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Abstract

The importance of seed size in germination, emergence, growth and survivorship was assessed. Seed
weight of Acacia nilotica subsp. indica varied from 0.1104 to 0.2490 g per seed with a coefficient of
variation of 19.56% . Larger seeds showed greater rate and final germination percentage compareu to medium
and small size seeds. Survivorship curves for all three seed size categories approached Deevy ty;e I curves
but the curves for mediumn and small-sized seeds were slightly steeper. Final surviving percentage of
seedlings after 120 days was higher for large seeds compared to that of medium and small seeds. Seedling
fresh and dry weights after 120 days of growth were greater for the ones developed from large seeds. It is
concluded that variation in seed size produces variation in seedling fitness.

Introduction

Seed size, dispersal and dormancy are three -related seed characteristics that are
regarded as ecologically important life-history traits and reduce the risk in variable
environments (Gross & Kromer, 1986; Venable & Brown, 1988; Stamp, 1990). The
individual seed size (mass) in a species varies from nearly constant (Harper er al.,
1970; Fenner, 1985) to as high as 16-fold (Mazer, 1987; Hawke & Maun, 1989;
Thompson & Pellmyr, 1989). Several factors such as competition among individual
seeds for limited resources (Stanton, 1984a; Wulff, 1986), time of ovule fertilization
(Cavers & Steel, 1984; McGinley, 1989; Thomson & Pellmyr, 1989), position of an
ovule within the seed parent (Gray & Thomas, 1982; McGinley et al., 1987; Winn,
*091), differences in habitat/microhabitat (Salisbury, 1974; Keddy, 1982; Mazer,
1989), genetic control (Stanton, 1984a; Krannitz et al., 1991), and tradeoff between
seed size and seed number (Werner & Platt, 1976) may be responsible for this
variation.

Seed size variation has been shown to have several important ecological
implications. It may affect seed germination (Weis, 1982; Alexander & Wolff, 1985;
Aiken & Springer, 1995), emergence (Finstad, 1984; Berdahl & Barker, 1985; Zhang
& Maun, 1990), seedling establishment (Schall, 1980; Gross & Werner, 1982; Winn,
1985), growth rate (Marshall, 1986; Zhang & Maun, 1990), plant size (Parrish &
Bazzaz, 1985; Wulff, 1986), survivorship (Carleton & Cooper, 1972; Marshall, 1986;
Bonfil, 1998), competitive ability (Dolan, 1984; Stanton, 1984), and reproductive
ability of adult plants (Stanton, 1984). Large seeds tend to produce seedlings that are
more likely to survive to maturity than seedlings from smaller seeds, though not always
(Carleton & Cooper, 1972; Marshall, 1986; Wulff, 1986b; Bonfil, 1998).
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An important effect of variation in seed size may be its\influence on the kind of
microsite in which germination and seedling establishment is possible (Janzen, 1977;
Gross & Werner, 1982; Gross, 1984). Thus seed mass variation plays an important role
in establishment and persistence of a species in variable or patchy environment.

Acacia nilotica subsp. indica (Benth.) Brenan (Fabaceae) is a multipurpose tree
distributed throughout dry hot regions of India and in Sindh and Punjab provinces of
Pakistan (Toky & Bisht, 1992). The objectives of this study were: (1) to determine the
seed size variation pattern in a population of A. nilotica subsp. indica, (2) to evaluate
the effect of seed size on germination and emergence, (3) to examine the relation
between seed size and seedling survival and performance.

Materials and Methods

Seed collection and storage: Mature fruits of Acacia nilotica subsp. indica were
harvested in June, 1996 near Gharo, 35 km east of Karachi city. Fruits were randomly
collected from 10 different plants of the same population. Seeds were extracted from
fruits, separated from pulp, washed and air-dried at room temperature overnight. Seeds
with any sign of insect infestation were discarded. Clean seeds were then stored in a
cool incubator at 10°C for about 2 months.

Seed weight: From a sample of about 1000 seeds a subsample of 200 seeds was
randomly drawn. Seeds were then individually weighed. The frequency distribution of
seed size was constructed and mean, dispersion statistics were calculated and
symmetry, skewness and kurtosis were tested (Sokal & Rohlf, 1995). Seeds were sorted
into three nonoverlapping size classes containing seeds weighing 0.11-0.15, 0.16-0.20
and 0.21-0.25 g categorized as small, medium and large, respectively.

Germination test: Seeds were mechanically scarified using sand paper # 3. Teu seeds
with 5 replications from each size class were placed in 10 ml of distilled water in 9.5
cm diameter Petri plates with two layers of Whatman No. 1 filter paper. The Petri
plates were kept randomly in a growth chamber maintained at alternating temperature
with 14h illumination (36 umol m? S cool white fluorescent tubes) at 30°C and 10h
darkness at 25°C. Preliminary observations showed that seeds of A. nilotica subsp.
indica germinated well under these environmental conditions. Germination of seeds in
each size class was monitored daily for 18 days. Seeds were considered to be
germinated when the protruding radicle reached a length of 2 mm (Teketay, 1995). At
the termination of the 18- day germination period, root and shoot lengths of the
seedlings were measured. Germination velocity (GV) was calculated using the index
proposed by Mugnisjah & Nakamura (1986).

Seedling survival: For each of the three size categories ten mechanically scarified seeds
were sown in each of ten 40 cm diameter earthen pots containing sandy loam soil (sand
77.2%, silt 10.2%, clay 12.6%). Seeds were sown at a depth of 1.5 cm. After one
week when emergence had occurred, seedlings were thinned to six seedlings per pot.
The experiment was performed in a randomized complete block design. Seedling
survival was recorded at 15 days interval for 120 days. At the termination of the
experiment root and shoot length and fresh and dry weights of seedlings were
determined.
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Statistical analysis: Percentage germination data were transformed by an arcsin square
root values before subjecting the data to factorial analysis of variance (FANOVA)
(Sokal & Rohlf, 1995). For the seedling survival data, a life-table was calculated for
each size category (Silvertown, 1987). A Mantel-Haenszel chi-square test was
performed to compare the survival rates between size categories (Deshpande er al.,
1995).

Results

Seed size variation: The seed weight of Acacia nilotica subsp. indica varied from
0.1104 t0 0.2490 g (range =0.1386 g) and the mean seed weight of the population was
0.1774 + 0.0024 g (mean + standard error) (Fig. 1). Coefficient of variation was low
19.56%. The standadized value of Wilcoxon signed rank statistic (W**) was 1.5105
(p=0.131) showing no significant departure from symmetry about the median value of
0.1726. Coefficient of skewness (Tl) was 0.1919 which was non-significant and
coefficient of kurtosis (7,) was 2.145 indicating slightly platykurtic distribution.
Germination: In all three size categories, germination started on the third day and was
essentially completed by the thirteenth day (Fig. 2). Germination velocities (GV) for
large, medium and small seeds were 12.45, 11.02 and 11.03, respectively thereby
showing slightly greater germination velocity for larger seeds than medium and small
ones. Germination was initiated earlier (at 2 days of imbibition) in larger than in
medium and small sized seeds where it was initiated 3 days after imbibition.
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Fig.1. The frequency distribution of the seed weight of Acacia nilotica subsp. indica population at Gharo,
southern Sind, Pakistan.
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Fig.2. Cumulative germination percentage over time of Acacia nilotica subsp. indica seeds belonging to three
size categories.

The results of FANOVA showed significant effect of seed size on germination
percentage (F=5.8, p<0.0l). Effect of time was highi, significant (F=60.27,
p<0.001). However, the interaction of seed size and time was non-significant (F=0.49
n.s.). The final germination percentage was significantly greater (p <0.05 and p <0.01)
in large and medium sized seeds compared to small seeds. Both shoot and root lengths
of the seedlings obtained from large seeds were significantly greater than those of small
or medium sized seeds (p<0.05). Similarly, root/shoot ratio was significantly higher
for 'seedlings from large seeds than for those from small and medium seeds (p <0.05)
(Table 1).

Table 1. Root and shoot lengths and root/shoot (R/S) ratios of
the 18-day old seedlings of Acacia nilotica developed
from seeds of three different sizes.

Seed size Root length Shoot length R/S

(cm) (cm) ratio
Large 5.4+0.34 3.41+0.30 1.58
Medium 3.9+0.28 2.75+0.22 1.42

Small 3.6+0.36 2.45+0.34 1.47
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nilotica subsp. indica raised from seeds of three different

Seedling survival: Survivorship curves of seedlings from large, medium and small seeds
were close to a Deevy type II curve (Fig. 3) with more or less constant age specific
mortality (Table 2). However, survivorship curves for medium and small seeds were
steeper than thai for large seeds. In both these data sets, the age-specific mortality
increased substantially at the last observation period (Table 2). The comparison of
survivorship curves using Mentel-Haenszel chi-square test showed no significant
difference between curves for seedlings from small and medium seeds (X*=2.828,
n.s.), a significant difference between curves for seedlings from small and large seeds
(X*=21.624, p<0.01), but no significant difference between curves for seedlings from
medium and large seeds (X2= 11.391, n.s.).

seeds of three different size categories.

Table 3. Root length, shoot length and fresh and dry weights of
120 day-old seedlings of Acacia nilotica developed from

Seed size  Shoot length Root length Fresh weight Dry weight
(cm) (cm) (8 (&

Small 30.924+1.37 13.2841.29 19.89+0.52 4.89+0.24

Medium 44.28+1.49 22.1740.98 27.64+0.84 6.53(0.20

Large 54.94+1.51 28.94+41.21 35.37+2.37 9.2840.94
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Shoot and root leagths differed significauily among the seedlings developed from
seeds of the different size categories (F=90.2, p<0.001 and F=352.25, p<0.001
respectively). Likewise, fresh and dry weights of the seedlings obtained fromi the three
seed size categories differed significantly (F=59.55, p<0.001 and F=22.12, p <0.001
respectively) (Table 3).

Table 2. Life tables of Acacia niletica seedlings expeiimentally grown
using seeds of three different size (weight) categories.

Seed Age Observed Number Number Age specific  Average

size (days) number surviving dying mortality expect
out of 100 (dx) (qx) ancy of
further
life (ex)
0 60 10 17 0.170 68.70
15 50 83 6 0.072 71.10
30 46 77 9 0.116 61.05
45 41 68 11 0.161 53.10
Small 60 34 57 4 0.070 46.95
75 32 53 10 0.188 34.95
90 26 43 5 0116 26.32
105 23 38 6 0.157 13 85
120 19 32 - - -
0 66 10 13 0.130 77.55
15 52 87 7 0.080 73.09
30 48 80 8 0.100 63.84
45 43 72 5 0.069 61.62
Medium 60 40 67 12 0.179 51.13
75 33 55 8 0.145 40.84
90 28 47 5 0.106 28.62
105 25 42 7 0.166 14.73
120 21 35 - - -
0 60 100 10 0.100 87.22
15 54 90 8 0.088 81.08
30 49 82 4 0.048 73.26
45 47 78 6 0.076 61.63
Large 60 43 72 7 0.097 51.13
75 39 65 5 0.076 40.84
90 36 60 3 0.050 28.62
105 34 57 2 0.035 14.73

120 33 55 - - -
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Discussion

The higher tinal germinution percentage in large than in medium and sinall seeds
of Acacia nilotica subsp. indica(Fig. 2) is similar to previous reports for other plant
species. including Lupinus texensis, Plantago lanceolata, Sesbania spp., Andropogon
gerardii, (Schaal, 1980; Weis, 1982; Alexaader & Wulff, 1985; Marshall, 1986,
Springer, 1991; Aiken & Springer, 1995). However, germination percentages were not
affected by seed size in Agropyron psammophilum, and a number of wetland species
(Zhang & Maun, 1990; Shipley & Parent, 1999). Decreased seed weight can be
disadvantageous, since small seeds, as discussed above, is often associated with lower
germination percentage and smaller seedlings that would decrease the chances of
seedling establishment and survival to reproduction (Stanton, 1984; Krannitz et al.,
1991).

The increased gernination velocity for large seeds of A. nilotica corroborates the
findings for Sharma ef al., (1978), Marshall (1986) and Zhang & Maun (1990). By
conttast, Stamp (1990, found a decreased iate of germination for large seeds in
Erodium brachycarpum and Cooper et al., (1979) recorded decreased germination rate
with increasing seed size in Medicago sativa. Interestingly, Hendrix (1984) found
increase or decrease in germination rate with the increase in seed size depending on
conditions. The root and shoot lengths of 18-day-oid seedlings were found to be greater
for larger seeds compared to those developed from medium and small seeds. Similarly,
Mian & Nafziger (1994) reported a direct relationship between seed size of Triticum
aestivum L. and seedling shoot and root weight. Seedling root and shoot length for big
bluestem (Andropogon gerardii) correlated with caryopsis size (Springer, 1991).

Increased ernergence from the soil with increasing seed size observed here has also
been previously reported (Bhat, 1973; Berdah & Barker, 1984; Finstad, 1984; Carren
et al., 1987; Zhang & Maun, 1990).

Seed size liad a clear effect on suivival of A. nilotica, with seedlings from large
seeds having the highest and those from sinall seeds the lowest survival. Marshall
(1986) studied the relationship between seed size and survival and to some extent
controlled for genetic versus environmental effects by comparing the effect of seed size
differences within ard among three species of Sesbania. Largest-seeded species (S.
vesicaria) produced seedlings that survived the longest while the smallest-seeded
species (S. macrocarpa) produced seedlings that were relatively short-lived. However,
within species effects of seed size were not clear. On the other hand Schall (1980)
found larger seeds/seedlings to have higher survivorship in Lupinus texensis. Likewise,
Krannitz et al., (1991) demonstrated that seedlings of genotypes of Arabidopsis thaliana
with larger seeds survive longer than seedlinigs of genotypes with smaller seeds. Bonfil
(1998) working with two species of Quercus found a clear effect of seed size on
seedling survival with large seeds having the highest and seedlings from small seeds the
lowest survival.

The increased shoot and root length as well as fresh and dry weight of seedlings
with an increase in size of A. nilotica seeds (Table 3) has also been reported for other
tree species (Foster & Jonson, 1985; Tripathi & Khan, 1990; Tecklin & McCreary,
1991; Bonfil, 1998). It is generally agreed that large seeds produce larger seedlings
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than small ones (Harper & Obeid, 1967; Schaal, 1980; Zimmerman & Weis, 1983;
Zhang & Maun, 1990). Regarding subsequent seedling growth, two paiterns have been
observed: (1) a consistently greater growth rate of seedlings derived from large seeds
than of those from small seeds is maintained (Schaal, 1980; Stanton, 1984) and (2) the
initial increase in size of seedlings produced by large seeds vanishes later because of
higher growth rate of seedlings from small seeds (Lewis & Garcia, 1979; Zimmerman
& Weis, 1983). The seedlings of Acacia nilotica seem to follow the first pattern as after
120 days of growth the size advantage of the seedlings derived from large seeds was
maintained.

The significance of seed weight variation in a species depends on both the timing
and magnitude of any seed weight effects on seedling growth and survival in the field.
Individuals from large seeds may gain advantage early in life, particularly when seed
weight affects seedling size and competitive ability (Howell, 1981; Howe & Richter,
1982; Gross, 1984), resistance to moisture stress (Baker, 1972; Weis, 1982; Armstrong
& Westoby, 1993) or tolerance to shade (Leishman & Westoby, 1994; Saverimuttu &
Westoby, 1996).

Given the large intrapopulation variation in seed size, other ecological factors, such
as dispersal, seedling establishment, seed predation and water relations may confer an
advantage to different seed sizes (Stanton, 1985; Kelly & Purvis, 1993). Requirements
of safe-site would also differ for seeds of different sizes. Safe-site requirements of small
seeds are more restrictive than those of large seeds (Winn, 1985). Thus, variation in
seed size has great ecological significance in the establishment and inaintenance of
populations, particularly in harsh and variable environments, which in turn plays a
significant role in the evolutionary success of a species.
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