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INTRODUCTION rather than producing fewer and large seeds with the 

resources allocated for reproduction (Leishman et al. 
Seeds play an important role in the perpetuation of 2000) as the production of more seeds assures more 

species. Therefore, plants adopt strategies for seedlings (Smith & Fretwell 1974). 
production of maximum seed and efficient seed 

dispersal strategies. Variation in seed size is associated Seeds protect embryo from predators, the packed 

with dispersal system (van der Pijl 1982, Matlack 1987). food resources are required for germination and impart 

An important aspect is the trade-off of the food material dormancy for enabling the seeds to germinate at the right 

stored in the seeds for the early establishment of the time for establishing new plants. The seed mass bears 

seedlings and the weight of the seeds. More the weight of direct correlation with the growth habit; herbs bear 

seeds lesser is the distance to which the seeds can get smaller seeds than shrubs or trees (Moles et al. 2005a). 

dispersed from the mother plant (Harper et al. 1970). Seed mass plays an important role in reproduction and 

The strategy of the species is to produce more seeds seedling establishment (Grime et al. 1988, Shipley et al. 
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ABSTRACT

Seeds of 38 species of the genus Crotalaria were collected and analysed for the variation in the shape, size, colour and 

spermoderm pattern. Statistical analyses were conducted for different variables to interpret the adaptive significance 

of different characters and correlation between the values obtained from the analyses. Positive correlations were 

observed between seed weight and seed length (r = +0.868), plant height and seed length (r = +0.68) and plant height 

and seed weight (r= +0.6). On the other hand, no correlation or less correlation (r = 0.11) was observed between the 

variables - number of seeds per pod and the seed length.  The variations have adaptive significance and survival value 

for the species existing in different ecogeographical regions. Seed colour blends with the habitat and helps in escaping 

the predators. Seed size too has adaptive value; small seeds are adapted to margins of forest and grasslands where 

competition is less and hence they require little initial reserve food. Large seeded species colonize cut-slopes and 

regions with dense vegetation where the seed has to depend on the initial reserves of the cotyledons. Seed length and 

number of seeds per pod are not correlated since the food resources allocated for making the seeds depend on the 

ecological requirements and not on the number of seeds. Seed surface patterns are not of much taxonomic 

significance. However, C. nana var. nana and C. nana var. umbellata have pappillate spermoderm which is absent in 

other species investigated and supports the treatment of the two varieties as synonyms which is also evident from their 

morphologically overlapping characters. 

Seed, adaptation, colour, weight, aril, spermoderm patternKeywords: 



1989, Leishman & Westoby 1992, Leishman et al. taxonomic relevance, and understand its adaptive 

2000). There is a direct correlation between seed size significance.

and the ecological adaptability; large seeds have 
 MATERIALS & METHODSan advantage in shaded conditions (Osunkoya et al. 

1994). 
Mature seeds of 42 accessions representing 38 

 Interspecific variation in seed size has also been Crotalaria species were collected from various localities 
associated with the level of predation (Janzen 1969, (Table 1). Seeds were also collected from herbarium but 
Armstrong & Westoby 1993).The seed size variations have not been included in the present paper as they were 
have also been linked to both selection and phylogeny infected and non-viable. The seed size was measured 
(Kang & Primack 1999). Variations in seed colour, using the software Image J (Abramoff et al. 2004, 
weight, shape, size, presence or absence of aril, etc. are Rasband 1997-2012, Schneider et al. 2012) (Table 2). 
genetically controlled characters and have therefore, Seed colour and 100 seed weight was also recorded and 
been used for taxonomic purposes (Miller 1967). data were statistically analysed (Table 2). 
Pandey & Ali (2005) studied the spermoderm pattern in 

For scanning electron microscopy, mature seeds 
different tribes of Papilionoideae and concluded that 

were mounted on stubs and coated with a thin layer of 
members of tribe Genisteae and Phaseoleae exhibit 

gold (200 A°) in sputter coater (Ion-sputter JFC-1100). 
great diversity, while members of the tribe Trifolieae 

The surface of the coated seeds were viewed under 
show more or less uniform spermoderm pattern. 

Scanning Electron Microscope “LEO 435 VP” at All 
The objectives of the present study were to assess India Institute of Medical Sciences, New Delhi, India. In 

 the variability in seed characters in 38 species of the present communication terminology of Miller 
Crotalaria, relate it to taxonomy and derive its (1967) has been followed.

Colour of seeds Species

Black Crotalaria wightiana Wight & Arn., C. salicifolia Wight & Arn., C. beddomeana Thoth. 

& Ansari,  C. clarkei Gamble, C. tetragona Roxb. ex Andr., C. mysorensis Roth, C. nana 

Burm. f., C. albida Heyne ex Roth, C. fysonii Dunn

Brown Crotalaria burhia Buch.-Ham. ex Benth., C. tetragona Roxb. ex Andr., C. hirta Rottl. 

ex Willd., C. mysorensis Roth, C. calycina Schrank, C. nana Burm. f., C. albida Heyne 

ex Roth, C. humifusa Grah. ex Benth., C. evolvuloides Wight ex Wight, C. fysonii Dunn, 

C. hebecarpa (DC.) Rudd, C. incana L., C. micans Link, C. longipes Wight & Arn. , 

C. spectabilis Roth, C. quinquefolia L., C. trifoliastrum Willd., C. agatiflora Schweinf. 

ex Engl., C. pallida Ait.

Steel Grey Crotalaria juncea L.

Yellow Crotalaria verrucosa L., C. heyneana Grah. ex Wight & Arn., C. retusa L., C. calycina 

Schrank, C. stipitata Grah. ex Wight & Arn.

Olive-Green Crotalaria angulata Miller

Orange red Crotalaria goreensis Guill. & Perr.

Grey green Crotalaria pallida Ait.

Table 1— The variation in colour of the seeds in different species of Crotalaria.
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Categories Species Habit Seed Size Seed Size Seed weight No. of

based on (average (average (100 seed seeds 

length length, length, weight per 

in cm) in cm) in mg) pod

Large sized Shrubs, 0.67 0.41 52 17

150 cm

(0.5-0.69 cm) C. salicifolia Undershrubs, 0.65 0.35 18 47

 200 cm

C. obtecta Undershrub, 0.63 0.48 27 10

 250 cm

C. beddomeana Shrub, 0.6 0.45 24 --

350 cm

C. trifoliastrum Herbs 0.6 0.3 2.5 0.045 02

70 cm

C. semperflorens Shrubs, 0.55 0.56 25 11

300 cm

C. spectabilis Shrubs, 0.5 0.35 23 18

200 cm

C. quinquefolia Herbs, 0.5 0.4 28 26

100 cm

C. longipes Shrubs, 0.5 0.4 28 14

300 cm

Moderate sized C. micans Shrubs, 0.45 0.45 24 10

 (0.3- 0.49 cm) 300 cm

C. juncea Undershrubs, 0.45 0.3 1 15

100 cm

C. stipitata  Undershrubs, 0.45 0.4 10 09

 200 cm

C. tetragona Shrubs, 0.43 0.4 18 17

 200 cm

C. wightiana Undershrubs  0.4 0.3 12 25

100 cm

C. verrucosa Undershrubs, 0.4 0.3 28 14

100 cm

C. incana Undershrubs, 0.33 0.26 7 32

 100 cm

C. grahamiana ±0.016 ±0.027 ±0.942

±0.016 ±0.016 ±0.853

±0.011 ±0.015 ±0.649

±0.018 ±0.012 ±0.461

±0.018 ±0.019 ±

±0.011 ±0.011 ±0.512

±0.026 ±0.011 ±0.610

±0.019 ±0.012 ±0.430

±0.023 ±0.023 ±0.482

±0.014 ±0.061 ±0.354

±0.023 ±0.012 ±0.214

±0.019 ±0.016 ±0.398

±0.013 ±0.011 ±0.380

±0.021 ±0.0311 ±0.264

±0.014 ±0.028 ±0.453

±0.011 ±0.014 ±0.352

Table 2— Seed size, seed mass and the number of seeds per pod along with the habit of different species of 
Crotalaria.
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 RESULTS Seed colour—The seeds of Crotalaria show 

considerable diversity in colour. The seeds are black, 
Seed Morphology—The seeds of Crotalaria are brown, steel grey, yellow, olive-green, orange red to grey 
generally reniform, compressed, flat, asymmetrical and green in different species. The variation in colour of 
beaked at one end (Fig. 1). Flat and compressed seeds get seeds along with the names of the species that show 
effectively dispersed. The seeds of C. wightiana and C. variation is given in the Table 1 and Fig.1.
multiflora have a prominent aril at the point of hilum 

Seed size and weight—The seed size in Crotalaria which exceeds the hilar sinus (Fig. 2). 
varies from 0.11 cm in C. humifusa to 0.67 cm in C. 

C. goreensis Herbs 0.33 0.23 7 16

100 cm

C. pallida Undershrubs, 0.32 0.2 6 36

150 cm

C. fysonii Herbs, 50 cm 0.3 0.28 8 08

Small sized C. retusa  Undershrubs, 0.28 0.28 15 17

(0.1-0.29 cm) 150 cm

C. evolvuloides Herbs, 60 cm 0.28 0.3 7 10

C. albida  Herbs, 60 cm 0.27 0.2 6 08

C. mysorensis Undershrubs, 0.26 0.23 4 49

100 cm

C. burhia Undershrubs, 0.25 0.2 3 02

100 cm

C. hebecarpa Herbs, 50 cm 0.2 0.15 3 02

C. nana var. umbellata  Herbs, 60 cm 0.15 0.15 2 11

C. angulata Herbs, 50 cm 0.2 0.15     - 17

C. nana var. nana  Herbs, 60 cm 0.2 0.15 1 12

C. humifusa Herbs, 30 cm 0.11 0.08 0.5 16

±0.012 ±0.024 ±0.289

±0.024 ±0.012 ±0.248

±0.021 ±0.014 ±0.286

±0.011 ±0.021 ±0.343

±0.023 ±0.023 ±0.312

±0.013 ±0.565 ±0.284

±0.031 ±0.011 ±0.282

±0.021 ±0.038 ±0.224

±0.027 ±0.011 ±0.286

±0.021 ±0.014 ±0.311

±0.021 ±0.013

±0.018 ±0.024 ±0.122

±0.012 ±0.010 ±0.010

Categories Species Habit Seed Size Seed Size Seed weight No. of

based on (average (average (100 seed seeds 

length length, length, weight per 

in cm) in cm) in mg) pod
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Fig. 1– Seed morphology. A. Crotalaria wightiana (1013) B. C. calycina (1006) C. C. evolvuloides (1049) D. 

C. fysonii (1035) E. C. goreensis (1046) F. C. grahamiana (1024) G. C. humifusa (1036) H. C. incana (1008) 

I. C. spectabilis (1018) J. C. juncea (1026) K. C. stipitata (1050) L. C. longipes (1015) M. C. medicaginea (1034) 

N. C. micans (1052) O. C. micans (1057) P. C. mysorensis (1025) Q. C.  nana (1028) R. C. obtecta (1054) S. C. pallida 

(1004) T. C. pallida (1010) U. C. semperflorens (1055) V. C. longipes (1041) W. C. longipes (1045) X. C.sp. (1459m) 

Y. C. longipes (1053) Z. C. verrucosa (1003). Scale  Bar= 1 mm.
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Fig. 2. Scanning electron micrographs of seed surface of some Crotalaria species. A-B. C. wightiana and C. 
multiflora showing the conspicuous aril, which serves as food for ants and thereby play role in dispersal, 
both the species show levigate spermoderm pattern, C. C. evolvuloides whole seed, D. Magnification of 
seed coat surface pattern of C. evolvuloides, note retico-foveolate spermoderm pattern, E. Rugulate 
spermoderm pattern in C. longipes, F-I. Spermoderm pattern in C. nana var. nana and C. nana var. 
Umbellate. Note stellate-papillate spermoderm.
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grahamiana. Based on their size, the seeds are obtecta var. obtecta (27 mg), C. semperflorens 

categorized into three groups: (i) large (0.5-0.69 (25 mg), and C. salicifolia (18 mg). C. trifoliastrum where 

cm), (ii) moderate (0.3- 0.49 cm) and (iii) small (0.1-0. the 100 seed weight is 2.5 mg stands out as an exception 

29 cm). (Table 2). 100 seed weight in medium sized seeds ranges 

between 10 mg in C. stipitata to 28 mg in C. verrucosa. In 
From among the species studied for seed size, 10 

C. juncea the 100 seed weight was 1 mg. In the small 
species have medium sized seeds; 9 species each have 

seeded species the seed mass is less, e.g., C. nana (1 mg) 
large and small-seeds (Table 2, Fig. 1). All the small 

and C. mysorensis (4 mg). 100 seed weight in moderate 
seeded species (C. nana, C. humifusa, C. albida, C. 

sized seeds are in the range of 10 mg (C. stipitata). There is 
evolvuloides) are herbaceous. Species with large (C. 

a direct correlation (r = +0.80168) between seed size 
obtecta, C. grahamiana, C. salicifolia, C. beddomeana, 

(measured in length) and seed mass (Fig. 4). However, 
C. semperflorens) and medium seeds (C. micans, C. 

there is a positive correlation (r = +0.6) between seed 
juncea, C. wightiana, C. tetragona) are shrubs.

weight and plant height (Fig. 5). The average number of 
The small seeded species occur in grasslands and on seeds per pod varies from 2 in C. trifoliastrum, C. burhia 

forest edges where the vegetation is herbaceous. The and C. hebecarpa to 49 in C. mysorensis. C. salicifolia is 
large and medium seeded species occupy cut slopes and another species which also    has large number of (47) seeds 
the forest floor. There is a positive correlation (r = +0.68) per pod. Two other     species where the seed numbers are 
between plant height and seed size (Fig. 3). very high are Crotalaria pallida (with 36 seeds) and C. 

incana (with 32 seeds per pod). Two varieties of Crotalaria, Seed mass also exhibits considerable variation among 
C. nana var. nana and C. nana var. umbellata also have 11 species of Crotalaria. 100 seed weight ranges between 0.5 
or 12 seeds per pod.  There is no correlation (r = 0.11) mg (C. humifusa) to 52 mg (C. grahamiana). In general, 
between seed size and the number of seeds per pod (Fig. 6). large seeded species have more seed weight, as in C. 
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Fig. 3– Graph showing the correlation between the variables plant height and seed length. They are positively 

correlated (r = +0.68). 



Fig. 5– Graph showing the positive correlation between the two variables plant height and 100 seed weight with a 

strong “r” value of  +0.6. 
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Fig. 4– Graph showing the positive correlation between the two variables seed length and 100 seed weight with a 

strong “r” value of  +0.8016. 

r = +0.80168



Spermoderm—Seed coat pattern varies from levigate, by different agencies (Leishman et al. 2000).  Ansari 

rugulate, retico-foveolate  to  stellate. The seeds of C. (2008) reported ants as dispersal agents. The aril serves 

nana var. nana and C. nana var. umbellata possess as food for the ants, and once the aril is consumed, the 

similar  star-shaped (stellate) spermoderm which along pore of the micropyle opens for the entry of water.

with other similarties goes against their separate varietal 
Adaptive significance of seed colour—Seed colour in 

status (Fig. 2). This gets support from our earlier 
Crotalaria species is extremely variable, varying from 

molecular systematic studies (Subramnaiam et al. 
brown, black, pale yellow, yellow, steel grey, olive 

2013). C. evolvuloides shows retico-foveolate 
green, orange red to grey green, a feature also observed 

spermoderm and C. longipes shows rugulate pattern 
by earlier workers (Miller 1967, Peerzada et al. 1979). 

(Fig. 2). All other species examined show smooth 
However, majority of the species have brown seeds. 

surface (levigate pattern) and fractured surface. 
It is an adaptive strategy since the brown seeds of  

species such as C. burhia, C. hirta, C. incana, and C. DISCUSSION 
micans, after they are dispersed and reach the ground, 

are not visible  to predators, such as birds and insects, Role of seed morphological features in seed 
thereby promoting the reproductive success of the dispersal—The seeds of Crotalaria species are 
species. This could perhaps be the reason that most of the generally reniform, compressed, flat and asymmetric. 
pods produced in Crotalaria are also brown in colour. It The flat and compressed seeds on their release from the 
is more applicable to fruits where the dispersal is through pods float in air and get drifted and dispersed. The aril 
a diaspore where the fruits are brown (e.g., C. nana and wherever present at the hilar region helps seed dispersal 

Fig. 6– Graph showing the relationship between the variables seed length and number of seeds per pod. They are 

not/very less correlated (r= 0.11).
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C. trifoliastrum). The pale yellow or yellow seeds of to the habitat types has been reported by Baker (1972) 

species such as C. heyneana, C. retusa and C. calycina, and Foster & Janson (1985). It has also been reported 

also merge with the colour of the soil. The orange red that growth and seed size evolve in a coordinated 

seeds in C. goreensis are perhaps an adaptation to red manner (Moles et al. 2005b). Our observations also find 

soil, where the seeds escape from the predators. similarity with the observations of Osunkoya et al. 

Interestingly, C. angulata and C. pallida which are (1994) who reported that small seeded species were 

found amongst grasses, produces olive green seeds more affected by shade than the large seeded species 

which have adaptive value as it is also not easily spotted since the small seeded species have less of stored food 

by the predators. material and have to establish before the stored food 

gets exhausted. However, the initial size disadvantages 
It is likely that the black colour of the seed is a 

of the smaller-seeded species are overcome by 
dominant trait whereas the brown a recessive trait. 

generally their faster growth compared to the large-
Since black colour is visible in the brown background, 

seeded species and thus may overcome the initial size 
evolution would have favoured brown seed coat colour 

advantage associated with larger seed size (Rose & 
since it is of adaptive advantage. This is evident from 

Poorter 2003, Baraloto et al. 2005).
the fact that species such as C. tetragona, C. mysorensis 

C. albida, C. nana and C. fysonii have both brown and There is no correlation (r = 0.11) between the 

black seeds and the process of selection of the adaptive number of seeds per pod and seed size. There is 

trait has taken place. considerable variation with respect to the number of 

seeds and seed size. Large number of seeds are found 
The seed colour is of little taxonomic significance 

both in small seeded as well as large seeded species. For 
because: (i) the same seed colour is found in taxa of 

example, 49 seeds are found in C. mysorensis which 
different sections, (ii) different seed colours are found 

belongs to small sized seed category and 47 seeds are 
within the same section, and (iii) there also exists intra-

found in C. salicifolia which belongs to large sized seed 
specific variability in seed colour. 

category. Similarly, the least number of seeds (2 per 
Adaptive significance of seed size—The nutrient pod) are found in C. trifoliastrum (which belongs to the 
input in the seeds in terms of the size of the seeds and large seed size category) and also in C. burhia and 
their effective dispersal and establishment are balanced C. hebecarpa which belong to the small seed size 
by the habitat where these species exist. For example, category. This is expected since the food resources 
the small seeded species such as C. nana, C. humifusa,  allocated for making the seeds, the species can make 
C. albida, C. prostrata exist in open areas such as either large or small seeds depending on the ecological 
grasslands and at the edge of the forest where the requirements and not depending on the number of seeds 
investment in terms of seed size and weight is little as which will be formed in the pods.
the seedlings can establish with a small initial input of 

A direct correlation (r = +0.80168)  between seed 
nutrients present in the seeds.  However, the moderate 

size (measured in length) versus the seed mass is 
sized seeds (e.g., C. micans, C. juncea, C. wightiana, C. 

expected as the size of the seed increases, there is a 
tetragona) and large seeded species (C. obtecta, C. 

simultaneous increase in the seed mass which indicates 
grahamiana, C. salicifolia, C. beddomeana, C. 

a higher quantity of reserve food material for the plant to 
semperflorens) require a larger initial food reserve since 

establish. Similarly, positive correlation (r = +0.6) exists 
these species are ecologically adapted to cut slopes and 

between seed mass and plant height. Such species are in 
forest floor where they face constraint of diffuse 

fact better adapted to more adverse conditions such as 
sunlight. It is also evident from the fact that there is 

growing in diffuse light conditions than the species with 
positive correlation (r = +0.68) between plant height 

a small packaged food in the seeds. The seeds having 
and seed length. Variation in seed size has been 

higher seed mass are shrubby in their habit, such as, C. 
associated with effective dispersal system (van der Pijl 

obtecta, C. grahamiana, C. salicifolia, C. beddomeana, 
1982, Matlack 1987). Variation in seed size in relation 
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C. semperflorens etc. Leishman et al. (2000) pointed out phylogenetically independent contrasts. Ecology 

that the resources available to the seedlings are reflected 74 1092-1100.

by the seed reserve mass. The present findings also 
Baker HG 1972 Seed Weight in Relation to support the earlier observations made by Moles et al. 
Environmental Conditions in California. Ecology 53 (2005a) who reported a strong relationship between seed 
997–1010.mass and growth forms with herbs making smaller seeds 

than shrubs or trees.
Baraloto C, Forget PM & Goldberg DE 2005 Seed mass, 

Seed surface features are of little taxonomic seedling size and neotropical tree seedling 
significance. Seed surface features were studied by establishment. J. Ecol. 93 (11) 56-1166.
Fawzi (2011) on some selected species of 

Caesalpinioideae- Leguminosae, where they found Fawzi NM 2011 Macro-and Micromorphological Seed 

intergeneric variation. Sulaiman (1995) also studied Characteristics of some Selected Species of 

seed surface characters in 16 populations of Caesalpinioideae-Leguminosae. Res. J. Bot. 6 68-77.

Mecanopsis and could observe interspecific variations, 
Foster SA & Janson CH. 1985 The relationship between concluding that the seed surface features are species 
seed size and establishment conditions in tropical woody specific and are of taxonomic significance. Pandey & 
plants. Ecology 66 773–780. Jha (1988) studied spermoderm pattern in Crotalaria 

and related taxa included in the tribe Galegeae and 
Gandhi D, Albert S & Pandya N 2011 Morphological concluded that spermoderm pattern is of taxonomic 
and micromorphological characterization of some significance at the intergeneric level. In C. spectabilis 
legume seeds from Gujarat, India. Environ. Exp. Biol.9 and C. albida, the seed coat shows papillate pattern but 
105-113.other species do not show variations and hence are of 

less taxonomic value (Gandhi et al. 2011). 
Grime JP, Hodgson JG & Hunt R 1988 Comparative 

The varietal key based on pod size (3-4 mm in var. Plant Ecology: a functional approach to common British 
umbellata and 4-7 mm in var. nana, due to which the species. Unwin-Hyman, London.
pods slightly exceed the calyx),  the seed colour (black 

Harper JL, Lo Vell PH & Moore KG 1970 The shapes in C. nana var. nana and brown in C. nana var. 
and sizes of seeds. Ann. Rev. Ecol. Syst.1 327-356. umbellata) and number of seeds (5-7 in C. nana var. 

umbellata and 11-15 in var. nana) per pod (Ansari 2008) 
Janzen DH 1969 Seed-eaters versus seed size, number, are not distinguishable in large number of field 
toxicity and dispersal. Evolution 23 1-27.collections. 
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