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Does seed size affect water stress tolerance in
Quercus Leucotrichophora a. Camus at germination

and early seedling growth stage?

Abstract

Effect of seed size on drought stress tolerance of Quercus leucotrichophora A. Camus
(banj oak) was investigated at germination and early seedling growth stage. Healthy
seeds of Q. leucotrichophora were collected and categorized into four size classes
(small, medium, large and very large) and germinated in Polyethylene glycol (PEG
6000) solutions with initial osmotic potential ranging from 0 to -0.9 MPa at room
temperature. Final germination percentages, fresh and dry weight of seedlings were
measured. From obtained data, seedling vigor index, response breadth, percent weight
reduction, sensitivity and drought stress tolerance were determined for different size
classes. In the present study, final germination percentage, fresh and dry weight of
seedlings increased with increasing seed size class and decreased with increasing
drought stress level, while germination rate showed a reverse trend. Drought stress
tolerance indexes in terms of germination and seedling dry weight indicated that
large sized seeds were better fitted to germinate under the range of drought stress as
compared to small seeds.
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Introduction

Seed is a key element in plant production as it exercises a profound
influence on the success or failure of both artificial and natural
regeneration start with it.! Generally, seed germination is controlled
by many internal and external factors; seed size is one of them.? It
is an important parameter which influences the germination, growth
and biomass of the nursery seedling and that trend leads to the future
crop.’ Thus, seed size can be used to predict germination and seedling
growth rates, both in the nursery and for brief period following
plantation establishment.*

The seed size variation has been shown to have several important
ecological implications. It may affect seed germination,’ emergence,®
seedling establishment,” growth rate and plant size,® survivorship,’
competitive ability and reproductive ability of adult plant.'® Several
studies carried out on weeds and crops have revealed that seedling
size is usually directly related with food reserves and energy content
of seeds which increases with seed weight.®!'"!* However, in the case
of tree species similar studies are rather few and scattered.'*!> Soil
water supply is an important environmental factor controlling seed
germination.'® If the water potential is reduced, seed germination
could be delayed or prevented depending on the extent of its
reduction.'” A large number of studies have been carried out on the
effects of water stress on the germination of forest species,'?* and
it is often emphasized that the tolerance of seeds to various stresses
during germination should be determined.”’ This information could
be helpful in understanding the adaptive strategies of seeds for
germination.”

Quercus leucotrichophora A. Camus (banj oak) is among the
five evergreen oak species of the Central Himalayan forests. It is

distributed between 1200-2300m elevations and serves as a ‘keystone’
species in the region because of its significant contribution in soil and
water conservation and to sustain rural ecosystems.”?* The wood is
used as fuel and for making agricultural tools, leaves as green fodder
particularly during lean periods and leaf litter as cattle bedding.
Acorns (seeds) make wildlife food for animals like Macaca mulata
(Monkeys) and many species of birds. These forests are important
for inflow and spring recharge of water for drinking and domestic
uses of local residents. In order to meet the needs, the species is
being harvested at an alarming rate from the natural populations. The
future of these forests depends upon the regeneration and successful
establishment of seedlings. In the central Himalayan region, there are
reports that Q. leucotrichophora is not regenerating in Nainital forest
division.”?® A large variability in seed size is common in oak species
and could affect regeneration potential and seedling quality. In the
present study, effect of drought stress on the seed germination was
carried out to determine the effect of seed size on germination and
early seedling growth in Q. leucotrichophora subjected to drought
stress.

Material and methods
Seed source

Acorns of Q. leucotrichophora were collected at maturity from
natural oak forest around Nainital town of Uttarakhand State, India
(between 29° 217 — 29° 24” N latitude and 79° 25” — 79" 29” E
longitude). After collection, seeds were brought to the laboratory in
polyethylene bags, air dried and defective acorns were discarded by
visual inspection. Acorn size classes were determined by mixing and
spreading acorns on a table and seeds were visually separated into
four size classes viz. small (S,)), medium (S,), large (S,), and very

Biodiversity Int J. 2017;1(1):24-30

”IIII Submit Manuscript | http://medcraveonline.com

24

© 2017 Pandey et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
BY NC

permits unrestricted use, distribution, and build upon your work non-commercially.


https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/bij.2017.01.00005&domain=pdf

Does seed size dffect water stress tolerance in Quercus Leucotrichophora a. Camus at germination and

early seedling growth stage?

large (S,). Length and width of 10 seeds in each size class with three
replicate were also determined (Table 1).

Table | Seed size class of Q. leucotrichophora

Seed Size Class Length (cm) Width (cm)
S| 2.12+0.07 1.00+0.13
S2 2.86+0.42 1.44+0.05
S3 3.15+0.08 2.14£0.10
S4 3.72+0.07 2.36+0.18

Seed germination test

Germination tests were performed in 11 cm diameter glass petri
dishes on two layers of filter paper saturated with PEG-6000 solutions
and distilled water for control. Only seeds that sank to the bottom
when immersed in water were used. A technique for studying the
effect of water stress on germination is to simulate stress condition
using artificial solutions to provide variable water potential levels.
In this study, various levels of external drought stress (0, -0.3MPa,
-0.6MPa and -0.9 MPa) were produced by PEG-6000 solution. For
cach treatment, there were three replicate with ten seeds per treatment
arranged in a completely randomized design. The germinated seeds
were counted every day for 35 days following first sign of germination?’
and the seeds were considered germinated if the radicle exceeded 2
mm in length. Cumulative germination percentage (%) was evaluated
daily and final value was obtained after 35 days. After 35 days, the
fresh weight of germinated seeds was measured; after being oven
dried at 60 °C for 24 hours, the dry weights were immediately taken.
The response of Q. leucotrichophora germination characteristics to
seed size and drought stress was examined by calculating:

A. Final germination percentage
Number of Total Germinated Seeds

R= X

Total Number of Seeds Tested

B. Germination rate:

Number of Total Germinated Seeds Number of Germinated Seeds

GR:

Day of First Count Day of Final Count

C. Mean daily germination (MDG):

Cumulative germination percentage
MDG=

Total Number of days
D. Weight reduction percentage (%):

According to each drought stress treatment, the fresh and dry
weights referred to the controlled, were calculated in percent by the
following equation:-

Fresh weight (FW) percentage reduction:

FWPR % =100 x [1 - (fresh weight / fresh weight ]

drought stress
Dry weight (DW) percentage reduction:
DWPR % =100 x [1 - (dry weight , .../ dry weight )]

E. Seedling vigor Index (SVI): This index was determined
following method.?
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SVI = Germination percentage x seedling dry weight

F. Relative water content (RWC): The water content respective
to the fresh weight was calculated as described by.?

RWC % = 100 x [(FW — DW) / FW]

G. Drought stress tolerance index: Germination stress tolerance
index (GSI), and seedling dry matter stress tolerance index
(DMSI) were calculated using the following formulae given.*

GSI= (Germination percentage in stressed seeds/ Germination
percentage in control) x 100

SDSI= (Dry matter in stressed plants/ Dry matter in control) x 100

H. Niche breadth: For each size class niche breadth was calculated
using equation®' and to determine the performance of size class
on a drought stress gradient.®

|
- (zPi2)s

Where, B is niche breadth; Pi is the proportional response of size
class P in the i™ drought stress level and S is the number of drought
stress level. The measure ranges from 0 to 1 with 1 being a perfectly
even distribution of response. The results were analyzed using
analysis of variance (ANOVA). The data were analyzed for original
data in case of mean daily germination and transformed value in case
of percent germination.

Results
Effect of seed size on germination indices

In this experiment, germination percentage generally decreased
with increasing water stress level at each size class (Figure 1A).
Analysis of variance (ANOVA) indicated significant differences
between seed size classes and between treatments. However, the
effect of seed size class does not depend on drought stress level,
hence there is no statistically significant interaction between size class
and drought stress level (Appendix 1). Maximum germination was
recorded in size class 4 at control (70%) while minimum germination
was recorded in size class 1 at -0.6 MPa stress level (20%). At each
drought stress level, seed germination increased with increasing seed
size. Pair wise comparison between size classes showed that difference
in germination percentage between S4 and S3 and between S3 and
S2 were insignificant while rest of the classes showed significant
difference (Appendix 2). Considering drought stress as factor,
difference in germination percentage showed significant difference
between control and W3 (-0.9 MPa) and between control and W2
(-0.6 MPa) only, rest of the levels showed insignificant differences
(Appendix 3). Among the four size classes, size class 1 was very
sensitive to drought stress and size class 3 and 4 showed better
performance against drought stress. Comparison between control and
drought stress levels showed that size class 4 performed better than
other three classes while size class 1 showed maximum inhibition due
to drought stress (Figure 1A).

In contrast to germination percentage, the germination rate
decreased with increasing seed size as well as water stress level (Figure
1B). At each size class, seed germination rate showed fluctuating
pattern along the water stress gradient, the lowest germination rate in
all the size classes was recorded at highest (-0.9 MPa) drought stress
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level (Figure 1B). Days taken to initiate the germination processes
varied in different size classes. At control level, the minimum time
taken by all the four size classes for initiation was 21 days. However,
water stress showed no significant effect on emergence time. Size
class 4 showed better initiations as compared to other size classes
(Table 2).
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Figure | Seed germination percentage (A). Germination rate (B) in Q.
leucotrichophora as affected by seed size and drought stress.

Appendix | Analysis of variance for germination of Q. leucotrichophora as
affected by seed size and drought stress.

Source of DF SS Ms F P
Variation

Size class 3 4122.92 1374.31 15.71  <0.001
Drought stress 3 242292  807.64 9.23 <0.001
Size class xdrought g 50508 5579 064 0757
stress

Residual 32 2800 87.5

Total 47 9847.92  209.53

Appendix 2 Pair wise comparison (Tukey test) for factor size class.

Comparison Diffofmeans P Q P p<0.050
S4 vs S| 2333 4 864  <0.00I Yes
S4 vs S2 10.83 4 40l 0.037 Yes
S4 vs S3 1.67 4 062 0972 No
S3vs Sl 21.67 4 802  <0.00lI Yes
S3vs S2 9.17 4 339 0097 No
S2vs S| 12.5 4 463 0013 Yes

Appendix 3 Pair wise comparison (Tukey test) for factor drought stress

Comparison :::f;r?: P Q P p<0.050
CvsW3 17.5 4 648 <0.001 Yes
CvsW2 16.67 4 617 <0.001 Yes
CvsWI 833 4 3.08 0.15 No
WI vs W3 9.17 4 339 0.097 No
WI vs W2 833 4 3.08 0.15 No
W2 vs W3 0.83 4 03l 0.996 No
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Mean daily germination (on the basis of cumulative germination
percentage) increased with increasing seed size class and decreased
with increasing drought stress level (Figure 2A). In general, relative
water content (RWC) showed a fluctuating pattern along the drought
stress as well as size class gradient (Figure 2B). Maximum value of
RWC (52.9%) was reported for very large seed (S, size class) at -0.6
MPa drought stress level, while minimum value of RWC (33.1%) was
reported for S| size class at -0.6 MPa drought stress level (Figure 2B).

Table 2 Effect of seed size and drought stress on initiation of seed
germination in Q. leucotrichophora.

Drought stress level (MPa) Seed size class

| 2 3 4

0 21 23 21 25

-0.3 22 22 23 23

-0.6 27 22 22 21

-0.9 23 23 22 22
25 st ws | 70 - 6l WS
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Relativ e water Content%
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Drought stress (MPa) 0 0306 09
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Figure 2 Effect of seed size and drought stress on mean daily germination
(MDG) (A). Relative water content (RWC) of Q. leucotrichophora (B).

Effect of seed size on early seedling growth

Seedling dry weight was inversely related to water stress. At each
size class, fresh and dry weight of seedlings generally reduced with
increasing water stress (Figure 3A-3B). At each water stress level,
maximum fresh and dry weight of seedlings was recorded in highest
seed size class. In terms of seedling dry weight, differences between
size class and drought stress level were significant. The effect of size
class also depend on drought stress level resulting in a statistically
significant interaction between seed size class and drought stress
level (Appendix 4). Pair wise comparison between size classes
showed that except between S3 and S2 seedling dry mass showed
significant difference (Appendix 5) while between drought stress
levels differences in seedling dry weight were significant except
between W1 (-0.3 MPa) and W2 (-0.6 MPa) (Appendix 6). Seedling
vigor index increased with increase in size class. Size class 4 showed
maximum vigor index at all drought stress levels (Table 3). In general,
in small seed size class, the vigor index decreased with increasing
water stress while in large seed size class the vigor index decreased
up to -0.6 MPa drought stress and then decreased in highest water
stress level. The results presented indicated that fresh and dry weights
were affected by drought stress in all size classes however; maximum
reduction was recorded in small size class (Figure 4A—4B).
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Figure 3 Fresh (A) and Dry weight (B) of Q. leucotrichophora seedlings as
affected by seed size and water stress.

Appendix 4 Analysis of variance for seedling dry weight of Q.
leucotrichophora as affected by seed size and drought stress.

Source of Variation DF SS MS F P
Size class 3 2.12 0.71 48.26 <0.001
Drought stress 3 1.33 0.44 3041 <0.001

Size class x drought

9 062 007 4.69 <0.001
stress
Residual 32 047 00l
Total 47 454  0.09

Appendix 5 Pair wise comparison (Tukey test) for factor size class

Comparison Diff.of means P Q p p<0.050
S4 vs S| 1.41 4 40.85 <0.001 Yes
S4 vs S2 0.91 4 264l <0.001 Yes
S4 vs S3 0.8l 4 2345 <0.100 Yes
S3vs S| 0.6 4 174 <0.100 Yes
S3vs S2 0.1 4 296 0.176 No
S2vs S| 0.49 4 1444 <0.100 Yes

Appendix 6 Pair wise comparison (Tukey test) for factor drought stress

Comparison Diff. of means P Q P p<0.050
CvsW3 0.62 4 18 0.001 Yes
CvsW2 0.38 4 1099 0.001 Yes
CvsWI 0.25 4 735 0.1 Yes
WI vs W3 0.37 4 10.65 0.1 Yes
W1 vs W2 0.13 4  3.64 0.068 No
W2 vs W3 0.24 4 1.0l 0.1 Yes

Table 3 Seedling Vigor Index (SVI) of Q. leucotrichophora seeds as affected
by seed size and drought stress.

Seed size class Drought stress level (MPa)

0 -0.3 -0.6 -0.9
N 73.1 52.4 29 327
S2 94.6 724 68.8 54.4
S3 129.4 83.2 87.4 67.7
S4 157.5 133.8 92 8l1.7
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Figure 4 Fresh (A) and dry (B) weight percent reduction as affected by seed
size in Q. leucotrichophora seedlings.

Response breadth

In terms of germination percentage, maximum response breadth
value was recorded for seed size class 2 and minimum value was
recorded for size class 1 while in terms of dry weight maximum
response breadth value was observed for size class 3 and minimum for
size class 1 (Figure SA-5B) indicating that small seeds were affected
more severely by drought stress as compared to large seeds.

A B
size class 4 _ size class 4
size class 3 — size class 3
size class 2 — size class 2
size class | el size class 1
09 092 094 09 098 1 092 094 096 098 1

Figure 5 Response breadths in terms of seed germination (A) and in terms
of seedling dry weight (B).

Discussion

Seed size in Q. leucotrichophora significantly affected both
germination and early growth of seedlings. Very large sized seeds
recorded highest seed germination (47-70%) followed by large (47-
67%), medium (40-55%) and small seeds (20-43%). The higher
germination percentage in large seeds as compared to medium and
small seeds could be attributed to availability of more food reserve in
large seeds than in medium and small sized seeds. Similar observations
have been made and it was reported that seeds with large dimensions
are likely to have large embryo which enhances germination ability.?3*
It was also reported that size of seed has a strong influence on
germination as well as growth and biomass increment of a plant.’ In
contrast to this it was observed that the medium sized seeds produced
better germination than those of smaller and bigger ones.*

In the present study, averaged over all seed sizes, increased
drought stress induced by decreasing osmotic potential of germinating
substrate decreased final germination percentage (Table 4). Final
germination percentage was reduced 18% while seedling dry mass
was reduced by 27% as a result of increasing drought stress from 0 to
-0.9 MPa. There were differences in the final germination percentage
of seed size depending upon the drought stress intensity and large
seeds exhibited 23% greater germination than small seeds regardless
of water stress (Table 4). It was reported that large seeds with higher
germination percentage in normal and stress conditions may be related
to privileged water uptake.’” In oak species seed size variability is
a common feature and could affect seed germination and seedling
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growth. Response breadth value for germination percentage also
indicated that germination inhibition due to drought stress was more
pronounced in small seeds (narrow response breadth) as compared to
large seeds.

In contrast to germination percentage, the germination rate
decreased with increasing seed size and drought stress (Table 4).
Usually small seeds gain an advantage over large seeds by germinating
faster and having a greater relative growth rate.’® At the time of
sowing, inadequate soil moisture results in irregular seed germination
and unsynchronized seedling emergence, thereby affecting the
establishment of a stand.* In the present study, seedling growth under
unstressed condition (control) was maximum and minimum under
high water stress (-0.9 MPa) indicating that increasing drought stress
resulted in decreased seedling growth (Table 4). Seedling vigor index
increased with increasing seed size and decrease with increasing
drought stress level (Table 4). It was also stated that seed size has
been associated with early seedling vigor.*’

Percent weight reduction indicated that large seeds were less
affected by drought stress as compared to small seeds (Table 4). These
finding were also supported by response breadth values recorded
for seedling dry mass. Large seed size class (S,) showed broad
response breadth as compared to small seeds. Large seeds contain
more mineral nutrients and carbon-based reserves than small seeds.
Young seedlings from large seeds are therefore more likely to tolerate
adverse conditions. It was suggested that the various benefits of large
seededness could have a single underlying mechanism the “reserve
effect”.*! This extra metabolic resource in large seeds could remain
uncommitted and could then serve to support unpredictable levels of
carbon deficits caused by drought, shade or herbivory.

The variation among size classes showed that the germination
stress tolerance index (GSI) decreased with increase in drought stress
level (Table 4). However, large seeds performed better than small
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seeds. Many reports indicated that GSI can be used as screening
criteria for stress tolerance.* However, it was also suggested that
germination criteria did not reflect stress tolerance in plants, but
indicate seed quality differences.” The variation in performance of Q.
leucotrichophora determined by early seedling growth as fresh and
dry weight indicated that seedling growth is a reliable and efficient
procedure for screening seed size for drought tolerance. Although
fresh and dry weight of seedlings decreased with the increase in
drought stress level, different size classes showed difference in their
responses. There are reports which in agreement with the present
study indicating that drought stress severely reduce the biomass of
plants, but the seeds having higher potential to maintain the higher
growth under stress condition are drought tolerant. In the present
study, large seeds showed higher seedling dry weight stress tolerance
index (SDSI) as compared to small seeds (Table 4). These results
indicated that larger seeds have the ability to store greater amount
of carbohydrate in their endosperm or cotyledons than small seeds.*
This may enable early development of an enlarged resource gathering
system (root or photosynthetic tissue) to produce a faster growing
plant® and large seeds can withstand unfavorable environmental
conditions over a long period of time, while smaller seeds under the
same condition deplete their reserves in the process of respiration and
physiological rearrangements.

In Central Himalaya, the climate is characterized by the monsoon
pattern of rainfall, with about three fourth of the annual rainfall
occurring during mid June to mid September (rainy season). The seed
fall in Q. leucotrichophora takes place during December to January
which is not synchronized with rainy season; therefore the seeds may
often be subjected to prolonged dry spell in the field. Under drought
stress conditions, large seeds in Q. leucotrichophora have higher
benefits in germination compared to small seeds. Therefore higher
germination percentage from large seeds may be beneficial and should
give an advantage in establishment of plants under dry soil conditions.

Table 4 Means (+ standard error) comparison of seed size, drought stress level and their interaction on the studied parameters

Parameters

GP (%) GR FW (g) DW (g) RWC (%) svi GSl SDsI FWPR DWPR
Seed size class
SI 33.248.63 0.49+0.21 2.43+0.31  1.45+0.21 40.70+3.88  46.8+10.15 69.3+13.56 66.0£5.51 31.3+4.91 344551
S2  46.7%1.65 0.32+0.07 2.94+0.11 1.53+0.08 48.68+0.35  73.0+9.46 79.60+3.92 87.0£3.51 6.3%£3.38 13.0+3.51
S3  55.3%5.69 0.360.15 3.04+0.07 1.58+£0.06 4849+ 0.27 91.9%13.2 77.0£3.61 89.0+2.52 4.66+2.18 11.0£2.52
S4  56.7+531 0.32+0.13 3.85+0.15 2.02+0.15 49.00+2.71 1162+1477 752+ 671  86.3+6.44 9.3%3.17 8.66+6.44
Drought stress level (MPa)
0 58.67+3.20 0.33%0.13 3.37+0.39 1.90£0.23  43.49+2.16 113.6£18.65 100+0.0 100+0.0 0 0
-03  49.946.59 0.59+0.13 3.13£0.32  1.67£0.13 46.71£3.35  85.4%17.3 85.7+2.87  87+6.93 7.75%5.11 13.0£6.93
-0.6  42.5%12.57 0.38+0.16 2.99+0.19 1.60+0.08 45.53%1.36  69.3%14.3 70.2+8.48 847390 [1.75+6.54 15.2£3.90
-0.9  40.80+4.56 0.19+0.03 2.75+¢0.52 1.41+0.28 47.90£1.28  59.1+8.42 69.5+1.04 74.5%6.29  19.2£7.03 25.5+6.29

Conclusion

This study reveals that seed size is a life history trait relevant
for germination and seedling growth in Q. leucotrichophora. Seeds
play a vital role in natural and artificial regeneration. In natural
exposed conditions where drought is a major limiting obstacle to the
regeneration, seeds which can tolerate high water stress have better
chance to germinate. Compared to small seeds, large seeds tend to
have greater germination percentage (47%) and greater seedling dry

mass (1.55 g) at highest drought stress level. Small seed however, may
gain an advantage over larger seeds by germinating faster (as indicated
by higher germination rate). The seed size is a considerable and
significant factor in the germination and early stage of plant growth.
Different size of seeds having different levels of carbohydrates and
other food storage may be one factor which influences the expression
of germination and growth of plants. Present study suggested that
large seeds can withstand unfavorable environmental conditions over
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a long period of time, while smaller seeds under the same conditions
deplete their reserves in the process of respiration and physiological
rearrangements. The overall results showed that the seed grading is an
essential step to improve the quality of nursery stock as well as their
performance at field conditions. Therefore, large sized seeds should
be used in direct seeding and nursery preparation to get higher and
quicker seed germination and early seedling growth and establishment
in Q. leucotrichophora.
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