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  Executive Summary

Th i s  re p o r t s a i m  wa s to ex p l o re h ow c o nta m i n at i o n
of e n d a n g e re d  s e e d s w i t h i n  c o n s e r vat i o n  b a n ks
a f fe ct s h ow t h e s e e d b a n k c o l l e ct s,  s o r t s,  c l e a n s,
a n d  b a n ks t h e s e e d s.

 Th e re s e a rc h  t h e n  c o n d u cte d  w i t h i n  t h i s  a i m
i d e nt i f i e d  t h e c o n st ra i nt s a n d  o p p o r t u n i t i e s to
i n f l u e n c e t h e d e s i g n  s o l u t i o n .  Th e i n i t i a l  re s e a rc h
d ef i n e d  t h e s e e d  b a n k i n g  p ro c e s s a n d  t y p e s of
c o nta m i n at i o n .  Th e re s e a rc h  c o n c l u d e d  t h at  t h e
m o st  s i g n i f i c a nt  c o nta m i n at i o n  towa rd s t h e
s e e d b a n ks wa s b i o l o g i c a l  a n d  p hys i c a l  a n d  t h at  t h e
c l e a n i n g  a n d  s o r t i n g  sta g e s m a n a g e d  t h e h i g h e st
a m o u nt  of t h i s  c o nta m i n at i o n .  Th e b e n c h m a r k i n g
i d e nt i f i e d  a  m i d d l e g ro u n d  g a p b et we e n  t h e
s p e c i a l i s e d ,  c o m p l ex ,  a n d  ex p e n s i ve p ro d u ct s a n d
t h e of f- t h e - s h e l f  l ow- c o st  p ro d u ct s.  I t  p ro d u c e d  a n
i n s i g ht  i nto t h e l a c k of ex i st i n g  p ro d u ct s h av i n g  a
f l ex i b l e u s e - c a s e.

Th e p r i m a r y re s e a rc h  wa s m a d e u p of a  st r u ct u re d
s u r vey a n d  s e m i - st r u cte d  i nte r v i ews w i t h  wo r ke rs
i nvo l ve d  i n  t h e e n d a n g e re d  s e e d b a n k i n d u st r y
a c ro s s Au st ra l i a .  Th e f i n d i n g s p re s e nte d  c h a l l e n g e s
l i n ke d  to c o nta m i n at i o n  s u c h  a s t i m e - c o n st ra i nt s,
c o m p ro m i s e s o n  q u a l i t y,  a n d  l i m i te d  re s o u rc e s.

Th e re s e a rc h  w i t h i n  t h e re p o r t  wa s c o m b i n e d  a n d
p re s e nte d  o p p o r t u n i t i e s fo r  a  d e s i g n ,  fo c u s i n g
m o re o n  m o d u l a r i t y,  s p e c i a l i s at i o n  fo r  e n d a n g e re d
s e e d s,  a f fo rd a b i l i t y,  a n d  a c c u ra cy.
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 Introduction
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Th e c o n s e r vat i o n  s e e d  b a n ks w i t h i n  Au st ra l i a  a re ta s ke d
w i t h  p rov i d i n g  a  s a fet y n et  a g a i n st  ext i n ct i o n  fo r
e n d a n g e re d  s e e d s.  Th e s e e d  b a n ks a re re s p o n s i b l e fo r
c o l l e ct i n g ,  c l e a n i n g ,  s o r t i n g ,  b a n k i n g ,  a n d  re p l a nt i n g  t h e
s e e d s i n  o rd e r  to re sto re t h e n at u ra l  e nv i ro n m e nt .  W h i l e
t h e s e e d b a n ks h ave m et i c u l o u s a n d  st r u ct u re d
p ro c e s s e s,  t h e c o nta m i n at i o n  of t h e s e e d s i s  a  c o n sta nt
t h re at  t h at  c a n n ot  b e avo i d e d .  

Th e c o nta m i n at i o n  of s e e d s c o m e s i n  d i f fe re nt  fo r m s
s u c h  a s p l a nt  m ate r i a l ,  ro c k a n d  s o i l  d e b r i s ,  f u n g u s,
i n s e ct s,  a n d  n o n - ta rg et  s e e d s.  W h i l e  t h e s e c o nta m i n a nt s
a re c o m m o n  i n  t h e c o m m e rc i a l  s e e d  b a n k i n g  i n d u st r y a n d
i s  m a n a g e d  of te n ,  i t  c a n  b e fata l  fo r  a  s e e d  s p e c i e s t h at
c a n  o n l y  b e fo u n d  i n  t h e h u n d re d s ;  eve r y s e e d  i s  a
p re c i o u s c o m m o d i t y.  

Th e re a re a l s o c h a l l e n g e s s u r ro u n d i n g  c o nta m i n at i o n  t h at
e i t h e r  c a u s e t h e c o nta m i n at i o n  o r  n e g at i ve l y  i m p a ct  i t
f u r t h e r.  Th e s e c h a l l e n g e s a re re l ate d  to t i m e c o n st ra i nt s,
a u to m at i o n  d i f f i c u l t i e s,  h i g h  va r i at i o n  i n  s e e d s,  l i m i te d
f u n d i n g ,  a n d  d e a l i n g  w i t h  a  s m a l l e r  s c a l e c o m p a re d  to
c o m m e rc i a l .  A l s o,  ex i st i n g  p ro d u ct s w i t h i n  t h e
c o n s e r vat i o n  s e e d b a n ks a re of te n  n ot  s p e c i a l i s e d  fo r
e n d a n g e re d  s e e d s s o t h e re s u l t s  b e c o m e l e s s a c c u rate.  

I n  t h i s  re p o r t ,  t h e ef fe ct s of c o nta m i n at i o n  w i t h i n
c o n s e r vat i o n  s e e d b a n ks a n d  p ro c e s s i n g  ro l e s w i l l  b e
ex p l o re d .  Th i s  w i l l  b e t h ro u g h  b e n c h m a r k i n g  ex i st i n g
p ro d u ct s a n d  a n a l ys i n g  s u r veys a n d  i nte r v i ews of
s e e d b a n k wo r ke rs ex p e r i e n c e s.  A l l  w i t h  t h e p u r p o s e of
g at h e r i n g  i n s i g ht s to c re ate d e s i g n  o p p o r t u n i t i e s to
re d u c e e n d a n g e re d  s e e d  c o nta m i n at i o n .



E n d a n g e re d  s e e d  c o l l e ct i n g  i s
o n e of t h e m a i n  st rate g i e s fo r
e nv i ro n m e nta l  c o n s e r vat i o n
b e c a u s e s e e d s b a n ks p rov i d e a
s a fet y n et  a g a i n st  ext i n ct i o n  a n d
p re s e r ve t h e g e n et i c d i ve rs i t y  of
e n d a n g e re d  p l a nt s (Au st ra l i a n
S e e d  B a n k Pa r t n e rs h i p,  2 0 2 6 ) .
Th e re a re a p p rox i m ate l y  e l eve n
m a j o r  c o n s e r vat i o n  fo c u s e d
s e e d b a n ks i n  Au st ra l i a  t h at  a re
f u n d e d  by t h i rd  p a r t i e s to s u p p l y
g e r m i n ate d  s e e d s fo r  re sto rat i o n
p ro j e ct s (Au st ra l i a n  S e e d  B a n k
Pa r t n e rs h i p,  2 0 2 2 ) .  

Background

SEEDBANKS
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Th e re a re a l s o s m a l l e r  c o m m u n i t y r u n  s e e d  b a n ks t h at  m ay
c o l l e ct  s e e d s t h at  a re u n d e r t h re at ,  u s i n g  t h e s a m e
re s o u rc e s,  b u t  o n  a  s e e d  q u a nt i t y  s c a l e b et we e n  t h e 1 0 0 s
i n ste a d  of 1 0 0 0 s ( H ay,  B a u m  ,  O yato m i ,  & Wo l k i s ,  2 0 2 5 ) .
Th e re a re ove r  1 3 0 0  d i f fe re nt  t y p e s of Au st ra l i a n  p l a nt s t h at
a re c ate g o r i s e d  a s e n d a n g e re d  ( Th re ate n e d  S p e c i e s
Re c ove r y H u b,  2 0 2 0 )  a n d  h ave b e e n  c o l l e cte d  a n d
s a fe g u a rd e d  by t h e s e s e e d b a n ks fo r  ove r  6 0  ye a rs ( WA
S e e d  C e nt re,  2 0 2 6 ) .

(Australian Seed Bank Partnership, 2026)
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Th e sta g e s of e n d a n g e re d  s e e d  c o l l e ct i o n  fo r  t h e p u r p o s e
of b a n k i n g  sta r t s w i t h  t h e s u r vey i n g  a n d  l o c at i n g  of t h e
ta rg et  s p e c i e s a n d  c a l c u l at i n g  w h e n  t h e s e e d s w i l l  b e r i p e
e n o u g h  to h a r ve st  ( C raw fo rd ,  et  a l . ,  2 0 2 1 ) .  Th e f i e l d
c o l l e ct i o n  t h e n  ta ke s p l a c e,  ta k i n g  a  s u b sta nt i a l  n u m b e r of
s e e d s b u t  n ot  e n o u g h  to d i s r u pt  t h e n at u ra l  s e e d  d i s p e rs a l
( M o r t l o c k ,  1 9 9 9 ) .  Th e s e e d s a re t h e n  t ra n s p o r te d  i n  p a p e r
b a g s (A b o r i g i n a l  La n d c a re Ed u c at i o n  P ro g ra m  -  c o l l e ct ,
t re at ,  a n d  sto re,  2 01 8 )  to a  h e r b a r i u m  l a b o rato r y o r
p ro c e s s i n g  c e nt re w i t h i n  t h e s e e d  b a n k to I D ( Q u e e n s l a n d
G ove r n m e nt ,  2 0 2 6 ) .  Th ey a re t h e n  d r i e d ,  s o r te d ,  c l e a n e d
a n d  te ste d  fo r  v i a b i l i t y  ( C o m m a n d e r,  et  a l . ,  2 0 2 1 ) .  Vi a b i l i t y
refe rs to h ow l i ke l y  a  s e e d  i s  a b l e to g e r m i n ate u n d e r
favo u ra b l e c o n d i t i o n s ( S u d h a ka r,  Ka r t h i keya n ,
Ra j h a Vi k n e s h ,  S e l va m  S a ra nya ,  & S h u r ya  ,  2 0 2 1 ) .  Th e s e e d s
a re t h e n  p l a c e d  i nto sto ra g e a n d  c a n  stay t h e re fo r
d e c a d e s b efo re t h ey a re b ro ke n  o u t  of d o r m a n cy a n d
re p l a nte d  w h e n  a  p ro j e ct  re q u i re s t h e m  ( D a l z i e l l  & M e r r i t t ,
2 0 2 6 ) .

S E E D  C O L L E CT I O N  P R O C E S S

Field collection

Transport
and ID

Seed
Processing

germination
tests

long-term
storage

Seed Collection
Process
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S e e d  c o nta m i n at i o n  i s
c ate g o r i s e d  i nto fo u r  t y p e s ;
B i o l o g i c a l ,  b ota n i c a l ,  p hys i c a l ,
a n d  c h e m i c a l .  B i o l o g i c a l
c o nta m i n at i o n  i s  d ef i n e d  a s
p at h o g e n s e i t h e r  o n  t h e s e e d
s u r fa c e o r  i nte r n a l l y  ( R i g g i o,
Wa n g  ,  K n i e l ,  & G i b s o n  ,  2 01 9 ) .
Th i s  p at h o g e n  c a n  b e
c ata l ys e d  by m o i st u re,
p hys i c a l  d e b r i s ,  i n s e ct s,  o r  t h e
i n fe cte d  m ot h e r  p l a nt  (A b b a s &
Aq l e e m ,  2 01 5 ) .  B ota n i c a l
c o nta m i n at i o n  i s  d ef i n e d  a s
n o n - ta rg et  s e e d s o r  we e d
s e e d s g o i n g  u n d ete cte d  i n  t h e
c o l l e ct i o n  sta g e (Au st ra l i a n
G ove r n m e nt ,  2 0 2 6 ) .  

 C O N TA M I N AT I O N

 B I O L O G I C A L

 BOTANNICAL

 P H Y S I C A L

 C H E M I C A L

Th i s  c a n  b e d u e to b e i n g  u n a b l e to s e p a rate t h e s e e d s
b e c a u s e t h ey a re to o s i m i l a r  i n  s i ze a n d  we i g ht  ( Pot t s,
1 9 75 ) .  P hys i c a l  c o nta m i n at i o n  i s  c ate g o r i s e d  by e i t h e r  p l a nt
m ate r i a l  of  e a r t h  p a r t i c l e s s u c h  a s ste m s,  p o d s,  ro c ks,  s o i l ,
o r  c l ay t h at  t h e s e e d s a re e i t h e r  t ra n s p o r te d  w i t h  o r  g et
st u c k i n  ( F DA ,  2 0 24 ) .  C h e m i c a l  c o nta m i n at i o n  i s
c ate g o r i s e d  a s a ny a r t i f i c i a l  o r  m a n - m a d e p o l l u ta nt  s u c h  a s
m i c ro p l a st i c s o r  i n s e ct i c i d e ( N u r u z z a m a n ,  B a h a r,  & N a i d u ,
2 0 2 5 )  ( B r i a s s o u l i s ,  2 0 23 ) .  A l t h o u g h  t h i s  t y p e of
c o nta m i n a nt  i s  n ot  a s b i g  of a  p ro b l e m  i n  e n d a n g e re d
p l a nt s,  s i n c e m a ny h a r ve st i n g  s i te s a re i n  c o n s e r vat i o n
a re a s o r  n at i o n a l  re s e r ve s t h at  d o n’ t  u s u a l l y  c o m e i nto
c o nta ct  w i t h  u n n at u ra l  fa cto rs (Au st ra l i a n  G ove r n m e nt ,
2 0 2 6 ) .  Th e m o st  at- r i s k sta g e of c o nta m i n at i o n  i s  at  f i e l d
c o l l e ct i o n  w h i c h  i s  w hy t h e c l e a n i n g  a n d  d r y i n g  of t h e
s e e d s d i re ct l y  a f te r  i s  c o n s i d e re d  s a c ro s a n ct  to p reve nt
l o s s of v i a b i l i t y  ( E r r i n g to n ,  Q u a r m by,  C o m m a n d e r,  &
P h i l p ot t ,  2 0 2 1 ) .
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  OT H E R  C H A L L E N G E S

E n d a n g e re d  s e e d  c o l l e ct i n g  fo r  s e e d  b a n ks h a s c e r ta i n
c h a l l e n g e s re l at i n g  to f u n d i n g ,  t i m e - ef f i c i e nt  m e a n s of
p ro c e s s i n g  t h e s e e d s,  a n d  t h e s k i l l / te c h n i c a l i t y  n e e d e d
i n  o rd e r  to c o n s e r ve a s m a ny v i a b l e s e e d s a s p o s s i b l e .
B e c a u s e m o st  s e e d  b a n ks a re f u n d e d  b a s e d  o n  s p e c i f i c
p ro j e ct s a n d  d o n at i o n s ( W h i te,  et  a l . ,  2 0 23 ) ,  t h e m a j o r i t y
of sta f f  a re vo l u nte e rs w i t h  l i m i te d  re s o u rc e s at  t h e i r
d i s p o s a l  a n d  l i m i te d  ex p e r t i s e ( F i n c h ,  J a s ny,  Ku c e ra ,  &
K i efe r,  2 0 2 2 ) .  H i g h - e n d  p ro d u ct s u s e d  fo r  t h e a g r i c u l t u re
i n d u st r y c a n  p ro c e s s s e e d s at  a  fa ste r  rate t h a n  by h a n d ,
b u t  t h ey a re ex p e n s i ve,  b u l ky,  a n d  n e e d  p rofe s s i o n a l
c a l i b rat i o n  ( D e Fa l c i s ,  et  a l . ,  2 0 2 2 ) .  A n a l o g u e a n d  D I Y
p ro d u ct s a re t h e m a i n  to o l s  u s e d  i n  s e e d  b a n ks to a l l ow
c u sto m i s at i o n  fo r  t h e a m o u nt  of va r i at i o n  i n  Au st ra l i a n
s e e d s ( E r r i n g to n ,  Q u a r m by,  C o m m a n d e r,  & P h i l p ot t ,
2 0 2 1 ) ,  b u t  t h ey a re n ot  a s d u ra b l e a n d  a c c u rate a s w h at’s
o n  t h e m a r ket .  

(Botanic Gardens and Parks Authority, 2026) (Brown, 2023)
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Th e ex i st i n g  p ro d u ct s u s e d  i n  t h e s e e d  c o l l e ct i o n  a n d
b a n k i n g  f i e l d  a re s h ow n  h e re to b e c o m b i n e d  w i t h  t h e m o re
h i g h - e n d  p ro d u ct s i n  t h e a g r i c u l t u ra l  i n d u st r y.  Th i s  i s  to
c o m p a re a  b ro a d e r s e l e ct i o n  of w h at  c a n  b e u t i l i s e d  o n
s e e d s w h et h e r,  re a l i st i c a l l y,  a  b u d g et  o r  s i m i l a r  c o n st ra i nt s
m ay b e a p p l i e d  to s o m e s e e d  b a n ks.  Es s e nt i a l  p ro d u ct s t h at
m ay h ave o n l y  h i g h  p r i c e s a n d  c o m p l ex f u n ct i o n a l i t y  c a n
i n fo r m  a  m a r ket  g a p.  

Th e p ro d u ct s a re s e p a rate d  i nto sta g e s of t h e s e e d
c o l l e ct i n g  p ro c e s s ;  i n i t i a l  p ro c e s s i n g ,  c o a rs e c l e a n i n g ,  s i ze
s e p a rat i o n ,  f i n e s c re e n i n g ,  a n d  s p e c i a l i st  s e p a rat i o n / p re
sto ra g e.  Th e c l e a n i n g  a n d  s o r t i n g  sta g e s a re p l a c e d  u n d e r a
l e n s a s t h e m a i n  p o i nt s of fo c u s s i n c e t h i s  i s  w h e n  m o st  of
t h e c o nta m i n at i o n  i s  a d d re s s e d  a n d  re m ove d  f ro m  t h e
s e e d s.

 Benchmarking

Ellen Greenhill N12018155
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M at r i x  1  s h ows t h e d i f f i c u l t y  l eve l  of  u s i n g  a  p ro d u ct  w i t h o u t
a ny p ret ra i n i n g  c o m p a re d  w i t h  t h e c o st .  Th i s  d e p i ct s a  c l e a r
t re n d  of p ro d u ct s fo l l ow i n g  a  s c a l e f ro m  i n a c c e s s i b l e to
a c c e s s i b l e .  H av i n g  t h e s e p ro d u ct s g ro u p e d  to g et h e r  s h ows a
w i d e va r i at i o n  i n  s e e d  p ro c e s s i n g  te c h n i q u e b u t  l i t t l e
va r i at i o n  i n  m a n u fa ct u r i n g .  A l l  t h e s i m p l e a n d  s m a l l  c o st
p ro d u ct s a re of f- t h e - s h e l f  a n d  g e n e ra l - p u r p o s e t h at  c a n  b e
e a s i l y  b e D I Ye d  f ro m  i t s  b a s i c m ate r i a l s  to m a ke
c u sto m i s a b l e a n d  at  a  s m a l l e r  c o st .  Th e ex p e n s i ve a n d
c o m p l ex p ro d u ct s c a n n ot  b e a d j u ste d  o r  c u sto m i s e d  at  a l l
d u e to t h e h e av y m a c h i n e r y i nvo l ve d  a n d  t h e i r  r i d g e d  u s e -
c a s e.

Ellen Greenhill N12018155
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 M o st  of t h e to p l ef t  p ro d u ct s c a n n ot  b e u s e d  i n
c o n s e r vat i o n  s e e d b a n ks a s t h e re a re n o exte n s i ve s et t i n g s
fo r  s e e d  s i ze ( at  m o st  t h re e to f i ve s i ze s )  a n d  a d j u sta b i l i t y
fo r  s m a l l e r  s e e d  q u a nt i t y.

Th e g a p s i n  t h e m a r ket  fa l l  i nto t h e h i g h - e n d  a n d  l ow-
g ra d e c ate g o r i e s.  Th e m a r ket  d o e s n ot  h ave a  p ro d u ct
t h at  i s  a  b i t  m o re ex p e n s i ve a n d  i n  re l at i o n ,  h i g h e r  q u a l i t y
a s we l l  a s  s i m p l e r  to u s e.  Th i s  wo u l d  re p re s e nt  i nve st m e nt
to o l s  t h at  a re c a n  b e d u ra b l e,  m o d u l a r  a n d  h ave ro o m  fo r
c u sto m i s at i o n  i f  o n l y  to d o a  b a s i c f u n ct i o n .  Th e m a r ket
a l s o d o e s n ot  h ave a  c h e a p e r ve rs i o n  of a ny of t h e
te c h n o l o g i c a l l y  h e av y to p l ef t  p ro d u ct s,  w h i l e  i t  m i g ht
s a c r i f i c e o n  q u a l i t y  i t  c o u l d  s u i te t h e n e e d s of a  s m a l l e r,
l ow s e e d  q u a nt i t y  re c e i v i n g  c o m m u n i t y b a n ks.

gravity
table

high impact

seed 
x-ray

air
screen
cleaner

seed
scalper

sieve
sifter

seed
handling
tweezers

seed 
dryer

less seed damage risk

reduced
impact

conscience

less
enviromentally

sustainable

efficent

more
enviromentally

sustainable

M A T R I X  2 :  D A M A G E  R I S K  V S
S U S T A I N A B I L I T Y
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M at r i x  2  c o m p a re s t h e e nv i ro n m e nta l  s u sta i n a b i l i t y  of t h e
p ro d u ct s ( e n e rg y c o n s u m e d ,  m ate r i a l s  u s e d )  to t h e r i s k  of
d a m a g i n g  t h e s e e d s w h e n  u s i n g  t h e p ro d u ct s.  Th e
p ro d u ct s,  a s a  m a j o r i t y,  a re s i t u ate d  i n  t h e l ef t  h a l f  of  t h e
m at r i x ,  m a k i n g  t h e m  ove ra l l  n ot  d ra st i c a l l y  d a m a g i n g  to
t h e e nv i ro n m e nt .  W h i l e  t h e e n d  g o a l  of  e nv i ro n m e nta l
c o n s e r vat i o n  wo u l d  fa cto r  i nto h ow e c o -f r i e n d l y t h e u s e r
wo u l d  wa nt  t h e i r  p ro c e s s i n g  m a c h i n e s,  ef f i c i e n cy wo u l d  b e
a  key p l aye r  i n  p ro d u ct  eva l u at i o n  a l s o.  Le s s s e e d  d a m a g e
a n d  m o re e nv i ro n m e nta l l y  s u sta i n a b l e i s  t h e b e st- c a s e
s c e n a r i o a n d  re p re s e nt s i t s  p o p u l a r i t y  a s t h e m a j o r i t y  of
l a rg e re p re s e ntat i o n s f i l l s  t h i s  q u a d ra nt .  A l t h o u g h ,  t h at
s e ct i o n  l a c ks a ny f i n e s c re e n i n g  p ro d u ct s a n d  h a rd l y  a ny
c o a rs e c l e a n i n g ,  l e av i n g  a  m a r ket  g a p i n  t h at  p a r t  of t h e
p ro c e s s.  A l ot  of  p o p u l a r  p ro d u ct s a re s h ow n  o u t s i d e t h i s
‘g o l d e n  zo n e’ b u t  a re to o m u c h  of a  sta p l e a n d  n e c e s s i t y
w i t h i n  t h e i n d u st r y to c o m p l ete l y  s h i f t  to a n  a l te r n at i ve.
M o re s e e d  d a m a g e r i s ks a re a  p a r t  of t h e f u n ct i o n  fo r  s o m e
p ro d u ct s s o t h e g a p to f i l l  wo u l d  b e to fo c u s o n  s h i f t i n g
t h e m  l ef t  fo r  m o re s u sta i n a b l e m ate r i a l s  a n d  e n e rg y u s e.

S o m e d eve l o p i n g  te c h n o l o g i e s t h at  c o u l d  re p l a c e t h e m o re
a b ra s i ve s o r t i n g  m a c h i n e s wo u l d  b e A I - p owe re d  d ete ct i o n
s of t wa re t h at  u s e s v i s u a l s  i n ste a d  of v i b rat i n g  o r  s h a k i n g
s e e d s i nto s i eve s o r  l aye rs.  W h i l e  t h i s  wo u l d  b e a  g e nt l e r
a p p ro a c h  to t h e s e e d  s o r t i n g  a n d  c l e a n i n g  p ro c e s s,  i t s
d e b ate d  t h at  t h e e nv i ro n m e nta l  ef fe ct s wo u l d  b e wo r t h  t h e
u n d e r ta k i n g  ( M of fet t ,  2 0 2 6 ) .
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survey response
5

interviews
3

Methodology

14

Th e p r i m a r y re s e a rc h
u n d e r ta ke n  c re ate s a n
i n s i g ht  i nto t h e s e e d
c o l l e ct i o n  wo r ke rs a n d
vo l u nte e r ’s  ex p e r i e n c e s.
Th e q u a l i tat i ve n at u re of
t h i s  re s e a rc h  c o u l d  p rov i d e
u n d e rsta n d i n g  i nto t h e
e m ot i o n  b e h i n d  t h e
ex p e r t i s e i n  ta n d e m  w i t h
t h e p ra ct i c a l  l o g i st i c s.

Th e p r i m a r y re s e a rc h  u n d e r ta ke n  c re ate s a n  i n s i g ht
i nto t h e s e e d  c o l l e ct i o n  wo r ke rs a n d  vo l u nte e r ’s
ex p e r i e n c e s.  Th e q u a l i tat i ve n at u re of t h i s  re s e a rc h
c o u l d  p rov i d e u n d e rsta n d i n g  i nto t h e e m ot i o n  b e h i n d
t h e ex p e r t i s e i n  ta n d e m  w i t h  t h e p ra ct i c a l  l o g i st i c s.

Th e m et h o d s d e e m e d  m o st  re a l i st i c  a n d  ef fe ct i ve we re
a  st r u ct u re d  te n - m i n u te s u r vey a n d  a  s e m i - st r u ct u re d
t h i r t y- m i n u te i nte r v i ew.  Th e s e e d b a n k c o m m u n i t y i s  a
s m a l l e r  c i rc l e t h a n  m o st  i n d u st r i e s w i t h  re m ote
l o c at i o n s a n d  m i n o r  n u m b e rs.  Th i s  i s  w hy o b s e r vat i o n s
we re n ot  a n  o pt i o n  a s t h e s e e d b a n ks we re n ot  c l o s e
e n o u g h  to b e a c c e s s i b l e .  

Af te r  t h e d ata  wa s c o l l e cte d ,  f i ve s u r vey re s p o n s e s a n d
t h re e i nte r v i ews we re a l l  i n d i v i d u a l l y  l o o ke d  ove r  a n d
a n a l ys e d .  W h i l e t h i s  n u m b e r i s  s m a l l ,  w i t h  a  s p e c i a l i s e d
i n d u st r y s u c h  a s c o n s e r vat i o n  s e e d  b a n k i n g  p o s e d  a
c h a l l e n g e fo r  g et t i n g  a  re a s o n a b l e a m o u nt  of re s p o n s e.
A l t h o u g h ,  by rev i ew i n g  t h e re s u l t s ,  i t  wa s d e e m e d  t h at
t h e c u r re nt  n u m b e r wa s ef fe ct i ve e n o u g h  to c o nta i n
va r i a b l e s a n d  t h e refo re p ote nt i a l  fo r  re l at i o n a l
a n a l ys i s .  I t  wa s a l s o fo u n d  o u t  t h at  t h e wo r ke rs a c ro s s
Au st ra l i a  we re s c h e d u l e d  to b e o u t  i n  t h e f i e l d  fo r  m o st
of a u g u st  a n d  S e pte m b e r w h i c h  a d d e d  a  l aye r  of
d i f f i c u l t y  w h e n  t r y i n g  to a s s e s s ava i l a b i l i t y.

Ellen Greenhill N12018155
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Th e s u r vey wa s c h o s e n  to re a c h  o u t  to
a s m a ny vo l u nte e rs a n d  wo r ke rs a s
p o s s i b l e t h ro u g h o u t  t h e c o u nt r y o n
to p i c s s u c h  a s ro l e s,  to o l s  u s e d ,
ex p e r i e n c e s w i t h  to o l s ,
c o nta m i n at i o n  m a n a g e d ,  a n d  s e e d
c o nta ct  f re q u e n cy.  Th e m a i n
va r i a b l e s we re t h e s h o r t  fo r m
a n swe rs,  m a i n l y  t h e d i f fe re nt  ro l e s i n
t h e s e e d b a n k ,  w h i c h  g ave c o ntext  to
t h e l o n g  re s p o n s e s a n d  l et  e a c h
ex p e r i e n c e b e m o re c o m p a ra b l e to
e a c h  ot h e r.

Th e a n o ny m i t y of t h e s u r veys m ay
h ave g ra nte d  t h e vo l u nte e rs a n d
wo r ke rs a  f re e d o m  to ex p re s s h o n e st
o p i n i o n s o n  c e r ta i n  p ro d u ct s a n d  l i f t
t h e b u rd e n  of re p re s e nt i n g  t h e i r
s e e d b a n ks i n  a  p o s i t i ve l i g ht .

S U R V E Y

 I N T E R V I E WS

Fo r  t h e i nte r v i ews,  t h e p a r t i c i p a nt s
w i s h e d  to b e at t r i b u te d  by n a m e o n
t h e i r  c o n s e nt  fo r m s :

01.

THAI TE

TECHNICAL
OFFICER

02.

JAMES
WOOD

 SEED BANK
MANAGER

03.

MILLIE
STEVENS

SEED TESTING
MANAGER

1 .  Re s e a rc h i n g
t h ro u g h  t h e

i nte r n et  fo r  m a j o r
s e e d b a n ks i n

Au st ra l i a

2. Creating
suitable

interview and
survey

questions

3. Contacting these
seedbanks through

email for both requests
for survey and

interviews. Providing
consent forms and
information sheets

4. Organising
interview times
and gathering
consent forms

5. Initiating interviews
over phone call and

Microsoft teams
while recording for a

transcript

6. Doing an overview of the
data and starting to analyse

patterns and contexts
Ellen Greenhill N12018155
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Th e p a r t i c i p a nt s c a m e f ro m  a  w i d e va r i et y of ro l e s
w i t h i n  t h e s e e d b a n ks,  s u c h  a s,  s e e d  b a n k m a n a g e r,
g e r m i n at i o n  s p e c i a l i st ,  s e e d  c o l l e cto r,  s e e d  p ro c e s s o r
a n d  c l e a n e r,  a n d  te c h n i c a l  of f i c e r.  Th i s  h e l p e d  i n
g et t i n g  a  m o re d eta i l e d  u n d e rsta n d i n g  of a l l  p ro c e s s e s
a n d  t h e i r  a s s o c i ate d  i s s u e s.  Th ey we re a l s o f ro m  va st l y
d i f fe re nt  a re a s i n  t h e c o u nt r y,  w h i c h  g ave i n s i g ht  i nto
t h e d i f fe re nt  we at h e r  c o n d i t i o n s a n d  d i f fe re nt  t y p e s of
s e e d  s p e c i e s t h at  c o u l d  b e ex p e r i e n c e d .  Th e s e e d b a n ks
a l s o h a d  c l e a r  d i f fe re n c e s i n  b u d g et  a n d  re s o u rc e s
ava i l a b l e,  w h i c h  c re ate d  c o m p a r i s o n s i n  t i m e l i n e s,
p ro c e s s e s,  a n d  p ro d u ct s ava i l a b l e.

Th e i nte r v i ews we re e i t h e r  c o n d u cte d  o n  t h e p h o n e o r
M i c ro s of t  te a m s a n d  re c o rd e d  o n  a  p h o n e to c re ate a
t ra n s c r i pt .  S i n c e t h e i nte r v i ews c o u l d  o n l y  b e d o n e
re m ote l y  t h e a u d i o q u a l i t y  i s  n ot  c l e a r  i n  s o m e p a r t s,
w h i c h  u n fo r t u n at l y  m a d e t h e t ra n s c r i pt s c o nta i n  e r ro rs .
Th o u g h ,  exte n s i ve n ote s we re ta ke n  to b e a b l e to f i l l  i n
t h e g a p s.

Ellen Greenhill N12018155



Field collection
33.3%

Cleaning seeds
26.7%

sorting seeds
13.3%

banking seeds
13.3%

planting seeds
6.7%

X-ray seeds

R O L E S  I N  S E E D B A N K I N G

STAT I ST I C A L  I N S I G H TS

 Survey Analysis

45.5%45.5%

9.1%

K I N D  O F  S E E D  C O N T A M I N A T I O N
E N C O U N T E R E D

Biological

Physical

Botannical

Chemical

Th e re s p o n s e s s h ow t h at  a l l
f i ve p a r t i c i p a nt s a re
i nvo l ve d  i n  f i e l d  c o l l e ct i o n
a n d  m o st  a re c l e a n i n g  t h e
s e e d s.  A n  o pt i o n  wa s a d d e d
by o n e p a r t i c i p a nt  fo r  x-
ray i n g  s e e d s.  A n  o pt i o n
t h at  wa s a l s o ove r l o o ke d
wa s t h e g e r m i n at i o n
te st i n g -  t h at  wa s l ate r
f u r t h e r  ex p l o re d  i n  a n
i nte r v i ew.  Th e re we re n o
re s p o n s e s fo r  s e e d
t ra n s p o r tat i o n  d u e to t h e
s m a l l  ra n g e of p e o p l e.

Th e p a r t i c i p a nt s
c o n f i r m e d  t h at  b i o l o g i c a l
a n d  p hys i c a l
c o nta m i n at i o n  we re a s
e q u a l l y  c o m m o n  a s e a c h
ot h e r  w i t h i n  t h e p ro c e s s.
N ota b l y,  t h e c h e m i c a l
c o nta m i n at i o n  wa s n ot
s e e n  i n  s e e d s by t h i s
g ro u p of p a r t i c i p a nt s ;
c o n f i r m i n g  t h e p r i o r
re s e a rc h  t h at  i t  i s  n ot  a
key p ro b l e m  w i t h i n
c o n s e r vat i o n  s e e d b a n ks.
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0 2 4

sieves/ strainers 4

Sieve separator 2

Aspiration channels 3

de-stoners 0

gravity tables 0

air screen cleaner 0

magnetic separator 0

Xray machine 1

small hand-held items 2

40%

20%

20%

20%

U S E  O F  E X I S T I N G  P R O D U C T S

F R E Q U E N C Y  O F  C O N T A C T  W I T H
E N D A N G E R E D  S E E D S  I N  A  Y E A R

often

moderately

rarely

sometimes

Th e p a r t i c i p a nt s s u r veye d  u s e d  a  s m a l l e r  ra n g e of
p ro d u ct s t h a n  i n i t i a l l y  e st i m ate d  w i t h i n  t h e
b e n c h m a r k i n g .  M a ny w h o u s e d  t h e s i eve s,  u s e d  t h e
a s p i rato rs i n  ta n d e m ,  s h ow i n g  t h at  t h e s e t wo we re t h e
m o st  c o m m o n  a n d  t h e refo re m o st  ef fe ct i ve c o m p a re d
to t h e re st .

Th e f re q u e n cy at
w h i c h  t h e
p a r t i c i p a nt s we re
wo r k i n g  w i t h  s e e d s
wa s va r i e d .  M o st
l i ke l y  d u e to m a ny
b e i n g  vo l u nte e rs
a n d  o n l y  g et t i n g  t h e
c h a n c e to h a r ve st
a n d  p ro c e s s s e e d s i n
t h e s p r i n g  of e a c h
ye a r.
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LO N G  R E S P O N S E  I N S I G H TS

S o m e p a r t i c i p a nt s h a d  n o p refe re n c e fo r  p a r t i c u l a r
p ro d u ct s w h i l e  ot h e rs fo u n d  t h at  m a n u a l  h a n d
c o l l e ct i o n  wo r ke d  we l l  c o n s i ste nt l y.  

“ M u c h  of o u r  s e e d  p ro c e s s i n g  i s  d o n e m a n u a l l y  w i t h o u t
t h e n e e d  fo r  to o l s  o r  syste m s”

“ H a n d  c o l l e ct i o n  i s  g o o d  a n d  i s  of te n  u s e d ,  t h o u g h
p a s s i ve s e e d  c o l l e ct i o n  i s  l e s s d e st r u ct i ve to t h e s e e d
c o at i n g s”

A d ow n fa l l  wa s m e nt i o n e d  i n  t h i s  s e ct i o n  a s t h e “ l o n g e r
c o l l e ct i o n  t i m ef ra m e s” m ay re s u l t  i n  h i g h e r
c o n c e nt rat i o n  of b i o l o g i c a l  c o nta m i n at i o n .  E .g .  t h e
b u g s c a u g ht  i n  t h e s e e d  b a g s wo u l d  h ave o n l y  t h e s e e d s
a s a  fo o d  s o u rc e.  Th e h a n d  c o l l e ct i n g  m et h o d  i s  a l s o
m e nt i o n e d  to p i c k u p m o re p hys i c a l  d e b r i s  a l o n g  w i t h
t h e s e e d s.

O n l y a  c o u p l e of p a r t i c i p a nt s h a d  p ro d u ct s t h ey s e e m e d
to avo i d  w i t h i n  t h e s e e d  b a n ks w h i l e  m o st  d i d  n ot .  O n e
p a r t i c i p a nt  ex p re s s e d  t h e i r  d i s c o nte nt  a ro u n d  t we eze rs
a n d  r u b e r b u n g s

“ . . .C e r ta i n  t we eze rs I  w i l l  n ot  u s e o n  va r i o u s t y p e s of
s e e d … a s t h ey c a n  s c ratc h  a n d  d a m a g e t h e s e e d

c o at i n g . ”

 “ I  d i s l i ke d  u s i n g  t h e r u b b e r b u n g s a s t h ey c o u l d  e a s i l y
d a m a g e t h e s e e d  c o at s i f  to o m u c h  d ow nwa rd  p re s s u re

i s  a p p l i e d . ”

“ M u c h  of o u r  s e e d  p ro c e s s i n g  i s  d o n e m a n u a l l y  w i t h o u t
t h e n e e d  fo r  to o l s  o r  syste m s”

“ H a n d  c o l l e ct i o n  i s  g o o d  a n d  i s  of te n  u s e d ,  t h o u g h
p a s s i ve s e e d  c o l l e ct i o n  i s  l e s s d e st r u ct i ve to t h e s e e d

c o at i n g s”
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 VA R I A B L E  R E L AT I O N S

Pa r t i c i p a nt s w h o h a d  a  ro l e i n  s o r t i n g  we re a l s o i n
c o nta ct  w i t h  s e e d s of te n

 Pa r t i c i p a nt s w h o re j e cte d  l e s s t h a n  te n  s e e d s a  ye a r
re c o rd e d  t h ey we re a l l  re j e cte d  b e c a u s e of n o n -
v i a b i l i t y

 Pa r t i c i p a nt s w h o h a d  ro l e s i n  c l e a n i n g  a l l  u s e d
s i eve s

A l l  p a r t i c i p a nt s h a d  ro l e s i n  f i e l d  c o l l e ct i o n ,  a n d  a l l
c o l l e cte d  by h a n d

To p reve nt  c o nta m i n at i o n ,  p a r t i c i p a nt s m e nt i o n e d
we a r i n g  d i s p o s a b l e g l ove s,  s o r t i n g  t h e s e e d s,  a n d
ta k i n g  t h e s e e d s d i re ct l y  fo r m  t h e p l a nt  o r  i n d i v i d u a l l y
f ro m  t h e g ro u n d .  To m a n a g e c o nta m i n at i o n ,
p a r t i c i p a nt s s a i d  t h ey re m ove i n s e ct s a n d  s e n d  s e e d s
b a c k i nto t h e c l e a n i n g  sta g e.

Th e s e c o n s i ste nt  m atc h i n g  re s p o n s e s f ro m  p a r t i c i p a nt s
c a n  st re n g t h e n  t h e k n ow l e d g e a b o u t  c a u s a l i t y  w i t h i n  t h e
s e e d  c o l l e ct i o n  p ro c e s s.  Th i s  s h ows t h at  t h e ro l e of s o r t i n g
s e e d s i s  m o st  l i ke l y  u n d e r t h e m o st  t i m e c o n st ra i nt s a s
t h ey wo u l d  h ave to p ro c e s s a l l  s e e d s t h at  c o m e i n
c o n sta nt l y  -  l e a d i n g  to t h e i n c l u s i o n  of m o re d e b r i s  i n
sto ra g e.  Th e p a r t i c i p a nt s w h o re j e ct  s e e d s d o n ot  re j e ct
a ny w i t h  p re s e nt  c o nta m i n at i o n ,  o n l y  o n e s t h at  c a n n ot
g e r m i n ate,  m e a n i n g  t h at  t h e s e e d s m ay of te n  b e s e nt  b a c k
to c l e a n i n g  re g u l a r l y,  w h i c h  i n c re a s e s a n  a l re a d y l o n g
p ro c e s s i n g  t i m e.  Th e s i eve s a re c o n f i r m e d  to b e n e c e s s a r y
to c l e a n  s e e d s,  a n d  h a n d  s o r t i n g  i s  n e c e s s a r y to p i c k
s e e d s.
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Th e t h re e i nte r v i ews t h at
we re c o n d u cte d
p re s e nte d  fo u r
c ate g o r i e s t h at  we re
m a d e u p of key wo rd s
m e nt i o n e d  w i t h i n  t h e
t ra n s c r i pt s ( s e e
a p p e n d i x 4 ) .  Th e
c ate g o r i e s fo u n d  we re
p ro c e d u re s ( a ct i o n s
w i t h i n  t h e s e e d  b a n k i n g
p ro c e s s ) ,  re s u l t s  ( t h e
c o n s e q u e n c e s /
o u tc o m e s t h at  a re
c a u s e d  by o r  re l ate d  to
t h e s e e d b a n ks ) ,  

re s o u rc e s ( p ro d u ct s u s e d  w i t h i n  t h e s e e d  b a n k i n g  p ro c e s s ) ,
a n d  l eve ra g e s ( t h e i n f l u e n c e s towa rd  t h e s e e d b a n ks of
e i t h e r  exte r i o r  o r  i nte r i o r  fo rc e s ) .  Th e l eve ra g e s h a d  t h e
l a rg e st  f re q u e n cy of key wo rd s,  m a k i n g  u p 3 3.0 5%  of a l l
i nte r v i ews ( fo r  a l l  key wo rd s s e e a p p e n d i x 2 ) .  Th i s  s u g g e st s a
st ro n g  p r i o r i t y  f ro m  t h e p a r t i c i p a nt s a b o u t  t h e c h a l l e n g e s
t h ey fa c e t h at  a re o u t  of t h e i r  c o nt ro l  a s we l l  a s  h ow t h ey
c h o o s e to i n f l u e n c e w h at  t h ey c a n  c o nt ro l .
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P ro c e d u re s a n d  Re s u l t s  b ot h  we re m e nt i o n e d  f i f t y- e i g ht
t i m e s e a c h  w i t h i n  t h e i nte r v i ews,  ta k i n g  u p 24. 27 %  p e r
c ate g o r y.  Th i s  i m p l i e s t h at  t h e a ct i o n s ta ke n  a n d
o u tc o m e s of t h o s e a ct i o n s a re b ot h  a s e q u a l l y  i m p o r ta nt
a s e a c h  ot h e r.  Th i s  c o u l d  i n fe r  t h at  t h e o u tc o m e wo u l d
s u f fe r  ( eve n  i f  p o s i t i ve )  i f  t h e a ct i o n s to g et  t h e re we re
n ot  ta ke n  w i t h  c o n s i d e rat i o n .  Eve r y ste p of t h e p ro c e s s
f ro m  f i e l d  c o l l e ct i o n  to f re ez i n g  t h e s e e d s c o u l d  h ave a
p o s s i b l e r i s k  of t h e s e e d s b e c o m i n g  n o n -v i a b l e a n d
b e i n g  c o nta m i n ate d .  I n  a  way,  t h e f i n a l  re s u l t  i s  n eve r
a ct u a l l y  t h e u l t i m ate c o n c l u s i o n  a s t h e re p l a nte d  s e e d
c o u l d  s u r v i ve a l l  t h e way to a  t re e a n d  st i l l  g et  d a m a g e d
a n d  a l l  t h e ef fo r t s to c o n s e r ve i t  w i l l  b e l o st .  

Th e re s o u rc e s c ate g o r y wa s m e nt i o n e d  t h e l e a st ,
c o n c l u d i n g  t h at  t h e p ro b l e m  of c o nta m i n at i o n  wa s a
m o re fo c u s e d  o n  ta l k i n g  p o i nt  t h a n  i t s  p o s s i b l e s o l u t i o n s
t h ro u g h  p ro d u ct s.  Th i s  c o u l d  m e a n  t h at  t h e ex i st i n g
s o l u t i o n s a re a c c e pte d  by t h e s e e d b a n k c o m m u n i t y a n d
a re d e a l t  w i t h  d e s p i te t h e i r  fa u l t s  b e c a u s e f u n d i n g  o r
t h e of f- t h e - s h e l f  n at u re of a l l  ex i st i n g  p ro d u ct s i s n’ t
wo r t h  s e e k i n g  o u t  a l te r n at i ve s.

Leverages

HUMAN
DRIVEN
TIMEL INE

INFLUENCES

22

NATURE
DRIVEN
TIMEL INE

INFLUENCES

SEED
VARIATION

ORGANISATION
LIMITATIONS

SEED
PROCESSING
LIMI ITATIONS

Wi t h i n  t h e l eve ra g e s c ate g o r y,  l i m i tat i o n s a re p re s e nte d
t h at  n e g at i ve l y  i n f l u e n c e t h e s e e d  c o l l e ct i o n  p ro c e s s a n d
a re e i t h e r  c a u s e d  by c o nta m i n at i o n  o r  m a ke i t  h a rd e r  to
t re at  t h e c o nta m i n at i o n .  Th e m o st  m e nt i o n e d  p a i n  p o i nt s
w i t h i n  t h i s  c ate g o r y a re t i m e c o n st ra i nt s,  l o s i n g  v i a b i l i t y,
a n d  a u to m at i o n  c o m p l i c at i o n s ( s e e a p p e n d i x 3 ) .
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01.

TRAPPED IN
A SMALL
CIRCLE

C e r ta i n  t h e m e s a ro s e f ro m  t h e c o d i n g  of i nte r v i ews t h at
s u m m a r i s e s t h e f i ve m a j o r  p ro b l e m s w i t h i n  m a n a g i n g
c o nta m i n at i o n  i n  t h e s e e d b a n k p ro c e s s.  Th e p a i n  p o i nt s
w i t h i n  t h e l eve ra g e s a re b a c ke d  u p by t h e s e t h e m e s a s
ta n g i b l e p ro b l e m s t h at  c o m b i n e a l l  fo u r  c ate g o r i e s.

“ I t’s  n ot  wo r t h  c h a s i n g  s o m e s p e c i e s…we
d o n’ t  h ave t h e re s o u rc e s to g o a c ro s s t h e
state to t r y  a n d  c h a s e t h e m  ( s e e d s ) . ”  –
p a r t i c i p a nt  1

“ Pa r t  of i t  ( t h e p ro b l e m )  i s  f u n d i n g  b e c a u s e
we’ re p ro j e ct  f u n d e d ” –  p a r t i c i p a nt  1

“ I  k n ow t h e s e t h i n g s ex i st  ( s e p a rat i n g
m a c h i n e s b a s e d  o n  p hys i c a l  a p p e a ra n c e )  b u t
t h ey te n d  to b e fa i r l y  b u l ky a n d  p ret t y
ex p e n s i ve.  O u r  fa c i l i t y  h e re i s  p ret t y s m a l l  s o
we o n l y  h ave a  l i t t l e  l a b,  a n d  we d o n’ t  h ave a
p a r t i c u l a r l y  b i g  b u d g et” –  p a r t i c i p a nt  2

T h e  p a r t i c i p a n t s  w e re  re c o rd e d  t o  b e  l i m i t e d  i n  t h e i r
f re e d o m  t o  c o l l e c t  s u b s t a n t i a l  a m o u n t s  o f  s e e d s  a n d  e x p a n d
t h e i r  o p e r a t i o n s  d u e  t o  h a v i n g  t o  re l y  o n  3 rd  p a r t y  f u n d i n g
a n d  t h e re f o re  b e i n g  s m a l l  s c a l e  w i t h  l i t t l e  e m p l o y e e s .  T h i s
w o u l d  l i m i t  t h e  a b i l i t y  t o  re p l a c e  c o n t a m i n a t e d  s e e d s  i f
n e e d e d  a n d  c o m p l e t e  m o re  a c c u r a t e  re m o v i n g  o f  t h e
c o n t a m i n a n t s  w i t h  a  w i d e r  r a n g e  o f  m a c h i n e r y  a n d  s p a c e.

ProceduresResources

Leverages Results
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02.

ACCEPTANCE
OF THE

IMMOVABLE 

“ t h e re’s  a  s p e c i e s t h at  we’ re a f te r  a n d  i t  h a s
1 0 0 %  ( i n s e ct )  p re d at i o n …  s o we wo u l d  b r i n g
i t  ( s e e d s )  b a c k a n d  x- ray a n d  we b a s i c a l l y
g ot  n o v i a b l e s e e d s…  we j u st  h ave to ke e p
t r y i n g . ”  –  p a r t i c i p a nt  1

“ Yo u  c a n n ot  e a s i l y  d i st i n g u i s h  t h e s e e d s
f ro m  t h e d e b r i s .  Yo u  c a n n ot  ext ra ct  t h at  o u t …
we’ l l  r u n  a  c u t  te st ,  q u a nt i f y  t h e l eve l s  of
d e b r i s  i n  t h e c o l l e ct i o n  a n d  t h e n  l i ve w i t h  i t”
–  p a r t i c i p a nt  2

“ Yo u  c a n’ t  l av i s h  a  d ays’  wo r t h  of at te nt i o n
o n  a  s i n g l e c o l l e ct i o n …  at  s o m e p o i nt  yo u
h ave to g et  to a  p ra g m at i c e n d p o i nt . ”  –
p a r t i c i p a nt  2

Th e wo r ke rs p ro c e s s wa s re p o r te d  to h ave a  l ot  of  m a k i n g
d o w i t h  fo rc e s t h ey c o u l d n’ t  c o nt ro l  o r  p reve nt .  Eve n  i f
t h i s  c a m e at  t h e c o st  of c o nta m i n at i n g  t h e s e e d s.  Th i s
wa s u s u a l l y  a  m e a n s to a n  e n d ;  t h e s e e d s h a d  to b e
c o nta m i n ate d  i n  o rd e r  to s ave t h e s e e d s at  a l l .  Fa cto rs
s u c h  a s t i m e,  ava i l a b i l i t y  of a d va n c e d  te c h  a n d  wave r i n g
v i a b i l i t y  c o u l d  e i t h e r  p reve nt  t h i s  t h e m e o r  b e t h e re a s o n
fo r  h a p p e n i n g .

03.

 SAFEGUARDING
TOMORROW

WITH
YESTERDAY’S
TECHNOLOGY

“ Th e re’s  o n l y  s o m u c h  a u to m at i o n  t h at’s
re a l l y  s u i ta b l e s o a  l ot  of  w h at  we d o i s  st i l l
d o n e by h a n d ” –  p a r t i c i p a nt  2

“ S o,  a u to m at i n g  t h at  ( s e e d  b a n k i n g )
p ro c e s s w i t h  a  p i e c e of m a c h i n e r y,  I  wo u l d
i m a g i n e,  i s  i m m e n s e l y  c o m p l i c ate d  ( d u e to
s e e d  va r i at i o n ) ” –  p a r t i c i p a nt  2

“ I  d o n’ t  eve n  k n ow i f  i t ’s  p o s s i b l e to re p l a c e
p e o p l e i n  a  l ot  of  t h i s  ( p ro c e s s )  b e c a u s e i t
ta ke s o b s e r vat i o n  a n d  s o m e k i n d  of l eve l  of
d i s c e r n m e nt . ”  –  p a r t i c i p a nt  3
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A l ot  of t h e h a n d - s o r t i n g  a n d  b a s i c to o l s  we re m e nt i o n e d
to b e u s e d  b e c a u s e of b u d g et i n g  b u t  a l s o b e c a u s e of t h e
w i d e n i n g  c o m p l ex i t y  of a u to m at i n g  a n  o rg a n i s at i o n  w i t h
a  g re at  l eve l  of  va r i at i o n .  Pa r t i c i p a nt s state d  t h at  t h e
p ro c e s s,  p hys i c a l i t y,  a n d  b i o l o g y of s e e d s we re a l m o st
i m p o s s i b l e to c re ate o n e o r  a  re a l i st i c a l l y  s i ze d  g ro u p of
m a c h i n e s fo r.

04.

ORGANISED
CHAOS

 

“ Pa r t  of t h e p ro b l e m s w i t h  w h at  m a ke s
n at i ve s e e d  b a n ks s o d i f f i c u l t  i s  t h e s h a p e s
a n d  s i ze s a n d  n at u re of t h e s e c o l l e ct i o n s i s
u n b e l i eva b l y va r i a b l e” –  p a r t i c i p a nt  2

“ We a re wo r k i n g  w i t h  n at i ve s e e d s t h at
c o m e i n  a l l  s h a p e s a n d  s i ze s…  s o we h ave
s o m a ny p ro c e s s e s d e p e n d i n g  o n  t h e s e e d s
t y p e” –  p a r t i c i p a nt  3

“ S o m et i m e s i t’s  ( c o nta m i n at i o n )
u n avo i d a b l e,  yo u  g et  t wo t h i n g s c o -
o c c u r r i n g ,  a n d  yo u  d o n’ t  k n ow a b o u t  i t
u nt i l  a f te r wa rd s,  a f te r  i t  h a p p e n s. ”  -
p a r t i c i p a nt  2

Pa r t i c i p a nt s re p o r te d  t h at  t h e p ro c e s s of s e e d  b a n k i n g  wa s
b ot h  ve r y m et h o d i c a l  a n d  r i g i d l y  st r u ct u re d  a s we l l  a s
va r i a b l e a n d  eve r y c h a n g i n g  d e p e n d i n g  o n  t h e s e e d ,
we at h e r,  l o c at i o n ,  a n d  t y p e of c o nta m i n at i o n  t h ey m i g ht
f i n d .  A l l  t h e d i f fe re nt  c o nt i n g e n cy c o m b i n at i o n s t ra i n e d  t h e
p a r t i c i p a nt s to h ave a  p re p a re d  m i n d s et  fo r  w h at  m i g ht
c h a n g e i n  t h e p ro c e s s.
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05.

FOREVER
THE

ELEVENTH
HOUR

“ We we re n’ t  a b l e to g et  t h e p a c ket s d r i e d
d ow n  q u i c k l y  e n o u g h  a n d  t h e re wa s
m o i st u re reta i n e d  i n  t h e s e e d s…  t h e s e e d s
wo u l d  t h e n  g et  m o u l d y ” –  p a r t i c i p a nt  3

“ I f  yo u  g ot  t i m e,  yo u  p i c k e a c h  i n d i v i d u a l
s e e d  b u t  s o m et i m e s yo u  s n i p t h e w h o l e h e a d
b e c a u s e yo u ’ re t i m e re st r i cte d ” –
p a r t i c i p a nt  1

“ I  wo u l d  l i ke to b e a b l e to wo r k t h ro u g h  t h e
s e e d  c l e a n i n g  a n d  p ro c e s s i n g  p h a s e fa ste r
b e c a u s e t h e s o o n e r we c a n  d o t h at ;  t h e
s o o n e r we c a n  te st  c o l l e ct i o n s a n d  g et  t h e m
b a n ke d .  S o,  s h o r te n i n g  t h at  t i m e wo u l d
re a l l y  b e n ef i t . ”  –  p a r t i c i p a nt  3

Th e s e e d  c o l l e ct i o n  p ro c e s s wa s refe r re d  to a  l ot  a s
ra c i n g  a g a i n st  t h e c l o c k to ke e p t h e v i a b i l i t y  of t h e s e e d s
l o n g  e n o u g h  to sto re.  Th ey we re a l s o l a m e nt i n g  t h e fa ct
t h at  t h ey c o u l d n’ t  b e m o re m et i c u l o u s a s we l l  a s  w i s h i n g
t h at  t h e p ro c e s s wo u l d  b e eve n  fa ste r.  Of te n  i t  wa s
m e nt i o n e d  t h at  t h e avo i d i n g  of c o nta m i n at i o n  wa s
n e g l e cte d  i n  favo u r  of s av i n g  t i m e.
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 Discussion
Th e re s e a rc h  u n d e r ta ke n  t h ro u g h  s u r veys,  i nte r v i ews,
b e n c h m a r k i n g ,  a n d  i n i t i a l  re s e a rc h ,  b ro u g ht  to l i g ht  i n s i g ht s
w i t h  m u l t i p l e b a c k i n g  fa cto rs a n d  ex p e r i e n c e s.  Th ro u g h o u t
t h e re p o r t ,  t h e n ew i n fo r m at i o n  g a i n e d  c o n n e cte d  to p rev i o u s
re s e a rc h  a n d  c re ate d  a  m o re n u a n c e d  a n d  d eta i l e d  o u t l i n e of
t h e m o st  i m p a ct i n g  fa cto rs t h at  c o m e w i t h  m a n a g i n g
c o nta m i n at i o n .  By f i n d i n g  re l at i o n s h i p s i n  t h e d ata ,  t h e e n d
c r i te r i a  c a n  b e i n fo r m e d .
 
A b i g  i n s i g ht  t h at  wa s fo u n d  f ro m  t h e s u r veys a n d  i nte r v i ews
t h at  d i d  n ot  p re s e nt  i n  t h e i n i t i a l  re s e a rc h  wa s h ow b i g  of a n
i m p a ct  t i m e h a s o n  h ow we l l  t h e c o nta m i n at i o n  i s  re m ove d
f ro m  t h e s e e d s.  Th e re s e a rc h  i nto a r t i c l e s we re h o m e d  i n  o n
t h e n e c e s s i t y  of t h e c l e a n i n g  a n d  s o r t i n g  p h a s e b u t  t h e
i nte r v i ews a d d e d  s o m e n u a n c e to t h i s  ta ke w h e re i t  wa s n ot
a l ways p o s s i b l e to c l e a n  w i t h  a c c u ra cy.  Th e v i a b i l i t y  of  t h e
s e e d s wa s d ete r m i n e d  t h e m o st  by t i m e,  a n d  t h e p refe r re d
m et h o d  of p ro c e s s i n g  by h a n d  wa s s l owe r,  m e a n i n g  w h e n  t i m e
wa s m i n i m i s e d ,  s o wa s t h e te n a c i t y fo r  re m ov i n g
c o nta m i n at i o n .  H av i n g  to l e ave t h e c o nta m i n at i o n  w i t h  t h e
s e e d s wa s a  c o m p r i s e fo r  h av i n g  t i m e to c o l l e ct  t h e s e e d s at
a l l .

Th e re s e a rc h  h a d  a  l ot  of  refe re n c e s re g a rd i n g  c o nta m i n at i o n
a s a n  a c c e pte d  fo rc e of n at u re t h at  c o u l d  n ot  b e f u l l y
e ra d i c ate d .  N at u re wa s d e s c r i b e d  a s b e i n g  to o vo l at i l e  to
p re d i ct  n o m at te r  h ow m a ny p ro c e s s e s a re i nve nte d ;  n o s i n g l e
p ro d u ct  c o u l d  ke e p u p w i t h  t h e va r i at i o n s.   Th i s  l e ave s a  l ot  of
r u d i m e nta r y ta ct i c s to b e c o m e s o l u t i o n s a s t h ey c a n  b e e a s i l y
m o u l d e d  a n d  fo r m e d  to f i t  a l l  t y p e s of l eve ra g e s ( s e e n  i n  t h e
c ate g o r i e s ) .  Th i s  wa s s e e n  m o st  p ro m i n e nt l y  i n  t h e
b e n c h m a r k i n g  a s a  m a r ket  g a p,  a s m o d u l a r  a n d  c u sto m i s a b l e
p ro d u ct s m a d e fo r  c o n s e r vat i o n  s e e d  b a n k i n g  we re i d e nt i f i e d
a s a  p ote nt i a l  n e e d .  
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Th e l i m i te d  f u n d i n g  m a d e s e e d b a n ks t u r n  away f ro m  m o st
of t h e c o m p l ex s p e c i a l i s e d  p ro d u ct s i n  favo u r  of h a n d -
s o r t i n g  o r  s m a l l  of f- t h e s h e l f  to o l s  w i t h  a n  a s s o r t m e nt  of
g u a ra nte e d  va r i at i o n s.

A n ot h e r  i n s i g ht  w i t h i n  a l l  m o d e s of re s e a rc h  wa s t h e
f u n d i n g  a s p e ct  a n d  h ow i t  l i m i te d  a  l ot  of  t h e o rg a n i s at i o n s’
p u r p o s e.  B e i n g  re st r i cte d  by a  s m a l l - s c a l e c o ntext ,  c h a i n e d
t h e s e e d b a n ks to l i m i te d  p e o p l e p owe r,  l i m i te d  p ro d u ct s,
a n d  l i m i te d  c a p a c i t y.  W h i l e  t h i s  m ay b e i n d i re ct l y  l i n ke d  to
c o nta m i n at i o n  a s i t  p i l e s o nto t h e n u m b e r of p ro b l e m s t h at
m a ke i t  h a rd e r  to re m ove c o nta m i n at i o n ,  i t  a l s o p u t s a ny
n ew s o l u t i o n s i nto p e rs p e ct i ve.  Th e s e e d b a n ks a re t ra p p e d
by s p e c i f i c i t y,  m e a n i n g ,  t h e p ote nt i a l  fo r  ex p a n s i o n  a n d
c h a n g e c a n n ot  b e f i n a n c i a l l y  v i a b l e i f  t h e c o n c e pt  i s  v i ewe d
to b e to o n a r row by t h e s e t h i rd - p a r t y f u n d e rs.  

Th e re s e a rc h ,  w h i l e  ex p a n s i ve,  h a s s o m e d raw b a c ks t h at  a re
i m p o r ta nt  to m e nt i o n .  Th e re s e a rc h  s u f fe re d  f ro m  n ot
h av i n g  a ny o b s e r vat i o n s,  s u c h  a s v i s u a l  exa m p l e s of i s s u e s
p re s e nt  i n  t h e ot h e r  fo r m s of d ata ,  a s t h e re i s  n o m e nt i o n  of
e rg o n o m i c s,  o r  h u m a n - c e nt re d  p ro b l e m s t h at  c o u l d  h ave
b e e n  n at u ra l l y  o b s e r ve d .  Th i s  wo u l d  h ave a d d e d  a n  ext ra
d i m e n s i o n  of e m ot i o n a l  ex p e r i e n c e i n ste a d  of j u st
l o g i st i c a l .  

Th e s a m p l e s i ze s of s u r vey a n d  i nte r v i ew p a r t i c i p a nt s i s  a n
o bv i o u s l i m i tat i o n  a s t h e re wa s a  s m a l l e r  va r i at i o n  i n
d i f fe re nt  ex p e r i e n c e s a s d i f fe re nt  ro l e s,  a n d  l i m i te d
k n ow l e d g e o r  m o re t h a n  t h re e s e e d b a n ks w i t h i n  Au st ra l i a .
A n ot h e r  d raw b a c k wo u l d  b e t h e b e n c h m a r k i n g  a n d  h ow
u s ef u l  t h e i n s i g ht s i nto eve r y g ra p h  h a s b e e n ,  a s t h e
c o ntext  of s u sta i n a b i l i t y  o r  t h e c e r ta i n  ra n g e of p ro d u ct s i s
n ot  a s l a rg e of a  fa cto r  w i t h i n  t h e re st  of t h e re p o r t .

 L I M I TAT I O N S
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Design Implications 
Th e i n s i g ht s p re s e nte d  w i t h i n  t h e re s e a rc h ,  c re ate a  s o l i d
b a s i s  fo r  t h e d e s i g n  s o l u t i o n  towa rd  m a n a g i n g
c o nta m i n at i o n  i n  t h e c o n s e r vat i o n  s e e d b a n k i n d u st r y.  t h e
ex i st i n g  p ro d u ct s o n  t h e m a r ket  a re e i t h e r  ex p e n s i ve a n d
c o m p l i c ate d ,  o r  g e n e r i c a n d  c h e a p l y m a d e.  Th e
o p p o r t u n i t y h e re i s  to f i n d  a  m i d d l e g ro u n d ,  w i t h  n o
l i m i tat i o n s o n  l et t i n g  t h e u s e r  c u sto m i s e t h e p ro d u ct  to f i t
t h e b ro a d  a r ray of ex p e r i e n c e s n e e d e d  to p ro c e s s s e e d s i n
a  s e e d b a n k .  Th e p ro d u ct  s h o u l d  of fe r  t h e u s e r  a  p o s i t i ve
ex p e r i e n c e t h at  t h ey d o n’ t  h ave to c o m p ro m i s e o n .

Th e e m p h a s i s  o n  t h e l a rg e va r i at i o n  of s e e d s a s we l l  a s
p ro c e s s e s to t re at  t h o s e s e e d ,  l e a d s t h e d e s i g n  d i re ct i o n
t h at  i s  o p e n - e n d e d  fo r  d i f fe re nt  ro l e s i n  t h e s e e d b a n ks b u t
i s  s p e c i f i c a l l y  d e s i g n e d  fo r  e n d a n g e re d  s e e d s ( n o n -
a b ra s i ve fe at u re s,  h a n d l e s s m a l l  q u a nt i t i e s ) .  Th e re s e a rc h
f i n d s t h at  a l m o st  eve r y wo r ke r  i s  i nvo l ve d  i n  m u l t i p l e p a r t s
of t h e s e e d  b a n k i n g  p ro c e s s,  u s i n g  t h e s a m e g e n e r i c to o l s
i n  m a ny a re a s.  Th e f re e d o m  to c h a n g e t h e d e s i g n  u s i n g
q u a l i t y,  re p a i ra b l e p a r t s ava i l a b l e wo u l d  e a s e p re s s u re o n
t h e b u d g et  a n d  e n c o u ra g e t h e u s e r  to n ot  a c c e pt
i n a c c u rate re s u l t s  w i t h  n o n - s p e c i a l i s e d  to o l s .  E a s i l y
m o d i f i e d  p ro d u ct s a re a  s o l u t i o n  to n at u re s va r i a b i l i t y.

Th e t i m e c o n st ra i nt  a s p e ct  of s e e d  b a n k i n g  w i l l  b e
a p p ro a c h e d  w i t h  a  p re c i s e a n d  t h o ro u g h  f u n ct i o n .  Th e
c o m p ro m i s e o n  q u a l i t y  a n d  t h e refo re i n c re a s e d
c o nta m i n at i o n  ste m s f ro m  t h e l i t t l e  t i m e g i ve n  to c o m p l ete
ta s ks.  Th e ta s k c a n n ot  b e re p e ate d  i f  c o nta m i n at i o n  i s  st i l l
p re s e nt  a n d  m o re t i m e c a n n ot  b e g i ve n .  By fo c u s i n g  o n  t h e
a c c u ra cy of a  d e s i g n  a n d  a n  ef fe ct i ve n e s s t h at  w i l l  re s u l t
i n  o n l y  u s i n g  i t  o n c e,  t h e c o nta m i n at i o n  w i l l  b e re d u c e d .
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M U ST

M U ST N OT

A i d  i n  t h e s o r t i n g  o r  c l e a n i n g
of e n d a n g e re d  s e e d s,  re d u c i n g
b i o l o g i c a l  a n d  p hys i c a l
c o nta m i n at i o n

B e m o d u l a r,  a d j u sta b l e,  o r
c u sto m i s a b l e to a c c o m m o d ate
va r i at i o n s i n  s e e d s o r  p ro c e s s

B e e a sy to u s e a n d  m u st  b e
a c c e s s i b l e fo r  a l l  a g e s of
a d u l t s  ( vo l u nte e rs a s we l l  a s
wo r ke rs )

B e ove r l y  l a rg e s c a l e,
te c h n o l o g i c a l l y  c o m p l i c ate d
o r b e to o ex p e n s i ve

H ave a  h i g h  e n e rg y u s e o r  l ow
q u a l i t y  u n s u sta i n a b l e
m ate r i a l s

C o m p ro m i s e o n  a c c u ra cy
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 S H O U L D

Re d u c e t h e t i m e ta ke n  to
c l e a n  a n d  s o r t  s e e d s
c o m p a re d  to d o i n g  by h a n d

 M u st  n ot  h ave to ta ke
m u l t i p l e t i m e s to re m ove t h e
c o nta m i n at i o n

H ave s eve ra l  f u n ct i o n s t h at
c a n  a d ve r t i s e to a  w i d e r  ra n g e
of i n d u st r i e s

Ellen Greenhill N12018155



Th e c o nta m i n at i o n  of e n d a n g e re d  s e e d s fo r  c o n s e r vat i o n
s e e d b a n ks i s  a n  o n g o i n g  c h a l l e n g e t h at  ef fe ct s t h e
p ro c e s s i n g  of t h e s e e d s.  Th e re s e a rc h  a n d  ex p e r i e n c e s
p re s e nte d  by s e e d b a n k wo r ke rs of fe rs i n s i g ht  i nto t h e
i m p a ct i n g  fa cto rs of c o nta m i n at i o n .  Ti m e - c o n st ra i nt s
h ave i n c re a s e d  t h e a m o u nt  of c o nta m i n at i o n  a n d  h ave
a f fe cte d  t h e p re c i s i o n  of wo r ke r ’s  o u t p u t .  Th e s m a l l e r
s c a l e s of c o n s e r vat i o n  s e e d b a n ks h a r m  t h e p o s s i b i l i t i e s
of g a i n i n g  f u r t h e r  re s o u rc e s to t re at  c o nta m i n at i o n .  Th e
a u to m at i o n  of ex i st i n g  p ro d u ct s m a ke s t h e m  u n u s a b l e
fo r  t h e s e s e e d b a n ks a s t h ey c a n’ t  a c c o u nt  fo r  t h e
exc e s s i ve s e e d  va r i at i o n .  

Th e re s e a rc h  c o n d u cte d  i d e nt i f i e d  s eve ra l  g a p s i n  t h e
m a r ket  fo r  d e s i g n  o p p o r t u n i t i e s .  I n ste a d  of re l y i n g  o n
c o m p l ex a u to m ate d  p ro d u ct s a n d  s l ow m a n u a l
p ro c e s s i n g ,  t h e s o l u t i o n  w i l l  b e s p e c i a l i s e d  fo r
e n d a n g e re d  s e e d s.  I t  w i l l  s u p p o r t  t h e u s e rs n e e d s
t h ro u g h  d e s i g n i n g  w i t h  a n  u n d e rsta n d i n g  a b o u t  t h e
d i f fe re nt  ro l e s re q u i re d .  I t  w i l l  b e a n  a f fo rd a b l e,
a d a pta b l e s o l u t i o n  t h at  p r i o r i t i e s a  s m a l l e r  s c a l e a n d
a c c u ra cy i n  re d u c i n g  c o nta m i n at i o n .
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   A P P E N D I X  1 :  P R O D U CT L I N K S

x-ray
https://www.kubtec.com/products/the-xpert-20-core-specimen-radiography-system 
 
https://oncomed-solutions.com/solutions/pre-clinical-imaging/x-ray-imaging/xseed/ 
 
https://www.phenokey.com/applications/benchtop-x-rayct 

Tweezers

https://cannakan.com/products/3-pcs-huggers%E2%84%A2 
 
https://estore.oxinst.com/asia/products/general-consumables/tweezers-&-
tools/dumont-tweezers/zid51-1625-0166?
srsltid=AfmBOop59P9kaaneaKoVtY6lXA5xHKKR4Lv7sm_F9wvkjfbTzH-CihqlPy8 
 
https://www.gapgames.com.au/products/tamiya-hg-straight-tweezers-reverse-
action?
variant=42703833825450&country=AU&currency=AUD&utm_medium=product_sync&ut
m_source=google&utm_content=sag_organic&utm_campaign=sag_organic&srsltid=Af
mBOopPTENBkhDNig5RM_6KlGDP_Llzu4SrMpjN5fh1FwyVokpuwnN1kzc 
 
https://www.hobbytools.com.au/rubber-tipped-tweezer/?
srsltid=AfmBOoqcGQCkoqvzRpFf29OEiGNyCrcAkMiFIM85052CDTzdFmZVEMiu 
 
https://ore-metals.com/products/paddle-tip-tweezer?
srsltid=AfmBOoqtnTKDtN9EOXDYKps0WyqU7Ck2n9Py7PCouZlb57586AU-WPRnJaw 
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Screen separator

https://sanyuantangcn.com/products/vibrating-screen-separator

sieves 

https://www.amazon.com.au/Stainless-Interchangeable-Sifting-Filtration-
Gardening/dp/B0GMX5X6N6/ref=asc_df_B0GMX5X6N6?
mcid=fd4092c948433146b7f384ff9054adf0&tag=googleshopmob-
22&linkCode=df0&hvadid=798335325988&hvpos=&hvnetw=g&hvrand=30068786559846
35722&hvpone=&hvptwo=&hvqmt=&hvdev=m&hvdvcmdl=&hvlocint=&hvlocphy=906893
7&hvtargid=pla-2477206839806&psc=1&hvocijid=3006878655984635722-B0GMX5X6N6-
&hvexpln=0&gad_source=1

rotary sifter

https://m.indiamart.com/proddetail/turbo-centrifugal-sifter-rotary-sifter-
9806234848.html

tumbler screening machine

https://m.made-in-china.com/product/Rocking-Sieve-Dolomite-Powder-Separator-
Automatic-Tumbler-Screening-Machine-739979602.html

VIBRATORY SCREENERS

https://www.kason.com/assets/files/Kason_Vibroscreen_Brochure.pdf
Sieving Machine
https://www.ebay.com.au/itm/187033811757?
chn=ps&_ul=AU&_trkparms=ispr%3D1&amdata=enc%3A1g6ZcC4IcQ3KfL7yAIjvIRA8&noro
ver=1&mkevt=1&mkrid=705-173151-935305-
0&mkcid=2&mkscid=101&itemid=187033811757&targetid=2367800370202&device=m&m
ktype=pla&googleloc=9068937&poi=&campaignid=21776442415&mkgroupid=173963205
248&rlsatarget=pla-
2367800370202&abcId=10047386&merchantid=640714464&gad_source=1&gad_campai
gnid=21776442415&gbraid=0AAAAAD97CxTPeUO4cMP2pMjsf7VdXmgUq&gclid=Cj0KCQj
wkOvTBhDgARIsAKUNyRs5NnNQKF9cH8-
dkjExJSZz0pT_JRs8CKO5XTlSadVzdmwlEmYjlPAaAiSQEALw_wcB

aspiration channel
 
https://www.tradeindia.com/products/aspiration-channel-c11482752.html

zig-zag aspirator

https://www.shaivision.com/product/zig-zag-aspirator/
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destoner

https://vinanhatrang.com/products/destoner/

coffee destoner

https://www.wintopmachinery.com/Coffee-Destoner-2.html

gravity table

https://jk-machinery.com/machines/jgt-gravity-tables/
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	DNB311 ID STUDIO 7: CAPSTONE
	Executive Summary
	This reports aim was to explore how contamination of endangered seeds within conservation banks affects how the seedbank collects, sorts, cleans, and banks the seeds.
	The research then conducted within this aim identified the constraints and opportunities to influence the design solution. The initial research defined the seed banking process and types of contamination. The research concluded that the most significant contamination towards the seedbanks was biological and physical and that the cleaning and sorting stages managed the highest amount of this contamination. The benchmarking identified a middle ground gap between the specialised, complex, and expensive products and the off-the-shelf low-cost products. It produced an insight into the lack of existing products having a flexible use-case.
	The primary research was made up of a structured survey and semi-structed interviews with workers involved in the endangered seedbank industry across Australia. The findings presented challenges linked to contamination such as time-constraints, compromises on quality, and limited resources.
	The research within the report was combined and presented opportunities for a design, focusing more on modularity, specialisation for endangered seeds, affordability, and accuracy.
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	Introduction
	The conservation seed banks within Australia are tasked with providing a safety net against extinction for endangered seeds. The seed banks are responsible for collecting, cleaning, sorting, banking, and replanting the seeds in order to restore the natural environment. While the seedbanks have meticulous and structured processes, the contamination of the seeds is a constant threat that cannot be avoided.
	The contamination of seeds comes in different forms such as plant material, rock and soil debris, fungus, insects, and non-target seeds. While these contaminants are common in the commercial seed banking industry and is managed often, it can be fatal for a seed species that can only be found in the hundreds; every seed is a precious commodity.
	There are also challenges surrounding contamination that either cause the contamination or negatively impact it further. These challenges are related to time constraints, automation difficulties, high variation in seeds, limited funding, and dealing with a smaller scale compared to commercial. Also, existing products within the conservation seedbanks are often not specialised for endangered seeds so the results become less accurate.
	In this report, the effects of contamination within conservation seedbanks and processing roles will be explored. This will be through benchmarking existing products and analysing surveys and interviews of seedbank workers experiences. All with the purpose of gathering insights to create design opportunities to reduce endangered seed contamination.

	Background
	Endangered seed collecting is one of the main strategies for environmental conservation because seeds banks provide a safety net against extinction and preserve the genetic diversity of endangered plants (Australian Seed Bank Partnership, 2026). There are approximately eleven major conservation focused seedbanks in Australia that are funded by third parties to supply germinated seeds for restoration projects (Australian Seed Bank Partnership, 2022).
	SEEDBANKS
	There are also smaller community run seed banks that may collect seeds that are under threat, using the same resources, but on a seed quantity scale between the 100s instead of 1000s (Hay, Baum , Oyatomi, & Wolkis, 2025). There are over 1300 different types of Australian plants that are categorised as endangered (Threatened Species Recovery Hub, 2020) and have been collected and safeguarded by these seedbanks for over 60 years (WA Seed Centre, 2026).
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	SEED COLLECTION PROCESS
	The stages of endangered seed collection for the purpose of banking starts with the surveying and locating of the target species and calculating when the seeds will be ripe enough to harvest (Crawford, et al., 2021). The field collection then takes place, taking a substantial number of seeds but not enough to disrupt the natural seed dispersal (Mortlock, 1999). The seeds are then transported in paper bags (Aboriginal Landcare Education Program - collect, treat, and store, 2018) to a herbarium laboratory or processing centre within the seed bank to ID (Queensland Government, 2026). They are then dried, sorted, cleaned and tested for viability (Commander, et al., 2021). Viability refers to how likely a seed is able to germinate under favourable conditions (Sudhakar, Karthikeyan, RajhaViknesh, Selvam Saranya, & Shurya , 2021). The seeds are then placed into storage and can stay there for decades before they are broken out of dormancy and replanted when a project requires them (Dalziell & Merritt, 2026).
	CONTAMINATION
	Seed contamination is categorised into four types; Biological, botanical, physical, and chemical. Biological contamination is defined as pathogens either on the seed surface or internally (Riggio, Wang , Kniel, & Gibson , 2019). This pathogen can be catalysed by moisture, physical debris, insects, or the infected mother plant (Abbas & Aqleem, 2015). Botanical contamination is defined as non-target seeds or weed seeds going undetected in the collection stage (Australian Government, 2026).


	BIOLOGICAL
	BOTANNICAL
	PHYSICAL
	CHEMICAL
	This can be due to being unable to separate the seeds because they are too similar in size and weight (Potts, 1975). Physical contamination is categorised by either plant material of earth particles such as stems, pods, rocks, soil, or clay that the seeds are either transported with or get stuck in (FDA, 2024). Chemical contamination is categorised as any artificial or man-made pollutant such as microplastics or insecticide (Nuruzzaman, Bahar, & Naidu, 2025) (Briassoulis, 2023). Although this type of contaminant is not as big of a problem in endangered plants, since many harvesting sites are in conservation areas or national reserves that don’t usually come into contact with unnatural factors (Australian Government, 2026). The most at-risk stage of contamination is at field collection which is why the cleaning and drying of the seeds directly after is considered sacrosanct to prevent loss of viability (Errington, Quarmby, Commander, & Philpott, 2021).

	OTHER CHALLENGES
	Endangered seed collecting for seed banks has certain challenges relating to funding, time-efficient means of processing the seeds, and the skill/technicality needed in order to conserve as many viable seeds as possible. Because most seed banks are funded based on specific projects and donations (White, et al., 2023), the majority of staff are volunteers with limited resources at their disposal and limited expertise (Finch, Jasny, Kucera, & Kiefer, 2022). High-end products used for the agriculture industry can process seeds at a faster rate than by hand, but they are expensive, bulky, and need professional calibration (De Falcis, et al., 2022). Analogue and DIY products are the main tools used in seed banks to allow customisation for the amount of variation in Australian seeds (Errington, Quarmby, Commander, & Philpott, 2021), but they are not as durable and accurate as what’s on the market.
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	Benchmarking
	The existing products used in the seed collection and banking field are shown here to be combined with the more high-end products in the agricultural industry. This is to compare a broader selection of what can be utilised on seeds whether, realistically, a budget or similar constraints may be applied to some seed banks. Essential products that may have only high prices and complex functionality can inform a market gap.
	The products are separated into stages of the seed collecting process; initial processing, coarse cleaning, size separation, fine screening, and specialist separation/pre storage. The cleaning and sorting stages are placed under a lens as the main points of focus since this is when most of the contamination is addressed and removed from the seeds.
	Larger cost
	Inaccessible
	High-end
	Low-grade
	Accessible
	Complex
	usability
	Simple
	usability
	Smaller cost

	MATRIX 1: COST VS USABILITY
	(See Appendix 1 for products)
	Matrix 1 shows the difficulty level of using a product without any pretraining compared with the cost. This depicts a clear trend of products following a scale from inaccessible to accessible. Having these products grouped together shows a wide variation in seed processing technique but little variation in manufacturing. All the simple and small cost products are off-the-shelf and general-purpose that can be easily be DIYed from its basic materials to make customisable and at a smaller cost. The expensive and complex products cannot be adjusted or customised at all due to the heavy machinery involved and their ridged use-case.
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	Most of the top left products cannot be used in conservation seedbanks as there are no extensive settings for seed size (at most three to five sizes) and adjustability for smaller seed quantity.
	The gaps in the market fall into the high-end and low-grade categories. The market does not have a product that is a bit more expensive and in relation, higher quality as well as simpler to use. This would represent investment tools that are can be durable, modular and have room for customisation if only to do a basic function. The market also does not have a cheaper version of any of the technologically heavy top left products, while it might sacrifice on quality it could suite the needs of a smaller, low seed quantity receiving community banks.
	less seed damage risk
	reduced impact
	efficent
	conscience
	high impact
	more enviromentally sustainable
	less enviromentally sustainable
	more seed damage risk


	MATRIX 2: DAMAGE RISK VS SUSTAINABILITY
	(See Appendix 1 for products)
	Ellen Greenhill N12018155
	Matrix 2 compares the environmental sustainability of the products (energy consumed, materials used) to the risk of damaging the seeds when using the products. The products, as a majority, are situated in the left half of the matrix, making them overall not drastically damaging to the environment. While the end goal of environmental conservation would factor into how eco-friendly the user would want their processing machines, efficiency would be a key player in product evaluation also. Less seed damage and more environmentally sustainable is the best-case scenario and represents its popularity as the majority of large representations fills this quadrant. Although, that section lacks any fine screening products and hardly any coarse cleaning, leaving a market gap in that part of the process. A lot of popular products are shown outside this ‘golden zone’ but are too much of a staple and necessity within the industry to completely shift to an alternative. More seed damage risks are a part of the function for some products so the gap to fill would be to focus on shifting them left for more sustainable materials and energy use.
	Some developing technologies that could replace the more abrasive sorting machines would be AI-powered detection software that uses visuals instead of vibrating or shaking seeds into sieves or layers. While this would be a gentler approach to the seed sorting and cleaning process, its debated that the environmental effects would be worth the undertaking (Moffett, 2026).

	Methodology
	The primary research undertaken creates an insight into the seed collection workers and volunteer’s experiences. The qualitative nature of this research could provide understanding into the emotion behind the expertise in tandem with the practical logistics.
	The primary research undertaken creates an insight into the seed collection workers and volunteer’s experiences. The qualitative nature of this research could provide understanding into the emotion behind the expertise in tandem with the practical logistics.
	The methods deemed most realistic and effective were a structured ten-minute survey and a semi-structured thirty-minute interview. The seedbank community is a smaller circle than most industries with remote locations and minor numbers. This is why observations were not an option as the seedbanks were not close enough to be accessible.
	After the data was collected, five survey responses and three interviews were all individually looked over and analysed. While this number is small, with a specialised industry such as conservation seed banking posed a challenge for getting a reasonable amount of response. Although, by reviewing the results, it was deemed that the current number was effective enough to contain variables and therefore potential for relational analysis. It was also found out that the workers across Australia were scheduled to be out in the field for most of august and September which added a layer of difficulty when trying to assess availability.

	SURVEY
	The survey was chosen to reach out to as many volunteers and workers as possible throughout the country on topics such as roles, tools used, experiences with tools, contamination managed, and seed contact frequency. The main variables were the short form answers, mainly the different roles in the seedbank, which gave context to the long responses and let each experience be more comparable to each other.
	The anonymity of the surveys may have granted the volunteers and workers a freedom to express honest opinions on certain products and lift the burden of representing their seedbanks in a positive light.

	INTERVIEWS
	For the interviews, the participants wished to be attributed by name on their consent forms:
	4. Organising interview times and gathering consent forms
	01.
	THAI TE
	TECHNICAL OFFICER

	02.
	JAMES WOOD
	SEED BANK MANAGER

	03.
	MILLIE STEVENS
	SEED TESTING MANAGER
	5. Initiating interviews over phone call and Microsoft teams while recording for a transcript
	6. Doing an overview of the data and starting to analyse patterns and contexts
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	The participants came from a wide variety of roles within the seedbanks, such as, seed bank manager, germination specialist, seed collector, seed processor and cleaner, and technical officer. This helped in getting a more detailed understanding of all processes and their associated issues. They were also from vastly different areas in the country, which gave insight into the different weather conditions and different types of seed species that could be experienced. The seedbanks also had clear differences in budget and resources available, which created comparisons in timelines, processes, and products available.
	The interviews were either conducted on the phone or Microsoft teams and recorded on a phone to create a transcript. Since the interviews could only be done remotely the audio quality is not clear in some parts, which unfortunatly made the transcripts contain errors. Though, extensive notes were taken to be able to fill in the gaps.

	Survey Analysis
	STATISTICAL INSIGHTS
	ROLES IN SEEDBANKING
	The responses show that all five participants are involved in field collection and most are cleaning the seeds. An option was added by one participant for x-raying seeds. An option that was also overlooked was the germination testing- that was later further explored in an interview. There were no responses for seed transportation due to the small range of people.
	The participants confirmed that biological and physical contamination were as equally common as each other within the process. Notably, the chemical contamination was not seen in seeds by this group of participants; confirming the prior research that it is not a key problem within conservation seedbanks.

	KIND OF SEED CONTAMINATION ENCOUNTERED
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	USE OF EXISTING PRODUCTS
	The participants surveyed used a smaller range of products than initially estimated within the benchmarking. Many who used the sieves, used the aspirators in tandem, showing that these two were the most common and therefore most effective compared to the rest.
	The frequency at which the participants were working with seeds was varied. Most likely due to many being volunteers and only getting the chance to harvest and process seeds in the spring of each year.
	FREQUENCY OF CONTACT WITH ENDANGERED SEEDS IN A YEAR
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	LONG RESPONSE INSIGHTS
	“Much of our seed processing is done manually without the need for tools or systems”
	“Hand collection is good and is often used, though passive seed collection is less destructive to the seed coatings”
	To prevent contamination, participants mentioned wearing disposable gloves, sorting the seeds, and taking the seeds directly form the plant or individually from the ground. To manage contamination, participants said they remove insects and send seeds back into the cleaning stage.

	VARIABLE RELATIONS
	Participants who had a role in sorting were also in contact with seeds often
	Participants who rejected less than ten seeds a year recorded they were all rejected because of non-viability
	Participants who had roles in cleaning all used sieves
	All participants had roles in field collection, and all collected by hand
	These consistent matching responses from participants can strengthen the knowledge about causality within the seed collection process. This shows that the role of sorting seeds is most likely under the most time constraints as they would have to process all seeds that come in constantly - leading to the inclusion of more debris in storage. The participants who reject seeds do not reject any with present contamination, only ones that cannot germinate, meaning that the seeds may often be sent back to cleaning regularly, which increases an already long processing time. The sieves are confirmed to be necessary to clean seeds, and hand sorting is necessary to pick seeds.

	Interview Analysis
	QUANTATIVE INSIGHTS
	The three interviews that were conducted presented four categories that were made up of key words mentioned within the transcripts (see appendix 4). The categories found were procedures (actions within the seed banking process), results (the consequences/ outcomes that are caused by or related to the seedbanks),
	resources (products used within the seed banking process), and leverages (the influences toward the seedbanks of either exterior or interior forces). The leverages had the largest frequency of keywords, making up 33.05% of all interviews (for all key words see appendix 2). This suggests a strong priority from the participants about the challenges they face that are out of their control as well as how they choose to influence what they can control.

	Procedures and Results both were mentioned fifty-eight times each within the interviews, taking up 24.27% per category. This implies that the actions taken and outcomes of those actions are both as equally important as each other. This could infer that the outcome would suffer (even if positive) if the actions to get there were not taken with consideration. Every step of the process from field collection to freezing the seeds could have a possible risk of the seeds becoming non-viable and being contaminated. In a way, the final result is never actually the ultimate conclusion as the replanted seed could survive all the way to a tree and still get damaged and all the efforts to conserve it will be lost.
	The resources category was mentioned the least, concluding that the problem of contamination was a more focused on talking point than its possible solutions through products. This could mean that the existing solutions are accepted by the seedbank community and are dealt with despite their faults because funding or the off-the-shelf nature of all existing products isn’t worth seeking out alternatives.
	Leverages
	HUMAN DRIVEN TIMELINE INFLUENCES
	NATURE DRIVEN TIMELINE INFLUENCES
	SEED VARIATION

	Within the leverages category, limitations are presented that negatively influence the seed collection process and are either caused by contamination or make it harder to treat the contamination. The most mentioned pain points within this category are time constraints, losing viability, and automation complications (see appendix 3).
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	CONCEPTUAL INSIGHTS
	Certain themes arose from the coding of interviews that summarises the five major problems within managing contamination in the seedbank process. The pain points within the leverages are backed up by these themes as tangible problems that combine all four categories.
	01.
	TRAPPED IN A SMALL CIRCLE
	“It’s not worth chasing some species…we don’t have the resources to go across the state to try and chase them (seeds).” – participant 1
	“Part of it (the problem) is funding because we’re project funded” – participant 1
	“I know these things exist (separating machines based on physical appearance) but they tend to be fairly bulky and pretty expensive. Our facility here is pretty small so we only have a little lab, and we don’t have a particularly big budget” – participant 2
	The participants were recorded to be limited in their freedom to collect substantial amounts of seeds and expand their operations due to having to rely on 3rd party funding and therefore being small scale with little employees. This would limit the ability to replace contaminated seeds if needed and complete more accurate removing of the contaminants with a wider range of machinery and space.

	“there’s a species that we’re after and it has 100% (insect) predation… so we would bring it (seeds) back and x-ray and we basically got no viable seeds… we just have to keep trying.” – participant 1
	“You cannot easily distinguish the seeds from the debris. You cannot extract that out… we’ll run a cut test, quantify the levels of debris in the collection and then live with it” – participant 2
	“You can’t lavish a days’ worth of attention on a single collection… at some point you have to get to a pragmatic endpoint.” – participant 2
	02.
	ACCEPTANCE OF THE IMMOVABLE
	The workers process was reported to have a lot of making do with forces they couldn’t control or prevent. Even if this came at the cost of contaminating the seeds. This was usually a means to an end; the seeds had to be contaminated in order to save the seeds at all. Factors such as time, availability of advanced tech and wavering viability could either prevent this theme or be the reason for happening.

	03.
	SAFEGUARDING TOMORROW WITH YESTERDAY’S TECHNOLOGY
	“There’s only so much automation that’s really suitable so a lot of what we do is still done by hand” – participant 2
	“So, automating that (seed banking) process with a piece of machinery, I would imagine, is immensely complicated (due to seed variation)” – participant 2
	“I don’t even know if it’s possible to replace people in a lot of this (process) because it takes observation and some kind of level of discernment.” – participant 3
	A lot of the hand-sorting and basic tools were mentioned to be used because of budgeting but also because of the widening complexity of automating an organisation with a great level of variation. Participants stated that the process, physicality, and biology of seeds were almost impossible to create one or a realistically sized group of machines for.
	“Part of the problems with what makes native seed banks so difficult is the shapes and sizes and nature of these collections is unbelievably variable” – participant 2
	“We are working with native seeds that come in all shapes and sizes… so we have so many processes depending on the seeds type” – participant 3
	“Sometimes it’s (contamination) unavoidable, you get two things co-occurring, and you don’t know about it until afterwards, after it happens.” - participant 2

	04.
	ORGANISED CHAOS
	Participants reported that the process of seed banking was both very methodical and rigidly structured as well as variable and every changing depending on the seed, weather, location, and type of contamination they might find. All the different contingency combinations trained the participants to have a prepared mindset for what might change in the process.

	05.
	FOREVER THE ELEVENTH HOUR
	“We weren’t able to get the packets dried down quickly enough and there was moisture retained in the seeds… the seeds would then get mouldy” – participant 3
	“If you got time, you pick each individual seed but sometimes you snip the whole head because you’re time restricted” – participant 1
	“I would like to be able to work through the seed cleaning and processing phase faster because the sooner we can do that; the sooner we can test collections and get them banked. So, shortening that time would really benefit.” – participant 3
	The seed collection process was referred to a lot as racing against the clock to keep the viability of the seeds long enough to store. They were also lamenting the fact that they couldn’t be more meticulous as well as wishing that the process would be even faster. Often it was mentioned that the avoiding of contamination was neglected in favour of saving time.


	Discussion
	The research undertaken through surveys, interviews, benchmarking, and initial research, brought to light insights with multiple backing factors and experiences. Throughout the report, the new information gained connected to previous research and created a more nuanced and detailed outline of the most impacting factors that come with managing contamination. By finding relationships in the data, the end criteria can be informed.
	A big insight that was found from the surveys and interviews that did not present in the initial research was how big of an impact time has on how well the contamination is removed from the seeds. The research into articles were homed in on the necessity of the cleaning and sorting phase but the interviews added some nuance to this take where it was not always possible to clean with accuracy. The viability of the seeds was determined the most by time, and the preferred method of processing by hand was slower, meaning when time was minimised, so was the tenacity for removing contamination. Having to leave the contamination with the seeds was a comprise for having time to collect the seeds at all.
	The research had a lot of references regarding contamination as an accepted force of nature that could not be fully eradicated. Nature was described as being too volatile to predict no matter how many processes are invented; no single product could keep up with the variations.  This leaves a lot of rudimentary tactics to become solutions as they can be easily moulded and formed to fit all types of leverages (seen in the categories). This was seen most prominently in the benchmarking as a market gap, as modular and customisable products made for conservation seed banking were identified as a potential need.
	The limited funding made seedbanks turn away from most of the complex specialised products in favour of hand-sorting or small off-the shelf tools with an assortment of guaranteed variations.
	Another insight within all modes of research was the funding aspect and how it limited a lot of the organisations’ purpose. Being restricted by a small-scale context, chained the seedbanks to limited people power, limited products, and limited capacity. While this may be indirectly linked to contamination as it piles onto the number of problems that make it harder to remove contamination, it also puts any new solutions into perspective. The seedbanks are trapped by specificity, meaning, the potential for expansion and change cannot be financially viable if the concept is viewed to be too narrow by these third-party funders.
	The research, while expansive, has some drawbacks that are important to mention. The research suffered from not having any observations, such as visual examples of issues present in the other forms of data, as there is no mention of ergonomics, or human-centred problems that could have been naturally observed. This would have added an extra dimension of emotional experience instead of just logistical.
	The sample sizes of survey and interview participants is an obvious limitation as there was a smaller variation in different experiences as different roles, and limited knowledge or more than three seedbanks within Australia.
	Another drawback would be the benchmarking and how useful the insights into every graph has been, as the context of sustainability or the certain range of products is not as large of a factor within the rest of the report.

	LIMITATIONS
	Design Implications
	The insights presented within the research, create a solid basis for the design solution toward managing contamination in the conservation seedbank industry. the existing products on the market are either expensive and complicated, or generic and cheaply made. The opportunity here is to find a middle ground, with no limitations on letting the user customise the product to fit the broad array of experiences needed to process seeds in a seedbank. The product should offer the user a positive experience that they don’t have to compromise on.
	The emphasis on the large variation of seeds as well as processes to treat those seed, leads the design direction that is open-ended for different roles in the seedbanks but is specifically designed for endangered seeds (non-abrasive features, handles small quantities). The research finds that almost every worker is involved in multiple parts of the seed banking process, using the same generic tools in many areas. The freedom to change the design using quality, repairable parts available would ease pressure on the budget and encourage the user to not accept inaccurate results with non-specialised tools. Easily modified products are a solution to natures variability.
	The time constraint aspect of seed banking will be approached with a precise and thorough function. The compromise on quality and therefore increased contamination stems from the little time given to complete tasks. The task cannot be repeated if contamination is still present and more time cannot be given. By focusing on the accuracy of a design and an effectiveness that will result in only using it once, the contamination will be reduced.

	MUST
	Aid in the sorting or cleaning of endangered seeds, reducing biological and physical contamination
	Be modular, adjustable, or customisable to accommodate variations in seeds or process
	Be easy to use and must be accessible for all ages of adults (volunteers as well as workers)

	MUST NOT
	Be overly large scale, technologically complicated or be too expensive
	Have a high energy use or low quality unsustainable materials
	Compromise on accuracy

	SHOULD
	Reduce the time taken to clean and sort seeds compared to doing by hand
	Must not have to take multiple times to remove the contamination
	Have several functions that can advertise to a wider range of industries

	Conclusion
	The contamination of endangered seeds for conservation seedbanks is an ongoing challenge that effects the processing of the seeds. The research and experiences presented by seedbank workers offers insight into the impacting factors of contamination. Time-constraints have increased the amount of contamination and have affected the precision of worker’s output. The smaller scales of conservation seedbanks harm the possibilities of gaining further resources to treat contamination. The automation of existing products makes them unusable for these seedbanks as they can’t account for the excessive seed variation.
	The research conducted identified several gaps in the market for design opportunities. Instead of relying on complex automated products and slow manual processing, the solution will be specialised for endangered seeds. It will support the users needs through designing with an understanding about the different roles required. It will be an affordable, adaptable solution that priorities a smaller scale and accuracy in reducing contamination.
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