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Ballistic seed dispersal and associated seed shadow in wild 
Pisum germplasm 

Ambrose , M. J. and Ellis, T. H. N. J o h n Innes Centre , Norwich , UK 

The genus Pisum belongs to a b road g roup of p lan t genera t h a t have evolved ballistic mechanisms of 

seed dispersal. Cent ra l to the mechan i sm in Pisum is the dehiscent pod (single carpel fused along its 

edges) w h e r e the cent ra l pod su ture undergoes an explosive rup tu r ing along a line of weakness 

(dehiscence zone) benea th the dorsal and ventral sutures . The th ickened cells of the exocarp and the 

sclerenchyma layers of the endoca rp are elongated and ar ranged diagonally at perpendicular planes to 

each o ther (1). As the pod matures and the cells dry, the p o d wal ls shr ink in opposi te direct ions 

genera t ing stresses t h a t are suddenly released w h e n the su tures rup ture . There is an orches t ra t ion of 

events dur ing w h i c h the pod wal ls t w i s t in opposi te direct ions w h i c h projects the seeds on an u p w a r d 

trajectory. This is evidenced by a change in aspect of pods w h i c h are pendu lous immediately pr ior to 

dehiscence and hor izonta l immediately after dehiscence. The effect of these events is to prope l the seeds 

from the p o d away from the plant . W h i l e the charac ter has been observed by many, the au thors could 

find no reference of recorded da ta as to the dis tances seeds were b roadcas t as a resul t of this process. This 

pape r repor ts on an oppor tun i ty t h a t arose to record such da ta for t w o forms of w i ld Pisum germplasm. 

The presence of non-dehiscen t pods is often c i ted as a pr imary discr iminat ing factor b e t w e e n 

cul t ivated and wi ld forms (2) and possibly one of the mos t impor t an t t ra i ts in the domes t ica t ion and 

widesp read cul t ivat ion of pea as a c rop (3). The genet ics of the dehiscent p o d t ra i t w a s first r epor ted by 

M a r x (4) w h e r e he descr ibed pods as being tough and leathery and prone to dehiscence. The line he used 

w h i c h w a s subsequent ly adop ted as the type line for the t ra i t w a s L 1293=JI 64 (Pisum sativum ssp. elatius). 

He repor ted the t ra i t as being semi-dominant and a simple monogenic t ra i t (Dpol locus) w h i c h s h o w e d 

linkage to LG III. More recently, W e e d e n et al. (5), in invest igat ions us ing recombinan t inbred 

popula t ions and a simplified correla t ion analysis repor ted an addi t ional locus (Dpo2), mapp ing to LG V 

and a th i rd locus t h a t they pos tu la ted as being the Gp locus (yellow p o d ) t h a t is descr ibed as being of 

restrictive w i d t h and prone to spl i t t ing along the su ture (5, 6). 

Mater ia l s and M e t h o d s 

A tes t array of 56 Pisum accessions are g r o w n ou t as pa r t of a field demons t r a t ion each summer on the 

J o h n Innes Centre exper imenta l plots . This set of lines w a s originally developed to represent a broad range 

of the diversity of P i s u m w i t h i n a res t r ic ted set of lines. The inclusion of type lines from the l i terature to 

represent some of the taxa means t h a t i t is no coincidence t h a t lines JI 64 (4) and JI 1794 (5) bo th feature 

as pa r t of th is res t r ic ted set. The lines have been the subject of a successive series of molecular marke r 

s tudies to explore the under lying diversity w i t h i n P i sum (7, 8). A phylogenetic tree of genet ic dis tances 

based 101 AFLP and 276 SSAP markers (Fig. 1) w a s scaled up in a 10m 2 gr id and t ranscr ibed onto 

cul t ivated g round using colored twine . Due to the fact t h a t the tes t array included bo th wi ld and 

cul t ivated forms, seeds of all lines were ch ipped and s o w n in small po t s in the glasshouse to ensure even 

germinat ion. On emergence the seedlings were transferred to cold frames to be ha rdened off before being 

p lan ted ou t in the field. Six seedlings were t r ansp lan ted in a circle w i t h 10cm circumference and a 1m cane 

placed to mark the end of each line of the phylogenetic tree. The whole of the demons t r a t ion area is k e p t 

bare dur ing the g rowing season by regular hoeing of emerging w e e d s (Fig. 1). 
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Figure 1. Phylogenetic tree of Pisum diversity planted out as a field demonstration. 

The g rowing season in 2006 w a s ho t and dry dur ing June and July w h i c h lead to ideal condi t ions for 

pod dehiscence a t matur i ty . Fol lowing a w e e k e n d of part icularly ho t dry w e a t h e r w i t h no wind , t w o 

lines (JI 1794 and JI 224) were observed to have broadcast their seeds w h i c h could be clearly observed 

lying on the bare soil surface (Fig. 2). 

Figure 2. Plants of JI 1794 at time of recording showing (a) positions (dots) where 
seeds had fallen and (b) the aspect of the twisted pods after dehiscence. 
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Table 1. Seed character ist ics of JI 224 and JI 1 794. 
J I 224 J I 1794 

Pisum fulvum Pisum humile 
Seed wt (mg ± S.D.) 61.5 ± 10.9 129 ± 25.2 
Hilum s ize Small Small 
T e s t a background colour Pale brown Green 
T e s t a marbl ing (M) Absent Present 
Anthocyanin spott ing (Fs) Absent Present 
Gritty T e s t a (Gty) Present Present 

The soil surface w a s 

dry a n d powdery to the 

d e p t h of 2-3cm. The 

softness of the soil 

surface absorbed the 

impac t of the seeds so 

there w a s no secondary 

travel due to bouncing, 

t h u s the dis tances 

recorded were t rue 

dis tances from the 

plants . JI 224 and JI 1794 m a t u r e d before the remaining 54 lines and were of cont ras t ing seed types and 

could, therefore, be readily d is t inguished from each o the r (Table 1). 

The d i rec t ion of travel w a s recorded for a l imited n u m b e r of seeds and d id no t appear o the r t h a n 

random. Limited t ime prec luded cont inuing w i t h angle measurements . A linear measure of the g round 

dis tance from the outer edge of the circle of p lan t s of each par t icular line to where the seed lay on the soil 

surface w a s recorded. The cont inuing w a r m w e a t h e r enabled all 56 accessions to be scored for pod 

dehiscence. 

Resul t s 

Pod dehiscence w a s recorded in the four P. fulvum accessions and all b u t t w o accessions of P. elatius. All 

accession of P. sativum ssp. sativum and the four accession of P. abyssinicum failed to dehisce (Fig. 3). 

The range of seed dis tances 

w a s recorded as 260cm for JI 224 

and 356cm for JI 1794 (Table 2a). 

The m i n i m u m dis tance for JI 224 

w a s 14cm and 1cm for J I 1794 and 

the m a x i m u m dis tances were 

274cm for JI 224 and 357cm for JI 

1794. Both d is t r ibu t ions were 

positively s k e w e d and 

significantly non-normal . W h i l e 

the mean dis tance for the t w o lines 

differed (71cm for JI 224 and 8 6 c m 

for JI 1794), the medians were very 

close (54cm for JI 224 and 53cm 

for JI 1794). T w o subsets of seeds 

of JI 1794 were found in s t ra ight 

lines, s t rongly suggestive of the 

seeds having or iginated from the 

same pod. The dis tances for these 

t w o sets were 29, 31, 35, 36, and 

38cm for subse t 1; and 178, 183 and 

217cm for subse t 2. 

A n u m b e r of t ransformat ions 

were invest igated to t ry to identify 

the under lying na ture of the 

d is t r ibut ions . Of these log a n d 2 pa ramete r exponent ia l models came the closest to normalis ing the 

d i s t r ibu t ion w i t h the lognormal model having a marginally be t t e r fit. Descriptive s tat is t ics for the log 1 0 

t ransformat ion are p resen ted in Table 2. F i t ted curves and paramete r es t imates for lognormal 

Figure 3. Phylogenetic tree based on 382 marker band differences 
in 56 accession of Pisum showing accessions which exhibited pod 
dehiscence (Dpo) and accessions that failed to dehisce (dpo). 
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dis t r ibu t ions are p resen ted in Fig. 4. Due to the l imited size of the t w o da tase t s a t t e m p t s to fit more 

compl ica ted solut ions such as polymodal models w a s no t pursued. 

Figure 4. Lognormal distribution curves and parameter estimates for seed distances in JI 1794 (a) 
and JI 224 (b). 

a. b. 

Parameter estimates for Lognormal distribution 
Location 4.121 ± 0.0635 (s.e.) 
Scale 0.8348 ± 0.0449 (s.e.) 
Anderson- Darling test 1.953** 

Parameter estimates for Lognormal distribution 
Location 3.966 ± 0.1054 (s.e.) 
Scale 0.7890 ± 0.0746 (s.e.) 
Anderson Darling test 0.856* 

Discuss ion 

The performance of the diverse set of Pisum g e rmp la sm confirmed the findings of previous au thors 

w h o repor ted p o d dehiscence confined to w i ld ge rmplasm of P. fulvum and P. elatius germplasm. W o r k i n g 

w i t h w i ld mater ia l over many years, the express ion of Dpo has been frequently observed; nevertheless, i t 

came as some surprise t ha t the recorded dispersal range of the t w o accessions were 356 and 2 6 0 c m given 

the relatively large heavy seeds of the lines, 62 and 129mg, respectively. These values are considerably 

heavier t h a n those of o ther legume species exhibi t ing ballistic dispersal t h a t has previously been 

reported, eg. Lathyrus sativa and Cytisus scoparius. 
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A lognormal probabi l i ty densi ty funct ion (PDF) provided adequate fits to b o t h datasets . Lognormal 

and exponent ia l PDFs have been repor ted for o ther legume species (9). Explora t ion of the da ta and the 

incomplete fit of the lognormal PDF to the da tase ts gave the suggest ion t h a t the da ta migh t be composed 

of more t h a n one popu la t ion b u t the da tase t s were no t large enough to explore this possibil i ty further. 

Studies of seed dispersal curves have increasingly focused on the tails of the d is t r ibut ions , w h i c h are 

considered at least as impor t an t as the modal por t ion of the curve (10). The tails for b o t h Pisum accessions 

in this s tudy were wel l es t imated by the lognormal models. 

Observat ions of p o d angles after dehiscence s h o w e d t h e m to be consis tent ly hor izonta l (90° from 

vertical) , whereas pr ior to dehiscence there w a s a range of angles from 20° to 90°. Based on the physics of 

the mot ion of projectiles i t is possible to pose the basic ques t ion h o w does range vary w i t h angle of 

project ion by p lo t t ing the d i s t r ibu t ion of d is tances for a range of p o d angles. The u p w a r d velocity is v 

sin6, where 6 is the angle above the horizontal . The height above the po in t of project ion at t ime t is: 

if v is cons tan t , 

t h e n D is p ropor t iona l 

to sin26. For a range of 

uniformly d i s t r ibu ted 

pod angles from 20° to 

90° a d i s t r ibu t ion of 

ranges results , w i t h the 

m a x i m u m dis tance for 

an angle of 45°. The 

frequency d i s t r ibu t ion 

is negatively skewed 

w i t h a higher 

frequency of longer 

dis tances (Fig. 5). This 

is the opposi te of the 

actual d i s t r ibu t ion of 

seed d is tances 

observed suggest ing 

Figure 5. Calculated distribution of dispersal range (arbitrary units) for 
a uniform distribution of pod angles. 

t h a t there is likely to be a relatively t igh t d i s t r ibu t ion of pod angles at dehiscence and suggest ing th is 

w o u l d be an in teres t ing parameter to measure in different taxa of Pisum. Garr ison et al. (11) w h o 

measured fruit angle or ien ta t ion in the field for Vicia sativa have indeed s h o w n a na r row range (30-45°) 
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w h i c h varied from Corton capitatus w h i c h also exhib i ted a na r row b u t different range of 80-90°. Such a 

convergence of fruit or ien ta t ion angles they suggest is a specific adap ta t i on for seed project ion distance. 

This w a s an oppor tun is t i c da ta collection exercise and no t a p lanned exper iment to s tudy seed 

dispersal in Pisum. The dispersal d is tances are clearly an in tegra t ion of many variables including the 

unequa l d i s t r ibu t ion of pods up the p lan t and the angle of pod or ien ta t ion w h i c h have been found to be 

correla ted by others (11). Fu r the r variables t ha t may play a role in dispersal dis tance in Pisum include, 

var ia t ion in th ickness of the sclerenchyma layer in the p o d walls , d i s t r ibu t ion of pod angle pr ior to 

dehiscence, p o d length, initial speed of t rans i t t h r o u g h the air, and the possible role of the rough seed 

coat or gr i t ty tes ta (Gty) w h i c h migh t play in lower ing the resis tance dur ing t ransi t . 

Fu r the r observat ions are p lanned to capture da ta on more variables in coming seasons. Despite the 

l imitat ions, i t is hoped t h a t the detai led descriptive s tat is t ics in this repor t wi l l provide a useful da ta set 

for o thers in further exploring the mechanisms and evolut ion of ballistic dispersal in legumes. 
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