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Abstract

A study conducted at the Division of Forest Biology and Tree Improvement laboratory, SKUAST-K,
assessed cone and seed morphology variation, germination traits, and genetic variability in Abies pindrow
Royle across three forest divisions of the Kashmir. The analysis included eight phenotypically superior
trees from three forest divisions: Pir Panchal, Tangmarg and Sindh forest division, focusing on cone length,
diameter, weight, specific gravity, average number of seeds per cone, average number of filled seeds,
average number of empty seeds, seed length, seed diameter and 1000-seed weight and germination
characteristics. Significant variation was observed among seed sources in cone dimensions, seed and
germination traits. Ts of Pir Panchal division exhibited superior cone traits including highest cone length
(11.46 cm), cone diameter (5.39 cm), cone weight (68.22 g), cone specific gravity (1.33), number of seeds
per cone (378.77) and number of filled seeds per cone (299.83) and in terms of morphological traits of
seed, maximum seed weight (68.17 g), seed length (9.49 mm) and seed width (5.63 mm) was also recorded
in seeds collected from tree T3 of Pir Panchal division respectively as compared to other trees. Germination
parameters such as germination percentage, germination energy, germination value, peak value, mean daily
germination, root vigor index and shoot vigor index also varied significantly, with Ts of Pir Panchal
showing the best performance. The study found Ts of Pir Panchal division consistently demonstrate
superior cone and seed morphological traits and germination characteristics, indicating its potential for tree
improvement programs. Genetic analysis indicated highest PCV (24.63) and GCV (21.82) was recorded for
root vigor index. Highest heritability (h?) was observed in seed length (83%) and cone length (82%)
indicating strong genetic control over these traits. This research highlights the importance of understanding
cone and seed morphology as well as germination characteristics in relation to source variation, providing
insights for improving Abies pindrow Royle under diverse environmental conditions in the Kashmir Valley.
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Introduction

Firs (Abies) constitute a genus comprising 48-56 species of perennial conifers belonging to the
Pinaceae family. Abies pindrow Royle, although globally distributed, flourishes primarily in
North and Central America, Europe, Asia, and North Africa. This majestic tree adorns the
Western Himalayas of India, Afghanistan, Nepal, and Pakistan, flourishing at elevations ranging
from 2000 to 3600 meters above sea level (Kunwar et al., 2020) 2, 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) 5%,

In the enchanting valleys of Kashmir, Abies pindrow colloquially known as the Western
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 2550-3350 m above sea level (Joshi and Samant, 2004) 2%, Occasionally, it graces
ravines as low as 2150 m or soars to majestic heights of 3650 m above sea level. 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.

~502 ~


https://www.agronomyjournals.com/
https://www.doi.org/10.33545/2618060X.2026.v9.i3g.5305

International Journal of Research in Agronomy

Notably, 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) B9, Initially cloaked in
a dark purple hue, the seed cones mature into a rich reddish-
brown color. The monoecious plant bears fan-shaped seed scales
and a sleek surface adorned with concealed bracts (Farjon, 2010)
(141

Abies pindrow Royle has got significance due to their demand as
timber for construction purpose, raw material for joinery,
paneling and furniture industries (Tiwari et al., 2020) 5%, Over
time, local populations in the Himalayan area have been
documented to employ Silver Fir extensively for medicinal, 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) 71, Its cones are also recognized to
be highly attractive and are used for decoration (Sinha, 2019)
81 The seeds contain fair percentage of essential oil which can
be exploited commercially. In J&K and Ladakh bark extract is
used to treat constipation, asthma, bronchitis, cold, cough,
stomach ache, cuts, ulcers and wounds (Gairola et al., 2014) [61,
However, despite its importance, Abies pindrow Royle faces
numerous threats, including anthropogenic impacts and natural
factors that hinder its regeneration and survival. Natural factors
such as poor regeneration due to undecomposed humus and low
seed germinative capacity contribute to the species degradation,
compounded by high percentages of empty seeds in poor seed
years (Kimothi et al., 2021) I Its ability to thrive under
different site condition make it an ecologically important tree
species to investigate the cone, seed and germination behavior
under different prevailing site conditions as environmental
conditions have been reported a cause of high variability (Petros
et al., 2008) 71, Identification of sites characterized with quality
seed production can be an important strategy to compensate the
shortages during the poor seed cycle (Bhat et al., 2018) "1, Also,
the species potential for genetic variability remains largely
unexplored. Investigating cone and seed morphology,
germination behavior, and genetic traits offers insights into its
adaptability and productivity (Zobel & Talbert, 1984; Bhat &
Chauhan, 2003) [ 581, These insights are pivotal for identifying
superior genotypes, ensuring sustainable utilization, and
enhancing the productivity of this valuable species (Graudal &
Kjaer, 2000) 191,

The study aims to explore source variation in Abies pindrow
Royle across the Kashmir Himalayas. Through an analysis of
cone and seed morphology, germination characteristics and
genetic traits, this study seeks to provide a comprehensive
understanding of the species genetic potential and its
adaptability to diverse ecological conditions. The findings are
expected to play a pivotal role in identifying superior genotypes,
facilitating mass propagation, and supporting the conservation of
this important Himalayan tree species (Zobel & Talbert, 1984;
Bhat & Chauhan, 2003) [ %81,

Materials and Methods

The study was conducted in 2023-2024 at the Division of Forest
Biology and Tree Improvement, Faculty of Forestry, SKUAST -
K, Benhama, Ganderbal, Kashmir, under controlled laboratory
conditions. An exhaustive survey was conducted across three
Divisions of Jammu and Kashmir Forest Department, within the
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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
identified for assessment. At each site, which represents distinct
sources, a careful selection process that identified healthy,
middle-aged, and phenotypically superior Abies pindrow trees
were selected for cone collection. The morphological
characteristics of eight mother trees selected for collection are
outlined in Table-01.

Mature cones were harvested from selected trees in October.
The cones collected were transported to the Faculty of Forestry.
Upon arrival, cones were evaluated to assess dimensions-length
and diameter, weight, cone specific gravity, average number of
seeds per cone, average number of filled and empty seeds per
cone. For cone dimension determination four replications of ten
cones were randomly selected from each source and measured
using a digital caliper. For weight determination, four
replications of ten cones per source were weighed using top
balance. The specific gravity was determined by floating test or
water displacement method (Barnett, 1979) [l and value was
determined by the ratio of unit weight to unit volume of cone.
Number of seeds per cone was determined after seeds were
extracted manually from the cones (Johnson et al., 2003) [24,
The assessment of filled and empty seeds was determined using
floating test and embryo excision test. The seeds were cut
longitudinally for embryo observation and declared as empty
(without embryo) and filled (with embryo).

The cone scales were detached from cone axis to obtain seed
yield. The seeds were de winged and the respective seed
dimensions were recorded for each source. Like cone
dimensions, seed length and width was recorded using digital
caliper with millimeter precision for four replications of ten
seeds from each source. For weight determination, four
replications of 1000 filled seeds per source were weighed using
an analytical balance, following the guidelines outlined by ISTA
(1966). For germination testing four replications of 100 seeds
per source were placed on moistened filter paper in 90 mm Petri
dishes and incubated in a seed germinator at 25+1 °C and
80+5% relative humidity. Germination was recorded everyday
in all seed lots until no more germination was observed. Seed
germination was defined as radicle emergence (>2 mm), and
germinated seeds were left in the Petri dish until normal
seedlings were produced. A normal seedling is defined as
growth to show developed cotyledons, hypocotyls and roots, and
without visible abnormalities (ISTA 2017). The germination
data were analyzed using the formula by Shannon et al.,(1983)
4 with germination energy calculated as per Williams (1985)
1531, Germination value, peak value, and mean daily germination
were calculated following Czabator’s method (1962) 1. Number
of cotyledons was counted at the time of emergence of seedling
in petri dishes. Root vigor index and shoot vigor index was
calculated using formula of Abdul Baki and Anderson (1973) [1,
The germination process was monitored daily, with appropriate
sterilization procedures to prevent contamination, and seeds
were checked regularly for fungal or bacterial growth. The data
obtained were analyzed for genetic parameters-Phenotypic and
genotypic coefficient of variation, heritability using R statistical
software.
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Table 1: Phenotypic characteristics of selected mother trees of Abies pindrow Royle

Forest Division Mothers‘(l)'l;;gs Location Tree height (m) [DBH (cm) | Crown height (m) | Crown length (m) | Crown Spread (m)

T1 33°87'45"N 74°57'91"E 30.16 40.15 3.09 27.07 4.16

Pir Panchal T2 33°87'43"N 74°57'94"E 25.25 30.23 2.60 22.40 3.43
Ts 33°87'49"N 74°57'96"E 35.10 45.40 3.50 31.60 4.61

T4 34°02'31"N 74°46'12"E 40.09 54.17 3.10 36.99 5.41

Tangmarg Ts 34°02'24"N 74°46'32"E 4212 57.47 4.60 37.52 5.61
Ts 34°11'71"N 74°27'47"E 45.13 63.38 4.07 41.03 4.74

Sindh Tz 34°21'42"N 74°99'80"E 44.33 62.38 5.16 39.16 3.92

Ts 34°21'38"N 74°99'84"E 43.24 60.57 4.20 39.04 4.04

Results and Discussion

This study explores the variation in cone and seed morphology,
germination characteristics, and genetic traits of Abies pindrow
Royle across three forest divisions of Srinagar Circle of the
Kashmir Himalayas. The findings reveal significant differences
in cone and seed parameters, 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.

In the present study, cones collected from selected mother trees
showed significant variation in morphological characteristics.
The data present in Table-02 depicted that maximum cone
length (11.46 cm), cone diameter (5.39 cm), cone weight (68.22
g), cone specific gravity (1.33), number of seeds per cone
(378.77) and number of filled seeds per cone (299.83) was
recorded in tree T3 of Pir Panchal. Minimum cone length (8.16
cm), cone diameter (3.17 cm), cone weight (47.95 g), cone
specific gravity (0.95), number of seeds per cone (283.90) and
number of filled seeds per cone (183.69) was recorded in T of
Sindh forest division.

Similarly, number of empty seeds per cone were found highest
(121.77) in cones collected from T; of Pir Panchal division.
Lowest number of empty seeds per cone were recorded in 78.94
in T3 of Pir Panchal division.

Tripathi and Barik (2001) BY emphasized that cone traits are
largely determined by the genetic constitution of individual
trees, with environmental influences playing a relatively minor
role, as earlier noted by Khalil (1974) [?8. According to Isik
(1986) 31, cone morphology is mainly controlled by maternal
genetics and further influenced by factors like the tree’s age,
health, and its specific micro and macro environmental
conditions.

Variations in cone traits such as length, diameter, and weight
can also stem from geographic and environmental differences,
including soil type, climate, and overall tree health. These
factors can act individually or in combination to affect growth,
and ultimately originate from variation in seed sources. Rawat
and Bakshi (2011) 9 suggested that differing natural constraints
and favorable environmental settings across locations may
account for observed differences in cone dimensions, which in
turn affect the number of seeds produced per cone.

The difference in the number of filled and empty seeds in Abies
pindrow is primarily due to its wind pollination mechanism.
Favorable wind conditions enhance pollination success, leading
to more viable seeds, while inadequate pollination results in a
greater number of empty seeds and lower seed quality (Yadav et
al., 2011; Woods et al., 1989) [54 561,

Significant variation was observed in terms of seed
morphological traits in the present study. Maximum seed weight
(68.17 g), seed length (9.49 mm) and seed width (5.63 mm) was

recorded in seeds collected from tree T3 of Pir Panchal division.
Minimum seed weight (47.87 g), seed length (6.95 mm) and
seed width (3.98mm) was recorded in seeds collected from Ty of
Sindh division. (Table-03). A relatively high seed weight is
often preferred since it is associated with quick germination and
healthy seedling establishment.

Seed weight variability is often linked to the diverse
environmental conditions where Abies pindrow grows.
Gutterman (1992) pointed out that differences in seed traits
among various trees and seed sources may result from
environmental factors such as nutrient availability, sunlight, and
water during seed development. Given the broad geographic
range of Abies pindrow, such variability is expected. Harper et
al. (1970) 2 supported this view, noting that both internal
(genetic and maternal) and external (environmental) conditions
during seed formation influence seed size.

Since the seeds in the present study were collected from
different trees and locations, the variation in seed traits can be
attributed to the genetic diversity that has evolved in response to
varying environmental conditions across the species’
distribution range (Salazar and Quesada, 1987) [*2. Similar
approaches have been employed in previous research: Dubey
and Tripathi (2018) [*2 identified two superior seed sources of
Dalbergia sissoo based on seed traits; Jyothi et al. (2014) [28
evaluated six seed sources of Zanthoxylum rhetsa for the same
purpose. The findings of this study also align with those of
Mukherjee (2005) B¢l in Pinus roxburghii, Zargar (2012) 7 in
Cupressus torulosa, and Bhat et al. (2018) [l in Abies pindrow.
On studying the different parameters of germination it revealed
that seed source have significant effect on germination percent,
germination energy, germination value, peak value, mean daily
germination, number of cotyledons, root vigor index and shoot
vigor index of seeds. The maximum values for germination
percent (55.40%), germination energy (43.72%), germination
value (6.12), peak value (3.08), mean daily germination (2.13),
number of cotyledons (6.02), root vigor index (1843.82) and
shoot vigor index (2512.80) was recorded in seeds collected
from Ts; of Pir Panchal division. Minimum values for
germination percent (40.11%), germination energy (28.28%),
germination value (4.09), peak value (2.18), mean daily
germination (1.45), number of cotyledons (3.99),root vigor
index (948.21) and shoot vigor index (1536.49) in seeds
collected from T+ of Sindh forest division. (Table-04).
Germination behavior in forest trees often varies by origin, as
observed by Gupta and Sehgal (1999) [*8l. The high germination
rate of Ts seeds from the Pir Panchal division in this study is
likely due to favorable environmental factors and beneficial
maternal effects during seed development, resulting in higher
seed vigor and successful seedling establishment (Gutterman,
1992). Similar trends have been noted by Daneva et al. (2018)
(29 jn Ailanthus excelsa and Thakur & Thakur (2015) ¥ in
Melia azedarach. Ambalal (2016) @ also found significant
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germination variation among different sources of Bauhinia
variegata, highlighting how seed source influences germination
behavior.

Our findings regarding the variation in germination traits among
different seed sources are further supported by studies such as
Kumar et al. (2022) BY in Melia, Pradhan et al. (2020) 8 in
Acacia mangium, and Rawat and Bakshi (2011) B9 in Pinus
wallichiana. The high germination energy of seeds from T of
Pir Panchal suggests their superior vigor and potential for quick,
uniform seedling emergence (Wu et al., 2024) 531, Conversely,
the weaker performance of T; seeds from the Sindh division may
be attributed to environmental stresses like nutrient deficiencies,
unfavorable climate, or developmental issues that compromise
seed quality.

The relationship between seed size and germination success is
well-documented, highlighting a trade-off between producing
numerous small seeds with limited nutrient reserves and fewer
large seeds that contain more stored energy (Ekpo, 2004) 23],
Typically, larger seeds tend to germinate more effectively, likely
because their greater nutrient content supports the energy
demands of germination (Cideciyan, 1982; Ekpo, 2004) & 131,
Additionally, studies have demonstrated that both the genetic
makeup of seeds and the environmental conditions experienced
during their development play a crucial role in determining
germination behavior (Loha et al., 2006; Gush et al., 2011) 1*
331, This is known as the provenance effect, which refers to the
influence of local environmental factors on seed development
and, consequently, germination success (Benowiez et al., 2000;
2001) ™ S Such environmental differences can lead to
substantial variability in germination performance.

The analysis of phenotypic coefficient of variation (PCV),
genotypic coefficient of variation (GCV) and heritability (h2) of
cone and seed morphological and germination parameters
highlighted the genetic variability of cone, seed and germination
traits. (Table-05). Highest PCV was recorded for root vigor
index (24.63) followed by shoot vigor index (22.82). Lowest
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PCV was recorded for seed length (11.77).Similarly, highest
GCV (21.82) was recorded for root vigor index followed by
shoot vigor index (19.05). Lowest GCV was recorded for
average number of seeds per cone (9.22). The minute differences
that existed between PCV and corresponding GCV showing
these characters are under genetic control.

Traits such as cone length, cone weight, seed length, cone
diameter and root vigor index exhibited highest heritability
values ranging from 0.83 to 0.78 indicating strong genetic
control. Additionally, for all the characters under examination,
the relative size of the phenotypic coefficients of variation was
higher than the genotypic coefficients of variation, showing the
influence of the environment on the traits.

High heritability values reflect the reliability of selecting traits
based on observed phenotypes. Traits that show high heritability
are particularly valuable in advanced breeding programs, as they
respond well to selection efforts. Previous studies have
underscored the importance of genetic variation in tree
improvement and conservation, including the work of Rawat and
Bakshi (2011) B9 on Pinus wallichiana, Mukherjee et al. (2004)
41 on Pinus roxburghii, and Selvan and Guleria (2012) “3 on
Acacia catechu Willd.. Similar findings regarding phenotypic
and genotypic coefficients of variation (PCV and GCV) and
heritability were reported by Roy et al. (2004) ™Y in Pinus
roxburghii, Singh and Bhat (2006) 81 in Pinus kesiya, Sharma
(2014) ¥ in Cedrus deodara, Uniyal et al. (2016) B2 in Abies
pindrow, and Rahman et al. (2017) in Pinus wallichiana.

In Abies pindrow, the observed genetic diversity has a notable
effect on cone and seed morphology as well as germination
behavior, as indicated by Singh & Pokhriyal (2000) 7. This
variability is critical for enhancing growth and adaptability,
particularly under the pressures of changing climate conditions
(Dawson et al., 2011) . Consequently, the findings of this
study offer valuable insights for utilizing genetic variation in
seeds and seedlings to support selective breeding and
conservation efforts in Abies pindrow

Table 2: Average Cone Characteristics of selected mother trees of Abies pindrow Royle

Source Cone Length|Cone diameter| Cone | Cone Specific| Number of | Number of filled | Number of empty
Forest Division | Mother Trees (cm) (cm) weight (g) gravity seeds per cone| seeds per cone seeds per cone
T1 9.05¢ 3.43¢ 52.65¢ 1,12bcd 334,83 213.06° 121,772
Pir Panchal T2 11.242 4.80° 67.262 1.30% 369.702 274.40° 95.034
T3 11.462 5.392 68.222 1.332 378.772 299.832 78.94¢
Ta 10.27¢ 4,31 58.40 1,218bc 360.702 249,25% 111.45b¢
Tangmarg Ts 10.63° 4.68" 62.60° 1.26% 368.96° 256.79°¢ 112.17%
Te 9.90¢ 4,094 55.34¢d 1,182° 359.232 237.98¢ 121,258
Sindh T7 8.16f 3.17¢ 47.95° 0.954 283.90P 183.69f 100.212
Ts 8.94¢ 3.31° 51.12% 1.02¢ 295.23P 196.83f 98.04%
C.D (p=<0.05) 0.35 0.47 4.34 0.20 53.53 13.98 3.59

Values sharing the same letter are statistically non-significant at 5%

Table 3: Average seed characteristics of Abies pindrow Royle.

Forest Divisii(r)\urci/lother Trees 1000 Seed weight (g) Seed length (mm) | Seed Width (mm)
T1 51.66¢ 7.62cde 4.53¢
. T2 63.15° 9.162 5.602
Pir Panchal Ts 68.17° 9.49% 5.63
Ts 54.65°¢ 8.32t¢ 4.72b¢
Tangmarg Ts 55.07¢ 8.97% 5.25%
Ts 53.84¢d 7.95¢d 4.69b°
Sindh T7 47.87¢ 6.95® 3.98d
Ts 50.64d% 7.38d 4.06%
C.D (p<0.05) 3.48 0.84 0.67

Values sharing the same letter are statistically non-significant at 5%
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Table 4: Seed germination parameters of selected mother trees of Abies pindrow Royle

Source Seed germination | Germination |Germination| Peak | Mean daily | Number of |Root vigor| Shoot vigor

Forest Division | Mother Trees percent (%) energy value Value |germination | cotyledons index index
T1 46.16% 33.46% 4,29« 2.36% 1.62¢ 4.73% 1141.86% | 1667.40%
Pir Panchal T2 52.31% 41.11° 5.68% 2.84° 1.86° 5.80° 1519.77° | 2444.80°
T3 55.40° 43.728 6.122 3.082 2.132 6.022 1843.822 | 2512.80°
T4 48.27" 35.57% 4,800 2.53¢ 1.72° 4,94 1206.84° | 1938.34
Tangmarg Ts 51.42%¢ 39.26% 5.553¢ 2.55°¢ 1.82° 5.56% 1209.09° | 2297.63®
Tes 46.20« 34.31% 4.70bcd 2.43« 1.65% 4.91b¢ 1193.15¢ | 1750.08«
Sindh T7 40.11° 28.28° 4.09¢ 2.18° 1.45¢ 3.99¢ 948.21¢ 1536.49¢
Ts 42.82% 30.39% 4.22¢ 2.24% 1.54¢ 4,50« 1035.13% | 1562.06%

C.D (p=0.05) 5.39 4.94 1.32 0.20 0.08 0.73 240.55 399.42

Values sharing the same letter are statistically non-significant at 5%

Table 5: PCV, GCV and heritability of various cone, seed and germination characteristics of Abies pindrow Royle

Cone and Seed Parameters PCV GCV Heritability (h?)
Cone length (mm) 11.84 10.38 0.82
Cone diameter (mm) 21.58 19.37 0.78
Cone weight (g) 13.25 11.52 0.80
Cone specific gravity 13.85 9.99 0.52
Average number of seeds per cone 12.59 9.22 0.53
Average number of empty seeds per cone 12.89 10.75 0.73
Average number of filled seeds per cone 17.10 14.40 0.69
Seed Length (mm) 11.77 10.74 0.83
Seed Width (mm) 14.34 12.59 0.77
1000 Seed weight (g) 12.46 11.69 0.66
Seed Germination% 11.79 9.98 0.71
Mean daily Germination 12.56 11.03 0.67
Peak value 12.63 10.44 0.76
Germination energy 16.28 14.01 0.74
Germination value 16.13 12.94 0.63
No of cotyledons 14.83 12.76 0.75
Root vigor index 24.63 21.82 0.78
Shoot vigor index 22.82 19.05 0.68

Conclusion

Based on the findings from the study, it can be concluded that
significant variation exists in the cone and seed morphology,
germination characteristics, and genetic traits of Abies pindrow
Royle across different sources in the Kashmir Himalayas. This
variation holds critical implications for tree improvement
programs, especially concerning the selection of superior seed
sources for propagation and conservation efforts. The study
highlighted substantial differences in cone size and weight, seed
size and weight, and germination behavior among the selected
seed sources. Larger seeds, particularly those from the Ts of Pir
Panchal division, were associated with enhanced seed
germination and seedling emergence reflecting the positive
influence of maternal traits and favorable environmental
conditions. These larger seeds are likely to perform better in
propagation efforts, especially in seedling production and
afforestation programs, and should be prioritized in future
efforts to improve Abies pindrow Royle regeneration. Moreover,
the study's examination of seed germination dynamics revealed
promising variations across sources. This information is critical
for optimizing germination techniques, improving seedling
survival rates, and ensuring the successful establishment of
Abies pindrow Royle. The significant genetic diversity observed
in the morphological and germination traits of Abies pindrow
Royle emphasizes the importance of selecting appropriate seed
sources for genetic improvement. The findings underscore the
need for further research to explore the genetic potential of this
species. Finally, the insights gained from this study will support
the development of sustainable forest management strategies,
enabling the identification of superior genotypes that are well

suited to the region's climatic and ecological conditions.

Acknowledgements

The authors express their gratitude to the scientists at the
Division of FBT, SKUAST-K, for granting access to equipment
and providing invaluable technical support.

Author’s contribution

All authors (MM, AAM, PAK, VD, MIJ and KAS) contributed
to the lab work and to the writing and reviewing the manuscript.
MIJ contributed to the data evaluation. Apart from that MM
contributed also to the field collection

References

1. Abdul-Baki AA, Anderson JD. Vigor determination in
soyabean by multiple criteria. Crop Sci. 1973;13:630-633.

2. Ambalal N. Seed source variation in pod, seed and seedling
characteristics of Bauhinia variegate Linn. from Garhwal
Himalaya, Uttarakhand. M.Sc. Thesis. College of Forestry,
Ranichauri, V.C. S. G. Uttarakhand University of
Horticulture and Forestry; 2016. p. 78.

3. Barnett JP. An easy way to measure cone specific gravity.
In: Karrfalt RP, editor. Proceedings of the Seed Collection
Workshop. Department of Agricultural Forest Services
State and Private Forestry; 1979. p. 21-23.

4. Benowiez A, El Kassaby YA, Guy RD, Ying CC. Sitka
alder (Alnus sinuata RYDB): Genetic diversity in
germination, frost hardiness, and growth attributes. Silvae
Genet. 2000;49:206-212.

5. Benowiez A, Guy R, Carlson MR, El Kassaby YA. Genetic

~ 506 ~



https://www.agronomyjournals.com/

International Journal of Research in Agronomy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

variation among paper birch (Betula papyrifera Marsh)
populations in germination, frost hardiness, gas exchange,
and growth. Silvae Genet. 2001;50:7-13.

Bhat GS, Chauhan PS. Seed source variation in seed and
seedling traits of Albizzia lebbeck Benth. J Tree Sci.
2003;21:52-57.

Bhat HA, Mughal AH, Dar M, Sofi PA. Cone, seed and
germination characteristics in Silver fir (Abies pindrow
Spach) under Kashmir valley conditions. Int J Chem Stud.
2018;6(3):1213-1216.

Cideciyan MA, Malloch AJC. Effect of seed size on the
germination, growth, and competitive ability of Rumex
crispus and Rumex obtusifolius. J Ecol. 1982;70:227-232.
https://doi.org/10.2307/2259872.

Czabator FJ. Germination value: an index combining speed
and completeness of pine germination. Forest Sci.
1962;8:386-396.

Daneva V, Dhillon RS, Goyal SC, Vishal J. Phenological
behaviour and reproductive biology of Ailanthus excelsa
Roxb. Int J Agric Environ Biotechnol. 2018;11(2):397-401.
Dawson IK, Vinceti B, Weber JC, Neufeldt H, Russell J,
Lengkeek AG, et al. Climate change and tree genetic
resource management: Maintaining and enhancing the
productivity and value of smallholder tropical agroforestry
landscapes-A review. Agrofor Syst. 2011;81(1):67-78.
Dubey S, Tripathi S. Studies on Fifteen Seed Source
Variation in seed Traits of Dalbergia sissoo (Roxb). ISJR.
2018;9(7):197-200.

Ekpo J. Does seed size affect the rate of germination and
early seedling growth in hairy vetch? McCabe Thesis
Collection, Langston University; 2004.

Farjon A. A handbook of the world’s conifers. Leiden:
Koninklijke Bril; 2010.

Graudal L, Kjaer ED. Can national tree seed programmes
generate economic, social and/or environmental benefits to
cover their costs? Considerations on economics,
sustainability and challenges ahead for tree seed centres in
tropical countries. SAFORGEN Regional Training
Workshop on the Conservation and Sustainable Use of
Forest Genetic Resources; 1999 Dec; Nairobi, Kenya.
Gairola S, Sharma J, Singh BY. A cross-cultural analysis of
Jammu, Kashmir and Ladakh (India) medicinal plant use. J
Ethnopharmacol. 2014;155:925-986.

Gatterman Y. Maternal effects of seeds during
development. Ben-Gurion University of the Negev, Israel;
1992. p. 27-59.

Gupta T, Sehgal RN. Genetic estimates for the seed traits of
Toona ciliata. Range Manag Agrofor. 1999;20(2):188-193.
Gush L, Singh L. Variation in seeds and seedling characters
of Jatropha curcas L. with varying zones and provenances.
Trop Ecol. 2011;53(1):113-122.

Harper JK, Lovell PH, Moore KG. The shape and sizes of
seeds. Annu Rev Ecol Syst. 1970;11:327-356.

International Seed Testing Association. International rules
for seed testing. International Seed Testing Association;
1966. Zurich, Switzerland.

International Seed Testing Association. International Rules
for Seed Testing. International Seed Testing Association;
2017. Bassersdorf, Switzerland.

Isik K. Altitudinal variation in Pinus brutia Ten: seed and
seedling characteristics. Silvae Genet. 1986;35(2-3):58-67.
Johnson M, Vander Wall SB, Borchert M. A comparative
analysis of seed and cone characteristics and seed-dispersal
strategies of three pines in the subsection Sabinianae. Plant

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

~ 507 ~

https://www.agronomyjournals.com

Ecol. 2003;168:69-84.

Joshi HC, Samant SS. Assessment of forest vegetation and
conservation priorities of communities in part of Nanda
Devi Biosphere Reserve, West Himalaya. Part I. Int J
Sustain Dev World Ecol. 2004;11(3):326-336.

Jyothi PB, Shivanna H, Krishnamoorthi H. Seed source
variation on fruit and seed traits of Zanthoxylum rhetsa-a
medicinal tree under high exploitation in Central Western
Ghats, India. Int J Pharm Life Sci. 2014;5(12):4081-4085.
Khan MA, Khan MA, Hussain M, Mujtaba G. An
ethnobotanical inventory of Himalayan region Poonch
valley Azad Kashmir (Pakistan). Ethnobotany Res Appl.
2010;8:107-124.

Khalil MAK. Genetics of cone morphology in white spruce
(Picea glauca). Can J Bot. 1974;52:15-21.

Kimothi A, Chauhan M, Panday A, Garg N. Abies pindrow
(Royle ex D. Don)-An ecologically and economically
important fir of western Himalaya. Webology. 2021;18.
Kumar D, Kumar S. A complete monographic study on
Abies pindrow royle aerial parts. Indian J Pharm Sci.
2017;79(6):1001-1007.

Kumar R, Kumar A, Banyal R, Kumar M, Singh A, Yadav
R, Dobhal S, Sharma S. Seed and seedling diversity
delimitation and differentiation of Indian populations of
Melia dubia cav. Saudi J Biol Sci. 2022;29(1):489-498.
Kunwar RM, Fadiman M, Thapa S, Acharya RP, Cameron
M, Bussman RW. Plant use values and phytosociological
indicators: implications for conservation in the Kailash
Sacred Landscape, Nepal. Ecol Indic. 2020;108:105679.
Loha A, Tigabu M, Teketay D, Lundkvist K, Fries A.
Provenance variation in seed morphometric traits,
germination, and seedling growth of Cordia africana Lam.
New For. 2006;32:71-86. https://doi.org/10.1007/s11056-
005-3394-2.

Morar MI, Dan C, Sestras ER. Evaluation of different
geographic provenances of Silver fir (Abies alba) as seed
sources based on seed traits and germination. Forests.
2023;14(11):2186.

Mukherjee RS, Thapliyal RC, Phartyal SS. Seed source
variation in cone, seed and seedling characteristic across the
natural distribution of Himalayan low level Pine (Pinus
roxburghii Sarg.). Silvae Genetica. 2004;53(3):116-123.
Mukherjee S. Studies on provenance variation in cone, seed
and seedling characteristics of Pinus roxburghii Sarg. Ph.D.
Thesis, Forest Research Institute, Deemed University Dehra
Dun. 2005. p. 61-66.

Petros G, Tsakaldimi M, Thanos C. Seed and cone diversity
and seed germination of Pinus pinea in Strofylia Site of the
Natura 2000 Network. Biodivers Conserv. 2008;17:2427-
2439.

Pradhan P, Mohanty TL, Nayak H, Behera S. Provenance
variation study in Acacia magnum in Odisha. J Pharm
Phytochem. 2020;5(1):1329-1335.

Rawat K, Bakshi M. Provenance variation in cone, seed and
seedling characteristics in natural populations of Pinus
wallichiana A. B. Jacks (Blue Pine) in India. Ann For Res.
2011;54(1):39-55.

Rehman I, Khan N, Ali K. Variability assessment of some
morphological traits among blue pine (Pinus wallichiana) in
Hindkush ranges of Pakistan. Pak J Bot. 2017;49(4):1351-
1357.

Roy SM, Thapliyal RC, Phartyal SS. Seed source variation
in cone, seed and seedling characters across the natural
distribution of Himalayan low level pine Pinus roxburghii.


https://www.agronomyjournals.com/

International Journal of Research in Agronomy https://www.agronomyjournals.com

Silvae Genetica. 2004;53:116-123.

42. Salazar R, Quesada M. Provenance variation in Guazum
aulmifolia L. in Costa Rica. Commonwealth Forest Rev.
1987,66(4):317-324.

43. Selvan T, Guleria V. Seed source variation on seed traits of
Acacia catechu Willd. J Tree Sci. 2012;31(1&2):54-61.

44. Shannon MC, Poss JA, Chaba GD, Hoffman GJ. Salt
sensitivity of corn at various growth stages. lrrig Sci.
1983;4:45-57.

45. Sharma R. Genetic analysis of cone and seed characters of
plus trees of Deodar (Cedrus deodara (Roxb.) G.don). Plant
Physiol. 2014;140(2):137-142.

46. Singh B, Bhatt B. Provenance variation in pod, seed and
seedling traits of Dalbergia sissoo R., Central Himalaya,
India. Trop Agric Res Ext. 2010;11(1):39-44.

47. Singh N, Pokhriyal TC. Biomass distribution pattern in
relation to seed source variation in Dalbergia sissoo
seedlings. Ann For. 2000;8(2):238-249.

48. Sinha D. Ethnobotanical and Pharmacological Importance
of Western Himalayan Fir Abies pindrow (Royle ex D. Don)
Royle: A Review. J Pharm Res Int. 2019;31(6):1-14.

49. Thakur IK, Thakur S. Variability and heritability, genetic
gain, genetic advance and correlation in growth
characteristics of progenies of Melia azedarach. Indian For.
2015;141(3):247-253.

50. Tiwari A, Kunwar RM, Bussman W. Ethnobotany of the
Himalayas, Ethnobotany of Mountain Regions. Springer
Nature Switzerland AG. 2020. https://doi.org/10.1007/978-
3-030-45597-2_6-1.

51. Tripathi RS, Barik SK. North-east ecoregion biodiversity
strategy and action plan. Ministry of Environment and
Forests, Government of India; 2001.

52. Uniyal AK, Nazir T, Goshwami S, Dhanai CS, Joshi H.
Source variation in Abies pindrow SPACH: seed and
seedling characteristics in Garhwal Himalaya India. Prog
Res-Int J. 2016;11:5320-5327.

53. William RL. A guide to forest seed handling with special
reference to the tropics. FAO Forestry Paper 20/2, FAO,;
1985. Rome.

54. Woods JH, Heaman JC. Effect of different inbreeding levels
on filled seed production in Doughlas fir. Can J For Res.
1989;19:54-59.

55. Wu Q, Shi B, Lai Y, Zhang Y, Wu Y, Li Z, et al. Genome-
Wide Association Analysis of Seed Vigor-Related Traits in
Wheat. Agronomy. 2024;14(3):410.

56. Yadav AK, Singh S, Dhyani D, Ahuja PS. A review on the
improvement of Stevia (Stevia rebaudiana Bertoni). Can J
Plant Sci. 2011;91(1):1-27.

57. Zargar IH. Maturity Indices and Standardization of
Pretreatments in Cupressus torulosa (Don.) for Dormancy
Break in Seeds. M.Sc. Thesis, Sher-e-Kashmir University of
Agricultural Sciences & Technology of Kashmir; 2012. p.
7.

58. Zobel B, Talbert J. Applied Forest Tree Improvement. New
York: John Wiley & Sons; 1984. p. 505.

~ 508 ~


https://www.agronomyjournals.com/

