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Chapter-1
INTRODUCTION

Forests are a unique gift of nature to humankind eonstitute one of the prized
assets of a nation and rightly termed as an ‘irafgxosperity of a nation’ It's composition
and diversity can contribute substantially to tbelegical and economic development of any
country. Nature has bestowed India with an enormmealth of medicinal plants due to
which the country is often referred as ‘Medicinar@en’ or ‘Botanical Garden’ of the world
(Ahmadullah and Nayar, 1999). Medicinal plants #re most precious creation of nature
which is the ultimate gift for all the creaturesiethincludes humankind also. The Indian
subcontinent constitutes a rich repository of miedicplants. It is believed that around 7000
plant species are used for medicinal purposeslagktplants represent a significant source
of livelihood for many forests tribal groups thae aised by various indigenous health care

systems.

Phyllanthus emblicgsyn.Emblica officinali$ is one of the most important medicinal
tree species. The genBlyllanthuscontains 350-500 species, the most of which angsh
with a small number of herbs and trees Bnémblicais the one most frequently cultivated.
India is the world leader in amla production. Ihegtive to India as well as found in tropical
South East Asia, Sri Lanka, Bangladesh, China armlrs mainly in the dry or moist
deciduous forests. It is the first tree to haverdaen created in the universe, according to
ancient Indian mythology (Pria and Isla@2019). The large numbers of wild germplasm
available in the Himalayas, Uttar Pradesh, RajastBshar, Odisha, West Bengal, Andhra
Pradesh, Karnataka, Madhya Pradesh, Chotanagpeapland in Western Ghats. This tree
can be grown up to elevation of 200 m and up td45 the valley of Kashmir and spread
across coastal, tropical, sub-tropical zones anmh@dntly in deciduous forests of India (Rai
et al, 2012; Thilagaet al, 2013; Saet al, 2002)

Aonla is also known as amritphal in Sanskrit, whidkrally means the fruit of
heaven or nectar fruit. Different vernacular narhage been given to it in different regions
of India, including Amla or Aonla in Hindi, Dhatriphatriphala or Amlaki in Sanskrit, Amla
or Amalaki in Bengali and Oriya, Nelli in Malayalaamd Tamil, Amlakamu, Usirikai Usrika
in Telugu, Amolphal in Punjabi, and Aonla, Myrobaldndian Goosberry in english. (Gaire

and Subedi, 2014). It's fruits along with those Tdrminalia bellericaand T. chebula



constitute the well-known ayurvedic drug Triphailghich is used as a purgative (Shaanker
and Ganeshaiah, 1997).

Aonla is the medium sized deciduous plant. It $iasple, sub-sessile and closely set
along branchlets. Height of the tree ranges 6-1&nand has a crooked trunk and spreading
branches. Its unique branching architecture knosviplayllanthoid branching’ where in two
types of shoots, viz. indeterminate and determjraate borne on the tree. The indeterminate
shoot is called branch which grow continuously & the basic framework of plant,
whereas determinate shoot is called branchletrasdl ind short-lived (Pathak, 2003). They
emerge in group (3 to 5) from the nodes of indetesibe shoot. Branchlets may either be
floriferous or vegetative. The floriferous brandkléear staminate and pistillate flowers on
the axil of leaves. Racemose inflorescence is cheniaed by inconspicuous unisexual
flowers with pedicel of short length. Male flowease yellowish green to deep pink in colour
and appear in cluster at the basal part of brahchamale flowers are light green and are
borne at the distal end. Both types of flowers spatially separated along the axis of
branchlets. Aonla also shows temporal variatioflawer maturation.e. protandry as male
phase precedes female phase. Different climatiditons and genotype lead to variation in
the ratio of male and female flowers (Wali al, 2015). Botanically drupaceous fruit of
aonla has translucent spherical epicarp, fleshyonsp and stony endocarp surrounding
almost six seeds. The fruit is spherical greentligieen at first but when they mature
become dull greenish yellow. The mature fruits soegh and resist being delicately
touched. Its wood has a rough texture. When exptustte sun or extreme heat it wraps and
splits. Wood is reddish and has a grey bark. Dooypamaonla begins in November with the
cessation of shoot growth and commencement ofdeadlding. It continues for 4-8 weeks
and during this period most of the leaves sheddamohancy of trees gets established.

Both light and heavy soils can support the groathaonla except for completely
sandy soil. But the optimum soil for a better yietdwell-drained fertile loamy soil. The
young plants are protected from the scorching hatlsvand from frosty winter months as
they die easily up to the age of 3 years. Howeatematurity it become frost-hardy and heat
tolerant. It is generally propagated through semu$ requires optimum sunlight. Suitable
sunshine is needed and the monsoon season isausgddte it. Seven years after the day of
planting, it starts to produce fruit berries. Fptimum growth, annual precipitation of 630-
800 mm has given good yield. Aonla is typically pagated through seeds although trees

grown from seeds have long gestation periods arayel® germination owing to seed



dormancy produce fruits of lower quality. Dormantyy be due to physiological factors
affecting embryo or morphological factor such agdh#hick testa or due to incorrect storage
or handling (Mousavet al, 2011). To overcome dormanc, such seeds mayresgpecial

treatments such as scarification, soaking in waggtification or seed treatments with

growth regulators.

Best harvesting time of aonla fruits is Februarlyew the fruits have maximum
ascorbic acid content. The amla fruit tissue costaiscorbic acid, proline, alanine and lysine
to treat conditions like excessive salivation, ma@yvomiting, internal body heat, liver tonic,
and menstrual irregularities. Due to its antioxidproperties, it is used in hair shampoos,
conditioners and also have potential in preventitogrs, diabetics, enhances memory and
anti-inflammatory properties. Supplements contgnaonla extract may be beneficial for
those receiving radiation treatment and they alseld cancer cells from the radiation's
intended destruction. Aonla tonic avoids indigasticegulates acidity, and acts as a natural
anti-aging agent. It also has a haematinic andyfioactivity that is helpful in treating
scurvy and jaundice (Sachat al, 2013). According to the two main classic texts o
Ayurveda, Sushruta Samhita and Charaka Sambhitda asrmegarded as "the best among
rejuvenator” and "the best among the sour fruits.rble in ecological perspective is that the
plant materials of amla can be used as effectiveabsorbent for removal of lead and zinc

from aqueous solutions (Sripriya and Vijayalaksh20il 3).

Nowadays there is great pressure on the foresures to meet the requirement of
timber and other forest products in the countryo réduce this pressure initiatives like
plantation forestry, social forestry and other ed&tation approaches have been started as
alternative strategies to prevent large scale aech this valuable resource. For this there is
a need to select best possible species which atgpurpose and at the same time fast
growing to meet the requirements of the countryweler, in India large scale afforestation
has been carried out in the recent past, the reausurvival and growth performance in the
field was poor due to lack of information on expatipagation and cultural techniques in the
nursery. This result in fifty percent failure iretfield establishment was due to poor quality
seedlings and choice of species. The ultimate sscokthe various plantation programmes

depends upon the right choice of species and gualplanting stock.

Genetic variation is a necessary component fog-tenm stability of the forest
ecosystem. The geographical areas and environmesmhich parent trees grow and within

which their genetic constitution has been develagbedugh natural and artificial selection,
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result in variation among natural populations cfpa&cies. Variability studies is a necessary
component for developing tree improvement strategfariation in the tree is mainly caused
by three factors: the genetic differences amongstréhe environment in which tree grows
and the interaction between tree genotype andrthieomment in which they grow.

The knowledge of genetic variability and assoorawf traits is considered to provide
considerable help in genetic improvement of thecigse Selection and propagation of
genotypes with most desirable phenotypes is mogoitant in achieving maximum
uniformity in desirable characters that are strgngfluenced by the genetic control and
have broad spatial variability. The quantitativéireation of variability would suggest the

scope for improving the desirable characters thnaedection.

P. emblicais an important medicinal tree growing in traditb agroforestry systems,
woodlots and forest (Singtt al, 2012). The breeder can maximize the overall pcodity
by studying the variance in seed sources of theispeand choosing best provenance for
seed source. Instead of their multiple benefitsemblicais underutilized and thus it is
necessary to discover the variability and choo#iiregcandidate plus tree for further research
by using information of the genetic variability arukeritability. Hence, the present
investigation was envisaged to evaluate the seadcsovariation in different parameters

collected from various regions of Himachal Pradesh.
Objectives
1. To study the variability in fruit and seed charaste

2. To study the variation for germination and seeaglinowth characteristics.



Chapter-2

REVIEW OF LITERATURE

The vast phenotypic and genetic variations preserforest tree populations are

associated with location or source of seed as tceger a wide range of environmental
conditions. It is impossible to operate a breedanggramme for forest tree improvement
until sustainable variations exist in that spe¢#sbel and Talbert, 1984). In the last decades,
there has been a definite trend towards the greeterof phenotypically superior trees.
plus trees, as seed source. The analysis of papulaériation is a requisite step in every
programme for improving and breeding trees. It &mlthe identification of the relative
performance of various traits and evaluating itsneenic value. The vast phenotypic and
genetic variations present in forest tree poputatiare linked with location or source of seed
as trees cover a wide range of environmental camdit Genetic variability among different
traits is of primary interest to improve forestese(Zobel and Talbert, 1984). The tree
populations exhibit high genetic variability and particular, forest tree species possess
greater variability, almost double than that ofestiplants (Hamericlet al, 1979). These
variations can be grouped into geographical so{mae/enances), stands, sites and individual
trees. These studies enable in analysing the ngbatéerns of variation, comparison of
desirable and undesirable traits which have graghifcance in breeding or tree
improvement programme and preserving these vangfior future use. There is a paucity of
research on phytosociology, natural regeneratidtefma extent and pattern of variation in
fruit, seed, and nursery features within and betwmspulations of the species.

Phyllanthus emblicés one of the most important medicinal tree syeaied of high
commercial value.e. generally propagated through seeds. Since anslanbiayet been the
subject of systematic research on site featuresiralaregeneration, or natural variation.
Already existing relevant information with respedot seed source variation in seed and
seedling characteristics, germination parametedssaedling characteristics for forest trees

are briefly reviewed here under. The same is desdrunder the following headings:
2.1  Variation in morphological traits
2.2 Variation in fruit and seed traits

2.3 Variation in seed germination and seedling chacteristics



2.1  VARIATION IN MORPHOLOGICAL TRAITS

Sharmaet al (2021) demonstrated an experiment in order tduata variations in
morphometric characteristics of white mulber®ofus albal.). The research revealed high
estimates of heritability for leaf area, laminagdnand green leaf yield. As well, significant
and positive correlations were found among basaindter, petiole length, lamina width,
lamina length and leaf area. Petiole length andvirarea also exhibited significant and
positive correlation with green leaf yield. The bpsrformance was shown by clones Tr10,
S146 and Mandaley with respect to various morphomeharacters will have implications

for genetic resources conservation and tree impneveé.

Ojo and Ezekiel (2019) studied the effect of praugce variations on the growth and
development off erminalia ivorensisThey evaluated genotypes for the observed paeamet
The results revealed significant differences amitregdifferent provenances at P>0.05 with
the remarkable difference in the growth paramefplant height, leaf count, leaf area and
collar diameter). The variation was observed acibgs composition of nutrients in the
provenance. Best genotypes for selection and dageai superior individuals within the

populations for genetic resources conservationti@edimprovement was also done.

Sharmeet al. (2017) conducted an experiment to investigateptue tree variation of
shisham Dalbergia sisspin different agro-ecological regions of Haryamaey had selected
45 plus trees from three agroecological regions.imBsestigated correlation between the
traits, it was observed that seeds from the dryreplzal region were determined to be more
promising. However, significant differences in mioopogical traits were discovered, as well
as a significant positive correlation between tlagtd such as total height, clear bole height,

diameter at breast height, crown spread and straagh was observed.

Rao and Subramanyam (2009) evaluated seven earietiaonla in rainfed area at
Horticultural Research Station. They recorded, ésghvariability in plant height (4.2 m),
number of branches (12.6), plant spread (399 amd no. of fruits (861.6) in NA-10
followed by Kanchan (plant height 3.9 m and plaead 32.9 i), NA-7 (no. of branches
11.1) and NA-6 (no. of fruits 817.6), highest stginth (73.2 cm) and fruit yield (76.1 kg) per
tree was recorded in Kanchan followed by NA-10 %65nm and 74.8 kg yield).

Aulakh et al (2006) investigated the performance of five aandéivars, including
Banarasi grafted, Banarasi seedling, Chakaiya,dsaand Kanchan in the Shivalik foothills
of Punjab. Between these cultivars, cultivar Basiasaedling (10 m) and Kanchan (7.3 m)



had the highest and lowest plant heights, respaygtivhe maximum plant height (3.46 m)
was found in NA 7, followed by NA 6 (3.21 m), NA 18.11 m), and Krishna (3.10 m). The
aonla cultivars growing in the Shivalik foothill§ Bunjab had stem girths ranging from 78-
106 cm. It was measured as having a maximum in Banaeedlings (106 cm) and a
minimum in Banarasi grafted trees (78 cm). Undar-fed circumstances in Andhra Pradesh,
Kanchan had the largest stem girth (73.2 cm), ¥aid by NA 10 (65.5 cm), while Chakaiya

had the smallest stem girth (33 cm).
2.2 VARIATION IN FRUIT AND SEED TRAITS

Bhalchandraet al (2022) studied the variability dflyrica esculentaBuch-Ham. ex
D. Don distributed in three districts of Himachah&esh. They reported that in terms of tree
size, Serbharal population was superior to othguuladions. Serbharal population had
maximum tree height (24.40 m) whereas minimum inl\5i§12.20 m) population. The
maximum tree diameter (87 cm) was also recordedSémbharal population whereas
minimum (63 cm) in the Jaunaji population. In TYt0.65 cm) and Rajgarh (3.24cm)
populations, maximum leaf length and leaf breadts wecorded, respectively, whereas
minimum leaf length and leaf breadth were foundShogi population.e. (7.63 c¢cm) and
(2.40 cm), respectively. The mother tree varianes Wigher as compared to the population
and within tree variance for all the tree morphatagtraits. The mother tree repeatability co-
efficient was higher for all the tree morphologitadits ranging from 0.81 for leaf breadth,
0.86 for leaf length and 0.82 for petiole lengtbpBlation repeatability co-efficient was low

for all the parameters except tree height wheneag found moderate (0.38).

Chandravanshiet al (2022) studied physico-chemical charactersticsfroits of
Phyllanthus emblica irMadhya Pradesh. The result showed variation irt fnorphology
(fruit diameter, fruit length), TSS and pulp perge. It was concluded that the maximum
physico-chemical characteristics of aonla genotyipesfruit weight, fruit diameter, fruit
length and TSS were recorded with JA 114.

Javaid et al. (2022) investigated variability in fruit and seetiaracteristics of
candidate plus trees @bona ciliatain Jammu subtropics. The research revealed signifi
differences in the morphological traits in fruitdaseed characters af. ciliata with fruit
length ranged from 16.88 to 25.60 mm, fruit breadthged from 8.23 to 11.78 mm, fruit
weight ranged from 151.70 gm to 365.00 gm and spedsapsule ranged between 19.67

and 28.33. Hundred seeds weight varied greatly dmtvgeed sources ranging from 0.12 to



0.36 g. The result concluded that the CPT-1, CPTART-12, CPT-22, and CPT-6 with
large sized fruits and with greater number of semads be used for commercial raising of
guality planting material and the variability conmemt can be exploited for further selection

and improvement for further genetic improvemerthim species.

Kumaret al (2021) evaluated aonla genotype comprising o piromising cultivars
(NA 6, NA 7, NA 10, NA 20, Krishna, BSR 1, Gujarht Chakaiya and CHES 1) released
from the different parts of the country. They obser variation in plant shape as spreading
(CHES 1, Chakaiya, Krishna, NA 6, NA 7, NA 10, B3R drooping (NA 20) and upright
(G1) in different cultivars of aonla. The recordedits like plant height (4.90-6.70 m), plant
spread-EW (4.47-7.15 m), plant spread-NS (4.44-mh3stem girth (46.45-95.37 cm), plant
volume (86.8-283.9 m3) and plant canopy area (18595 nf). Variation in traits like TSS
(9.17-18.32 °B), acidity (1.92-2.63%), TSS: acidigio (4.09-7.71), ascorbic acid (323-567
mg/100 g pulp), fruit weight (5.89-55.43 @), frigngth (1.87-3.33 cm), fruit breadth (2.28-
3.70 cm) and yield (36-102 kg/plant and 10.00-28vB#ha) was also observed. Fruit shape
was observed as flattened round (CHES 1, Chakhifa6, NA 10, G 1, BSR 1), triangular
(Krishna), oval (NA 7) and round (NA 20). Free bésavity at stem end) was observed as
absent (CHES 1), shallow (Chakaiya, NA 6, NA 2Q1)Gdeep (Krishna), flat (NA 7, NA 10,
BSR 1) and fruit apex was observed as flat (CHESHBkaiya, Krishna, NA 7, NA 10, NA
20), papillate (NA 6, BSR 1) and depressed (G 1).

Singhet al. (2021) evaluated 11 aonlBHyllanthus emblicagenotypes under semi-
arid conditions in Haryana. The evaluated genotypagd significant variability for the
observed parameters in number of male flowers, lieft@vers and total number of flowers
on 10 cm length of indeterminate branch, sex rémale/female), fruit weight and pulp
percent, TSS and TSS: acid ratio, total sugarsjaiad sugars and non-reducing sugars
content shows high variation, ascorbic acid anditanontent also showed variability in the

selected genotype.

Sankhyanet al (2020) studied the variability in morphologicasgriptors among
different populations ofGrewia optiva Drummond (Beul) in Himachal Pradesh. They
selected fifteen populations of superior plus trg@9€-30 cm diameter) dbrewia
optivaDrummond (Beul) for study in three districts feaf parameters (length, width, area),
plant characteristics (plant height, plant diamgient crown, number of primary branches,
number of secondary branches and primary branchgkes) and fruit parameters (fresh
weight of 100 fruits, dry weight of 100 fruits, ftdength, fruit width and fruit thickness). Al

8



the quantitative, qualitative and pseudo qualieatraits were recorded. The population site
(Bharnoi-MN5) has proved the superior populationtio® basis of overall scoring index of
useful desired traits. However, the population séeBalt-MN4 and Old Kangra-KR3 were
statistically at par and both populations are rdnkienumber 2. Hence, these populations are
significantly proved the best sources for selectaomd screening of superior individuals
within the populations, on the basis of naturalmigpically observations and scoring index
on each individual traits, so as to get improvedegje gain and establishment of gene bank
of superior families and best genotypes of the liasfor genetic resources conservation and

tree improvement.

Karthik et al (2019) studied the germinating potential anditieehemical parameters
of Phyllanthus amaruseeds in 100 plants (per location). It was olestthat the number of
seeds in the field-collected plants varies fromt&60L50, P amarusshowed variability in
germination and its germination rate reduces dralgi with time that depend on both

selection of viable seeds and condition of storage.

Plathiaet al (2018) studies the variability of seedling origByzygium cumingL.)
Skeels) germplasm growing in subtropical regiodarhmu. The surveys were conducted for
characterization and evaluation of genetic diversitJamun for different horticultural traits.
The experiment was undertaken during the entireodeetive phase to assess the distribution
range and to record the range of genetic varighbdit different horticultural traits on the
selected 40 trees. The mature fruits were harvestddanalysed for different fruit traits. The
research results of evaluated Jamun genotypes shawde variability for studied

characteristics.

Devi et al (2018) studied the variability studies in morptent characters on
Quercus leucotrichophora. natural populations in Himachal Pradesh fort lpgsenotypes.
In order to select best sites for improved genefn and quality production @).
leucotrichophoraeight sites and three D.B.H. classes from Himbaehadesh were evaluated
on the basis of morphometric traits. The reseagshlt revealed significant variation among
different sites for traits viz., tree height, clebale height, crown width, leaf length, leaf
width, leaf area. Whereas, among the different diem classes all the traits showed
significant variation except number of primary lohes, leaf area, leaf width. For all traits,
over all site $(Salooni-Chamba) was found to be superior followgdsite $ (Manikaran-
Kulu). Diameter class £(>60 cm) excelled in morphometric traits. The tesancluded that



superiority of g (Salooni) and §(Manikaran) populations from large diameter clag$>60

cm dbh) for obtaining seed for further testing abthining best tree improvement.

Kumaret al (2016) evaluated aonla varieties for their vetiytaand fruit characters
at KVK, Panchmahal, Vejalpur (Godhra), Gujarat, endainfed hot semi-arid ecosystem
during 2013-14. The varieties showed the varigbiln growth habit as tall drooping,
upright spreading, tall semi-spreading and taligigras well as the plant height varied from
3.64 to 5.69 m in all varieties. The trunk cologrely and whitish green), leaf apex (obtuse
and acute), leaf shape (oval oblong and elliptiaalj the size of leave. length and width
ranged between 1.28 cm x 0.24 cm and 48 cm x B3respectively. The time of fruit
setting and time of fruit maturity differed considbly among all varieties. The highest fruit
setting (51.95%) and fruit retention (26.40%) wereorded in NA 7, whereas it was lowest
in Francis (36.56% and 11.43%). Size of fruits @dras small, medium and large. The
highest fruit weight was found in NA 7, while it sdowest in Anand 2. The qualitative
charactersyiz. fruit juice content (41.56-71.62%), acidity (2-@416%), pulp content
(24.57-31.76 @), vitamin C content (348.42-543.82180 g), TSS (9.74-11.75%), TSS.:
acid ratio (4.05-5.66 g) and stone weight (1.963-2)p were also observed. The stone in
fruits also varied with respect to its shape (ow&kl round and round) and size of seed as

small, medium and large.

Singh et al (2016) conducted an experiment on variabilitymorphological and
physico-chemical traits of 39 selected aonla ggresycollected from north-eastern region of
India. The variability in fruit morphology (fruit @ight, fruit length, fruit breadth, fruit girth),
stone weight and specific gravity observed amorgydtudied genotype. The fruit weight
ranged between 1.39-10.59 g being maximum in T&@. Aighest fruit length was observed
in genotype T25 (2.53 cm), The fruit breadth wasesbed maximum in T26 (2.57 cm), The
stone weight per fruit ranged between 0.28 -1.50lge highest stone weight was recorded in
T26 (1.509) followed by T14 (0.95 g) and it wasaeted the lowest in T18 (0.28 g) followed
by T20 (0.29 g). The specific gravity ranged betmvde01- 1.42, whereas the maximum
value of the same was recorded in T35 (1.42).

Sudrajat (2016) investigated the genetic varigbibf fruit, seed, and seedling
characteristics among 11 populations of white jaimoimdonesia. The study results revealed
the significant differences among populations fibrtlee characteristics studied, except the
radicle length. Higher genotypic variance and ggpiotcoefficient of variance for all fruit,

seed, and seedling characteristics were found ¢banesponding environment variance and
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environment coefficient of variance. High herit#tlgivalues coupled with high genetic gain
were found for fruit weight, seedling height, ramllar diameter, sturdiness index, leaf
number, leaf length, and leaf width. These trgiigsear to be under strong genetic control and
scope exists for exploitation of heritable additigenetic components for breeding and

improvement in white jabon.

Mkwezalambaet al. (2015) studied the phenotypic variation in fruibnphology
among provenances 8tlerocarya birredA. Rich.) Hochst. This study assessed for fruit
traits at fifteen years of age. However, there vagaificant (P<0.001) variations among the
provenances in number of fruits, fruit weight, puleight, seed weight, fruit length, and
diameter. Magunde provenance from Mozambique haditfhest mean number of fruits and
Moamba provenances from Malawi. Mozambique was riost outstanding in the other
parameters measured attaining the mean fruit waig0.89 + 0.2% and 25.67 + 0.64,
pulp weight of 25.70 + 0.08 and 21.55 + 0.88, seed weight of 4.81 £+ 0.8band 4.12 +
0.18q, fruit length 2.61 + 0.1dm and 2.33 + 0.0¢m, and fruit diameter of 2.33 + 0.t&
and 1.97 + 0.08m, respectively. The result reported no significaarrelation between
number of fruits and the other fruit traits. Howevthere were significant (P<0.05) and
strong positive relationships between fruit lengtid diameter (r = 0.775) and fruit weight
and pulp weight (r=0.987).

Pandeyet al (2014) assessed variability in twenty-eight ggpes of aonla. The
research concluded that genotypes showed considenadriability with respect to
morphological and physico-chemical characters. ffiné weight varied from 13.40 to 54.33
g, fruit diameter (2.87 to 4.81 cm), fruit length g1 to 4.04 cm), stone length (1.21 to 2.02
cm), stone weight (0.97 to 2.23 g), stone breatit®8(to 1.70 cm), pulp stone ratio (8.27 to
34.47), pulp weight (12.43 to 52.80 g), pulp petage (89.21-97.16) and stone percentage
(2.84-10.79). Biochemical constituents varied agmin ‘C’ content (347.67 — 632.33
mg/100 g pulp), TSS ranged from (10.17-17RB)) acidity (2.07-2.97%), TSS acid ratio
(3.96-8.29%), sugar acid ratio (1.88-4.21%), tammuintent (2.80—7.08%), reducing sugars
(2.43-4.35%) and total sugar (4.98-8.85%), in chffié germplasm accessions evaluated.
Therefore, the seven aonla genotypes, Ts, T7, T10, T17, T2o, T26 and g were selected as

most promising and these might be used as supeses for clonal propagation.

Patil et al (2014) investigated seed source variation ont famd seed traits of
Zanthoxylum rhetsa medicinal tree under high exploitation in cenivastern ghats, India.

They collected seeds in order to evaluate fruigtlenfruit width and fruit test weight. The
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result revealed fruit length (6.09 mm), fruit wid@gh.19 mm), fruit test weight (21.29 g) was
found highest in Sirsi. Seed length (2.84 mm), se&llh (1.75 mm), test weight (10.40 g)
and seed volume (0.037 mm) were also found highstiever, Kumta seed source recorded

the least for both fruit and seed parameters.

Arthanari et al (2013) studied seed source variation on pod a&edl parameters
in Caesalpinia sappahinn. They investigated 15 seed sources Caésalpinia
sappanmassembled from Kerala and Tamil Nadu. The resultaked that pod traits expressed
variability and maximum expression was with seethber per pod and the minimum with
pod width. Superior variability expression was witlagercoil for pod length (9 cm), pod
width (3.8 cm), pod fresh weight (10.3 g), seed hamper pod (4.7) and pod to seed ratio
(25%). Pariyaram recorded highest seed length rfl).7with seed width (0.9 cm),
germination per cent (80%) and mean daily gernomaf{4%) among various seed sources
while Palakkad recorded highest 100 seed weigh® (@)L

Munthaliet al (2012) studied within and between provenanceabdiiy in fruit and
seed characteristics of five populationsAofansonia digitatd.. (baobab) selected from four
silvicultural zones and assessed that morphomgtits could delineate populations from
different zones into land races. Fruits were charaed from 55 trees that cover wide
geographical area. 6 fruit traits and 3 individsaled traits were assessed. The results
revealed highly significant differenceB £ 0.001) in fruit, pulp, and seed weight, fruit |&mg
and width, number of seed, seed length, individeald weight and width. Mean fruit weight
ranged from 125.8 +3.25 to 162.9 + 3.25 g, seedghteranged from 38.6 +2.5 to
66 £ 2.01 g and pulp weight ranged from 28.7 + 1t @311.4 + 1.33 g. Single seed weight

showed promised evidence of divergence of populatinto ecotypes.

Shankar and Synrer(2012) examined the morphological variability in fruiteca
seeds traits oPrunus nepaulensig three provenances at Shillong, to study theatfbf
provenance variation on fruit and seed traits. Aditm to the study, the seed and fruit
weight was found to be a more variable and enviemally controlled trait, while the
dimensions of fruits and seeds were found to b& leriable and genetically controlled.

Singhet al (2012) estimated genetic variability Bhyllanthus emblicdinn. of four
sites in Uttarakhand. The study revealed that nmigtemical characters d?. emblica
exhibited considerable genetic variability in frmbrphology, especially those based on fruit
weight, which has high genotypic variation, highmegritability and greater potential for
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genetic gain. Vitamin C had moderate genetic vaganmoderate heritability but greater
genetic gain. Selection can therefore be effedtiased on these two characters and their
phenotypic expression should be an indication eirthigh genotypic potential. Highest
phenotypic and genotypic variance was found int fweight. However, the lowest values
(0.016 and 0.011) were found in fruit length andtfdiameter, respectively. The heritability
(broad-sense) values were highest (0.99) for saugatent whereas, lowest (0.42) for fruit

diameter.

Yadav and Yadav (2010) investigated the perforraaat eight aonla cultivars:
Krishna, Kanchan, Chakaiya, NA 7, Balwant Bold, 8asi, Francis, and NA 10 in Mathura,
Uttar Pradesh.The fruit's length and diameter, winemged from 2.90 to 4.80 cm and 2.60 to
4.30 cm, respectively, in cultivars from ChakaigaBalwant Bold, showed a broad range of
variance. Similar, under sub-tropical circumstaring3unjab, cultivar Krishna had maximum
fruit length (3.34 cm) and fruit breadth (3.88 crfijllowed by NA 6 and NA 7, while

Kanchan had minimum values (2.90 and 3.18 cm).

Arzani et al (2008) studied the morphological variation betwd®ersian walnut
(Juglans regia genotypes from central Iran. They studied 58 meaRersian walnutl(iglans
regia) seedlings growing at six sites and evaluated eéterchine their morphological
variation and to identify promising individuals. dkraits investigated included phenological
characteristics, such as budbreak and nut matumity, and nut characteristics, such as nut
and kernel weight, kernel ratio, shell thickness|dyefficiency and fruit bearing habit were
also investigated. The average fruit charactesstitt weight, kernel weight, kernel ratio
and shell thickness were in the range of 6.0-152639.1 g, 38.4-79.6%, and 0.4-1.4 mm,
respectively. The promising genotypes weresAMAszs, AA11s, AA116 and BAsy because
these trees had larger nuts (Ad, heavier nuts (15.2 g, AA), heavier kernels (9.1 g,
AA 3z and AAiis), higher kernel ratio (79.6%, AA), and later budbreak (BAy). Significant
correlations were found between nut weight and leagth (0.57), nut width (0.68), nut
thickness (0.67), kernel weight (0.75), and shhltkness (0.32); whereas a negative
correlation was found between shell thickness aathéd ratio (0.34). The promising

genotypes can be exploited for further selectiathianprovement.

Raoet al (2008) conducted an extensive wild germplasmaratibn survey and 32
high yielding candidates plus trees (CPTsyatfopha curcasvere selected from different
locations from a latitudinal and longitudinal sptefar evaluating genetic association, and

variability in seed and growth characters. The ifiant trait distinction was observed in all

13



the seed characters viz., seed morphology and aviteat as were observed in growth
characters viz., plant height, and female to miledr ratio and seed yield in the progeny
trial. Broad sense heritability was high in genexall exceeded 80% for all the seed traits
studied. Female to male flower ratio showed ned0@% heritability followed by yield and
plant height (87.73). The path analysis concluded female to male flower ratio had the
highest positive direct relationship with seed ¢/ig.789 kg).

Goulart et al. (2007) studied morphological variation within and amongefi
populations located in the vegetation types andransitional sites in order to evaluate
variability in fruit and seed morphology among awtthin populations ofPlathymenia
(Leguminosae - Mimosoideae) in areas of the Cerrtuo Atlantic Forest, and transitional
Sites. Thirteen morphological traits of fruits, deeand of the membranous endocarp were
obtained from thirty fruits and twenty seeds fromaclke of nine to 10 individuals per
population. The result showed significant variatiorall traits while comparing individuals
within populations, and most traits varied sigrafily among populations as well. Some
traits differed significantly between forest andri@do populations, while transition sites
showed intermediate patterns and higher within-fgmn variation.

Sharma and Badiyala (2006) investigated the véitialstudies in common fig in
Hamirpur district of Himachal Pradesh. They suneeyand evaluated the existence of
variability in different traits. The high varialiyi was found for fruit weight, yield and leaf
size. On the basis of different characters, theufadipn has been categorized into three
strains from small to large fruited types. Largeitted ones had longer fruit ripening period
whereas small fruited strains reported to havetghait ripening period. The fruit weight and
yield observed for the strains were 11.6 kg, 2190 36.8 kg and 11.0 kg, 19.4 kg, 37.6
kg/tree respectively.

Samadia (2005) studied genetic variability studredasora Cordia myxa Roxh.
They started two extensive explorations during 2&0@0 2001 for the surveys and collections
of lasora variability in Rajasthan. They collectgermplasm from 95 sites having varied
agro-climatic conditions. The ANOVA revealed thdtete were high and significant
differences among the thirty groups of lasora patoh. The result showed wide range of
variability for important traits on plant growthedf size, fruit size, fruit quality and yield
components. The estimation of PCV and GCV for fiugtight and leaf size was high and
therefore, good scope for improvement through selecGenotypes with large sized leaves
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are potential source of bigger sized fruits andogygres with small sized leaves are potential

source of small sized fruits.

Abdelkheir et al (2003) investigated the provenance variation &eds and
germination traits ofAcacia karroo They studied the intraspecific variations in seed
morphometric and germination traits among ten pnamnees ofAcacia karrooobtained from
its natural habitat in Southern Africa. Seeds fre@ach provenance were sown under
controlled conditions and their germination traitsre evaluated for about four weeks. The
result showed significant variation in seed andrgeation traits.

Gowda et al (2002) studied the variability and standardization of p@gation
techniques inTerminalia chebulathe investigations also focused on identificatairelite
trees with superior quality fruits and also to knole best provenance for quick and
maximum germination of seeds with different treattse The RAPD characterization of
chebulagenotypes for five provenances was evaluated davkhe genetic relatedness among
the population. To know the germination capacitytlod T. chebulaseeds, in vitro seed
germination studies were also conducted under albedr conditions. The result showed
significant differences in tree height, fruit weigfiuit length, fruit breadth, seed weight, seed

length and seed breadth.
2.2 Variation in seed germination and seedling chacteristics:

Baby et al (2022) conducted an experiment to assess thet effedifferent seed
priming treatments and growing conditions on sesangnation and seedling vigour of aonla
with 16 treatment combinations. The experiment ltesadicated that the combination of
seed priming and growing condition with GA3 @ 500npfor 24 hours + poly house
recorded minimum number of days to germinate, mawrimgermination percentage

(81.30%), height of seedling, vigour index, chldmgibcontent and survival percentage.

Javaidet al (2022) studied variability in fruit and seed daeristics of candidate
plus trees offoona ciliatain Jammu subtropics. They selected 22 CPTs inrgpioal and
intermediate zone of Jammu region based on thengtlypic superiority. Fruits samples
were collected from selected CPTs during the &rst second weeks of June with collection
starting from lower altitudes up to higher altitasd@he traits studied were fruit length and
breadth, seed length and width, number of seed&yigrand hundred fruit and seed weight.
The result revealed significant differences in therphological traits in fruit and seed
characters off. ciliata with fruit length (16.88 to 25.60 mm), fruit brebd8.23 to 11.78
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mm), fruit weight (151.70 gm to 365.00 gm), seeds gapsule (19.67 and 28.33) and 100
seeds weight (0.12 to 0.36 g). The maximum seedthemwith wings was 10.44 mm,
minimum seed length with wings was 12.61 mm. #meddength without seed wings varies
from 4.83 mm to 6.82 mm and for seed width witheegd wings ranged between 2.2 mm to
3.08 mm. The study concluded that the CPTs viz.<ORZ. CPT-1, CPT-6, CPT-11, CPT-12
and CPT-22 with large sized fruits with a greatermber of seeds can be used for

commercial raising of quality planting material.

Parabet al (2022) studied the effects of physical treatmemis gibberellic acid on
germination success of aonla seed. Twenty seeds wged for each experimental unit. The
result indicated that mechanical scarification gssand paper is found to be the most
effective for better seed germination (days takefirst germination, germination percentage
and survival percentage) and seedling growth (len§seedling, total dry matter of seedling,
Vigour Index). Among GA3 concentration, GA3 @400rppecorded higher values for seed
germination and seedling growth parameters of aoilae treatment combination of
scarification with sand paper + GA3 @400 ppm showetter germination and seedling
growth. Therefore, it is concluded that the combamaof scarification with sand paper +
GA3 @400ppm was found most suitable for seed gextioim and seedling growth of aonla.

Singh and Kaur (2021) studied the effect of preisg treatment on seed germination
and seedling vigour of aonla. They revealed thesttinent ensured early germination with an
increase in seed germination and improvement irséeelling growth with an increase in root

formation and vigour index.

Lalithaet al. (2020) studied the effect of chemicals on seethgmtion and seedling
growth of aonla with 11 treatments in Navsari. Tasults of experiment showed that aonla
seeds treated with GA3 @ 500 mg/l (T10) gave tlghdst germination percentage and
maximum seedling growth viz. number of leaves, begdliameter and seedling height, 180
days after sowing. Highest leaf area, fresh wetgtghoot and root, dry weight of shoot and
root, shoot: root ratio, vigour index and surviyarcentage were also noted higher in
treatment GA3 @ 500 mg/l (T10) at 180 days aftevisg.

Chauhanet al (2019) studied seeds of twenty candidate plugstrefMelia
dubiaselected from South Gujarat region of India. Tésult reported significant variation
among CPTs for the germination and related vigduibates was recorded. NAU-12 seeds
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showed the highest germination of 38.05%, meanydgrmination 0.51%, germination
value 1.72 and germination index 1432.5. Howewdtiation of germination process was
recorded in NAU-9 and NAU -17 after 23.50 and 38d2fys of sowing, respectively. The
result concluded that seeds of CPTs like NAU-12 UN&Aand NAU-17 performed better on

germination and vigour traits.

Vermaet al (2019) studied the influence of pre-sowing seedtiment and growing
conditions on growth performance of Indian goossbé&rhey conducted experiment in three
growing conditions viz. Open condition (C1), neuke (C2), poly house condition (C3) and
six treatments of sedde. water soaking (S1), GA3 200 ppm (S2), GA3 400pf3),( GA3
600ppm (S4), Thiourea 0.5% (S5) and Thiourea 1% (@8ing 18 treatment combinations.
Between different growing conditions poly house amdong the seed treatment, GA3
(600ppm) were proved most promising as compare tteers. The C3-S4 treatment
combination (poly house and 600 ppm GA3) was prowexst superior over rest of the
treatment combinations with respect to growth patans and physiological parameters like
height of shoots (35.14 cm), number of leaves pedlng (103.73) and girth of stem (1.80
mm) at 120 DAS respectively, among the variousttneat combinations. However, the
fresh weight of shoots (3.00 g), dry weight of siso®.69 g), dry weight of roots (0.21 g),
fresh weight of roots (0.59 g), seedling vigouaflarea duration (5785.00 éfday), leaf area
index (0.347), energy interception (0.50) and ligahsmission ratio (30.67), recorded at 120
DAS were found to maximum in C3-S4 treatment coratiam.

Sumaret al (2018) studied the variation in growth traitsdifferent clones oMorus
alba. Variability among different morphometric traitsere studied among fifteen selected
clones ofMorus alba The research revealed, significant difference®ramclones with
respect to various morphometric characters vizalb@gismeter, number of primary branches,
crown spread, lamina length, petiole length, lamividth, leaf area and green leaf yield
clones Trl0, S146, S36, S799 and Mandaley showgliehivalues. These clones can be
further used for provenance interaction trials ated therefore recommended the evaluated

genotypes for improvement programme.

Fredrick et al (2015) assessed provenance variation in seed hological
characteristics, germination and early seedlingvthioof Faidherbia albida.They evaluated
six provenances namely Chinzombo, Wagingombe, &aktseno, Lake Koka and Awassa.
The result revealed highly significant differencasmong provenances in all studied

parameters except for seedling height at 2 to 5Sthsomighest variation among provenances
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in seed characters was observed in seed weigh¢ wbéd thickness had the lowest variation.
However, the overall mean germination among prorveeswas 70.2% varying from 32.7 to
93.3%. Significant correlation was reported betweehar diameter and seed length and
between collar diameter and temperature. There wageificant differencesp(< 0.05)
among provenances with regards to mean seed |amigliin, thickness and weight. The mean
seed length varied from 7.03 to 9.29 mm. Seededeli from Chinzombo (9.29 mm) and
mean seed diameter varied from 4.59 to 6.06 mm.iNjagbe seeds had highest values
(6.06 mm) compared to the other provenances wehdtwest being for seed collected from
Awassa (4.59 mm). Awassa recorded the highestgemdination capacity (93.3%) and was
lowest for Taveta (32.7%) provenances. Germinatioergy at day nine was highest (62.5%)
for Maseno provenance and lowest (32.2%) for Lake. overall mean leaf number after 1 to
5 months ranged from 7.41 to 58.65.

Azad et al. (2013)studied the effects of variation in seed sources @ne-sowing
treatments on seed germinationTaimarindus indicai.e. a multi-purpose tree species in
Bangladesh. They collected seeds from variousitmtsin Bangladesh and applied four pre-
sowing treatmentse. control, immersion in cold water (4°C for 24 hjpmersion in hot
water (80°C for 10 min) and scarification with sgraper. The germination of the seeds was
carried out in poly-bags with a mixture of topsaild cow dung in the ratio of 3:1. The fresh
seeds had an average length of 1.35 = 0.26 cmhwidt.07 £ 0.20 cm and thickness of 0.69
+ 0.11 cm. The findings showed that pre-sowingtinegts had an impact on the germination
of seeds. The cold-water treatment (81.67%) andifisedion with sand paper (82.33%)
considerably enhanced the germination percentags wbmpared to the control (58.33%)
and hot water treatment (59.00%). Germination etiamh all treatments on average 5 to 7
days after the start of the treatments, and it tibko 19 days to complete. Scarification with
sand paper yielded the highest germination succatss (82.33%). The result showed
significant differences (p < 0.05) in germinatidosing dates, seed germination periods and
germination percentages among the treatments butigroficant difference among seed
sources. However, the effect of the interactionrwken seed source variation and pre-
treatment differed significantly in seed germinaticlosing dates and germination

percentages and recommended cold water treatmesegdd germination.

Azadet al. (2012) examined the seed morphology and seed germinatmmigues
of Albizia procerain order to evaluate the source variation in segdspre-sowing treatment

effects on seed germination. Mature seedA.gbrocerawere collected from five different
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districts and treated with four pre-sowing treatitsene. control, immersion in cold water
(4°C for 24 h) and immersion in hot water (80°C I6rmin and 100°C for 1 min). The fresh
seeds had an average length, width and thicknesseafs as 0.502 + 0.485, 0.420 + 0.060
and 0.191 £ 0.118 cm, respectively. The germinatibthe seeds was carried out in poly-
bags with a mixture of topsoil and cow dung in tago of 3:1. The results showed that pre-
sowing treatments affected the rate of germinatioseeds, which significantly increased the
germination percentages of seeds in hot waternteas compared with those in control
(60.60%) and the cold water treatment (63.53%).fdseilt showed significant differences
(p < 0.05) in germination closing dates, seed gemton periods and germination
percentages among the treatments but no signifiddi@rence among seed sources. The
study also revealed that the interaction betweeal seurce variation and treatment effect
significantly differed in seed germination startirgptes, closing dates, germination
percentages and rates of germination. The hot wedatment is recommended for seed

germination ofA. procera

Guptaet al (2012) studied the genetic variability and catiein study inAcacia
catechuseed source in Himachal Pradesh. It was conducteldnachal Pradesh to estimate
the genetic variability for the phenotypic charasteseed traits and nursery traits of khair
selected from ten different seed sources. The isgetleight, number of branches, tree
diameter and seed germination had high coefficegntariability, heritability and genetic
advance indicating importance of these desiredstrfar selection purposes. Nursery traits
had high heritability, genetic advance and gengdin suggesting their importance for the
success of improvement through selection. The enmental, genotypic and phenotypic
correlations for all possible pairs have also béisnussed. Using Euclidean cluster analysis,
all the provenances were grouped in to three atsiste

Kaushik et al (2012) studied the genetic parameters in seedphmotrgy,
germination, seedling growth and biochemical coisteof seed traits iAzadirachta
indicacollected from different parts of Haryana, Indide 'F' values for every character
under investigation were significant (P<0.05), destmting that there was enough genetic
diversity for every character. Between 1.93 an® §&rcent was the calculated coefficient of
variance. From 21.29 percent for seed breadth,78Betcent for root length, the genetic
advance as a percentage of means recorded flugtuatderms of genetic advance as a
percentage of mean, the other parameters, colEmeter (73.56%) and shoot length,

likewise displayed high values. For 100-seed weiggé¢d germination, shoot length, palmitic
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acid, stearic acid, high heritability (99.00%) agehetic increase were observed, showing
additive gene activity. A substantial and positoa@relation was found between seed size
(length and breadth) and 100-seed weight and aitecd, as well as between azadirachtin
content, palmitic acid, and oleic acid. The topf@ening plus trees were T4 from Jhatipur of
Sonipat lineage, T6 from Premnagar of Bhiwani, fidhT Kurukshetra of the Karnal and T6

from Pinjore Il of Panchkula.

Shuet al (2012) studied variation in seed and seedlingstemong fifteen Chinese
provenances dflagnolia officinalis.They selected provenances ranging from 336 to 1387
in China in order to evaluate germplasm resourtds. officinalis by testing seed traits, seed
germination, seedling traits and seedling growtke.raThe result revealed significant
differences among provenances in all studied teitept net assimilation rate and relative
growth rate. A significant positive correlation terms of average annual temperature and
average annual rainfall, and negative correlatiath Watitude of seed origin. Seed weight
exhibited maximum variation among provenances iadsenorphometric traits. Overall
average seed germination in nursery was 59.4% ngryiom 26.6% to 91.2%. By
geographical latitude, the stem diameter decref&eed east to west while seedling height
fell steadily from South to North. The result card#d that geographic variation of thk
officinalis at the seedling stage manifests a two-way vanatiibh the latitude and longitude.
Seed of Longsheng, Wuyishan, Kaixian, Ninggiang gé@n and Jingning provenance have

been identified suitable to produce quality seelin

Sumbaliet al (2012) studied the effects of pre-sowing treati:i@m germination and
seedling growth offerminalia chebulaRetz. The highest germination percentage, vigour
index, germination value and germination enerdip¥eed by fruits that had been depulped
and soaked in cow dung slurry for 12 hours, altedgadried for 8 hours, and again soaked

for 12 hours, which were significantly differenbin the control treatment.

Hembromet al. (2011) assessed 25 provenance3esminalia arjuna(11l) andT.
tomentosg14) for seed morphology, seedling growth and laissnattributes. They recorded
variability for 13 seed and seedling traits in btth species. Ifi. arjunaandT. tomentosa
the weight of a single seed varied from 1.15 t®245and 0.87 to 2.76 g, respectively. The
highest germination percentage (83.33) was recardédarjunaseeds from Chakradharpur,
Jharkhand. The highest amount of fresh biomasspmaduced byT. tomentosaseedlings
from Kharsawan, Jharkhand (2.03 g). The highedtshoot ratio (3.08:1), a crucial factor in

the initial establishment of seedlings, was seerl.intomentosaseedlings from Ranka
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(Jharkhand). Between 669.80%. (arjung and 580.80% T. tomentosh the vigour index
fluctuated. The emergence index, germination rggmination speed, root length, and
vigour index were all found to be significantly oelated. Based on the vigour index,
root/shoot ratio, and trees of Tomentosafrom Baharagoda and. arjuna from

Chakradharpur and Garwha have been identifiedrigpgmation purposes.

Raddad and Luukkanen (2007) investigated the égsiplogical and genetic
variability in seedling traits and of eighAtacia seneggbrovenances in Sudan. The genetic
variation in seed number per kg, seed weight amdlisgy traits was compared among
eightA. senegaseed sources originating from the East and WeSuishan. Seed variables
showed significant differences and showed consideraariation in seed weight and seed
number in Eastern provenances. They had the simakesl weight but the highest seed
number, while the western provenances had thedasged weight but lowest seed number.
Seedling branch number, root length, root to shatib and shoot dry weight differed
significantly among the provenances 12 weeks gkemination. Seedling variables, such as
root nodule and branch numbers showed high posibweslations and this could be used for
early selection. The variability was greater betw@eovenance groups than within them,

suggesting that selection among groups would yeltetic gain.

Lohaet al. (2006) studied the patterns of genetic variatio€ordia africana They
collected seed samples from six natural populatioristhiopia and examined for variations
in seed morphometric traits, seed germination,saadiling growth at nursery stage. Analysis
of variance revealed significant differences amamgvenances in all studied attributes
except root collar diameter after 4 months of glowA significant positive correlation
showed by seed weight with altitude and negativestation with temperature of seed origin.
Germination energy was correlated with longitudd eainfall and seedling parameters and
geo-climatic variables of seed origin were fairlprrelated. A significant inter-trait
correlation was found between seed length and weaght, between root collar diameter at
the age of 4 months and seed length and weighwielisas between seedling height after 4
and 8 months of growth. The research concludedttizabbserved patterns of variation will

have implications for genetic resources consermaitd tree improvement.

Singh et al. (2006) examined the variability in seed and seedling drait Celtis
australis a multipurpose tree in Central Himalaya, Indidne¥ collected seeds from 13
different provenances and significamt < 0.05) variations were observed for traits among

provenances. Among various characters, seed weidtibited maximum variation between
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seed populations compared to other morphologiegistrThe significant< 0.01) positive
correlation between growth performance of seedliagd altitude of the seed source was
recorded. Across the provenances, shoots had teedti proportion of total biomass
(42.3%), followed by leaves (32.6%) and roots (26).6The different provenances showed
significant differences in seedling growth.
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Chapter-3

MATERIALS AND METHODS

The current study entitletSeed source variation inPhyllanthus emblicaLinn. of
Himachal Pradesh,” was conducted in 2021-2023 in the Department eé Tmprovement
and Genetic Resources, College of Forestry, Dr. P&mar University of Horticulture and
Forestry, Nauni, Solan. The descriptions of theemals and methods used, the sites selected
for the experiments, and the methodology chosentier study are explained under the

following headings.

3.1 Study area and experimental site
3.2 Experimental procedure

3.3 Statistical analysis

3.1 STUDY AREA AND EXPERIMENTAL SITE

3.1.1 Location: Twelve naturally occurringhyllanthus emblicgopulations were selected
from four regions of Himachal Pradesh viz. Hamirg€angra, Bilaspur and Mandi. Details

of the natural populations are given in (Table 1).

Table 1. Physical description of sites (Populations

Populations Regions Latitude (E) Longitude(N) Altitude (m)

Khaggal Hamirpur 31°43'37” 76°24°93” 711
Rangas Hamirpur 31°42'43” 76°21'48” 614
Pahlu Hamirpur 31°36'25” 76°31'54” 654
Jachh Kangra 31°16'22" 76°52'56” 489
Kathal Kangra 31°15'32” 76°51'21” 430
Ganoh Kangra 31°14'92” 76°52'48” 292
Beri Bilaspur 31922'55” 76°49'19” 650
Panjgain Bilaspur 3192741 76°50'48™ 718
Kasol Bilaspur 3102241 76°52'58” 673
Slapper Mandi 31°24°54” 76°50'55” 601
Jarol Mandi 31°27°'30” 76°83'58” 1029
Baroti Mandi 31°26'55” 76°48'22" 626




3.1.2 Climate

The selected locations had a subtropical enviesrwith cold winters. In summer,
temperature reaches maximum up to 42°C, while meviup to 1°C. The monsoon occurs
from July to September. Just before the monsoorApnl, May and June, as well as in
October and November, there are drought-like canttthat might occasionally pose a

major fire risk.
3.2 EXPERIMENTAL PROCEDURE

3.2.1 Variation in fruit and seed characters

3.2.1.1 Fruit Collection

Fruits of Phyllanthus emblicawvere collected from twelve natural populations in
Himachal Pradesh. Five mature trees were seleobet éach population. The selected trees
were kept at least 100 m apart from each othensoire maximum genetic variation within
the population. The mature fruits were collecteddanly from each tree in month of
December, 2022. The following observations wereneed-

OBSERVATIONS RECORDED

1. Morphometric traits

» Tree height (m)- It is straight line distance from leading tipgmund level. The
tree height was taken with the help of Ravi's Adtar.

» Tree girth (m) - Tree girth above 15 cm were selected for studly the help of

measuring tape at height of 1.37 m.
Fruit characteristics

* Fresh fruit weight (g) - Individual fruit weight was recorded by using eteaic
balance.

* Fresh fruit length (mm) — Individual fruit length was measured by using dibit

vernier calliper.

* Fresh fruit breadth (mm) — Individual fruit breadth was measured by using

digital vernier calliper.

* Fruit length/weight ratio: It was calculated using the following formula-

Fruit length
Fruit breadth

Fruit length/breadth ratio =
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3. Stone characteristics

* Stone weight (mm)- Individual stone weight was recorded for eachaggpe

using electronic balance.

* Stone length (mm)— Individual stone length was measured by usirgjtali

vernier calliper.

» Stone breadth (mm)- Individual stonébreadth was measured by using digital

vernier calliper.
4. Pulp characteristics

* Pulp weight (g) —Pulp was extracted from fruit and was measuredlégtrenic

weighing balance.

e Pulp thickness (mm) —It was calculated using the formula i.e., fruit dumtth
subtracted by stone breadth.

5. Seed characteristics

 Seed extraction -Seed were extracted from dried stone by breakirggnth

manually, or with the help of hammer.

* Hundred seed weight (g) +rom each tree hundred seeds were randomly sglecte

and weighed by using electronic balance.

3.2.2 Nursery Experiment

The nursery trial ofPhyllanthus emblicawas raised in the glasshouse of the
Department of Tree Improvement and Genetic ReseurCellege of Forestry, Dr. Y.S.
Parmar University of Horticulture and Forestry, NauSolan, Himachal Pradesh. The area
has subtropical climate with cold winters and mateersummers. The average maximum
temperature in May surpasses 32.1 and the aveoagest in January is 0.7. Frost incidence
in the winter is fairly frequent. Western disturbas often cause winter precipitation.

Altitude: 1250 m amsl

Latitude: 30°0’51”N
Longitude: 76°0'11"E

(Source: Survey of India, Toposheet No. 55F/1)
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Table 2. Meteorological data of nursery site (2033

Temperature (°C) Relative Total
Month i humidity rainfall
Maximum | Minimum Mean (%) (mm)
February, 2023 22.78 5.56 14.17 52.48 7.2
March, 2023 23.58 8.04 15.81 63.77 130.6
April, 2023 26.62 10.50 18.56 51.14 114.3
May, 2023 27.90 13.20 20.55 58 154
June, 2023 29.30 17.40 23.35 65 154

Source: Metrological Observatory, Department of Enwonment Sciences, Dr Y S
Parmar University of Horticulture and Forestry, Nauni, Solan, HP 173 230

3.2.3 Seedling traits

3.2.3.1 Germination (%) -The seeds collected from each genotype were sowolyibags

under glass house conditions and germination ptagerwas recorded after one month.

3.2.3.2Growth parameters - Various growth parameters were studied as beifter 4

months of seed sowing.

Seedling height (cry) Height was measured from collar region up to apéx
leading shoot with the help of scale.

Shoot length (cm) Length was measured from first leaf from the dwttup to
apex of leading shoot with the help of scale.

Internodal length (cm)- Length was measured in between two nodes of isged|
Their average was recorded as internodal lengsieedling.

Collar diameter (mm) - Collar diameter was measured with the help oftalig
vernier calliper.

Number of leaves / seedling Total number of leaves per plant were counted.
Leaf area (cnf) - It was measured by using leaf area meter. Tha@ees were
collected from lower, middle and upper part of plarheir average was recorded

as leaf area of seedling.
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34 STATISTICAL ANALYSIS
3.4.1 Genetic estimation and correlation

The experimental data of all the tree charactttglied were subjected to the
statistical analysis for proper interpretation. THata of mother trees was analysed

statistically using random nested model as follows:

Yijkim= L+ pi + m (p)]i)+€ik

Where:
M = grand mean
pi = effect ofith natural population (i=1,2.....p)
m (p)ia) = the jth mothetree effect within eaclth natural population
ik = the interaction of thetkobservation an@lh mother tree in the

ith natural population

3.4.2 Genetic parameter estimationREML Variance components for population, mother

tree or family within population and within familyere estimated in JMP Pro 10 (JMP Pro

10; SAS Institute Inc., Cary, NC, USA).

3.4.3 Repeatability —

We couldn't accurately measure genetic variancevdsat and within populations
because genetic effects can't be isolated fromr@mviental effects in natural populations
when parental origin and environmental influencesna controlled. As a result, we are
unable to calculate the heritability coefficientla® population or individual tree level. In this
case, we use the repeatability coefficient, whicyrbe considered as the top limit of the
genetic-phenotypic variance relationship (Falcoaed Mackey, 1996). These coefficients
also show the proportion of within-population véina that contributes to total variance and

the proportion of between-tree variation that dbuities to total population variation.

Mother tree repeatabilityr?, = oi

2 2
o'm+c.rw(m}

Where,
o2m = Mother tree variance

Cwm) = Within mother tree variance
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3.4.4 Heritability: In percentage was calculated by formula suggesgelunton and De-
Vane (1953) and Johnsenhal. (1955):

h?= Y8 ¥ 100
Vp

Where;
h? = heritability (broad sense)
Vp = phenotypic variance
Vy = genotypic variance

3.4.5 Genetic advancd he expected genetic improvement at five perceleicion intensity
was calculated by the formula suggested by LusAQ)Land further used by Burton and De —
Vane (1953) and Johnsenal. (1955):

Genetic advancezr-]gJ X/ Vp x k

Where;

k = Selection differential at five percent seleatintensity i.e., 2.06
(Allard, 1960)

3.4.6 Genetic gain:lt was calculated by the method suggested by dwheisal. (1955) as

under:
Genetic gain (%) ée“e“‘:;‘ﬂxloo

3.4.7 Correlations Correlations were computed to examine inter-attararelationships
among fruit, seed, germination and seedling traitdlowing (Panse and
Sukhatme,1967) as:

Cov[xy, x5]

\,f'v(xl) v(xz)

where,
r = Correlation coefficient,
Cov = Covariance for any two traits x1 and x3pextively,
\% = Variances for any two traits x1 and x2, respety.

The data was analyzed using JMP Pro 10 (JMP Pr8A8S;Institute Inc., Cary, NC, USA)
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3.4.8 Principal component and Cluster analysis

Relationships among the accessions were invéstighy Principal Component
Analysis (PCA). PCA was performed using JMP prosd@iware. Means of mother trees or
families were used to create a correlation matigxtract standardized principal component
(PC) scores. Scatter plots of the first 2 PCs veeeated with JMP 9 pro. To determine the
PCs accounting the greatest amount of variatior, @lgen values of the 2 PCs were
compared for each trait. Cluster analysis was @edormed to cluster genotypes into
similarity groups using the method of UPGA (Unweéggh Pair Group Average) using ward
method (Ward, 1963).
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Chapter-4
RESULTS AND DISCUSSION

In the current study twelve seed sources from IHaumi Kangra, Bilaspur and Mandi
regions were examined for morphometric, fruit, sesekdling characterstics and genetic
estimates. The results are presented as per tbwifod segments.

4.1 Morphometric characteristics

4.2 Fruit and seed characteristics

4.3 Nursery performance of open pollinated familis

4.4 Multivariate analysis

4.1 MORPHOMETRIC CHARACTERISTICS

4.1.1 Variation among regions for tree height andree girth

The data revealed that Kangra region had maximl®un/{ m) tree height whereas
minimum (6.17 m) was observed in Mandi region. Th@ximum tree girth (0.66 m) was

recorded in Hamirpur region whereas minimum (0.38mBilaspur region (Table 3).

Table 3. Variation among regions for tree height ad tree girth in Phyllanthus emblica

. Tree height Tree girth
Regions (m) (m)
Bilaspur 6.17 0.33

Hamirpur 8.88 0.66
Kangra 10.77 0.62
Mandi 6.82 0.28
CDoos 2.08 0.22

4.1.2 Variation among populations for tree heightand tree girth in Phyllanthus
emblica

The data revealed that Kathal population in Karrggion had maximum (11.28 m)
tree height whereas minimum (5.41 m) in Jarol, Ma&eadion. The maximum tree girth (0.83
m) was recorded in Rangas, Hamirpur region whengagmum (0.28 m) in Beri, Bilaspur
region (Table 4). These results are in confirmatigiin result of Singh (2016) iR. emblica
hybrid where tree height was ranged from 4.83-&62nd tree girth from 46.40-95.33 cm.



Table 4. Variation among populations for tree heigh and tree girth in Phyllanthus

emblica
Regions Populations Tree Character
Tree height (m) Tree girth(m)

Bi|aspur Beri 6.77 0.23
Kasol 6.22 0.37
Panjgain 5.53 0.39
Hamirpur Khaggal 8.29 0.68
Pahlu 7.99 0.48
Rangas 10.36 0.83
Kangra Ganoh 9.94 0.62
Jachh 11.09 0.65
Kathal 11.28 0.61
Mandi Barot 7.62 0.29
Jarol 5.41 0.30
Slapper 7.44 0.25
CD 0.05 2.12 0.14

4.2 FRUIT AND STONE CHARACTERISTICS

4.2.1 Variation among regions for fruit length, fruit breadth, fruit weight and fruit

length/breadth ratio in Phyllanthus emblica

The data presented in table 5 concluded that manirdnuit length (20.14 mm) was
recorded in Mandi region and minimum (18.52 mm)Bihaspur region. Maximum fruit
breadth (22.28 mm) was found in Hamirpur region amegimum fruit breadth (21.20 mm) in
Kangra. The maximum fruit weight (6.33 g) was reeal in Mandi and minimum fruit
weight (5.79 g) in Kangra region. Maximum fruitn@gh/breadth ratio was recorded in
Kangra and Mandi regiore. 0.92 and minimum in Bilaspur region (0.86).

Table 5. Variation among regions for fruit length, fruit breadth, fruit weight and fruit
length/breadth ratio in Phyllanthus emblica

Regions Fruit Length | Fruit breadth Fruit weight Fruit (length/breadth)
(mm) (mm) (9) ratio
Bilaspur 18.52 21.49 5.86 0.86
Hamirpur 20.01 22.28 6.21 0.90
Kangra 19.39 21.20 5.79 0.92
Mandi 20.14 21.86 6.33 0.92
CD g0 0.16 0.17 0.09 0.01
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Plate 1: Measurement for girth at dbh of mother tree



4.2.2 Variation among populations for fruit length fruit breadth, fruit weight and
fruit length/breadth ratio in Phyllanthus emblica

Appraisal of table 6 revealed that in Rangas patpris traits like fruit length (22.39
mm), fruit breadth (24.63 mm), fruit weight (7.43 was found maximum. In Beri
populations fruit length (17.73 mm) and fruit |emipreadth ratio (0.85) were recorded
minimum. In Jachh population fruit breadth (20.08n)mand fruit weight (5.24 g) were
recorded minimum among other populations. Howelveit length/breadth ratio (1.10) was
recorded highest in Baroti population. Sirgghal. (2016) reported in fruit length (1.26- 2.53
cm), fruit breadth (1.27-2.57 cm) and fruit wei@ht39 - 10.59 g) range iR. emblica Kaur
and Dhaliwal (2013) found fruit length & fruit widi.e. 2.90 cm and 3.18 cm, respectively in
Kanchan variety irP. emblica Bakshiet al. (2015) also found that diameter and length of
amla fruits ranged from 2.84 to 4.42 cm and 2.68.%8 cm, respectively, in Neelam and
Desi cultivars.

Table 6. Variation among populations for fruit lengh, fruit breadth, fruit weight and
fruit length/breadth ratio in Phyllanthus emblica

Regions Population Fruit Fruit breadth Fruit Fruit
length (mm) weight |length/breadth

(mm) (9) ratio

Bilaspur Beri 17.73 21.03 5.57 0.85

Kasol 18.45 21.24 5.70 0.87

Panjgain 19.38 22.19 6.30 0.88

Hamirpur Khaggal 18.92 21.52 5.71 0.88

Pahlu 18.73 20.71 5.49 0.90

Rangas 22.39 24.63 7.43 0.91

Kangra Ganoh 19.60 21.88 6.14 0.90

Jachh 19.19 20.09 5.24 0.96

Kathal 19.37 21.64 6.00 0.90

Mandi Baroti 21.21 21.11 6.30 1.01

Jarol 18.84 21.71 6.04 0.87

Slapper 20.37 22.76 6.64 0.90

C.Do.o: 0.28 0.30 0.16 0.01

4.2.3 \Variation among regions for stone length, she breadth, stone weight, pulp
weight and pulp thickness inPhyllanthus emblica

The data presented in table 7 concluded that maxistone length (11.50 mm), stone
breadth (10.49 mm) and stone weight (0.95 g) wasrded in Hamirpur region. The
minimum stone breadth (9.46 mm), stone weight (@B&as recorded in Bilaspur region.
Maximum pulp thickness (6.01 mm) was observed itadpiur region whereas minimum
(5.39 mm) in Kangra region. Maximum pulp weight4(b.g) was found in Mandi region
while minimum pulp weight (4.88 g) in Kangra region
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Table 7. Variation among regions for stone lengthstone breadth, stone weight, pulp
weight and pulp thickness inPhyllanthus emblica

Regions Stone length Stone breadth Stone Pulp  |Pulp thickness
(mm) (mm) weight (g)| weight (g)|  (mm)
Bilaspur 10.49 9.46 0.86 4.99 6.01
Hamirpur 11.50 10.49 0.95 5.26 5.90
Kangra 10.40 10.43 0.91 4.88 5.39
Mandi 11.02 10.03 0.92 5.41 5.92
CDo.05 0.13 0.14 0.01 0.09 0.06

4.2.4 Variation among populations for stone lengthstone breadth, stone weight, pulp
weight and pulp thickness inPhyllanthus emblica

In Rangas population traits like stone length §62nm), stone weight (1.06 g), pulp
weight (6.37 g) and pulp thickness (6.39 mm) weyenfi maximum (Table 8). Among
populations stone breadth (12.89 mm) was recordadmum in Ganoh. However, in Jachh
population stone length (9.93 mm), stone bread®l(&m), stone weight (0.84 g) and pulp
weight (4.40 g) recorded minimum. Singhal (2016) reported stone weight from 0.28 to
1.50 g inP. emblicahybrid. Hazarika (2019) reported pulp weight (~2®2 g), pulp-stone
ratio (1.63-6.98), pulp percentage (60.27—-84.8K¥one length (9.27-12.80 mm) and stone
weight (0.58-2.94 g) iR. emblicaPandeyet al (2014) also found that stone weight of aonla
fruits varied from 0.97 g to 2.23 g in 28 aonla gfypes.

Table 8. Variation among populations for stone lenilp, stone breadth, stone weight, pulp

weight and pulp thickness inPhyllanthus emblica

Regions | Population Stone length brsggg'?h Stone weight I_:’ulp Pulp thickness

(mm) () (@  |weight(g)|  (mm)

Beri 10.25 9.31 0.86 4.71 5.86

Bilaspur Kasol 10.31 9.26 0.86 4.85 5.99

Panjgain 10.91 9.81 0.88 5.42 6.19

Khaggal 11.44 10.3 0.92 4.79 5.61

Hamirpur Pahlu 10.4 9.33 0.87 4.62 5.69

Rangas 12.66 11.84 1.06 6.37 6.39

Ganoh 10.79 12.89 1.05 5.09 4.50

Kangra Jachh 9.93 8.91 0.84 4.40 5.59

Kathal 10.48 9.48 0.85 5.14 6.08

Baroti 11.22 10.4 0.98 5.31 5.36

Mandi Jarol 10.58 9.56 0.86 5.18 6.08

Slapper 11.25 10.12 0.9 5.74 6.32

CDo .05 0.22 0.24 0.02 0.15 0.1
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a) Weighing of stone b) Measurement of stone
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c) Weighing of fruit d) Measurement of fruit

Plate 2: Measurement of stone and fruit of Phyllanthus emblica



4.2.5 Variance component, repeatability, geneticdwance and genetic gain for fruit,

stone and pulp characteristics

Table 9 revealed that variation due to region ¥asmd maximum in fruit length
(0.2681 mm) and minimum in fruit length/breadthad0.0003). Variation due to population
was found maximum in stone breadth (0.8905 mm) mmdmum for fruit length/breadth
ratio (0.0009). Variation due to mother tree wasnfd maximum in fruit breadth (1.7384
mm) and minimum in fruit length/breadth ratio (016). Variation due to environment
factors was found maximum in fruit breadth (1.938#m) and minimum in fruit
length/breadth ratio (0.0022). Total variation wasnd maximum in fruit breadth (4.5171
mm) and minimum in fruit length/breadth ratio (06QQ. The repeatability due to region was
found maximum for fruit length/breadth ratio (0.@p5and minimum for pulp weight
(0.03819). The population repeatability coefficievas found maximum for pulp thickness
(0.3055 mm) and minimum for stone length (0.0879)mithe mother tree repeatability
coefficient was found maximum for fruit breadth 4034 mm) and minimum for stone
weight (0.3589 g). Genetic advance due to regiaa fsund maximum for fruit length (0.36
mm) and minimum for seed weight (0.01 g). Geneticaamce due to population was found
maximum for fruit breadth (0.3802 mm) and minimuon firuit length/breadth ratio (0.0126).
Genetic advance due to mother tree was found mamifou fruit breadth (1.2859 mm) and
minimum for fruit length/breadth ratio (0.035 g)e&etic gain due to region was found
maximum for pulp thickness (0.5396 mm) and minimfemfruit weight (0.1582 g). Genetic
gain due to population was found maximum for piligkness (4.3604 mm) and minimum
for stone length (0.7051 mm). Genetic gain due toher tree was found maximum for pulp
weight (11.5594 g) and minimum for fruit length/ad¢h ratio (3.892). This variation was
supported by Sofi and Singh (2012)Dalbergia sissocand Tchokponhouét al (2020) in
Synsepalum dulcificumwhere heritability by using repeatability coeféoi for fruit
parameters was found 0.66 for fruit breadth and! @or fruit length. Singhet al (2012)
observed that fruit weight exhibits high genotypariation, higher heritability and higher

potential for genetic gain iR. emblica
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Table 9. Variance components, heritability, geneti@advance and genetic gain for fruit, stone and pulgharacteristics

Random Fruit length Fruit breadth Fruit Stone Stone Stqne IengtE;ltj)lrteadth Pglp .Pulp
effect (mm) (mm) weight (g) | length breadth weight ratio weight | thickness
(mm) (mm) (9) (9) (mm)
Vr 0.2681 0.1784 0.0484 0.1088 0.1825 0.0009 0.0003  0408. 0.0422
Vp 0.8226 0.6669 0.172 0.178y 0.8905 0.0034 0.0009 366.1| 0.1615
Vi(p) 1.4761 1.7384 0.449 0.7863 0.8352 0.0059 0.0016 05@.4| 0.1568
Ve 1.7434 1.9334 0.5693 1.0684 1.2621 0.0106 0.0022 4890. 0.2102
Vt 4.3102 45171 1.2387 2.142p 3.1703 0.0208 0.0051  0715. 0.5707
Rr 0.0622 0.0395 0.0391 0.0508 0.057¢6 0.041 0.0653 380.0 0.074
Rp 0.2035 0.1537 0.1445 0.0879 0.298 0.17Q7 0.1987 326.1| 0.3055
Rmt 0.4585 0.4734 0.4409 0.424 0.3982 0.3589 0.4238 530.4| 0.4273
GAr 0.0663 0.0343 0.0177 0.034bH 0.0507 0.0025 0.0024  0158. 0.0313
GAp 0.3802 0.2586 0.1234 0.076H 0.5793 0.0205 0.0126  1000. 0.2529
GAt 1.1475 1.2859 0.6086 0.7744 0.749¢ 0.057 0.035 42.59 0.3486
GGr 0.3398 0.1582 0.2928 0.3181 0.5015 0.2718 0.2722 3080. 0.5396
GGp 1.9478 1.1911 2.0404 0.7051L 5.736 2.2566 1.3955 631.9] 4.3604
GGmt 5.8786 5.923 10.0598 7.1376 7.4233 6.2662 3.8921  .5591 6.0103

Vr- variation due to region, Vp- variation due topulation, Vt(p)— variation due to tree (region gowpulation) , Ve— variation due to environment;~ Total Variance, Rr-
repeatability due to region, Rp- repeatability dagopulation, Rmt- repeatability due to motheefr&Ar- genetic advance due to region, GAp- geramticance due to
population, GAt- genetic advance due to tree regiuth population, GAt- genetic advance due to {B&t- genetic gain due to region, GGp- genetic gaie to population,
GGmt- genetic gain due to mother tree.
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4.3 Nursery performance of open pollinated familis

4.3.1 \Variation among populations for germinationpercent and hundred seed weight

in Phyllanthus emblica

Seed germinatione. emergence of radicle through seed coat is anmtapiofactor in
the distribution as well as survival of speciesbl@alO revealed that Rangas population in
Hamirpur region recorded highest seed germinatencgmtage (56%) followed by Khaggal
population (50.67%) in Hamirpur region. Howeverg tlowest germination percentage
(36.66%) was noted in Jachh population in Kangggore Lalithaet al (2020) also observed
maximum germination percentage (53.97 %) in contalditions and Babyt al (2022)
noted maximum (53.42 %) germination percentageaily pouse condition ifP. emblica
Dhankhar and Singh (1996) reported germinationgeege of 50.76 -75.98 % after 35 days
of sowing in P. emblica Kumari (2004) also supported present evidencesreviseed
germination was reported (39.55-42.65%Piremblica These results are also supported by
Waiboonyaet al. (2019), Rajamanickam and Balakrishnan (2004) Magdvalagederat al.
(2014) inP. emblica Hundred seed weight was found maximum in Rangasigation (3.678
g) while minimum in Jachh population (1.858 g). Balret al (2021) also found seed weight
ranged from 1.4 g to 2.2 g memblica.

Table 10. Variation among populations for germinaibn percentage and hundred seed
weight in Phyllanthus emblica

_ Germination 100 seed
Regions Populations percentage (%) weight (g)
Beri 45.67 2.908
Kasol 46.67 3.058
Bilaspur Panjgain 41.33 3.07
Khaggal 50.67 3.182
Pahlu 41.33 2.18
Hamirpur Rangas 56.00 3.678
Ganoh 44.67 3.156
Jachh 36.66 1.858
Kangra Kathal 40.67 2.632
Barot 40.33 2.968
Jarol 41.67 3.02
Mandi Slapper 38.67 2.862
C.Do 05 4.96 0.481
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4.3.2 Variation among regions for seedling heightshoot length, collar diameter,

number of leaves, leaf area and internodal lengtm Phyllanthus emblica

Table 11 revealed that Hamirpur region showed mari seedling height (14.39
cm), shoot length (11.95 cm), collar diameter (2r2&), leaf number (10.28), leaf area
(20.62 cm) and internodal length (1.76 cm). Kangra regiohileit minimum seedling height
(10.96 cm), leaf area (14.42 ®mand internodal length (1.23 cm). While Mandi ey
exhibited minimum shoot length (8.75 cm), collaardeter (1.68 mm) and leaf number
(8.12).

Table 11. Variation among regions for seedling held, shoot length, collar diameter,
number of leaves, leaf area and internodal lengtm Phyllanthus emblica

Seedling Shoot Collar Leaf area | INnternodal
Regions height length diameter Leaf (cmd) length
(cm) (cm) (mm) | humber (cm)
Bilaspur 11.37 9.13 1.77 8.77 15.95 1.24
Hamirpur 14.39 11.95 2.22 10.28 20.62 1.76
Kangra 10.96 8.91 1.92 8.77 14.42 1.23
Mandi 10.97 8.75 1.68 8.12 14.50 1.35
C Do,05 0.34 0.32 0.06 0.22 0.52 0.05

4.3.3 Variation among populations for seedling hght, shoot length, collar diameter,
number of leaves, leaf area and internodal lengtm Phyllanthus emblica

Table 12 concluded that seedling height (15.48 wag found maximum for Rangas
and minimum for Jachh and Jarol populati@n 10.69 cm. Maximum shoot height (12.78
cm) was found in Rangas and minimum was found &oolJ8.51 cm). Collar diameter (2.37
mm) and leaf number (10.41) was found maximum iad¢dal population & minimum collar
diameter (1.63 mm) and leaf number (7.92) for Bapafpulation. Leaf area was found
maximum in Rangas (22.84 &rand minimum in Jachh population (13.76%ninternodal
length was found maximum in Khaggal population @1@&n) and minimum for Jachh
(1.16 cm). Babyet al (2022) reported the seedling height (35.20 cmp.iemblica The
investigation was also supported by Lilabati andd®a(2016) where germination percentage
(32.86% - 84%), shoot length (8.50-19.22 cm), nunddeeaves (10.00-16.33) and collar
diameter varied considerably & officinalis Vermaet al (2019) reported seedling height
(13.19-33.43 cm) and collar diameter (1.63-1.73 nmi) emblica
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Plate 4 : Germination stages of Phyllanthus emblica



Table 12. Variation among populations for seedlindgneight, shoot length, collar diameter,
number of leaves, leaf area and internodal lengtm Phyllanthus emblica

Regions |Population| Seedling Shoot Collar Leaf | Leaf |Internodal
height length diameter |[number| area length

(cm) (cm) (mm) (cm?) (cm)

Bilaspur Beri 11.44 9.22 1.83 8.71 | 16.74 1.29
Kasol 11.36 9.02 1.81 8.91 | 16.02 1.22

Panjgain 11.32 9.14 1.67 8.70 | 15.07 1.20
Hamirpur| Khaggal 14.52 12.17 2.37 10.41| 21.96 1.90
Pahlu 13.18 10.91 2.04 10.07 | 17.06 1.52

Rangas 15.48 12.78 2.26 10.35| 22.84 1.87

Kangra | Ganoh 10.92 8.77 1.95 8.75 | 14.81 1.22
Jachh 10.69 8.88 1.90 8.72 | 13.76 1.16

Kathal 11.26 9.09 1.90 8.84 | 14.69 1.29

Mandi Baroti 10.76 8.63 1.63 7.92 | 14.03 1.28
Jarol 10.69 8.51 1.68 8.01 | 14.13 1.29

Slapper 11.47 9.12 1.72 8.43 | 15.34 1.47

CDo.05 0.59 0.55 0.10 0.39 | 0.90 0.08

4.3.4 Variance component, heritability, genetic achnce and genetic gain for seedling
characteristics

Variation due to region was found maximum in leafa (4.091 cf) and minimum in
collar diameter (0.029 mm). Variation due to pogiola was found maximum in seedling
height (0.178 cm) and minimum in internodal len@@t009 cm). In leaf area variation due to
treei.e. regions and populations (1.992 Ymvariation due to environment (12.987%)rand
total variance (20.791 chwas found maximum. The heritability due to regisas found
maximum for internodal length (0.206 cm) and minmun leaf number (0.131). The
heritability due to population was found maximumiéaf area (0.103 cfhand minimum in
leaf number (0.010 mm). The heritability due teetmas found maximum in collar diameter
(0.118 mm) and minimum in shoot length (0.097 c@énetic advance due to region was
found maximum for leaf area (0.820 Ynand minimum for collar diameter (0.053 mm).
Total genetic advance was found maximum for le&af0.387 crf) and minimum for
internodal length (0.028 cm). Genetic gain dueegion was found maximum for internodal
length (5.437 cm) and minimum for leaf number (AP Genetic gain due to population
was found maximum for leaf area (1.700%c@nd minimum for leaf number (0.036). Genetic
gain due to mother tree was found maximum for leamber (2.906) and minimum for

seedling height (1.373 cm). These studies are ifocmation with the findings of Cornelius
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(1994) who concluded that in forest tree specs,tb moderate heritability are largely due
to environment, epistatic and dominant non-addigeees.

Table 13. Variance component, heritability, geneticadvance and genetic gain for
seedling characteristics

Random Seedling Shoot di(;(r)rilgtrer Leaf Leaf Internodal

Effect height (cm) (length (cm) (mm) number |Area (cn?)| length (cm)
Vr 1.453 1.242 0.029 0.440 4.091 0.032
Vp 0.178 0.102 0.004 0.028 1.720 0.009
Vi(p) 0.622 0.513 0.020 0.512 1.992 0.013
Ve 5.558 4.782 0.146 2.380 12.98Y 0.100
VT 7.811 6.639 0.199 3.359 20.791 0.155
hr 0.186 0.187 0.149 0.131 0.197 0.206
hp 0.028 0.019 0.022 0.010 0.103 0.075
hmt 0.101 0.097 0.118 0.177 0.133 0.117
GAr 0.462 0.430 0.053 0.179 0.820 0.076
GAp 0.024 0.012 0.003 0.003 0.278 0.015
GAt 0.164 0.143 0.034 0.261 0.387 0.028
GGr 3.876 4.433 2.764 1.990 5.009 5.437
GGp 0.205 0.128 0.146 0.036 1.700 1.074
GGmt 1.373 1.475 1.797 2.906 2.362 2.002

Vr- variation due to region, Vp- variation due topulation, Vt(p)— variation due to mother tree,Meriation
due to environment, ,\~ total Variance, hr- heritability due to regiom-Heritability due to population, hmt-
heritability due to mother tree, GAr- genetic accamlue to region, GAp- genetic advance due to pdipul,
GAt- genetic advance due to tree region and populaGAt- genetic advance due to tree, GGr- gergdio
due to region, GGp- genetic gain due to popula@®®@mt- genetic gain due to mother tree

4.4 Multivariate Analysis
4.4.1 Correlation

For studying the inter-dependence between twdsiraorrelation is an important
statistical tool. It provides a proportional retetship between traits that form a basis for
selection. In tree improvement and breeding progmamcorrelated characters have major
significance as it provides opportunity to imprawere than one character simultaneously.

4.4.1.1 Correlation between fruit length, fruit breadth, fruit weight, stone weight,
fruit length/breadth ratio, pulp weight and pulp thickness.

Table 14 revealed that fruit length was highlyretated with fruit weight (0.81),
stone length (0.78), pulp weight (0.78), fruit li#a (0.72), stone breadth (0.62), stone
weight (0.62). Fruit breadth was significantly eéated with fruit weight (0.93), stone length
(0.92), pulp weight (0.78), stone breadth (0.68)ne weight (0.6), pulp thickness (0.26) and
negatively correlated with fruit length/breadthiogt0.24).

39



Table 14. Correlation between fruit, stone and pulgcharacteristics

: : Fruit Stone Stone Stone Fruit Pulp Pulp
Fruztn!(rer%gth Fru't(r?]rri?dth weight | length breadth | weight | length/breadth | weight| thickness
(@) (mm) (mm) (@) ratio (@) (mm)
Fruit length (mm) 1
Fruit breadth (mm) 0.72** 1
Fruit weight (g) 0.81** 0.93** 1
Stone length (mm) 0.78** 0.92** 0.9** 1
Stone breadth (mm) 0.62* 0.68* 0.69* 0.71** 1
Stone weight (g) 0.62* 0.6* 0.58* 0.68* 0.87** 1
Fruitlength/breadth 0.5+ 0.24 002| -0.04 0.02| 0.2 1
ratio
Pulp weight (g) 0.78** 0.92** 0.99** | 0.87** 0.62* 0.49 -0.04 1
Pulp thickness (mm) 0.26 0.56* 0.45 0.41 -0.23 -0.19 -0.34 0.5 1

(*)- Significant correlation at 0.05 level of sigificance
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Fruit weight was highly correlated with pulp weidlBt99), stone length (0.9), stone weight
(0.58), pulp thickness (0.45) and negatively catedd with fruit length/breadth ratio (-0.02).
Stone length correlation was found highly significavith pulp weight (0.87), stone breadth
(0.71), stone weight (0.68) and negatively correfatvith fruit length/breadth ratio (-0.02).
Pulp weight showed significant corelation with ptifyjckness (0.51). Stone breadth showed
significant correlation with stone weight (0.87)p weight (0.62), and negatively correlated
with pulp thickness (-0.23). Stone weight showeslifpge correlation with pulp weight (0.49)
and negatively correlated with pulp thickness @).Desirable trait.e. fruit length, breadth
and weight showed positive correlation with eacheotand with pulp weight and pulp
thickness. Jayakeerthi (2016) showed correlatiomrgrfruit and stone parameters af
emblica Similar results are obtained by Prabhuraj (2082Zpmun where fruit weight had
highly significant positive correlation with fruitaits, seed traits and quality parameters.
4.4.1.2 Correlation between seedling height, shodength, collar diameter, leaf

number leaf area and internodal length

Table 15 showed that seedling height was sigmiflgacorrelated with shoot length
(0.98), leaf area (0.92), internodal length (0.9)llar diameter (0.76) and leaf number
(0.75). While shoot length was found highly corteth with leaf area (0.91), internodal
length (0.88), collar diameter (0.76) and leaf nem{®.74). Leaf number showed positive
correlation with leaf area (0.66) and internodabli (0.61). Internodal length also displayed
highly significant relation with leaf area (0.8 8imilar findings were observed by Shweta
(2020) inB. vahlii where collar diameter was found correlated witbdéag height. Sukirti
(2022) also observed that collar diameter showephifstant positive correlation with
seedling height (0.83) and leaf area (0.82) whemamber of leaves showed positive

correlation with leaf areae. 0.50.

Table 15. Correlation between seedling characters

Seedling| Shoot| Collar Leaf Internodal
height |length | diameter| number Le(ifm%;ea length (cm)
(cm) | (cm) | (mm)

Seedling height(cm) 1.00

Shoot length (cm) 0.98** | 1.00

Collar diameter (mm) 0.76** |0.76**| 1.00

Leaf number 0.75* | 0.74**| 0.64** 1.00

Leaf area (cnf) 0.92** 10.91**| 0.76** | 0.66** 1.00

Internodal length(cm) 0.90** 10.88**| 0.70** | 0.61** | 0.87** 1.00

(*) - Significant correlation at 0.05 level of sigificance
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Figure 1: Graph showing correlation coefficient betveen seedling traits

4.4.2 Principal component Analysis

The principal component analysis is carried outettuce the larger set of variables
into a smaller set of variables that still explaihe maximum amount of information present
in original data setlt is a data reduction technique that is carrieltoueduce the larger set
of variables into a smaller set of variables. laigomplex interaction for studying all the
selected characters at the same time. It helpdeintification of data pattern by reducing the
dimensions of number as well as to classify thati@hship among the traits in complete
multi-trait system. It enables breeder to identifghest variable trait in genetic diversity. The
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key data is extracted from the table, represensed eollection of new orthogonal variables
known as principal components, and the similarégjwezen the observations and variables is
illustrated as points on a map. The importance @mdribution of each component to the
overall variance are determined by their eigen ealdence it is known as dimension
reduction technique. For plotting, regression, teisg and other purposes, principal

components can be used in place of original veembl

Table 16 concluded that the first component erpldi62.82 % of total variation. The
highest value (0.966) was exhibited by fruit weifpitowed by pulp weight (0.936), stone
length (0.933), fruit breadth (0.915), fruit lend®h899), stone breadth (0.751) and minimum
by fruit length/breadth ratio. The second comportksplayed 20.28% of variation where the
highest value was displayed by pulp thickness @).9%he principal component 3 showed
12.28% of variation and maximum contributing tnaiés fruit length/breadth ratio (0.779).
Similar findings were reported by Sukirti (2022) evl five principal component analysis
explained 91.53% of variation in traits T bellericaand Chauhan (2021) where eight fruit
and seed traits were characterized into 3 prin@paiponents on the basis of PCA and first
component explained 44.56% variation and secondpooent explained 33.06 % of total
variation inElaeagnus umbellatalewariet al. (2019) noted that the variation for first two
principal componentd.e. PC1 and PC2 were 52.40% and 25.20%, respectivety a
collectively they capture 77.60% of total varianoeP. emblica While the third principal
component (PC3) captured lesser variability (16.1@#owed by others PCs.

Table 16. Principal component analysis between frtjistone and pulp characterstics

Trait PC1 PC 2 PC 3

Fruit length (mm) 0.899 -0.138 0.407
Fruit breadth (mm) 0.915 0.347 -0.188
Fruit weight (g) 0.966 0.204 0.027
Stone length (mm) 0.933 0.081 0.009
Stone breadth (mm) 0.751 -0.496 -0.426
Stone weight(g) 0.835 -0.497 -0.191
Fruit length/breadth ratio 0.194 -0.596 0.779
Pulp weight (g) 0.936 0.296 0.058
Pulp thickness (mm) 0.169 0.944 0.271
Eigen value 5.65 1.83 1.11

Percent variance 62.82 20.28 12.28
Cumulative percent (%) 62.82 83.1 95.38
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Figure 2: Scatter plot diagram of PC1-PC2 of fruit, stone and pulp characteristics
showing distribution of populations

Appraisal of table 17 concluded that the first poment in seedling characteristics
explained 82.93 % of total variation. The higheatue was exhibited by seedling height
(0.98) followed by shoot length (0.97), leaf ar€a94), internodal length (0.91), collar
diameter (0.85) and leaf number (0.8). The secamdponent accounted for 7.44% of the
total variation and the highest value showed by teanber (0.57). The third component
explained 5.59% of total variation and the highedtie was shown by collar diameter (0.52).
The fourth component accounted for 2.19% of towliation and the highest value was
exhibited by internodal length (0.28). The sixtmmpamnent explained 0.29% of total variation
and the highest value was shown by shoot leng®8)Y0.The fifth component explained
1.56% of total variation and the highest value skdvby leaf area (0.21). The sixth
component displayed 0.29% of variation. The priatipomponent analysis is multi-variate
analysis, and number of traits for analysis in enéstudy were comparatively low. Therefore

only PC1 exhibited high variation percentage.

44



Table 17. Principal component analysis of nurseryt@racteristics

Trait PC1 PC 2 PC3 PC4 PC5 PC6
Seedling height (cm) 0.98 -0.06 -0.11 -0.07 -0.11 -0.1
Shoot length (cm) 0.97 -0.06 -0.1 -0.08 -0.18 0.08
Collar diameter (mm) 0.85 0.09 0.52 0.04 -0.02 0
Leaf number 0.8 0.57 -0.16 0.05 0.06 0.01
Leaf area 0.94 -0.17 -0.01 -0.2 0.21 0.01
Internodal length(cm) 0.91 -0.27 -0.11 0.28 0.06 0.01
Eigen value 4.98 0.45 0.34 0.13 0.09 0.02
Percent variance 82.93 7.44 5.59 2.19 1.56 0.29
Cumulative Percent 82.93 90.37 95.96 98.1 99.71 010
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Figure 3:  Scatter plot diagram of PC1-PC2 of nurse characteristics showing

distribution of population
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4.4.3 Cluster analysis

Seven clusters were identified by Ward's hieraahicluster analysis based on
Euclidean distance. The mother tree was mostly satgd by origin, similar like PCA
analysis. The hierarchical cluster analysis usedetoerate the clusters is supported by the
scatter plot of the two PCs. Some mother treesaddarm clusters indicating considerable
degree of diversity among populations. Hierarchichlster produces an output called

dendrogram which depicts genetic interaction irugsscluster.

It is revealed from table 18 that cluster fiftnt@ins maximum values for genotype
with desirable traits like fruit length (22.81 mnfjuit breadth (24.97 mm), fruit weight
(7.56 g), stone length (12.96 mm) and pulp wei¢t4 g). Sixth cluster reported maximum
value for stone breadth (14.96 mm), stone weigh33(lg) and seventh cluster reported
maximum value for fruit length/breadth ratio (1.08Yhile in seedling traits (Table 19)
cluster sixth and seventh showed maximum valuesséadling height (15.32 cm), shoot
length (12.83 cm), collar diameter (2.39 mm), leamber (11.16), leaf area (22.72%3mand
internodal length (1.92 cm).

Table 18. Mean values of fruit, stone and pulp chracters for the cluster separated by

cluster analysis

Cluster 1 2 3 4 5 6 7
Count 9 | 25 13 4 5 1 3
Fruit length (mm) 17.07| 1927 | 19.82 | 19.45 | 22.81 | 19.9 | 22.06
Fruit breadth (mm) 19.39| 21.31| 22.98 | 22.49 | 24.97 | 20.75 | 20.41
Fruit weight (g) 474 | 5.8 6.75 6.25 7.56 5.5 6.34
Stone length(mm) 9.32 | 10.46| 1161 | 11.61 | 12.96 | 10.16 | 11.12
Stone breadth(mm) 832| 949 | 10.66 | 12.48 | 11.93 | 14.96 | 10.24
Stone weight (q) 082| 086 | 092 | 1.03 | 112 | 1.33 | 0.94
rF;t‘f(')t length/breadth 088| 091 | 08 | 087 | 091 | 096 | 1.08
Pulp weight (g) 392 | 494 | 584 | 522 | 644 | 417 | 54
Pulp thickness (mm) 553 | 591 6.16 5 6.52 2.89 | 5.09

Table 19. Mean values of

seedling characters for ¢hcluster separated by cluster

analysis
Cluster 1 2 3 4 5 6 7
Count 17 6 8 6 15 6 2
Seedling height (cm) 12.1 | 13.47 | 9.81 | 11.09 | 10.76 | 15.32 | 15.28
Shoot length (cm) 9.77 11.3 | 7.86 | 8.74 | 8.68 | 12.69 | 12.83
Collar diameter (mm) 1.89 | 2.07 1.62 1.6 1.84 | 239 | 2.26
Leaf number 9.12 | 10.16| 7.46 | 837 | 8.68 | 11.16 | 8.08
Leaf area (cnf) 16.5 | 18.46 | 13.25| 14.65| 14.32 | 22.72 23
Internodal length (cm) 1.38 1.65 1.13 1.36 1.19 1.88 1.92
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The present investigation was successfully suppobly Sukirti (2022) where two
cluster contained most desirable traits; Chauh@21P where four clusters were made and
out of these cluster 3 and 4 genotypes comprisatksifable traits ifElaeagnus umbellata
Also, Rawale (2020) observed that, cluster Il anddntained desirable traits like seed width
and seed weight iMyrica esculentaGuptaet al (2020) observed eight cluster Atacia
nilotica CPTs while Singhdohat al (2017) observed 7 cluster in 60 trees where etukt
was the largest having 14 CPTsAinacia nilotica Mohapatraet al. (2001) inAcacia catechu
reported fifteen cluster.

C-K:_-l.

Figure 4: Dendrogram showing clusters in fruit, stme and pulp character
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Figure 5: Dendrogram showing clusters in nursery chracter
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Figure 6: Dendrogram showing clusters among popul&ins
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Chapter-5

SUMMARY AND CONCLUSION

The present investigation entitlé8eed source variation inPhyllanthus emblica
Linn. of Himachal Pradesh” was carried out in the Department of Tree Improsetrand
Genetic Resources, College of Forestry, Dr. Y.9mRa University of Horticulture and
Forestry, Nauni Solan, Himachal Pradesh by selgditrelve populations of 4 regions viz.,
Hamirpur, Kangra, Bilaspur and Mandi during 2022-20The key feature of this study
included the important aspects of variation covgnmrphometric and fruit characters, stone

traits and nursery stage growth performance.

The phenotypic parameters studied showed significariation within seed sources.
Among regions maximum average tree height (10.7rangra region and the maximum
tree girth (0.66 m) was recorded in Hamirpur regidmong the populations Kathal
population in Kangra region recorded maximum treigiht (11.28 m) whereas the maximum

tree girth (0.83 m) was recorded in Rangas, Hamirggion.

Significant variation was found in the fruit, seoand pulp traits among all the twelve
natural populations. Among regions maximum fruimgdh (20.14 mm) was recorded in
Mandi region, maximum fruit breadth (22.28 mm) waand in Hamirpur region and the
maximum fruit weight was recorded in (6.33 g) inngea. The maximum stone length (11.50
mm), stone breadth (10.49 mm) and stone weighb(@)9vas recorded in Hamirpur region.
The maximum pulp thickness (6.01mm) was recorddglilaspur region and maximum pulp
weight (5.41 g), fruit length/breadth ratio (0.92)nnwas found in Mandi region.

Among populations in Rangas population traits likét length (22.39 mm), fruit
breadth (24.63mm), fruit weight (7.43 g), stonegkhn(12.66 mm), stone weight (1.06 mm),
pulp weight (6.37 g) and pulp thickness (6.39 mnerevfound maximum. Stone breadth

(12.89 mm) was recorded maximum in Ganoh population

Variation due to region was found maximum in frléhgth (0.2681 mm) due to
population it was found maximum in stone breadt®405 mm), due to mother tree it was
found maximum in fruit breadth (1.7384 mm) and doieenvironment factors it was found
maximum in fruit breadth (1.9334 mm) and total &adn was found maximum in fruit

breadth (4.5171 mm). The repeatability due to megwas found maximum for fruit



length/breadth ratio (0.0653), population repeétgbcoefficient was found maximum for

pulp thickness (0.3055 mm) and mother tree repéyaboefficient was found maximum

for fruit breadth (0.4734 mm). Genetic advance ttueegion was found maximum for fruit
length (0.36 mm), due to population it was foundximaum for fruit breadth (0.3802 mm)

and due to mother tree, it was found maximum fait foreadth (1.2859 mm). Genetic gain
due to region was found maximum for pulp thickn@5396 mm), due to population it was
found maximum for pulp thickness (4.3604 mm) ane da mother tree, it was found
maximum for pulp weight (11.5594 g).

In Rangas population of Hamirpur region the highssed germination percentage
(56%) and hundred seed weight (3.678 g) was redorde

Among regions Hamirpur region showed maximum segdieight (14.39 cm), shoot
length (11.95 cm), collar diameter (2.22 mm), leafmber (10.28), leaf area (20.623rand
internodal length (1.76 cm). Among populations $iegdheight (15.48 cm), shoot height
(12.78 cm) and leaf area (22.84 ¥rmwas found maximum for Rangas population. Collar
diameter (2.37 mm), leaf number (10.41) and intdahdength (1.90 cm) was found
maximum in Khaggal population.

Variation due to region was found maximum in leaBa (4.091 cf), due to
population it was found maximum in seedling hei¢htl78 cm). Leaf area contributed to
maximum variation in mother tree (1.992 Jmin environment (12.987 chand in total
variance (20.791 cfhamong other traits. The heritability due to regigas found maximum
for internodal length (0.206 cm), due to populatibrwas found maximum for leaf area
(0.103 cnm) and due to tree it was found maximum for coll@mueter (0.118 mm). Genetic
advance due to region and total genetic advancemaasnum for leaf arege. 0.820 criand
0.387 cri respectively. Genetic gain due to region was fomastimum for internodal length
(5.437 cm), due to population it was found maximiomleaf area (1.700 cthand due to

mother tree it was found maximum for leaf numbe®@B).

Desirable traits.e. fruit length, breadth and weight showed positeerelation with
each other and with pulp weight and pulp thicknégaong seedling characters, seedling
height was found highly correlated with shoot 1éng0.98), leaf area (0.92), internodal
length (0.90), collar diameter (0.76) and leaf nem{®.75). While shoot length was found
highly correlated with leaf area (0.91), internotiigth (0.88), collar diameter (0.76) and
leaf number (0.74). Leaf number showed positiveatation coefficient with leaf area (0.66)
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and internodal length (0.61). Internodal lengtloalssplayed highly significant relation with
leaf area (0.87).

In fruit, stone and pulp traits, 95.38 % of vaoatwas explained by three principal
components. The first component explained 62.8% %tal variation. While the second and
third component explained 20.28 % and 12.28 % @ teariation, respectively. In seedling
traits, first component explained 82.93 % of tet@liation. The second component accounted
for 7.44% of the total variation, the third componhexplained 5.59 % of total variation, the
fourth component accounted for 2.19 % of total atzoh, fifth component accounted for

1.29% and the sixth component explained 0.29 %taf t/ariation.

In cluster analysis seven cluster were formed ffoit, stone, pulp and seedling
characteristics. Cluster fifth contained maximurtuea for genotype with desirable traits like
fruit length (22.81 mm), fruit breadth (24.97 mrfryit weight (7.56 g), stone length (12.96
mm) and pulp weight (6.44 g). Sixth cluster repgdrteaximum value for stone breadth
(14.96 mm), stone weight (1.33 g) and seventh efustported maximum value for fruit
length/breadth ratio (1.08). While in seedling tgacluster sixth and seventh showed

maximum values.
CONCLUSIONS

» Kathal population recorded maximum tree height d@angas population had

maximum tree girth.

* The maximum fruit length, fruit breadth, fruit weig stone length, stone breadth,
pulp weight, pulp thickness, seedling height, sleogth, and leaf area was recorded
in Rangas population. While collar diameter andf leamber were recorded

maximum in Khaggal population.

* Germination percent, a desirable trait in tree threg was recorded maximum for

Rangas population in Hamirpur region.

* Principal component 1 showed highest fruit, stame gulp characteristics accounting
for 62.82 % of variation followed by PC2 and PC 3.

* 100 % of total variation was explained by six piyat components for seedling
characters while principal component 1 showed Hgkeedling trait accounting for
82.93% variation.
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In cluster analysis cluster V, VI and VII contain@@ximum value for genotypes with
the desirable characters. The principal componeraysis and cluster analysis
suggested a population-based tendency of groupiggmotype for scientific study of
germplasm.

Overall Hamirpur and Kangra regions were found lsegiable as seed sourcesRof
emblica. The mother trees from populations of Rangas (HamjrpKhaggal
(Hamirpur) and Kathal (Kangra) are suggested fah&r extensive studies in order to
explore more variability for extending the germpfasollection for further breeding

programmae.
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APPENDIX-|

MOTHER TREE WISE VALUES FOR TREE MORPHOMETRIC
CHARACTERSTICS WITHIN NATURAL POPULATIONS OF Phyllanthus emblica

Region . Mother Tree .Tree
Populations Trees height (m) girth (m)

Bilaspur Beri BB1T1 6.71 0.28

BB1T2 8.53 0.41

BB1T3 6.01 0.35

BB1T4 7.62 0.64

BB1T5 6.71 0.46

Kasol BB2T1 9.14 0.81

BB2T2 10.97 0.61

BB2T3 12.19 0.68

BB2T4 11.89 0.74

BB2T5 8.23 0.36

Panjgain PB3T1 4.57 0.24

PB3T2 7.32 0.25

PB3T3 6.4 0.2

PB3T4 5.49 0.48

PB3T5 5.49 0.51

Hamirpur Khaggal KH1T1 6.71 0.64

KH1T2 8.23 0.49

KH1T3 10.67 0.76

KH1T4 12.19 0.71

KH1T5 11.58 0.72

Pahlu PH3T1 11.58 0.69

PH3T2 7.62 0.35

PH3T3 6.01 0.26

PH3T4 6.71 0.2

PH3T5 7.01 0.23

Rangas RH1T1 7.32 0.38

RH1T2 4.57 0.46

RH1T3 8.23 0.58

RH1T4 9.14 0.46

RH1T5 10.67 0.81

Kangra Ganoh GK3T1 6.71 0.59

GK3T2 10.97 0.62




GK3T3 10.36 0.54
GK3T4 5.49 0.21
GK3T5 5.18 0.31
Jachh JK1T1 9.14 0.28
JK1T2 7.31 0.25
JK1T3 3.66 0.28
JK1T4 5.18 0.3
JK1T5 9.14 0.91
Kathal KK2T1 8.23 0.52
KK2T2 9.14 0.5
KK2T3 11.89 0.65
KK2T4 11.58 0.7
KK2T5 11.89 0.53
Mandi Baroti BM3T1 7.62 0.2
BM3T2 5.79 0.36
BM3T3 7.62 0.3
BM3T4 6.4 0.18
BM3T5 6.1 0.3
Jarol JM2T1 6.4 0.35
JM2T2 9.75 0.64
JM2T3 7.62 0.46
JM2T4 12.19 1.27
JM2T5 7.92 0.55
Slapper SM1T1 9.14 0.54
SM1T2 10.67 0.55
SM1T3 9.14 0.31
SM1T4 5.49 0.33
SM1T5 6.4 0.2




APPENDIX-II

MOTHER TREE WISE VALUES FOR FRUIT LENGTH, FRUIT BRE ADTH, FRUIT
WEIGHT AND FRUIT LENGTH/WEIGHT RATIO WITHIN NATURAL
POPULATIONS OF Phyllanthus emblica

Region Population Tree Fruit Fruit Fruit Fruit
length breadth(mm) | weight |length/weight
(mm) (9) ratio
Bilaspur Beri BB1T1| 16.68 19.43 4.70 0.86
BB1T2 | 16.92 19.74 4.83 0.86
BB1T3| 16.83 19.55 4.74 0.86
BB1T4 | 19.85 24.61 7.58 0.81
BB1T5| 18.39 21.83 6.03 0.84
Kasol BB2T1 | 16.78 19.34 4.58 0.87
BB2T2 | 18.22 22.88 6.59 0.80
BB2T3 | 18.92 20.94 5.55 0.90
BB2T4 | 18.61 21.14 5.60 0.88
BB2T5| 19.70 21.92 6.20 0.90
Panjgain PB3T1| 20.52 23.08 6.83 0.89
PB3T2| 19.02 23.22 6.87 0.82
PB3T3| 18.07 20.24 5.11 0.89
PB3T4| 19.81 22.44 6.52 0.89
PB3T5| 19.51 22.05 6.23 0.89
Hamirpur Khaggal KH1T1| 19.42 20.76 5.59 0.94
KH1T2 | 18.68 22.36 5.41 0.84
KH1T3 | 17.16 19.44 4.50 0.88
KH1T4 | 20.80 23.42 7.03 0.89
KH1T5 | 18.55 21.62 6.00 0.87
Pahlu PH3T1| 15.46 17.29 4.69 0.89
PH3T2| 20.13 21.75 5.45 0.93
PH3T3| 17.87 20.35 4.83 0.88
PH3T4| 20.97 21.84 6.06 0.96
PH3T5| 19.23 22.31 6.43 0.86
Rangas RH1T1| 19.47 22.27 6.48 0.87
RH1T2| 23.06 25.29 7.75 0.91
RH1T3| 22.45 24.64 7.35 0.91
RH1T4| 24.32 26.05 7.96 0.94
RH1TS5| 22.68 24.87 7.60 0.91
Kangra Ganoh GK3T1| 18.96 21.10 5.60 0.90




Region Population Tree Fruit Fruit Fruit Fruit
length breadth(mm) | weight |length/weight
(mm) (9) ratio

GK3T2| 19.80 23.14 6.85 0.86

GK3T3| 20.78 22.28 6.44 0.93

GK3T4| 19.90 20.75 5.50 0.96

GK3T5| 18.56 22.17 6.30 0.84

Jachh JK1T1 | 20.32 21.33 5.95 0.95
JK1T2 | 19.22 20.01 5.11 0.96

JK1T3 | 19.39 19.99 5.19 0.97

JK1T4 | 19.20 20.01 5.24 0.96

JK1T5 | 17.83 19.10 4.70 0.93

Kathal KK2T1 | 19.59 22.32 6.30 0.88
KK2T2 | 19.80 21.93 6.18 0.90

KK2T3 | 18.89 20.94 5.60 0.90

KK2T4 | 19.07 21.14 5.73 0.90

KK2T5 | 19.49 21.83 6.19 0.89

Mandi Baroti BM3T1| 21.56 23.98 7.11 0.90
BM3T2| 18.34 20.36 5.36 0.90

BM3T3| 21.43 20.62 6.14 1.04

BM3T4 | 22.26 20.08 6.39 1.11

BM3T5| 22.49 20.53 6.49 1.10

Jarol JM2T1| 17.91 21.48 5.90 0.83
JM2T2| 18.28 21.13 5.68 0.87

JM2T3| 19.83 22.80 6.67 0.87

JM2T4 | 19.09 21.33 5.80 0.90

JM2T5| 19.08 21.83 6.16 0.87

Slapper | SM1T1| 19.56 21.83 6.17 0.90
SM1T2| 20.00 21.94 6.25 0.91

SM1T3| 21.01 23.61 7.13 0.89

SM1T4| 21.12 23.69 7.04 0.89

SM1T5| 20.18 22.76 6.63 0.89

CDoos| 0.63 0.67 0.36 0.02




APPENDIX-II

MOTHER TREE WISE VALUES FOR STONE LENGTH, STONE BRETH, STONE
WEIGHT, PULP WEIGHT AND PULP THICKNESS WITHIN NATURL POPULATIONS
OF Phyllanthus emblica

Region | Population | Tree Stone Stone Stone | Pulp Pulp
length(mm) | breadth(mm) | weight | weight |thickness

(9) (@ | (mm)

Bilaspur Beri BB1T1 9.20 8.20 0.81 | 3.89 5.62
BB1T2 9.31 8.40 0.82 | 4.01 5.67

BB1T3 9.31 8.36 0.81 | 3.93 5.59

BB1T4 12.76 11.92 0.99 | 6.59 6.34

BB1T5 10.68 9.69 0.88 | 5.14 6.07

Kasol BB2T1 9.23 8.09 0.81 | 3.76 5.62

BB2T2 11.43 10.35 0.90 | 5.69 6.27

BB2T3 10.03 9.06 084 | 4.71 5.94

BB2T4 10.18 9.16 0.85 | 4.75 5.99

BB2T5 10.70 9.64 0.88 | 5.32 6.14

Panjgain |PB3T1 11.47 10.29 0.88 | 5.94 6.39

PB3T2 11.52 10.39 0.90 | 5.97 6.41

PB3T3 9.67 8.59 0.83 | 4.28 5.82

PB3T4 11.14 10.08 0.89 | 5.63 6.18

PB3T5 10.80 9.77 0.89 | 5.34 6.14

Hamirpur | Khaggal [KH1T1 11.23 10.16 0.86 | 4.72 5.30
KH1T2 12.82 11.23 1.04 | 4.37 5.56

KH1T3 9.35 8.50 0.81 | 3.69 5.47

KH1T4 12.59 11.37 0.97 | 6.05 6.02

KH1T5 11.21 10.25 0.91 | 5.09 5.68

Pahlu PH3T1 8.62 7.64 0.79 | 3.89 4.83

PH3T2 10.56 9.41 0.86 | 4.59 6.17

PH3T3 9.81 8.72 0.84 | 3.98 5.82

PH3T4 11.28 10.20 092 | 5.14 5.82

PH3T5 11.73 10.67 0.92 | 5.50 5.82

Rangas |RH1T1 10.77 11.38 0.87 | 5.60 5.45

RH1T2 13.18 12.04 1.08 | 6.67 6.63

RH1T3 12.69 11.49 1.07 | 6.28 6.57

RH1T4 13.83 12.55 1.21 | 6.76 6.75

RH1T5 12.84 11.73 1.08 | 6.52 6.57

Kangra Ganoh |GK3T1 10.18 10.81 0.85 | 4.75 5.14




Region | Population | Tree Stone Stone Stone | Pulp Pulp
length(mm) | breadth(mm) | weight | weight |thickness

(9) (@ | (mm)

GK3T2 11.75 13.33 0.95 | 5.90 4.90

GK3T3 11.00 13.04 1.03 | 541 4.62

GK3T4 10.16 14.96 1.33 | 4.17 2.89

GK3T5 10.87 12.32 1.10 | 5.20 4.93

Jachh |JK1T1 10.82 9.70 0.86 | 5.09 5.82
JK1T2 9.69 8.60 0.84 | 4.28 5.70

JK1T3 9.84 8.92 0.83 | 4.35 5.53

JK1T4 9.87 8.95 0.83 | 4.40 5.53

JK1T5 9.41 8.40 0.82 | 3.88 5.35

Kathal |KK2T1 10.88 9.75 0.86 | 5.44 6.29
KK2T2 10.57 9.58 0.86 | 5.32 6.18

KK2T3 9.99 9.09 0.84 | 4.76 5.93

KK2T4 10.32 9.28 0.85 | 4.87 5.93

KK2T5 10.64 9.69 0.86 | 5.33 6.07

Mandi Baroti |BM3T1 12.27 11.83 1.14 | 5.97 6.07
BM3T2 10.47 9.43 096 | 4.41 5.47

BM3T3 11.34 10.08 0.96 | 5.17 5.27

BM3T4 11.01 10.78 0.94 | 5.45 4.65

BM3T5 11.00 9.86 0.92 | 5.57 5.33

Jarol JM2T1 10.46 9.42 0.87 | 5.03 6.03
JM2T2 10.21 9.25 0.85 | 4.83 5.94

JM2T3 11.32 10.41 0.89 | 5.77 6.20

JM2T4 10.17 9.08 0.85 | 4.95 6.13

JM2T5 10.71 9.65 0.86 | 5.30 6.09
Slapper |SM1T1 10.59 9.53 0.86 | 5.32 6.15
SM1T2 10.68 9.55 0.86 | 5.39 6.20
SM1T3 11.95 10.81 0.96 | 6.17 6.40
SM1T4 11.84 10.73 094 | 6.10 6.48
SM1T5 11.20 9.99 0.88 | 5.75 6.39

CDo.os 0.50 0.54 0.05 | 0.34 0.22
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APPENDIX-IV

MOTHER TREE WISE VALUES FOR SEEDLING CHARACTERSTICS WITHIN
NATURAL POPULATIONS OF Phyllanthus emblica

Region | Population| Tree | Seedling Shoot| Collar Leaf | Leaf | Internodal
height | length| diameter |number| area| length

(cm) | (cm) | (mm) (cmd)| (cm)

Bilaspur Beri BB1T1 12.28 | 10.17 1.96 9.10 | 19.26 1.39
BB1T2 11.48 | 9.18 2.11 8.67 | 17.48 1.41

BB1T3 9.80 7.67 1.81 7.40 | 14.74 1.06

BB1T4 11.13 | 8.93 1.49 8.67 | 14.25 1.24

BB1TS5 12.52 | 10.16 1.77 9.70 | 17.98 1.36

Kasol |BB2T1 11.22 | 8.75 1.89 9.00 | 15.19 1.27

BB2T2 11.50 | 9.18 1.83 8.60 | 18.92 1.27

BB2T3 11.27 | 8.85 1.77 8.90 | 16.77 1.21

BB2T4 11.07 | 8.68 1.64 8.83 | 13.99 1.12

BB2TS5 11.75 | 9.62 1.92 9.23 | 15.21 1.20

Panjgain | PB3T1] 10.93 | 9.00 1.69 9.30 | 13.92 1.12

PB3TZ2 11.40 | 9.18 1.61 8.20 | 15.28 1.41

PB3T3 13.35 | 10.95 1.69 9.97 | 16.35 1.41

PB3T4 11.08 | 8.70 1.72 8.17 | 13.59 1.19

PB3T5 9.82 7.88 1.65 7.87 | 16.23 0.90

Hamirpur| Khaggal |KH1T1 15.27 | 12.62 241 10.63 | 23.16 2.06
KH1T2| 12.68 | 10.82 1.97 10.43 | 19.71 1.94

KH1T3 14.87 | 12.18 2.46 11.37 | 22.56 1.73

KH1T4{ 14.78 | 12.80 2.55 11.73 | 21.01 1.95

KH1T5 15.00 | 12.43 2.44 7.87 | 23.35 1.85

Pahlu |PH3Tl 12.63 | 9.72 2.00 10.10| 16.18 1.38

PH3TZ 12.90 | 11.45 1.98 9.53 | 17.40 1.56

PH3T3 13.10 | 10.98 1.99 9.60 | 15.76 1.41

PH3T4 13.40 | 10.92 1.99 11.23| 17.09 1.56

PH3TH 13.88 | 11.50 2.22 9.90 | 18.86 1.66

Rangas |RH1T1 16.13 | 13.35 2.62 10.17 | 24.82 2.11

RH1TZ 14.83 | 12.12 2.27 10.23 | 21.94 1.77

RH1T3 16.05 | 13.37 2.05 11.37 | 23.91 1.82

RH1T4 15.57 | 13.22 2.08 8.30 | 22.65 2.00

RH1TY 14.80 | 11.83 2.28 11.67 | 20.88 1.64

Kangra Ganoh |GK3T1 10.88 | 8.80 1.84 8.60 | 15.55 1.26
GK3T2 10.70 | 8.48 1.89 8.60 | 13.80 1.28
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Region | Population| Tree | Seedling Shoot| Collar Leaf | Leaf | Internodal
height | length| diameter |number| area| length

(cm) | (€m) | (mm) (cm?)| (cm)

GK3T3 10.78 | 8.65 1.81 8.83 | 15.42 1.19

GK3T4 10.68 | 8.68 2.06 8.77 | 14.09 1.17

GK3TH§ 11.55 | 9.25 2.17 8.97 | 15.21 1.21

Jachh | JK1T1) 10.03 | 8.67 1.95 8.53 | 13.85 1.12
JK1T2| 11.25 | 9.78 1.89 8.57 | 13.87 1.14

JK1T3| 9.92 8.41 1.94 8.47 | 11.99 1.08

JK1T4| 10.45 | 7.77 2.00 8.47 | 13.41 1.19

JKI1TS| 11.82 | 9.77 1.71 9.57 | 15.70 1.30

Kathal |[KK2T1 11.93 | 9.24 1.99 9.40 | 15.01 1.38
KK2T2| 11.67 | 9.55 1.90 9.70 | 15.38 1.30

KK2T3| 12.12 | 9.82 2.11 8.43 | 15.49 1.43

KK2T4| 9.62 7.95 1.62 8.03 | 11.82 1.05

KK2T5[ 10.97 | 8.88 1.88 8.63 | 15.76 1.31

Mandi Baroti |BM3T1l 10.20 | 8.08 1.67 8.47 | 13.53 1.21
BM3T2 10.90 | 8.82 1.46 7.93 | 14.02 1.28

BM3T3 10.16 | 8.02 1.68 7.24 | 13.15 1.18

BM3T4 11.87 | 9.87 1.73 8.45 | 16.49 1.41

BM3T§ 10.63 | 8.32 1.59 7.47 | 12.85 1.29

Jarol JM2T1 9.63 7.65 1.62 7.17 | 12.45 1.22
JM2T2 10.80 | 8.20 1.59 8.13 | 14.29 1.38

JM2T3 12.30 | 10.32 1.89 8.53 | 15.72 1.34

JM2T4 10.87 | 8.22 1.70 8.50 | 14.83 1.40

JM2T5 9.83 8.15 1.59 7.73 | 13.36 1.12
Slapper |SM1T1 12.03 | 9.33 1.78 8.70 | 16.59 1.53
SM1TZ2 11.43 | 9.07 1.75 8.77 | 15.23 1.47

SM1T3 8.98 7.23 1.44 6.77 | 11.41 1.23

SM1T4 12.30 | 10.10 1.90 9.07 | 17.09 1.59

SM1T5 1258 | 9.87 1.74 8.83 | 16.38 1.54

CDoos| 1.32 1.23 0.21 0.87 | 2.02 0.18
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APPENDIX-IV

1. Analysis of variance for fruit length

Source DF Sum of Squares MSS F Ratiol Prob>F
Region 3 986.35 328.78 156.75 <.0001
Population 8 2575.64 321.96 153.49 <.0001
Mother Tree 48 3041.62 63.37 30.21 <.0001
Replication 3 3.21 1.07 0.51 0.6758
Error 2337 4901.96 2.10
2. Analysis of variance for fruit breadh
Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 394.35 131.45 56.85 <.0001
Population 8 2526.95 315.87 136.62 <.0001
Mother Tree 48 3576.69 74.51 32.23 <.0001
Replication 3 36.49 12.16 5.26 0.0013
Error 2337 5403.29 2.31
3. Analysis of variance for fruit weight
Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 122.31 40.77 59.87 <.0001
Population 8 643.59 80.45 118.14 <.0001
Mother Tree 48 927.62 19.33 28.38 <.0001
Replication 3 10.29 3.43 5.04 0.0018
Error 2337 1591.46 0.68
4. Analysis of variance for stone length
Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 467.94 155.98 121.84 <.0001
Population 8 701.73 87.72 68.52 <.0001
Mother Tree 48 1636.18 34.09 26.63 <.0001
Replication 3 14.09 4.70 3.67 0.0118
Error 2337 2991.83 1.28




5. Analysis of variance for stone breadth

Source DF Sum of Squares MSS F Ratio Prob > H
Region 3 401.00 133.67 88.39 <.0001
Population 8 2603.85 325.48 215.24 <.0001
Mother Tree 48 1734.38 36.13 23.89 <.0001
Replication 3 16.94 5.65 3.73 0.0108
Error 2337 3533.96 1.51
6. Analysis of variance for stone weight
Source DF Sum of Squares MSS F Ratio Prob > FH
Region 3 2.21 0.74 57.86 <.0001
Population 8 11.29 1.41 110.90 <.0001
Mother Tree 48 12.43 0.26 20.36 <.0001
Replication 3 0.18 0.06 4.66 0.003
Error 2337 29.73 0.01
7. Analysis of variance for fruit length/breadth ratio
Source DF Sum of Squares MSS F Ratio Prob > H
Region 3 1.30 0.43 165.48 <.0001
Population 8 2.87 0.36 137.27 <.0001
Mother Tree 48 3.33 0.07 26.53 <.0001
Replication 3 0.06 0.02 7.21 <.0001
Error 2337 6.10 0.00
8. Analysis of variance for pulp weight
Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 105.99 35.33 60.36 <.0001
Population 8 532.76 66.60 113.77 <.0001
Mother Tree 48 836.10 17.42 29.76 <.0001
Replication 3 7.79 2.60 4.44 0.0041
Error 2337 1367.98 0.59




9. Analysis of variance for pulp thickness

Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 143.85 47.95 190.57 <.0001
Population 8 447.63 55.95 222.38 <.0001
Mother Tree 48 324.19 6.75 26.84 <.0001
Replication 3 3.29 1.10 4.36 0.0046
Error 2337 588.03 0.25

10.  Analysis of variance for seedling height

Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 3712.74 1237.58 180.79 <.0001
Population 8 479.71 59.96 8.76 <.0001
Mother Tree 48 1219.89 25.41 3.71 <.0001
Replication 2 69.19 34.59 5.05 0.0065
Error 1738 11897.26 6.85

11. Analysis of variance for shoot length

Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 3117.70 1039.23 175.75 <.0001
Population 8 313.64 39.20 6.63 <.0001
Mother Tree 48 1022.53 21.30 3.60 <.0001
Replication 2 18.46 9.23 1.56 0.2102
Error 1738 10277.30 5.91

12. Analysis of variance for collar diameter

Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 76.58 25.53 141.73 <.0001
Population 8 11.45 1.43 7.95 <.0001
Mother Tree 48 37.16 0.77 4.30 <.0001
Replication 2 1.04 0.52 2.87 0.0568
Error 1738 313.03 0.18
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13. Analysis of variance for leaf number

Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 1129.39 376.46 128.75 <.0001
Population 8 37.18 4.65 1.59 0.1229
Mother Tree 48 999.73 20.83 7.12 <.0001
Replication 2 42.19 21.10 7.22 0.0008
Error 1738 5081.72 2.92

14. Analysis of variance for leaf area

Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 11497.89 3832.63 240.02 <.0001
Population 8 3377.91 422.24 26.44 <.0001
Mother Tree 48 3640.71 75.85 4.75 <.0001
Replication 2 214.46 107.23 6.72 0.0012
Error 1738 27752.36 15.97

15. Analysis of variance for internodal length

Source DF Sum of Squares MSS F Ratio Prob > F
Region 3 85.80 28.60 230.69 <.0001
Population 8 19.31 2.41 19.47 <.0001
Mother Tree 48 24.98 0.52 4.20 <.0001
Replication 2 0.53 0.26 2.14 0.1185
Error 1738 215.46 0.12
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