
Kukron G5 (50.76 Mg C ha), Kukron G4(49.92 Mg C h&') and Gorakhpur £(43.35 Mg
C ha?), respectively. Whereas, Lai,{recorded minimum value for total carbon density
(40.90 Mg C ha).

4.7.7.4 Detritus carbon density (Mg C hd)

Detritus carbon density under different compartmmesttown in Table 32 depicts
significantly maximum value (3.40 Mg C fjgin Kukron G, which remainedstatistically at
par with Rajban G (3.24 Mg C h#). Further, Rajban G (3.24 Mg C h#) remains
statistically at par with Lai & (3.08 Mg C h&), Kukron Gs(2.99 Mg C h&) andGorakhpur
C; (2.65 Mg C ha). Whereas, the minimum value for detritus cardensity (2.36 Mg C
ha') was recorded in Rajban; @vhich was found to be statistically at par with IRaj G
(2.46 Mg C ha).

4.7.7.5 Ecosystem carbon density (Mg C H

The significantly maximum ecosystem carbon dengsig recorded in Kukron ¢
(287.58 Mg C hd), which was followed by Rajban,§(238.26 Mg C hd) which remained
statistically at par with Rajbans@212.59 Mg C hd) and Kukron Gs(209.19 Mg C hd).
Further, Kukron @ remains statistically at par with Lab§Y164.20 Mg C ha) and Lai Gg
was found to be statistically at par with Rajban(€49.85 Mg C hd) and Gorakhpur £
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(114.53 Mg C h@). Whereas, the minimum ecosystem carbon density srewn in
Gorakhpur G(164.20 Mg C hd), which remains statistically at par with Rajban(C49.85
Mg C ha') and Lai Gg (164.20 Mg C hd).

4.7.7.6 Carbon stock (Mg C h3)

Total carbon stock potential under different comipants of the Sal Working Circle
of Paonta Forest Range has been calculated byphyulty the ecosystem carbon density with

the total area of the respective compartment.

Total carbon stock potential under different comipants is presented in Table 32.
The maximum value for carbon stock (9,314.10®ba?) was recorded for Kukron ¢
which was followed by Rajbani6(8,378.27 Mg C ha), Rajban G (7,640.03 Mg C ha),
Kukron G5(7,216. 34 Mg C ha) Lai C,5(5,909.95 Mg C hd) and Rajban €(5,774.63 Mg
C ha'). Whereas, the minimum carbon stock was recomégarakhpur ¢ (4,718.12 Mg C
ha}).

The tree height, tree diameter, volume, biomass eamtbon stock of different
compartments varied significantly. The maximum tnegght (11.60-15.10 m) recorded under
different compartments can be attributed to vigerguowth due to crown opening after
felling in the selected compartments under SQ d &Q Ill. In addition, height growth can
be attributed to site conditions of the area, @s treight is the indicator of site quality (Luna
1995 and Kozlowski, 1979). However, the averagadstharacteristics of the compartment
under investigation are lower than the values tegoby Raj and Jhariya (2021) who
evaluated stand characteristics in Sal-dominateceantropical forests in Chhattisgarh, by
compartment model approach. In different SQ, thesit (individuals h&) and basal area
(m?ha?) ranged from 710 to 1010 and 33.5 to 46.8 in aittevarying SQ.On the contrary,
the significant contribution of individuals of highdbh classes to total AGB and carbon
stock in different compartments i.e., Kukron,&33.27 cm) and Rajban£(31.51cm)
indicates the absence of biotic and anthropogeaises or that the forest community is

reaching its maximal potential in terms of £€@questration (Majumdat al, 2016).

Tree biomass and carbon stock in forests varids ferest type, species composition,
stand age, size class of trees, site conditionsfatbpattern, edaphic factors and altitude
(Sharmaet at,2011; Zhacet al, (2014). Rabha (2014) examined the abovegrouochdss
and carbon stocks of an undisturbed Sal foreshenGoalpara district of Assam, Northeast
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India. The average AGB and C levels were 239.48 My ha® and 119.73 6.4 Mg Ha
respectively, that coincides with our results. Rag Jhariya (2021) opined that the total
biomass varied from 182.27 to 375.84 t'fdepending on site quality. Trees varied in total
carbon content from 79.86 to 163.63 t'th&arbon density in the above-ground and below-
ground biomass of trees at various locations rariged 72.32 to 143.36 t Haand 7.54 to
20.27 t ha', respectively.As per models, forest received 14.63, 10.81, 81® @.83t
ha* yrof C input through net primary production (NPP)S®-1, SQ-II, SQ-IIl and SQ-1V,
respectively which are depleted as 3.55, 3.12, ant¥ 2.33tha'yr as total C input in the
soil. Moreover 1.77 (SQ-1), 1.60 (SQ-II), 1.46 ($Q-and 1.30 (SQ-1V) t hda yr ' of C were

transferred from foliage to litter compartment pestively.

The present study demonstrated that the total &ssrof 123.89 Mg Ra- 487.35 Mg
ha') and tree carbon density of 58.85 Mg C282.66 Mg C ha under different
compartments anthe AGB and carbon accumulation was greater inhigger diameter
class studied by Chaudhuey al (2022). They studiedbiomass and carbon stock along
disturbance gradients in differently managedtected forests (PA), reserved forests (RF) and
village forests (VF)of Assam, northeast Indiand concluded that the mean aboveground
biomass (AGB) was 172.90 +12.98 Mg h the PAs, 82.89+8.47 Mg Hain the RFs and
88.48+19.89 Mg hd in the VFs. The mean belowground biomass (BGB) 8a37+14.23,
40.81+1.50 and 40.20+8.18 Mg han the PAs, RFs and VFs, respectively aegorted
biomass and carbon stock lower than the curremtyst’he mean above ground biomass
(AGB) ranged from 82.89 to 172.90 12.98 Mg'hecross the study areas, below ground
biomass (BGB) ranged from 40.20 to 84.77 Mg hend AGB C stock ranged from 81.95 to
39.29 Mg h&. BGB C stock varied between 15.18 and 46.93 M@C.h

The present study results coincides with the olagienvs of Shahi@nd Joshi (2015)
who studied three forest ranges of Dehra Dun Fdpagsion of Doon Valley, Western

Himalaya, India. Biomass and carbon status in tleestmdeciduous forest were estimated
using volumetric equations and reported the biomasge of 338.40 Mg héto 438.17 Mg
haland carbon density from 169.20 Mg'?ﬁao 219.08 Mg hal at different study sitesS
robusta had the maximum aboveground biomass of 202.26 -434Mg hal- The total

biomass (438.17 Mg h]a) and carbon density (219.08 Mg'iLl)awere maximum in moist

deciduous forest of Lachchiwala Range, which wdbwed by Thano Range with total

biomass of 422.44 Mg aand carbon stocks of 211.22 Mg‘ﬁaMoist deciduous forest in
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Barkot Range has the 338.40 Mg‘]ﬂmtal biomass and 169.20 Mg'ﬂa:arbon stocks. The
results of this study are higher than the valugmnted by Biswast al (2021) for total
biomass (78.88 and 93.011 t'and carbon stock (39.44 and 46.51 t C,haspectively).
Meanwhile,S robustahad the greatest C stock in both ranges of thedys The results of
present study are in agreement with the findingsishraet al (2022), who assessed AGB
(255.24 Mg h#) and total carbon (119.96 Mg C Haof all recorded trees using a non-
destructive method. The most prominent tree speSie®bustaadapted better to subtropical
climatic conditions and has the largest AGB (81Mi ha') and carbon stock (34.45 Mg C
ha'). Other native tree species with low density, basea, AGB, and carbon density were
observed irB. variegata(0.01 Mg h& and 0.004 Mg C hY andC. fistula(0.08 Mg h&,
and 0.03 Mg C hd).

The current observation of AGB is within the redrrange (28.1 to 330.87 Mg ha
of various tropical deciduous forests of India (Raat and Vyas, 1975; Singh and Singh,
1981 and Salunkhet al, 2016). However, the current study above grounchbss is higher
than the AGB of Saplantation forest of Meghalaya, Northeast India6(y ha') (Baishya
et al, 2009). The estimated carbon stock in litter finel root within range (3.26 C Mg Ha
3.94 Mg C hd) of our study (Bhattarai and Mandal, 2018). In etudy, the range of total
detritus biomass (4.97-7.16 Mg Harevealed that the maximum value of forest flditer
floor, and fine root biomass was seen in site qu#8Q) II, followed by SQ-IIl in different
seasons shows a synergy between site quality, staadture, and biomass, all of which
influence ecosystem structure and function. Theecdirstudy results are consistent with total
biomass (187.39 to 383.46 tHafine root (2.44 to 4.20 t H, forest floor biomass (2.32 to
2.83 t hd) and total litter fall (4.18 t0 5.69 t Nar™) as reported by Raj and Jhariya (2021).

Shrub and herb biomass accounts for a sizableogiop of total biomass in forest
ecosystems. Due to the lack of a perfect approadhtae complexity of estimation, they are
often excluded from research that compute biomidask{, 2002). In the present study, the
biomass of herbs (2.20 Mg haand shrubs (1.18 Mg Hawas minimum in Kukron G,
where tree density (305 N Hawas maximum. The area with scattered or lesserbeu of
trees, first dominated by shrub and then underttiaslimited space and light is utilized by
herbs. The density and biomass of herbs are inyemeportional to the shrub and tree
density (Puriet al, 1992 and Pandegt al, 2000). Hence, herbs can only contribute

significantly to total biomass production in ecdsyss with low tree density. In our study,
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the highest herb biomass was seen in Gorakhp7.65 Mg ha), where tree density was
lowest with an open canopy due to severe humarsyreg/atayayaet al, 2017) they found

that disturbance regimes enhanced herb biomasiebrgased total ecosystem biomass.

The exploitation of ecosystems has been seendo thk composition of plants and
aboveground biomass (Vitousekal, 1997). Nevertheless, the highest biomass (48VIg5
ha') and carbon density (232.66 Mg ChdTable 27, 29). Maximum biomass and carbon
density found in Kukron G which were attributed to larger dbh classes agtédr density
(Slik et al, 2013)S. robusta the dominating species in all compartments, Heed mhost
individuals (Table 18) Moreover, the high specgravity and biomass expansion factor play
an important role in estimating biomass and cardionk. Smaller trees in Gorakhpuy, ©n
the other hand, may contribute to the lower voland biomass levels (Padmakunearal,
2018). Excessive biomass harvesting, which is vadsl around settlements since all
compartments are close to a road (RajbgnRajban G Rajban Gy Gorakhpur G and Lai
C,g) alters forest structure and has both direct aegative consequences on vegetation
biomass and carbon stock (Sapketal, 2018). This variation in biomass and carbonlstoc
levels among different compartments can be relatexpecies diversity, tree structure, basal
area, diameter class heterogeneity, soil charatits;j study site conditions, and other
anthropogenic influences (Lewgt al, 2013; Dar and Sundarapandian, 2015). Lower galue
in some compartments may also be attributablditat ifelling of larger trees or small-scale
timber production of sal wood in these forests ttugheir proximity to human areas. On the
contrary, the variation in growth parameters witbtampartments may be due to variation in
species composition, species richness and presérategle dominating species with bigger

diameter.

Experiment lll: Studies on natural regeneration staus through seeds and coppice
shoots under different compartments of sal forest

4.8 REGENERATION STUDIES

The current study looked at the natural regenerasimtus of recruits (3, Un-
established (H8, Established (H§, Regeneration success (%) and coppice regener@tip
in different compartments of the Paonta Forest $bawi in Himachal Pradesh. Regeneration
survey was conducted in different compartmenthéyiears of 2018-2020, which comprises
of Rajban G, Rajban G Rajban Gy Gorakhpur G, Kukron G4, Kukron Gs and Lai Gs.
The results are presented here under compartmesat, Wiable 33-39 depicts the natural
regeneration through seeds and coppice shoots.
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Table 33 Regeneration status of Kukron & compartment through seeds under Sal
Working Circle in Paonta Forest Division, HimachalPradesh
Sr. Scientific Name Recr_lljits estaLE)rI]i_shed Establ_ilshed Establ_ishment Regeneration
No. (ha™) (ha?) (ha) stocking (%) | Success (%)
1 | Shorea robusta 5125 687.50 500.00 12.61 26.88
2 | Syzyguim cuminii 125 187.50 62.50 4.32 4.38
3 | Cordia dichotoma 250 62.50 125.00 4.20 5.63
4 | Mallotus philippinensis | 375 312.50 125.00 6.54 8.13
5 | Terminalia tomentosa 125 250.00 125.00 7.78 7.50
Total 6000 1500.00 937.50 35.46 52.50

4.8.1 Natural regeneration through seeds

The regeneration status of the Kukrog, €ompartment is presented in Table 33. It
depicts that a total of 6000 recruits'haere recordedS. robusta5125 recruits hd) had the
maximum recruits followed by. philippinensis (375 recruits hd), C. dichotoma(250

recruits hd) and T. tomentosand S. cuminii(125 recruits Ha), respectively. Among total
un-established regeneration (1500 NYhand established regeneration (937.50 N)h8.
robusta had the maximum number (687.50 N'hand 500 N ha) followed by M.
philippinensis(312.50 N h& and 125 N ha) andT. tomentosg250 N h& and 125 N hd)
un-established and established regeneratio®.ofuminiiand C. dichotomawere 187.50
and 62.50 N hdand 125 N h3, respectively. Furthermore, the establishmentkitoc per

cent and regeneration success (%) of the Kukrmanc@mpartment were 35.46 per cent and

52.50 per cent, with the species ranked as follo@s:robusta>M. philippinensis>T.

tomentosa>C. dichotoma>S. cuminii

Table 34  Regeneration status of Rajban jgcompartment through seeds under Sal Working
Circle in Paonta Forest Division, Himachal Pradesh
Sr. Scientific Name Recruits est;érl]i-shed Established | Establishment | Regeneration
No. (ha™) (ha®) (ha™) stocking (%) | Success (%)
1 | Shorea robusta 5000.00 1312.50 250.00 4.86 23.13
2 | Syzyguim cuminii 187.50 312.50 62.50 5.26 5.63
3 | Cordia dichotoma 250.00 250.00 125.00 8.57 7.50
4 | Mallotus philippinensis| 250.00 187.50 125.00 8.23 6.88
5 | Terminalia tomentosa | 125.00 187.50 62.50 7.15 4.38
Total 5812.50 2250.00 625.00 34.06 47.50

Table 34 illustrates the regeneration status oRagan Gycompartment, with a total
of 5812.50 recruits ira Out of whichS. robustahad the maximum number (5000 recruits
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ha') followed byM. philippinensisandC. dichotomawith individual value (250 N h9, S.
cuminii (187.50 N h#) and T. tomentosg125 N h&'), respectively.S. robustahad the
maximum value (1312.50 N Ha Out of all un-established seedlings (2250 NH)h&.
robustahad the maximum value (1312.50 N'hollowed byS. cuminii(312.50 N ha), C.
dichotoma (250 N ha) and T. tomentosaof 187.50 N ha. A total number of 250.00
established seedlings havere recorded from whic8. robustzhad maximum value followed
by M. philippinensisandC. dichotomawith individual value (125 N K9, S. cuminii(125 N
ha') and T. tomentosg62.50 N hd), respectively. Rajban ¢ compartment had a total
establishment stocking index of 35.69 per cent amdgeneration success rate of 46.25 per
cent. The highest establishment stocking index weasrded forC. dichotoma(8.57 %),
followed by M. philippinensis(8.23 %), T. tomentosg7.15 %),S. cuminii(5.26 %) andS.
robusta (4.86 %). Regeneration success (47.50 %) of tmepestment with the following
species ranked asS. robusta(23.13 %) was followed byC. dichotoma(7.50 %), M.
philippinensis(6.88 %),S. cuminii(5.63 %) andl'. tomentos44.38 %), respectively.

Table 35 Regeneration status of Lai g compartment through seeds under Sal Working
Circle in Paonta Forest Division, Himachal Pradesh

Un-

Sr. Recruits | established | Established | Establishment | Regeneration
No. Scientific Name (ha™) (ha™) (ha?) stocking (%) | Success (%)
1 | Shorea robusta 4437.50 1000.00 187.50 3.65 17.50
2 | Syzyguim cuminii 187.50 125.00 62.50 3.20 3.75
3 | Cordia dichotoma 250.00 187.50 125.00 8.15 6.88
4 | Mallotus philippinensis| 250.00 312.50 187.50 12.24 10.62
5 | Terminalia tomentosa | 125.00 250.00 125.00 5.36 7.50

Total 5250.00 1875.00 687.50 33.23 46.25

In Lai Cyg compartmen{Table 35) five species were recorded with totahbar of
5250.00 recruits i out of whichS. robustzhad the maximum recruits (4437.50 recruits ha
! followed byM. philippinensisandC. dichotomawith similar values i.e., 250 recruits ha
S. cuminii(187.50 recruits K8 and T. tomentosd125 recruits ha), respectively. For un-
established regeneration of 1875 N*h&. robustahad the maximum value (1000 NHa
followed by M. philippinensis(312.50 individual hd), T. tomentosg250 N h&') and C.
dichotoma(187.50 N hd) andS. cuminii(125 N h&). The total established regeneration
recorded in this compartment was 687.50 individtias S. robustaand M. philippinensis
had identical values of 187.50 N hé#ollowed by C. dichotoma, T. tomentose?5 N had
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each andS. cuminii(62.50 N h&). The total establishment stocking per cent wag@33/.
philippinensis and S. cumirdisplayedmaximum value (12.24 %) and minimum value (3.20
%), respectively. The regeneration success of Lgi@s 46.25 per cent and the regeneration
success of different species were in following ord8. robusta>M.philippinensisr.

tomentosa C. dichotoma S. cuminiirespectively.

Table 36 Regeneration status of Gorakhpur € compartment through seeds under Sal
Working Circle in Paonta Forest Division, HimachalPradesh

Sr. Scientific Name Recr_LlJits esteiérl]i-shed Establ_ilshed Estab!ishment Regeneration
No. (ha™) (ha') (ha™) stocking (%) | Success (%)
1 | Shorea robusta 4312.50 937.50 187.50 3.81 16.88
2 | Syzyguim cuminii 375.00 62.50 250.00 17.30 10.63
3 | Cordia dichotoma 312.50 250.00 125.00 7.91 7.50
4 | Mallotus philippinensis | 250.00 187.50 62.50 4.74 4.38
5 | Terminalia tomentosa 187.50 125.00 62.50 3.92 3.75
Total 5437.50 1562.50 687.50 37.67 43.13

The regeneration status of prevailing tree speni¢ise Gorakhpur gcompartment is
depicted in Table 36. Total number of 5437.50 résriha’ were recorded in the
compartmentS. robustahad the maximum number of recruits*h@312.50) followed bys.
cuminii (375 recruits ha), C. dichotoma(312.50 recruits h8, M. philippinensis (250
recruits hd) and T. tomentosg187.50 recruits WY, respectively. The total un-established
regeneration of this compartment was 1562.50 iddai ha', S. robustg937.50 N ha) had
the maximum un-established seedlings followedydichotoma(250 recruits hd), M.
philippinensis(187.50 N ha) andT. tomentos&125 N ha) andS. cuminii(62.50 N ha).
The number of established seedlings recorded sncitinpartment was 687.50 N'haith S.
cuminii having the maximum number (250 N*hafollowed byShorea robust&187.50 N ha
1, C. dichotoma125 N ha) andT. tomentosandM. philippinensishaving identical values
of 62.50 N hd. In addition, the establishment stocking percgatavas 37.67, wittS.
cuminii having the highest percentage value (17.30 %pvi@d by C.dichotoma, M.
philippinensis, S. robustand T. tomentosaalso, the regeneration success (43.13 %) of
different species is arranged as followed the gr8erobusta > S. cuminii>C. dichotoma>M.
philippinensis>T. tomentosd&egeneration success (43.13 %) of the compartméghttiae
following species ranked aS. robusta(16.88 %) was followed b$. cuminii(10.63 %)C.
dichotoma(7.50 %),M. philippinensig4.38 %) and'. tomentos43.75 %), respectively.

88




Table 37 Regeneration status of Kukron G compartment through seeds under Sal Working
Circle in Paonta Forest Division, Himachal Pradesh

Sr. Recruits estali)rl]ished Established | Establishment | Regeneration
No. Scientific Name (ha™) (ha?) (ha?) stocking (%) | Success (%)
1 Shorea robusta 4062.50 812.50 250.00 15.59 18.13
2 Syzyguim cuminii 187.50 125.00 62.50 3.66 3.75
3 Cordia dichotoma 250.00 250.00 187.50 7.98 10.00
4 | Mallotus philippinensis 312.50 187.50 125.00 7.91 6.88
5 Terminalia tomentosa| 125.00 62.50 62.50 3.66 3.13

Total 4937.50 1437.50 687.50 38.80 41.88

In Kukron Gs compartment (Table 37) total recruits (4937.50 uigsrha') of five
species were recorded of whigh robustahad the maximum number (4062.50 recruité)ha
followed by M. philippinensis(312.50 recruits Y, C. dichotom&?250 recruits hd) andS.
cuminii (187.5 recruits H§ andT. tomentos#125.00 recruits h9. However, un-established
regeneration of all the species followed the pattee., S. robusta(812.50 N ha),
C.dichotoma(250.00 N h#), M. philippinensig250.00 N h&) andS. cuminii(250.00 N ha
) and T. tomentosa62.50 N h&) were present with a total number of 1437.50 N.ha
Furthermore, the established regeneration (687.8ta}) with establishment stocking per
cent of 38.80 per cent, respectively, i.8., robustahad 250 N ha and 15.59 per cent
stocking,C. dichotomahad 187.50 individual Feand 7.98 per cent stock. philippinensis
had 125.00 N Haand 7.91 per cent stockin®, cuminiiandT. tomentosdad identical value
of 62.5 N h& and 3.66 per cent stocking. The overall regeneraticcess of 41.88 per cent
of the species in the compartment was as followed drder;S. robusta(18.13 %)C.
dichotoma(10.00 %¥»M.philippinensis(6.88 %) 5. cuminii(3.75 %) . tomentos43.13

%), respectively.

Table 38 Regeneration status of Rajban Lcompartment through seedsunder Sal
Working Circle in Paonta Forest Division, HimachalPradesh
Sr. Scientific Name Recruits Un- Established | Establishment | Regeneration
No. (ha™) established (ha®) stocking (%) Success (%)
(hah)
1 Shorearobusta 3875.00 750.00 187.50 3.65 15.00
2 Syzyguimcuminii 125.00 125.00 62.50 2.46 3.75
3 Cordia dichotoma 250.00 250.00 125.00 2.91 7.50
4 Mallotus philippinensis| 250.00 312.50 125.00 14.00 8.13
5 Terminalia tomentosa| 187.50 125.00 62.50 2.68 3.75
Total 4687.50 1562.50 562.50 25.69 38.13

In total 4687.50 recruits Hdotal recruits of all the species in Rajbagc6mpartment
(Table 38) were recorded. Out of which, robustahad the maximum number (3875.00
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recruits hd) followed by C. dichotomaand M. philippinensiswhich was found to have
identical values(250 recruits hd) followed by T. tomentosg187.5 recruits hd and S.
cuminii (125 recruits hd). The unestablished recruits followed the or@rrobusta(750 N
ha'), M. philippinensis(312.50 N h#), C. dichotoma(250.00 N ha), S. cuminii and T.
tomentosg125 N ha'), were present with a total number of 1562.50 N. frurthermore, the
established regeneration (562.5 N*haith establishment stocking per cent of 25.69qeert
was recorded for the five species i®.,robusta(187.50 N h#and 3.65 %) followed bil.
philippinensis(125 N ha and 14.00 %)C. dichotoma(125 N h& and 2.91 %)S. cuminii
(62.50 N h& and 2.46 %)and T. tomentosd62.5 N hd and 2.68 %) were recorded. The
overall regeneration success of 38.13 per cenhefspecies is as followed the ord8t;
robusta(15.00 %),M. philippinensis(8.13 %),C. dichotoma7.50 %) ands. cuminiiandT.
tomentosdaving identical value@.75 %), respectively.

Table 39 Regeneration status of Rajban £compartment through seeds under Sal Working
Circle in Paonta Forest Division, Himachal Pradesh

Sr. Recruits estalLJbrI]ished Established Establishment | Regeneration
No. Scientific Name (hat) (hah) (hah stocking (%) Success(%)
1 Shorea robusta 3937.50 625.00 187.50 3.83 13.75
2 Syzyguim cuminii 125.00 125.00 62.50 3.58 3.75
3 Cordia dichotoma 250.00 250.00 125.00 291 7.50
4 Mallotus philippinensis 187.50 312.50 125.00 14.69 8.13
5 Terminalia tomentosa 125.00 125.00 62.50 6.96 3.75

Total 4625.00 1437.50 562.50 31.98 36.88

The regeneration status of the Rajbanc@mpartment is presented in Table 39. It
depicts that a total of 4625 recruits'haere recorded, wits. robustg3937.50 recruits g
having the maximum recruits followed I8 dichotoma250 recruits hd) M. philippinensis
(187.50 recruits H9, S. cuminiiandT. tomentosaf 125.00 recruits hheach. Among total
un-established regeneration (1437.50 N)rend established regeneration (562.50 N)h&.
robusta had the maximum number (625.00 N'hand 187.50 N hY followed by M.
philippinensis(312.50 N ha and 125.00 N hY C. dichotoma250 N h& and 125 N hd)
and lastlyS. cuminiiand T. tomentosavith individual values (125 N Raand 62.5 N hd),
respectively. However, the establishment stockieggent and regeneration success (%) of
the Rajban ¢ compartment were 31.98 per cent and 36.88 per, cespectively. The
regeneration ucess followed the ord&: robusta>M. philippinensis>C. dichotoma >T.

tomentosa =S.cuminii.
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Plate 4: Natural regeneration through coppice shoots



Table 40 Seed fall (kg hd) of Shorea robusta in different compartments in Sal Working
Circle of Paonta Forest Division, Himachal Pradesh
Sr. No. Compartments Seed fall (kg /ha)
1 Rajban Cq 159.7G-1.25
2 Rajban C; 150.9G-0.82
3 Kukron C 14 202.7G-2.62
4 Rajban Cyg 193.5G-0.92
S Kukron C 1= 175.4G-0.84
6 Gorakhpur C+ 167.2G-0.57
7 Lai Cog 189.5G-0.13
C.Dooe 3.75

The data in Table 40 presented the Seed fall &Y htatus ofShorea robusta

under different compartments. Significantly maximubeed fall (202.70 kg Ha was
recorded in Kukron G which was followed byRajban Go (193.50 kg hd), Lai Cys (189.50
kg ha'), Kukron Gs (175.40 kg hd), Rajban G (159.70 kg hd), Gorakhpur & (167.20 kg
ha'), respectively. Whereas, significantly minimuneseall was recorded in Rajban, C
(150.90 kg hd).

4.8.2 Natural regeneration through coppice shoots

Table 41 Regeneration status of Lai ¢ compartment through coppice shoots under Sal
Working Circle in Paonta Forest Division, HimachalPradesh
Diameter Number of trees Number of stumps Mean coppice height Coppice
class (cm) felled in the having coppice (cm) regeneration in
diameter class shoots diameter class (%)
2018- 2019- 2018- 2019- 2018- 2019- 2018- 2019-
2019 2020 2019 2020 2019 2020 2019 2020
10-20 65.00 29.00 1.00 2.00 43.21 42.42 1.54 6.90
20-30 180.00 44.00 2.00 3.00 45.32 38.67 1.11 6.82
30-40 215.00 30.00 9.00 3.00 29.35 36.36 4.19 10,00
40-50 285.00 9.00 12.00 - 29.14 - 4.21 -
50-60 1511.00 6.00 7.00 - 27.24 - 4.64 -
60-70 70.00 - 2.00 - 42.68 - 2.86 -
70-80 30.00 - 2.0 - 43.44 - 6.67 -
80-90 13.00 - - - - - - -
90 & above| 12.00 - - - - - - -
TOTAL 2381.00 118.00 35.00 8.00 37.20 39.15 147 .78

The results in Table 41 demonstrated the regeperatatus of Lai ¢ compartment

through coppice shoots. Area wise marking of tkeas done in the year of 2018-2019 and
2019-2020. The total number of trees felled in tbding was 2381 and 118 trees, with
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stumps having coppice in 7 diameter classes, wghdst coppice shoots in 40-45cm (12)
and lowest coppice shoots (1) in 10-20 cm havingimam mean coppice height (45.32 cm)
in 20-30cm, while in year 2019-2020, the totalge@etage of coppice regeneration in felling
was 1.47 per cent and 6.78 per cent among all danutasses. Further, the number of
stumps with coppice was noted to be highest in@@ and lowest in 10-20 cm. maximum
mean height Mean coppice height (38.67 cm and 4&82n 20-30 cm.

Table 42 Regeneration status of Rajban {g compartment through coppice shoots
under Sal Working Circle in Paonta Forest Division,Himachal Pradesh
. Number of trees Number of stumps Mean Coppice
Diameter felled in the diameter having coppice Qopp|ce regeneration in
lass (cm) height (cm) | .
¢ class shoots diameter class (%)
10-20 29.00 1.00 38.34 3.45
20-30 56.00 2.00 35.39 3.57
30-40 24.00 3.00 39.14 12.50
40-50 228.00 13.00 30.48 5.70
50-60 113.00 8.00 32.57 7.08
60-70 36.00 2.00 34.04 5.56
70-80 9.00 - - -
80-90 1.00 - - -
90 & above - - - -
TOTAL 496.00 29.00 34.99 5.85

The results in Table 42 showed the regeneraticlisstaf Rajban ¢ compartment

through coppice shoots. The total number of treled in the felling (496), with stumps
having coppice in 6 diameter classes, with higleegipice shoots in 40-45 cm (13) and
lowest coppice shoots (1) in 10-20 cm. Mean coppaight (cm) was maximum in 30-40 cm
(39.14). Furthermore, the overall percentage opapregeneration in the felling was 5.85

per cent among all diameter classes.

Table 43 Regeneration status of Gorakhpur € compartment through coppice
shoots under Sal Working Circle in Paonta Forest Diision, Himachal
Pradesh
. Number of trees | Number of stumps| Mean Coppice Copplc_:e :
Diameter telled in th havi ) heiaht regeneration in
class (cm) refied in the aving coppice €9 diameter
diameter class shoots (cm)
class(%o)
2018- 2019- 2018- 2019- 2018- 2019- 2018- | 2019-
2019 2020 2019 2020 2019 2020 2019 2020
10-20 610.00 | 726.00|  3.00 8.00 33.05 295 0.49 1.10
20-30 66.00 186.00 4.00 3.00 29.65 31.4 6.0p 1.61
30-40 8.00 66.00 - 2.00 B 34.59 - 3.03
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40-50 230.00 | 680.00 7.00 9.00 30.4% 29.75 3.04 1.32
50-60 254.00 | 449.00 6.00 8.00 31.37 32.45 2.36 1.78
60-70 155.00 | 287.00 6.00 4.00 34.76 30.62 3.87 1.39
70-80 69.00 | 119.00 2.00 2.00 38.4¢ 32.5p 2.90 1.68
80-90 15.00 24.00 - - _ _ - -
90 & above | 100 8.00 - - - -
TOTAL 1408 2545 28.00 36.00 32.96 31.57 1.99 1.41

Table 43 illustrated the regeneration status ofGbeakhpur Gcompartment through
coppice shoots. Trees were marked by area in taes 2918-2019 and 2019-2020. The total
number of trees felled in the initial falling wad(B. Stumps having coppice in 6 diameter
classes and the highest coppice shoots in 70-80awdh 60-70 cm weres8.48 Total
percentage of coppice regeneration in diametesetawas 1.99 per cent across all diameter
classes. While in 2019-2020, mean coppice heigh} (gas shown to be maximum in 70-80
cm (38.48cm). However, the total percentage of megion was 1.41 per cent. There were
2545 trees that fell across all diameter classdschwrevealed 1.41 per cent coppice
regeneration. Furthermore, the number of stumps eappice was found to be highest in the
40-50 cm and lowest in the 70-80 ¢82.52)

Table 44 Regeneration status of Kukron ¢, compartment through coppice shoots under
Sal Working Circle in Paonta Forest Division, Himahal Pradesh

Diameter | No of trees felled in | Number of stumps Mean Coppice Coppice
class (cm)| the diameter class having coppice height (cm) regeneration in
diameter class (%)
2018- 2019- 2018- 2019- 2018- 2019- 2018- 2019-
2019 2020 2019 2020 2019 2020 2019 2020
10-20 11 10 - - - - - -
20-30 23 43 - 1 - 31.05 - 2.33
30-40 35 92 3 3 30.14 28.26 8.57 3.26
40-50 497 436 7 13 26.485 25.48 1.41 2.99
50-60 286 136 5 8 23.28 26.47 1.75 5.88
60-70 111 278 4 6 23.87 24.36 3.6 2.16
70-80 23 - - 1 - 33.56 - -
80-90 2 - - - - - _ i
90 &
above - - - - - - _ i}
TOTAL 088 995 19 32 25.94 28.2 1.92 3.22
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The results in Table 44 displays the regenerattatus of the Kukron
compartment through coppice shoots. Trees wereeddrl area in the years 2018-2019 and
2019-2020. The total number of trees felled in flst felling was 988, with stumps
exhibiting coppice in six diameter classes, with thghest coppice shoots (13) in 40-45 cm
and the lowest coppice shoots (1) in 20-30 and 098 While, mean coppice height (cm)
was shown to be maximum in 30-40 cm (31.41cm)ebkoad felling, the overall percentage
of coppice regeneration was 1.92 per cent acrbosBamheter classes. While, total percentage
of regeneration, on the other hand, in 2019-2028tatal percentage of coppice regeneration
in the felling was 3.22 per cent. Furthermore,ibenber of stumps with coppice was largest
in the 40-50 cm and lowest in 20-30 cm and maxinmean coppice height (33.56 c¢m) in

70-80 cm diameter class.

Table 45 Regeneration status of Kukron G compartment through coppice shoots under
Sal Working Circle in Paonta Forest Division, Himatal Pradesh
5 -
. No of trees felled Number of . % of coppice
Diameter . : . Mean Coppice regeneration in
in the diameter stumps having . .
class (cm) . height (cm) diameter
class coppice
class
10-20 29.00 2.00 32.72 6.90
20-30 44.00 5.00 24.69 11.36
30-40 30.00 3.00 30.16 10.00
40-50 9.00 - - -
50-60 6.00 - - -
60-70 - - - -
70-80 - - - -
80-90 - - - -
90 & above - - - -
TOTAL 118.00 10.00 29.19 8.47

A perusal of the data in table 45 shows rdgeneration status of the KukronsC
compartment through coppice shoots revealed aralbvpercentage of coppice regeneration
of 8.47 per cent of all diameter classes, with IrE®s felled across all diameter classes.
Furthermore, the number of stumps with coppice foaad to be highest in the 20-30 cm (5)
and lowest in the 10-20 cm (2). The number of swmejth coppice shoots were found only
in three diameter classes. The average coppicéth@gd.72 cm) was in 10-20 cm diameter

class.
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Table 46 Regeneration status of Rajban £compartment through coppice shoots under
Sal Working Circle in Paonta Forest Division, Himatal Pradesh
Diameter No of trees felled | Number of stumps| Mean Coppice % of coppice
class (cm) in the diameter having coppice height (cm) regeneration in
class diameter class
10-20 33.00 2.00 30.89 6.06
20-30 97.00 8.00 28.26 8.25
30-40 57.00 5.00 29.47 8.77
40-50 25.00 - - -
50-60 8.00 - - -
60-70 4.00 - - -
70-80 1.00 - - -
80-90 - - - -
90 & above - - - -
TOTAL 225.00 15.00 29.54 6.67

The data in Table 46 displays the regeneratiomustat the Rajban £compartment

through coppice shoots. The total number of trebed in the first felling (225), with stumps

having coppice shoots in 3 diameter classes ontip, mighest coppice shoots in 20-30 cm (8)

and lowest coppice shoots (2) in 10-20 cm. avecag@ice height (cm) was maximum in 10-

20 cm (30.89). The overall percentage of coppigemeration was 6.67 per cent of all

diameter classes.

Table 47 Regeneration status of Rajban £compartment through coppice shoots under
Sal Working Circle in Paonta Forest Division, Himahal Pradesh
Diameter No of trees felled | Number of stumps | Mean Coppice % of coppice
class (cm) in the diameter having coppice height (cm regeneration in
class Diameter Class
10-20 - - - -
20-30 4.00 - - -
30-40 7.00 1.00 30.15 14.29
40-50 68.00 5.00 24.29 7.35
50-60 1.00 - - -
60-70 - - - -
70-80 - - - -
80-90 - - - -
90 & above - - - -
TOTAL 80.00 6.00 27.22 7.50
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The data presented in Table 47 shows the regeoweratatus of the Rajban;C
compartment through coppice shoots. An overall grgsge of coppice regeneration of 7.50
per cent was observed in the compartment underdialneter classes, with 80 trees
was felled across all diameter classes. Furthernbeenumber of stumps with coppice was
found to be highest in the 30-40 cm and lowesthi@e 40-50 cm number of stumps with
coppice shoots was displayed in two diameter ctasséy. The mean coppice height (30.15

cm) was 30-40 cm. There was no coppice regenerfctoam60-70 cm diameter classes.

The study of regeneration status is an importape@sin its ecological analysis
because the ratio of various age groups in a pbopnldetermines the reproductive status of
the population and indicates the future coursectiba (Odum, 1971). In the current study,
Sal demonstrated adequate regeneration with antesmnipted growth pattern in the
compartments studied, As a result, Sal's growtrs@haveals an uninterrupted tendency of
regeneration from saplings to mature stage, indigebal's establishment and development.
A total of 4625 to 6000 recruits Ha established regeneration of 562.50 to 937.50 N ha
and un-established regeneration of 1437.50 to B@3R ha" were recorded in different
compartments under study. Similarly, Nag and G(@#44) documented fair regeneration of
Sal in three different managed forests in West Bésdpry Deciduous Forests and concluded
that the density of regenerating individuals (segdénd sapling) was highest in Garhjungle
(4266.7 N hd) and lowest in lllambazar (2710 N HaThe maximum seedling density was
seen in Ballavpur (1016.7 N frand is in agreement with our findings. The valfias
regeneration in the present study was lower thanvlues reported by Kumar and Saikia
(2020) [seedling (54—22,071 N Hj saplings (4-1239 N A8 ranged, and adults (0.02—-416
N ha?)] in Sal forests of Ranchi, Eastern India. Howeviedifigs of the present study are in
line with the values (4375 N Haseedlings, 2562.5 sapling N haand 209.37 N hh
saplings) recorded in the Palpa district of centtgpal's tropical forest (Basyat al, 2011).
The lowest value for recruits and established regeion were found in Rajban;@nd
Gorakhpur G, whereas, Rajbans@ndRajban G had minimum un-established regeneration.
This may be because these compartments are easigsable by the local communities,
therefore, can be considered as vulnerable whedrlgi indicates the effect on regeneration.
Biotic and abiotic pressure in the compartmentscvieventually lead to the deprivation of
plant and soil available nutrients and the lossspécies richness, while favoring the

abundance of unpalatable species.
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However, seedlings d. robustawere found to be more abundant than saplings and
poles in all compartments; which was similar todsteonducted byVeidelt (1988), who
observed significantly fewer saplings than seedlimghis study area and noted that majority
of the saplings develop into young trees, that magpttributed to seedlings transitioning into
saplings owing to intensive competition. In thedstuconducted in the subtropical
submontane zone of the Garhwal Himalaya, Tivedrial (2010) reported tha$. robusta
displayed the highest rate of regeneration of pdicges. The total number of sal seedlings
saplings and trees (2681 had 576 hd and 380 ha) reported by them falls within the scope
of the current study. According to Saxena and I5ifi®84) grazing and trampling by cattle
affect the soil structure by compacting it whiclade to lower moisture content and lower
permeability. This may alter the habitat and makkess suitable for the establishment of
seedlingsA Sal tree can produce thousands of seedlingsgooa seed year, but only few
seedlings can survive and establish. nature, seed regeneration has frequently been
hampered by adverse climatic circumstances duriegd sgermination and seedling
establishment. The highest mortality of seedlings wecorded in tropical forests during the
winter season (Khaet al., 1987).

Regeneration of Sal was assisted by the presenggsotiated tree species as well as
the sufficient sunlight availability on ground dteeadequate opening of canopy trees in Sal
forest. Thus, it is concluded that the density @&etcanopy, sunlight availability and
associated tree species affected the regenerdti®al an different compartmentddowever,
Canopy opening by remedial felling may enhancetlighensity, soil temperature, and
competition for other resources, thereby facildaseedling regeneration. Decreased canopy
cover in Rajban g£and Rajban ¢€had a direct impact on seed production and mag laav
indirect impact on regeneration owing to changesuirderstory vegetation and soll
characteristics (Vetaas, 2000). Sal regeneratiahigh in all compartments, but it gradually
declines with the advancement of growth stagesvyiedestation of all the compartments
by the invasive species i.eA. solanaceamay be the reason for hampering seedling
development and establishmenhe current findings are congruent with those ofit@n et
al. (2016), who found a negative relationship betwdmturbance and regeneration (both
seedling and sapling), however, Sapkeital. (2009) is of the opinion that mild disturbances
encourage regeneratioDrought is a key cause of poor seedling survivabirrobustaand
germination of freshly disseminated seeds was bajtveen June and July, recruitment peaks

in August, and the seedling population drops follmthe wet season, with increasing death

97



throughout the dry winter (Troup, 1921). HoweveegRneration 08. robustas also known

to be affected by soil pH (Gupta, 1953), accumatatof leaf litter in moist forests
(Champion and Seth, 1968), damage by wild animatgazing and closure (Chaubey and
Jamaluddin, 1989), shrubby growth and ground f{&taan and Gupta, 1960), and the effect
of standing crop (Chaubey and Sharma, 2013). Sagkatl (2009) in their studies reported
that the density of seedlings 8f robustavas similar in canopy gaps and canopy cover, the
gaps were occupied by the light demanding coppit&dsikari et al, 2017).Dieback is a
phenomenon often linked to the recruitment phake. die back of Sal seedlings in different
compartments varied from 6.56 to 11.31 per cemgfandiess of seed fall (150.90-202.70 kg
ha') with Rajban @ having the highest severity (11.31 %) owing toptia conditions and
canopy gaps. It witnessed dying back heavily dytite rainy season in moist areas owing to
damping off disease. In certain arid areas, howenmst shoots die throughout the dry
season, whereas roots often remain alive and oeweldp branches once rainfall begins.
(Troup 1921; Rao and Singh, 1985). Drought striessiever, is related with limited rainfall
and low temperatures during part of the samplingations, or possibly owing to the
competitive effects of the associated and understegetation on seedling survival and
development (Saikia and Khan 2012, 2013). Remagkabmpetition betwee. robusta
seedlings with herbs and shrubs, and further betwssedlings and big trees, were
considerably stronger in all the compartments (Setth Bhatnagar, 1960). Moreover, it is
difficult to identify the precise sources and lesEtlamage that result in seedling dieback at a
given location. Seedlings have a lower tolerancecdll temperatures, resulting in frost
damage (Sahet al, 2005). Similarly, high temperatures produce hdmhage, which is

lethal and causes dieback in fire situations instudy area.

The percentage of coppice regeneration was highasimi-dense forests at 28.6% (3
species), followed by thick forests at 14.3 pert¢érspecies), and open conditions at 38.1%
(8 species), indicating the requirement for an@ficegeneration supportThe values of
coppice regeneration in our study were lower tharsé reported by Divakara (2015), who
evaluatedS. robustaregeneration through coppices in semi-dense, derse open/mixed
forests. The possible reason for the below averagponse of the felled stump to resprout
may be slightly delayed felling (February—march)lhthe compartments. Besides this, the
age of the different diameter classes, stand der{pirticularly upper age groups) as

coppicing is known to decline with age season lihfgharvesting and canopy opening.
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Experiment IV: Estimation of physico-chemical chagncterstics under different
compartments of Sal forest.

4.9  SITE CHARACTERISTICS

4.9.1 Humus depth (cm)

A perusal of Table 48 reveals that the Humus dépth) varied significantly under
different compartments. Maximum value for Humus tdef8.91 cm) was recorded for
Kukron G4 followed by Rajban ¢ (3.29 cm) and Kukron {5 (3.09 cm), respectively.
Further, Gorakhpur £(2.84 cm) remained statistically at par with LaisG2.78 cm),
whereas, the minimum value of Humus depth was shiowRajban G (2.25 cm) which,

however remains statistically at par with Rajbaf2=31 cm).

Table 48 Humus depth (cm) of different compartmentsunder Sal Working Circle of
Paonta Forest Division, Himachal Pradesh

Sr. No. Compartments Humus depth (cm)
1 Rajban Gy 2.31:0.01
2 Rajban C; 2.25+0.04
3 Kukron C 4 3.91+0.01
4 Rajban Cyo 3.29+0.05
5 Kukron C 15 3.09+0.05
6 Gorakhpur C 2.84+0.02
7 Lai C 5 2.78+:0.02
C.Ros 0.09

A significant variation in soil pH, electrical couactivity and bulk density was
observed with the soil depths (Table 49). Howegempartment could exercise significantly
influence on the electrical conductivity only. Tigeraction failed to exert significant
influence any of soil characteristics. E.C. dedirsggnificantly with soil depth. Similiarly,
The bulk density enhanced significantly with ineean soil depth. Data presented in Table
49 reveals that maximum EC (0.44 d§mwas recorded in Kukron iG which remain
statistically at par with RajbansCRajban G, Rajban Go. While, minimum EC was recorded
in the Gorakhpur €(0.24 dsrit) which remained statistically in at par with Kukr€,s and
Lai Cys.
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Table 49 pH, Electrical conductivity (dSm') and Bulk density (gcm®) in different
compartments under Sal Working Circle of Paonta Foest Division, Himachal

Pradesh
Electrical conductivit : i
pH ec nczjg%ﬂ) uctivity Bulk density (g cm®)
D, (0-20|D, (20-40| Mean D, (0-20 |D, (20-40| Mean D, D, Mean
Compartments cm) cm) cm) cm) (0-20 cm) | (20-40 cm)
Rajban C, 5.68 5.83 5.76 0.43 0.36 0.39 1.40 1.43 1.41
Rajban C, 521 | 6.05 563 | 042| 039| 041 159 1.68) 1.6
Kukron €, 515 | 534 525 | 048| 041| 044 081 0.86|  0.84
Rajban C 518 | 6.79 5.99 0.5 028| 039  1.03 1.10] 1.6
Kukron C 6.53 6.89 6.71 0.29 0.23 0.26 0.78 1.55 147
Gorakhpur C | 6.50 6.75 6.63 0.26 0.21 0.24 1.20 1.28 1.24
LaiC 6.06 6.62 6.34 0.28 0.25 0.26 1.15 1.56 1.36
Mean 5.76 6.32 0.38 0.30 1.14 1.35
Compartment (C) NS 0.12 NS
Soil Depth (D) 0.48 0.05 0.24

(C*D) NS NS NS
4.9.2 Soil organic carbon and soil carbon fractios (labile and non-labile)

The soil organic condition was maximum (1.68 %ol under kukron &, which
however remained statistically identical to Rajl§ayg Kukron Gsand Gorakhpur &€ The
minimum soil organe cachon (0.40 %) was noticeRajban G, which remined statistically
at par with the compartments- Rajbagafd Lai Gg. Similar trend was recorded similar in
respect of labile carbon (%) and non-labile car(@infor different Compartments.

A similar trend along soil depth was also repofftadabile carbon fractions for their
sensitivity to management by Culmanal (2012),Guimaraest al (2013) and Geraeit al
2016.

Table 50 Fractions of soil carbon (%) under differet compartments in Sal Working
Circle of Paonta Forest Division, Himachal Pradesh
Soil carbon (%) Labile Carbon (%) Non-Labile Carbon (%)
D, (0- | D, (20- Mean D, (0- | Dj(20- Mean D;(0- | D,(20- | Mean
Compartments 20cm) | 40 cm) 20cm) | 40 cm) 20 40 cm)
cm)
Rajban C, 0.79 0.53 0.66 0.16 0.14 0.15 028 0.5 0.22
Rajban C, 0.45 0.35 0.40 0.17 0.10 0.14 019 0.4p 0.15
Kukron C | 1.95 1.4 1.68 0.35 0.30 0.33 042 03B 0.40
Rajban C 1.60 1.36 1.48 0.37 0.26 0.32 040 0.31 0.36
KukronC | 1.42 1.39 1.41 0.34 0.22 0.28 048 0.2p 0.35
Gorakhpur C 1.41 1.31 1.36 0.31 0.22 0.27 036 0.30 0.33
LaiC 0.8 0.75 0.78 0.24 0.11 0.18 025 0.1p 0.21
Mean 1.20 1.01 0.28 0.19 0.34  0.23
Compartment (C) 0.45 0.14 0.13
Soil Depth (D) 0.21 0.08 0.06
(C*D) NS NS NS
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4.9.3 Available Nitrogen (kg hd), Phosphorus (kg h&) and Potassium (kg h&)

Data presented in the Table 51 evinced that availal) P and K was influenced
significantly due to compartmental and soil deptfect. Irrespective of compartment, the
level of available N, P and K declined significgnfrom 10-20 to 20-40 cm soil depth.
Irrespective of soil depth, maximum available N 440 Kg hd) was recorded in the
compartment Kukron , which was found to be significantly at par withjBan Gy, Kukron
C1s and Gorakhpur £ The minimum level of available N (2.55.93 Kg'havas recorded in
Rajban G, which remained statistically at par with Rajbagp &d Lai Gs. The level of
available P and K in respect of different comparitadollowed the same trend as that of
available N. The interaction between compartmend aoil depth failed to exercise
significant influence on the level of availableNand K.

Table 51 Soil available N, P and K under differentompartments in Sal Working Circle
of Paonta Forest Division, Himachal Pradesh

Available N (kg ha) Available P (kg ha") Available K (kg ha™)
D, (0- | D, (20- Mean D; (0- | D, (20- Mean D, (0- | D,(20- | Mean
Compartments 20cm) | 40 cm) 20cm) | 40 cm) 20 40 cm)
Rajban 06 294.24 260.01 277.13 27.26 26.0% 26.65 Cm)245 77  216.9233.36
Rajban C7 286.91 224.94 255.93 27.1% 24.32 25.73 239.92 B816.6228.29
Kukron C u 41595 | 392.99 404.47 47.08 44.28 45.68 450.63  0085.4428.02
Rajban C10 386.29 | 392.00 389.15 44 .44 43.2 43.83 401.76  391.2396.50
Kukron C 5 420.08 310.67 365.38 43.65 37.06 40.3¢ 369.02 956.0362.56
Gorakhpur C ; 364.89 334.67 349.78 46.14 23.7 34.97 353.22 248.4300.83
Lai 028 287.36 | 274.40 280.88 32.5¢ 26.77 29.66 253.44  742.8248.16
Mean 350.82 | 312.81 38.33]  32.20 33111 296.80
Compartment (C) 61.49 7.70 35.91
Soil Depth (D) 32.87 4.12 19.2
(C*D) NS NS NS

4.9.4 Soil micronutrients (Zn, Fe, B, Cu and S)

It is evident from the data presented in the Tabk that the level of the
micronutrients Zn, Fe and B were significantly ughced due to the average effect of depth
only. The level of all these micronutrients deetinsignificantly from B (0-20 cm) to R
(20-40 cm).
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Table 52  Soil micronutrient (Zn, Fe and B) under diferent compartments in Sal Working
Circle of Paonta Forest Division, Himachal Pradesh

Zn (kg ha) Fe (kg ha') B (kg ha?)
D, (0-20 | D,(20- | Mean D, (O- D, (20- Mean D, (0- | D, (20- Mean
Compartments cm) 40 cm) 20 cm) | 40 cm) 20 cm) | 40 cm)
Rajban Ce 6.78 6.49 6.63 57.35 45.77 51.56 0.35 0.33 0.34
Rajban C7 7.32 6.66 6.99 51.97 37.02 44.50 0.32 0.26 0.29
Kukron C » 7.01 6.08 6.55 74.95 38.68 56.81 0.37 0.29 0.38
Rajban C10 7.56 5.57 6.57 82.31 78.86 80.58 0.47 0.11 0.29
Kukron C s 5.76 5.12 5.44 76.51 63.98 70.24 0.12 0.11 0.11
Gorakhpur C , 6.01 5.19 5.60 69.66 69.62 69.64 0.16 0.14 0.15
Lai C28 5.31 5.15 5.23 49.03 54.6 51.82 0.17 0.13 0.1%
Mean 6.54 5.75 57.35 45.77 0.28 0.20
Compartment (C) NS NS NS
Soil Depth (D) 0.48 0.02 0.08
(C*D) NS NS NS

The status of Cu and S under different Sal compantsnof Paonta Sal Working
Circle in the Table 53. It is evident from the depd table that Cu varied significantly due to
the depth only, whereas, the level of S variediBggmtly due to compartmental as well as
depth effect. The level of both Cu and S declineamf D; (0-20 cm) to B (20-40 cm),
respectively. The maximum level of S (14.831 hay wecorded in Kukron £ which was
found to be significantly higher than the S levatgler all other compartments. The level of S
under different compartments followed the orderkikKm G,> Rajban G> Rajban G
RajbanGy> Lai Cg> Kukron Gs> Gorakhpur G

Table 53 Soil micro nutrient (Cu and S) in soil mico nutrients of soil under different
compartments in Sal Working Circle of Paonta ForestDivision, Himachal
Pradesh
Cu (kg ha) S (kg ha')

Compartments D, (0-20cm) | D (20-40cm) | Mean D, (0-20cm) | DB (20-40cm) | Mean
Rajban C_ 2.49 2.15 2.32 12.31 11.83 12.07
Rajban C

A, 2.41 2.21 2.31 12.87 12.48 12.67
Kukron € | 2.22 2.19 2.21 15.27 14.38 14.88
Rajoan C | 3.02 2.06 2.54 12.09 10.15 11.1p
KukronC 1.80 1.37 1.58 9.82 8.78 9.30

Gorakhpur C 1.79 1.68 1.74 9.31 8.85 9.08

LaiC 1.64 1.54 1.59 12.51 10.43 11.47

Mean 2.20 1.88 12.03 10.98

Compartment (C) NS 2.13

Soil Depth (D) 0.24 1.14
(C*D) NS NS
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4.9.5 Soil depth

Table 54 illustrates the soil depth (cm) of sevesall horizons in different
compartments. The maximum humus depth (3.91cm)re@wded for Kukron G, followed
by Rajban @ (3.29 cm), while the least humus depth (2.25 ca3 wdicated for Rajban,C
Similarly, soil depth varied with the compartmefas soil horizons O, A, B, and C. The
highest soil depth in Kukron;gvaried from 35.60 cm in the O horizon to 98.60ianthe C
horizon, whereas the lowest soil depth in Rajbarr@@ed from 12.40 cm in the O horizon

to 72.40 cm in the C horizon.

Table 54 Soil Depth (cm) of different soil horizonsunder different compartments in Sal
Working Circle of Paonta Forest Division, HimachalPradesh

Compartments
Soil Depth _ Rajban | Kukron |Gorakhpur _
(cm) Rajban C, Rajban C, Kukron C_, Cic Cie c, Lai C
D(cm) D(cm) D(cm) D(cm) D(cm) D(cm) D(cm)
Humus 231 2.25 291 2.29 3.09 2.84 2.78
o 12.40 12.60 35.60 3.70 3.20 3.50 3.6D
A 17.60 13.50 52.50 48.50 46.70 40.50 44.60
B 32.80 35.80 80.10 63.80 65.80 70.70 61.70
C 72.40 76.40 98.60 75.90 86.50 80.40 79.90

4.9.6 Soil quality index

The results pertaining to the Soil quality indexddferent compartments presented
in Table 55. Soil quality index was developed bkirtg into account all of the soil
physicochemical characteristics investigated. &adllity indexes followed the order: Kukron
C14 (0.87)> Rajban ¢ (0.85)> Kukron Gs (0.78)> Gorakhpur €£(0.70)> Lai Gg(0.58)>
Rajban G (0.56)> Rajban ¢(0.53). Soil quality index was found to be higherKukron
C14, indicating that continual nutrient input véaf litter and detritus biomass has influenced
overall soil quality. Soil quality is the abilityof soil to perform within natural or managed
ecosystem limits in order to sustain plant and ahipnoductivity, maintain or enhance water

and air quality, and support human health and aabit (Karlenet al,, 1997).
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Table 55 Soil quality index under different comparments in Sal Working Circle of
Paonta Forest Division, Himachal Pradesh

m @ z o = N py w 3] e} »
o |l@x | & = = = | = = 39 | £ a
o oa «Q @ «Q ) ) @ o Q F3 Q wn
7 30 = =~ = - = > 58 | S = Q
3 o2 L o 2 D o o 35 | ® 2
B -Z | k& > = = H s S i B
Compartment pH =~ =~
Rajban C 27713 | 26.65| 233.36] 668 5156 0.34
J s 576 | 039| 141 066 | 232 | 1207 (56
Rajban C 255.03 | 25.73| 228.29] 699 4450 0.29
J 7 563 | 041| 164 040 | 231 | 1267| (53
Kukron C 40447 | 4568| 42802] 656 5648L 033
u u | 525| 044| 084 ? 168 | 221 | 1483| g7
Rajban C 380.15 | 43.83] 39650] 657 8058 029
J 10 599 | 039| 1.06 148 | 254 | 1112} g5
Kukron C 365.38 | 40.36| 362.56] 544 7024 011 158 | 930
s | 671| 026 117 1.41 : : 0.78
Gorakhpur C 34978 | 34.92| 300.83] 560 6964 015 174 | 9.08
7| 6.63| 024| 1.24 1.36 : : 0.70
LaiC 280.88 | 29.66| 248.16] 528 5182 015
2 634 | 026| 136 078 | 159 | 1147 (g

Soil pH in the present study increased with sogtbeThe availability of many plant
nutrients in the soil changes as a result of reastin the soil, which are largely controlled by
soil pH. Similar finding have been reported by Mang (2003), Bashyal (2005) and
Acharyar and Shrestha (201Zhis might be due to high concentration of highewake ions
like Fe, which will tend to displace those with lemwalences such as"Hhus, when this
H* is displaced into the soil. And rapid uptake asis nutrients (K C&*, Mg®") by the
plant root system, causing an increase in pH le(@mehiet al, 2012). Cation exchange
capacity of the soil was low in this study site dathl nitrogen, phosphorus and potassium
decreased with depth. This trend in total nitrogery be due to the level of organic matter in
topsoils and its decomposition (De Moratsl, 1999) Organic carbon decreased with depth,
implying that there were high organic carbon comr@gions on topsoils. This might have
occurred because of high organic matter depositiotop soils thus more organic carbon due
to decomposition. Bulk density of the study siter@ased with soil depth. This is in
agreement with the findings of (Ghedtial, 2012) Bulk density is dependent on soil texture
and the densities of soil mineral (silt, sand alay)cand organic matter particles as well as
their packing arrangement. It increases with deptite subsurface layers have reduced
organic matter, aggregation and root penetratiagh Hulk density is an indicator of low
porosity and compaction, which may cause restneti root growth and poor movement of
air and water through the soRresent study is in close conformity with valugsoréed by
Kongkhamet al. (2021) in four different sites, viz. Shuduwala, iMawala, Bhawala, and
Tilwari of Shivalik foothills Dehradun Forest Regiaf UttarakhandThe availability of

many plant nutrients in the soil changes becauseaations in the soil, which are largely
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410 REGRESSION EQUATIONS

Table 56 Linear and non-linear allometric equationsfor estimation of Volume, Total
biomass and carbon (Mg C ha) in Shorea robusta trees based on diameter over
bark, height and density variables

. Dependent Independent Regression ) . .
Diameter Best fitted regression equation R
(X) (v) type 9 a
Linear V =—6.55+0.082 N 0.889
. Power V =0.030 K 0.919
Density
Growth InV =1In (-1.721)+(0.062N) 0.930
Quadratic V = 0.336 -0.017 N +0.002N 0.973
Linear V =—2.109+0.079 D 0.943
Power V = -2.7063 % 0.978
Volume DBH - =5
Exponential | V =0.067¢ 0.910
Quadratic V = 0.074 +0.001 D -0.018D 0.985
Height Linear V =—2.397+0.188H 0.909
Growth InV = In (-3.535)+( 0.165H) 0.934
Power V =0.0001 &% 0.669
Quadratic V = 3.319+0.017H -0.468H 0.851
Density Linear TB = 11.359+ 0.422N. 0.878
Log linear TB =-0.165+7.705 InN 0.830
Power TB = 6.428N*" 0.865
Quadratic TB= 8.694 0.688N + 0.005N 0.901
Diameter Linear TB = 4.644+0.393D .861
Over bark , Log linear | TB =-46.717 + 18.490 InD 915
Total biomass DBH T
Power TB = 8.894P* 0.875
Quadratic TB = -8.775 +0.992D -0.008D 0.919
Linear TB =-2.397+ 1.188H 0.988
_ Power TB = 0.806H* 0.995
Height
Growth Ln TB=In (1.773)+( 0.060H) 0.989
Quadratic TB =3.319 +0.531H +0.017H 0.994
Linear C =2.206+0.187D 0.861
Log linear C =-22.191+8.783InD 0.915
DBH =
Power C =0.318%° 0.875
Quadratic C=-4.169 -0.471D +0.003D 0.919
Linear =1.138+0.564H 0.988
Carb Heiaht Power C = 0.383H* 0.995
aroon el
g Exponential | C = 2.797%%% 0.988
Quadratic C =1.573 +0.008H +12.509H 0.994
linear C =5.396+0.200N 0.874
_ Power C = 3.053RA™ 0.865
Density -
Log linear C =-0.078+3.660InN 0.798
Quadratic C = 4.130 -0.002N+0.327N 0.901

D = diameter at breast height (cm) H= tree Heighjt (/= Tree Volume, TB= Total biomass and C=Carbon

* Significant at 5% level of significance.
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controlled by soil pH. The soil pH was more acidicundisturbed forest stand than in

disturbed forest stand. The nitrogen concentratieried substantially across all

compartments. Nitrogen is typically found in thel sms nitrates, which are particularly

mobile and may move easily with precipitation (Guphd Sharma, 2008). The higher range
of soil pH, bulk density, organic carbon, availahlgogen, phosphorus, and potassium and
calcium in the present study concluded that sailcement could be due to differences in

species-site interaction and differential nutrieptake (Marasini, 2003; Paudel and Sah,
2003; Kumar and Kumar, 2022).

4.10.1.1 Regression equations for diameter over dar

The linear and non-linear relationships of Volumwliameter over bark, height and
tree density, each taken independently, resultdughly significantt® (adjusted B results
(Table 56), where Quadratic function showed higé¢d.973) for tree volume with density
followed by growth function (0.930). In contrashdar function depicted lowekE (0.889).
In case of tree Height taken asedictor variable Quadratic function showed highekd
(0.972) followed by Growth (0.930) and Power fuanti(0.919). While, linear function

reported minimum value f&? (0.12).

For dbh, significank? was reported with Quadratic function (0.985) faoleml by

Power function (0.919) While, linear function refgar minimum value fok? (0.887).

The linear and non-linear relationships of totabrbass with diameter over bark,
height and density each taken independently shaigrdficant results (Table 56), where
Quadratic function had highe&(0.901) for density followed by log linear (0.928hereas,
log linear function depicted lowekf (0.830) for tree volume with densitin case of dbh,
taken aspredictor variableQuadratic function showed higheki (0.919) followed by log
linear function (0.915).While, in case of heighya@ratic linear function reported maximum
value for % (0.994). However, in case of linear and growth fiorc (0.988) showed

minimum significan®? result.

The linear and non-linear relationships of carbath diameter over bark, height and
tree density each taken independently showed signif results (Table 56), whereas,
Quadratic function had highek (0.919) for tree carbon with density followed by linear
function with  value o®?(0.915). However, linear function depicted low&$(0.861). In

case of tree Height taken piedictor variableQuadratic function showed highe3t(0.994)
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followed by Power function value &7 (0.995). Whereas, linear function reported minimum

value for&? (0.988). While, in case of density, Quadratic fiprtreported maximum value

for k% (0.901). However, in case of log linear function7@B) showed minimum significant

&2 result.

Table 57 Linear and non-linear allometric equationsfor estimation of Volume, Total
biomass and carbon (Mg C h#) in Shorea robusta trees based on diameter
under bark, under bark, height and density variables

Diameter De;z)e(?dent Inde?%ndent Re?;zzsmn Best fitted regression equation R
linear V =—1.984+0.077D 0.943
DBH Power V =0.001D2.728 0.979
Growth Ln V=In (-2.762)+( 0.060D) 0.910
Quadratic V =0.077 - 0.018D +0.001D2 0.995
linear V =—2.259+0.178H 0.878
Volume Height Power V =0.001H2.934 0.864
Growth Ln V=In (-3.586)+(0.165H) 0.798
Quadratic V =3.114 -0.440H +0.016H2 0.901
linear V =—0.615+0.077dbh 0.890
_ Power V =0.029H1.159 0.919
Density
Growth Ln V= In (3.695)+( 0.140H) 0.929
Quadratic V =0.312-0.016H +0.002H2 0.973
linear TB =—3.318+0.131D 0.938
DBH Power TB =0.001D2.630 0.907
Growth Ln TB= In (-2.064)+( 2.829D) 0.934
Quadratic TB =0.041 -0.002D 0.023D2 0.871
Diameter linear TB =—3.861+0.306H 0.682
under bark Total biomass Height Power TB =0.001H2829 0.907
Growth Ln TB=In (-2.881)+( 0.1599H) 0.934
Quadratic TB =5.524 -0.774H 0.027H2 0.871
linear TB =—0.988+0.131N 0.887
_ Power TB =0.59N1.116 0.914
Density
Growth In TB=In (-1.129)+( 0.060N) 0.929
Quadratic TB =0.546-0.022N +0.003N2 0.964
linear C =—1.576+0.062D 0.938
DBH Power C =0.001D2.622 0.830
Exponential C =0.060e 0.057D 0.91p
Quadratic C =0.023-0.011D+0.001D2 0.977
linear C=—1.833+0.145H 0.682
_ Power C =0.001H2.15 0.871
Carbon Height Exponential | C = 0.027€0.159H 0.905
Quadratic C =2.635-0.013H +0.369 H2 0.935
Linear C =—0.489+0.062N 0.887
_ Power C =0.028N1.112 0.964
Density Exponential | C = 0.155e0.060N 0.930
Quadratic C =0.261-0.011N +10.001N2 0.914

D = diameter at breast height (cm) H= tree Heighjt (/= Tree Volume, TB= Total biomass and C=Carbon

* Significant at 5% level of significance.
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4.10.1.2 Regression equations for diameter undealk

The linear and non-linear relationships of Volumighwdiameter under bark, height
and tree density, each taken independently, resiftehighly significantt® (adjusted B)
results (Table 57), where Quadratic function showigthestz? (0.985) for tree volume with
dbh followed by growth function (0.910). In contranear function depicted lowe®?
(0.943).In case of tree Height taken edictor variableQuadratic function showed highest
&% (0.901) followed by linear function (0.878). Whilgrowth function reported minimum
value for&? (0.798). For density, significakf was reported with Quadratic function (0.973)
followed by growth function (0.919). While, linefunction reported minimum value f&f
(0.890).

The linear and non-linear relationships of totadrbasswith diameter under bark,
height and density each taken independently shasigraificant results (Table 57), linear
function had highes®? (0.938) for dbh followed by growth function (0.93Bhereas,
quadratic function depicted lowe&t (0.871) for tree biomass with dbm case of height,
taken aspredictor variablegrowth function showed highe&f (0.935) followed by power
function (0.907) and lowest value was recordedgicadratic function (0.871).While, in case
of density, Quadratic linear function reported mmaxin value fork? (0.964). However, in

case of linear function (0.887) showed minimum Bigant &2 result.

The linear and non-linear relationships of carbath diameter over bark, height and
tree density each taken independently showed sgnifresults (Table 57), where, Quadratic
function had highesk? (0.977) for tree carbon with dbh followed by lindanction with
value of&?(0.938). However, exponential function depicteddstk?(0.912). In case of tree
Height taken agpredictor variableQuadratic function showed highex$t(0.935) followed by
exponential function with value & (0.905). Whereas, linear function reported minimum
value fork?(0.682). While, in case of density, power functieported maximum value f&f
(0.965). followed by exponential function with valof &? (0.930). However, linear function
(0.887) showed minimum significa&f resuilt.

4.10.2 Two variable (dbh and tree height) basedqgression equations.

Multilinear regression models for predicting Volumetal biomass and carbon
density (Mg hd) of S. robustaover and under bark with the help of two independe
variables DBH and height have been demonstratétkiifable 58. The table reveals that all
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the traits viz., volume, total biomass and carbensity (Mg h&) can be predicted with a
degree of accuracy (R2 = 0.97) in both the Cases lmark dbh and under bark dbh.

A perusal of data in Table 58 revealed that linedationships of Volume, total
biomass and carbon with diameter over bark, heigtdllectively, resulted in highly

significant&? (adjusted B results.
4.10.2.1 Regression equations for diameter oveatk

The results pertaining to linear relationships afime with diameter over bark and
height collectively (Table 58), showed highly siigant &% (0.976). In case of total biomass
with diameter over bark and tree height taken asliptor variable together showed highest
&% (0.972) whereas, for carbon significant relatiopshith maximum value o&* (0.971)

were reported.

4.10.2.2 Regression equations for diameter oveatk

The data in Table 58 demonstrated significant linedéationships of volume with
diameter at breast height under bark and heiglkentakllectively, with the results indicating
that the linear function was strong wkh= 0.975. Furthermore, total biomass with diameter
under bark and tree height as predictor variablésb&ed the highesk? (0.971), while
carbon significant relationship with significantwe of 8* was 0.970.

Table 58 Multi-linear allometric equations for estmation of volume, total biomass and

carbon in Shorea robusta trees based on diameter over bark, under bark and
height variables

Independent Dependen Regressiol ] ] ]
Best fitted regression equation R?
X) (v) type
Volume lineal V = 0.045(D) + 0.093(H-.1.80¢ 0.97¢
Diameter dbh and
Total biomass lineal TB =0.955(D) + 0.093(H-1.80¢ 0.97%
over bark height
Carbon lineal C=0.454(D) + 0.044(H-0.87 0.971
Volume lineal V= 0.043(D) + 0.091(H-1.69¢ 0.97%
Diameter dbh and
Total biomass lineal TB =0.057(D) + 0.149(H-2.93¢ 0.971
under bark height
Carbon lineal C=0.02(D) + 0.071(H)-1.39¢ 0.97C

D = Diameter at breast height (cm) H= Tree heigh}t, /= Tree volume, TB= Total biomass and C= Carfon
Significant at 5% level of significance.

The non-linear and linear relationships of Volunmal biomass and carbon with
diameter over bark and under bark, height and tkeesity, each taken independently,

resulted in highly significark? (adjusted B results.
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Data presented in the Table 56 reveals that volinge robustacan be predicted with
a high degree of accuracy using density, dbh omgd &nd height as an independent variable.
Volume of S. robustacan be best predicted using density (V= 0.33670N\010.002N; R2=
0.973) as independent variable using quadratictiomcSimilarly, Volume can be predicted
using dbh over bark in quadratic function using Q\G¥4+0.001D+0.018D R?= 0.985).
However, the best Volume prediction using heightiradependent variable while using
Growth function of In V= (-3.535) + (0.165H); R2=935). It is evident from the data
presented in the Table 56 that total biomass ofSth®bustacan be predicted using density,
dbh and height as independent variable using amy ¢of regression function. However, the
best regression fit ®0.99) of total biomass was observed with heighd amlependent
variable in power and quadratic functions. Simiiartotal biomass, carbon content $f
robustacan be predicted with fairly high degree of prédit but best equation of carbon
content ofS. robustagMg ha' ) is with total height as independent variabl@dnver function
(C= 0.383H%% R*= 0.995). Data in Table 56 the presents the voluwta) bromass and
carbon content o8. robustaon Mg h& using DBH, height and density an independent
variables using linear, power, growth and quadrhatitction. With a reasonable accuracy.
The best prediction of volume Mg haR2 = 0.97) is With DBH (V= 0.077-0.018D+
0.001D?; B=0.985) followed by density (V=0.312-0.016H +0.062R?=0.973) but both in
quadratic function. Total biomass (MgHacan the predicted with a good degree of success
using DBH, height and density variable in differdotm of regression type. The best
prediction equation of total biomass with DBH (TB=318+0.131D; R2=0.938); height
(INTB=In(-2.881+0.1599H; R2=0.935), desity (TB= 4650.022N+0.03RR? = 0.964) in
power, growth and quadratic regression functiogpeetively.

The results in Table 56 reveals that carbon costévig ha') of S. robustacan be
predicted accurately with the help of DBH, heightl alensity as independent variable. The
carbon content can be predicted with DBH (C=0.0Z8-DD+0.001 B, R?*=0.977) with
highest accuracy using quadratic regression equa@arrent observation best prediction
equation of volume over bark is within range wiltle study conducted by Subedi (2018)
who estimated the timber volume of Sal and selestedel for total over bark stem volume
as InV = - 8.04674 + 2.26641 In DBH witHf Bf 0.92 and standard error of 0.18. Similarly,
the selected models for over bark volume up torid 20 cm top diameter have B 0.82
and 0.79 and standard errors of 0.35 and 0.42¢ecésply. Similiarly, Paudelet al. (2020)

developedcarbon stock models based on DBH and total heigbgression model with
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natural logarithm of DBH and total tree height (i.e. log transformed potyia equation)
was best fitted for estimation of carbon stock fvee in different crown cover class with
adjusted R>0.99.

4.11 Correlation studies

The correlation relationship between the Tree, Bhrand herb carbon density and

various diversity indices have been depicted thinolTable 59 and graphically in Fig. 10.

The Shrub carbon and Shannon diversity index (3haése shown to be highly and
positively correlated (Table 59). Further, Simpddominanceindex (tree) have strong
positive relationship with Shannon diversity ind@gsee), Meanwhile, SHT was negatively
correlated with Margalef Index of species richnsisg(b), whereas, Pielou Equitability (Ep)
index (Tree) was positively correlated with SIH rfi)e Shannon diversity index (herb),
Margalef Index of species richness(herb). SimpsamiDanceindex (Shrub) was highly
correlated with Pielou Equitability (Ep) index (ab). Likewise, Simpson Dominancelex
(herb) had a strongest positive association witan8bn diversity index (herb) and Pielou
Equitability (Ep) index (herb). SHH was positivetprrelated with MH and EH. Also,
Positive association between MH and EH was reported

Table 59  Correlation matrix between tree carbon, stub carbon, herb carbon and diversity indices
[Simpson Dominanceindex, Shannon diversity index,Margalef Index of species richness
(MI) and Pielou Equitability (Ep) index] of trees shrubs and herbs among different
compartments of Sal Working Circle of Paonta ForesDivision, Himachal Pradesh

TC SC HC SIT SHT MT ET SIS SHS MS ES SIH SHH MH | EH
TC 1
SC 0.14 1
HC | -0.91| 0.17 1
SIT | -0.24| -0.65 | 0.03 1
SHT | -0.14 | -0.40 | -0.06| 0.86* 1
MT | -0.08 | 0.08 | -0.04] 0.44 0.82* 1
ET -0.16 | -0.75 | 0.04| 0.82* 0.40 -0.19 1
SIS | 0.35 0.70 | -0.211 -0.19 0.19 0.59 -0.56 1
SHS | 0.32 | 0.78* | -0.15| -0.32 0.05 0.50 -0.64| 0.98*** 1
MS | -0.05| 0.74 0.23| -0.84]| -0.77* | -0.38 | -0.68 0.27 0.42 1
ES 0.41 0.54 | -0.31] -0.02 0.37 0.70 -0.44 0.97| 0.98* | 0.03 1
SIH | -0.54| -045| 0.56 0.43 0.02 -0.43 0.82* -0.60 -0.60 -0.27| -0.59 1
SHH | -0.42 | -0.50 | 0.43 0.55 0.15 -0.3¢ 0.85* -0.52 -0.55 -0.40 -0.48 | 1.00*** 1
MH | -0.34| -0.62 | 0.31 0.62 0.22 -0.3R 0.90** -0.56 -0.61 -0.51] -0.49 | 0.98* 0.99%** 1
EH | -048 ] -0.14 | 0.63 0.05 -0.25  -0.4p 0.43 -0.39 -0.35 0.03 -0.43 0.87* 083 | 077 ] 1

TB=Tree carbon SC=Shrub carbon HC=Herb carbon SfipSon Dominancéndex(Tree) SHT=Shannon diversity index (tree) MT=
Margalef Index of species richness(tree) ET=Pi&quitability (Ep) index(Tree) SIS=Simpson Dominairggex (Shrub) SHS=Shannon
diversity index (shrub) MS=Margalef Index of speciEhness(shrub) ES=Pielou Equitability (Ep) in@&xub) SIH= Simpson Dominance
index (herb) SHH=Shannon diversity index (herb) Mi&rgalef Index of species richness(herb) EH= Ri€quitability (Ep) index(herb)

* Correlation is significant at the 0.05 level (2ied).
** Correlation is significant at the 0.01 level (ailed).
Fkk Correlation is significant at the 0.001 leveR{tailed).
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Table 60 Correlation matrix between soil physico-cemical characteristics and diversity indices [Simpsn Dominanceindex, Shannon diversity index,Margalef Index of species richness (Ml) and
Pielou Equitability (Ep) index] of trees, shrubs am herbs among different compartments of Sal WorkingCircle of Paonta Forest Division, Himachal Pradesh

BD SOC N P K Zn Fe B Cu S SIT SHT MT ET SIS SHS MS ES SIH SHH MH EH
BD 1
SOC | -0.91* 1
-0.94* | 0.98*** 1
-0.94** | 0.95*** | 0.98*** 1

K -0.94** 0.92 | 0.97*** | 0.99*** 1

Zn 0.11 -0.29 -0.09 -0.08 0.01 1

Fe -0.59 0.81* 0.76* 0.72 0.67 -0.27 1

B -0.06 -0.24 -0.04 -0.02 0.06| 0.92** -0.31 1

Cu -0.04 -0.12 0.0f 0.07 0.12 0.93** -0.0z 0.91** 1

S -0.18 -0.19 -0.02 0.05 0.13] 0.64 -0.56 0.78* 0.55 1

SIT 0.50 -0.67 -0.69 -0.61 -0.59 -0.01 -0.88** 0.06 -0.17 0.47 1
SHT 0.30 -0.45 -0.51 -0.41 -0.43 -0.34 -0.56 200.| -0.36 0.25 | 0.86* 1

MT 0.11 -0.12 -0.22 -0.12 -0.18 -0.62 -0.08 490.| -0.48 -0.18 0.44| 0.82* 1

ET 0.45 -0.67 -0.61 -0.59 -0.53 0.43 -0.93* 0.46 0.19 0.68 | 0.82* 0.40 -0.19 1

SIS -0.08 0.05 0.07 0.18 0.16 -0.14 0.38 -0.10 0.05 -0.17 -0.19 0.19 0.59 -0.5 1

SHE -0.0¢ 0.1C 0.12 0.21 0.1¢ -0.12 0.42 -0.12 0.07 -0.2¢ -0.32 0.0¢ 0.5C -0.64 | 0.98*** 1

MS -0.05 0.33 0.33 0.29 0.28 0.14 0.68 -0.15 .160| -0.59 | -0.84* | -0.77* -0.38 -0.68 0.27 0.42 1

ES -0.1% 0.0 0.0t 0.1€ 0.14 -0.21 0.21 -0.0¢ -0.01 -0.02 -0.0z 0.37 0.7C -0.44 | 0.98** | 0.93** 0.0z 1

SIH 0.7C -0.77 -0.77* -0.8C -0.77* 0.4¢ -0.72 0.4C 0.28 0.24 0.42 0.0z -0.42 0.82* -0.6C -0.6C -0.27 -0.5¢ 1
SHH 0.67 -0.82* | -0.77* | -0.82* | -0.76* 0.48 -0.81* 0.48 0.28 0.39 0.55 0.15 -0.34 0.84* -0.52 -0.55 -0.40 -0.48| 1.00*** 1

MH 0.60 -0.78 -0.72 -0.75 -0.70 0.45 -0.88 0.48 0.23 0.48 0.62 0.22 -0.33 0.90** -0.56 -0.61 -0.51 -0.49|  0.98**F 0.99*** 1
EH 0.59 -0.64 -0.59 | -0.79* | -0.76* 0.39 -0.42 0.38 0.28 -0.01 0.0§ -0.25 -0.49 0.43 -0.39 -0.35 0.03 -0.43 0.87* 0.83* 0.77* 1

BD= Bulk density SOC=Soil organic carbon N=Nitrage=Phosphorus K=Potassium Zn=Zinc Fe=Iron B=B&@eRopper S=Sulphur SIT=Simpson Dominaimckex(Tree) SHT=Shannon
diversity index (tree) MT= Margalef Index of spexigchness(tree) ET=Pielou Equitability (Ep) indEnge) SIS=Simpson Dominangelex (Shrub) SHS=Shannon diversity index (shrub)
MS=Margalef Index of species richness(shrub) ESeRiEquitability (Ep) index(shrub) SIH= Simpson Dmancendex (herb) SHH=Shannon diversity index (herb) Mi&rgalef Index of
species richness(herb) EH= Pielou Equitability)(lBdex(herb)

* Correlation is significant at the 0.05 level (2ited)
** Correlation is significant at the 0.01 level 2iled)
Frk Correlation is significant at the 0.001 leve?{tailed
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The correlation between the various physico-chelnaicaracteristics and biodiversity
indices of sal compartments Paonta Sahib ForesgjgRhas been depicted through Table 60
and Fig. 11.

Among several soil parameters, bulk density wasvshim be significantly and nege
tively connected to soil organic carbon, nitrogehpsphorus and potassium availability
(Table 60). SOC had a considerably positive retstigp with N and P, while, negative
correlation was observed for Shannon diversity xndkerb). The available N had a
significant positive relationship with P and K, hewer, negative association with Shannon
diversity index (herb) and Simpson Dominamegex (herb). Phosphorus had significantly
strong correlation with K and it was negativelyated with SHH and Pielou Equitability (Ep)
index (herb). Zinc had a positive connected withrddoand Copper. Furthermore, K
demonstrated considerably negative relationshifih \8impson Dominancendex (herb),
SHH and EH. Meanwhile, iron showed significantlygagve correlation with Shannon
diversity index (tree), Pielou Equitability (Ep)dex (Tree) and SHH. B was positively
related to Cu and S. Although, Simpson Dominandex (Tree) was positively associated
with Margalef Index of species richness (tree) tmmhained negatively related to Margalef
Index of species richness (shrub). Additionally, @&monstrated a highly significant positive
correlation with SIT, SHH and Margalef Index of s@s richness (herb). Simpson
Dominanceandex (Shrub) was associated with a positive rehetip with Shannon diversity
index (shrub), Margalef Index of species richnesgub) and Pielou Equitability (Ep) index
(shrub). In addition, SHS and ES were positivelyrelated. The strongest positive
association was being observed for SIH and SHHIETED) as well as with MH and EH.
SHH was correlated positively with MH and EH. Whifeegative correlation was observed
between MH and EH.

Positive correlation was found between the volutatl biomass, and basal area of
tree species and C stock. ThévRlue for Banka range was 0.92 (volume with C stottk
(total biomass with C stock) and 0.65 (basal arégh ® stock). (Biswaset al, 2021). A
strong positive correlation was also establisheBauinsi range with an Rvalue of 1.
Correlation revealed that soil moisture content wegatively correlated with clay content in
the disturbed plot, whereas they were positivelyaetated with each other in the undisturbed
site. Soil organic carbon and soil nitrogen conteete positively correlated with each other
in both the study sites.
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Table 61

Correlation matrix between tree height, tee volume, tree biomass, shrub biomass, herb
biomass and soil horizons among different compartnmes of Sal Working Circle of Paonta

Forest Division, Himachal Pradesh.

SH TH TV B SB HB
SH 1
TH 0.49 1
TV 0.63 0.57 1
B 0.62 0.58 1.00* 1
SB 0.48 0.32 0.12 0.13 1
HB -0.85* -0.45 -0.92** -0.91* 0.18 1

SH=Soil horizon TH=Tree height TV=Tree volume TB=@t@omass SB=Shrub biomass HB=Herb biomass

* Correlation is significant at the 0.05 level (@Hed).
** Correlation is significant at the 0.01 level (2ited).
Fearson's
Correlation '3:1-;5 SB
-1.0 -05 00 05 1.0 ceE
ns
0.1z

ns
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ns p==005 *p=005** p=0071, and *** p = 0.001

Fig. 12 Correlation matrix between tree height, tre volume, tree biomass, shrub biomass,

herb biomass and soil horizons.

The relationship between the depth of the soilzwriand tree height, tree volume,

tree biomass, shrub biomass and herb bioman heeredepicted in Table 61 and Fig 12.

The Tree volume was shown to be highly and poditizerrelated with tree biomass
(Table 61). Meanwhile, TV was negatively correlatgth Herb biomass. Whereas, TB had a
considerably negative relationship with HB. Whitee soil horizon was significantly and

negatively correlated with HB.
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Table 62 Correlation matrix between tree height, tee volume, tree biomass and soil
quality index among different compartments of Sal Wrking Circle of Paonta
Forest Division, Himachal Pradesh
TH TV B SB HB SQI

TH 1

v 0.58 1

B 0.58 1.00 1

SB 0.33 0.12 0.13 1

HB -0.45 0.92 091 0.18 1

SQl 0.94 0.82* 0.82% 0.31 -0.67 1

TH =Tree Height V=Volume TB=Total Biomass SQI=SQuiality Index

The data presented in Table 62 shows the corralat@trix between tree height, tree
volume and tree biomass and soil quality index adifferent compartments, where, tree
height revealed strong positive correlation withl.SEurther, volume strongest relationship
with total biomass and SQI. While, it was negatyvedlated to herb biomass. Similarly, TB

was positively correlated with SQI whereas negéticerrelated to herb biomass.

o =
oo == =
| = I = w

(= =
®e
@

Correlation matrix between tree heightiree volume, tree biomass and soil quality
index.

Fig. 13

Soil quality index (SQI) measures the soil physiaatl chemical properties into a
single parameter that could be used as an indicdtowverall forest soil quality that may
includes Soil bulk density, total organic C andeictrical conductivity, pH, plant-available
nutrients, and other factors influencing soil egotal functions and quality. The present
study showed strongest positive correlation of 8@h SOC, N, P and K, tree height and
tree biomass. Therefore, has a significant imparcttree height and biomass. However,
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Ramachandraat al. (2016) revealed that SQI varied from low SQI ealin degraded soil to
high values in non-degraded soil (0.09) owing tthespogenic activities and environmental
conditions.Chandelet al (2018) also reportedighest Soil quality index under the land use
forest (0.80) followed by grasses (0.79), hortardt(0.78), cultivated (0.75), and bare (0.67).
Shahidet al. (2013) assessed the soil quality index (SQI), whe€@ varied from 1.46 in the
control plot to 3.78 in NPK+FYM plot.

Table 63 Correlation matrix between tree carbon, stub carbon, herb carbon and soil
physico-chemical characteristics among different copartments of Sal Working
Circle of Paonta Forest Division, Himachal Pradesh

TC SC | HC BD SOC N P K Zn Fe B Cu | S

TC 1

SC 0.14 1

HC | -0.91** | 0.17 1

BD | -0.78* | -0.1 | 0.75 1

SOC| 0.52 0.23| -0.52 -0.91* 1

N 0.66 0.27| -0.61 -0.94% 0.98* 1

P 0.74 0.29| -0.7| -0.94* 0.95* 0.98*} 1

K 0.78* | 0.26| -0.74 -0.94* 0.92* 0.97* 0.99% 1

Zn 0.28 0.14| -0.04 0.11 -0.29 -0.0p  -0.08 01 1

Fe 0.21 0.70| -0.04 -0.59 0.811 0.76f 0.72 67 -0.27 il

Cu 0.36 0.39| -0.03 -0.04 -0.13 0.0% 0.0 13 0.98*0.02| 0.91*| 1

0
0.
B 0.45 0.04| -0.19 -0.06 -0.24 -0.04 -0.02 0j06 0.92*0.31 1
0
0

S 0.58 | -0.39| -0.5§ -0.18 -0.19 -0.0 13 0.p40.56| 0.78* | 0.55 1

o

0.0b

TB= Tree carbon SC= Shrub carbon HC= Herb carbos BDIk density SOC=Soil organic carbon
N=Nitrogen P=Phosphorus K=Potassium Zn=Zinc Fe=BeBoron C=Copper S= Sulphur

* Correlation is significant at the 0.05 level (2ied)
*x Correlation is significant at the 0.01 level (2iled)
***  Correlation is significant at the 0.001 leveR{tailed)

The correlation between the tree carbon, shrubocarherb carbon with different

physio-chemical characteristics have been depiotddble 63 and Figure 14.

Tree carbon was adversely associated with Herbooa/dnd bulk density and
positively correlated with Potassium (Table 63).aMas, negative association between BD

and soil organic carbon, available Nitrogen, Phosph and K was detected. However, SOC
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was associated with a strong positive relationstiih N, P, K and Iron. While, P showed
strongest correlation with K. Furthermore, N waghty positively correlated with P, K and
Fe, although, P and K were highly correlated witiMeanwhile, Zn had positive association
with Boron and Copper. B was shown to be negatiasfociated to Cu and Sulphur.

Pearson's
Correlation
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Fig. 14 Correlation matrix between tree carbon, shub carbon, herb carbon and soil
physico-chemical characteristics.
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Table 64 Correlation matrix between soil physico-cemical characteristics and soil quality index
among different compartments of Sal Working Circleof Paonta Forest Division, Himachal
Pradesh
EC pH BD soc N P K Zn Fe B Cu s | sqi
EC 1
pH 0.95+ 1
BD | -0.13 0.12 1
soc | -0.15 0.21 | -0901 1
N 0.06 002 | 095 | 098 1
P 011 | -003| 094 | 095 0.98 1
K 020 | -012| 094 | 092 0.98 0.99 1
zn | 093 | -083 | o011 -0.29 -0.09 -0.08 0.01] 1
Fe | -0.30 0.48 059 | o081 0.76 0.72 0.67 -0.27 1
B 095 | 092 | -0.06 -0.24 -0.04 -0.02 0.06) 0.92 -0.31 1
cu | 089 | -076 | -0.04 -0.13 0.05 0.07 0.13 093| -002 | -091 1
S 084 | -096 | -0.18 -0.19 -0.02 0.05 0.13 0.64 057 070 |o055| 1
sol | 012 | -003]| -0.94 0.95 0.99 099 | 099 | -0.04 0.74 0.01 011 0.0B 1

EC= Electrical Conductivity BD= Bulk Density SOC=®iSorganic carbon N=Available Nitrogen P=
Available Phosphorus K= Available Potassium Zn=xZiRe=Iron B=Boron Cu=Copper S=Sulphur SQI=Site
Quality Index

The results pertaining to the Correlation matrixtween soil physico-chemical
characteristics and soil quality index among dédfgrcompartments are shown in Table 64.
Electrical Conductivity was negatively associateithwH while positive relationship was
reported with zinc, boron, copper and sulphur, @ily, pH had negative association with
zinc, boron and copper. However, bulk density shltbwegative correlation between soil
organic carbon, available nitrogen, phosphorus @otdssium. SOC was associated with a
strong positive relationship with N, P, K and Irdm. addition, N had highly positive
correlation with P, K and Fe. P showed strongesetation with K., although, P and K were
highly correlated with N. Meanwhile, Zn had posgiassociation with Boron and Copper. B
was shown to be negatively associated to Cu anph8ul Furthermore, BD was negatively

related to SQI, whereas, SQI showed strongestipesiorrelation with SOC, N, P and K.
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Fig. 15 Correlation matrix between soil physico-chemical chracteristics and soil quality index

411 PRINCIPAL COMPONENT ANALYSIS

Principal component analysis (PCA) was utilizedillastrate the variations in the
stand characteristics, biomass and carbon stockpbygsico-chemical characteristics and
diversity indices of trees shrubs and herbs amafigreint compartments of Sal Working
Circle. PCA is a useful statistical approach tlemtuces the large number of variables into a
few variables called principal components (PCs} thescribe the greatest variance in the
data analyzed. In the present study PCA reducedttitied thirty one characters into four
Principal components namely PC1 PC2 PC3 and PCdhwiad eigen value greater than one
i.e., 13.52, 6.98, 5.06 and 4.16 respectively aocbanted for 95.85 per cent of total
variability (Table 65, Fig. 16). In contrast, otHe€s had eigen value smaller than one hence
not considered for further interpretation becaus$e“@uttmen’s lower bond principle”
according to which the eigen values less than wttuld be ignored. The data of all the four
PCs has been presented in Table 65 and PC1lvs. P2 Wwas generated and shown in
Fig.17. Among the PCs, PC1 contributed for majodfythe variation i.e., 43.62 per cent
followed by PC2 (22.52), PC3 (16.33) and PC4 (18.A&kpectively.

In Table 65, PC1 was positively strongly associatétli Phosporus (0.95), Potassium
(0.94), Nitrogen (0.92) and soil organic carbon9(). and negatively associated with
Simpson (Herb) (-0.91), Shannon (Herb) (-0.90), dadéef (Herb) (-0.87) and Bulk density (-
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0.87). PC2, which accounted for 22.52 per cenbtdl variation i.e., 43.62 per cent, was
positively strongly associated with Sulphur (0.9%hil horizon (0.66), Equitability (Tree)
(0.65) and Soil organic carbon (0.90) and negatiesisociated with Herb biomass (-0.66),
Herb carbon (-0.66), Shrub biomass (-0.62) and Ishanbon (-0.62). PC3, which accounted
for 16.33 per cent of total variation i.e., was ipesly correlated with Copper (0.69), Zinc
(0.68), Margalef (Shrub) (0.59) and negatively agded with Margalef (Tree) (-0.87) and
Shannon (Tree) (-0.86). In case of PC4, which actsmlifor 22.52 per cent of total variation
i.e., 43.62 per cent, was positively weakest assioci with Equitability (Shrub) (0.71),
Simpson (Shrub) (0.71) and Shannon (Shrub) (0.8d) rregatively associated with Soil
horizon (-0.43), Soil organic carbon (-0.42) antrdgen (-0.29).

In conformity with our findings, Kumar and Saik{@020) formed three principal
components (PCs) based on Eigen value, have bedntha interpretations of PCs were
based on the most strongly correlated variableg flist PC had a moderately positive
correlation with associated tree species densi#0jand species richness (0.70). In the first
PC, increased associated tree species densitypauies richness suggested that these two
variables were strongly correlated and if one iases, then the remaining one tends to
increase as well. Sal tree density (-0.71) hadaagtnegative correlation with associated tree
density in the second PC, |.ecreasing associated tree density in the studesst stands
decrease the Sal tree density. The highest compérahrecorded in Sal density (0.68) and
disturbance index (0.71) in the third PC, and batlere in opposite directions
Principal Component Analysis(PCA) based multivariahalyses contribute to understanding
the influence of anthropogenic or ecological presson vegetation structure in forests
(Zamprogno et al, 2016). PCA approach was also applied to study itmpact of
anthropogenic disturbances in tropical forests 1@zB's (Barlow et al. 2016), and it is used
to reduce the dimensionality of sampling datasétflife and Cadima 2016). In the first PC,
extended associated tree species density and sp@tiaess found that these two parameters
were closely correlated, and if one increasespther parameters appear to increase as well.
PCA was applied to the factors of variance thatarghe groupings correlation coefcients,
and range from -0.06 to 0.71 on a scale of -1@twm 1, which described a moderately strong
statistical grouping (Rogers, 2002).
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Table 65 Principal Component Analysis forstand characteristics,biomass and carbon stock,
soil physico-chemical characteristics and diversityndices (Simpson Dominance
index, Shannon diversity index,Margalef Index of species richness (MI) and
Pielou Equitability (Ep) index) of trees shrubs and herbs among different
compartments of Sal Working Circle of Paonta ForestDivision, Himachal

Pradesh
Components - Total Va_riance - -
Eigen value % of Variance Cumulative varience (%)
PC1 13.52 43.62 43.62
PC2 6.98 22.52 66.15
PC3 5.06 16.33 82.48
PC4 4.16 13.41 95.89

Table 66 Percentage of variance explained by PC uad different compartments in Sal
Working Circle of Paonta Forest Division, HimachalPradesh.

Component Matrix

Component
PC1 PC 2 PC3 PC 4
Phosporus 0.95 0.20 -0.18
Potassium 0.94 0.28 0.12 -0.15
Nitrogen 0.92 0.17 0.18 -0.29
Simpson(Herb) -0.91 0.20 0.36 -
Shannon(Herb) -0.90 0.32 0.25 0.11
Soil organic carbon 0.90 - - -0.42
Margalef(Herb) -0.87 0.44 0.16 -
Bulk density -0.87 -0.36 - 0.21
Tree height 0.83 0.15 0.39 -0.27
Iron 0.79 -0.49 0.26 -0.19
Equitability (Tree) -0.75 0.65 - -
Tree carbon 0.73 0.58 - 0.34
Tree biomass 0.73 0.58 - 0.34
Tree volume 0.73 0.58 - 0.33
Equitability(Herb) -0.72 - 0.55 -
Simpson(Tree) -0.66 0.37 -0.60 0.15
Sulphur - 0.91 - 0.38
Soil horizon 0.52 0.66 -0.27 -0.43
Herb biomass -0.65 -0.66 0.29 -
Herb carbon -0.65 -0.66 0.30 -
Shrub biomass 0.48 -0.62 0.36 0.49
Shrub carbon 0.49 -0.62 0.35 0.49
Boron -0.10 0.61 0.54 0.54
Margalef(Shrub) 0.39 -0.59 0.59 -
Margalef(Tree) - -0.34 -0.87 0.27
Shannon(Tree) -0.36 0.11 -0.86 0.24
Copper - 0.32 0.69 0.59
Zinc -0.16 0.46 0.68 0.49
Simpson(Shrub) 0.45 -0.41 -0.31 0.71
Equitability(Shrub) 0.42 -0.27 -0.47 0.71
Shannon(Shrub) 0.49 -0.49 -0.19 0.67

Extraction Method: Principal Component Analysis.

a. 4 components extracted.
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Fig. 16 The Scree plot of stand characteristics, ®dnass and carbon stock, soil physico-

chemical characteristics and diversity indices ofrees, shrubs and herbs among
different compartments of Sal Working Circle.
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Fig. 17 Biplot of stand characteristics, biomass ah carbon stock, soil physico-chemical

characteristics and diversity indices of trees, slubs and herbs for first two principal
components.
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Chapter-5
SUMMARY AND CONCLUSION

The present investigation entitléthter compartmental variations in floristic
composition, biomass productivity and soil physica&hemical characteristics of Sal forest
in Himachal Pradesh” was conducted during the year 2019-2021. Fiel@stgation was
carried out in seven compartments viz., RajbgnRajban G, Gorakhpur G Rajban G,
Kukron G4, Kukron Gs and Lai Gg of sal working circle in Paonta Sahib in Himachal
Pradesh. One way ANOVA technique was used to a@algsous traits viz., growth, stand
characteristics and biomass production, etc. Eadhpartment was considered as treatment.
Two way ANOVA was used for analysing the soil foarous physico-chemical
characteristics.

These experiments were carried out at differemhpartments studied during the
research period. The plot size in each treatmemtbamation was 31.62mx31.62m for tree
biomass estimation. 5mx5m sub-plot for shrubs, Imxsuib-plot for herbs and 2mx2m sub-
plots for shrub regeneration assessment were Dsgd.on phyto-sociological attributes (like
total number of species, tree shrub and herb kmsal, per cent frequency and IVI), stand
structure, natural regeneration and soil physicentbal properties. Soil samples were
collected from two different soil depths viz., {Ypper” (0-20 cm), (ii) “lower” (20-40 cm)
for assessing the physical and chemical propeiriiedl the selected compartments. Humus
samples were also collected and humus depth wasdest using measuring scale. The soil
tests were conducted at the Laboratory of Departroe®ilviculture and Agroforestry, Dr.
Yashwant Singh Parmar University of Horticultureddforestry, Nauni, Solan (H.P.). Soil
attributes were determined and the same were usequepare inventory on soil carbon
density, carbon pool and soil quality index. Théadaas collected, analyzed and interpreted
based on standard laboratory and statistical proeedThe salient findings of these

experiments are summarized as follows:
Floristic composition, phyto-sociology and diversit indices

The study of various phyto-sociological attributeagvealed that different
compartments of Sal Working Circle of Paonta FoBasision constituted 33 genera with 34

species belonging to 26 families.



In Rajban G, 6 tree species, 10 shrubs, and 10 herbs werdifiden Likewise,
Rajban G had 6 tree species, 10 shrub species and 10 hexbiesp Kukron &
contained 6 tree species, 9 shrub species ando9species, whereas, Rajbap Comprised
11 shrub species and 8 herb species In addititrge/species, 11 shrub species and 8 herb
species were documented in Kukrop. @ tree species, 10 shrub species and 8 herbespeci
were identified in GorakhpurCLastly, Lai Ggincluded 9 tree species, 8 shrub species and

9 herb species, respectively.

In Rajban G, Shorea robustavas the dominant species, with the highest relative
density (47.57 %), relative basal area (83.87 %) &t (152.50),Cassia fistulaon the other
hand, exhibited the lowest relative density (3.88 félative basal area (0.60 %) and IVI
(15.01). The most dominant shrub species in Rajbgw&sArdisia solanaceawhich had
the highest relative density (47.38 %), relatiwgfrency (14.29 %), relative basal area (24.94
%) and IVI (86.61). The compartment was dominatgdAbluda muticawith maximum
relative density of 14.33 per cent, relative freqmyeof 12.17 per cent, relative basal area of
28.66 per cent and IVI value of 55.14.

Rajban G was dominated bys. robustawith maximum value for relative density
(41.00 %), relative basal area (75.86 %) and N\37(21).C. fistulg on the other hand,
exhibited the lowest relative density (4.00 %)ateke basal area (0.70 %) and IVI (15.23).
The under-storey vegetation of Rajbap Was extensively dominate8l. solanaceawhich
had the highest relative density (53.20 %), retafrequency (14.49 %), relative basal area
(25.23 %), and VI (92.92).Among herbs, Rajbanw@s dominated bipigitaria sanguinalis
with maximum value for relative density (14.64 %glative frequency (10.73%), relative
basal area (36.5 %) and IVI value of 61.95.

In Kukron G4 S. robustavas again dominant species having maximum higheaev
of relative density (45.54 %), relative frequen2f.@2 %), relative basal area (83.59 %) and
IVI value of 153.35C. fistulahad the minimum value for relative density (7.38 %¢lative
frequency (11.11 %), relative basal area (0.84 84d) &1 (19.32).A. solanaceavas the most
dominating shrub species with maximum value of treédadensity (53.79 %), relative
frequency (15.04 %), relative basal area (30.0&p6) IVI (99.63). In herb species, Kukron
C14 was dominated byApluda muticawith maximum relative density of 18.30 per cent,

relative basal area of 28.05 per cent and VI valug8.68.
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The phyto-sociological parameters of trees, shrabd, herbs in Rajban;grevealed
that S. robustawas the most dominant tree species in Rajbag With the maximum
value for relative density (54.17 %), relative Demaa (81.37 %) and IVI value of 156.59.
On the other hand, it presented the lowest relaterssity (5.00 %), relative frequency (10.53
%), relative basal area (1.46 %) and IVI values.92p A. solanaceadominated the
understory vegetation of RajbanCwith a maximum relative density of 38.75 per cent,
relative frequency of 13.16, relative basal are2@#4 per cent and IVI of 72.35. Among
herb species, RajbanCwith maximum relative density of 19.42 per cestative basal area
of 29.41 per cent and VI value of 61.30 was regihA. mutica.

S. robustawas the dominant tree species in Kukrog, @vith the maximum overall
relative density (52.94 %), relative frequency (&l%), relative basal area (77.94 %) and
IVI value of 151.94 Ficus palmatahad the minimum density (2.52 %), relative basaha
(0.80 %) and IVI values (13.35). solanaceawith maximum relative density of 40.98 per
cent, relative frequency of 12.90 per cent, retatdasal area of 23.13 per cent, and VI of
74.53, dominated the under-storey vegetation of r&kGs extensively. In the case of
herb speciesA. mutica had the maximum relative density of 21.07 per ceptative

frequency of 12.63 per cent, relative basal arez8df1 per cent and IVI value of 86.81.

S. robustavas documented with highest value for relative dgr{d9.61 %), relative
basal area (56.05 %) and IVI value of 126.72 inaRbpur G. C. fistula had the lowest
relative density (3.10 %), relative frequency (B0%), relative basal area (0.96 %) and VI
values (14.59).The most dominant shrub speciesaralkhpur G wasA. solanaceawhich
had the maximum relative density (58.67 %), reafrequency (14.71 %), relative basal area
(36.60 %) and IVI (109.98). In case of herb spenmiegle of Gorakhpur & the compartment
was dominated b¥. paniculatawith maximum relative density of 18.91 per ceriative

frequency of 13.24 per cent, relative basal arezdof4 per cent and VI value of 66.59.

In Lai Cg, S. robustavas documented with highest value for relative dgr(g5.59
%), relative frequency (16.67 %), relative basabaf76.70 %) and IVI value of 135.96. The
most dominant shrub species in Laig@asA. solanaceawhich had the maximum relative
density (42.93 %), relative frequency (16.52 %)atree basal area (19.69 %), and IVI
(79.14). In case of herb species, inside of Lagi @. muticahad the maximum relative

density of 17.38 per cent, relative basal arearof2per cent and VI value of 56.79.
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The Shannon Index of diversity (H’) for trees rathdetween 1.83(Lai ) to 1.44
(Gorakhpur G), for shrub 2.02 (Kukron ) to 1.56 (Gorakhpur €, and for herbs 2.28
(Rajban @) to 2.02 (Kukron G4, Kukron Gs). Simpson Index of diversity (D) ranged for
trees between 0.75 (Rajban)@ 0.67 (Kukron @), for shrub 0.81 (Kukron 3) to 0.63
(Gorakhpur @) and for herbs 0.89 (Rajbans Rajban G) to 0.86 (Kukron &, Gorakhpur
C;), Simpson Index of dominance (Cd) for trees rangelveen 0.33 (Kukron &) to 0.23
(Lai Cyg) for shrub 0.37 (Gorakhpur7Lto 0.19 (Kukron @), and for herbs 0.14 (Kukron
Ci14, Kukron Gs) to 0.11 (Rajban £ Rajban G). Pielou’s Equitability (Eq) varied between
0.88 (Rajban @ to 0.75 (Kukron @) for trees, 0.84 (Kukron { Lai Cyg) to 0.68
(Gorakhpur @) for shrub and 0.99 (Rajbarns)do 0.97 (Rajban g Kukron G4, Kukron Gs
and Lai Cyg) for herbs respectively; Margalef's Index of riglss (MI) ranged for trees
between 1.43 (Lai £) to 0.87 (Rajban ¢, Gorakhpur @), for shrub 1.08 (Kukron {g) to
0.89 (Lai Gg) and for herbs 0.74(Rajbars Rajban G) to 0.59 (Kukron @) , respectively.

The similarity index of trees in different compaents ranged from 0.67 to 1.00.
Rajban G and Rajban €had the maximum similarity index (1.00) with Kukr&;4 and
Gorakhpur G while minimum value for similarity index (0.67) waeported with Lai &
Similarly, Kukron G4 had the maximum similarity index (1.00) with Gorakin G;. On the
other hand, for tree species Rajbag Rajban G Kukron G, and Rajban ¢ reported
minimum value for similarity index (0.67) with L&,s. For shrub species, Rajbag laad the
maximum similarity index (1.00) with Rajban;.Maximum similarity index of 0.95 was
reported in Rajban Lwith Kukron G4 and minimum value for similarity index (0.76) was
reported with Kukron . Furthermore, Kukron {4 showed maximum similarity index of
0.90 with Rajban . In respect of herb species, Rajbag Had the maximum similarity
index (1.00) with Rajban £ Lai Cg showedminimum similarity index (0.82) with Rajban
C10, Kukron Gs and Gorakhpur £

On the other handfor tree species, RajbangsQeported minimum value for
dissimilarity index (0.00) with Rajban;CSimilarly, Kukron G4reported minimum value of
dissimilarity index (0.00) with Lai . Gorakhpur @ and minimum value of dissimilarity
index (0.00) was documented with RajbanRajban G and Kukron G, Whereas, maximum
value was recorded by Rajbano@nd Kukron Gswith Rajban G, Rajban G andKukron
Ci4. In case of shrub species, Rajbanir€corded minimum value for dissimilarity index
(0.00) with Rajban € Kukron Gshad the maximum dissimilarity index (0.24) with Ba

Cs and Rajban € In respect of herb species, Rajbag r€ported minimum value for

128



dissimilarity index (0.00) with Rajban;@Giowever, maximum value was recorded by Kukron
C15(0.22) followed by Lai Gg with Rajban G Kukron GsandGorakhpur G.

Stand characteristics

In Rajban G, total number of 257.50 individuals heontributing the total volume of
155.86 ni ha', AGB of 124.24 Mg ha, BGB of 56.89 Mg ha, TB of 181.14 Mg hdand
carbon stock of 86.04 Mg C havere recorded in the compartment, the contribufimn
volume, AGB, BGB, TB and carbon stock follows thelldwing order: S. robusta
Terminalia tomentosa> Syzygium cuminii> Mallotuslippinensis> Cordia dichotoma C.

fistula, respectively.

A total density of 250 N hh volume of 103.71 thha', AGB of 124.24 Mg h3,
BGB of 56.89 Mg ha, TB of 181.14 Mg ha and carbon stock of 86.04 Mg C haas
recorded in Rajban/Hence, the contribution for volume, AGB, BGB, &Bd carbon stock
follows the following ordersS. robustaT. tomentosa, M. philippinensis, C. dichotorfa,

cuminiiandC. fistula,respectively.

Species-wise distribution of density, above grodmomass (AGB), belowground
biomass (BGB), total biomass (TB) and carbon stotckrees in Kukron g, with a total
density of 305.00 number fhavolume of 277.88 thha', AGB of 343.96 Mg hd, BGB of
143.39 Mg ha, TB of 487.35 Mg hd, and carbon stock of 232.66 Mg C*h&he species
wise contribution for volume, BGB, TB and carboncst is arranged in following ordeg.
robusta > T. tomentosa M. philippinensis Syzygium cuminii>C. dichotoma>C. fistula,

respectively.

The total tree density (300.00 N'Havolume (209.19 rhha'), AGB (258.46 Mg ha-
1), BGB (112.74 Mg ha), TB (371.20 Mg hd) and carbon stock (176.32 Mg Chavas
recorded in Rajban g The maximum value for AGB, BGB, TB and carbon staeks
displayed byS. robustdollowed the orderTerminalia tomentosa> Mallotus philippenensis>

Ficus palmata> Callicarpa japonica> S. cuminiiC. dichotoma.

The total density of 297.50 N havolume of 182.48 fhha', AGB of 222.86 Mg h3,
BGB of 94.98 Mg hd, TB of 317.84 Mg ha, and carbon stock of 152.58 Mg C*haas
reported for Kukron &, The species wise contribution for volume, BGB, @aBd carbon
stock is arranged in following orde8. robusta> T. tomentosa M. philippinensis S.

cuminii> C. dichotoma> Cassia fistulagspectively.
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In Gorakhpur G The total tree density of 322.50 N“hasolume of 68.95 rhha®,
AGB of 81.91Mg h&, BGB of 41.98 Mg hd, TB of 123.89 Mg ha and carbon stock of
58.85 Mg C h#@ was recorded. The species wise contribution fouwe, BGB, TB and
carbon stock is arranged in following ord8r;robusta>T. tomentosa>M. philippinensitsS.

cuminii>C. dichotoma> C. fistulaespectively.

The total density of 270.00 N fiavolume of 131.39 rhha', AGB of 163.71 Mg h3,
BGB of 72.60 Mg ha, TB of 236.31 Mg h3, and carbon stock of 112.25 Mg tia Lai Cyg.
The species wise contribution for volume, AGB, BAH and carbon stock is arranged in
following order:S. robusta T. tomentosa> A. catachuM. philippinensis >C. dichotoma

respectively.
Population dynamics

The population dynamics (N Bareported for Kukron € had maximum seedling
density (6000 N Hj and Rajban €had the minimum seedling density (4625 N'ha
Rajban Gy, on the other hand, had the maximum recordedrgaginsity at 3063 number ha
! Rajban G recorded the minimum reported sapling density (280ha’). Pole density, the
maximum value was recorded in Kukron,@40 N hd), whereas, Rajban;Gecorded the
minimum pole density (160 N HjGorakhpur G (323 N h&) recorded maximum value of

tree density and minimum tree density was recoRban G (250 N h&).

Kukron G4 had maximum seedling density (6000 N*h#&ajban Go, on the other
hand, had the maximum recorded sapling densitY)88 3 ha' Pole density, the maximum
value was recorded in Kukroni£(440 N had), Gorakhpur @ (323 N h&) recorded

maximum value of tree density.

Maximum average diameter (33.27 cm), basal ard® (if ha’) and volume (277.88
m® ha') was recorded in Kukron,¢and minimum diameter (20.27 cm), basal area (37
ha') and volume (68.95 Mha') was recorded in Gorakhpur;,Cfurther, maximum tree
height (15.10 m) was recorded in Rajbap &dminimum tree height was recorded in
Rajban G(11.60 m).

Rajban Go had the highest shrub density (11,200.00 N laaad basal area (81,326.94
cn’ ha') while, Kukron G, had the lowest shrub density (5,540.00)hand basal area
(29,991.88 crhha®). Kukron G4 (185,800.00 N H3 had maximum herb density and basal
area (212,444.10 chha') and Rajban €has the lowest herb density (133,300.00 N)ha
Kukron G5 has the smallest basal area (495.81 leait).
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Biomass and carbon density

Maximum stem biomass (199.32 MghaAGB (343.96 Mg ha), BGB (143.39 Mg
ha') and TB (487.35 Mg h§ was recorded in compartment Kukrog, @d minimum value
for stem biomass AGB (81.91 Mg a BGB (41.98 Mg hd) and TB (123.89 Mg h3 was
displayed by Gorakhpur Cwhich followed the trend: Kukron ig>Rajban Gy>Kukron
Cis>Rajban G> Lai C,g3> Rajban G>Gorakhpur G.

Maximum value for above ground shrub biomass (Mgpha') in Rajban G and
lowest value for above ground shrub biomass (0.70Hd") was recorded in Kukron &
maximum value of below ground shrub biomass (0.88Hd") was reported in Kukron €

the lowest value for below ground shrub biomassmeasrded in Kukron G (0.49 Mg h&).

Gorakhpur @ reported maximum value for above ground herb bgs1(d.58 Mg ha
1) below ground herb biomass (2.98 Mg'hand total herb biomass (7.8% ha'), while,
lowest value for above ground herb biomass (2.68Hdd, below ground herb biomass
(1.73 Mg h&) and total herb biomass (4.41 Mg*havas recorded in Kukron:§

Maximum Tree carbon density (232.66 Mg C*havas recorded for Kukron,¢and
lowest tree carbon density (58.85 Mg C han Gorakhpur G Maximum shrub carbon
density was present in Rajbar,@0.98 Mg C ha'), whereas, Kukron £ (0.56 Mg C ha")
had minimum value of shrub carbon density. Maximuaiue of herb carbon density was
recorded in Gorakhpur 3.59 Mg C ha') and lowest value for herb carbon density was
recorded in Kukron G (2.09 Mg C ha"). Maximum value total carbon density was recorded
in Kukron G4 (234.26 Mg C hd) and Gorakhpur €63.09 Mg C h&') had the lowest value

for total carbon density.

Leaf litter biomass (5.35 Mg F3, dead twig and branch biomass (0.85 Mg‘ha
dead tree biomass (0.96 Mg Haand total detritus biomass presented maximumevéiuL6
Mg ha?). For Kukron G4 and minimum value of leaf litter biomass (3.99 Kg?), dead
twig and branch biomass (0. 31 Mg Hadead tree biomass (0.67 Mg Baand total detritus
biomass (4.97 Mg hd) was recorded in Rajbary.C

Maximum value (234.26 Mg C R3 of vegetation carbon density, humus carbon
density (6.07 Mg C hd) was recorded in Kukron Gand Gorakhpur £(63.09 Mg C ha)
had the lowest value for vegetation carbon denstgjban G had significantly minimum
value (3.92 Mg C hd) for humus carbon densityyaximumsoil carbon density was revealed
in Rajban G (71.19 Mg C h&) lowest value for soil carbon density (45.61 Mg‘havas
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recorded for Lai g, Total carbon density [humus+soil (0-40 cm)] showedilar trend as
soil carbon density. Total carbon density repoite®Rajban G (75.11 Mg C h@) and Lai
C,g recorded minimum value for total carbon deng#9.90 Mg C ha). Detritus carbon
density maximum value (3.40 Mg C ‘Hain Kukron G4 and minimum value for detritus
carbon density (2.36 Mg C Hawas recorded in Rajban;®aximum ecosystem carbon
density was recorded in Kukron3287.58 Mg C hd) and the minimum ecosystem carbon
density (164.20 Mg C R} and carbon stock (4,718.12 Mg C Bavas shown in Gorakhpur
Cr.

Regeneration status

Maximum recruits (6000 recruits fpand established regeneration (937.50 N)ha
were recorded in Kukron G while minimum recruits (4625 recruits Hawere reported in
Gorakhpur G and Rajban €(562.50 individual hd). Rajban Gy had the maximum un-
established regeneration (2437.50 NMhavhile, Rajban ¢ had the lowest un-established
regeneration (1437.50 individual Ha The establishment stocking per cent (38.80 %8 wa
maximum in Rajban £and minimum in Rajban £(36.88 %). Maximum regeneration
success (52.50 %) was observed in Kukr@na@d minimum regeneration success (36.88 %)
in the Rajpban €  Maximum Seed fall (202.70 kg Hawas recorded in Kukron gand
minimum Seed fall in Rajban,¢150.90 kg hd).

Soil characteristics

Maximum value for Humus depth (3.91 cm) was reedrtbr Kukron G4 andthe
minimum value was shown in Rajban .25 cm). The maximum value for soil pH was
recorded for Kukron ¢ (6.71), while, the minimum value was recorded inkkon G4
(5.25). Maximum value of Electrical conductivi(9.44 dsrit) was recorded in Kukron G
andthe lowest value was recorded for Gorakhpu(@24 dsrit). The bulk density increased

significantly with the increase in soil depths frdm6 to 1.49 g ci

Soil organic carbon per cent in KukronsQad the maximum value (1.68 %),
whereas, the minimum value of Soil organic carb@s woted in Rajban/J0.40 %). the
labile carbon was also found highest in Kukrop (©.33 %) and the minimum value was
reported in Rajban £(0.14 %). In Kukron &, non-labile carbon was also found to be
highest with the maximum value (0.40 %) the minimuatue was reported in Rajbary C
(0.15 %).
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Kukron G4 had the maximum value of available soil nitrogdf4(47 kg hd),
available phosphorus (45.68 kg/haand potassium (428.02 kg Hawhile, the minimum
value available soil nitrogen (255.93 kg hiaphosphorus (25.73 kg faand potassium
(228.29 kg h&) was recorded for Rajbary,.C

The soil micro nutrients viz., Zn, Fe, B and Zrcased significantly along the
soil depth as 6.54 (0-20 cm) to 5.75 kg'tfa0-40 cm), Fe from 57.35 (0-20 cm) to 45.77 kg
ha' (20-40 cm), B from 0.28 (0-20 cm) to 0.20 kg*{&0- 40 cm), Cu 2.20 (0-20 cm) to
1.88 kg h& (20-40 cm) and S from 12.03(0-20 cm) to 10.98 &§ (20- 40 cm).

Correlation

N had highly positive correlation with P, K and FReshowed strongest correlation
with K., although, P and K were highly correlatedhwN. Meanwhile, Zn had positive
association with Boron and Copper. SQI showezhgest positive correlation with SOC, N,
P and K. Tree height revealed strong positiveetation with Site Quality Index. Further,
volume strongest relationship with Total Biomasd aB was positively correlated with SQI
whereas negatively correlated to herb biomass. Vod@me was shown to be highly and
positively correlated with tree biomass.

Soil quality index

Tree carbon was positively correlated with Potassi®OC was associated with a
strong positive relationship with N, P, K and Ir&dhile, P showed strongest correlation with
K. Furthermore, N was highly positively correlatedh P, K and Fe, although, P and K were
highly correlated with N. Meanwhile, Zn had positiassociation with Boron and Copper.
Among several soil parameters, bulk density wasvshto be significantly and positively
connected to Soil organic carbon, nitrogen, phogmhand potassium availability. SOC had
a good positive relationship with N and P.

The Shrub carbon and Shannon diversity index (3hadse shown to be highly and
positively correlated. Further, Simpson Dominaimugex (tree) strong relationship with
Shannon diversity index (tree), Pielou Equitabili(¢p) index (Tree) was positively
correlated with SIH (herb), Shannon diversity indgrerb), Margalef Index of species
richness (herb). Simpson Dominanitelex (Shrub) was highly correlated with Pielou
Equitability (Ep) index (shrub). Likewise, SimpsBominancendex (herb) had a strongest
positive association with Shannon diversity indagrb) and Pielou Equitability (Ep) index
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(herb). SHH was positively correlated. with MH aBH. Also, Positive association between

MH and EH was reported.

Simpson Dominancmdex (Tree) was positively associated with Marfelex of
species richness (tree). ET demonstrated a higbhjfisant positive correlation with SIT,
SHH and Margalef Index of species richness(hertimppSon Dominancendex (Shrub) was
associated with a positive relationship with Shandiversity index (shrub), Margalef Index
of species richness (shrub) and Pielou Equitahiiy) index (shrub). In addition, SHS and
ES were positively correlated. The strongest pasassociation was being observed for SIH
and SHH as well as with MH and EH. SHH was coteslgositively with MH and EH.

Principal component analysis

PCA reduced the studied thirty one charactersfmuo Principal components namely
PC1 PC2 PC3 and PC4 which had eigen value grdzer bne i.e., 13.52 6.98 5.06 and
4.16 respectively and accounted for 95.85 per aantotal variability. PC1 vs. PC2 bi-plot
was generated. Among the PCs, PC1 contributed &onity of the variation i.e., 43.62 per
cent followed by PC2 (22.52), PC3 (16.33) and PL341), respectively.

CONCLUSION

In the present investigation, it was observed thatfloristic composition of trees,
shrubs and herbs are common among all the compattroé Sal forests, excepting LayC
However, a lot of inter compartmental variation weéserved for biomass and carbon density
and thus it was recommended to impose optimumnteyatts, like density manipulation of
mixture to create favourable environment for growtiSal for realization of higher volume
and carbon storage capacity from low yielding cortipants of Gorakhpur £ Rajban G
and Lai Gg. All the compartments, excepting Gorakhpueghibited characteristic reverse J-
shaped curve indicating less anthropogenic/ bigessure. However, Gorakhpur; C
compartment deserve due attention. The regeneritbom the seeds was satisfactory in all
the compartments, but its progression towards st@béshment was checked due to heavy
infestation ofArdisia solanaceawhich needs to be controlled. Soil quality indicedicated
inter compartment variation, which means that eawhpartment need individual attention in
terms of floor management so that objective of iigh biodiversity, biomass and carbon
storage can be achieved, as it bears a strong tiveoselationship among different

parameters.
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APPENDIX-I

Wood density, biomass expansion factor and Root: 8bt ratio of different forest tree
species (FSI, 1996)

Biomass
Sr. Wood | expansion
No. Scientific Name density | factor Root:Shoot ratio
1 Acacia catachu 0.875 2.52 BEF=EXP(-1.05+0.884*LN( AGB)+0.281
2 Bauhinia variegata 0.67 1.40 BEF=EXP(-1.05+0.884*LN( AGB)+0.28/
3 Calicapra japonica 0.57 1.40 BEF=EXP(-1.05+0.884*LN( AGB)+0.284
4 Cassia fistula 0.746 1.50 BEF=EXP(-1.05+0.884*LN( AGB)+0.28:
5 Cordia dichotoma 0.43 1.50 BEF=EXP(-1.05+0.884*LN( AGB)+0.284
6 Eucalyptus globulus| 0.619 1.50 BEF=EXP(-1.05+0.884*LN( AGB)+0.281
7 Ficus palmata 0.57 1.40 BEF=EXP(-1.05+0.884*LN( AGB)+0.28/
8 | Mallotus philippenensis 0.64 1.50 BEF=EXP(-1.05+0.884*LN( AGB)+0.284
9 Shorea robusta 0.726 1.74 BEF=EXP(-1.05+0.884*LN( AGB)+0.28:
10 Syzyguim cuminii 0.647 1.40 BEF=EXP(-1.05+0.884*LN( AGB)+0.28:
11 | Terminalia tomentosal 0.622 1.50 BEF=EXP(-1.05+0.884*LN( AGB)+0.281




APPENDIX-II

ANALYSIS OF VARIANCE FOR STAND CHARATERSTICS, BIOMA SS AND

ANOVA 1: Tree density

CARBON

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 896.429 298.81 1.272
Treatment 17,542.86 2,923.81 12.446

Error 18 4,228.57 234.921
Total 27 22,667.86
ANOVA 2: Tree basal area
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.055 0.018 1.216
Treatment 6 1.607 0.268 17.788
Error 18 0.271 0.015
Total 27 1.933
ANOVA 3: Shrub density
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 4.524 1.508 1.342
Treatment 6 2,733.10 455.517 405.235
Error 18 20.233 1.124
Total 27 2,757.86
ANOVA 4: Shrub basal area
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 548.585 182.862 1.72
Treatment 6 38,686.71 6,447.79 60.635
Error 18 1,914.08 106.338
Total 27 41,149.38




ANOVA 5: Herb density

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 74.935 24.978 0.76
Treatment 6 16,508.81 2,751.47 83.708

Error 18 591.656 32.87
Total 27 17,175.40
ANOVA 6: Herb basal area

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 10,073.20 3,357.73 3.498
Treatment 6 36,564.40 6,094.07 6.349

Error 18 17,278.33 959.907
Total 27 63,915.93
ANOVA 7: Tree diameter

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 29.125 9.708 2.315
Treatment 6 441.737 73.623 17.556

Error 18 75.484 4.194
Total 27 546.346
ANOVA 8: Tree height

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 10.972 3.657 3.264
Treatment 6 52.167 8.695 7.761

Error 18 20.166 1.12
Total 27 83.305
ANOVA 9: Tree volume

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 2,292.51 764.169 0.792
Treatment 6 116,407.02 19,401.17 20.1

Error 18 17,374.21 965.234
Total 27 136,073.74




ANOVA 10: Stem biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 1,191.20 397.067 0.779
Treatment 6 60,864.29 10,144.05 19.908

Error 18 9,171.74 509.541
Total 27 71,227.23
ANOVA 11: Above ground biomass
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 821.863 273.954 0.791
Treatment 6 41,344.67 6,890.78 19.908
Error 18 6,230.23 346.124
Total 27 48,396.77
ANOVA 12: Below ground biomass
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 177.512 59.171 1.105
Treatment 6 6,593.68 1,098.95 20.524
Error 18 963.781 53.543
Total 27 7,734.97
ANOVA 13: Total biomass
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 3,643.85 1,214.62 0.792
Treatment 6 183,246.39 30,541.06 19.91
Error 18 27,611.77 1,533.99
Total 27 214,502.00
ANOVA 14: Total carbon
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 2,028.41 676.135 1.044
Treatment 6 81,304.16 13,550.69 20.914
Error 18 11,662.87 647.937
Total 27 94,995.43




ANOVA 15: Shrub above ground biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.01 0.00 4.18
Treatment 6 0.758 0.126 26.356

Error 18 0.086 0.005
Total 27 0.854
ANOVA 16: Shrub below ground biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.031 0.00 4.56
Treatment 6 0.287 0.048 10.687

Error 18 0.081 0.004
Total 27 0.399
ANOVA 17: Shrub total biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.018 0.00 4,13
Treatment 6 1.974 0.329 29.02

Error 18 0.204 0.011
Total 27 2.196
ANOVA 18: Herb above ground biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.413 0.00 1.35
Treatment 6 9.653 1.609 13.156

Error 18 2.201 0.122
Total 27 12.267
ANOVA 19: Herb below ground biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.413 0.00 1.38
Treatment 6 9.653 1.609 13.156

Error 18 2.201 0.122
Total 27 12.267




ANOVA 20: Herb total biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 3.72 0.00 1.34
Treatment 6 74.403 12.401 14.447

Error 18 15.45 0.858
Total 27 93.574
ANOVA 21: Shrub carbon

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.004 0.001 0.485
Treatment 6 0.447 0.075 29.11

Error 18 0.046 0.003
Total 27 0.497
ANOVA 22: Herb carbon

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.842 0.281 1.444
Treatment 6 16.811 2.802 14.406

Error 18 3.501 0.194
Total 27 21.155
ANOVA 23: Leaf litter

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.022 0.007 0.16
Treatment 6 8.306 1.384 30.227

Error 18 0.824 0.046
Total 27 9.153
ANOVA 24: Dead twigs and branches

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.014 0.005 0.467
Treatment 6 1.188 0.198 19.747

Error 18 0.181 0.01
Total 27 1.383
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ANOVA 25: Dead trees

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.014 0.005 0.429
Treatment 6 0.287 0.048 4.468

Error 18 0.193 0.011
Total 27 0.493
ANOVA 26: Total detritus biomass

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.023 0.008 0.572
Treatment 6 3.78 0.63 47.906

Error 18 0.237 0.013
Total 27 4.039
ANOVA 27: Vegetation carbon density

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.022 0.007 0.16
Treatment 6 8.306 1.384 30.227

Error 18 0.824 0.046
Total 27 9.153
ANOVA 28: Humus carbon density

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.044 0.015 0.506
Treatment 6 17.859 2.977 102.322

Error 18 0.524 0.029
Total 27 18.427
ANOVA 29: Soil carbon density

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 234.651 78.217 0.653
Treatment 2,599.35 433.226 3.615

Error 18 2,156.90 119.828
Total 27 4,990.91
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ANOVA 30: Carbon density (Soil+Humus)

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 253.868 84.623 16.901
Treatment 6 4,294.15 715.691 142.943

Error 18 90.123 5.01
Total 27 4,638.14
ANOVA 31: Detritus carbon density

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.018 0.006 2.288
Treatment 6 4.148 0.691 259.066

Error 18 0.048 0.003
Total 27 4.215
ANOVA 32: Total ecosystem carbon density

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 6,060.74 2,020.25 1.758
Treatment 6 82,765.95 13,794.33 12.004

Error 18 20,684.61 1,149.15
Total 27 109,511.29
ANOVA 33: Humus depth

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.015 0.005 1.404
Treatment 6 8.011 1.335 365.21

Error 18 0.066 0.004
Total 27 8.092
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APPENDIX-1II

ANALYSIS OF VARIANCE FOR PHSICO-CHEMICAL PROPERTIES OF SOIL
ANOVA 1: pH
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.498
Compartment (C) 6 27.229 4.538 5.817
Soil depth (D) 1 4.045 4.045 5.185
CxD 6 5.242 0.874 1.12
Error 39 30.427 0.78
Total 55 67.441
ANOVA 2: Electrical conductivity
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.002
Compartment (C) 6 0.024 0.004 12.741
Soil depth (D) 1 0 0.00 1.466
CxD 6 0.019 0.003 10.095
Error 39 0.012 0.00
Total 55 0.057
ANOVA 3: Soil Bulk density
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.965
Compartment (C) 6 3.059 0.51 1.991
Soil depth (D) 1 0.5 0.5 1.952
CxD 6 1.403 0.234 0.913
Error 39 9.986 0.256
Total 55 15.912
ANOVA 4: Available Phosphorus
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 16.371
Compartment (C) 6 3,583.98 597.33 10.384
Soil depth (D) 1 383.29 383.29 6.663
CxD 6 749.086 124.848 2.17
Error 39 2,243.43 57.524
Total 55 6,976.16
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ANOVA 5: Available Potassium

Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 6,881.63
Compartment (C) 6 324,171.50 54,028.58 43.172
Soil depth (D) 1 16,480.34 16,480.34 13.169
CxD 6 13,605.16 2,267.53 1.812
Error 39 48,807.49 1,251.47
Total 55 409,946.12
ANOVA 6: Available Nitrogen
Source of Variation DF Sum of Squares Mean Squase F-Calculated
Replication 3 48,339.03
Compartment (C) 6 158,410.06 26,401.68 7.196
Soil depth (D) 1 17,141.18 17,141.18 4.672
CxD 6 27,064.40 4,510.73 1.229
Error 39 143,096.00 3,669.13
Total 55 394,050.67
ANOVA 7: Soil Organic carbon
Source of Variation DF Sum of Squares| Mean Squase F-Calculated
Replication 3 0.173
Compartment (C) 6 10.435 1.739 8.732
Soil depth (D) 1 0.58 0.58 2.913
CxD 6 1.01 0.168 0.846
Error 39 7.767 0.199
Total 55 19.966
ANOVA 8: Soil Labile carbon
Source of Variation DF Sum of Squares| Mean Squase F-Calculated
Replication 3 0.872
Compartment (C) 6 0.408 0.068 3.383
Soil depth (D) 1 0.094 0.094 4.658
CxD 6 0.15 0.025 1.243
Error 39 0.784 0.02
Total 55 2.308




ANOVA 9: Soil Non-labile carbon

Source of Variation DF Sum of Squares| Mean Squase F-Calculated
Replication 3 0.872
Compartment (C) 6 0.546 0.091 4.523
Soil depth (D) 1 0.104 0.104 5.159
CxD 6 0.18 0.03 1.496
Error 39 0.784 0.02
Total 55 2.486
ANOVA 10: Available Iron
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 575.764
Compartment (C) 6 8,051.82 1,341.97 7.218
Soil depth (D) 1 1,534.36 1,534.36 8.253
CxD 6 2,213.53 368.921 1.984
Error 39 7,250.58 185.912
Total 55 19,626.06
ANOVA 11: Available Sulfur
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 9.629
Compartment (C) 6 196.188 32.698 7.441
Soil depth (D) 1 21.379 21.379 4.865
CxD 6 13.975 2.329 0.53
Error 39 171.377 4.394
Total 55 412.548
ANOVA 12: Available Zinc
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.592
Compartment (C) 6 23.283 3.881 4.876
Soil depth (D) 1 3.754 3.754 4.717
CxD 6 9.17 1.528 1.921
Error 39 31.036 0.796
Total 55 67.835

ANOVA 13: Available Boron
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Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.866
Compartment (C) 6 0.447 0.075 3.787
Soil depth (D) 1 0.099 0.099 5.051
CxD 6 0.184 0.031 1.553
Error 39 0.768 0.02
Total 55 2.364
ANOVA 14: Available Copper
Source of Variation | DF Sum of Squares Mean Squares F-Calculated
Replication 3 0.092
Compartment (C) 6 7.289 1.215 6.173
Soil depth (D) 1 0.865 0.865 4.396
CxD 6 1.698 0.283 1.438
Error 39 7.675 0.197
Total 55 17.619
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APPENDIX-IV
ANOVA TABLES

Linear and non-linear allometric equations for eimation of Volume in Shorea robusta trees
based on diameter over bark, height and density véaables.

ANOVA 1: DBH

Equation R Square F df Sum of squares
Linear 0.943 933.674 1 115.117
Quadratic 0.985 1842.507 2 120.227
Power 0.978 2458.086 1 61.286
Exponential 0.910 563.167 1 61.286
ANOVA 2: Tree height
Equation R Square F df Sum of squares
Linear 0.669 113.391 1 81.682
Quadratic 0.851 157.477 2 103.881
Power 0.909 558.066 1 61.235
Growth 0.935 806.431 1 63.005
ANOVA 3: Density
Equation R Square F df Sum of squares
Lnear 0.889 448.347 1 108.473
Quadratic 0.973 998.017 2 118.749
Power 0.919 637.128 1 61.936
Growth 0.930 745.041 1 62.669

Linear and non-linear allometric equations for estmation of total biomass inShorea
robusta trees based on diameter over bark, height and deityg variables.

ANOVA 4: DBH

Equation R Square F df Sum of squares
Linear 0.861 345.699 1 2835.353
Logarithmic 0.915 605.443 1 3015.716
Quadratic 0.919 313.529 2 3028.978
Power 0.875 393.291 1 7.461
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ANOVA 5: Tree height

Equation R Square F df Sum of squares
Linear 0.988 4517.663 1 3254.313
Quadratic 0.994 4967.006 2 3276.513
Power 0.995 10506.268 1 8.478
Growth 0.988 4466.248 1 8.417
ANOVA 6: Density
Equation R Square F df Sum of squares
Linear 0.878 404.243 1 2893.776
Logarithmic 0.830 272.462 1 2732.942
Quadratic 0.901 249.912 2 2968.053
Power 0.865 358.977 1 7.373

Linear and non-linear allometric equations fo estimation of carbon in Shorea robusta
trees based on diameter over bark, height and dengivariables.

ANOVA 7: DBH

Equation R Square F df Sum of squares
Linear 0.861 345.632 1 639.712
Logarithmic 0.915 605.445 1 680.425
Quadratic 0.919 313.498 2 683.411
Power 0.875 393.238 1 7.461
ANOVA 8: Tree height
Equation R Square F df Sum of squares
Linear 0.988 4520.354 1 734.263
Quadratic 0.994 4957.497 2 739.259
Power 0.995 10518.734 1 8.479
Exponential 0.988 4458.303 1 8.418
ANOVA 9: Density
Equation R Square F df Sum of squares
Linear 0.878 404.096 1 652.883
Logarithmic 0.830 272.468 1 616.626
Quadratic 0.901 249.844 2 669.652
Power 0.865 358.882 1 7.373
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Linear and non-linear allometric equations forestimation of Volume in Shorea robusta
trees based on diameter under bark, height and deitg variables.

ANOVA 10: DBH

Equation R Square F df Sum of squares
Linear 0.943 930.434 1 102.280
Quadratic 0.985 1862.610 2 106.858
Power 0.978 2473.323 1 65.806
Growth 0.910 566.791 1 61.245
ANOVA 11: Tree height
Equation R Square F df Sum of squares
Linear 0.671 114.176 1 72.753
Quadratic 0.852 158.100 2 92.369
Power 0.908 554.795 1 61.126
Growth 0.934 796.938 1 62.878
ANOVA 12: Density
Equation R Square F df Sum of squares
Linear 0.890 454.054 1 96.531
Quadratic 0.973 995.272 2 105.521
Power 0.919 637.031 1 61.858
Growth 0.929 735.408 1 62.534

Linear and non-linear allometric equations for etimation of total biomass in Shorea
robusta trees based on diameter under bark, height and dsity variables.

ANOVA 13: DBH

Equation R Square F df Sum of squares
Linear 0.682 120.162 1 215.939
Quadratic 0.871 186.284 2 275.852
Power 0.907 545.325 1 56.829
Growth 0.935 811.290 1 58.619
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ANOVA 14: Tree height

Equation R Square F df Sum of squares
Linear 0.682 120.162 1 215.939

Quadratic 0.871 186.284 2 275.852
Power 0.907 545.325 1 56.829
Growth 0.935 811.290 1 58.619

ANOVA 15: Density

Equation R Square F df Sum of squares
Linear 0.887 438.148 1 280.698

Quadratic 0.964 744.109 2 305.291
Power 0.915 603.397 1 57.343
Growth 0.929 728.085 1 58.190

Linear and non-linear allometric equations for etimation of carbon in Shorea robusta
trees based on diameter under bark, height and deitg variables.

ANOVA 16: DBH

Equation R Square F df Sum of squares
Linear 0.938 850.390 1 67.039
Quadratic 0.977 1159.511 2 69.798
Power 0.977 2344.178 1 60.764
Exponential 0.912 577.622 1 56.716
ANOVA 17: Tree height
Equation R Square F df Sum of squares
Linear 0.682 119.894 1 48.704
Quadratic 0.871 186.424 2 62.268
Power 0.905 533.458 1 56.304
Exponential 0.935 801.334 1 58.151
ANOVA 18: Density
Equation R Square F df Sum of squares
Linear 0.887 437.662 1 63.348
Quadratic 0.965 747.944 2 68.919
Power 0.914 598.268 1 56.890
Exponential 0.930 742.938 1 57.854
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Linear and non-linear allometric equations for estmation of Volume, total biomass and
carbon in Shorea robusta trees based on diameter over bark and height, and
density variables.

ANOVA 19: diameter over bark and height and densityvariables.

Variable R Square F df Sum of squares

Volume 0.943 540.879 2 116.118
Total biomass 0.985 15319.094 2 3288.749

Carbon 0.978 15321.014 2 742.028

Linear and non-linear allometric equations for etimation of Volume, total biomass and
carbon in Shorea robusta trees based on diameter under bark and height and
density variables.

ANOVA 20: diameter under bark and height anddensity variables.

Variable R Square F df Sum of squares

Volume 0.943 538.910 2 103.171
Total biomass 0.985 457.982 2 298.642

Carbon 0.978 457.930 2 67.405
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ABSTRACT

The present investigation entitletinter compartmental variations in floristic composition,
biomass productivity and physico-chemical charactastics of Sal forest in Himachal Pradesh”was
conducted in seven compartments viz., RajbgnRajban G, Gorakhpur ¢ Rajban G, Kukron G4 Kukron
Cis and Lai Gg in the Paonta Forest Range of the Paonta Fore&i@i in Himachal Pradesh to access floral
diversity, stand structure, total biomass of tresbgubs and herbs, carbon stock, stand charaatsrisatural
regeneration and soil physico-chemical properfig® flora of different compartments constituted ghera
with 34 species belonging to 26 famili@he Lai Gg (9) had the maximum tree species, Kukrggdhd Rajban
Cy0 has maximunshrub species and Rajban @nd Rajban €had maximum herb species among all the
compartments. The maximum tree density (323 nurhlérwas recorded in Gorakhpur, @d minimum (250
number h&) was found in RajbanCRajban G, had the highest shrub density (11,200.08) teand basal area
(81,326.94 crh ha’). Kukron G4 (185,800.00 number Ha had maximum herb density and basal area
(212,444.10 cha. Shorea robustavas the dominant species with 1VI varied betwe26.12 to 156.59 under
different compartments. The similarity index ofesein different compartments ranged from 0.67 fa01.
Rajban G and Rajban ¢£had the maximum similarity index. Highest valueree height, density and biomass
was maximum in SQ-Il (Kukron ) followed by SQ-Ill (Rajban ¢). The significant variation in total tree
biomass (123.89 to 487.35 Mg C Havegetation carbon density (89.89 to 234.26 MgaC), detritus carbon
density (2.36 to 3.40 Mg C Ha and ecosystem carbon density (114.53 to 287.580Mw") was recorded
across the SQ. The maximum carbon stock was acaesuln Kukron G, (9314.10 Mg C hd), whereas,
minimum carbon stock was observed in Gorakhpu(4Z18 Mg C ha). Kukron G, (42.39 %) showed fair
regeneration oShorea robustdollowed by Rajban ¢ but poor in Rajban £andRajban G Organic carbon
(%), labile (%), non-labile carbon (%), available &Vailable P and available K were maximum in Kukfg,
and minimum in Rajban C The significantly positive correlation was regattbetween bulk density, soil
organic carbon, available N, available P and abllak and soil quality index. Hence, management
involvement is required to comprehend site qualdyiation, which has a huge impact on vegetationctire
and biomass pattern, which will aid in strengthgrtime sustainable forest management practices.
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