Int. J. Biol. Res., 2(1): 13-22, 2014.

AXIAL DIMENSIONS OF SEEDS, WITHIN-REGMA ALLOCATION OF
PHYTOMASS AND SEED PACKAGING COST IN AWILD CASTOR BEAN,
RICINUS COMMUNIS L. (EUPHORBIACEAE)

D. Khan, Zulfigar Ali Sahito and M. Javed Zaki

Department of Botany, University of Karachi, Karachi-75270, Pakistan
“Corresponding author e-mail: yousufzai_ khan_doctor@yahoo.com

ABSTRACT

The axial dimensions of seeds, within-fruit allocation of biomass and seed packaging cost were determined in a wild
castor bean plant from village Khuhra, Tehsil gambit, district Khairpur Mirs, Sindh. The dry fruit (regma) weight averaged
to 1.6643 £ 0.0215¢g and varied by 18.53% (0.9493-2.4466¢). The castor fruit produced 2 to 4 seeds but generally 3 seeds
per regma in 91% of the cases. Eight percent of the fruits had 2 seeds and only 1% produced 4 seeds. The length, breadth
and thickness of seeds averaged to 13.85 + 0.15, 8.45 + 0.069 and 5.63 + 0.062 mm, respectively with as low variation as
6.89, 5.13 and 6.92%, respectively. The lowest variation was seen in sphericity (3.91%). The sphericity averaged to 62.78%.
Seed weight per regma (SWPR) averaged to 0.9751 + 0.0137g varying from 0.3466 to 1.3888g (CV: 19.90%). Mean single
seed weight in a regma (MSSW) varied by 17.08% among the fruits and averaged to 0.3327 + 0.0040g (0.1490-0.4629g). It
deviated marginally from normal distribution (negatively skewed; KS-z = 1.297, p<0.069). Mean single seed weight
(MSSW) related with the magnitude of variation (CV) in seed weights among the seeds of a regma in an inverse fashion.
The variation amongst the seed weight (CV) in fruit was largely the direct function of the weight of the smallest seed in the
fruits (r = 0.930; F = 1268.16 (p<0.0001) and not the heaviest seed of the regma (r = 0.024, NS). It was observed that
MSSW when two seeds developed in a regma was not significantly different from the regular state of three seeds in regma
(F = 0.556, p<0.457 and t = 1.873, p<0.10, NS). The very occurrence of four seeds in only two fruits (1%) of the regma
didn’t allow the comparison of MSSW of 4-seeded state to 3-seeded or 2-seeded state. These results led us to conclude that
there was no competition among seeds developing in the same fruit. Excluding seeds of small category (< 100 mg), the
individual seed for a sample of N = 552, averaged to 349.307 + 1.854 mg and distributed normally (KS-z: 1.224, p<0.100).
It varied only by 12.47% - nearly half to the variation in case of all sizes of seeds inclusive (24.63%). Seed packaging cost
per seed (SPCz) and per g. seeds (SPC2) averaged to 0.2297 + 0.0038 and 0.7029 + 0.0127g, respectively and varied by a
quantum of 23.41 and 14.14%, respectively. There was no trade-off between fruit size and allocation of resources to seeds.
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INTRODUCTION

Pericarp and seeds occupy significantly varying proportion of the fruit biomass in angiosperms and determining
within-fruit reproductive allocation is important for the understanding of reproductive bionomics and seed size
significance in plant life strategy (Chen et al., 2010; Khan and Sahito, 2013a and b; Khan et al., 2013). The
quantification of reproductive allocation at fruit and seed levels has been made in several ecological studies (Willson et
al., 1990; Lee et al., 1991; Lord and Westoby, 2006; Martinez et al., 2007; Chen et al., 2010, Khan and Zaki, 2012;
Khan and Sahito, 2013; Khan et al., 2013). These workers have examined the relationship between the seed weight and
the seed packaging cost. Such studies are important and interesting (Mehlman, 1993) since pattern of seed-packaging
varies significantly among broadly ecologically similar species and within species (Willson et al., 1990; Chen et al.,
2010) and even among fruits within an individual plant (Khan and Zaki, 2012; Khan and Sahito, 2013; Khan et al., 2013,
2014). In this paper, within-fruit allocation of biomass in a wild Ricinus communis L. (vernacular- Palma Christi, Castor
oil plant) is studied.

R. communis is a widely planted species up to ¢ 1300m for its seeds containing oil. It may be self-sown around
villages (Stewart, 1972). There are hundreds of natural forms and cultivated varieties of the species including annual and
perennial types (Francis, 2014). Annual forms are ¢ 1.2m in height and perennial forms size up to small tree. Castor has
been cultivated in Africa, Asia from ancient times. A single large plant (8m canopy diameter) was found to produce 0.15
million seeds and small plant (c 1m canopy diameter) produced 1500 seeds (http://www.issg.org/database). Physical
properties of seeds of a cultivated form of castor in Iran (Gharibzahedi et al., 2011), six varieties of castor of different
origin (Brazil, USDA /ARS and Texas and one introduced in Brazil from India (Severino and Auld, 2013) and two forms
of castor bean from Nigeria (Akande et al., 2012) and wild castor from Sokoto (Aisha et al., 2013) have recently been
published. There exists large divergence of seed size in castor. The seeds and pollens characters of Egyptian provenances
were found to be important for the formal recognition of intraspecific taxa in this species (Shaheen, 2002). Therefore, in
this paper we have also reported on the physical characteristics of seeds of a self sown castor plant from a country side of
Sindh. This is pertinent in view of the fact that castor seeds are of great economic value and have a number of
applications in several industries and other economic uses (CSIR, 1972; Labalette et al., 2008; Salihu et al., 2012;
Imasuen et al., 2014)) which necessitate the knowledge of their physical and chemical properties for its usefulness in
engineering designs for varying types of processing.
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MATERIALS AND METHODS

Two hundred mature fruits (regma) from a plant of Ricinus communis L. growing in the village Khuhra, Tehsil gambit,
district Khairpur Mirs, Sindh were collected in 2012. These fruits were air-dried for around 60 days in laboratory. Fruits and
seeds were weighed on electronic weigh meter with a least count of 0.0001g. To determine biomass investment in seed and
seed packaging following parameters were determined after Mehlman (1993) and Chen et al. (2010). 1. Regma weight
(RW) of air-dried regmas, 2. Total seed weight per regma (SWPR), 3. Number of seeds per regma (TNS, the brood size), 4.
Pericarp weight per regma (PWR), 5. Mean single seed weight (MSSW) in a regma, 6. Per cent proportion of pericarp
weight to fruit weight (PPPF), 7. Per cent proportion of seed weight to fruit weight (PPSF), 8. Regma weight per seed
(RWS = RW /TNS), 9. Seed packaging cost per seed (SPC1 = PWR / TNS and 10. Seed packaging cost per g seeds (SPC>
= PWR / SWPR). The weight of each seed recovered from the fruits was recorded.

The linear measurements of seeds were expressed in mm. The axial dimensions (Length (L.), breadth (B) and
thickness (T) of seeds measured with a precision of 0.1 mm. A 3-dimensional expression of the axial dimension defines
the shape of the solid object and when it is in relation to a sphere it is called sphericity which may be defined as  the
ratio of the surface area of a sphere with the same volume as the seed to the surface area of the seed” (Mohsenin, 1986).
Sphericity of seeds was measured according to the methods of Mohsenin (1986). The seed volume and surface area were
measured according to the formula of Jain and Ball (1997).

Arithmetic diameter (mm)=L +B +T/3

Geometric diameter (mm) =(L*B * T) 3

Sphericity (@) = (L* B *T) 3/ L

Seed Volume (V, mm®) =0.25[(n/6)L (B+T)?

Seed surface area (S. mm2) = KL 2/ (2L - K) .... Where K =V (BT)

The location and distribution parameters were calculated for the fruit and seed characteristics. The frequency
distributions were characterized with skewness (g1) and kurtosis (g2) (Zar, 2010). Kolmogorov-Smirnov (KS-z) test
was performed to detect normal distribution. In allometric analysis, the slope of the fitted regression line was compared
with the slope of the null line using following t-test formula (t = b —H / SEy; df = n -2, where n is the number of samples,
t, the t-statistics, b, slope of the fitted line, SEj;, is the SE of b and H is the slope of null line) (Underwood, 1997).

RESULTS AND DISCUSSION

Regma and the brood size: The regma of castor is generally a trilobate, globose schizocarp densely covered with
curved cylinderic projections (¢ 0.7-0.90 cm) with bristle like tip on outer surface of the fruit to facilitate dispersal of
fruit (Fig. 1). The stock (pedicel) of the regma measures 1.105 + 0.0744 cm (CV: 30.14%) and fresh regma diameter
inclusive prickles averaged to 2.38 + 0.065 (CV: 12.33%). The castor fruit in our studies appeared to produce 2 to 4
seeds but generally 3 seeds per regma in 91% of the cases. Eight percent of the fruits had 2 seeds and only 1% produced
4 seeds (Fig. 2B). Weis (1991) reported 3-4 seeds per castor regma whereas Severino and Auld (2013) have reported
that 0.8% of the castor regma produced 4 seeds, 1.8% only one seed, 14.3% 2 seeds and most of the fruits (83.1%)
produced three seeds each. In our studies none of the fruit produced one or none seed. In 8% of the fruits abortion of
seed resulted in two seeds per regma. According to Severino and Auld (2013) the abortion was more frequent in cultivar
Al-Guarany in which 3.1% of the fruits aborted two seeds and 20% of the fruits aborted one seed as compared to the
cultivar ‘BRS Energia’ where two-seed abortion was found in only 0.4% of the fruits and one seed aborted in 7.4 % of
the fruits. It is obvious that there was more abortion in CV. ‘Al-Guarany’ and ‘BRS Energia’ as compared to the local
provenance of Sindh.

The dry fruit weight of our local plant averaged to 1.6643 + 0.02154g and varied by 18.53% (0.9493-2.4466()
(Table 2; Fig. 2A). The regma weight varied significantly with the brood size (F: 24.86, p<0.0001). Two types of
varieties of wild castor are reported by Akande et al. (2012) from Nigeria. The fruit of Large Seed variety (LSV)
weighed 1.290 + 0.12g) and that of in small seed variety (SSV) 0.238 + 0.01g (Akande et al., 2012).

The seeds: The seeds of R. communis are oval shiny beige coloured with darker streak. Seeds are, however, reported to
widely vary in colour - red, white, grey, faint chocolate and purple (www.ikisan.com/crop/). They resembled to engorged
ticks of dog. Storage at ambient temperature is reported to bring losses of the viability by around 75% in initial three
months. Seeds of castor are carunculate and endospermic. According to seed classification system of Martin (1946) and
later revised by Baskin and Baskin (2007), the castor seeds are kept in the category of foliate axile seed type (FA1 type
i.e. embryo spatulate axile erect; cotyledon thin to thick and slightly expanded to broad). Seeds are rich in triglyceride
‘ricinolin® (¢ 85%, Alam et al, 2010). They are poisonous and contain Ricin (www.billcasselman.
com/cwod_archive/beaver_castor_two.htm), a water soluble protein. Even a small amount of masticated seeds may be
lethal. Fatal doses are 2.5-6 seeds for humans. The broken seeds may cause irritation (CSIR, 1972). Forty to sixty
percent oil content in castor seeds, make them very valuable put to some 700 uses. In Eastern part of Nigeria, the castor
seeds are, however, used to prepare a fermented food condiment called ‘OGIRI’ (NCRI, 2013). Fermented castor seed
meal may be included in chicken starter diets @ 50g/kg (Oso et al., 2011).
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Fig. 1. Green fresh regma (A), mature regma (B) and seeds (C) of Ricinus communis.
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Fig. 2. Distribution of regma weight (A) and brood size (B) in R. communis.

The caruncle (elaiosome) associated with seed is involved in seed dispersal by ants (myrmechory). Caruncle initially
contains starch but at maturity much of its reserve is lipids. It has no cuticle unlike rest of seeds. It facilitates seeds to
absorb water and germinate (Bianchini and Pacini, 1996).

The seeds were fairly consistent in size and shape (Table 1). The length, breadth and thickness of seeds averaged to
13.85 £+ 0.1504, 8.449 + 0.0686 and 5.63 + 0.0616 mm, respectively with as low variation 6.89, 5.13 and 6.92%,
respectively. Arithmetic and geometric diameters varied by 9.3 and 8.69%, respectively. The lowest variation was seen
in sphericity (3.91%) which averaged to 62.78%. For the parameters studied, the maximum variation was exhibited by
the surface area (10.6%) and the volume (11.85%) of the seeds. Akande et al. (2012) have reported length, breadth and
thickness of Large Seed variety (LSV) seeds of Nigeria to be 13-20.5, 10 -15 and 5-9.5 mm, respectively and the Small
Seed variety (SSV) had seeds ranging from 6 to 9.5 mm in length, 3.3 to 5.2 mm in breadth and 3 to 4.5 mm in
thickness). The wild castor bean of Sokoto State of Africa is reported to be 8.3 mm long and 4.2 mm wide (Aisha et al.,
2013). The seeds in case of common cultivated plants are reported to measure 11.19x7.79mm to 13.54 x 9.80mm (www.
Ikisan.com/crop/). The seeds of in hand castor plant from Sindh were, therefore, smaller than LSV seeds but
substantially larger than the SSV seeds of Nigeria. Das et al. (2000) have reported castor seed to maximally reach 20mm
in length. There is, therefore, large variation in seed size in castor due to varietal reasons. The seed length of some
Egyptian provenances of castor bean was lesser than 1.2 cm and greater than 1.2 cm in others (Shaheen, 2002).

Table 1. Physical properties of R. communis seeds.

Parameter Min Max Mean SE CV (%) gl g2
Length (mm) 12.0 16.00 13.8463  0.15040 6.89 -.234 -.213
Breadth (mm) 7.40 9.15 8.449 0.06860 5.13 -729 193
Thickness (mm) 5.0 6.40 5.6318 0.06157 6.92 -.097 -1.260
Arithmetic diameter (mm) 8.133 10.20 9.309 0.07913 5.37 -.803 599
Geometric diameter (mm) 7.613 9.3823 8.6773 0.07182 5.23 - 774 .398
Sphericity (%) 57.66 66.95 62.776 0.388 3.91 -322 -.504
Volume (mm)?3 241.40 451.03 361.536 8.45229 11.85 -.590 246
Surface area (mm?) 133.33 208.07 177.129 2.96977 10.60 -.730 559

N — 40; g1, skewness; g2, kurtosis; Sg1 = 0.344, Sg2 = 0.733
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Seed weight per regma (SWPR): SWPR averaged to 0.9751 + 0.01372g varying from 003466 to 1.388g (CV: 19.90%)
and distributed asymmetrically (negatively skewed and leptokurtic) with significant KS-z value (1.483, p<0.025) (Table
2). It varied significantly with brood size (F = 34.39, p<0.0001).

Pericarp weight per regma (PWR): Pericarp weight of regma varied by 23.18% among the regmas studied and
averaged to 0.6692 + 0.01097¢g per regma. On an average percent proportion of pericarp to regma (PPPR) was 40.705 +
0.4060 and percent proportion of seeds to regma (PPSR) was 59.395 + 0.4060 (Table 2). Both of these parameters were
highly asymmetrical in distribution and varied with brood size significantly (F: 6.451, p<0.002).

Mean single seed weight in a regma (MSSW): MSSW varied by 17.08% among the fruits and averaged to 0.3327 +
0.00402g (0.1490-0.46299). It deviated marginally from normal distribution (KS-z = 1.297, p<0.069). It didn’t vary with
brood size significantly (F = 0.812, p<0.446) (Table 2; Fig. 3).

Table 2. Location and dispersion of fruit and seed characteristics of R. communis.
Acronyms of parameters as given in Materials and Methods.

Parameter N Min. Max. Mean SE CV (%) gl g2 KS-z p
RW (9) 200  0.9493 2.4466 1.6443 0.021543 18.53 0.019 -370 0.775 0.669
TNS 200 2 4 2.93 0.0210 9.96 -2.102  7.287  7.477 0.0001

SWPR (9) 200 0.3446 1.3888 0.97512  0.013718 19.90 -0.554 -0.245 1.483 0.025
MSSW (9) 200 0.1490 0.4629  0.332679 0.004017 17.08 -0.595 0.048 1.297 0.069
PWR (9) 200 0.0551 1.3751  0.669212 0.010968 23.18 0.380 2867 1.137 0.150
RWS (Q) 200 0.3164 0.8155 0.562363 0.006577 16.54 0.134 -0.101 0589 0.879

SPC. * 200 0.0184 0.4989  0.229683 0.003806 23.41 0.835 5106 1.389 0.042
SPC, ** 200 0.0481 1.9408 0.702927 0.012725 14.14 2506 15.801 2.202 0.0001
PPPF 200 45932  65.9957 40.70479 0.406024 14.11 -0.775 11414 1598 0.012
PPSF 200 34.0043 95.4068 59.29529 0.406024 9.68 0.775 11414 1598 0.012
Sgl = St. Error of skewness = 0.172; Sg2 = St. Error of kurtosis = 0.342.
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Fig. 3. Variation of mean single seed weight for a series of 200 regma. Horizontal line across the curve represents the grand mean
value (0.3327 g).
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Mean single seed weight (MSSW) related with the magnitude of coefficient of variation (CV) in seed weights
among the seeds of a regma in an inverse fashion (Fig. 4). Larger was the magnitude of CV, lesser was the magnitude of
MSSW. Furthermore, the variation amongst the seed weight (CV) in fruit was largely the direct function of the weight of
the smallest seed in the fruits (r = 0.930; F = 1268.16 (p<0.00001) and not the heaviest seed of the regma (r = 0.024,
NS). The weight of smaller seeds in regma studied accounted for 86.49% of the variance in CV.

It may be hypothesized that if competition existed between seeds in a regma, the seeds would be expected to grow
heavier and large when regma had lesser number of seeds. In our studies (Fig. 5), it was seen that MSSW when two
seeds developed in a regma was not significantly different from the regular state of three seeds in regma (F = 0.556,
p<0.457 and t = 1.873, p<0.10, NS). The very occurrence of four seeds in two fruits only (1%) of the regma didn’t allow
the comparison of MSSW in 4-seeded state to 3-seeded or 2-seeded state. The above statistical results led us to conclude
that there was no competition among seeds developing in the same fruit and presumably each seed had its independent
source of nutrients. Our results are in confirmation to the results of Severino and Auld (2013) who concluded that
“Castor seeds growing in the same capsule did not appear to compete for limited assimilates ”.
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and B, seeds excluding shriveled and very small seeds.

Individual seed weight: Individual seed weight for a sample of all recovered seeds (N= 585) averaged to 332.24 + 3.383
mg and significantly deviated from normal distribution (negatively skewed, g1: -2.305 & KS-z: 4.112, p<0.0001) (Fig.
6A). Excluding seeds of small category (< 100 mg), the individual seed for a sample of N = 552, increased to 349.307 +
1.854 mg and distributed normally (KS-z: 1.224, p<0.100) (Fig. 6B). It varied only by 12.47% - nearly half to the
variation in case of all sizes of seeds inclusive (24.63%). Akande et al. (2012) have reported on the seed size of castor
varieties. Large seed variety weighed a seed 680 + 10.0 mg (400-900 mg) and Small seed variety weighed a seed 116 +
2.0 mg (80-150 mg). Kadambi and Dabral (1955) have reported that variation in castor seed weight from 383.14 to
859.11 mg. Seed weight was reported to exceed 1g per individual seed in provenances collected from El-Kubbania /
Aswan, Assuit, barrages, EI-Mounfia, new Dermitta and North Sinai (Shaheen, 2002). Seeds were heavier for those
provenances which had denser capsule prickles. According to Salihu et al. (2012) individual seed weight varies not only
from cultivar to cultivar (90-1000mg) but also varies within different racemes. The seed weight, according to Salihu et
al. (2012) increases as the total number of seeds produced per plant decreases.
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Intraspecific variation in seed mass is common in tropical species (Janzen, 1977; Foster and Janson, 1985; Khan et
al., 1984; Murali, 1997; Marshall, 1986; Upadhaya et al., 2007) and it may be many-fold in magnitude (Zhang and
Maun, 1990). Sachaal (1980) found 5.6 fold variation among 659 seeds collected from a population of Lupinus texensis.
Khan et al. (1984) have reported seed weight variation in desert herbs to be around 6.82% in Achyranthes aspera,
12.91% in Peristrophe bicalyculata, 14 % in Cassia holosericea and 16.83% in Prosopis juliflora. Opuntia ficus-indica
exhibited seed weight variation c. 18.2% (Khan, 2006). Michaels et al. (1988) have examined 39 species (46
populations) of plants in eastern-central Illinois and reported variability (in terms of coefficient of variation) of seed
mass commonly exceeding 20% - significant variation being among the conspecific plants in most species sampled. Seed
weight variation in Senna occidentalis was 18.35% (Saeed and Shaukat, 2000). Seed weight variation in Thespesia
populnea was around 27% (Gohar et al., 2012). Sixteen-fold variation in seed mass is reported in Lamatium
salmoniflorum (Thompson and Pellmyr, 1989). According to Tiscar Oliver and Borja (2010) most variation occurred in
seed mass within trees of Pinus nigra subsp. Salzamannii (c 61%) rather than between them (c 39%). Four-fold variation
in seed mass was found ranging from 8 to 32 (-36) mg. Variation in seed mass is even reported within fruits (Stanton,
1984; Mendez, 1997).

The distribution of seed weight in Castor bean was negatively skewed (Fig. 6) i.e. castor produced relatively more
smaller seeds than expected from normal distribution of seed weight as also reported in Purshia tridentata (Krannitz,
1997). Seed weight in Cassia fistula was also found to be leptokurtic and negatively skewed (Khan and Zaki (2012).
Halpern (2005) reported normal distribution of seed mass in Lupinus perennis. Sachaal (1980) found seed weight to be
leptokurtic and positively skewed in Lupinus texensis. Seed weight distribution has been reported to be normal in six
cultivars of sunflower and skewed in three cultivars (Khan et al., 2011). Seed mass normally distributed in Blutapason
portulacoides and Panicum recemosum but not in case of Spartina ciliata (Cardazzo, 2002). Zhang (1998) has reported
seed mass in Aeschynomene americana, by weighing 150 seeds from each of its 72 populations, to be normally
distributed in 9, positively skewed significantly (p<0.05) in 14 and negatively skewed in 49 populations. The mass of
mature seeds had a normal distribution in two natural populations of Arum italicum (Mendez, 1997). Seed weight may
vary within a species with site quality and temporally varying from symmetry to skewness, from leptokurtosis to
platykurtosis (Busso and Perryman, 2005).

The variation in number of seeds per regma equalled to 9.96% which was lower than the seed weight variation. This
is contrary to the contention of Harper (1961) and Harper et al. (1970) which states that seed weight is less variable than
seed number. It may, however, be mentioned that several species are known to exhibit less variation in seed weight than
seed number (brood size) for example Acacia coriacea subsp. pendens (Khan et al., 2013), A. stenophylla (Khan and
Sahito, 2013 a), Delonix regia (Khan and Sahito, 2013 b) and Thespesia populnea (Gohar et al., 2012). Less variation in
brood size than seed weight in R. communis may be related to very high frequency of three-seeded regmas (91%).

The variation in seed size may be the result of many factors (Fenner, 1985; Wulff, 1986). Winn (1991) has
suggested that plants may not have the capability of producing a completely uniform seed weight simply as a result of
variations in resource availability (e. g., soil moisture during seed development). Seed size is significantly reduced under
moisture stress in mature trees of walnut (Martin et al., 1980). Seed weight is said to be the direct function of
precipitation (moisture availability) and monthly precipitation is reported to explain around 85% of the total variation in
seed weight in Wyoming sage brush, Artemisia tridentata (Busso and Perryman, 2005). Seed weight is also reported to
decline with age in walnut (Juglans major) in terrace habitat of central Arizona (Stromberg and Patten (1990). It has also
been reported to be the function of plant height in a population of Ranunculus acris (Totland and Birks, 1996). The large
variation of seed mass among plants suggests a potential for but not necessarily the presence of genetic control of seed
size. This is because maternal parents may influence seed size via both maternal genetics and the maternal environment
effect (Roach and Wulff, 1987; Busso and Perryman, 2005). Seed weight variation in plants thus appears universal which
may be due to trade-off of resource allocation between seed size and number (Venable, 1992) or environmental
heterogeneity (Janzen, 1977) or the genetic reasons. It has been suggested that producing seeds of different sizes can be
an evolutionary stable strategy in spatially or temporally heterogeneous habitats (Geritz, 1995). Alonso-Balnco et al.,
(1999) have indeed identified several gene loci responsible for natural genetic variation in seed size in Arabidopsis
thaliana. Doganlar et al. (2000) have presented seed weight variation model in tomato. It may be asserted that within a
species, seed mass variation should have both genetic and environmental components. Contrary to it, the variation within
a plant can only reflect environmental variance due to either development stability or genetically based adaptive
variability. Seed weight variation within an individual of castor bean (CV: 24.63%) appears to be environmentally-
induced and may have important ecological implications in its life history diversification (Braza et al., 2010).

Variation of seed weight around an optimal size within an individual or a population could be related to variation in
parental size or quality of resources (McGinley, 1988), physiological, developmental or morphological constraints
(McGinley et. al., 1987), parent offspring conflict and sibling rivalry (Uma Shaanker et al., 1988; Ganeshaiah and Uma
Shaanker, 1988; Ganeshaiah and Uma Shaanker, 2003). Since Smith-Fretwell (1974) model predicts optimum seed size
expected in a particular ecological context, different optima for different individuals of a species may be expected. This
concept may probably be as well extended to fruits of an individual tree where different optima may occur for different
fruits produced on a tree. It may be adjudged from the high degree of variation of mean single seed weight among fruits
and total seed mass in fruits of an individual tree. A reproductive potential of a fruit obviously should be a function of its
developmental history based on both its external and internal environments (Khan and Sahito, 2013a and b).
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Table 3 A and B. Relationship of three parameters of seed packaging cost (RWS, SPC1 and SPC>)
with brood sizes (3A) and one-way ANOVA for three parameters of seed packaging cost
(SPC1, SPCzand RWS; for the three brood sizes (B).

A B
Seed
Brood o tistics  RWS SPC: SPC; packaging °r%d s gf Ms F P
Slze costs groups
) Mean * 0.59595a 0.273019a 0.882860 a Between
N 16 16 16 groups 0.034 2 0.017
SE 0.021556  0.018356  0.090599 SPC1 Within 00 197 0003 6171 0003
Mean  0.56019a 0.226196b 0.687320b groups
3 N 182 182 182 BTIOta' 0576 199 -
SE 0.006905  0.003733  0.010894 g‘ig’fj‘:)i” 0563 2 0.282
Mean  0.49173a 0.20036b 0.683625b P
SPC; Within oo 197 0030 9431 00001
4 N 2 2 2 groups
SE 0.071925  0.034688  0.031682 Total 6444 199 -
Mean  0.562363a 0.229683b  0.70293 b Zer‘c‘)’:’;:)es” 0029 2 0014
Total N 200 200 200 RWS  Within 1681 0.189
SE 0.006577  0.003805  0.012725 groups 893 197 0009

Total 1.722 199 -

*, Multiple comparisons are based on LSD mean significant difference at p<0.05- the means followed by the same letter are not
significantly different.

Table 4. Pair comparisons of means - RWS, SPCi and SPC:for the three brood sizes.

. Brood size Mean
Dependent variable () TNS | () TNS difference SE p
2 3 0.035761 0.0241706 0.141
RWS 2 4 0.104222 0.0695202 0.135
3 4 0.068461 0.0659034 0.300
2 3 0.046823 (*) 0.0136820 0.001
SPCy 2 4 0.072656 0.0393527 0.066
3 4 0.025833 0.0373054 0.489
2 3 0.019554 (*) 0.0450545 0.0001
SPC, 2 4 0.0199235 0.1295873 0.126
3 4 0.003695 0.1228455 0.976

*, The mean difference is significant at p<0.05 as given by LSD

Seed packaging cost: The three parameters of seed packaging cost-regma weight per seed (RWS) (after Mehlman,
1993), pericarp weight per seed (SPC1) and pericarp weight per g seeds (SPC,) are described in Table 2. RWS, SPC; and
SPC; averaged to 0.5624 + 0.0066, 0.2297 + 0.0038 and 0.7029 + 0.0127g, respectively and varied by a quantum of
16.54, 23.41 and 14.14%, respectively. Of the three parameters of seed packaging cost, SPC1 and SPC; didn’t follow
normal distribution (KS-z: 1.389 and 2.202 (p<0.0001). RWS, however, followed normal distribution (KS-z: 0.589,
p<0.879). RWS didn’t vary with the brood size (Table 3A and B and 4). SPC; and SPC; varied significantly with the
brood size (F=6.171 and 9.431, respectively; p<0.003 and 0.0001, respectively (Table 3 A and B). The pair comparison
of the means of the three parameters against brood size, however, indicated significant decrease in SPC; and SPC; only
in three-seeded as compared to 2-seeded regma (Table 4). Other pair comparisons indicated no statistically significant
differences. Abortion of seed, obviously, accentuated the packaging cost.

The investment in seed packaging in an individual plant of castor bean varied significantly by 23.41% as pericarp
mass per seed (SPC1) and 14.14% as pericarp mass per g. seeds (SPC2). Willson et al. (1990) had also noted a marked
variation in average seed packaging investment amongst 28 species surveyed. Cassia fasciculata included in their study
showed SPC per seed to be 76.47 + 1.89 mg per seed. Mehlman (1993) also reported SPC to vary significantly in pods of
Baptisia lanceolata. Khan and Zaki (2012) have reported packaging cost in indehiscent type of pods of C. fistula to vary
from pod to pod — (mean SPC: 767.2 + 51.4 mg per seed to 6961.3 + 461.0 mg per g seeds). Seed packaging investment
across 62 species of 35 families from China (No legume included) is also shown to vary among species (Chen et al.,
2010). The lowest cost was 0.065 mg per seed in Dicroa febrifuga (Family Saxifragaceae) and highest 1124.897 mg /
seed for Vernicia fordi (Family Euphorbiaceae). Highest packaging investment is, however, presented by Willson et al.
(1990) in case of Asimina triloba to be 13,101 mg per seed. Afsar uddin (2012) has reported the packaging investments
in dehiscent type of pods of A. lebbeck (2327.0 mg per g seeds and 281 mg per seed) and L. leucocephala (826.0 mg per
g seeds and 32 mg per seed) and in schizocarpic pods of A. nilotica (1725 mg per g seeds and 205 mg per seed). SPC is
not only species specific but also varies with fruit to fruit even in case of a single individual of a species. It signifies the
importance of the environmental history of the fruits at individual level.
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Phytomass allocation to seeds: There was a direct linear relationship (Fig. 6) between logarithms of seed weight per
regma and weight of the regma (r = 0.897, p<0.00001). The slope of the line b = 1.039 (SE,=0.036) was not significantly
different from b for the null line (1) (t = 1.083, NS). This is similar to the fruit-seed relationship in Warburgia salustris
where it was found that larger is the fruit, larger is the seed mass per fruit (Daws et al., 2002). It implied that fruit size
had no effect on the amount of resources that are allocated to seed production. The approximate value of 1 of the
regression line indicated that proportionately small fruit invested the same resources to the seed production as the larger
fruit invested proportionately. There was no trade-off between fruit size and allocation of resources to seeds. Similar
results have been reported by Khan and Sahito (2013a) in Acacia stenophylla.

0.00—

-0.50—

loge SEED WEIGHT PER REGMA

-1.00—

I I I I I I I
-0.20 0.00 0.20 0.40 0.60 0.80 1.00

loge REGMA WEIGHT

Ln SWPR = -0.546 + 1.039 In (RW) + 0.098343
t=-29.14 t=28.63
p<0.0001  p<0.0001
F=819.73, r = 0.897, 1 = 0.805, Adj. r? = 0.804, SE (a) = 0.019; SE (b) = 0.036

Fig. 6. Relationship of loge seed weight per fruit with loge regma weight.
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