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Chapter 1
INTRODUCTION

Forests, the renewable source for wood, timberahdr forest products
are the most demandable natural resources throtugheworld and thus have
stimulated research in growth both volume and b&sras well as productivity at
all stages of stand development. Forests are assét of the country and play a
major role towards the socio-economic developméitsgeople by meeting out
daily needs for goods and services. India’s unitppography, terrain, climate
and vegetation brings out natural diversity thatntda be witnessed anywhere
else in the world. Forests in India have alwayshbaee of the richest resources
and are ancient in nature and composition. Theondtas a rich and varied
heritage of biodiversity. The forest cover of Indéaassessed as 67.83 million
hectares which constitute to 20.64% of the coustgeéographical area, ranging
from Himalayan temperate to dry zone forests. Bpita forest area is only 0.1ha
and average forest productivity continues to be laav 0.7cu.m./ha/year as
against the world average of 2.5cu.m./ha/year (Bhaand Sharma, 2004).
Forests are the major source of timber, fuelwooddér and food for the native
people of the Himalayan region. Here, dependendyuofan population on the
forest biomass for running their livelihood is tremdously high and it is a
centuries old practice. Forest biomass consumptiaries from 13
Kg/day/household (fuelwood) and 12 Kg/day/househ@dider) in the lower
elevation (1150m) to 28 Kg/day/household (fuelwoad)l 34 Kg/day/household
(fodder) in the higher elevation (1900m) (Sati aBdng, 2012). India has
maintained approximately 64 M ha of forest coverthe last decade. The rate of
afforestation in India is one of the highest amtnogical countries. The annual
productivity has increased from 0.7 per hectare in 1985 to 1.37 per hectare
in1995. Increase in annual productivity directlylizates an increase in forest
biomass (Prasaet al, 2003).

The biomass of all the components of the ecosysteruld be considered
the live mass above ground and below ground o§tr&®rubs, palms, etc. as well

as the herbaceous layer on the forest floor inolydiert fraction in debris and



litter. Biomass is defined as the total amountieé land inert organic matter
above and below ground expressed in tons of dryemaer unit area. Forest
biomass withdrawn and consumption depends on tleeegeironmental and

socio-economic conditions of the people of the .aBtamass in forestry is the

total weight of living material of all plants. Biaaas measurements of individual
trees and whole stands have long been of prindgigerest but complete tree
utilization concept including biomass assessmemd¥idual tree components is
one of recent approaches in Indian context. Biondassrmination provides the
estimates of total yield and basis for determirting) feasibility of complete tree

utilization. Under changing environmental condigpiniomass development of
the tree and stand may differ. Under these conditivee biomass cannot be
derived from tables based on former investigatibus has to be defined from
particular biomass investigations, which generaibiculate tree and stand
biomass from sample branches using allometric ioglships (Grote, 2002).

Therefore, sample measurements on harvested teepeaded. The knowledge
of biomass patrtitioning is essential for estimatsgatial patterns and temporal
dynamics of aerial and root biomass in terrestei@systems (Yang and Lou,
2011).

The biomass production potential of a forest standorrelated with the
capacity of the stand to intercept light (Albawgghal.,1998). Biomass allocation
is the distribution of biomass to each individuknd component and allocation
patterns are a function of source-sink interacti@esnerally, biomass allocation
is controlled by plant factors (i.e. growth patt@indifferent plant component)
and environmental conditions (Frieetlal.,1994). Trees undergo a hierarchy of
allocation, where new foliage has priority followley new roots and stem growth
(Waring and Schlesinger, 1985), (Oliver and Larst®90). This accumulation
and allocation of above- and below ground biomassdenerated a great deal of
theoretical and experimental interest among thestomanagers and specialists.
The knowledge of biomass in forestry is importamtdnderstanding the dynamic
forest ecosystem and different forms of produdtiviVolume and biomass
assessment through different growth parametersnieva approach in practical

forestry. Earlier volume tables/yield tables wesedito assess the total volume



of the standing crop but today mathematical equatere being used on a large
scale. The non-destructive technique to assesfthst biomass has become a
handy tool for foresters particularly in ecologlgaland environmentally
threatened areas.

Trees and stands also affect soil properties diroseveral pathways.
They alter inputs to the soil system by increasiagture of wetfall and dryfall
and by adding to soil N via ANixation. They affect the morphological and
chemical conditions of the soil as a result of abtaristic of above and below
ground litter inputs. From an ecological perspextisoil patches found beneath
tree canopies are important local and regionalienitrreserves that influence

community structure and ecosystem function (Rhoati23o).

Quercus leucotrichophoraPinus roxburghij Eucalyptus tereticornjs
Melia azedarachandUImus villosaand are some of the important tree species of
Western Himalayas which are used for one or theerotpurposes.Q.
leucotrichophora E. tereticornisand M. azedarachare used extensively as
fuelwood species having calorific values 4600 K€gl/4700-4800 Kcal/Kg and
5043 Kcal/Kg respectivelyQ. leucotrichophoraand U. villosa are extensively
lopped for fodder an€). leucotrichophoraalongwithM. azedarachs also used
in manufacture of papeP. roxburghiiis the most common resin producing pine
of India (Luna, 1995). The species is also foundaable for paper-pulp
production. Turpentine oil and rosin are two conuradly important products
obtained from resin. So keeping in view the ecomoamd ecological importance
of these species the present investigation entiti8tudies on biomass
partitioning and soil enrichment in plantationsddferent tree species under mid
hill conditions of Himachal Pradesh” was carriadt to explain the following

objectives:-

1) To study the growth parameters of differentcgsme namelyQuercus
leucotrichophora Pinus roxburghii Eucalyptus tereticornjs Melia
azedarachandUImus villosaand

2) To carry out variability analysis and evaluatf factors responsible for
biomass production.



Chapter 2
REVIEW OF LITERATURE

The cohesiveness in representation of the rela¢séarch has been
reviewed to the present investigation entitled tfs#s on biomass partitioning
and soil enrichment in plantations of differentetreapecies under mid hill

conditions of Himachal Pradesh” in this chapteramttie following headings:

2.1 Growth parameters of different species

2.2 Variability analysis for growth factor

2.1 GROWTH PARAMETERS OF DIFFERENT SPECIES

Peichl and Arain (2007) studied the allometry gadtitioning of above-
and below ground tree biomass in age-sequenceupkfstern white pind’{nus
strobus L.) forests (2-, 15-, 30- and 65 years old). Bisman each tree
component i.e. foliage, branch (live and dead)kostem and root was quantified
by destructive tree harvesting. Mean above- andwigound tree biomass was
0.3, 54, 105 and 529 Kg/tree and 0.1, 13, 17 and@fee in the 2, 15, 30 and
65 year old stands. The relative portion of stemmass to total tree biomass
increased from 25% for the 2 year old stand to 66f4he 65 year old stand,
whereas the relative contribution of canopy biomessiponents (foliage and
branches) decreased with stand age. Root to sihmoiabs ratio decreased from
0.32 in the 2 year old stand to 0.24, 0.16 and th2ke 15, 30 and 65 year old
stands. The relationship between tree componenhdss and stem volume,
expressed as biomass expansion factor (BEF), dmtetor all above- and
belowground tree components and total tree biomébksncreasing stand age.
Gupta and Bhardwaj (2005) studied above ground &ssnproduction of Black
Wattle in mid-hills of Himachal Pradesh. Some gasikasurable attributes such
as plant height and diameter at breast height (disére used to develop a set of
regression equation models for the production ovalground biomass of Black
Wattle. Regression analysis showed that dbh wasdke predictor variable for
total above ground biomass (controlling more th&§c8variability) and the



inclusion of height as variable in the model sligltproved the adequacy of the

model.

Bhatt and Todaria (1991) studied biomass prodndticsome leguminous
taxa under a short rotation cycle. Biomass produadtiata was given for one year
old plantation of six species.

Effect of planting density on growth efficiencydabiomass partitioning
on Pinus spp. was studied by Burkex al (2003). The partitioning to stem
growth increased relative to foliage or fine roais stand density increased.
Therefore, the limitation in stem biomass growth per hectare basis that
occurred as stand density increased was not do@titioning changes but due to
NPP.

Schallet al. (2012) investigated the effect of light availatyiland soll
moisture on growth and biomass partitioning of Naywspruce and European
beech seedlings in a three (light availability leyex two (soil moisture levels)
factorial greenhouse experiment. In both tree gsecgrowth and biomass
allocation to above and belowground plant companevere affected by light
availability. European beech showed a distinctease in allocation to leaves,
stem and branch biomass at the expense of fine@ade roots with decreasing
light availability. For Norway spruce, only allogat to stem biomass increased
and allocation to fine root biomass decreased utwerlight. European beech
seedlings appear better able to adjustbiomassitigairigto resource
availability. In contrast Norway spruce respondatguidly. The results indicated
that biomass partitioning is not only driven by @ygny, and thus tree size, but is

environmentally determined to a substantial degree.

Feikemeet al (2012) undertook a comparative study of the paning of
above-ground biomass (AGB) to examine biomass atatide (Cl) allocation of
trees growing on two saline-irrigated sites in beedistern Australiducalyptus
camaldulensix E. globulushad a higher proportion of AGB in leaves (20-29%
cf. 15-16%), and lower proportion in live branch¢3-10% cf. 6-14%)
thanE. camaldulensis E. grandis The concentration of Cl was highest in the

stembark (4.2-9.6 g kg and lowest in the stemwood (0.6-2.0 g'kgsuggesting



that trees can export Cl through bark sheddingalTGt content was strongly
related to volume under bark {R 0.99), and differences in partitioning of Cl

into tree components differed between the hybndbé same way as AGB.

Prasacdet al (2011) evaluated the biomass productivity, ingpcyields
and profitability of Eucalyptus tereticorniclonal andLeucaena leucocephala
variety K-636 based systems. Trees were plantea sgtacing of 3 x 2 m and
evaluated at three locations. Height growth wasigantly higher in leucaena
during the 4 year where as difference in diameteowth was not
significant. Biomass partitioning to the bole waghhin case of leucaena, ranged
from 83% in 2.5-5 cm diameter at breast height (DBides to 89% in 12.5-15
cm DBH trees and in eucalyptus clones the corredipgnvalues were 71% in
255 cm DBH trees and 83% in 125-15 cm DBH trees.
Marketable biomass productivity was higher with ceena (95 Mg H3 in

comparison to eucalypts (87 Mgha

Henriet al (2010) evaluated the accumulation and partitigmhabove-
ground biomass in 16 native and two exotic treeciggegrowing under humid
and dry regional environments. Seven of the 18 ispeaccumulated greater
total biomass at the humid site than at the drg siter a two-year period.
Species-specific biomass partitioning among leay®snches and trunks was
observed. However, a wide range of total biomassmdoamong species (from
1.06 kg forDipteryx panamensito 29.84 kg forAcacia mangiunat Soberania)
justified the used of an Aitchison log ratio trasrshation to adjust for size.
When biomass partitioning was adjusted for sizmagority of these differences
proved to be a result of the ability of the treestgport biomass components
rather than the result of differences in the regi@nvironments at the two sites.
In these comparisons, basal diameter, height amtheter at breast height were
robust predictors of biomass for the pooled daimfboth the sites.

Carlson and Allan (2001) studied that the stemwdedsity decreases
with increasing stem height iRinus patulastand. The study was conducted to
determine whether allometric relationships could used to predict different

biomass components.



A method was given for estimating croamd wood volume from easily
measured tree parameters by Carbyrmal (1988) and reported that total wood
volume could be predicted very accurately from didne, while inclusion of
height added extra precision.

Konbopka et al (2010) destructively sampled young European heech
sessile oak, Scots pine and Norway spruce treesx@pyately 0-10 yr old in a
range of naturally regenerated forest stands irtr@eBurope. Diameter at base,
height, dry biomass of foliage, branches, stems amots was measured.
Allometric relations were used to calculate biomalfscation coefficients (BAC)
and growth efficiency (GE) patterns in young treBsth BAC and GE are
strongly age-specific in young trees, their rapidlyanging values reflecting
different growth strategies in the earliest stag#s growth. The linear
relationships describing biomass allocation in plttees are not applicable in
young trees. To accurately predict forest biomask earbon stocks, forest
growth models need to include species and agefgpegarameters
of biomass allocation patterns.

Zenedieet al (2009) analyzed data from 10 differénicalyptus globulus
stands, with plantation age ranging from 11 to 6arg and with coppice shoot
age from 1 to 9 years. Aboveground tree biomasg-bd trees was observed
destructively. A negative relation was observedween the aboveground
biomass production and total plantation age. Tahbveground biomass
increased from 11t/ha at a stand age of 1 yeab3/Ha at 9 years. The highest

dry weight was allocated to stemwood and decreimstg: following order:

stemwood > leaves > stembark > twigs > branches
Live aboveground biomass (AGB) is an importantreewf uncertainty

in the carbon balance from the tropical regionparn due to scarcity of reliable
estimates of live AGB and its variation across knagpes and forest types. Alves
et al (2010) studied forest structure and biomass starfkNeotropical forests
and findings showed that intact Atlantic foresésistored substantial amounts of
carbon aboveground. The live tree AGB of the stamals found to be lower than
Central Amazonian forests. The comparative datgestg that differences in live

tree AGB among Neotropical forests are probablgtesl to the heterogeneous



distribution of large and medium-sized diameteedrevithin forests and how the
live biomass is partitioned among those size ctgsseaccordance with general
trends found by previous studies. In addition, éhevational variation in live
AGB stocks suggests a large spatial variabilityrov@astal Atlantic forests in
Brazil, clearly indicating that it is important twonsider regional differences
in biomass stocks for evaluating the role of thisatened tropical biome in the

global carbon cycle.

Socha and Wezyk (2004) constructed empirical égpsitfor estimating
the foliage biomass of Scots pine from easy to omeagarameters. The
dependence of the foliage biomass of Scots pinetem diameter, height, age,
crown length, basal area increment of the treesamal/zed. Using the biometric
characteristics such as tree diameter at breaghth@bh), basal area increment,
age, height, and crown length empirical equatioms E&stimating the
foliage biomass of Scots pine were established.vBnibility varies between 65

and 85%, it depends on the number of variableseppi the equation.

Massadaet al. (2006) used photogrammetric methods to measee tr
height and crown diameter in a semi arid forestvbeh 1978 and 2003. Height
and crown-diameter measurements were transformebliongass using an
allometric equation generated from 28 harvested ppde pine Pinus
halepensistrees. Mean tree biomass increased from 6.3h K@78 to 97.01 kg
in 2003. Mean plot biomass in 2003 was 2.48 Kgamd aboveground primary
productivity over the study period ranged betwedr Ggnd 0.21 kg/fmper year.
The estimated biomass was significantly relatefieio-measured biomass, with
an R value of 0.78.

In one study comparing dominant and suppresseallplpines of the
same size Naidat al. (1998) studied that dominant loblolly pines all@xh63.4,
11.3, 13.2, and 12.0% of their total biomass tonsteeedle, branch, and root
components, respectively. Suppressed trees alth@&té, 5.6, 6.7, and 11.7% to

those same components.

Ammer (2003) studied effects of shading levelsberch and oak stand.

He reported a strong decrease in height, diam&tm, branch, leaf and root dry



mass with decreased light quantity in casd~afjus sylvaticaNeither growth
rates nor total yield indicated an impact of slighthanged light quality on
growth and biomass partitioning. In case of oaktre¢ growth rate of main stem
dry mass was considerably higher for the seedloigshade treatment with the
reduced R:FR ratio than for control and other sheelment whereas branch dry
biomass exposed to changed light quality and giyawis reduced resulting in

lower branch: stem ratio.

Chmuraet al (2007) studied growth and crown characteristi€s2o
families of Pinus taedaand one irPinus elliottii. The families differed in crown
and needle traits and biomass partitioning patteAisoveground biomass
accumulation was related to crown structure amoanilfes but biomass

partitioning was independent of the crown traits.

The nitrogen-induced changes in allocation of datter between foliage
and root components, together with changes in Bpdeaf area, had a larger
influence on seedling growth rate than did changeeet rate of carbon gain per
unit leaf area as studied by Cromer and Jarvin@ué%ucalyptusplantations.

Forslund and Peterson (1994) compared two metbbdstimating the
total outside — bark stem volume of all trees imung plantation of jack pine
(Pinus banksiangand black spruceP{cea mariang using destructive and non-
destructive methods. The results indicated thatl fwhntation volume estimates
ranged within_% per cent by using the power function model and stem
measurements: diameter and relative height of 3@get from the base of stem
and total stem height. The power function modeém@fl a good alternative for

accurately assessing plantation volume.

Jack and Long (1991) compared the data for twdifean lodge-pole pine
(Pinus contortq and subalpine firAbies lasiocarpawith different crown forms
and found out that mean crown size of the lodge-gwhe was altered much
more by density than mean grown size of subalfimgrimarily due to the

different relative shade tolerances of two species.



An attempt to predict biomass Ropulus tremuloidesKer (1980) used
logarithmic equations for total aboveground biomasswell as for 12 biomass

variables from dbh, height, crown diameter and créemgth.

Kolb and Steiner (1990) compared the first yeaniass, biomass relative
growth rate and biomass partitioning in 8 openipated families ofQuercus
rubra under crossed levels of light intensity and gnass competition. Grass
root competition reduces seedling biomass at betkl$ of light intensity but
shading reduces seedling biomass only in absengeas$. Biomass partitioning
to leaf area and to shoot weight relative to roeight decreases during seedling
development. Both root shoot ratio and leaf aréia v@ere greater in the shaded
than in full sun environments, while grass root pefition had an opposite effect
on both ratios.

Onyekwelwet al. (2006) studied that imelina arboreaplantations the
standing biomass ranged from 81.5 to 392.1 t/hgoumgest and oldest stands
respectively. Regardless of stand age, biomassgipairtg was about 83.0, 13.5
and 3.5 % to stem, branches and foliage respegtida, Ca and Mg contents in
tree tissues increased in order of foliage>stemxdiras while K and P increased

in order of foliage>branches>stem.

The relationship between diameter and form fastas studied by Singh
(1976) for Pinus roxburghii Pinus wallichiana Cedrus deodaraand Abies
pindrow and calculated the value of form factor for domindeodar trees and
compared with those for co-dominant and suppres$sssb. Suppressed trees

generally showed better form.

An attempt was made by Singh (1977) to study #tationship between
tree height (h), standard stem timber bole lengilh ctem timber form factor
(fst) and diameter at breast height (d) in randosdiected 22 sample trees in
wide range of diameter class of deodar and corelaif high order was found
between h/hand 1/¢i. The actual volume was also compared, which wasba

error of 0.18 per cent only.
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Zeng (2003) studied the effects of pruning on a&goound biomass
partitioning of subtropical trees. The partitioningattern was positively
correlated with pruning intensity. Pruning redudkd aboveground biomass to
leaves and less to wood growth in most casespemwe of species and growing

season.

2.2 VARIABILITY ANALYSIS FOR GROWTH FACTORS

Xinget al (2005) sampled Balsam fiAbies balsameéao investigate the
effects of forest management practices, site lonatwithin-crown position, tree
component (i.e., stem, foliage, branches and roadsp tree classes
on biomass and carbon (C) partitioning at the inldial tree level and across
ecological regions. Three allometric equations ioiMass and C that account
for partitioning among different parts of the tn@ere developed and compared:
(1) a third-order polynomial, (2) a modified invergpolynomial and (3) a
modified Weibull equation. Diameter at breast heibBH) was used as the
only explanatory variable to describe fresh biomasg biomass and C content.
All regressions derived showed a high correlatidgth \®BH, with most R values
> 0.95. A comparison of the equation results shotixad the modified Weibull
eguation gave consistent results with the bestadivier and was the simplest of

the three equations investigated.

In Waimanalo Research Station, Hawaii, Augtnal (1988) concluded
that stem diameter was best predictor of tree bésmend height explained
significant additional variation only for leucaeamong various NFT’s. Separate
allometric equations were developed for differeatameters viz., height, DBH,
leaf biomass and leaf+stem biomass. Separate egadb predict biomass were
developed. It is concluded that mixtures of eudalypwith N-fixing trees can

eqgual biomass yields of pure eucalypts.

Kushalpa (1991), Pandet al (1986) and Tandort al (1988) also
worked out correlation coefficients and regressiondels for each biomass
components, total above ground biomass and totahdss in different aged
plantations. Diameter at breast height was fourttktanost reliable parameter for

biomass prediction.
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To determine the most appropriate predictor véegmlo produce a
general allometric relationship, Montagi al (2005) examinedEucalyptus
pilularis aboveground biomass data from seven contrastites. siPredictor
variables included diameter at breast height (distdm volume, difhx H,
dbh x H and height (H). The data set containedtf€¥s, ranging from 6 to over
20,000 kg treé, with dbh ranging from 5 to 129 cm. Significantesdifferences
were observed in (1) partitioning of biomass betw#ee stem, branch wood and
foliage; (2) stem wood density and (3) relationdbgween dbh and height. For
all predictor variables, site had a significaneeffon the allometric relationships.
Examination of the model residuals of the site-8meand general relationship
indicated that using dbh alone as the predictoabés produced the most stable
general relationship and the inclusion of heightaasecond predictor variable

decreased the performance of the general model.

Russellet al (2009) studied stand conditions influencing tlaetifoning
of biomass to stem, needle, branch and root conmenklultivariate analysis of
variance concluded that row and column spacingndidhave significant effect
on the relative amount of biomass among tree coemsn Root/shoot and
height/diameter ratios differed across densitieglicating occurrence of
allometric tradeoff.

Variation in aboveground biomass partitioning {egn the stem,
branches, and foliage) of mature trees is a kegrawhant of growth potential.
Stevenet al (2002) initiated a study to compare the relatgos of crown
structure to aboveground allocation and stemwoatr for mature planted
slash pine Rinus elliotti) and naturally regenerated longleaf piRe palustrig
trees. Total tree height, diameter at breast helghight to base of the live crown,
and bark thickness were measured. Average (per stem biomass production
was not statistically different between longleahgiiand slash pine, nor were
average projected leaf areas. Average growth effay of longleaf pine was
significantly greater than that of slash pine (B.%0); graphical examination of
individual tree data, however, did not indicat@sy or significant differences in

growth efficiency between species when compariegstiof equal size.
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Gargalioneet al (2010) determined biomass accumulation and alieene
relationships in the partitioning of biomass betweaboveground woody
biomass, leaves and roots Mothofagus antarcticaAbove and belowground
biomass across different ages (5-220 years) angdncidasses (dominant, co
dominant, intermediate and suppressed) in 3 sd@sses was measured. The
biomass allocation patterns were studied by fitaiigmetric function in biomass
partitioning between leaves, stem and branchesa@otd. Biomass accumulation
varied with crown class and site quality. The rootnponent represented 26 —
72% of the total biomass depending on age and Hite.crown class effect on

biomass partitioning was almost negligible.

Senelwa and Sims (1997) harvested five specieseumfalypts and
developed regression equations for non-destruestenations of total tree dry
weight when grown under a short rotation regimee best-fit equation for a
group ofEucalyptusspp. incorporated the product of the square ofdibeneter
ant the ratio of height to tree dry weight. Thisuation predicted the
aboveground tree dry weight to within 20 per cetuaacy.

Veigaet al (2000) studied seven regression models and caupghem
to estimate the tree total-stem wood volume outbat& (tvob), as a function of
tree dbh outside bark (d) and total height (h). &ft&y modified model was
selected, resulting in the following tree volumeiatpn: tvob=-83781 +38100 d
—3373.92 8 -1182.12 dh +180.48d in which volumes are expressed in3dm

diameter in cm and height in m.

The need to understand relationship between mamables makes
multivariate analysis an inherently interestingfficlilt and extremely useful
subject. With the advance in computer programmanmglfivariate techniques are
increasingly being used in biological researchifvestigating the response of
organism considered as a whole, since most ofsstati techniques concentrate
on only one variable at a time. Multivariate analytakes into account the
interdependence and relative importance of theouaricharacters involved and

yields more meaningful information.
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According to Morrison (1976) now a days the mutiate statistical
techniques are used to investigate the responseeadestablished statistical
methods are usually concerned with measured cleaistats considered one at a
time. The basic aim of multivariate analysis isctmdense the data by reducing
the number of variables in to manageable numbeaonébles. This can be done
by employing suitable linear transformation andhoose a very limiting number
of resulting linear combinations in an optimum maniowever, multivariate
techniques allow simultaneous analysis of multiplasurements of individuals
being investigated (Hagt al.,1987). The basic aim of multivariate analysisois t
condense the data by reducing the number of vasahlto manageable number
of variables. This can be done by employing sugtdiblear transformation and to
choose a very limiting number of resulting lineambinations in same optimum
manner.

Bohra and Lodhiyal (2010) studied species densdlityersity, dry matter
production and nutrients (soil and plant) underopgnof Eucalyptusplantation.
Soil bulk density increased whereas the soil pHrelesed with increase in
plantation age. The percentage concentration antecbof soil nutrients (N, P
and K) decreased with increase in plantation agey Datter production

decreased with increase in plantation age.

Four species namely scrub o&ugercus dumogachamise Adenostoma
fasciculatun), ceanothus Geanothus crassifol)a and coulter pine Rinus
coulteri) were studied by Ulergt al (1995) to investigate their short term effects
on soil properties. A mass balance approach was tasemeasure changes in C,
N, exchangeable base cations and exchangeabl¢éyaod depth of 1 m over a
41 year period. The C content increased in alhefdoils but the greatest change
was in the soil under oak (3.7 Kgfmore than doubling the original amount).
Exchangeable Ca increased by 25.7 mdlimthe soil under oak while the

maximum increase in exchangeable Mg was 5.5 nialso under oak.

Prithcett (1979) reported that pH is the most camiy used method for
expressing soil acidity or alkalinity. Most oftenrést soils have a pH range
varying from 3.5-6.5.
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Murthy et al (1985) reported pH values in the range of 5.41f6r the
soil of Garhwal Himalayas under Pine forest and m@gced to increase with soll
depth.

Sharma (1991) and Malik (1992) found soil pH valuagnging from 5.0 —
8.4 and 5.1 — 7.9 respectively under chir pinedboé Solan division and noticed
progressive increase in pH down the profile. Thiep éound out that the organic
carbon was in the range of 0.17 — 3.37 and 0.32+ Ber cent respectively and
they further observed a decreasing trend in itsildigion down the soil profile.
Chongluet al (1998) indicated that there was significant datien between soil

pH and annual average tree height increment.

Tree and soil interactions may result changesha goil carbon and
nutrient contents. Forest plantations made up ohouolture stands of 17
different species, some native, some exotic andesmimed native species were
investigated by Nsabimar al. (2008). Results revealed that total soil C and N,
C:N ratio, available P, pH and CEC differed sigrafitly. Increase in level of soil
C, total N, CEC and base saturation were obsenvadixed native species. pH
declined slightly undeEucalyptusspecies. High nutrient uptake was observed in
fast growing species.

Kadeba and Advayi (1985) studied soil propertiptowa depth of 90 cm
under stands of 14 year oldinus caribaeavar. hondurensisand adjacent
savannah forest were compared. No significant diffikrences were observed
except modest increase in top soil bulk under dhw.soil chemical properties,
viz. Organic C, total N, extractable P and exchabte K, Ca and Mg showed

statistically significant decline in upper 10 cmtlo& mineral soil.

Royet al (2010) evaluated and compared soil organic cadoahnutrient
content between plantations of mixed native spe@ksrea robustaDalbergia
sissog Dendrocalamusspp., certain agroforestry species and some exdiail
C levels were highest under mixed native sped@esndrocalamusand Tectona
and lowest undebalbergia sissoand Terminalia arjuna.Total N was highest

underDendrocalamusandPongamia pinnatand lowest undebalbergia sissoo.
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C/N ratios of soil varied between 9.2 and 13.5°*Ghowed maximum and Ka

showed lowest levels.

Turner and Lambert (2000) studied soil effectssoil carbon of estate
forest plantations. Two chromo sequences were efudine located in series of
relatively fertilePinus radiata unthinned plantation 0-24 years age and other O-
35 years of age dtucalyptus grandisThere was rapid decline in organic carbon
in surface soil (0-10 cms) for 12 years after @éonh establishment. There was a
larger loss of carbon from deeper horizon withiryears after plantation. Net
accumulation in total system does not occur forlgel®)-20years after plantation
establishment.

Berthronget al. (2009) studied that across diverse plantationgy{i&3
sites) to a depth of 30 cm of mineral soil, sigrdfit decrease in nutrient cations
(Ca, K and Mg), increases in sodium (Na) or botloliserved. Afforestation
reduced soil concentrations of the macronutrient iya 29% on average.
Afforestation byPinus alone decreased soil K by 23%. Mean pH decreas®d 0
units with afforestation. Afforestation caused @%.and 15% decrease in soil C
and N content respectively, though the effect waged principally byPinus
plantations. C to N ratios in soils under plantasiovas 5.7-11.6%.

Leaf area index can be defined as the leaf arearpes of soil surface as

studied by Daughtry (1990) and is a unitless value.

Biomass production depends upon amount of ligldsipg in to the
canopy. Hazara and Tripathi (1986), Thakur and 8kef2003) observed that
biomass production is a function of photosynthdigcactive radiation (PAR) in

an agroforestry system.
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Chapter-3
MATERIALS AND METHODS

Investigations entitled “Studies on biomass partihg and soil
enrichment in plantations of different tree speaiesler mid hill conditions of
Himachal Pradesh”, was carried out in differengésiin the campus of Dr. Y. S.
Parmar University of Horticulture and Forestry, NawBolan. The materials and

methods used are described in the following segsnent

3.1 STUDY AREA
3.1.1 Location

The experimental area is located in the mid lwhe of Himachal Pradesh
with an elevation of about 900-1300 m above meaneeel. The area lies about
13 kilometres from Solan, between latitud® 8030” to 30520” N latitude and
the longitude 7%830” and 771130 E (Survey of India Toposheet No. 53F/1)
according to survey of India. The study was coneltigh selected plantations of
Quercus leucotrichophoraEucalyptus tereticornjsMelia azedarach Ulmus

villosaand Pinus roxburghiraised during the year 1987-88.

3.1.2 Climate

The area is transitional zone between sub-tromoal moist temperate.
There is a considerable variation in the seasondl @urnal temperature of
experimental site. In general, May and June arétitiest months and December
and January, are the coldest ones and the areaenqes severe frost during the
winter. On an average the annual rainfall variesnfrl000-1400 mm, bulk of
which is received during monsoons i.e. July-Septamvith few pre-monsoon
showers. Precipitation during winter is common ipubw quantum. Occurrence
of snowfall is a rare phenomenon. The mean mininamd mean maximum
temperature varies from°G during winter (January) to 33 during summer

(June), whereas mean annual temperature (MAT)6.19



3.1.3 Description of the sites

The study sites were selected in main campus @futhiversity in the
separate plantations of each species raised dd98F-88 by Department of

Silviculture and Agroforestry at different locatgn
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Fig. 1 Map showing study area
3.2 DEMARCATION AND ENUMERATION FOR
MEASUREMENTS

3.2.1 Estimation of growth and standing volume

For estimation of different parameters of growth ananding volume,
firstly the sites were properly inspected for diffiet plantations and trees were
counted and numbered. The trees selected througtoma number table were

measured for different growth characteristics. Outotal tree population, only
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30 per cent representative sample was selected &ach site and from each
sample 10 trees were chosen for further studies.
Individual tree measurement

All the trees were enumerated to determine thedstkensity on number
of plants per hectare.
Diameter at breast height

The stem diameter over bark was measured (medwamfright angle
measurements) at 1.37 m above ground level withhigle of tree calliper
according to method given by Chaturvedi and Khaie&2).

Collar diameter

Collar diameter of selected trees was also medsatel5cm above
ground with tree calliper at collar level accordiogmethod given by Chaturvedi
and Khanna (1982).

Tree height

The height from base to tip of the trees was measwith the help of
Ravi Multimeter and expressed in meters accordiogntethod given by
Chaturvedi and Khanna (1982).

Bole height

The bole height of standing trees was measureu thé help of Spiegel
Relaskop and expressed in meters according to mhefiven by Chaturvedi and
Khanna (1982).

Crown width

The crown width (m) was measured in two directigNsrth-south and
East-west) and average was calculated as suggbgté&kssmann (1970) and
Chaturvedi and Khanna (1982).

D:+ D,
2

CW =

Where,
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CwW - Crown width (m)
D, - First measured crown basal diameter in meters
D, - Second measured crown basal diameter right atoglihe first

measurement in meters

The secondary parameters related to crown weresung@ using the
following formulae (Assmann, 1970):
Crown per cent

Crown per cent is given by the following formula:

Crown length

Tree height X 100

Crown per cent =

Crown fullness ratio
Crown fullness ratio is given by the following fouta:

Crown width
Crown length

Crown fullness ratio =

Crown projection ratio

Crown projection ratio is given by the followingrinula:

Crown width
Tree diameter

Crown projection ratio =

Crown quotient to ground cover area

Crown quotient to ground cover area is given lgyfthlowing formula:

(Crown width¥
(Tree diametef)

Crown quotient to ground cover area =
Crop diameter

Crop diameter is the diameter (cm) of the treesesponding to mean
basal area (Chaturvedi and Khanna, 1982).

Mean basal area = — 5L+ MS+NeSe ...

N+Mp+N3+
Where,
ni, N, Ng - Number of trees in each diameter class.
S, 9 3 - Basal area of mean trees of these diameter classes
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Crop height

It is the height (m) of a regular crop determiresl per the Lorey’s
formula given below (Huscét al.,1982 and Chaturvedi and Khanna, 1982).

sithy + shy + ghs +....

Crop height = o5 %
Where,
S, S S - Total basal area of each diameter class
hy, hp, hg - mean height of trees of these diameter classes.

Form factor

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

Where,
ff - form factor

hy - Height at which the diameter is half of dbh,
measured by Speigel Relaskop

h - Total height of the tree measured by Speigel

Relaskop

Volume of standing trees

Volume of standing trees was calculated by Preésdiermula (1865) and

expressed in cubic meters.

\% = ffxhxg
Where

Vv - Volume

ff - Form factor
h - Total height
g - Basal area
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Solar flux (Transmission of photosynthetically actve radiation)

Photosynthetically active radiation (PAR) was releal with PAR sensor
attached to CI-301 Portable photosynthesis sysB R interception by canopy
of different multipurpose tree species was compuigdrecording one open
reading and 4 below the crown of each plant. Adoan three plants of one
species constituted one replication and each vatudhe mean of three
replications (in total 9 readings were taken). Lignsmission ratio (LTR) was
calculated from the PAR readings taken in the ogresh below canopy in shade
on the basis of following formula:

Total solar radiation below the canopy

Total solar radiation in the open 100

LTR (%)

Leaf area index

Leaf area index was measured with Plant canoplyzra2000. Three
trees from each diameter class were taken for gaanalysis. One reading above
the canopy (open) and four below the canopy wesental eaf area index is itself

computed by the instrument.

Biomass estimation

The above ground biomass estimation of each spa@e done by non-

destructive method on sample basis by selecting¢les randomly.
Sampling technique for stem biomass

Biomass estimation for each species was carriedopichoosing three
trees per diameter class. The tree stem measuremerd done according to the
standard procedures and Pressler’s increment basrused to cut the core to
find out specific gravity of wood. The volume oktstem was then multiplied by
specific gravity to find out biomass, the green gieiwas taken in the field
separately with the help of spring balance and tiremght to the laboratory for

further studies.

Biomass of stem = Volume of stem X Specific gravity
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Specific gravity

Observation on specific gravity is confined to matem only. Specific
gravity was determined by maximum moisture mett&mith, 1954). The weight
of samples was taken at maximum moisture conteménTthese 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:

1
Mo GS
Where,
G - Specific gravity of wood
Mm - Constant weight of sample having maximum moeéstur
content
Mo - Oven dried constant weight of sample
G - Average density of wood, a constant having eaiil.53

The final value was determined by taking out theerage of these
samples (base and breast height). The final vale determined by taking out

the average of these samples (Lower and upper).

Sampling technique for branch biomass

Three randomly selected branches representingreiff crown position
were removed from three trees from each diamegssciDiameter at the base of
each branch, length of branches and total numbérasfches on these selected
trees were recorded. The sample branches were eekigh the field and
representative samples were taken to laboratorymfoisture and dry weight
determination. The data thus obtained was usecevelop regression equations

both for green as well as dry biomass.

Sampling technique for leaf and twig biomass

The leaves alongwith twigs from above mentioneénbhes were

removed and weighed. This was done just after mit8o as to minimize
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moisture loss. Sample leaves and twigs were platesgparate paper bags and
kept in oven for drying at 803°C and reweighed until constant weight is reached
(Chidumayo, 1990). Total moisture percent, greem amy biomass was

calculated using following formulae.

Dry weight of sample Total green weight of
. X
Green weight of sample branch/ leaves

Total dry biomass =

Total green biomass = Average green weighapofde x number of branches.

Green weight — oven dry weight
Green weight

Moisture per cent = 100

Soil studies
Soil chemical analysis
The observations were also recorded on differemtpsoperties in order

to access the species influence on soil.

Collection of soil samples

The composite soil samples were collected from depths viz. 0-15cm
and 15-30cm for studying the different soil parangtand distribution of
nutrient elements in all types of plantations. Twenposite soil samples were
dried, ground with mortar and pestles and sieveth @nm mesh sieve before
analysis.

Method employed for soil chemical analysis

The details of methods employed for estimatindedtint soil chemical

parameters are given in table:

Table 1. Details of methods for soil chemical anatys

Particular Method employed

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

Organic carbon Walkley and Black method (1934).

Bulk density Core method of USDA (1954).

Particle density Pycnometer method of USDA (1954).

Available nitrogen Alkaline potassium permanganate method of Subbrah|a
Asija (1956).

Available phosphorus Olsenet al (1954).

Available potassium Ammonium acetate method of Merwin and Peech (1951).

Exchangeable calcium Ammonium acetate method of Merwin and Peech (1951).

Exchangeable magnesium| Ammonium acetate method of Merwin and Peech (1951).
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Analytical Framework

Variability analysis

In order to compare the consistency, the coefitcté variation has been
worked out for each of the observed characteristiossidered for volume
estimation as given below (Gupta and Kapoor, 1996):

CV = 6/X)x100
Where,
X - Arithmetic mean
c - Standard deviation

Bartlett y° test for comparison of variances

2
If there arek samples with siz&i and sample variance% then Batrtlett's
test statistic is

= (V= B)n(sh) ~ S~ 1) n(5
14 31&——1) ( ?:1(11,-1—1) - Nl—.!;)
1
N = Z 1; S;E = — (”1’ — ]_)‘S;E
Where i=1 and N—-Fk5 is the pooled

estimate for the variance.
Bartletty® test is used to compare the variances betweendiespe@hen sample

size is large (> 30).

Correlation analysis

Karl Pearson’s coefficient between stem volume \aibus tree growth
parameter (dbh, height, crown diameter, crown widtbwn length, crown area,
bark thickness, number of branches and stem volwmas) worked out as per
Gomez and Gomez (1984). The significance of cdioglacoefficient (r) values

was tested against (n-2) degree of freedom.

Criteria for the selection of appropriate function

A function is said to be an appropriate one if $ign and magnitude of

the estimated parameters are consistent with taryh
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Adjusted®? (Gujrati, 1998) calculated as under

2= 1- (18 (n-1)/n-k

Where,

n = Number of observations and
k = Number of parameter

Adjusted®? is an appropriate tool to decide the selectiofunflamental

form. Usually, the function with higher adjusi®8lis selected for the purpose.

3. A function with more significant explanatoryriables is considered a

better function compared to other functions.

Regression analysis

On the basis of the adjust®d values different regression equations
linear, polynomial, logarithmic, exponential andwsw, were further developed
for tree stem volume with diameter at breast heigbe height and form factor
and also for branch (green and dry) biomass witmdit length and branch
diameter. Further multi-linear regression equatioese also developed for all

the five species.
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Chapter-4
EXPERIMENTAL RESULTS

The results of present investigation entitled s on biomass
partitioning and soil enrichment in plantationsddferent tree species under mid
hill conditions of Himachal Pradesh” are presenitedhis chapter under the

following heads:

4.1 Evaluation and comparison of growth paramededsfferent tree species

4.1.1 Growth behaviour

4.1.2 Crown characteristics

4.2  Variability analysis

4.2.1 Variation among different growth characters
4.2.2 Correlation and regression analysis
4.2.3 Other studies (soil, solar flux, LAI)

41 EVALUATION AND COMPARISON OF GROWTH
PARAMETERS OF DIFFERENT TREE SPECIES

Growth behaviour

In the present study the data was recorded faad@omly selected trees
for each species i.€Q. leucotrichophora P. roxburghij E. tereticornis M.
azedarachandU. villosaby grouping 10 trees in four diameter classéh 5cm
class interval. The results for the field data @erhg to diameter at breast height,
tree height, form factor, collar diameter, basakalaverage volume, crop height,
crop diameter, specific gravity, volume/ha, and banof trees/ha was collected
for each tree with respect to dbh over bark andmvedues are presented in table
2-6. Table 2 shows effect of average diameter uddiarent diameter classes on
various tree and stand characterfaokrcus leucotrichophorall the characters
showed an increasing trend with increase in diareetd maximum values were
obtained in >20cm diameter class viz. tree hei@btQ4m), form factor (0.44),
basal area (0.036% volume (0.1591%), crop height (10.08m), crop diameter



(21.47cm), and specific gravity (0.72). Specifiagty of Q. leucotrichophora
was maximum among all the five species (Table 296t of the total number of
plants per hectare, 10% were found in 5-10cm dianwass whereas 60%, 20%
and 5% were found in 10-15cm, 15-20cm and >20cmmetiar class respectively.
The average number of trees were more in 10-15@meter class so the
volume/ha was also maximum (37.09nn this diameter class. The statistical
analysis was done for different parameters nameiyneter at breast height,
collar diameter, tree height, basal area and volame significant differences

were obtained in case of all the parameters urtddys

Table 2. Effect of diameter classes on different tree and abhd
parameters ofQuercus leucotrichophora

Dia. Proport Average dbh Collar Tree Form BA Vol. Sp. Vol./ Crop Crop

Class ion no. of (cm) diamete height | factor (mz) (m3) gravity ha Ht. dia.

(cm) of trees trees/ r (cm) (m) (m3) (m) (cm)
(%) ha

5-10 15 250.00 8.82 12.01 4.90 0.37 0.006 | 0.017 0.65 4.25 4.98 8.85

10-15 60 1000.00 12.48 16.14 7.36 0.40 0.012 ] 0.037 0.69 37.00 7.45 | 12.55

15-20 20 333.33 17.00f 21.30 8.64 0.44 0.023| 0.086 0.70 28.67 8.66 | 17.03

>20 5 83.35 21.44 24.29 10.04 0.44 0.036 ] 0.159 0.72 13.25 10.08| 21.47
CD Value 0.61 1.01 0.75 0.002 0.02

In Pinus roxburghiithe maximum values i.e., tree height (9.33m), form
factor (0.46), basal area (0.044mvolume (0.205r), crop height (9.44m), crop
diameter (23.93cm) and specific gravity (0.50) weléained in >20cm diameter
class as shown in table 3. Out of the total nunobérees per hectare, 25%, 30%,
20% and 25% were found in 5-10cm, 10-15cm, 15-2@ch >20cm diameter
class respectively. Volume/ha was maximum (8532m>20cm diameter class
although maximum number of trees were found in 86r1 diameter class. The
statistical analysis was done for different pararsenamely diameter at breast
height, collar diameter, tree height, basal ared wolume and significant

differences were obtained in case of all the patara@inder study.
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Table 3. Effect of diameter classes on different ¢ and stand
parameters ofPinus roxburghii
Dia. |Proportion | Average |dbh (cm)] Collar Tree Form BA Vol. Sp. Vol./ Crop |[Crop dia.
Class of trees no. of diameter height | factor (mz) (m3) gravity ha Ht. (cm)
(cm) (%) trees/ (cm) (m) (m3) (m)
ha
5-10 25 416.67 8.66 10.96 4.87 0.36 0.006| 0.011 0.45 458 4.96 8.7
10-15 30 500.00 13.91 16.38 6.53 0.39 0.015| 0.039 0.48 19.50 6.54 | 13.93
15-20 20 333.33 17.49 19.98 8.14 0.46 0.024| 0.089 0.45 29.67 8.11 | 17.55
>20 25 416.67 23.78 27.37 9.33 0.46 0.045| 0.205 0.50 85.42 9.44 23.93
CD Value 0.61 1.01 0.75 0.002 | 0.020

Similarly in Eucalyptus tereticornjstree height (15.28m), form factor
(0.46), basal area (0.044mn volume (0.311r), crop height (15.28m), crop

diameter (23.66cm) and specific gravity (0.70) waeximum in >20cn diameter

class as shown in table 4. Out of the total nunatbérees per hectare, 5%, 15%,
30% and 45% were found in 5-10cm, 10-15cm, 15-2@cwmh >20cm diameter

class respectively. The maximum number of treegevi@und in >20cm diameter

class so the volume/ha was also maximum (233°pBnthis diameter class. The

statistical analysis was done for different pararsenamely diameter at breast

differences were obtained in case of all the patara@inder study.

height, collar diameter, tree height, basal ared wolume and significant

Table 4. Effect of diameter classes on different ¢e and stand
parameters of Eucalyptustereticornis
Dia. Proportio Average dbh Collar Tree Form BA Vol. Sp. Vol./ Crop Crop
Class n no. of (cm) diameter | height factor (mz) (m3) gravity ha Ht. dia
(cm) of trees trees/ (cm) (m) (m3) (m) (cm)
(%) ha
5-10 5 83.33 8.00 11.38 6.20 0.37 0.005| 0.012 0.65 0.99 6.29 | 8.06
10-15 15 250.00 12.48 15.59 7.75 0.42 0.012] 0.041 0.69 10.25 7.68 | 12.54
15-20 35 583.33 16.66 21.38 9.60 0.44 0.022 | 0.096 0.67 55.99 9.72 | 16.73
>20 45 750.00 23.57 30.68 15.28 0.46 0.044| 0.311 0.70 233.25 | 15.48]| 23.66
CD Value 0.61 1.01 0.75 0.003 0.02

Melia azedaraclshowed higher values of tree height (14.1m), ftaator
(0.51), basal area (0.047m volume (0.340r¥), crop height (14.27m), crop
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diameter (24.29cm) and specific gravity (0.69) #0em diameter class as shown
in table 5. Basal area and crop diameter were maxinm M. azedarachamong
all the five species. Out of the total number ekt per hectare, 7.82%, 12.78%,
17.79% and 24.29% were found in 5-10cm, 10-15cm20dm and >20cm
diameter class respectively. Volume/ha was maxinmum20cm diameter class
because of more number of trees per hectare irdifnseter class. The statistical
analysis was done for different parameters nameiyneter at breast height,
collar diameter, tree height, basal area and volame significant differences

were obtained in case of all the parameters urtddys

Table 5. Effect of diameter classes on different é& and stand
parameters ofMelia azedarach

. . Average dbh Vol./
Dia. | Proportion no. of (cm) Qollar Tr_ee Form BA Vol. sp. b Crop Crop
Class of trees trees/ diameter height Factor 2 3 ravit ?; Ht. dia.
©em [ @ Y (cm) (m) (m) | m) ORIy L m | (em)
5-10 17 283.33 7.68 11.83 7.90 0.45 0.005| 0.018 0.60 5.10 8.22| 7.82
10-15 21 350.00 12.74 | 16.19 10.58 0.48 0.013| 0.066 0.64 23.10 | 10.69 12.78
15-20 28 466.67 17.76 | 22.26 13.57 0.50 0.025| 0.168 0.66 78.40 | 13.44 17.79
>20 34 566.67 2422 | 27.82 14.10 0.51 0.047] 0.340 0.69 192.67 | 14.290 24.29
CD Value 0.61 1.01 0.75 0.002 | 0.020

The different tree parameters viz. tree heightg8f), form factor (0.54),
basal area (0.040% volume (0.365r), crop height (16.60m), crop diameter
(22.63cm) and specific gravity (0.65) were maximian»20cm diameter class in
case ofUlmus villosaas shown in table 6. The tree parameters like Hesght,
volume and crop height were maximumuUn villosa among all five species as
shown in table 6. Out of the total number of trpeshectare, 5%, 15%, 30% and
45% were found in 5-10cm, 10-15cm, 15-20cm and mRQ@biameter class
respectively. Volume/ha was maximum in >20cm dianetass followed by 10-
15cm diameter class as more number of trees peareewas present in this
diameter class. The statistical analysis was donélifferent parameters namely
diameter at breast height, collar diameter, traghtebasal area and volume and

significant differences were obtained in case bfie parameters under study.
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Table 6. Effect of diameter classes on different ¢e and stand

parameters ofUImus villosa

Dia. | Proportion | Average | dbh Collar Tree Form BA Vol. Sp. Vol./ |Crop Ht.| Crop

Class | of plants no. of (cm) | diameter | height factor (mz) (m3) Gravity ha (m) dia.

(cm) (%) trees/ (cm) (m) (m3) (cm)
ha

5-10 33.33 833.25 793 | 1157 5.67 0.40 0.005 | 0.012 | 0.56 9.99 591 | 8.04

10-15 38.88 972.00 12.76| 18.02 10.70 0.50 0.015| 0.083 | 0.59 | 80.68 | 10.88]| 14.04

15-20 16.66 416.50 16.52| 19.45 12.47 0.51 0.022 | 0.138 | 0.61 | 57.48 | 12.55|16.57

>20 11.11 277.75 226 | 28.28 16.65 0.54 0.040 | 0.365 | 0.65 | 101.39| 16.60|22.63

CD Value 0.61 1.01 0.75 0.002 0.020

as dry biomass which

In all the species an increasing trend was observédth green as well

In Q.

increased with an

increasingmeter.

leucotrichophorahe maximum values of green biomass of stem, brdaahand
twig were 74.46Kg43.05, 18.30 and 8.30Kg respectively in >20cm dit@m
class. Similar trend was observeddiry biomass of stem, branch, leaf and twig
were 47.29Kg27.88, 9.14 and 5.96Kg in same diameter class.

Table 7. Diameter wise biomass partitioning (green and dry)in
Quercus leucotrichophora
Green biomasgKg/tree) Dry biomass (Kg/tree)
Dia.
Class| Stem | Branch | Leaves | Twigs | Total Stem [Branch | Leaves| Twigs | Total
(cm)
5q0| 5:94 | 438 342 | 1.90 | 1563 | 340 | 218 | 2.84 | 095 | 9.37
(38) (28) | (21.86) | (12.13)] (10.85)| (36.32) | (23.27)| (30.25)| (10.16)| (10.38)
10-15| 1107 | 9.23 720 | 328 | 30.78| 942 | 729 | 471 | 1.64 | 23.06
(35.97)| (29.99) | (23.39) | (10.65)| (21.36)| (40.82) | (31.62)| (20.43)| (7.13) | (25.54)
15.00| 3698 | 1895 | 1175 | 515 | 72.83 | 2348 | 11.84 [ 579 | 2.96 | 44.07
(50.77)| (26.02) | (16.13) | (7.07) | (50.54)| (53.27) | (26.87)| (13.14)| (6.72) | (48.82)
74.46 | 43.05 | 18.30 | 8.30 4729 | 2788 | 9.14 | 5.96
>20 | 51.67)| (20.87) | (12.69) | (5.76) | 1**1Y| (52.39) | (30.88)| (10.12)| 6.6) | 20?7

Figure in parentheses are per cent contributiomatdsvtotal biomass

The maximum per cent contribution towards greeomiaiss by stem,
branch, leaves and twigs was 51.67(>20cm), 29.996btn), 23.39(10-15cm)
and 12.13(5-10cm) respectively @ leucotrichophoraSimilarly in case of dry

biomass maximum per cent contribution by stem, ¢drateaves and twigs was
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53.27 (15-20cm), 31.62 (10-15cm), 30.25 (5-10cmy atD.16 (5-10cm)

respectively as shown in table 7.

In P. roxburghiithe maximum values of green biomass of stem, branch
leaves and twigs were 90.27K45.88 35.88 and 17.59Kg in >20cm diameter
class. Similar trend was observed in dry biomassteim, branch, leaves and
twigs where maximum values are 53.87Kg39.68 25.32 and

10.36Kgrespectively in same diameter class.

Table 8. Diameter wise biomass partitioning (green and dry)jn Pinus
roxburghii
Green biomasg(Kg/tree) Dry biomass (Kg/tree)
Dia.

Class| Stem | Branch | Leaves | Twigs | Total | Stem | Branch | Leaves| Twigs | Total
(cm)

750 | 5.77 3.87 | 1.87 | 1901 | 348 | 250 | 2.05 | 0.96 | 8.99
5-10 [ (39.44)| (30.34) | (20.37) | (9.85) | (10.02) (38.67)| (27.85) | (22.79)| (10.69)] (10.66)

26.46 | 1948 | 16.14 | 10.86 | 72.94 | 21.69 | 12.45 | 7.44 | 6.24 | 47.82
10-15] (36.27)| (26.71) | (22.13) | (14.89)| (38.47)| (45.36)| (26.03) | (15.56)| (13.06)| (26.47)

59.32 | 3757 | 33.15 | 11.89 | 141.93| 33.11 | 23.27 | 19.21| 9.05 | 84.65
15-20| (41.79)| (26.47) | (23.36) | (8.38) | (74.85)| (39.11)| (27.49) | (22.69)| (10.69)| (56.31)

90.27 | 45.88 | 35.88 | 17.59 | 189.62| 53.87 | 39.68 | 25.32 | 10.36 | 129.23
>20 | (47.6) | (24.19) | (18.92) | (9.28) (41.69)| (30.7) | (19.59)| (8.01)

Figure in parentheses are per cent contributiomatdsvtotal biomass

The maximum per cent contribution towards greeomigiss by stem,
branch, leaves and twigs was 47.60(>20cm), 30.38¢sn), 23.36(15-20cm) and
14.89(10-15cm) respectively . roxburghii Same trend was observed for dry
biomass, maximum per cent contribution by stenofedd by branch, leaves and
twigs and valued 45.36(10-15cm), 30.70(>20cm), 2&-710cm) and 13.06(10-

15cm) respectively as shown in table 8.

In E. tereticornisthe maximum values of green biomass of stem, branch
leaves and twigs were 98.99K§2.16, 33.60 and 28.97Kg in >20cm diameter
class, similarly, indry biomass of stem, branch, leaves and twigs tAgimmum
values were 79.71Kg, 34.80Kg, 20.80Kg and 19.66Kgpectively in same

diameter class.

The maximum per cent contribution towards greeomiaiss by stem,

branch, leaves and twigs in case Bf tereticornis was 51.13(15-20cm),
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27.78(>20cm), 24.12(5-10cm) and 12.95(>20cm) rdspdy as shown in table
9. Similarly in case of dry biomass maximum pertceontribution by stem,
branch, leaves and twigs was 51.44(>20cm), 26.02%50Mn), 20.74(10-
15cm) and 12.69(>20cm) respectively.

Table 9. Diameter wise biomass partitioning (green and dry)in
Eucalyptustereticornis

Green biomasg(Kg/tree) Dry biomass(Kg/tree)

Dia.
Class| Stem | Branch | Leaves | Twigs | Total | Stem | Branch | Leaves| Twigs | Total
(cm)

1023 | 5.86 6.08 | 3.03 | 2520 | 8.18 | 357 | 3.06 | 1.08 | 16.52
5-10 | (40.59)| (23.24) | (24.12) | (12.04)| (11.26)| (49.51)| (21.62) | (18.49)| (6.57) | (10.66)

30.18 | 1643 | 17.16 | 8.94 | 7272 | 1826 | 10.67 | 851 | 3.57 | 41.02
10-15( (415) | (22.6) | (23.59) | (12.29)| (32.50)| (44.52)| (26.02) | (20.74)| (8.71) | (26.47)

69.42 | 2429 | 2533 | 16.72 | 135.76| 44.75 | 14.97 | 1756 | 9.99 | 87.27
15-20| (51.13)| (17.89) | (18.66) | (12.32)| (60.68)| (51.28)| (17.15) | (20.12) (11.44)| (56.31)

98.99 | 62.16 | 33.60 | 28.97 | 223.73| 79.71 | 34.80 | 20.80 | 19.66 | 154.97
>20 [ (44.25)| (27.78) | (15.02) | (12.95) (51.44)| (22.46) | (13.42)| (12.69)

Figure in parentheses are per cent contributiomatdsvtotal biomass

In M. azedarachlthe maximum values of green biomass of stem, branch
leaves and twigs were 106.86Kg, 91.32, 47.18 and5RkY respectively in
>20cm diameter class. Similar trend was observedirin biomass of stem,
branch, leaves and twigs and maximum values wers9Kg, 62.54, 36.18 and

16.34Kg in same diameter class.

Table 10. Diameter wise biomass partitioning (green and dry)jn Melia

azedarach
Green biomasgKg/tree) Dry biomass (Kg/tree)
Dia.
Class | Stem Branch | Leaves | Twigs Total Stem Branch | Leaves | Twigs Total
(cm)
510 17.71 10.08 5.72 3.92 37.43 9.04 7.10 3.26 2.62 22.03
(47.32) | (26.93) | (15.28) | (10.47) | (13.63) | (41.06) | (32.25) | (14.78) | (11.91) | (11.49)
10-15 47.78 20.65 15.09 9.84 93.36 20.15 13.54 9.81 8.68 52.18
(51.18) | (22.11) | (16.16) | (10.54) | (34.01) | (38.61) | (25.96) | (18.79) | (16.63) | (27.23)
15-20 78.89 34.31 28.39 1490 | 156.48 | 50.33 24.38 12.79 10.85 98.34
(50.41) [ (21.92) | (18.14) | (9.52) | (57.00) | (51.17) | (24.79) (13) (11.03) | (51.31)
>20 106.86 | 91.32 47.18 29.15 | 27451 | 76.59 62.54 36.18 16.34 | 191.64
(38.93) | (33.27) | (17.19) | (10.62) (39.96) | (32.63) | (18.88) | (8.52)

Figure in parentheses are per cent contributiormatdsvtotal biomass
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The maximum per cent contribution towards greeomigiss by stem,
branch, leaves and twigs was 51.18(10-15cm), 33204m), 18.14(15-20cm)
and 10.62(>20cm) respectively M. azedarachSimilarly in case of dry biomass
maximum per cent contribution by stem, branch, ésaand twigs was 51.17(15-
20cm), 32.63(>20cm), 18.18(>20cm) and 16.63(10-)5@spectively as shown
in table 10.

In U. villosa the maximum values of green biomass of stem, branch
leaves and twigs was 103.84K89.39, 44.75 and 36.50Kg respectively in >20cm
diameter class whereas the value dfy biomass of stem, branch, leaves and

twigs were 81.83Kg58.17Kg 22.36Kgand 19.39Kg respectively in the same

diameter class.

Table 11. Diameter wise biomass partitioninggfeen and dry) in Ulmus
villosa
Green hiomass (Kg/tree) Dry biomass (Kg/tree)
Dia.
Class Stem Branch | Leaves | Twigs Total Stem Branch | Leaves | Twigs Total
(cm)
5-10 11.34 8.18 4.16 241 26.09 7.89 3.79 2.26 1.69 15.63
(43.46) | (31.35) | (15.94) | (9.25) (9.83) | (50.47) | (24.26) | (14.43) | (10.84) | (8.60)
10-15 39.71 12.72 7.60 4.61 64.64 14.94 9.20 3.87 2.37 30.38
(61.43) | (19.68) | (11.76) | (7.13) | (24.35) | (49.17) | (30.28) | (12.74) | (7.81) | (16.71)
15-20 77.89 45.58 25.24 19.19 167.90 | 44.57 25.06 13.24 10.27 93.14
(46.39) | (27.14) | (15.04) | (11.43) | (63.24) | (47.85) | (26.9) | (14.22) | (11.03) | (51.25)
>20 103.84 80.39 44.75 36.50 265.48 | 81.83 58.17 22.36 19.39 181.75
(39.11) | (30.28) | (16.86) | (13.75) 45.02) | (32) (12.3) | (10.67)

Figure in parentheses are per cent contributiomtdsvtotal biomass

The maximum per cent contribution towards greesmaiss per tree by
stem, branch, leaves and twigs in caseUofvillosa was 61.43(10-15cm),
31.35(5-10cm), 16.86(>20cm) and 13.75(>20cm) rdspdy as shown in table
11. Similarly in case of dry biomass maximum pentceontribution by stem,
branch, leaves and twigs was 50.47(5-10cm), 322mym), 14.43(5-10cm) and
11.03(15-20cm) respectively.

4.1.2 Crown characteristics and diameter classes

The data recorded on randomly selected treeslIftheaspecies arranged

in four diameter classes with 5cm class interval analysed for various crown
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characteristics i.e. crown area, crown height, crawidth and crown length were

showing statistically significant variation amorauf diameter classes for all the
species. The mean values for these crown charstaterhave been presented in
table 12.

Crown area increased with increase in diametesscia case ofP.
roxburghii (13.53nf), E. tereticornis(8.51nf), M. azedarach23.50nf) and U.
villosa (31.85n%) however, in case of. leucotrichophorahe maximum value
(10.87nf) was observed in 15-20cm diameter class but in >2flameter class it

was significantly low (8.24A).

Crown height also increased with increase in diamein Q.
leucotrichophora(5.23m) P. roxburghii(5.02m) E. tereticornig(7.96m) andJ.
villosa (7.20m) however, in case M. azedarachthe maximum value (7.47m)
was observed in 15-20cm diameter class but in >20amas significantly low
(6.62m).

In case of crown width maximum values for diffdrespecies viz.P.
roxburghii (3.95m) E. tereticornig4.06m) M. azedaracl{5.15m)andU. villosa
(6.37m) increases with increase in diameter whefea®). leucotrichophorahe
maximum value (3.68m) was observed in 15-20cm diamclass but it was

significantly low in >20cm(3.19m).

Crown length also increased with increase in diamein Q.
leucotrichophora(4.81m) P. roxburghii (4.31m) E. tereticornis(6.96m) M.
azedarach(7.47m) and U. villosa (9.45m) and the maximum values were
obtained in >20cm diameter class.

4.2 VARIABILITY ANALYSIS AND EVALUATION OF
FACTORS RESPONSIBLE FOR BIOMASS PRODUCTION

4.2.1 Variation among different growth characters

The data were collected on randomly selected tf@esarious growth
parameters viz., diameter at breast height (DBlNac diameter (CD), height
(H), crown area (CA), crown width (CW), crown lehg(CL), crown height
(CH).
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Table 12.

Diameter class wise crown characteristies different species

Diameter Crown area (nv) Mean Crown height (m) Mean
class St S S Sy S St S S S S
(cm)
5-10 2.89 2.61 2.46 3.66 2.46 2.82 2.27 2.66 3.82 3.60 2.37 2.95
10-15 5.22 5.82 4.39 8.54 18.94 8.58 3.86 3.31 4.42 5.10 4.67 4.27
15-20 10.87 9.48 5.70 15.40 24.55 13.20 4.40 4.15 549 47 7| 6.07 5.16
>20 8.24 13.53 8.51 23.50 31.85 24.78 5.28 5.02 796 626, 7.20 6.41
Mean 6.81 7.86 5.26 12.77 19.45 12.34 3.94 3.79 5.42 5.70 5.08| 4.79
CD (D) =0.52 CD (D) =0.52
CD (S) =0.65 CD (S) =0.58
CD (DXS) =1.28 CD (DXS) =1.16
Diameter Crown width (m) Mean Crown length (m) Mean
class St S S S S S S S S S
(cm)
5-10 1.78 1.62 1.71 2.05 1.72 1.78 2.63 2.24 2.38 4.30 3.30 2.97
10-15 2.51 2.64 2.32 3.17 4.35 3.00 3.47 3.28 3.33 547 .026 4.30
15-20 3.68 3.34 2.59 4.35 5.02 3.80 4.24 4.09 4.10 6.10 .406 4.99
>20 3.19 3.95 4.06 5.15 6.37 4.95 4.81 4.31 6.96 747 459 6.60
Mean 2.79 2.89 2.67 3.68 4.36| 3.38 3.79 3.47 4.19 5.84 6.29| 4.71
CD (D) =0.56 CD (D) =0.48
CD (S) =0.62 CD (S) =0.53
CD (DXS) =1.25 CD (DXS) =1.07

S = Quercus leucotrichophora
S = Pinus roxburghii
S = Eucalyptus tereticornis

S, = Melia azedarach
S; = Ulmus villosa
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Table 13. Species wise variability analysis for dérent growth characteristics
Q. P. E. M. u.
leucotrichophora roxburghii tereticornis azedarach villosa 5 oF 5
Tree (n1=40) (n,=40 (n3=40) (n,=40) ns=40) (UO) %C)
characteristics | Mean SD cv | Mean SD cv | Mean SD cv | Mean SD cv | Mean SD cVv
(%) (%) (%) (%) (%)
D'?::”r:]e)ter 1494| 486 | 3256 1596 574 3595 1518 503 390856 | 6.36 | 40.74 1493 554 37.03 2l8 101 277
Co"a(rcfr']‘;‘meter 18.43| 5.1 | 2767 1867 6.36 3404 1976 756 39.2®.53| 659 | 33.77 1933 6.72 3475 64 101 6.84
Tre?”r]‘)e'ght 774 | 208 2692 7224 2271 3138 971 3.76 39 115819 | 27.69 11.37 478 4207 37.89 1l01 37.02
Cro"‘érr;];‘e'ght 397 | 1.32| 3337 376 14| 3731 542 204 3758 §.72.29 | 40.24] 5.08| 218 42.87 20.11 101 18.91
Crov(vlf‘n)""'dth 279 | 1.93| 3344 289 124 4444 267 108 4041 8361.65 | 4483 4.36| 341 70.12 6966 1|01 68.97
Cro"‘érr}]')ength 379 | 1.01| 2675 347 117 3344 419 1.86 4437 458 1.9 | 3258 6.21| 274 4029 49.87 1l01 48.88
Stf’n':l/:’r‘;tj)me 007 | 006 | 8203 009 009 10493 0117 0.3 108.2415 | 0.14 | 91.82 0149 014 96.74 40l66 101 4bp6
iﬁ;";{’r;‘sa 681 | 401 | 5833 7.8 629 7946 526 545 8357 772.11.57| 90.65 19.45 16.58 31.59 71|32 1.01 6863
Ste(’g"m?ft‘rsj;)area 193.7| 117.09 60.45 2258 154.08 68.64 208.45 158.Z3.51 | 222.79 166.82 74.89 20586 140.34 68.03 5/87.01| 73.07
C{fe"é”hgieégh?t/ 05 | 008 | 1564 052 009 1777 056 007 13138 04&.11 | 2329 0.45| 005 11.04 2543 101 2518

" Significant at probability level of significanee= 0.01

N, Np, N3 Nyand i = number of trees in each species
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Bartlett's y* test was applied to compare variation and average
performance of various characters among differgecies. The data were
analysed for mean, standard deviation and coefiicé variation and shown in
table 13 forQuercus leucotrichophora, Pinus roxburghii, Eucalygptereticornis

Melia azedaractandUImus villosarespectively.

U. villosa showed maximum mean values for crown area (19%5m
crown width (4.36m) and crown length (6.21m) wheresown height was
maximum forM. azedarach5.70m).

The computed values through Bartletf’stest when compared at 1 per
cent level of significance revealed that there wassignificant variation among
tree characters such as diameter and collar diamétereas all the other tree
characters such as tree height, crown height, cnawdth, crown length, stem
volume/tree, crown area and crown height/tree hegfiowed statistically

significant variation.

The highest coefficient of variation was shownsibgm volume for all the
species and maximum value was shownbywillosa (96.74). However highest

standard deviation is shown by stem basal areallftiie species.

4.2.2 Correlation and regression analysis

Correlation study

Karl Pearson’s coefficient of correlation betwestem volume and
different tree growth parameters (dbh, height, crodvameter, crown width,
crown length, crown area and crown height) werekedrout on data collected
from the field and presented in a matrix @r leucotrichophoraP. roxburghij
E. tereticornis M. azedarachandU. villosain table 14 15, 16, 17 and table 18

respectively.

It is evident from the table 14 that stem volumeswpositively correlated
with all tree growth parameters. Among stem gropw#rameters, the highest
correlation coefficient was 0.94 between dbh aednstolume followed by dbh
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and tree height (0.90) and dbh and crown lengtB1§0.whereas, minimum

correlation was 0.52 between crown area and volume.

Table 14. Simple correlation coefficient (r) betwee stem volume and
tree growth parameters for Quercus leucotrichophora

Parameters Dbh Tree Crown Crown Crown Crown Volume

Height area diameter length height
Dbh 1.00
Tree height 0.90" 1.00
Crownarea | 0.60° 0.63 1.00
Crown diameter| 0.65 0.69 0.97 1.00
Crown length | 0.81" 0.79" 0.77 0.80° 1.00
Crown height | 0.80 0.90" 0.49" 0.54 0.58 1.00
Volume 0.94" 0.86° 0.52" 0.55 0.73 0.75 1.00

** Significant at 1% level of significance.

It is evident from the table 15 that stem volumeswpositively correlated
with all tree growth parameters. Among stem gropw#rameters, the highest
correlation coefficient was 0.91 between crown tingnd crown diameter.
Crown height indicated a highly significant relaiship with tree height (0.90),
followed by crown length and crown area (0.88),etthile minimum correlation

was 0.48 between crown height and crown diameter.

Table 15: Simple correlation coefficient (r) betwee stem volume and
tree growth parameters forPinus roxburghii

Parameters Dbh Tree Crown Crown Crown Crown Volume
height area diameter length height

Dbh 1.00

Tree height | 0.73" 1.00

F%

Crown area | 0.63 0.76 1.00
Crown diameter| 0.63" | 0.77 0.98 1.00
Crown length | 0.65 | 0.85 0.88" 0.91" 1.00
Crown height | 0.65 | 0.90° 0.49" 0.48" 0.54" 1.00
Volume 073 | 0.85 0.61° 0.61° 0.67° 0.82° 1.00

** Significant at 1% level of significance.

39



Table 16: Simple correlation coefficient (r) betwee stem volume and
tree growth parameters for Eucalyptus tereticornis

Parameters Dbh Tree Crown Crown Crown Crown Volume

height area diameter length height
Dbh 1.00
Tree height 0.89" 1.00
Crownarea | 0.76° 0.68" 1.00
Crown diameter | 0.89" 0.69° 0.98" 1.00
Crown length | 0.91 0.93 0.80" 0.81° 1.00
Crown height | 0.80 0.94 0.51" 0.51" 0.78 1.00
Volume 092" | 097 0.79° 0.78 0.97 0.79° 1.00

** Significant at 1% level of significance.

It is evident from the table 16 that stem volumaswpositively correlated
with all tree growth parameters. Among stem gropw#rameters, the highest
correlation coefficient was 0.94 between crown he@nd tree height followed
by crown length and tree height (0.93). Stem volumdicated a highly
significant relationship with diameter (0.92) amdet height (0.92), followed by
crown length and diameter (0.91) and crown length\alume (0.91) etc., while
minimum correlation was 0.51 between crown heigid arown diameter and

crown height and crown area.

Table 17: Simple correlation coefficient (r) betwee stem volume and
tree growth parameters forMelia azedarach
Parameters Dbh Tree Crown Crown Crown Crown Volume
height area diameter length height
Dbh 1.00

Tree height | 0.76 1.00

Crown area | 0.65 0.54" 1.00
Crown diameter| 0.71" 0.67" 0.97" 1.00

Crown length | 0.57" | 0.70° 0.27 0.35 1.00

Crown height | 0.58" | 0.81" 0.53" 0.58 0.15 1.00

Volume 0.93" 0.78" 0.67 0.69" 0.61" 0.58" 1.00

** Significant at 1% level of significance.

It is evident from the table 17 that stem volumaswpositively correlated
with most of the tree growth parameters. Among stgowth parameters, the
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highest correlation coefficient was 0.93 betweesmstvolume and diameter,
crown height indicated a highly significant relaiship with tree height (0.81),
stem volume also indicated a highly significantatieinship with total height
(0.78) and crown diameter (0.69), followed by tdtaight and diameter (0.76)
and crown diameter and diameter (0.71) etc., wiileimum correlation was
0.53 between crown height and crown area. Crowgtlheshowed no effect on

crown area and crown diameter.

It is evident from the table 18 that stem volumeswpositively correlated
with most of the tree growth parameters. Among stgowth parameters, the
highest correlation coefficient was obtained betwemwn length and tree height
(0.98) followed by stem volume and diameter (0.Ztpwn length indicated a
highly significant relationship with crown heigh0.89) and volume (0.89)
followed by total height and crown diameter (0.&81 volume (0.88) etc., while

minimum correlation was 0.60 between crown areadimaheter.

Table 18: Simple correlation coefficient (r) betwee stem volume and
tree growth parameters forUImus villosa

Parameters Dbh Tree Crown Crown Crown Crown Volume
height area diameter length height

Dbh 1.00

Tree height 0.83 1.00

Crown area | 0.60° 0.83 1.00
Crown diameter| 0.69" 0.88" 0.98" 1.00
Crown length | 0.80 0.98" 0.82" 0.85" 1.00
Crown height | 0.81" 0.96" 0.80 0.86" 0.89 1.00
Volume 0.91" 0.88" 0.77 0.81 0.89 0.82 1.00

** Significant at 1% level of significance.

4.2.2.2 Regression study
Linear and non linear functions

Various linear and non-linear functions have b&esd on primary and
secondary data by taking volume as the dependeiabla@ and other different

tree characteristics as independent variatediameter breast height (D), height

(H), form factor (F). The fitted equations for vole, with standard error of
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estimates and adjustekR? have been presented f@). leucotrichophora P.
roxburghii, E. tereticornis M. azedarachandU. villosa in table 19, 20, 21, 22
and 23 respectively. The data were also subjectedultiple regression analysis
to understand the simultaneous effect of variowsatdters viz., diameter breast
height (D), height (H), crown width (CW), crown tgh (CL), crown height

(CH) on volume.

Table 19 is showing various linear and non limegationships to find out
volume with different tree characters fQx leucotrichophoraThe relationship
between volume with diameter at breast height, meluvith tree height and
volume with form factor is shown through differefinctions simultaneously,

where power function showed highest adjusk#d(0.97) for volume with

Table 19. Linear and non-linear functions for volume with diameter at
breast height, tree height and form factor for Quercus
leucotrichophora

Volume Adjr? SE of b,c
V=—0.102+0.012D 0.89 0.001
V=—0.35+ 0.16LnD 0.82 0.012
V= 0.0028%* 0.94 0.01
V= 0.03-0.01D+0.001B 0.93 0,0.004
V= 0.000028* 0.97 0.08

Volume
V=—0.12+0.025H 0.73 0.002
V =—0.27+ 0.171LnH 0.67 0.02
V = 0.00184"" 0.89 0.03
V = 0.03-0.02H+0.003H 0.76 0.02, 0.001

V = 0.00005H% 0.91 0.17

Volume

V= —0.15+ 0.54F 0.30 0.13
V = —0.27+0.22LnF 0.28 0.05
V = 0.001&% 0.28 2.21
V = 0.30-1.61F+2.48F 0.33 1.36, 1.57
V = 1.38F" 0.28 0.94
V = Stemvolume () F = Form factor
H = Height (m) D = Diametdrbreast height (cm)
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diameter at breast height, whereas, less variabitis observed in different types
of relationships (linear and non linear) for indival tree character. Similarly
power function showed highest adjusizk€ (0.91) for volume with tree height
followed by polynomial of second degree which shdweghest adjuster?
(0.33) for volume with form factor. Since in thiase all the values were very less
so they showed a poor relationship in all typesaiations for the estimation of

volume with form factor.

Table 20 is showing various linear and non linkearctions to find out
volume with different tree characters fer roxburghii The relationship between
volume with diameter at breast height, volume wie height and volume with
form factor is shown through different functionsnsitaneously. The highest
value of adjuste®?was 0.65 for volume with diameter at breast heighown
by power function followed by exponential which sfeal highest adjuste®?
(0.52) for volume with tree height. The exponenfiahction shows highest
adjusted®? (0.34) for volume with form factor. The overallloalated values

Table 20. Linear and non-linear functions for volume with diameter at
breast height, tree height and form factor forPinus roxburghii
Volume Adj &2 SE of b,c
V=-0.07+0.01D 0.27 0.003
V=—0.27+0.14LnD 0.19 0.04
V= 0.004¢e"° 0.64 0.02
V= 0.16—0.02 D+0.001 D* 0.33 0.01,0
V= 0.00008D** 0.65 0.29
Volume
V =—0.09+0.03H 0.29 0.01
V =—0.23+0.17LnH 0.20 0.05
V = 0.004e”3"™" 0.52 0.06
V =0.43—0.12H+0.01H? 0.50 0.04, 0.002
V =0.0H**® 0.50 0.42
Volume

V=—0.19+0.69F 0.16 0.23
V =0.33—0.26LnF 0.13 0.1
V = 0.001e”% 0.34 2.14
V = 0.73—3.75F+5.19F° 0.23 21,244
V = 1.92F*™ 0.33 0.89

\% = Stemvolume (7)) F = Form factor

H = Height (m) D = Diametermmeast height (cm)
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adjustecr?were very low indicating the comparatively poomt&nship between
different parameters for the estimation of volum®& i roxburghiias compared to

Q. leucotrichophora

Table 21 is showing various linear and non limegationships to find out
volume with different tree characters tértereticornis The relationship between
volume with diameter at breast height, volume wie height and volume with
form factor is shown through different functionsnsitaneously, where both
power function and polynomial showed highest andakgalue of adjuste®?
(0.96) for volume with diameter at breast heighinitr trend was observed for
volume with tree height where both power and exptak function showed
highest and equal value of adjus®7(0.86). For different types of relationships
(linear and non linear) less variability was obseiryor individual tree character.
Volume with form factor showed highest adjusik®d (0.42) with exponential

function but the relationship was not very effeetiv

Table 21. Linear and non-linear functions for volune with diameter at
breast height, tree height and form factor for Eucalyptus
tereticornis
Volume Adj r? SE of b,c
V=-—0.18+0.02D 0.85 0.001
V=—0.57+0.26LnD 0.71 0.03
V= 0.003¢”1° 0.94 0.01
V= 0.1-0.02 D+0.001 D* 0.96 0.004,0
V= 0.00002D* 0.96 0.09
Volume

V =—0.19+0.03H 0.85 0.002

V =—0.55+0.30LnH 0.77 0.03

V =0.003¢”" 0.81 0.02

V = —0.05+0.003H+0.001H? 0.86 0.01, 0.001

V = 0.00006H>"* 0.86 0.20
Volume

V =—0.36+1.12F 0.25 0.29

V =0.49+0.43LnF 0.23 0.12

V = 0.00001e"**" 0.42 2.59

V = 0.95—5.33F+7.78F" 0.31 3.07, 3.69

V =8.11P% 0.41 1.05

vV o= Stemvolume () F = Form factor
H = Height (m) D = Diameteroaeast height (cm)
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Table 22 is showing various linear and non limegationships to find out
volume with different tree characters fdr azedarachThe relationship between
volume with diameter at breast height, volume wite height and volume with
form factor is shown through different functionsnsitaneously, where power
function showed highest value of adjusk3ds 0.95 for volume with diameter at
breast height Similarly, for volume with tree hdigbower function showed
highest adjuste®? (0.77). For different types of relationships (Bneand non
linear) less variability was observed for indiviluaee characters. The
exponential function showed highest adjus&?d0.33) for volume with form
factor but the relationship was poor.

Table 22. Linear and non-linear functions for volume with diameter at
breast height, tree height and form factor forMelia azedarach

Volume Adj r? SE of b,c
=—0.16+0.02D 0.87 0.001
=—0.54+0.26LnD 0.73 0.02
= 0.005¢> %P 0.88 0.01
= —0.002—0.003D+0.001 D* 0.91 0.005,0

V= 0.00007D>*’ 0.95 0.09
Volume
V =—0.2+0.03H 0.49 0.005
V =—0.59+0.31LnH 0.46 0.05
V = 0.002¢™*" 0.74 0.032
V =—0.05+0.001H +0.001H? 0.48 0.04, 0.002
V = 0.00002H3>’ 0.77 0.31
Volume
V =—0.4+1.14F 0.22 0.33
V = 0.52+0.5LnF 0.20 0.15
V = 0.00001e™** 0.33 2.75
V = 1.53—7.42F+9.3F° 0.26 4.96, 5.38
V = 4.94F>> 0.32 1.26
vV = Stem volume (M F = Form factor
H = Height (m) D =Diameter at breast height (cm)

Table 23 is showing various linear and non linkgactions to find out
volume with different tree characters for villosa The relationship between
volume with diameter at breast height, volume wide height and volume with
form factor is shown through different functionmsitaneously. For volume with
diameter at breast height, power function showeghdst adjuste®? (0.95).

Similarly for volume with tree height and volume tlwiform factor, power
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function showed highest adjusted valueskdfas 0.90 and 0.41 respectively. In

all the cases more variability was observed fotrakh parameters.

Table 23. Linear and non-linear functions for volume with diameter at
breast height, tree height and form factor for UImus villosa

Volume Adj r? SE of b,c
V=—0.2+0.02D 0.82 0.002
V=—0.64+0.3LnD 0.71 0.03
V= 0.002¢>#P 0.89 0.01
V= 0.02—0.01D+0.001 D? 0.87 0.01,0
V=0.00001D**’ 0.95 0.12

Volume
V=—0.15+0.03H 0.78 0.002
V =—0.47+ 0.27LnH 0.68 0.03
V = 0.004e>%" 0.80 0.02
V = —0.04+0.005H+0.001H? 0.79 0.01,0
V = 0.00009H>® 0.90 0.16
Volume
V =—0.12+0.55F 0.12 0.22
V =0.39+0.35LnF 0.18 0.11
V =0.002e"*" 0.26 1.9
V = —0.95+3.52F2.54F° 0.32 0.72,0.86
V = 2.19F*' 0.41 0.89
V = Stem volume (M F = Form factor
H = Height (m) D Piameter at breast height (cm)

Likewise in case obranch green biomass and branch dry biomass using
branch diameter and branch length as independeiabieg various linear and
non linear relationships have been tried on prinsary secondary data collected
from field and the fitted equations for branch grd@omass and branch dry
biomass with standard error of estimates and agljikthave been presented in
the following tables (24-28).

In table 24, polynomial of second degree showeghdst adjuste(r?
(0.62) and (0.60) for branch diameter with brancbeg biomass and branch
diameter with branch dry biomass respectively. Birty, polynomial function
showed highest adjust&} (0.68) and (0.65) for branch length with branceegr
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biomass and branch length with branch dry biomaspectively in case d.

leucotrichophora.

Table 24. Linear and non-linear functions for branch green bomass (B)
and branch dry biomass (B) with branch diameter (Dy) and
branch length (L) for Quercus leucotrichophora

Branch green biomass Adjr? SE of b,c
B, =—1656.43+853.44p 0.55 158.06
By =—1560.53+2259.85Lnp 0.49 467.07
By = 27.11&%% 0.54 0.20
By= 2528.68-2147.20+521.970° 0.62 1320.01, 228.23
By = 28.930°% 0.51 0.59
Branch dry biomass
By =—956.26+486.15p 0.49 102.14
By =—888.403+1274.14Lnp 0.43 300.58
By = 16.75&%™ 0.47 0.22
Bs= 2077.18-1688.80 +378.33 0.60 825.12, 142.66
Bq = 18.130%" 0.44 0.64
Branch green biomass
B, =—830.12+1038.384 0.59 179.07
By = 322.55+1111.11LnL 0.40 274.06
By = 77.13&%%" 0.58 0.23
By = 465.27-789.96 1,+598.23 I,° 0.68 694.39, 221.26
By = 314.45," 0.50 0.32
Branch dry biomass
By =—490.58+594.87}, 0.52 116.05
Bg = 173.41+626.16Ln} 0.34 173.24
By = 45.21&%'%° 0.51 0.25
Bq = 430.22-668.061,+413.23 Iy 0.65 439.26,139.96
Bq = 176.321, 0.44 0.35

In table 25 exponential function showed highegustéd ®? (0.44) and
(0.37) for branch diameter with branch green bisrasd branch diameter with
branch dry biomass respectively. Similarly, polymanfunction showed highest
adjustedg® (0.44) and (0.39) for branch length with branchegr biomass and

branch length with branch dry biomass respectiiresase of. roxburghii
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Table 25. Linear and non-linear functions for branch green bomass (B)
and branch dry biomass (B) with branch diameter (Dp) and
branch length (L) for Pinusroxburghii

Branch green biomass AdjR? SE of b,c
By =—1291.09+775.25p 0.30 236.73
By, =—1377.88+2212.36Lnp 0.32 640.09
By = 27.74&'™ 0.40 0.29
By=—9849.73+7000.55-1113.040° 0.38 3129.29, 558.08
By = 24.04Q° 0.44 0.77
Branch dry biomass
By =—475.32+294.15p 0.26 98.04
By =—505.55+836.71Lnp 0.28 266.29
By = 13.10&MM 0.34 0.31
Bq= —3454.65+2461.23p-387.460)° 0.31 1331.62, 237.48
Bq = 11.650°%* 0.37 0.83
Branch green biomass
By =—501.89+685.67 4 0.32 198.07
By =—38.91+1354.73Lnk 0.32 392.75
By = 95.41&%" 0.42 0.24
By =—569.62+754.86 —16.88 Ly’ 0.29 1933.07, 483.72
By = 183.65l, 0.44 0.47
Branch dry biomass
By =—159.74+251.80 ). 0.26 83.46
By = 9.927+498.06Ln}. 0.26 165.37
By = 40.588% P 0.37 0.26
By = —208.67+301.794—12.19 L,° 0.22 839.79, 203.82
Bq = 76.14l, 0.39 0.49

In E. tereticornisboth linear and polynomial functions showed highes
adjustec®? (0.83) for branch diameter with branch green bisnakereas linear
function showed highest adjust®d (0.82)for branch diameter with branch dry
biomass respectively. Similarly, polynomial andeln function showed highest
adjustedg? (0.75) and (0.77) for branch length with branchegr biomass and

branch length with branch dry biomass respectiaslghown in table 26.
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Table 26. Linear and non-linear functions for branch green bomass (B)
and branch dry biomass (B) with branch diameter (Dp) and
branch length (Ly) for Eucalyptustereticornis

Branch green biomass ACR? SE of b,c
By =—1541.75+907.63p 0.83 84.91
By =—1490.96+2514.47Lnp 0.75 301.49
B, = 58.248%%% 0.70 0.12
By=—924.88+485.695+65.570) 0.83 492.07, 75.30
By = 53.670Q°° 0.71 0.34
Branch dry biomass
By =—850.13+500.51p 0.82 48.47
By =—825.21+1389.92Lnp 0.74 168.98
By = 31.868% 0.70 0.12
Bq= —561.35+302.99p+30.690 0.81 282.56,43.24
Bq = 29.210%¢ 0.71 0.34
Branch green biomass
By =—1035.30+763.02} 0.75 90.53
By =—778.84+1925.51Ln{ 0.68 270.94
By = 87.108 "% 0.70 0.1
By =—340.27+221.614+93.30 L 0.75 548.77, 93.27
By = 108.961,>" 0.67 0.29
Branch dry biomass
By =—588.22+427.77), 0.77 48.41
By =—442.11+1076.76Lni. 0.69 147.39
By = 46.8287¢'P 0.71 0.1
By = —135.27+74.94}+60.80L,> 0.77 290.07, 49.3
Bq = 58.71ly %" 0.68 0.29

In table 27 exponential function showed highegtustéd &2 (0.79) for
branch diameter with branch green biomass whemadsranch diameter with
branch dry biomass exponential function showed dsgradjusteck? (0.77).
Power function showed highest adjus®#d(0.89) and (0.89) for branch length
with branch green biomass and branch length withndir dry biomass

respectively inVl. azedarach
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Table 27. Linear and non-linear functions for branch green bomass (B)
and branch dry biomass (B) with branch diameter (Dp) and
branch length (Ly) for Melia azedarach

Branch green biomass AdR? SE of b,c

By, =—365.07+311.79p 0.65 46.86

By =—84.63+585.66L.np 0.53 113.18

By = 25.268%°% 0.79 0.1

By= 400.92-450.580+162.150)° 0.78 207.54, 43.43
By, =53.18Q"* 0.77 0.22

Branch dry biomass

By =—235.75+177.03p 0.56 32.4

By =—68.73+327.50Lnp 0.43 75.82

By = 8.21&%8% 0.77 0.12

By= 278.42-330.7203+107.990)° 0.71 146.92, 30.74
Bq = 19.310%" 0.73 0.27

Branch green biomass

By =—207.19+401.74k 0.82 39.29

By = 274.67+467.86LnL 0.65 71.16

By = 46.02& 1 0.86 0.09

By = 56.57-17.041,+126.24L,° 0.87 13.53, 39.62
By = 177.491,"> 0.89 0.11

Branch dry biomass

By =—130.89+209.214 0.72 26.69

By = 121.46+235.54Ln}. 0.53 45.23

By = 16.44&%* P 0.86 0.11

By = 86.81-136.431,+104.191,° 0.85 80.75, 23.61
Bg=71.571, % 0.89 0.13

In U. villosa both exponential and power function showed highest
adjusted®? (0.38) for branch diameter with branch green bisn&milarly for
branch diameter with branch dry biomass exponerdiad power function
showed highest adjust¥ (0.41). Polynomial function showed highest adjdste
R? (0.47) and (0.53) for branch length with branclkegr biomass and branch
length with branch dry biomass respectively as shimaable 28.
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Table 28. Linear and non-linear functions for branch green bomass (B)
and branch dry biomass (B) with branch diameter (Dp) and
branch length (L) for Ulmus villosa

Branch green biomass AdjR? SE of b,c
By = 14.02+114.33p 0.33 32.29
By = 136.20+173.29Lnp 0.30 52.08
By = 59.068°°" 0.38 0.15
B,= 109.96-18.790,+36.7D° 0.32 202.08, 54.97
By = 110.110R%% 0.38 0.24
Branch dry biomass
By =—3.33+59.660) 0.37 15.67
By = 60.39+90.50Lnp 0.34 25.35
By = 25.138°3 0.41 0.15
Bq= 55.54-22.090+22.540 0.36 97.46, 26.51
Bq = 48.820""" 0.41 0.24
Branch green biomass
By =—128.62+189.74} 0.43 44.36
By = 49.05+298.34Ln} 0.36 79.92
By = 29.388° 0.46 0.21
By = 201.87-199.841,+104.68ly” 0.47 236.81, 62.59
By = 68.23L,"% 0.46 0.36
Branch dry biomass
By =—75.58+97.70, 0.46 21.52
By = 16.59+152.12Ln}. 0.38 39.31
By = 12.30&%H 0.47 0.22
By = 121.58-134.711,+62.451,° 0.53 110.92, 29.32
Bq = 29.861, " 0.47 0.37

4.2.2.2.2 Multilinear functions

Multilinear analysis were done so as to studydterall contribution of
different tree parameters viz. diameter at breagjht, tree height, crown width,
crown height and crown length for stem volume dfedent species. Thus for
volume of different species multilinear equatioeseloped are presented in table
29.

The maximum value of adjustexf was obtained irE. tereticorniswith
value 0.93 followed byJ. villosa, Q. leucotrichophoraM. azedarachand P.
roxburghiiwith values 0.90, 0.88, 0.87 and 0.85 respectively
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Table 29. Multilinear function for volume with different tree
characteristics in different species

Species Equations Adj R
) V=—0.099+0.012D+0.005H*0.007CW*—0.004CH*—0.003CL* | 0.88
leucotrichophor (0.002) (0.006) (0&) (0.006) (0.008)
a
P. V=—0.178 +0.007D+0.026H*+0.003CW*+0.003CHD.016CL* 0.85
roxburghii (0.001) (0.035) (0.011) (0.036)  (0.034)
E. V=—0.182 +0.001D*+0.088H+0.023CW0.074CH-0.057CL 0.93
tereticornis (0.003) (0.016) (0.010)0.016) (0.016)
M. V=—0.211 +0.016D+0.003H*+0.005CW*+0.002CH*+0.008CL%  0.87
azedarach (0.002) (0.036) (0.007)(0.036) (0.036)
u. V=—0.189 +0.016D+0.011C¥0.016CH*+0.021CL 0.90
villosa (0.002) (0.005) (0.p09 (0.007)
(* Significant at 5% level of significance)
V = Volume D = Diameter
H = Height CH = Crown height
Ccw = Crown width CL = Crown length

4.2.3 Other studies - soil, solar flux and LAl

The study was conducted for soil, solar flux ardl lfor all the five

species vizQ. leucotrichophoraP. roxburghii E. tereticornis M. azedarach
andU. villosa

1. Soil studies

Soil analysis was done for pH, bulk density, péetidensity, organic
carbon, available nitrogen, phosphorus, potassaaicjum and magnesium and
the mean values have been presented in table @data shows higher range of
soil pH underQ. leucotrichophoraat both the depths i.e. 0-15cm (6.23) and 15-
30cm (6.16). However, there is no statisticallyngigant effect of tree species on
soil pH. The mean response is presented in table 30

Organic carbon per cent was higher under both dbpths inE.
tereticornis (1.38 and 1.41 at 0-15cm and 15-30cm respectivelyiere is
statistically significant effect of different tregpecies on organic carbon per cent
however it was absent under various depths. Thenwalaes are 1.18, 1.26, 1.23

and 1.19 forQ. leucotrichophoraP. roxburghij M. azedarachand U. villosa
respectively.

Similarly bulk density was also higher undertereticornis(1.45 g/cni
and 1.44 g/crhat 0-15cm and 15-30cm respectively). The effedifiérent tree
species is statistically significant on bulk deydiut it is absent in case of
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various depths. The mean values are 1.40, 1.39,dn8 1.39 foP. roxburghii
Q. leucotrichophoraM. azedaractandU. villosa.

Particle density showed similar maximum values fboth Q.
leucotrichophoraandP. roxburghiiat both the depths (2.66 g/éand 2.60 g/cth
at 0-15cm and 15-30cm respectively). There isstedilly no significant effect
of different tree species on particle density undarious depths. The mean
values are shown in table 30.

Available nitrogen was quite higher at 0-15cm (%03kg/ha) undeM.
azedarachwhereas it was higher at 15-30cm depth (371.0%a&gfor Q.
leucotrichophora There is statistically significant effect of difent tree species
on available nitrogen however it was absent undeious depths. The mean
values are 384.70, 350.70, 190.10 and 183.881fazedarachP. roxburghii E.
tereticornisandU. villosarespectively.

Available phosphorus was higher un@erroxburghiifor both the depths
(37.64 Kg/ha and 28.80 Kg/ha at 0-15cm and 15-3@espectively). There is
statistically no significant effect of differenet& species on available phosphorus
under various depths. The mean values are shovabl@ 30.

Under Q. leucotrichophoraavailable potassium was higher (232.40
Kg/ha) at 0-15cm depth whereas it was higher uriRleroxburghii (234.00
Kg/ha) for 15-30cm depth. There is statistically no sigaifht effect of different
tree species on available potassium under variepshd. The mean values are
shown in table 30.

Exchangeable calcium was higher undervillosa plantation (1670.00
mg/Kg and 1288.00 mg/Kg at 0-15cm and 15-30cm smdy). There is
statistically significant effect of different trespecies on available calcium under
various depths as shown in table 30. However, seaaf interaction among
species and various depths it was non significhe mean values are 1184,
1165, 1002 and 970.8 favl. azedarachP. roxburghij E. tereticornisand Q.
leucotrichophorarespectively.

In case of exchangeable magnesium, it was highdenk. tereticornis
(423.54 mg/Kg and 371.65 mg/Kg at 0-15cm and 15¥8Bespectively).There is
statistically no significant effect of differene& species on available magnesium
under various depths. The mean values are shovabl@ 30.
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Table 30. Effect of different species on differergoil parameters

Soil pH Organic C (%) Bulk density (g/cnt)
Depth | S; S, S; Sy S Mean | Depth | S; S, S S, S Mean | Depth | S; S, S; Sy S Mean
(cm) (cm) (cm)
0-15 6.23 6.12 6.05 6.15 6.18 6.15 0-15 1.19 1/23.381 1.25 1.18| 1.25 0-15 1.39 1.40 1.45 1.40 1|36 40 1|
15-30 | 6.16 6.10 6.12 6.17 6.14 6.08 1530 116 1129 .41 1.21 1.20| 1.25 15-3p  1.3D 1.40 144 139 1142.41
Mean | 6.19 6.11 6.08 6.13 6.16 6.13 | Mean | 1.18 1.26 1.39 1.23 1.19 1.25 | Mean | 1.39 1.40 1.45 1.39 1.39 1.40

CD(D) =NS CD(D) =NS CD(D) =NS
CD(S) =NS CD(S) =0.12 CD(S) =0.03
CD (DXS) = NS CD (DXS) = NS CD (DXS) = NS

Particle density (g/cni) Available Nitrogen (Kg/ha) Available Phosphorus Kg/ha)
Depth | S; S, S; S, S Mean | Depth | S; S, S; S, S Mean | Depth | S; S, S; Sy S Mean
(cm) (cm) (cm)

0-15 266| 266] 262 262 252 261 0-15 40140 5880.189.20f 403.50 180.80 311.1 0-15 27/40 37.64 438.36.18| 33.86/ 33.64
15-30 | 2.60| 260 260 251 245 255 1530 371.100.98pP| 190.94] 365.90 186.96 287.16 1580 2222 28.28.13| 27.99] 27.03 26.04
Mean | 2.63 | 2.63| 2.61] 256 248 258 | Mean| 386.30( 350.70 190.1p 384.10 183.8221.88| Mean| 24.81| 33.22| 28.73 32.0p 30.4529.86

CD (D) =NS CD(D) =NS CD (D) =NS
CD (S) =NS CD (S) =0.01 CD (S) =NS
CD (DXS) =NS CD (DXS) =NS CD (DXS) =NS
Available Potassium (Kg/ha) Exchangeable Calcium (giKg) Exchangeable Magnesium (mg/Kg)
Depth | S, S, S; S, S Mean | Depth | S; S, S; Sy S Mean | Depth | S; S, S; S, S Mean
(cm) (cm) (cm)

0-15 | 232.40] 181.50 225.90 217.20 204|50 212.30 O0p15095| 1250 1197 1383 1670 131P 0-15 3475 372 4p3B6.1| 397.1] 383.7
15-30 | 216.50] 234.00 228.70 204.80 191{30 215.10 3015-846.7| 1080 806.Y 9843 1288 1001 1530 299.7 B471.6| 332 | 351.6 342
Mean | 229.40| 207.70 227.30 211.00 197.9Q@13.70| Mean| 970.8| 1165 1002 1184 14791160 | Mean | 323.6| 359.5 397.6 354.1 378,3362.6

CD{D) =NS CD(D) =0.004 CDMD) =NS
CD(S) =NS CD(S) =0.002 CD(S) =NS
CD (DXS) = NS CD (DXS) =NS CD (DXS) = NS

S: = Quercus leucotrichophora, S = Pinus roxburghii, S = Eucalyptus tereticornis S; = Melia azedarach,S = Ulmus villosa
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2. Solar flux

In table 31 the studies regarding the solar iefgtion below the canopy
under different diameter classes were showrQ Ideucotrichophoramaximum
value (57.24) was under 15-20cm diameter classewhinimum value (34.31)

was under 5-10cm and >20cm.

Maximum value (25.23) was obtained in 10-15cm diganclass whereas
minimum value (11.91) was under 15-20cnPinroxburghii BothE. tereticornis
(29.54) and U. villosa (6.88) showed least values in >20cm diameter class
whereas maximum value fd. tereticornis(62.18)and U. villosa (47.07) was
observed in 5-10cm and 10-15cm diameter clasdl.lazedarachhighest value
(55.42) was under 10-15cm diameter class whereas Value (20.36) was under
15-20cm diameter class. The maximum value (62.1&p wbtained InE.
tereticornisunder 5-10cm whereas minimum value (6.88) wasimdédan >20cm

in U. vilosaamong all the species.

Table 31.  Solar flux in different species

Diameter 5 SF?Iar intercepgon (% - -
classes Ieucotricﬁophora roxbu.rghii tereti cbrnis azedar.ach vill 6sa
5-10 34.31 14.98 62.18 40.61 33.39
10-15 43.56 25.23 61.60 55.42 47.07
15-20 57.24 11.91 60.42 20.36 11.58
>20 34.31 15.57 29.54 21.42 6.88
3. LAI

For leaf area index, all the sites were showirggegasing trend as shown
in table 32. INQ. leucotrichophordowest value (23.20) was obtained in 5-10cm
diameter class, while highest in >20cm diametesci@4.73). IrP. roxburghii
lowest value (0.81) was obtained in 5-10cm diametass, while highest in
>20cm diameter class (1.22F. tereticornisshowed lowest value (23.58) under
5-10cm diameter class whereas highest value waaingot under >20cm

diameter class (37.46).SimilarlM. azedarachand U. villosa showed lowest
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values (3.12, 5.89) under 5-10cm diameter classlewhghest values (7.79,
11.93) were obtained under >20cm diameter clagseotisely. The maximum
value (44.73) was obtained iQ. leucotrichophoraunder >20cm whereas
minimum value (0.81) was obtained under 5-10cniPirroxburghiiamong all

five species.

Table 32.  Leaf Area Index under different species

Diameter Leaf Area Index
classes .Q' P. . .E' . M. .U'
leucotrichophora | roxburghii | tereticornis | azedarach villosa
5-10 23.30 0.81 23.58 3.12 5.89
10-15 30.44 1.02 25.39 3.96 8.46
15-20 38.14 1.11 30.11 5.39 9.48
>20 44.73 1.22 37.46 7.79 11.93

Overall crop height and crop diameter of all theges was studied and it
was found that crop height followed the trend imr@asing order and was
maximum in M. azedarach(11.66m) followed byU. villosa (11.45m), E.
tereticornis (9.79m), Q. leucotrichophora(7.79m)andP. roxburghii (7.26m).
Whereas for crop diameter value was obtainedinroxburghii (16.96 cm)
followed by M. azedarach(16.82cm), E. tereticornis (16.29cm), U. villosa
(16.19cm)and). leucotrichophorg15.7cm).

Table 33. Crop height and crop diameter in differat species

Species Crop height (m) Crop diameter (cm)
Q. leucotrichophora 7.79 15.7
P. roxburghii 7.26 16.96
E. tereticornis 9.79 16.29
M. azedarach 11.66 16.82
U. villosa 11.45 16.19
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Chapter-5
DISCUSSION

The results obtained in the present study entitieidies on biomass
partitioning and soil enrichment in plantationsddferent tree species under mid
hill conditions of Himachal Pradesh” have been assed in this chapter with
suitable and reasonable explanation in the lighawailable literature under the

following heads:

5.1 Growth behaviour

For the present study data were recorded forad@amly selected trees
by grouping 10 trees in four diameter classes Wt interval and different tree
parameters viz. diameter at breast height, treghheiorm factor, collar diameter,
basal area, volume, crop height, crop diameteripearavity, volume/ha and
number of trees/ha were studied for different sgeriz.Q. leucotrichophoraP.
roxburghii, E. tereticornis M. azedarachand U. villosa (Table 2-6). All the
growth parameters in general increased with theease in diameter class which
is in accordance with the studies conducted uniffiareht agro-forestry systems
in Kuthar and Arla region of Himachal Pradesh bwyndhi (2002) inAcacia

catechu

In Q. leucotrichophorgP. roxburghiiandU. villosamaximum proportion
of trees were found in 10-15cm diameter class vasenmeE. tereticornisandM.
azedarachthe maximum tree proportion was found in >20can@ter class, due
to the variable light requirement of different sjgscat various stages of growth
period (Luna, 1995).

The maximum values of collar diameter for all #peecies were found in
>20cm diameter class which may be due to the grawstumulation in variable
thickness from base to the upper part of the stenm anost of the species with
the increase in age and diameter buttressing effggbminent. The results are in

accordance with the findings of Woodcaatkal (2000) in tropical tree species.



Tree height also showed an increasing trend witliease in diameter
class/age for all the five species. Similar resulitse observed by Kozlowski
(1979) for different temperate species. In casB.abxburghiiincrease in height
with increase in diameter is less as comparedherdpecies since its life span is
larger, due to this reason its rotation periodugeghigh (Parkash and Khanna,
1979). Similar results have been reported by Carih@87) for angiosperms and

conifers.

The form factor in general showed an increase flowest diameter to
highest diameter class in all five species. Theimam value of form factor in
all the diameter classes among all the speciesOviglsin >20cm diameter class
for U. villosa indicating less taper (Gray, 1956) whereas mininuatue (0.36)
was obtained in 5-10cm diameter classPinroxburghii The increase in form
factor from lower diameter class to higher diameless is in accordance with
the studies conducted by Singh (2004) for Deoddr&tmephardt al (1991) for

black spruce.

Average basal area increased from lower to upi@neter class in all the
species. The maximum value was obtained in >20camelier class irM.
azedarach(0.047nf). This is attributed to the effect of diameterrease since
basal area is calculated by squaring the (lineareyaliameter (Chaturvedi and
Khanna, 1982).

The tree characters and their growth behaviownrgndifferent diameter
classes revealed that stem volume followed an asong trend with increase in
diameter. The similar trend was well documentetiténature by several authors
such as Kramer and Kozlowski (1979) in conifersshér (1991) inUlmus
levigatg Jainet al (1998) inAzadirachta indicaNegiet al. (1998) inProsopis
juliflora, Kumar (1998) inAcacia mollissimaShepharcdet al (1991) in black

spruce and Ashwani (2004) Troona ciliata

Specific gravity of wood varied from minimum 0.45P. roxburghii(5-
10cm) to maximum 0.72 Q. leucotrichophora(>20cm diameter class). The

variation in specific gravity may be due to thegelaof wood in trees, stand
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location, climate etc. which is well supported be basis of the reports by Troup
(1921), Shukla and Rajput (1981) Shuétal. (1991) and Mishrat al. (1992).

The maximum values of volume/ha was observed iGckrR diameter
class forP. roxburghii E. tereticornis M. azedarachand U. villosa since the
trees were bigger in size. Whereas, @rleucotrichophorat was maximum in
10-15cm diameter class which was due to the presehcomparatively more

number of trees.

It was observed that crop height was higheMinazedarach(11.66m).
Crop diameter was higher iR. roxburghii (16.96cm) among all five species
(Table 33). Similar trend was reported by Hamiltamd Christie (1971) and
Schober (1975) that trunk thickness was greateomfers than deciduous tree
species. Increased diameter growth may also béwtd to greater plant

spacing, cultural operations and additional nutsepplied.

Biomass contribution (Table 7-11) by branch, lesaaad twigs, on the
basis of percentage was more in lower diameteisetasvhereas stem biomass
was more in higher diameter class in all the spgeeieepU). villosawhere stem
contribution was maximum (61.45%), due to the immddigher branch growth
of the species. Whereas, in case Raf roxburghij E. tereticornis and M.
azedarachcontribution of stem, branch, leaves and twigs tolwdotal biomass
increased with diameter class and age as numbteeex per hectare were more
in higher diameter classes as these are light deimguspecies as indicated by
Luna (1995).

The increase in average tree biomass is attriltotéloe fact that the trees
at lower density were having more diameter and rermal branches per plant.
The total biomass (Kg/tree) also exhibited the sameed. These results are in
line to the findings of Saralch (1994) and Temedh699) in Eucalyptus
tereticornis plantation. However, total biomass and biomasscation were
unrelated to tree height as reported by Osatdal (2002) inElateriospermum

tapos,a tropical species.
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Mean per tree above ground biomass and volume ceasiderably
variable among the species (Table 7-11). Maximunarmieee green biomass
(140.44Kg) and mean tree dry biomass (91.05Kg) praduced inVl. azedarach
due to maximum crop height (11.66m) and seconddsighrop diameter when
compared with other species. The results are ieesmgent with those of Het al.
(1980), Vanet al. (1982), George (1984), Relwaei al. (1984), Mishraet al.
(1996), Pathaket al. (1987), Mishraet al. (1992) and Nayak (1996) which
indicates that the variation could be due to tlot fhhat biomass and volume are
merely the reflection of locality, age, densityamieter and height growth. The
branch moisture per cent varied from 37.24 (>20tmnp1.01 (5-10cm) iMQ.
leucotrichophoraandP. roxburghiirespectively, whereas, twig moisture per cent
varied from 41.36 (5-10cm) to 80.72 (5-10cm) En tereticornis and M.
azedarachrespectively. In leaves, the moisture per centedafrom 39.37 (10-
15cm) to 78.51 (>20cm) iQ. leucotrichophoraand M. azedarachrespectively,
however, the individual mean of moisture percentifferent diameter classes
showed erratic behavior which has made impact gibidmass of individual tree
in different diameter classes of all the specidss Thay be due to the variation in
growth conditions such as aspect, slope and/or. sbilese results are
contradictory to the findings of Kumar (1996) anda8na (1997) for eucalypts

and black locust.

Diameter at breast height alone is a strong ptedaf biomass, but better
biomass estimates were obtained when height anencpoojection ratios were
added to the model as reported by Canadell and Rb@Ril). A very strong
linear relationship existed between dbh and tokamlss production as studied
by Hussain and Sheikh (1986). Individual tree bissnacreased with increase in
age in all the species. Similar results are obsketwe Liu (2011) forPinus

tarbulaeformis

The growth of trees is influenced by biotic poigint photosynthesis
activity, absorption of nutrients, constructive atmilism, competition, limiting

resources, stress, respiration and aging factargl@vski, 1971).
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5.2 Crown characteristics

All crown characters viz. crown area, crown heigtrown width and
crown length showed an increasing trend with irgirea diameter (Table 12).
Crown area increased with increase in diameteis@dasl maximum values are
obtained in >20cm diameter classRnroxburghij E. tereticornis M. azedarach
and U. villosa whereas, inQ. leucotrichophorathese parameters showed
maximum value in 15-20cm diameter class. This Wamawas due to the effect
of lopping of trees falling under >20cm diametexss.

Crown height was maximum irQ. leucotrichophora(5.23m), P.
roxburghii (5.02m), E. tereticornis(7.96m) andU. villosa (7.20m) in >20cm
diameter class but iM. azedarach(7.47m) it was maximum in 15-20cm
diameter class.

In case of crown width the maximum values wereaioled in >20cm
diameter class irP. roxburghij E. tereticornis M. azedarachand U. villosa
whereas, irQ. leucotrichophorat showed slight decrease in same diameter class,
this might be due to the effect of lopping. Crowrdty was maximum in lowest
tree density undeU. villosa and the results are in accordance with the study
conducted by Khan and Choudhry (2007) in poplar.

Crown length increased with increase in diametasscfor all the five
species and the maximum value was obtained in ch&é villosa in >20cm
diameter class. The similar results were obtainderwa study on crown
characters was conducted by Kajihara (1976) by orees 24 stands of Sugi
(Cryptomeria japonicato find out the changes in crown morphology wtithe
height, crown length, diameter and slenderness (kngth/diam.) where crown

length and diameter showed a gradual linear ineredth increasing height.

5.3 Variation among different growth characters.

The data on tree growth parameters of randomlgcssd sample trees
(Table 13) depicts that tree height (m), crown 4ned, crown width (m), crown
length (m), crown height (m), stem volume/tre€’)(nstem basal area (&rand

crown height/tree height were having statisticalignificant variation between
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different species. However, diameter at breasthteagd collar diameter were
having statistically non-significant variation fafl the species. The maximum
values for diameter (15.96cm) and stem basal &2&&cni) was observed iR.
roxburghii, whereas, collar diameter was maximungirtereticornis(19.76cm).
Tree height (11.54m), crown height (5.7m) and stedume/tree (0.15M was
maximum inM. azedarachlIn U. villosa the maximum values for crown width

(4.36m), crown length (6.21m) and crown area (192 %vas observed.

5.4  Correlation and regression
Correlation

The results of correlation study (Table 14-18)eaded that stem volume
was positively and highly correlated with all thiera growth parameters and
crown characteristics in all the species. Simiksuits were obtained ifoona
ciliata (Ashwani, 2004),Populus hybrid (Huogen and Minren, 1991Rinus
roxburghii (Sharma, 1999)Acacia mollissima(Kumar, 1998) and sub-alpine
forest tree species (Kaufmann and Trondle, 1981).

Diameter at breast height was significantly cated with tree height for
all the species and the results are in accordairtbetine findings of Liu (2011)

for Pinus tarbulaeformis
Regression

Various linear and non-linear functions have beemployed to study the
relationship between stem volume (Table 19-23) wdifferent tree growth
parameters. The power fittings (V = &)Dvere best with reasonable accuracy
for relationship of volume (V) with diameter (D)cithe maximum adjuster?
(0.97) value was obtained in case@f leucotrichophoraand it indicated that
increase in one unit of diameter will bring 0.00002it increase in volume.
Power, polynomial and exponential (V = &-éunctions showed mixed responses
of maximum coefficient of determination for bothlwme with height (H) and
volume with form factor (F) and in case Qf leucotrichophora0.91) andE.
tereticornis(0.42) the maximum adjustekfvalues were obtained in exponential

functions. However, Canadell and Roda (1991) hasponted logarithmic
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equation with dbh as independent variable as hesbrfvolume estimation of

Quercus ilex

Similarly, various linear and non-linear functiomsve been employed to
study the relationship between branch green biomasisbranch dry biomass
with branch diameter and branch length (Table 2428). The linear and
polynomial functions showed highest and equal vaitiadjusted®? (0.83) for
the relationship of branch green biomasgy)Bvith branch diameter () in E.
tereticornis The power function showed the maximum value gfistdd &2
(0.89) for branch green biomass with branch lemgthl. azedarachThe linear
equation was best fitted for branch dry biomasg)(Bstimation using regression
method with its relationship with branch diametBg)(and showed maximum
value of adjuste®? (0.82) inE. tereticornis whereas, for relationship between
branch dry biomass (B and branch length () power equations were best fit

and maximum value of adjust&3 (0.89) was recorded . azedarach

The use of diameter at breast height remainedbttst independent
variable for estimating volume of standing treesabfthe five species in this
study on all the sites thus making diameter as mekable and effective
estimator, since the calculation for volume as \aslbiomass is largely based on
the size of tree stem, which is estimated easdindmost accurately measurable
parameter. Diameter at breast height is the besdigitive variable for stem
volume estimation in the study is well supportedeaylier findings of Mittalet
al., (1991) inAcacia auriculiformis Negi et al, (1998) inProsopis juliflora
Pant, (2001) irPinus caribeaand Ashwani, (2004) ifoona ciliata Wanet al.
(1989), Pant (2001), Dogra and Sharma (2003) andwAsi (2004) have
reported logarithmic function as best fit A&cacia mangiumPinus caribea,
Eulyptushybrid, Toona ciliatarespectivelyOn the other hand parabolic function
in teak (Chakarbarti and Gaharwar, 1995) and paiyabin Pinus caribae
(Allen, 1991) and linear iferminalia paniculataandXylia xylocarpa(Swamyet
al., 1991) were found to be best fit. Tree height b#en been used as an

additional predictor variable for allometric moadhgi of aboveground tree
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biomass (Valleket al 2006) because it is an indicator of site quadityd when

combined with dbh it becomes an indicator of tegeet.

5.5 Other studies (soill, solar flux and LAI)

The physico-chemical studies of soil (Table 30vebd higher range of
soil pH, available nitrogen (15-30cm) and availgbi¢assium (0-15cm) under.
leucotrichophora Bulk density, organic carbon and available magmeswvere
higher underE. tereticornis at both the depths. Particle density, available
phosphorus and available potassium (15-30cm) wigieehunderP. roxburghii
Available calcium was higher undéf. villosa plantation at both the depths.
These results are in accordance with the finding&wmar (1998) where he
indicated that different trends of soil enrichmemuld be attributed to the
differences in species-site interaction, quanturtitter produced, decomposition
and mineralization as well as differential nutriamitake and cycling under
Acacia mollissimaPrasacet al. (1985), Saralch (1994), Bhola (1995) and Nayak
(1996) have also reported differential changes ol properties owing to

differences in nutrient biocycling.

The pH level in all the sites and both the deptirgyed between 6.05 to
6.23 may be due to decomposition of organic maiter release of organic acids
during the decomposition of litter resulting in neoately acidic soils and results
are also reported by Yadav (1963) in Chakrata Edd@ssion, Saralch (1994)
for eucalypts, Bhola (1995) in nitrogen fixing tseend Nayak (1996) under high
density plantations.

The level of soil nitrogen varied from 180.80 @340 Kg/ha in all the
sites and both the depths and the differencestiag@n enrichment between the
sites could be due to differential nodulation bebar, availability of water and
nutrient status of the site. Such results have laésm reported by Russel (1975)
and Mishraet al. (1994).

Organic carbon under the plantations in all thessand depths ranged
between 1.16 to 1.41 per cent, slightly higher toaylue to higher density and
excessive contribution of leaves and twigs of ddfe species and other under-
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storey vegetation. Similar findings have also besgorted by Hazra and Tripathi
(1986), Hussairet al. (1987), Sharma and Gupta (1989), Singh (1989),|l88ho
(1995) and Nayak (1996).

Further more, higher organic carbon accumulatiorsurface soil than
sub-surface layers could be attributed to higheowarhof litter accumulation on
surface. These results are in accordance withindenfjs of Benerjee and Badola
(1980), Gupteet al. (1991), Kaushal (1992), Saralch (1994), Bhola &)%&nd
Nayak (1996).

The concentration of available phosphorus incréagé increase in soll
depth and varied from 22.22 to 37.64 Kg/ha undéemdint tree species. The
concentration of available potassium followed thes trend and the minimum
and maximum values varied between 181.50 to 23K@ba under different
species. Similar findings have been reported byBamrjaet al. (2010), Rhoades
et al. (1994) and Noureeet al. (2008).

Exchangeable calcium decreased with increase iindspth for all the
species and the minimum and maximum values rangédelen 806.7 to 1670
mg/Kg in all sites and both the depths. Similantrevas observed in case of
exchangeable magnesium where the maximum and mimimalues varied
between 299.7 to 423.5 mg/Kg for all species arttd e depths. The results are
in accordance with the findings of Chiriebal (2010).

Gradual decline in the availability towards lovesil layers could be due
to more accumulation and mineralization and reduoetibiomass in deeper soll
layers. The other reason may be photo cycling dfients i.e. deep tap root
system may be extracting elements from lower lagers deposited in surface
soils. These results are also well supported byfitttengs of Malik (1992) for
chir pine forests of Solan district in Himachal ékrah, Benerjee and Nath (1991)
for soils of Kinnaur, Kaushal (1992) for deodarefstis soils, Saralch (1994) for
soil under Eucalyptus plantation, Bhola (1995) Alagak (1996) for high density
plantations.

65



The solar intensity below the canopy under thestref different diameter
classes showed (Table 31) overall decreasing iread five sites from 62.18 in
E. tereticornis to 6.88 inU. villosa in lowest (5-10cm) and highest (>20cm)
diameter class respectively. The highest value ulodeest diameter class might
be due to the impact of the bigger size treesnmitggled in the plantation. These
results are in accordance with the study carriedimihe community of sun
flower plants by Hiroi and Monsi (1963) in whichethreported that leaf area
index is the indicator of optimal plant growth whicdepends upon the light
intensity, where the optimum LAI was 7 under fulhs 5 under 60 per cent and
only 1.5 under 23 per cent of full sun. Hazara angathi (1986) reported that
biomass production is a function of the photosyith#dy active radiation on
leaves. As optimal leaf mass increase, biomassuptimsh would substantially
decrease. Shading results in higher relative bisnadlscation to the stem and
foliage under high or full light conditions as siedi by Curtet al (2005).

The leaf area index for all five species showeab{& 32) increasing trend
with increase in diameter of trees, however it waerall higher inQ.
leucotrichophora.The lowest value (0.81) was obtained Rn roxburghii at
lowest diameter (5-10cm) class while the highestiesd44.73) was obtained in
>20cm diameter class Q. leucotrichophora This variation in LAl between
different species might be due to the differenceéhm size of tree crowns and
foliage. Similar range was also observed by Dud9@) in Chir pine, whereas
Sehgal (1999) reported less range of LAI for desidutrees. Yamadat al
(2000) reported that leaf size increase with ingee#n tree height before
branching, but decreased after branches were peddodhreeScaphiunspp.
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Chapter-6
SUMMARY AND CONCLUSION

The present investigation entitled “Studies onntass partitioning and
soil enrichment under plantations of different trepecies under mid hill
conditions of Himachal Pradesh” was carried outvat sites under five different
species, selected and raised at the main camdbis 8% S. Parmar University of
Horticulture and Forestry, Nauni (Solan), H.P. Bbedy was conducted in pure
plantations of Quercus leucotrichophora, Pinus roxburghii, Eugsdlys
tereticornis, Melia azedaracandUImus villosa The sample of 30 per cent trees
out of total population in all five species weradséd to record the observations
for different growth parameters namely diametdsratist height, collar diameter,
tree height, form factor, basal area, volume, cr@asea, crown length, crown
width, crown height, specific gravity and number lmfanches per plant on
diameter class basis. Total above ground biomdkssated by different tree
components (leaf, branch+twig and stem wood) wasmated using non-
destructive method of sampling. Actual data on abground biomass (dry and
green) and volume, dbh, total height and other abdes were used in
construction of various linear and non-linear fuwores. Physico-chemical studies
on soil were carried out by taking composite sasplietwo depths i.e., 0-15cm
and 15-30cm in all the sites. These samples wealysad for estimation of pH,
per cent organic carbon, bulk density, particle sitgn available nitrogen,
phosphorus, potassium, exchangeable calcium andesagn. Other important
information was also collected about growth factehsch include LAI and solar

interception.

5.1 Growth behaviour

The data was recorded for 40 randomly selecteestby grouping 10
trees in four diameter classes with 5cm interval different growth parameters
for different species vizQ. leucotrichophoraP. roxburghij E. tereticornis M.

azedarachandU. villosa (Table 2-6). InQ. leucotrichophoraP. roxburghiiand



U. villosa maximum proportion of trees were found in 10-15canteter class
whereas irkE. tereticornisandM. azedarachthe maximum tree proportion was

found in >20cm diameter class.

The maximum values of collar diameter for all g#peecies were found in
>20cm diameter class. Tree height also showed@easing trend with increase
in diameter class/age for all the five speciescdae ofP. roxburghiiincrease in
height with increase in diameter was less as coaabir other specieBhe form
factor in general showed an increase from lowesidier to highest diameter
class in all five species. The maximum value ofifdactor in all the diameter
classes among all the species was 0.54 (>20cid) villosa, whereas, minimum

value (0.36) was obtained (5-10cm)Hnroxburghii

Average basal area increased from lower to upieneter class in all the
species. The maximum value was obtained in >20camelier class irM.
azedarach(0.047nf). This is attributed to the effect of diameterrizmse. The
tree characters and their growth behaviour amoffigrdnt diameter classes
revealed that stem volume followed an increasiagdmwith increase in diameter.
Specific gravity of wood varied from 0.45 kh roxburghii(5-10cm) to 0.72 Q.
leucotrichophora(>20cm diameter class). The maximum values of mellha
was observed in >20cm diameter class Forroxburghii E. tereticornis M.
azedarachandU. villosa whereas, foQ. leucotrichophorat was maximum in
10-15cm diameter clas$t was observed that crop height was higherMn
azedarach(11.66m), crop diameter was highemrinroxburghii(16.96cm) among

all the species (Table 33).

Biomass contribution (on the basis of percentdyebranch, leaves and
twigs was more in lower diameter classes wherea® &iomass was more in
higher diameter class in all the species extkptillosawhere stem contribution
was maximum (61.45%), whereas, in casd®ofoxburghii E. tereticornisand
M. azedarachcontribution of stem, branch, leaves and twigs towatotal
biomass increased with diameter class (Table 79lHg.increase in average tree
biomass may be attributed to the fact that thestegdower density were having

more diameter and number of branches per plant.tdtad biomass (Kg/tree)
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also exhibited the same trend. Mean per tree agomend biomass and volume
was considerably variable among the species (Taldlg). Maximum mean tree
green biomass (140.44Kg) and mean tree dry bio(®4s85Kg) was produced in
M. azedarachas compared to other species. The branch moigarreent varied
from 37.24 (>20cm) to 61.01 (5-10cm)@ leucotrichophoraandP. roxburghii
respectively, whereas, twig moisture per cent dafiom 41.36 (5-10cm) to
80.72 (5-10cm) irk. tereticornisand M. azedaraclrespectively. In leaves, the
moisture per cent varied from 39.37 (10-15cm) ta5Z8(>20cm) in Q.

leucotrichophoraandM. azedarachrespectively.

5.2 Crown characteristics

All crown characters viz. crown area, crown heigtrown width and
crown length increased with increase in diametab(@ 12). The maximum
values for crown area was obtained in >20cm dianaess inP. roxburghij E.
tereticornis M. azedarachtandU. villosa whereas, irQ. leucotrichophorahese
parameters showed maximum value in 15-20cm dianwtes. Crown height
was maximum inQ. leucotrichophora(5.23m), P. roxburghii (5.02m), E.
tereticornis (7.96m) andU. villosa (7.20m) in >20cm diameter class butNh
azedaracht was maximum (7.47m) in 15-20cm diameter cl&assxase of crown
width the maximum values were obtained in >20cmmeier class inP.
roxburghii, E. tereticornis M. azedarachand U. villosa whereas, inQ.
leucotrichophorait showed slight decrease in same diameter cassvn width
was maximum in lowest tree density undérvillosa Crown length increased
with increase in diameter class for all the fivedps and the maximum value

was obtained in case bf villosain >20cm diameter class.

5.3 Variation among different growth characters.

The data on tree growth parameters of randomlgcssd sample trees
(Table 13) depicts that tree height (m), crown 4ned, crown width (m), crown
length (m), crown height (m), stem volume/tre€’)(nstem basal area (érand
crown height/tree height were having statisticalignificant variation between
different species. However, diameter at breasthteagd collar diameter were

having statistically non-significant variation falt the species.

69



5.4  Correlation and regression
Correlation

The results of correlation study (Table 14-18)emded that stem volume
was positively and highly correlated with all thiera growth parameters and
crown characteristics in all the species. Diame#gr breast height was
significantly correlated with tree height for dikt species.

Regression

Various linear and non-linear functions have beemployed to study the
relationship between stem volume (Table 19-23) wdifferent tree growth
parameters. The power fittings (V = &)Dvere best with reasonable accuracy
for relationship of volume (V) with diameter (D)dithe maximum adjuster?
(0.97) value was obtained in case@f leucotrichophoraand it indicated that
increase in one unit of diameter will bring 0.00002it increase in volume.
Power, polynomial and exponential (V = &-éunctions showed mixed responses
of maximum coefficient of determination for bothlwme with height (H) and
volume with form factor (F) and in case Qf leucotrichophora0.91) andE.
tereticornis(0.42) the maximum adjust&} values were obtained in exponential
functions respectively. Similarly, various lineandanon-linear functions have
been employed to study the relationship betweemdbregreen biomass and
branch dry biomass with branch diameter and bréajth (Table 24 to 28). The
linear and polynomial functions showed highest agdal value of adjuste®?
(0.83) for the relationship of branch green biom@s) with branch diameter
(Dp) in E. tereticornis The power function showed the maximum value of
adjustec®? (0.89) for branch green biomass with branch lemytkl. azedarach
The linear equation was best fitted for branchldpmass (By) estimation using
regression method with its relationship with bramthmeter () and showed
maximum value of adjusterf (0.82) inE. tereticornis whereas, for relationship
between branch dry biomassgfBand branch length (). power equations were

best fit and maximum value of adjustR®€(0.89) was recorded M. azedarach
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5.5 Other studies (soll, solar flux and LAI)

The physico-chemical studies of soil (Table 30)veéd higher range of
soil pH, available nitrogen (15-30cm) and availgid¢éassium (0-15cm) undé.
leucotrichophora Bulk density, organic carbon and available magmeswvere
higher underE. tereticornis at both the depths. Particle density, available
phosphorus and available potassium (15-30cm) wigieehunderP. roxburghii
Available calcium was higher undér villosaplantation at both the depths.

The pH level in all the sites and both the depamged between minimum
6.05 to maximum 6.23 values undér tereticornisand Q. leucotrichophora
respectivelyBulk density in all the sites and both the deptdrgged between 1.36
to 1.45 g/cm, whereas, particle density ranged between 2.4566 g/cniin all
the species. Organic carbon under the plantationalli the sites and depths
ranged between 1.16 to 1.41 per cent. The levesadf nitrogen varied from
180.80 to 403.50 Kg/ha in all the sites and boehdbpths. The concentration of
available phosphorus increased with increase irdepith and vary from 22.22 to
37.64 Kg/ha under different tree species. The cauinagon of available
potassium followed the same trend and the minimadhraaximum values varied
between 181.50 to 234.00 Kg/ha under different isge&xchangeable calcium
decreased with increase in soil depth for all thecgees and the minimum and
maximum values ranged between 806.7 to 1670 mgika]lisites and both the
depths. Similar trend was observed in case of exgdable magnesium where
the maximum and minimum values varied between 289423.5 mg/Kg for all
species and both the depths.

The solar intensity below the canopy under thestref different diameter
classes showed (Table 31) overall decreasing tireadl five sites from 62.18%
in E. tereticornis to 6.88% inU. villosain lowest (5-10cm) and highest (>20cm)
diameter class respectively. The leaf area indezlfdive species showed (Table
32) increasing trend with increase in diameterreés, however it was overall
higher in Q. leucotrichophora.The lowest value (0.81) was obtained Fn
roxburghii at lowest diameter (5-10cm) class while the highekie (44.73) was

obtained in >20cm diameter clasQnleucotrichophora
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CONCLUSION

. Stem volume along with all other tree parameterduting specific
gravity increased with increase in diameter at &irbaight.

. Green biomass contribution followed the trend ircrdasing order of
stem>branch >leaves>twigs M. azedarachhowever, contribution of
leaves to total biomass is maximumPRofroxburghiias compared to other
species.

. Dry biomass partitioning indicated maximum conttibn from stem
followed by branches, leaves and twigs in decrggsider.

. Crown height, crown width, crown length and crowaaaincreased with
increase in diameter at breast height and showguifisant variation
among diameter classes.

. All growth parameters were found to have significaeorrelation among
themselves, however, stem volume was positivelyetated with all the
tree parameters in all the species.

. Statistically significant variation was observedvieen all the tree growth
variables except diameter at breast height andrcdihmeter.

. Diameter at breast height (dbh) remained the bestigior of stem
volume while, stem volume was the best predictdrioimass followed by
diameter at breast height and for volume estimapanver function was
best fitted for all the species.

. LAl showed increasing trend with increase in diaan@ind the maximum
value was observed @. leucotrichophorand minimum inP. roxburghii
whereas solar flux showed erratic trend in all ditan classes in all the
five species.

. Soil pH and available calcium were higher at botbptds in Q.
leucotrichophora,whereas,organic carbon, bulk density and available
magnesium were higher at both the depths uBd&reticornis.

. Particle density was higher i@. leucotrichophoraand P. roxburghii at
both the depths.
. Available N was higher undeM. azedarachat 0-15cm whereaxQ.

leucotrichophorashowed highest value for 15-30cm and available ® wa
higher underP. roxburghij whereasavailable K was higher undep.
leucotrichophoraat 0-15cm. At 15-30cm it was higherkn roxburghii.
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APPENDIX-|

ANOVA for relationship of Diameter classes with dianeter at breast height (dbh), Collar diameter, Treeheight, Crown height,
Crown width, Crown length, Volume, Crown area, Basaarea and Crown height/tree height

Diameter at breast height (cm) Collar diameter (cm) Tree height (m)
Source of variation | Degree of Mean Source of variation Degree of Mean Source of variation | Degree of Mean
freedom Square freedom Square freedom Square
Diameter classes (A) 3 2006.80 Diameter classes (A) 3 2347.10 Diameter classes (A) 3 458.86
Number of species (B) 4 7.90 Number of species (B) 4 12.84 Number of species (B) 4 160.16
Characters (C) 9 2.70 Characters (C) 9 9.31 Chera () 9 6.49
A*B 12 4.41 A*B 12 20.91 A*B 12 18.37
Error 171 243 Error 171 6.52 Error 171 3.63
Total 199 Total 199 Total 199
Crown height (m) Crown width (m) Crown length (m)
Source of variation | Degree of Mean Source of variation Degree off Mean Source of variation | Degree of Mean
freedom Square freedom Square freedom Square
Diameter classes (A) 3 113.52 Diameter classes (A) 3 89.00 Diameter classes (A 3 114.18
Number of species (B) 4 30.40 Number of species (B) 4 33.91 Number of species (B) 4 64.48
Characters (C) 9 2.61 Characters (C) 9 2.33 Chera () 9 1.75
A*B 12 4.57 A*B 12 7.78 A*B 12 5.89
Error 171 1.73 Error 171 1.99 Error 171 1.47
Total 199 Total 199 Total 199




$PLrPYe

Volume (m®) Crown area (nf) Basal area (M) Crown height/Tree height
Source of Degree of| Mean Source of Degree of| Mean Source of Degree of| Mean Source of Degree of | Mean
variation freedom Square variation freedom Square variation freedom Square variation freedom Square
Diameter 3 0.669 Diameter 3 4338.10 | Diameter 3 0.01263 | Diameter 3 0.007
classes (A) classes (A) classes (A) classes (A)
Number of 4 0.049 Number of 4 3226.50 | Number of 4 0.00007 | Number of 4 0.075
species (B) species (B) species (B) species (B)
Characters (C 9 0.003 Characters (C) 9 288.24 dchars (C) 9 0.00002 Characters (C) 9 0.00
A*B 12 0.016 A*B 12 1015.30| A*B 12 0.0000§ A*B 12 .
Error 171 0.003 Error 171 200.78 Error 171 0.000D&rror 171 0.007
Total 199 Total 199 Total 199 Total 199
APPENDIX-II
Moisture per cent of different plant parts for diff erent tree species
Diameter Branch moisture percent Twigs moisture per cent Leaes moisture per cent
Cl
| S s [s s S s S S S S| s, S S S
5-10 47.39 | 61.01| 40.60] 46.27Y 45.7D 42.30 61.72 41/36 728Q. 77.97 51.6 65.07 49.37 73.25 69.28
10-15 43.95 | 58.76| 38.10] 47.76 51.3p 49.13 54.77 46{23 5630. 67.21 39.37 61.87 47.73 72.84 66.50
15-20 38.88 | 61.35| 39.14| 50.79 49.74 63.93 54.95 43{23 3580. 62.54 44.10 65.19 48.37 71.55 72.98
>20 37.24 | 57.45| 44.04] 4437 53.0p 60.40 55.41 45/83 5280. 63.69 48.37 59.35 47.43 78.5] 74.55

Quercus leucotrichophora
Pinus roxburghii
Eucalyptus tereticornis
Melia azedarach

Ulmus villosa



APPENDIX-II

ANOVA for relationship of different species with different soil parameters viz. Soil pH, Organic carba, Bulk density, Particle density,
Available Nitrogen, Available Phosphorus, AvailablePotassium, Available Calcium and Available Magnesim

Soil Ph Organic carbon Bulk density Particle densi Available Nitrogen
Source of Degree Mean Source of Degree Mean | Source of Degree | Mean | Source of Degree | Mean | Source of Degree | Mean
variation of Square | variation of Square | variation of Square | variation of Square | variation of Square
freedom freedom freedom freedom freedom
Species (A) 4 0.01 Species (A 4 0.0602  Species|(A) 4 0.0053 | Species (A) 4 0.000¢ Species (A) 4 132
Depth (B) 1 0.05 Depth (B) 1 0.0004 Depth (B 1 006 | Depth (B) 1 0.0009| Depth (B) 1 31544
Replications 3 0.08 Replications 3 0.0057 | Replications 3 0.0018 | Replications 3 0.0008 | Replications 3 2510.1
© © © © ©
A*B 4 0.05 A*B 4 0.0034 | A*B 4 0.0017| A*B 4 0.0009| *B 4 8771.9
Error 27 0.02 Error 27 0.0130 Error 27 0.0009 Error 27 0.0009 Error 27 1023.0
Total 39 Total 39 Total 39 Total 39 Total 39
Available Phosphorus Available Potassium Exchangeable Calcium Exchangeable Magnesium
Source of Degree Mean Source of Degree Mean Source of Degree Mean | Source of Degree | Mean
variation of Square | variation of Square | variation of Square | variation of Square
freedom freedom freedom freedom
Species (A) 4 2035.6 Species (A 4 912.18 Spediges 4 4321.6 | Species (A) 4 4447 (
Depth (B) 1 5934.4 | Depth (B) 1 914.96 Depth (B) 1 440.8 | Depth (B) 1 5665.0
Replications 3 2566.7 Replication 3 1248.4 Replication 3 1749.9 Replications 3 1167.9
© (©) © ©
A*B 4 2592.6 | A*B 4 1481.7 | A*B 4 5742.7| A*B 4 1289.2
Error 27 27995 Error 27 2783.9 Error 27 7571|8 oOErr 27 1656.9
Total 39 Total 39 Total 39 Total 39




APPENDIX IV

Effect of diameter classes on crown characteristics

Spp. Dia. Class Crown % CFR CPR CQ
(cm)
S1 D, (5-10cm) 53.55 0.67 0.20 0.04
(Q. leucotrichophora)

D, (10-15cm) 47.73 0.72 0.20 0.04
D, (15-20cm) 49.06 0.87 0.22 0.05
D, (>20cm) 48.65 0.67 0.15 0.02
S D, (5-10cm) 45.39 0.72 0.18 0.04

(P. roxburghii)
D, (10-15cm) 49.87 0.83 0.19 0.04
D, (15-20cm) 50.7 0.81 0.19 0.04
D, (>20cm) 46.42 0.90 0.17 0.03
S, D, (5-10cm) 39.41 0.73 0.21 0.05

(E. tereticornis)
D, (10-15cm) 43.87 0.71 0.19 0.04
D,(15-20cm) 43.47 0.65 0.16 0.03
D, (>20cm) 45.56 0.59 0.17 0.03
54 D, (5-10cm) 56.29 0.48 0.27 0.08

(M. azedarach)
D, (10-15cm) 51.33 0.65 0.25 0.07
D,(15-20cm) 45.50 0.72 0.25 0.06
D, (>20cm) 52.90 0.78 0.21 0.05
S, D, (5-10cm) 57.61 0.54 0.22 0.05.

(U. villosa)

D, (10-15cm) 55.99 0.73 0.33 0.13
D,(15-20cm) 51.43 0.79 0.31 0.11
56.45 0.85 0.37 0.17

D, (>20cm)
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