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Abstract: Provenance variation in seed and seedling attributes of Quercus glauca Thunb. was investigated. Sig-
nificant differences were obtained in morphological and seedling attributes with populations. Altitude of
seed source showed significant inverse correlation with seed length, seed weight and seedling weight. But al-
titude showed significant positive correlation with percentage germination and root collar diameter of seed-
lings. Significant positive correlation between seed weight and seedling weight was also observed.
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Introduction
Quercus glauca Thunb. is middle sized evergreen

tree with a dense rounded crown and clean large cy-
lindrical trunk. In moist localities of Garhwal hills,
Quercus glauca grown in association with Q. leucotricho-
phora and Rhododendron arboreum forests (Gaur 1999).
The species is a source of fuel, fodder and timber in
Garhwal hills, therefore, it is also cultivated in tradi-
tional agroforestry systems of Garhwal hills (Negi et
al. 1999). Owing to its multiple uses, it has been
over-exploited through out the region for fuel, fodder
and timber (Bhatt and Badoni 1995). Apart from this,
the natural regeneration of this species is sporadic in
nature and poor due to anthropogenic disturbance
and consumption of acorns by herbivores (Himalayan
langoor, Presbytis entellus) (Upreti et al. 1985).

Information on morphological variation in seed
characteristics amongst the natural populations of a

species has been reported to be useful for tree im-
provement programmes because quality of seeds de-
termines the performance of seedlings for survival,
growth and biomass allocation. In general, variation
in germination of different species has been shown in
relation to altitude, longitude and latitude of seed ori-
gin (Singh et al. 2004, Mwase et al. 2006, Andersen et
al. 2008 and Saikia et al. 2009). Keeping these facts in
view, the present study is an attempt to evaluate the
seed and seedling characteristics of Q. glauca so that
promising seed sources can be identified for the pro-
duction of quality seedlings of this potential tree spe-
cies for mass afforestation in agroforestry systems of
Garhwal hills.

Materials and Methods
Mature seeds of Q. glauca were collected from a

wide altitudinal range (930 to 1830 m asl) within
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their natural distribution (Table 1). The word seed/
seeds refers to the true seed with the pericarp (true
seed + pericarp = an acorn). For each site, seeds were
collected from 10 randomly selected healthy and ma-
ture standing trees in the month of December. Each
site was 100m apart from each other to avoid narrow-
ing down the variation sampled due to relatedness
(Schmidt 2000). Seeds were collected from eight
provenances and each provenance provided 3-4 kg of
seeds which were brought to the laboratory and al-
lowed to dry in shade for 24 h. Seeds were stored in
deepfreeze at 10±20C in cotton bags, and sown in the
nursery in first week of March. Seed breadth (in the
middle portion of the seed) and length of each prove-
nance were recorded with the help of a micrometer
(Bestomake) by selecting randomly seed populations
in three replicates (each consisting of 100 seeds).
Whereas, seed weight (g/100 seed) was recorded by
choosing eight random samples of each population,
i.e., 100 seeds per seed lot (ISTA 1999).

Mature and healthy seeds of each population were
tested for germination by sowing them into nursery
in the experimental garden of the department of For-
estry (located at 550 m asl in Tehri district,
Uttarakhand, India) in four replication in complete
randomized block design. For each replicate, 100
seeds of each source were sown in nursery beds of
10.0 m2 size (5.0 × 2.0 m) in the month of March, at a
spacing of 20 cm from plant to plant and 50 cm row to

row. On average, 5 kg of farmyard manure (FYM) was
applied in each nursery bed (at the rate of 5 ton/ha)
before seed sowing. Seeds were sown at 5 cm depth
into the soil. The nursery beds were exposed to full
sunlight and irrigated frequently to keep them moist.
Data were recorded for percentage emergence. At the
end of one year of growth, 10 randomly selected seed-
lings from each replicate were uprooted and washed
thoroughly with running tap water to assess
root-shoot length. Both the parameters were mea-
sured with the help of meter tap. Shoot length was
considered the growth above the ground. Root collar
diameter (with the help of micrometer at ground
level) and number of leaves/seedling (by counting)
were measured for each provenance. Likewise, fresh
weight and dry weight (after drying to constant
weight in an hot air oven at 80°C for 24 h) of the seed-
lings were measured by using electronic top pan bal-
ance (Shimadzu Corporation Japan make) with a total
weighing capacity of 220g and readability of 0.1 mg.
Seeding vigour index (SVI) was also calculated as dry
matter production of seedling × germination per-
centage (Abdul-Baki and Anderson 1973). The seed
and seedling attributes were statistically analyzed by
using SPSS software package, version 10.0.1 (SPSS
Inc., Chicago, USA) for analysis of variance, co-effi-
cient of variance and correlation coefficients to record
the effect of altitude on germination and growth per-
formance of seedlings.

Table 1. Geographical description and morphological attributes (± S.D.) of seeds of Q. glauca, collected from different prove-
nances (value in parenthesis indicate coefficient of variance (CV %)

Seed Source Altitude
(m asl)

Latitude
(N)

Longitude
(E)

Rainfall
(mm)

Temperature °C
Soil pH Seed length

(cm)
Seed breadth

(cm)

Seed
weight

(g/100 seed)Min Max

Tharali 890 30°34' 79°30' 1285.9 4.2 36.0 5.81 2.09±0.02abc

(4.18)

1.26±0.27b

(6.78)

156.66±3.3bc

(3.68)

Kakragad 980 30°29' 79°5' 1166.0 2.0 27.3 5.82 2.30±0.02a

(6.55)

1.09±0.12de

(9.59)

148.33±4.4bc

(9.82)

Kulsari 1100 30°5' 79°28' 1269.5 3.0 26.3 5.82 1.98±0.06bc

(9.59)

1.39±0.14a

(3.72)

140.33±2.9c

(9.35)

Harmani 1200 30°6' 79°25' 1385.9 3.2 26.3 5.80 2.11±0.01abc

(2.69)

1.38±0.07a

(3.76)

183.33±4.4a

(3.20)

Phata 1300 30°34' 79°3' 1636.0 1.3 24.8 5.67 2.15±0.02ab

(3.95)

1.19±0.53bc

(9.78)

163.33±8.8b

(8.75)

Ranpounga 1400 30°35' 79°2' 1499.6 2.2 27.8 5.59 2.18±0.04ab

(5.87)

1.16±0.12cd

(3.39)

113.00±6.7d

(9.42)

Nauty 1660 30°12' 79°12' 1587.98 1.2 24.2 5.68 1.03±0.02d

(3.66)

1.04±0.08e

(2.58)

106.66±6.7d

(5.14)

Kondubagar 1830 30°34' 79°2' 1540.0 1.6 26.5 5.97 1.86±0.09c

(16.84)

1.26±0.19b

(5.20)

106.66±5.7d

(3.57)

Mean 1.96 1.22 139.79

“r” –0.58** –0.25 –0.43**

Values in the same column with the same letter do not differ significant (P<0.05). “r” represents correlation coefficients computed be-
tween altitude and seed characteristics. ** Significant at P< 0.01.
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Results
Table 1 shows geographical and morphological va-

riation between seed collection sites. Significant
(P<0.05) variation was observed in seed length,
breadth and weight between eight seed lots. Seed
length ranged from 1.03 to 2.30 cm with lowest to
Nauty and Kakragad provenance while seed breadth
ranged from 1.04 at Nauty to 1.39 at Kulsari seed
provenance. Seed weight was maximum (183.33
g/100 seed) to Harmani and the lowest for Nauty and
Kondubagar populations, i.e., 106.66 g/100seed.
Seed length and weight showed significant (P < 0.01)
inverse correlation with elevational range of seed
source. Coefficient of variance (CV %) showed that
all three characters were not equally variable since
there was 84.0% difference between the lowest and
highest CV for length; 74.0% for breadth and 67% for
seed weight (Table 1).

Table 2 represents the data on seedling attributes
of different provenances of Q. glauca. Average shoot
length was the lowest (19.83 cm) for Ranpounga and
the highest (25.20 cm) to Harmani populations, after
one years’ growth. Whereas, root length was the
highest (18.66 cm) for Kakragad and lowest for Phata
population, i.e., 13.10 cm. Significant variations were
also observed for number of leaves per seedling, collar
diameter, fresh and dry weight of seedlings. Kakragad
and Kulsari sources produced the heaviest (4.6

g/seedling-dry weight basis) and Ranpounga the
lightest seedlings with seedling weight of 4.0 g/seed-
ling. Seedling vigour index (SVI) was highest to
Kondubagar and the lowest to Tharali. Elevational
range of the provenance exhibited significant positive
correlation with percentage germination (P < 0.01)
and root collar diameter (P < 0.05) of seedlings, but
seedling weight was significantly (P < 0.01) inversely
correlated with altitude of seed origin. Strong positive
correlation (P < 0.01) between seed weight and seed-
ling weight of Q. glauca was also recorded.

Coefficient of variance for the seedling characteris-
tics showed wide differences between altitudinal pop-
ulations. On average, there was 82.0% difference be-
tween the lowest and the highest CV for shoot length;
85.0% for root length; 88.0% for collar diameter and
71.0% for dry weight of seedlings (Table 2).

Discussion
Morphological characteristics of Q. glauca seeds are

influenced by altitudinal variation and due to these
variations, significant differences were recorded in
germination percentage and seedling attributes of the
species. Seed length and weight exhibited significant
inverse (P < 0.05) correlation with rainfall of seed or-
igin. Variation among seed population with respect to
seed dimension (length and breadth) and weight have
earlier been reported in many species including Cordia

Table 2. Provenance variation in root and shoot attributes of Q. glauca seedlings (Values in parenthesis indicate coefficient of
variance CV %)

Seed source
Germina-
tion per

cent

Shoot
length
(cm)

Root
length
(cm)

No. of
leaves/see

dling

Root collar
diameter

Fresh weight
(g/seedling)

Dry weight
(g/seedling)

Root/shoot ratio
(Dry weight basis) SVI

Tharali 43.3c 21.53c

(6.33)

18.00ab

(4.70)

6.33c 0.264bc

(14.45)

9.04b

(6.35)

4.35b

(16.44)

1.19ab

188.4c

Kakragad 43.3c 23.00b

(7.53)

18.66a

(21.65)

6.33c 0.258cd

(5.82)

9.80a

(14.16)

4.60a

(18.03)

1.13bc

199.2c

Kulsari 43.3c 20.00d

(5.00)

15.66d

(19.50)

7.66a 0.261bc

(7.48)

7.99c

(4.99)

4.60a

(18.03)

0.97de

199.2c

Harmani 53.3b 25.20a

(13.05)

17.66ab

(3.26)

5.66d 0.244d

(11.80)

7.47cd

(27.52)

4.40b

(13.14)

1.29a

234.5b

Phata 43.3c 22.66bc

(2.54)

13.10e

(7.69)

7.00b 0.253cd

(4.09)

8.73b

(26.94)

4.43ab

(17.17)

0.86ef

191.8c

Ranpounga 60.0a 19.83d

(2.38)

16.66bcd

(12.49)

7.66a 0.273ab

(1.78)

8.67b

(12.27)

4.01c

(6.70)

1.19ab

240.6b

Nauty 63.3a 22.00bc

(4.54)

16.00cd

(15.57)

5.66d 0.253cd

(2.02)

7.95c

(6.37)

4.02b

(5.27)

0.80f

254.5b

Kondubagar 63.3a 22.00bc

(4.54)

17.00bc

(14.03)

6.33c 0.280a

(5.15)

7.22d

(10.56)

4.41ab

(10.39)

1.05cd

279.2a

Mean 51.64 22.03 16.60 6.58 0.261 8.36 4.35 1.01 223.4

“r” 0.84** 0.09 –0.19 –0.14 0.39* –0.65** –0.51** 0.14 0.89**

Values in the same column with the same letter do not differ significant (P<0.05). “r” represents correlation coefficients computed be-
tween altitude and seedling attributes. **Significant at P< 0.01, *Significant at P<0.05. SVI=Seedling vigour index.
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africana ( Loha et. al. 2006); Pinus roxbrughii (Ghildiyal
et al. 2009), Dalbergia melanoxylon (Amri et al 2008)
and C. australis (Singh et al. 2006b). Differences in
germination of various species have also been ob-
served in relation to altitude (Vera 1997; Tripathi and
Khan 1990; Singh et al. 2004). Hence, the present
findings are in conformity with the observations of
the earlier workers.

There was great variation in seed weight of the
populations of the Q. glauca and middle altitude
(1200–1300 m asl.) populations exhibited higher
seed weight as compared to high and low altitude
populations. Variation in seed weight may partly be
due to the different position of seed on mother plants
or partly due to variable environmental conditions to
which the mother plants were subjected during the
growing season (Harper 1977). Thus seed weight is
an important factor in determining the over-all per-
formance of seedlings as it exhibited significant (P <
0.01) positive correlation with seedling weight of the
species. Significant correlation was found between
seed weight and seedling growth in A. nilotica (Ginwal
et al. 1996) and this was considered to be an impor-
tant trait for early selection of population. Variation
in Q. glauca seedling traits could be due to wide range
of distribution. Such variation in relation to habitat
has also been reported in Albizia chinensis (Dhanai et
al. 2003); Grewia Optiva (Uniyal et al. 2003) and Celtis
australis (Singh et al. 2006a). Causes of such variabil-
ity might be generally attributed either to (a) genetic
characters of source population/plant (Bewley and
Black 1994), or (b) impact of mother plant environ-
ment (Gutterman 1992). Tripathi and Khan (1990)
also observed that seed weight of Quercus dealbata and
Q. grifithii was strongly correlated with their seedling
weight, which supports to the present findings. Thus
larger food reserves may allow more pre-photosyn-
thetic growth of seedlings and this in turn may con-
tribute to better growth and survival of seedlings that
emerge from heavy seeds. Large differences in germi-
nation traits were found between the provenances in
the field. The ranking was species-specific, but largely
consistent across all tested environments (Bischof et
al. 2006). Significant differences between popula-
tions of Trigonobalanus doichangensis were also obser-
ved in seed length, seed weight and seedling morpho-
logical characters (Zheng et al. 2008). Simth and
Fretwell (1974) also reported that production of large
seeds would yield larger seedlings that may grow well
even in adverse environmental conditions. Harper
(1977) pointed out that the larger food reserves in the
acorns may influence the growth of oak seedlings
even after 15 years of plantation.

In case of present study, significant provenance
variations have been recorded in seed and seedling
weight of Q. glauca. Hence, the provenances which
produce heavier seedlings should be identified for

seedling production so as to achieve fair success in
plantation even in harsh environmental conditions.
However, all the seed and seedling characters should
be considered as important traits for the selection be-
cause seedling of seed lots selected on the basis of one
character alone may some time not give the desired
level of superiority. Seed population selection should,
therefore, be made on the basis of multi traits consid-
eration as reported by Ginwal et al. (1996) and
Vakshasya et al. (1992).
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