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ABSTRACT

The present study was conducted to study the effect of source variation on seedling growth and biomass
characteristics of Abies pindrow Royle and selection of the best mother tree for future afforestation programs
in Kashmir. Seeds were collected from eight mother trees each representing a source from three forest
divisions of Kashmir: Pir Panchal, Tangmarg and Sindh forest division. With respect to seedling growth
parameters and biomass characteristics significant variation was observed among all the sources (trees).
The average maximum values of shoot length (17.05 cm), collar diameter (2.41 mm), root length (16.54 cm),
number of roots per seedling (13.20), number of needles(20.03), seedling vigor index (1729.26), survival
percentage (71.27%), plant percent (68.31%), fresh shoot weight (2.38g), dry shoot weight (1.65 g), fresh
root weight (1.81g), dry root weight (1.23g) and root shoot ratio (1.83) were recorded in seedlings raised
from seeds collected from T3 of Pir Panchal division. Genetic analysis indicated that highest PCV and GCV
was recorded in dry shoot weight (55.54) and (47.18). Most of the seed and seedling growth traits have
strong heritability in the narrow sense. Heritability in narrow sense was highest for dry shoot weight
(81%). The minute difference in PCV, GCV and high heritability indicate that these traits are strongly
influenced by genetic control. These findings provide valuable insights into the selection of superior mother
tree for seed collection, paving the way for tree improvement programs, sustainable propagation, and
conservation efforts for this important tree species.
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Introduction ergy (Bhat et al., 1994). However, nomadic activities,

livestock grazing, legal and illegal loggings have led
Over the past few years, Himalayan forests have  to substantial forest degradation, increasing pres-
faced unprecedented land use changes due torapid ~ sure on conifer species, crucial timber resources. The
human population growth, and escalating agricul-  rising demand for fuel wood and timber has
tural and urban expansion (Bhat, 2017). Historically, =~ spurred unsustainable extraction practices, contrib-
Himalayan people heavily relied on forests for en-  uting to forest fragmentation (Ahmed et al., 2006).
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To tackle the increasing pressure and combat forest
degradation, urgent measures are required to im-
prove forest management practices and ensure their
long-term sustainability.

In the enchanting valleys of Kashmir, the Silver
Fir (Abies pindrow) colloquially known as the West-
ern Himalayan Fir, Silver Fir, Pindrow Fir, Pindrau
and Buddul in Kashmiri language a prominent
member of the conifer family, extends its reach from
Kashmir to Nepal, thriving at altitudes between
2550-3350m above sea level (Joshi and Samant,
2004). Occasionally, it graces ravines aslo was 2150
morsoarsto majestic heights of 3650 m above sea
level. While often found in pure clusters, it also
gracefully shares its habitat with species such as
Abies spectabilis, Pinus wallichiana, Picea smithiana, or
Cedrus deodara (Tiwari et al., 2020). Standing tall as
an evergreen giant, the Fir tree ascends to heights of
40 to 60 meters with a circumference of up to 7.5 m,
boasting a singular sturdy trunk and modest
branches. Its needle-like, lustrous dark green foliage
ranks among the lengthiest in the fir lineage. Nota-
bly, the species unique foliar disposition and the
presence of dual silver streaks beneath the leaves of
Abies pindrow Royle distinguish it (Kumar and
Kumar, 2017).

Abies pindrow Royle has got significance due to
their demand as timber for construction purpose,
raw material for joinery, paneling and furniture in-
dustries (Tiwari et al., 2020). Over time, local popu-
lations in the Himalayan area have been docu-
mented to employ Silver Fir extensively for medici-
nal, non-medicinal and structural uses as well. It is
considered highly durable and impervious to the
majority of microorganisms and insects (Khan et al.,
2010).

The rapeutically, the species has been reported to
possess a pivotal place in Ayurveda since ancient
times; it exhibits anti-inflammatory, antispasmodic,
anti-diabetic (Sinha, 2019) carminative, stomachic
and a stringent properties (Hasnain et al.,2013)and
isused intreating fever, bronchitis, hypoglycemia,
inflammation and hemoptysis.

Given its diverse uses and its current IUCN sta-
tus of “least concern,” Abies pindrow necessitates ro-
bust propagation, conservation, and management
strategies (Sharma et al., 2010). Understanding the
best seed sources for future plantations is crucial.
Variation within populations of tree species has
been exploited in the selection of superior seed
source/provenance for a given site and for evolving
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conservation strategies of genetic diversity within
populations of tree species (Rawat et al., 2006). The
choice of seed source is one of the main factors af-
fecting the establishment and productivity of plan-
tations of forest trees. Provenance studies in forest
trees are very important as it helps in identifying the
best and highly adaptable provenance. In fact forest
tree improvement programme starts with the scan-
ning of provenances/ seed source capable of pro-
viding best-adapted trees (Suri, 1984). Increase in
yield and resistance to disease can be achieved
through the selection and use of seed from good
provenance. Seed source studies are also desirable
to screen the naturally available genetic variation to
utilize the best material for maximum productivity
and for further breeding programme (Shiv Kumar
and Banerjee, 1986). Genetic variation within and
between populations is essential to exploit their im-
provement potential and is considered to be a sub-
stantial determinant of adaptive abilities of popula-
tions; also, it is best indicated for the knowledge of
extent of variation available within the species
(Subramanium et al., 1992).The significance of prov-
enances and seed source variation studies in tree
improvement is well recognized (Callaham, 1964;
Wright, 1976; Suri, 1984).

In Kashmir, Abies pindrow Royle has garnered in-
sufficient research attention, particularly concerning
tree improvement. Challenges such as high demand,
poor regeneration, low seed germinative capacity,
and infrequent years of good seed production neces-
sitate immediate efforts for plantation and conserva-
tion. Addressing the demand-supply gap requires
facilitating successful large-scale plantation of this
species by identifying optimal seed sources for fu-
ture plantations. The study aims to explore source
variation in Abies pindrow Royle across the Kashmir
Himalayas. Through an analysis of seedling growth,
biomass and genetic traits, this study seeks to pro-
vide a comprehensive understanding of the species
genetic potential and its adaptability to diverse eco-
logical conditions. The findings are expected to play
a pivotal role in identifying superior genotypes, fa-
cilitating mass propagation, and supporting the con-
servation of this important Himalayan tree species
(Zobel and Talbert, 1984; Bhat and Chauhan, 2003).

Materials and Methods

The study was conducted in 2024-2025 at Division of
Forest Biology and tree Improvement, Faculty of



MEHAK ET AL

Forestry, SKUAST-K, Benhama, Ganderbal, Kash-
mir. The study site is situated in the Kashmir Valley,
India, characterized by a temperate climate with
four distinct seasons: winter, spring, summer, and
fall. The experimental field, located at an altitude
0f5,850 feet above mean sea level (amsl), exhibits
undulating terrain with a southern aspect. The aver-
age annual precipitation is approximately 690mm,
primarily occurring as rain and snow from Decem-
ber to April. Meteorological data for the experimen-
tation period were obtained from the meteorological
observatory in Ganderbal. The average precipitation
during the experimentation period was 357.1 mm
(November-December) and 885.1 mm (January-
October) in 2024 and 2025, respectively. Tempera-
ture varied from -8°C to 20.05°C (minimum) and
1.5°C to 34.5°C (maximum), while relative humidity
ranged from 34% to 100% (maximum) and 21% to
100% (minimum) during the growing season.

An exhaustive survey was conducted across
three Divisions of Jammu and Kashmir Forest De-
partment, within the Srinagar Circle. These divisions
include the Pir Panchal Forest Division, Tangmarg
Forest Division and Sindh Forest Division. Through
purposive sampling, a total of eight sites were iden-
tified for assessment. At each site, which represents
distinct sources, a careful selection process that iden-
tified healthy, middle-aged, and phenotypically su-
perior Abies pindrow trees were selected for seed col-
lection. Seeds collected from various mother trees
were meticulously cleaned and sown in poly bags
(25cm by 7cm) containing uniform mixture of sand,
soil, and farmyard manure (FYM) in 1:2:1 ratio for
raising progenies. Sowing was done on 23 January
2024 with three replicates per mother tree. The ex-
perimental design followed a completely random-
ized design (CRD). Weeding and irrigation were
performed as necessary throughout the growing
season. Observations on growth and biomass pa-
rameters were recorded at the conclusion of both the
growing seasons i.e., September 2024 and 2025. Five
plants from each progeny were randomly selected in
each replication and average values for seedling
growth were recorded for each progeny. For record-
ing observations on biomass parameters five plants
that were selected for seedling growth parameters
were uprooted carefully and separated with the
help of scissors for weighing. Data obtained from
the observations were subjected to analysis of vari-
ance using R statistical software. Critical difference,
phenotypic coefficient of variation, genotypic coef-
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ficient of variation and heritability were determined
to assess the variability.

Results

The study investigated the impact of different
sources on various growth parameters and biomass
characteristics of seedlings across three forest divi-
sions of Srinagar Circle of the Kashmir Himalayas.
Notably, significant variations were observed in
growth and biomass traits among progenies, which
have crucial implications for the development of
tree improvement programs and the identification
of superior seed sources for both propagation and
conservation efforts in the region. Understanding
this variation provides insights into optimizing Abies
pindrow propagation strategies and enhancing its
genetic resource management indicating the pres-
ence of inherent variability among different sources.

Seedling growth characteristics

The analysis of seed source effects on various seed-
ling growth parameters revealed that seed source
had a significant impact on shoot length, collar di-
ameter, root length, number of roots per seedling,
number of needles, seedling vigor index, survival
percentage and plant percent. The average maxi-
mum values of shoot length (17.05cm), collar diam-
eter (2.41mm), root length (16.54cm), number of
roots per seedling (13.20), number of needles (20.03),
seedling vigor index (1729.26), survival percentage
(71.27%) and plant percent (68.31%) were recorded
in seedlings raised from seeds collected from T3 of
Pir Panchal division. Minimum values for shoot
length (15.56¢m), collar diameter (1.81mm), root
length (14.90cm), number of roots per seedling
(11.47), number of needles (16.44), seedling vigor
index (1553.93), survival percentage (62.69%) and
plant percent (58.15%) was recorded in seedlings
raised from seeds of T7 of Sindh division (Table 1).

Biomass characteristics

Significant variation was observed in terms of biom-
ass characteristics in all the selected sources such as
fresh shoot weight, dry shoot weight, fresh root
weight, dry root weight and root shoot ratio as
clearly visible in Table 2. Seedlings raised from
seeds collected from T3 of Pir Panchal division out-
performed all the other sources in terms of biomass
characteristics and maximum values were recorded
for the fresh shoot weight (2.38g), dry shoot weight
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Table 1. Average seedling growth parameters of Abies pindrow Royle (pooled over years 2024 and 2025)

Source Shoot Collar Root No of Noof  Seedling Survival  Plant

Forest Mother length  diameter length  roots per needles vigor percentage percent

Division Trees (cm) (mm) (cm) seedling index

Pir Panchal T1 15.87 2.00 15.61 11.75 17.60 1614.92 66.36 62.63
T2 16.53 2.30 16.22 12.70 19.38 1674.65 70.92 67.23
T3 17.05 2.41 16.54 13.20 20.03 1729.26 71.27 68.31

Tangmarg T4 16.39 2.05 16.14 12.04 18.78 1641.26 68.77 65.50
T5 16.48 2.15 16.20 12.46 19.07 1660.32 70.66 65.93
T6 16.05 2.03 15.66 12.01 18.45 1638.54 68.22 62.87

Sindh T7 15.56 1.81 14.90 11.47 16.44 1553.93 62.69 58.15
T8 15.59 1.95 15.33 11.68 17.37 1590.64 64.07 62.20

C.D(p<0.05) 3.98 0.83 4.49 4.53 8.85 503.72 8.07 7.71

(1.65g), fresh root weight (1.81g), dry root weight
(1.23g) and root shoot ratio (1.83) whereas T7 of
Sindh division was least performing and the mini-
mum values for fresh shoot weight (1.74g), dry
shoot weight (1.01g), fresh root weight (1.36g), dry
root weight (0.88g) and root shoot ratio (1.47) were
recorded for T7.

Genetic parameters

The analysis of phenotypic coefficient of variation
(PCV), genotypic coefficient of variation (GCV) and
heritability (h?) of seedling and biomass characteris-
tics depicted the genetic variability of seedling
growth and biomass traits. Highest PCV was re-
corded in dry shoot weight (55.54), followed by
fresh shoot weight (43.78). Lowest PCV 11.19 was
recorded for survival percentage. Highest GCV was
recorded for dry shoot weight (47.18), followed by
fresh shoot weight (38.75). Lowest GCV 9.25 was
recorded for survival percentage. The magnitude of
phenotypic coefficient of variation was greater than
the corresponding genotypic coefficient of variation
for all the traits which indicates that the traits were

highly influenced by environment than gene action.
Heritability in narrow sense was almost high for all
the characters. Heritability in narrow sense was
highest for dry shoot weight (0.81), followed by root
length (0.79). Lowest heritability was recorded in
germination value (0.63) (Table 3).

Discussion

Since seeds in our study were collected from eight
different mother trees representing various seed
sources and were all grown under identical environ-
mental conditions specifically, in the same experi-
mental field and during the same season, the ob-
served variation in growth traits can likely be attrib-
uted to genetic differences among the progenies.
These findings are consistent with previous research
conducted by Banyal et al. (2022) on Melia dubia,
Pradhan et al. (2020) on Acacia mangium, Uniyal et al.
(2016) on Abies pindrow, Ambalal (2016) on Bauhinia
variegata, and Singh et al. (2015) on Pinus kesiya. Simi-
lar patterns were also reported by Uma (2015) in
Buchanania lanzan Spreng, Shine (2012) in

Table 2. Average biomass characteristics of seedlings of Abies pindrow Royle (pooled over years 2024 and 2025)

Source Fresh shoot Dry Shoot Fresh root Dry root Root- Shoot

Forest Mother weight (g) weight (g) weight (g) weight (g) Ratio

Division Trees

Pir Panchal T1 1.88 1.08 1.50 1.01 1.63
T2 2.34 1.46 1.72 1.16 1.71
T3 2.38 1.65 1.81 1.23 1.83

Tangmarg T4 2.02 1.34 1.70 1.06 1.67
T5 2.14 1.43 1.71 1.13 1.70
T6 1.98 1.30 1.67 1.02 1.64

Sindh T7 1.74 1.01 1.36 0.88 1.47
T8 1.85 1.05 1.42 0.89 1.58

C.D(p<0.05) 1.23 0.86 0.79 0.85 0.38
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Strychnosnux-vomica L. (Kanjiram), and Rajesh and
Charan (2010) in their work on Toonaciliata. Addi-
tionally, Ravindra et al. (2018), in their study on
Azadirachta indica, found that traits such as shoot
length, collar diameter, root length, number of roots
per seedling, number of needles, seedling vigor in-
dex, survival rate, and plant percentage were all sig-
nificantly influenced by the seed source.The study in
respect to seed source effect on biomass characteris-
tics of seedlings carried out by Kiran et al. (2016) in
Ulmus villosa and Ali et al. (2016) in Cedrus deodara
confirms that biomass issignificantly varied
withseed sources. Similar findingshave also
beenreported in case of other tree species viz., Ulmus
villosa, Ulmus wallichiana and Picea smithiana by
Thakur et al. (2016), Nasir et al. (2014) and Ahmad et
al. (2014) respectively. Kumar et al. (2021) also con-
cluded during their investigation that revealed bio-
mass trends varied significantly among all seed
sources in Celtis australis.

Considerable variation was observed in both phe-
notypic and genotypic variance, along with their
respective coefficients of variation and narrow sense
heritability. A high heritability value suggests that
selection based on strong phenotypic traits can be
highly effective. Therefore, traits exhibiting greater
heritability hold significant potential for use in ad-
vanced breeding initiatives. These findings are con-
sistent with those of previous studies by Rawat and
Bakshi (2011) in Pinus wallichiana for PCV, GCV, and
heritability (h?), and by Selvan and Guleria (2012) in
Acacia catechu. Similar outcomes regarding PCV,
GCV, and heritability were also reported by Roy et
al. (2004) and Mukherjee (2005) in Pinus roxburghii,
Singh and Bhat (2006) in Pinus kesiya, Thakur et al.
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(2014) in Ulmus villosa, Gupta et al. (2012) in Acacia
catechu, Sharma (2014) in Cedrus deodara, Uniyal et al.
(2016) in Abies pindrow, and Rahman et al. (2017) in
Pinus wallichiana.

The presence of significant genetic variability in
tree species orgermplasm provides valuable oppor-
tunities for effective selection, as breeding success
largely depends on the existing variation within a
species (Sodhi et al., 2023).

Conclusion

The study explored the impact of seed source on
seedling growth and biomass characteristics in Abies
pindrow Royle revealing differences in all the seed-
ling growth and biomass characters. Among eight
different trees, tree T3 with geographic location
33°87°49"N 74°57’96"E located at Pir Panchal divi-
sion was found to be superior with respect to seed-
ling growth and biomass characteristics recorded.
The seedlings raised from T3 of Pir Panchal divi-
sion exhibited superior performance in several pa-
rameters, including shoot length, collar diameter,
number ofneedles, root length, number of roots per
seedling, seedling vigor index and survival percent-
age. Biomass analysis further confirmed the superi-
ority of T3 of Pir Panchal division in terms of fresh
shoot weight, dry shoot weight, fresh root weight,
dry root weight and root-shoot ratio. Phenotypic
and genotypic variances, along with heritability es-
timates, varied significantly among traits, with dry
shoot weight exhibiting the highest coefficient
ofvariation. Dryshoot weight, root lengthand fresh
shoot weight showed the highest heritability, indi-
cating substantial genetic control over these traits.

Table 3. PCV, GCV and heritability of various seedling growth and biomass parameters of Abies pindrow Royle

Seedling and biomass parameters PCV GCV Heritability (h?)
Shoot length (cm) 12.73 10.42 0.68
Collardia meter (mm) 25.95 22.83 0.75
Root length (cm) 25.53 20.22 0.79
No of roots per seedling 24.83 19.46 0.67
No of needles 12.43 10.87 0.75
Shoot weight (Fresh)(g) 43.78 38.75 0.78
Shoot weight (Dry)(g) 55.54 47.18 0.81
Root weight (Fresh)(g) 40.25 34.33 0.69
Root weight (Dry)(g) 4348 32.83 0.77
Root- Shoot ratio 14.96 12.13 0.74
Seedling vigor index 28.32 25.32 0.76
Survival percentage 11.19 9.25 0.71
Plant percent 12.28 11.14 0.66
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The present study thus, identifies best tree for collec-
tion of seed germplasm of Abies pindrow based on
seedling and biomass traits. Overall, the
findingssuggest considerable genetic control over
the examined traits in Abies pindrow Royle, offering
opportunities for targeted improvement strategies.
These results contribute to the understanding of
seedling variation and provide insights for future
breeding and conservation efforts of this species.
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