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Abstract:
The growing attention in land reclamation has resulted in an increase in native seed sales. As of yet,
germination and viability testing methods have not been established for many native species. For
efficient marketing and subsequent studies on growth and development of native species, the
establishment of optimum testing methods is a prerequisite.

The objective of this paper was to research various treatments and determine which treatment, if any,
were optimum for six native species.

Six species indigenous to the Rocky Mountains and Great Plains regions were evaluated for seed
viability with 2,3,5-triphenyl-2H-tetrazolium chloride (TZ). Specific staining techniques were
developed for each species. Treatments include presoaks, seed coat puncture, seed coat removal,
scarification, and seed bisection. Species tested and their viability values are: 1) Achillea millefolium
L. (Yarrow) 1977 seedlot 94%, 1981 seedlot 65%; 2) Agropyron spicatum (Bluebunch wheatgrass)
1980 seedlot 61%, 1981 seedlot 88%, 1982 seedlot 91%; 3) Calamovilfa longifolia (Prairie sandreed)
1978 seedlot 64%, 1980 seedlot 88%, 1982 seedlot 85%; 4) Elymus cinereus (Basin wildrye) 1980
seedlot 90%, 1981 seedlot 94%, 1982 seedlot 72%; 5) Ratibida columnifera (Prairie cone flower) 1981
seedlot 89%, 1983 seedlot 85% and 6) Sporobolus airoides (Alkali sacaton) 1981JK seedlot 78%,
1981NK seedlot 70%.

Temperature, light environment, prechill, and days of germination were evaluated to determine the
optimum germination method for six species. Results indicate that seven days of germination provided
the best estimation of viability for alkali sacaton, prairie coneflower and prairie sandreed; whereas,
bluebunch wheatgrass, basin wildrye and yarrow required 14 days of germination. The 20C,8L
treatment provided optimum germination for all seedlots of yarrow, prairie coneflower and bluebunch
wheatgrass. All seedlots of prairie sandreed germinated optimally at 25C with either 8 hrs. light or
continuous dark treatment. Basin wildrye seedlots had optimum germination with the 25C,8L and
15-25C,8L treatments; whereas, the 15-25C temperature with either 8 hrs. light or continuous dark
treatment gave optimum germination for alkali sacaton seedlots. Prechilling for 5 or 10 days did not
promote germination with any of the seedlots. 
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x i

ABSTRACT

The grow ing  a tte n t io n  in land re c la m a tio n  has re su lte d  in an in c re a se  in 
n a tiv e  se ed  sa le s . As o f y e t ,  g e rm in a tio n  and v iab ility  te s t in g  m eth o d s  hav e  n o t 
b een  e s ta b lish e d  fo r m any n a tiv e  sp ec ie s . F o r e f f ic ie n t  m ark e tin g  and 
subsequen t s tu d ie s  on g ro w th  and d ev e lo p m en t o f n a tiv e  sp ec ie s , th e  
e s ta b lish m e n t o f  op tim um  te s t in g  m ethods is a  p re re q u is ite .

The o b jec tiv e  o f th is  p a p e r  w as to  re s e a rc h  various t r e a tm e n ts  and 
d e te rm in e  w hich  t r e a tm e n t ,  if  any, w ere  optim um  for six n a tiv e  sp ec ies .

Six sp e c ie s  ind igenous to  th e  R ocky M ountains and G re a t  P la in s  reg ions 
w ere  e v a lu a te d  fo r seed  v iab ility  w ith  2 ,3 ,5 - tr ip h e n y l-2 H -te tra z o liu m  ch lo ride  
(TZ). S p ec ific  s ta in in g  tec h n iq u es  w ere  deve loped  fo r e a ch  species .
T re a tm e n ts  include  p reso ak s , seed  c o a t  p u n c tu re , seed  c o a t  rem o v a l, 
s c a r if ic a tio n , and seed  b ise c tio n . S pecies te s te d  and th e ir  v iab ility  va lues a re : 
I) A ch illea  m ille fo lium  L. (Yarrow) 1977 se ed lo t 94% , 1981 se ed lo t 65%; 2) 
A gropyron  sp ica tu m  (B luebunch w hea tg rass) 1980 seed lo t 61% , 1981 seed lo t 
88% , 1982 se ed lo t 91%; 3) C aIam o v ilfa  lo n g ifo lia  (P ra irie  sandreed) 1978 
se ed lo t 64% , 1980 se e d lo t 88% , 1982 se e d lo t 85%; 4) E lym us c in e reu s  (Basin 
w ildrye) 1980 se ed lo t 90% , 1981 se ed lo t 94% , 1982 se ed lo t 72% ; 5) R a tib id a  
c o lu m n ife ra  (P ra irie  cone flow er) 1981 se e d lo t 89% , 1983 se e d lo t 85% and 6) 
SporoboIus a iro id es  (A lkali saca to n ) 1981JK  se ed lo t 78%, 1981NK se ed lo t 70% .

T e m p e ra tu re , lig h t en v iro n m en t, p re c h ill, and days o f g e rm in a tio n  w ere  
e v a lu a te d  to  d e te rm in e  th e  optim um  g e rm in a tio n  m eth o d  fo r six  sp ec ies . 
R e su lts  in d ic a te  th a t  seven  days of g e rm in a tio n  p rov ided  th e  b e s t e s tim a tio n  o f 
v iab ili ty  fo r a lk a li sa c a to n , p ra ir ie  coneflow .er and p ra ir ie  san d reed ; w h ereas , 
b luebunch  w h e a tg ra ss , basin  w ild rye  and yarrow  re q u ire d  14 days o f 
g e rm in a tio n . T he 20C ,8L  t r e a tm e n t  p ro v id ed  optim um  g e rm in a tio n  fo r a ll 
se e d lo ts  o f y a rro w , p ra ir ie  co n eflo w er and b luebunch  w h e a tg ra ss . A ll seed lo ts  
o f p ra ir ie  san d reed  g e rm in a te d  o p tim ally  a t  25C w ith  e i th e r  8 h rs . ligh t or 
con tinuous d a rk  t r e a tm e n t .  B asin w ild rye  se ed lo ts  had  optim um  g e rm in a tio n  
w ith  th e  25C ,8L  and 15-25C ,8L  tre a tm e n ts ;  w h ereas , th e  15 -2 5 C te m p e ra tu re  
w ith  e ith e r  8 h rs . lig h t or con tinuous da rk  t r e a tm e n t  gave op tim um  g e rm in a tio n  
fo r a lka li s a c a to n  se e d lo ts . P re ch illin g  fo r 5 o r 10 days did n o t p ro m o te  
g e rm in a tio n  w ith  any o f th e  seed lo ts .
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C H A PTER  I  

LITERA TU RE REVIEW 

T etrazo liu rn

E ff ic ie n t  seed  p ro d u c tio n  and m a rk e tin g  depends upon th e  p ro p e r  

e v a lu a tio n  o f seed  q u a lity . Two m ethods em ployed  to  e v a lu a te  q u a lity  a re  

p u r ity  and g e rm in a tio n  te s ts .  R esu lts  fo r th e  fo rm e r can  be o b ta in e d  in a  few  

h ou rs, w h e reas  th e  l a t t e r  m ay  ta k e  w eeks. The tim e  re q u ire d  fo r g e rm in a tio n  

te s ts  can  h in d er seed  p ro cess in g  and m ark e tin g . This s itu a tio n  n e c e s s i ta te d  th e  

n eed  to  develop  a  m ore rap id  m ethod  fo r ev a lu a tin g  th e  g e rm in a tiv e  p o te n tia l  

o f  seeds.

H isto ry

F irs t  e x p e rim e n ts  co n d u c ted  in th e  se a rc h  fo r a  rap id  v iab ility  t e s t  began  

in th e  e a rly  1900's. S ev e ra l s c ie n tis ts  exp lo red  th e  p o ss ib ilitie s  o f e le c tro ly te  

leach in g  (D arsie  e t  a l., 1914), h e a t  l ib e ra tio n  (Ching, I960), and  f re e  f a t ty  ac id  

c o n te n t (H ibbard and M iller, 1928) as a  m eans fo r in d ica tin g  rap id  v iab ility . 

T hese  m ethods w ere  c ite d  as be ing  re lia b le  in d ic a to rs , b u t w ere  d iff ic u lt  to  

e v a lu a te . T hese te s ts ,  a t  th e ir  b e s t, w ere  cap ab le  o f e v a lu a tin g  v iab ility  o f a  

la rg e  q u a n tity  o f seed s  as low , m edium , o r h igh ra th e r  th an  in p e rc e n ta g e s .

R e se a rc h e rs  rec o g n ize d  th a t  tec h n iq u es  to  assess seed  q u a lity  needed  to  

b e  b ased  on ind iv idual seed s  r a th e r  th a n  on a. q u a n tity  o f seed s. The v i ta l  

s ta in in g  tec h n iq u es  d if fe re n tia l ly  s ta in  live and dead  tis su e , and w ere  th e  f ir s t  

to  m e e t th is  re q u ire m e n t. D r. N eljubow , in  1925, developed  th e  f ir s t  re liab le
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v i ta l  s ta in in g  m eth o d  (D elouche e t  a l, 1962). The tech n iq u e  w as b ased  on th e  

s ta in in g  o f dead  tissu e  w ith  indigo c a rm in e , an an iline  dye . E v a lu a tio n  w as 

b ased  on th e  r e la t iv e  p ro p o rtio n  o f co lo red  and unco lo red  tis su e .

L a te r ,  v i ta l  s ta in in g  tec h n iq u es  w ere  deve loped . T hese tech n iq u es  w ere  

b a sed  on th e  m e ta b o lic  p ro ce sse s  o f seeds. M ore sp e c if ic a lly , enzym es w ere  

in v e s tig a te d . Since th e  a c tiv ity  o f  enzy m es can  be e a sily  m easu red , 

in v e s tig a to rs  a t te m p te d  to  c o rre la te  th e ir  a c tiv ity  w ith  seed  v iab ility .

P e ro x id a se  (M cH argue, 1920) and c a ta la s e  (Davis, 1926; L e g a tt ,  1938) 

a c t iv i ty  w as co n sid e red . M ethods b ased  upon pero x id ase  and c a ta la s e  w ere  

la te r  deve loped  to  beco m e re lia b le  in d ic a to rs , b u t th ey  w ere  lim ite d  by th e ir  

in a b ili ty  to  b e  b ased  on ind iv idual seeds. D r. T uresson , in 1922, w as th e  f ir s t  to  

w ork w ith  th e  dehyd rogenase  enzym es (D elouche e t  a l, 1962). T hese  enzym es 

a re  invo lved  in  th e  o x id a tio n -re d u c tio n  re a c tio n s  o f o rg an ic  com pounds. B oth  

th e  ox id ized  and red u c e d  fo rm s a re  d istin g u ish ab le  by th e ir  change  in  co lo r.

H asegaw a, in 1935, r e p o r te d  on a  selen ium  m ethod  fo r d e te rm in in g  seed  

v iab ili ty  (D elouche e t  a l, 1962). The selen ium  sa lts  p ro d u ced  co lo red  

p a r t ic ip a te s  on liv ing  tis su e  w hen red u ced . R ed u c tio n  w as b e lie v e d  to  re su lt  

from  th e  p re se n c e  o f  a c tiv e  dehydrogenase  enzym es. The se le n ite  m ethod  w as 

fu r th e r  deve loped  by E idm ann  in  1938 (D elouche e t  a l, 1962). L akon developed  

th e  se le n ite  to p o g ra p h ica l m eth o d  th a t  s tre s se d  th e  analysis o f ind iv idual seeds 

and re s u lte d  in im proved  a c c u ra c y  o f th e  rap id  se le n ite  v iab ili ty  t e s t  (D elouche 

e t  a l, 1962). This m eth o d  w as conside red  v e ry  re lia b le , b u t h ad  one serious 

d raw b ack ; se len iu m 's  to x ic ity  and i ts  p o te n t ia l  danger to  th e  u se r. Upon 

h e a rin g  o f th e  d isco v e ry  o f te tra z o liu m  s a lt  by tw o  G erm an  s c ie n tis ts , L akon 

s u b s ti tu te d  th e  se len ium  for th e  te tra z o liu m  s a lt .  The te tra z o liu m  sa lt  is 

red u ced  from  a  co lo rless , so luble  fo rm , to  in so lub le , co lo red  fo rm azan s  in th e
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p re se n c e  o f liv ing tis su e . L akon conc luded  th a t  th is  m e th o d  allow ed th e  

p re d ic tio n  o f th e  g e rm in a b ility  o f seeds by o b se rv a tio n  o f th e  s ta in e d  em bryo  

p a r ts .  S e v e ra l s c ie n tis ts  (C o ttre ll , 1947; P o r te r  e t  a l, 1947; Shuel, 1948) 

em ployed  th is  tech n iq u e  and ag reed  th a t  r e s u lts  from  th e  te tra z o liu m  te s t  did 

in d eed  show close  a g re e m e n t w ith  g e rm in a tio n  te s ts .

T oday th e  te tra z o liu m  te s t  is a  u n iv e rsa lly  a c c e p te d  m eth o d  fo r rap id ly  

e v a lu a tin g  seed  v iab ility . I t  has b een  a d a p te d  to  a c co m m o d a te  a  w ide ran g e  o f 

sp ec ie s  in  ev a lu a tin g  seed  q u a lity . Seed in d u str ie s  re ly  on th e  te tra z o liu m  te s t  

in  con junc tion  w ith  or in p la c e  o f th e  s ta n d a rd  g e rm in a tio n  te s ts .

D orm ancy

The in ab ility  o f v iab le  seeds to  g e rm in a te  under fav o ra b le  cond itions is 

r e f e r r e d  to  as d o rm an cy  (V illiers, 1972; C opeland , 1976). This is a  w idesp read  

phenom enon  found p r im a rily  in th e  te m p e ra te  reg ions and to  som e e x te n t in  

tro p ic a l  and su b tro p ica l reg io n s . D o m e s tic a te d  p lan ts  show less  do rm ancy  th a n  

wild p la n ts  (C opeland , 1976). D orm ancy  is b io log ica lly  a d v a n tag eo u s  fo r som e 

sp e c ie s , as  i t  a llow s th e  p la n ts  g row th  cy c le  to  ad ap t to  th e  e n v iro n m en ta l 

v a ria tio n s  (V illiers, 1972). A gronom ica lly  speaking , d o rm a n t seeds a re

u n fav o ra b le . A h igh  p e rc e n ta g e  o f d o rm a n t seeds would re s u lt  in  nonuniform  

s ta n d  and m a tu ra tio n  o f p la n ts .

Vegis (1964) d e fin ed  do rm ancy  eis a  co n d itio n  in w hich n o rm a l g e rm in a tio n  

fa ils  to  o ccu r re g a rd le ss  o f e x te rn a l  co n d itio n s . This d e fin itio n  seem s too  

r e s t r ic t iv e  since  i t  does n o t include  a r t i f ic ia l  m an ipu la tion  o f th e  seed , such els 

rem o v a l o f th e  seed  c o a t. O th e rs  em ployed  th e  te rm  do rm ancy  to  include  b o th  

e n v iro n m en ta l and in te rn a l  cond itions th a t  p rev e n t n o rm a l g e rm in a tio n  

p ro c e sse s  (Pollock and T oole , 1961; A m en, 1968). B ecause  d o rm an cy  is an
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e lu sive  phenom enon , a  p re c ise  d e fin itio n  has y e t  to  be deve lo p ed  and u n iversa lly  

a c c e p te d . A R ussian  s c ie n t is t ,  N ik loaeva, (V illiers, 1972) dev ised  a  d e ta ile d  

d o rm an cy  c la s s if ic a tio n  sch em e. He d e fin ed  fou r ty p es  o f d o rm an cy  re su ltin g  

from ; a) p ro p e r tie s  o f th e  o u te r  co v ers  o f th e  em bryo , b) im m a tu r ity  o f th e  

em bryo , c) phy sio lo g ica l cond ition  o f th e  em bryo , and d) ty p e s  o f com bined  

do rm ancy .

A m ore  s im p lified  c la s s if ic a tio n  o f d o rm ancy  ty p es  w as dev ised  by 

C ro ck e r (1916) who d e sc rib ed  do rm ancy  re su ltin g  from ; a) im m a tu re  em bryo , b) 

im p e rm e a b le  seed  c o a ts  to  w a te r , c) m ec h a n ic a l re s is ta n c e  o f th e  seed  c o a ts  to  

em bryo  g ro w th , d) low p e rm e a b ility  o f seed  c o a ts  to  g ases , e) do rm ancy  

re su ltin g  from  a  m e ta b o lic  b lock  w ith in  th e  em bryo  i ts e lf ,  f) any  co m bina tion  o f 

th e  above, g) seco n d a ry  d o rm ancy . This c la s s if ic a tio n  has p rov ided  th e  basis  

fo r com parisons o f e x p e rim e n ta l in v e s tig a tio n s  b e tw e e n  do rm ancy -inducing  

m echan ism s and d o rm a n c y -b reak ing  m echan ism s.

G erm in a tio n

A seed  c o n ta in s  an em bryon ic  p la n t in an in a c tiv e  cond ition , and 

g e rm in a tio n  is i ts  re su m p tio n  o f g row th . G erm in a tio n  is sa id  to  hav e  o ccu rred  

w hen th e  ra d ic le  h as  b u rs t th ro u g h  i ts  o u te r  s tru c tu re s  (Toole e t  a l, 1956). C ell 

d iv ision  and e lo n g a tio n  s ta r t s  a t  th is  t im e ; and m any seed  physio log ists  ta k e  

th ese  e v e n ts  as th e  te rm in a tio n  o f g e rm in a tio n  and th e  beg inn ing  o f seed ling  

d ev e lo p m en t (Bewley and  B lack , 1985; B e r r ie , 1984). In som e seeds 

d ev e lo p m en t s ta r ts  as soon as w a te r  is abso rbed ; how ever, in o th e r  sp ec ie s  

g e rm in a tio n  does n o t ta k e  p la c e  u n til o th e r  re q u ire m e n ts  a re  fu lfilled . T hree  

d is t in c t  p h ases  o f g e rm in a tio n  a re  easily  m ea su rab le  w ith in  th e  se ed . T hey a re  

im b ib itio n , c e ll e lo n g a tio n , and  an in c re a se  in  c e ll num ber (Toole e t  a l, 1956).
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W hen d ry  seeds a re  exposed  to  w a te r  th e  in it ia l  u p ta k e  is rap id , fo llow ed 

by a  s low er u p tak e  r e fe r re d  to  as th e  lag  p e rio d . S ucceed ing  th e  lag  period  is 

a n o th e r  b u rs t o f rap id  w a te r  u p tak e , and th e n  g e rm in a tio n  p ro ce e d s  (B errie, 

1984). M easurab le  in c re a se s  in re s p ira tio n , enzym e a c tiv ity , and p ro te in  

sy n th es is  beg ins sh o rtly  a f te r  th e  s ta r t  o f im b ib itio n . I t is a t  th is  t im e  th e  seed  

changes from  be ing  b io lo g ica lly  in e r t  to  becom ing  a  fu lly  in te g ra te d  and 

a c tiv e ly  m eta b o liz in g  o rgan ism . D uring th e  lag  phase  i t  is th o u g h t th a t  th e  

m e ta b o lic  p a th w ay  beg ins to  allow  th e  in it ia t io n  o f th e  g e rm in a tio n  p ro cess  

(B errie , 1984).

Suggestions have  b een  m ade p e rta in in g  to  m em branes as be ing  th e  locus 

fo r th e  s tim u lu s  o f g e rm in a tio n  (H endricks and T aylorson , 1976). The n a tu re  o f  

th e  phospholip id  b y lay e rs  is such  th a t  i ts  p h y sica l p ro p e r tie s  c a n  be changed  by 

m an ip u la tin g  th e  g e rm in a tin g  te m p e ra tu re . T he phase  ch an g es a re  a sso c ia te d  

w ith  d e g re e  o f p e rm e a b ility . A t h igh te m p e ra tu re s  p e rm e a b ility  is in c re ase d  

b e c au se  th e  b y lay e rs  a re  in a  liquid s ta te .  This re su lts  in a  g re a te r  loss o f 

am ino  ac id s w hich  su b seq u en tly  re d u c e s  g e rm in a tio n . A t low te m p e ra tu re s  

p e rm e a b il ity  is low b e cau se  th e  b y lay ers  a re  in a  solid s ta t e .  In th e  m iddle 

te m p e ra tu re  ran g e  th e  b y lay e rs  ex is t in a  l iq u id -c ry s ta l s ta te  (H endricks and 

T ay  lo r son, 1976; M urphy and N oland, 1982). H endricks and T ay lo rson  (1979) 

su g g ested  th a t  p h y to ch ro m e  m ay  also be  involved  in chang ing  m em brane 

p ro p e r tie s  and re a c tio n s . Som e re p o r ts  c i te  th a t  g ib b ere llic  a c id  (GA) a c ts  on 

th e  m em b ran es o f  ce lls  and o rg an e lle s  and th a t  i ts  e f fe c t  on seed  g e rm in a tio n  is 

also  a t  th is  lev e l (B errie , 1984). The a sso c ia tio n  o f th e s e  f a c to rs  w ith  

m em b ran e  p ro p e r tie s  hav e  s tre n g th e n e d  th e  view  th a t  th e  m em b ran e  m ay 

indeed  be  th e  locus fo r th e  s tim u lus  o f g e rm in a tio n .
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U nlike th e  im b ib itio n  phase  w here  the; only m orpho log ica l change is an 

in c re a se  in vo lum e, th e  o th e r  tw o  phases  involve a  m arked  change  in th e  s ize  o f 

th e  em bryon ic  ax is, and th e  beginnings o f d ev e lo p m en t. In p a ra lle l  w ith  th e  

m orpho log ica l changes th e re  a re  also c e llu la r  and subce  llu la r  changes, 

e sp e c ia lly  in  s to ra g e  and re g u la to ry  tis su e s . A ll th e  changes a re  a sso c ia te d  

w ith  conversion , m o b iliza tio n , tra n s lo c a tio n  and re d is tr ib u tio n  o f th e  seeds 

s to ra g e  m a te r ia l  (B errie , 1984). M obiliza tion  o f th e  en d p sp erm ic  re se rv e s  

can n o t ta k e  p la c e  w ith o u t th e  em bryo and sc u te llu m . The em bryo  w as found to  

c o n tro l th e  h y d ro ly tic  c a p a c ity  o f th e  a leu ro n e  and could  in flu en ce  th e  

fu n c tion ing  o f th a t  t is su e  (B errie , 1984).

E m bryo -less seeds can n o t accom plish  th e  d isso lu tion  o f s ta rc h . Two 

en zy m es, b e ta -am y lase , and a lp h a -am y lase , a re  responsib le  fo r th e  d ig es tio n  o f 

s ta rc h y  m a te r ia l  and m o b iliza tio n  o f th e se  food re se rv e s  to  th e  ex ten d in g  axis 

(B errie , 1984). B e ta -a m y la se  is p re se n t w ith in  th e  seed  and a p p e a rs  only a f te r  

th e  ra d ic le  has e m m erg ed . E a rly  w orks in  th e  n in e te e n th  c e n tu ry  found th e  

em bryo  and scu te llu m  to  be  responsib le  fo r th e  re le a se  o f a lp h a -am y lase  and 

lipase  during  e a rly  s ta g e s  o f g e rm in a tio n  (Brown and M o rris ,!  89.0). The am ount 

o f a lp h a -am y lase  s e c re te d  how ever, w as n o t su ff ic ie n t  to  b re a k  dow n th e  e n tire  

endosperm  s to ra g e  m a te r ia l.

Y om o (I960) and P a le g  (1961) found th a t  th e  em bryo  reg io n  o f c e re a l  

g ra in s  s e c re te d  GA to  th e  a leu ro n e  and th a t  th is  lay e r  responded  by developing  

in c re a se d  am oun ts o f th e  tw o  d ig es tiv e  en zy m es. G ibbere llic  ac id  p rom o tion  of 

enzym e a c tiv ity  h as  b een  found to  be  d e p en d en t on RNA and p ro te in  syn thesis  

(C h risp ee ls  and V arn er, 1967; D ure , 1979). In c o n tra s t  to  GA, a  m ore re c e n t  

s tu d y  su g g ests  th a t  th e  seeds o sm o tic  p o te n t ia l  c o n tro ls  th e  p ro d u c tio n  of th e  

h y d ro ly tic  enzym es (T rew avas, 1982). W here f a t  is th e  m ain  s to ra g e  su b s tan ce ,
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lip ase  is th e  p red o m in en t d ig es tiv e  enzym e (B errie , 1984). I ts  a c tiv ity  in c re ase s  

during  th e  course  o f  g e rm in a tio n , b u t th e  Control m echan ism  for th is  is 

unknow n. The p re se n c e  o f GA h as  no e f f e c t  on in c reas in g  th e  a c tiv ity  o f lipase  

(B errie , 1984).

M any a t te m p ts  hav e  been  m ade to  p inpo in t th e  tr ig g e rin g  s tim u lu s  fo r th e  

o n se t o f g e rm in a tio n . As o f y e t  th e re  is no c o n c re te  p ro o f th a t  one p ro cess  

a lone  is responsib le  fo r th e  in d u c tio n  o f  g e rm in a tio n . R a th e r , a  com plex  

in v o lv em en t o f s e v e ra l p ro ce sse s  and p a th w a y s, e ach  p ro b ab ly  in  one w ay or 

a n o th e r  d ep en d en t upon th e  o th e r , seem s to  be  n e c e ssa ry  fo r g e rm in a tio n  to  

o ccu r. I t  should be n o te d  th a t  e x te rn a l  f a c to rs  such as m o is tu re  fo r 

re h y d ra tio n , lig h t, te m p e ra tu re , and oxygen also  p lay  a  m ajo r ro le  in th e  

in it ia t io n  or p re v e n tio n  o f g e rm in a tio n .

T e m p e ra tu re

The f ir s t  s tudy  on th e  in flu en ce  o f te m p e ra tu re  on seed  g e rm in a tio n  w as 

th a t  o f L e fe b u re , w hich  w as pub lished  in  1801 (Lang, 1965). L e feb u re  

in te rp re te d  h is re su lts  in p h y sica l c o n c ep ts  and te rm s  w hich have  since been  

abandoned , b u t h is e x p e rim e n ta l d a ta  w as re p re s e n ta tiv e  o f a lm ost a ll 

subsequen t w ork done in th is  a re a . Thorough in v es tig a tio n s  on th e  e f f e c ts  o f 

c o n s ta n t te m p e ra tu re  on seed  g e rm in a tio n  o f s e v e ra l c u lt iv a te d  p lan ts  w as 

s tu d ied  in  I860  by J .  Sachs (R o ller, 1972). H is s tud ies  show ed th a t  th e  seeds 

g e rm in a tiv e  a b ility  im proved  as te m p e ra tu re  in c re ase d  from  i ts  low er lim it 

u n til  a  c e r ta in  te m p e ra tu re  w as re a c h e d  above w hich any fu r th e r  in c rease  in 

te m p e ra tu re  re s u lte d  in red u c e d  p e rfo rm a n c e  (R oller, 1972; B ew ley  and B lack, 

1985). B ased  on th e se  re s u lts , he fo rm u la te d  th e  c o n cep t o f th e  th re e  c a rd in a l 

te m p e ra tu re s ;  m in im um , op tim u m , and m axim um  (Lang, 1965).
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M ost seeds g e rm in a te  over a  w ide ran g e  o f  te m p e ra tu re s . T he ir w id th  and 

optim um  is h igh ly  in flu en ced  by  such  fa c to rs  as seed  age , seed  c o a t, p rech illin g  

a f te r- r ip e n in g , g e n e tic  v a ria b ility , v igor, d u ra tio n  o f in cu b a tio n  period^ e tc . 

(Evans, 1922; H arrin g to n , 1923; Lang, 1965; R o lle r , 1972). Such sh if ts  in 

te m p e ra tu re  have  been  observed  in seeds o f  b a rle y , w h ea t, a sp ara g u s , co n ife rs , 

and o th e rs ; a lthough , th e re  a re  som e seeds in w hich th e  optim um  does rem a in  

c o n s ta n t (Lang, 1965). Som e seeds have  th e  c a p a c ity  to  g e rm in a te  equally  w ell 

w ith  a  w ide ran g e  o f te m p e ra tu re s  w hile o th e rs  hav e  a  v e ry  d e fin ite  

te m p e ra tu re  op tim um . F o r in s ta n c e , la rk sp u r seed  g e rm in a te s  m uch b e t te r  a t  

15C, w hich  re p re s e n ts  i ts  op tim um , th a n  a t  18C; w hile m any c u lt iv a te d  p la n ts  

g e rm in a te  w ith  equa l co m p le te n e ss  b e tw e e n  15C and 30C (H arring ton , 1923; 

L ang, 1965). The tim e  n e e d ed  fo r rea c h in g  m axim um  g e rm in a tio n  v a ries  w ith  

te m p e ra tu re . In c re a s in g  th e  te m p e ra tu re  m eans th a t  g e rm in a tio n  s ta r ts  e a r l ie r  

and is in itia lly  m ore rap id . In som e sp ec ie s , in creas in g  te m p e ra tu re  can also  

cause  a  r ise  in  p e rc e n ta g e  g e rm in a tio n . H ow ever, in c reas in g  th e  te m p e ra tu re  

above th e  sp ec ies  m axim um  w ill re s u lt  in  red u c e d  p e rfo rm a n c e . This d ec line  in 

se ed  g e rm in a tio n  is th e  re s u lt  o f  th e rm o d o rm an c y  and is e sp e c ia lly  p ro m in en t in 

seeds th a t  a re  exposed  fo r a  p ro longed  p e rio d  o f tim e  to  above o p tim al 

te m p e ra tu re s  (H arring ton , 1923; R o lle r , 1972; B ew ley  and B lack , 1985).

F re q u e n tly , f a s te r  g e rm in a tio n  r a te s  and h ig h er p e rc e n ta g e s  a re  o b ta ined  

w ith  f lu c tu a tin g  te m p e ra tu re s . The m ost s tr ik in g  e f f e c t ,  how ever, is an 

in c re a se  in  g e rm in a tio n  c a p a c ity  (Lang, 1965; R o lle r , 1972). L iebenberg  w as 

th e  f ir s t  to  re p o r t  th e  fav o ra b le  e f f e c ts  o f d iu rn a l te m p e ra tu re  f lu c tu a tio n s  

using  annual b lu eg ra ss . S ince th en  th is  e f f e c t  h a s  b een  c o n firm e d  in m any crop , 

g rass , o rn a m e n ta l, w eed , and  n a tiv e  p la n t seed s  (Lang, 1965; AOSA, 1984).
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T h e re  hav e  b een  se v e ra l a t te m p ts  to  a c co u n t fo r th e  r a th e r  sp ec ific  

response  o f seed  g e rm in a tio n  to  d iu rn a lly  a lte rn a tin g  te m p e ra tu re s . It is 

b e lie v ed  th a t  th e  a c tio n  o f f lu c tu a tin g  te m p e ra tu re s  is e x e r te d  on th e  em bryo 

by in c reas in g  i ts  g ro w th  p ro ce sse s  to  th e  e x te n t th a t  i t  can  ru p tu re  th rough  th e  

su rround ing  s tru c tu re s ;  a  f e a t  th e  em bryo  is in cap ab le  o f doing u nder a  reg im e  

o f  c o n s ta n t te m p e ra tu re s . T re a tm e n ts  w hich change th e  p h y sica l p ro p e r tie s  o f 

th e  c o a ts  or t r e a tm e n ts  w hich rem o v e  th e  seed  c o a t a lto g e th e r  g e n e ra lly  re su lt  

in  th e  loss o f th e  sp e c if ic  re q u ire m e n t fo r d iu rn a l te m p e ra tu re  f lu c tu a tio n s . 

Seed g e rm in a tio n , th e re fo re ,  can  ta k e  p la c e  over a  re la tiv e ly  w ide ran g e  of 

c o n s ta n t te m p e ra tu re s  (H arring ton , 1923; M orinaga, 1926).

The e f f e c t  o f te m p e ra tu re  f lu c tu a tio n s  is one of those  in s ta n c e s  w here i t  

is d if f ic u lt  to  say  w h e th e r  and to  w hat e x te n t  do rm ancy  is b e ing  a f fe c te d . In 

com m on c a t ta i l  and b e rm u d a g ra ss , th e  e f f e c t  o f  a l te rn a tin g  te m p e ra tu re  can  be 

c la ss if ie d  as th e  rem o v a l o f  a  do rm ancy  co n d itio n  (M orinaga, 1926; Lang, 1965). 

H ow ever, seeds o f  c a r ro t ,  t im o th y , aw nless b ro m eg rass , and se v e ra l kinds o f 

flow er se ed s  a t ta in  h igh  g e rm in a tio n  p e rc e n ta g e s  w ith  b o th  c o n s ta n t and d iu rna l 

te m p e ra tu re  f lu c tu a tio n s  (H arring ton , 1923). The e f f e c t  o f  te m p e ra tu re  

a l te ra t io n  does n o t a c tu a lly  rem ove  th e  sp e c if ic  b locks to  g e rm in a tio n , b u t 

in s te a d  p rov ides an in c re a se  o f th e  g e n e ra l physio log ica l a c t iv i ty  lev e l o f th e  

seed  (Lang, 1965).

S a tis fa c to ry  g e rm in a tio n  p e rc e n ta g e s  can  be o b ta in ed  w ith  a lte rn a tin g  

reg im es  o f  20 -3OC or 15-25C . Som e sug g est th a t  bo th  th e  h ig h er and low er 

te m p e ra tu re  should a c t  a t  le a s t  fo r p e rio d s  b e tw e e n  4.5 and 8 hou rs  p e r  da ily  

c y c le  (M orinaga, 1926), w hile o th e rs  a rgue  th a t  fav o rab le  e f f e c ts  can  be 

p ro d u ced  as w ell by te m p e ra tu re  changes w ith o u t a  d e fin ite  or d a ily  a lte ra t io n  

(H arring ton , 1923; R o lle r , 1972). F u r th e r  r e s e a rc h  suppo rted  b o th  a rg u m en ts
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and  found th a t  len g th  and num ber o f th e  th e rm o p erio d  cy c le s  a re  h ighly  

d e p en d en t upon th e  c h a ra c te r is t ic  sp e c ie s . Exposure o f seed  to  d iu rna l 

te m p e ra tu re  f lu c tu a tio n s  p ro d u ces  th e  b e s t g e rm in a tio n  re s u lts  w hen th e  

te m p e ra tu re  d if fe re n tia ls  a re  a t  le a s t  te n  d e g re e s  o r g re a te r  b e tw e e n  th e  upper 

and  low er lim its  (H arring ton , 1923; Lang, 1965; R o lle r , 1972).

The optim um  u pper g e rm in a tio n  te m p e ra tu re  o f sp ec ies  is 30C; how ever, 

in  c e le ry  i t  seem s to  b e  3 2 0 , and in johnsong rass 45C . Few  seeds a re  capab le  of 

g e rm in a tin g  a t  te m p e ra tu re s  below  I SC (Bewley and B lack , 1985).

P re c h ill

Low te m p e ra tu re s  hav e  f re q u e n tly  b een  m en tio n ed  as. a  m ethod  for 

overcom ing  d o rm ancy . M any sp ec ie s , p a r t ic u la r ly  th e  ro se  fam ily  and w oody 

sp e c ie s , a re  n o t cap ab le  o f g e rm in a tin g  u n til  exposed  to  f re e z in g  te m p e ra tu re s .

G en era lly , p rec h illin g  o ccu rs  b e tw e e n  I and  IOC w ith  th e  f a s te s t  re su lts  

o b ta in a b le  b e tw e e n  2 and SC (Bewley and B lack , 1982). T he len g th  o f th e  

ch illing  p e rio d  is in d ep en d en t am ong sp ec ies  and m ay  la s t  a  few  days to  se v e ra l 

m on ths. In o rd er fo r th e  seeds to  respond  to  th e  cool te m p e ra tu re s , th e y  m ust 

be in th e  im bibed  co n d itio n  (V illiers, 1972).

P r e ch illing  is ad v an tag eo u s  fo r a  ran g e  o f do rm ancy  ty p e s . C hanges have  

b een  found to  o ccu r in Seed c o a ts  th a t  r e s t r i c t  th e  g e rm in a tio n  o f th e  em bryo 

(S te inbaur, 1937; V illiers  and W areing, 1964 and  1965; Webb and  W areing , 1972). 

This is th o u g h t to  be due to  th e  em bryo  acqu iring  g re a te r  v igor during th e  

ch illing  p e rio d  w hich  en ab le s  i t  to  o v ercom e th e  re s is ta n c e  im posed  by  th e  seed  

c o a t s tru c tu re s  (V illiers and W areing, 1965). The period  o f low te m p e ra tu re s  is 

m ore  e f fe c tiv e  fo r F rax in u s  seed s  if  i t  is p re c e d e d  f ir s t  by  a  p e rio d  o f w arm
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te m p e ra tu re . F rax in u s em bryos a re  im m a tu re  and m ust go th ro u g h  th is  p e rio d  

o f w arm  te m p e ra tu re  to  deve lop . The subsequen t ad d itio n  o f  low te m p e ra tu re s  

is n e c e s sa ry  fo r rem o v a l o f th e  r e s tr ic t io n s  im posed  by i ts  seed  c o a t.

The ad d itio n  o f low te m p e ra tu re s  h as  b een  found to  in c re a se  m arked ly  th e  

endogenous c o n c e n tra tio n  o f GA (V illiers and W areing , 1965). O rig ina lly  i t  w as 

b e lie v ed  th a t  th e  in h ib ito rs  d e c re a se d  or d isa p p e a re d  during  th e  ch illing  p e rio d  

enab ling  seed s  to  g e rm in a te . S ubsequen t s tu d ie s  (F rank land  and W areing , 1962; 

C hen and V arner, 1973) found th e  c o n c e n tra tio n  o f g e rm in a tio n  p ro m o te rs  

in c re a se d  m ark ed ly . C h illed  h a z e l seeds had  a  200 tim e  in c re a se  in GA 

c o n c e n tra tio n  over n o n ch illed  seeds (Ross and  B rad b eer, 1968). This in c re a se  

o ccu rs  p r im a rily  a t  th e  end o f th e  ch illing  p e rio d  and a f te r  th e  seeds a re  

tra n s fe r re d  to  th e ir  n o rm a l g e rm in a tin g  te m p e ra tu re s .

M any o th e r  changes a re  re p o r te d  to  o ccu r during  p rec h illin g , including 

in c re a se s  in  a c id ity , change in lipid o rg an iz a tio n , t ra n s fe r  o f food re se rv e s  to  

th e  em bryo , changes in  enzym e a c tiv ity , w a te r  holding c a p a c ity , re d u c tio n  in 

sugars and re s p ira to ry  r a t e  (V illiers, 1972; C hen and V a m e r, 1973; B ew ley and 

B lack , 1982).

L igh t

The lig h t re q u ire m e n t fo r seeds is a  g e n e tic  fa c to r  (E venari, 1965), A t 

m a tu r ity  m ost seeds have  a  s tro n g  ligh t re q u ire m e n t. Som e sp e c ie s  m ain ta in  

th is  re q u ire m e n t th ro u g h o u t th e ir  e n tir e  l ife  cy c le ; b u t fo r m o st, th e  ligh t 

re q u ire m e n t can  be d im in ished  o r e lim in a te d  w ith  p ro lo n g ed  dry  s to ra g e  

(E venari, 1965; R o lle r , 1972).

Seed d ev e lo p m en t and g e rm in a tio n  can  be  r e s t r ic te d  by  th e  em bryo 's 

su rrounding  s tru c tu re s . I rra d ia tio n  can  o v erco m e th e  m e c h a n ic a l re s tr ic t io n
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im posed  by th e  s tru c tu re s . The em bryo , b e ing  th e  p rim a ry  s ite  o f a c tio n  fo r th e  

p ro m o tiv e  e f f e c t  o f lig h t, s e c re te s  c y to ly tic  enzym es w hen ir r a d ia te d  (E venari, 

1965; S cheibe and L ang, 1965; R o lle r , 1972; B ew ley  and B lack , 1985). T hese 

enzym es cause  a  w eaken ing  o f c e ll m em b ran es  allow ing em bryo  d eve lopm en t 

and  subsequen t g e rm in a tio n . T here  have  also  been  su ggestions  th a t  lig h t-  

s e n s itiv ity  m ay be linked  to  gas ex change  (Ikum a and T him ann, 1963; E v en ari, 

1965). This has b een  found to  be tru e  in seeds o f even ing  p rim ro se . An in c re ase  

in re s p ira tio n  o c c u rre d  w ith  i r ra d ia te d  seeds th a t  eq u a lled  th e  r ise  in 

re sp ira tio n  w hen th e  seed  c o a t w as p ric k e d  or c o m p le te ly  rem o v e d  (Siegel, 

1950). This gave im p e tu s  to  th e  no tion  th a t  ir ra d ia tio n  is e f fe c tiv e  v ia  a 

w eaken ing  o f c e ll  m em b ran es o f  su rrounding  s tru c tu re s . T his w eaken ing , in 

tu rn , allow s an in c re a se  in gas exchange to  th e  em bryo ; th e re b y  p ro m o tin g  th e  

g e rm in a tio n  p ro c e s s (es) (S iegel, 1950; Ikum a and T him ann, 1963; E v en ari, 1965; 

Scheibe and L ang , 1965; B ew ley  and B lack , 1985).

The p ro m o tiv e  e f f e c t  o f lig h t is c o n tro lle d  by  a  p h o to re v e rs ib le  p ig m en t 

c a lled  p h y to ch ro m e  (E venari, 1965; H endricks and T ay lo rson , 1967; R o lle r , 

1972; B ew ley  and B lack , 1985). P h y to ch ro m e  e x is ts  in tw o fo rm s: p h y toch rom e 

re d  (PR) and p h y to ch ro m e  fa r - re d  (PER). The physio log ica lly  a c tiv e  form  is 

P F R  w hich  is invo lved  in  th e  b reak in g  o f d o rm an cy .

I rra d ia tio n  w ith  re d  lig h t re su lts  in a  conversion  o f in a c tiv e  P R  to  a c tiv e  

P F R . D uring  th is  convers ion  a  se rie s  o f e v e n ts  a re  tr ig g e re d  th a t  e v en tu a lly  

lea d  to  th e  e lim in a tio n  o f  do rm ancy  and th e  o n se t o f g e rm in a tio n  (C opeland, 

1976; B ew ley  and B lack , 1985). I rra d ia tio n  w ith  fa r - re d  lig h t re v e rse s  th e  

r e a c tio n . D orm ancy  is m a in ta in e d  b e c au se  o f f a r - re d  lig h ts  low er energy  s ta tu s  

w hich  can n o t p a r t ic ip a te  in th e  re a c tio n s  lead ing  to  g e rm in a tio n . W ith
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a l te rn a te  ap p lic a tio n s  o f re d  and fa r - re d  lig h t to  seeds, th e  e lim in a tio n  or 

r e te n tio n  o f d o rm an cy  is d e te rm in e d  by th e  la s t  ir ra d ia tio n  form  given 

(C opeland , 1976; B ew ley  and B lack , 1985).

The d u ra tio n  o f p h o to p erio d  fo r ob ta in in g  m axim um  g e rm in a tio n  v a rie s  

am ong Species. F id d len eck  seed s  (B orthw ick e t  a l, 1954) re q u ire s  a  c r i t ic a l  

p h o to p erio d  o f 12 hours or less; w h ereas  e a s te rn  hem lock , eu ro p e a n  w h ite  b irch , 

and wood fe rn  (K oller, 1972; B askin and B askin , 1976) req u ire  a  pho to p erio d  o f 

g r e a te r  th a n  12 hours. Som e sp ec ies  do n o t req u ire  a  c r i t ic a l  pho to p erio d . 

In s te a d  g e rm in a tio n  s te a d ily  in c re ase s  as th e  pho to p erio d  d u ra tio n  in c re ase s  

(E venari, 1965; B ew ley and B lack , 1985). G erm in a tio n  o f to m a to , cucum ber and 

som e a m a ra n th u s  sp ec ies  a re  in h ib ite d  w hen exposed  to  any form  o f ligh t 

(M ancinelli e t  a l, 1967; M ancinelli and Tolkow sky, 1968; T aylorson  and 

H endricks, 1969). D ark  g e rm in a tio n , like ligh t g e rm in a tio n , is also  

p h y to ch rp m e  c o n tro lle d  and th e  c a p a c ity  fo r th e  em bryo to  g e rm in a te  in th e  

d a rk  is d e p en d en t upon th e  seeds p h y to ch ro m e  c o n te n t. D ark  g e rm in a tin g  seeds 

c o n ta in  m ore  a c tiv e  p h y to ch ro m e  in th e ir  em bryo  th an  lig h t-re q u ir in g  seeds 

(E venari, 1965 ;.K o ller, 1972; B ew ley  and B lack , 1985).

T e m p e ra tu re  In flu en ces  on P h o to p e rio d .

T e m p e ra tu re  h as  th e  g re a te s t  im p a c t on a  seeds p h o to re q u ire m e n t. As 

te m p e ra tu re  v a rie s  so does th e  re la tio n  o f  germ ination, to  i ts  pho toperiod . 

G en e ra lly , a  p h o to p erio d , w hich  p roduces  op tim um  g e rm in a tio n  leve ls  a t  one 

te m p e ra tu re , p ro d u ces  lev e ls  w hich a re  ex cess iv e  .a t a n o th e r  (S tea rn s  and O lson, 

1958; E llio t and F re n ch , 1959). The m ost d e ta ile d  s tudy  c o n d u c ted  on th e  

in te ra c t io n  o f te m p e ra tu re  and ligh t h as  b e e n  w ith  le t tu c e  seed  g e rm in a tio n  

(B orthw ick  e t  a l, 1954; E llio t and F re n ch , 1959; Ikum a and T him ann , 1963;
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Scheibe  and L ang , 1965). G rand  rap id  le t tu c e  seeds a re  cap ab le  o f m axim um  

g e rm in a tio n  in to ta l  dark n ess  a t  low te m p e ra tu re s . B e tw e e n  20C and 30C 

g e rm in a tio n  is b e s t w ith  ir ra d ia tio n . A t te m p e ra tu re s  h ig h er th an  30C no 

g e rm in a tio n  ensues . The p re se n c e  o f high te m p e ra tu re s  g e n e ra lly  re su lts  in  

d e le te r io u s  e f f e c ts  w ith  m ost seeds. T he lig h t response  is such  th a t  i t  can  

o v erco m e  som e o f th e  in ju rious e f f e c ts  and p ro m o te  g e rm in a tio n  (Siegel, 1950; 

R o lle r , 1972).

W here in c re a se s  in te m p e ra tu re  causes an  in c re a se  in th e  

p h o to re q u ire m e n t fo r le t tu c e  seed  g e rm in a tio n , in seeds o f to m a to  and 

cu cu m b er te m p e ra tu re  in c re a se s  re s u lts  in an e scap e  from  p h o to co n tro l 

(M ancinelli e t  a l, 19,67; M ancinelli and Tolkow sky, 1968) . M easu rab le  in c re ase s  

in  p h y to ch ro m e  during  d a rk  g e rm in a tio n  o f cu cu m b er seeds h as  b e e n  c ite d  and 

th a t  th e  r a te  o f th is  in c re a se  is te m p e ra tu re  d ep en d en t (M ancinelli and 

Tolkow sky, 1968). A t h ig h er te m p e ra tu re s , less P F R  seem ed  to  be  req u ired  for 

g e rm in a tio n . I t is n o t e s ta b lish e d , y e t ,  if  th is  is due to  th e  a c tiv a tio n  o f a 

sy s tem  d if fe re n t  from  p h y to ch ro m e  or to  an  in c re a se d  r a te  o f p h y to ch ro m e 

re a c tio n .

The num ber o f p h o to p erio d s  req u ired  to  tr ig g e r  seed  g e rm in a tio n  changes 

d ra m a tic a lly  w ith  te m p e ra tu re . Low te m p e ra tu re s  can  red u c e  or c o m p le te ly  

e lim in a te  m ost seed s  re d  lig h t re q u ire m e n t by  delay ing  o r p rev e n tin g  th e  

tra n s fo rm a tio n  o f P F R  to  P R , thus m aking d a rk  g e rm in a tio n  possib le  fo r lig h t-  

req u ir in g  seed s  (S iegel, 195,0; S te a rn s  and O lson, 1958; E v en a ri, 1965; Schiebe 

and L ang, 1965). S e v e ra l exposures to  lig h t n e c e s s i ta te  th e  in it ia t io n  of th e  

g e rm in a tio n  p ro ce sse s  w hen th e se  seed s  a re  p re c o n d itio n e d  a t  h igher 

te m p e ra tu re s . E uropean  w h ite  b irch  seeds a re  an e x c ep tio n . T hey  becom e 

m ore  ligh t se n s itiv e  th e  longer th ey  a re  exposed  to  m oist ch illing . S e v e ra l long
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ex p o su res  to  lig h t in te r ru p te d  by d a rk  p e rio d s  is n e c e ssa ry  fo r te rm in a tin g  

d o rm ancy . A t h ig h er te m p e ra tu re s  th e  seed s  lig h t re q u ire m e n t is s t i l l  p re se n t;  

b u t only a  sing le  exposure  to  lig h t, e i th e r  long o r sh o rt, is n e c e s sa ry  to  s ta r t  th e  

chain  o f g e rm in a tio n  p ro ce sse s  (Bewley and B lack , 1985)
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C H A PTER n

TETRAZOLIUM  VIABILITY PR O CED U R ES FO R  
SIX NATIVE RANGE SPECIES

In tro d u c tio n

The in c re as in g  d is tu rb an c e  o f la rg e  a c re a g e s  due to  s u rfa c e  m ining has 

in c re a se d  th e  c o m m e rc ia l sa le  o f n a tiv e  sp ec ie s  seed  fo r re c la m a tio n . V iab ility  

te s t in g  o f th is  seed  has n o t b een  p ra c t ic a l  due to  th e  lack  o f known te s t in g  

p ro ce d u re s .

The need  fo r a  rap id  m eth o d  to  assess v iab ility  has led  to  th e  in tro d u c tio n  

and a c c e p ta n c e  o f s ta in in g  seed  w ith  2 ,3 ,5 - t r ipheny l-2 H -te t r a z o Iium ch lo ride  

(TZ) (Sm ith and T h ro n eb erry , 1951; D elouche e t  ail., 1962; M oore, 1969). Seeds 

th a t  a re  d if f ic u lt  to  t e s t  w ith  c o n v en tio n a l g e rm in a tio n  p ro ced u res  have  

su c ce ss fu lly  been  e v a lu a te d  fo r v iab ility  using  th e  TZ tec h n iq u e . O ur o b jec tiv e  

w as to  deve lop  TZ tec h n iq u es  fo r six  sp ec ie s : A ch illea  m ille fo lium  L- (Y arrow ); 

A gropyron  sp ica tu m  (B luebunch w h ea tg ra ss); C a lam o v ilfa  lo n g ifo lia  (P ra irie  

sand reed ); E lym us c in e reu s  (Basin w ildrye); R a tib id a  c o lu m n ife ra  (P ra irie  

c o n e f low er); Sporobolus a iro jd es  (A lkali sa ca to n ). -

C o rre la tio n s  b e tw e e n  sp e c if ic  s ta in in g  p a t te rn s  and a c tu a l  g e rm in a tio n  

ca n  only be o b ta in e d  a f t e r  co n sid e rab le  te s t in g  e x p e rien c e . I t  is n o t th e  

o b jec tiv e  o f th is  p a p e r  to  p rov ide  th is  in fo rm a tio n .
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M a te ria ls  and M ethods

Seed sam p les w ere  c o n tr ib u te d  by various seed  co m p an ies  vary ing  in 

g e o g ra p h ica l lo ca tio n . S eed lo ts  v a rie d  in age from  one to  seven  y e a rs .

Two r e p l ic a te s  o f 100 seeds w ere  used  fo r te tra z o liu m  (TZ) v iab ility  te s ts .  

Seeds w ere  p rec o n d itio n e d  by  p lac in g  in  b e a k e rs  f illed  w ith  ta p  w a te r  or 

b e tw e e n  b lo tte r s  m o is te n e d  w ith  ta p  w a te r . Seeds w ere  p rec o n d itio n e d  a t room  

te m p e ra tu re  fo r 4 to  16 hours. L en g th  o f w a te r  soak  p rio r to  TZ s ta in in g  is n o t 

o f te n  c r i t ic a l  to  su c ce ss fu l s ta in in g , and can  be a d ju s te d  fo r la b o ra to ry  

co n v en ien ce .

P re p a ra tio n  o f th e  seeds involved b ise c tin g  b luebunch  w h e a tg ra ss  and 

basin  w ild rye  lo n g itu d in a lly  and p ra ir ie  san d reed  h o riz o n ta lly  using  d issec tin g  

kn ives. The seed  c o a t o f y a rro w  w as p ie rc e d  w ith  a n eed le , w h e reas , th e  seed  

c o a t o f  p ra ir ie  cone flow er w as c o m p le te ly  rem o v ed . A lkali s a c a to n  seeds w ere  

p re p a re d  fo r s ta in in g  by  m ec h an ica l s c a r if ic a t io n  w ith  a  F o rsb e rg  la b o ra to ry  

s c a r if ie r ,  fo r 0, I ,  2, and  3 seconds b e fo re  p reco n d itio n in g  b e tw e e n  m oist 

b lo tte r s .  A s te re o sc o p ic  m ic ro sco p e  w ith  10 and 20 pow er m ag n if ic a tio n  and 

to p  and b o tto m  illu m in a tio n  w as used  to  aid  in p re p a ra tio n  and in te rp re ta t io n . 

T he p re p a ra tio n  m ethods u sed  w ere  s im ila r to  th e  gu idelines as  ou tlin ed  in th e  

T e tra z o liu m  T e s tin g  H andbook (G rabe, 1970).

A f te r  p re p a ra tio n , seed s  w ere  p la c e d  in Syracuse w a tc h g la sses  and 

co v e red  w ith  TZ so lu tio n . Seeds w ere  s ta in e d  in  th e  da rk  a t  32C . T e trazo liu m  

so lu tions  w ere  p re p a re d  using  2 ,3 ,5 -tr ip h en y l-2 H -te tr .azo liu m  ch lo rid e  (Sm ith, 

1951; G rab e , 1959 and 1970). a t  c o n c e n tra tio n s  o f: 0.1%  fo r b is e c te d  em bryos 

and  1.0%  for in ta c t  se ed s  and em bryos. D u ra tio n  of TZ soak  ran g e d  from  3 

hours to  56 hours, depend ing  on th e  sp e c ie s . Upon com ple tion  o f s ta in in g , th e
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seed  c o a ts  o f y a rro w  and a lkali s a c a to n  w ere  c le a re d  using IactO phenol so lu tion . 

Seeds w e re  a llow ed  to  c le a r  fo r a  m inim um  of one hour a t  7C . T e tra z o liu m  w as 

rem o v e d  w ith  p ip e t te  and b lo ttin g  p a p e r  b e fo re  co v erin g  seeds w ith  

lac to p h en o h

R e su lts  and D iscussion  

T e tra z o liu m  T estin g  P ro c ed u re s

Y arrow . Seeds w ere  p rec o n d itio n e d  b e tw e en  m oist b lo t te r s  o vern igh t 

(Table I ) . Seed c o a ts  w ere  p u n c tu re d  a t  th e  b ro ad  d is ta l  end and p lac e d  in 1% 

TZ for e ig h t hours. Seed s ta in e d  fo r six  hours o r less w as u n d e rs ta in e d . M inor 

change  in  s ta in in g  in te n s ity  re s u lte d  from  ex tend ing  th e  s ta in in g  tim e  to  12 

hours. Seed c o a ts  n eed  to  be  c le a re d  w ith  lac to p h en o l so lu tio n  fo r a  m inim um  

o f  one hour to  a id  in in te rp re ta t io n  (Table 2). S ta ined  y a rro w  seeds w ere  

in te rp re te d  as a  d ico ty led o n .

B luebunch W h eatg rass . Seeds w ere  p rec o n d itio n e d  by soak ing  in w a te r  or 

b e tw e e n  m o ist b lo t te r s  (Table I) . A f te r  p reco n d itio n in g , seeds w ere  b ise c te d  

lo n g itu d in a lly . O ptim um  s ta in in g  o c c u rre d  w hen o n e -h a lf  o f e a c h  seed  was 

p lac e d  in  0.1%  TZ for four hours. U n d e rs ta in in g  o c c u rre d  w hen b luebunch  

w h e a tg ra ss  seeds w ere  s ta in e d  fo r less th an  th re e  hours. Seven  hours or m ore 

o f s ta in in g  re s u lte d  in  o v e rs ta in in g . L ac to p h e n o l is n o t n e e d ed  b ecau se  a 

b ise c te d  s u rfa c e  o f th e  em bryo  is exposed  fo r in te rp re ta t io n  (Table 2). S ta ined  

b luebunch  w h e a tg ra ss  seeds w ere  in te rp re te d  as a  m onoco ty ledon .

P ra ir ie  S and reed . Seeds w ere  p rec o n d itio n e d  by p lac in g  b e tw e e n  m oist 

b lo t te r s  o v ern ig h t (T able  I ) . L ong itud ina l b ise c tin g  was im possib le  due to  th e
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oblong shape o f th e  seed . Seeds w ere  b ise c te d  h o riz o n ta lly  a t  th e  p e rip h e ry  o f 

th e  em bryo  a f te r  th e  seed  c o a t w as rem o v ed . The em bryon ic  ax is w as p lac e d  in 

1% TZ fo r 10 to  16 hours (overn igh t). In sig n ific an t change o c c u rre d  in s ta in in g  

in te n s ity  b e tw e e n  10 and 24 hours. O ptim um  TZ sta in in g  ran g e d  from  10 to  24 

hours. The s ta in in g  tim e  used  w ould depend  upon con v en ien ce  in  la b o ra to ry  

ro u tin e . L a c to p h en o l is n o t n e c e s sa ry  fo r in te rp re ta t io n  (Table 2). S ta ined  

p ra ir ie  san d re e d  seeds w ere  in te rp re te d  as, a  m onoco ty ledon .

Basin W ildrye. Seeds w ere  p rec o n d itio n e d  by soaking in w a te r  or b e tw e en  

m o is t b lo tte r s  (Table I ) . A f te r  p reco n d itio n in g , seed s  w ere  b ise c te d  

lo n g itu d in a lly  and o n e -h a lf  o f e a ch  seed  w as p lac e d  in  0.1%  TZ fo r four hours. 

L ess th an  th re e  hours re s u lte d  in under s ta in in g  o f em bryos, w h ereas , seven  

hours or longer re s u lte d  in o v e rs ta in in g . L ac to p h en o l is n o t n e e d ed  b ecau se  a  

b ise c te d  su rfa c e  o f th e  em bryo  is exposed  fo r in te rp re ta t io n  (Table 2). S ta in ed  

b as in  w ild rye  seed  w ere  in te rp re te d  as a  m onoco ty ledon .

P ra ir ie  C o n e flo w er. Seeds w ere  p re c o n d itio n e d  by p lac in g  b e tw e en  m oist 

b lo t te r s  o v ern ig h t (Table I) . A f te r  p reco n d itio n in g , th e  seed  c o a t w as rem oved  

by apply ing  p re ssu re  a t  th e  b ro ad , d is ta l end o f th e  seed . This fo rces  th e  

em bryo  ou t o f th e  seed  c o a t. The em bryo  w as th en  p laced  in  1% TZ for four 

hours. This p ro ce d u re  w ill d am age  th e  t ip .o f  th e  co ty ledon  and m ust be ignored  

w hen in te rp re tin g  th e  s ta in in g . Seeds w ere  u n d e rs ta in e d  w hen soaked  in  TZ for 

tw o hours or less. G re a te r  th a n  seven  hours o f s ta in in g  o v e rs ta in e d  th e  em bryo . 

No lac to p h en o l so lu tion  is n e c e s sa ry  fo r in te rp re ta t io n  o f s ta in e d  seed  (Table 2). 

S ta in ed  p ra ir ie  cone flow er seeds w ere  in te rp re te d  as a  d ico ty led o n .
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A lkali S aca to n . This sp ec ie s  has a  h igh p e rc e n ta g e  o f h a rd  seed  and 

should be  s c a r if ie d  fo r tw o seconds w ith  a  m ec h a n ic a l s c a r i f ie r  in o rd er fo r 

seed s  to  s ta in  w ith  TZ (Table 3). S c a rif ie d  seed  Were p rec o n d itio n e d  overn igh t 

b e tw e e n  m o ist b lo t te r s  and p lac e d  in  1% TZ for 24 h ou rs. W ithout 

s c a r if ic a tio n , s ta in in g  tim e  n eed s  to  be in c re a se d  to  48 hou rs  (Table 4). 

Sw elling o f seed  c o a t, g e n e ra lly , did n o t o ccu r u n til  20 hours o f TZ s ta in in g  w ith  

s c a r if ie d  seed  and 40 hours w ith  n o n sc a rif ied  seed . R a d ic le  p ro tru s io n  was 

observed  a t  b o th  s ta in in g  tim e s . A lkali sa c a to n  seed  could  h o t be b ise c te d  

b e c au se  o f th e  p re se n c e  o f a  m ucilagenous com pound th a t  is p re se n t on w et 

seed s  and due to  th e  s iz e  and shape o f  th e  se e d  (Table I) . S ta in ed  seed  w as 

c le a re d  w ith  lac to p h en o l fo r ap p ro x im ate ly  one hour. C le a rin g  p e rm itte d  

in te rp re ta t io n  o f s ta in in g  w ith  th e  a id  o f m ag n if ic a tio n  and using  top  and 

b o tto m  illu m in a tio n  (Table 2). S ta in ed  b u t u n g e rm in a te d  a lk a li sa c a to n  seed  

w as in te rp re te d  as a  dicotyledon*



T ab le  I .  T e tra z o liu m  v iab ility  p ro ced u res  for six n a tiv e  ran g e  species.

T Z  C o n e . T Z  S t a i n *
S p e c i e s P r e c o n d i t i o n P r e p a r a t i o n (%) (H ours) R e m a r k s

Y a r r o w B e t w e e n  m o i s t P u n c t u r e
b l o t t e r s  o v e r n i g h t * * s e e d  c o a t I . 8

B l u e b u n c h S o a k  in  w a t e r *  * *
w h e a t g r a s s d r B i s e c t

b e t w e e n  m o i s t l o n g i t u d i n a l l y 0.1 4
b l o t t e r s  o v e r n i g h t

10
P r a i r i e B e t w e e n  m o i s t B i s e c t I o r R e m o v e  o u t e r

s a n d r e e d b l o t t e r s  o v e r n i g h t l a t e r a l l y o v e r n i g h t c o v e r i n g s

B a s in S o a k  in  w a t e r
w i ld r y e o r B i s e c t

b e t w e e n  m o i s t  
b l o t t e r s  o v e r n i g h t

l o n g i t u d i n a l l y 0.1 4

P r a i r i e B e t w e e n  m o i s t R e m o v e
c o n e f l o w e r b l o t t e r s  o v e r n i g h t s e e d  c o a t I 4

A lk a l i B e t w e e n  m o i s t M e c h .  s c a r i f . M u c i I a g e n o u s  s e e d  c o a t
s a c a t o n b l o t t e r s  o v e r n i g h t  ; Z  s e c o n d s I 24

o r C l e a r  I h o u r  w i th
O s e c o n d s I 48 l a c t o p h e n o l

* a t  32C ** ap p ro x im ate ly  16 hours * * *  ap p ro x im ate ly  4 hours



T able  2. P e rc e n ta g e  v iab ility , e f f e c t  of lac to p h en o l, e f f e c t  of seed  co a t p re p a ra tio n  on s ta in ing , 
and te tra z o liu m  sta in in g  tim e  ev a lu a tio n  for six n a tiv e  range  species.

T Z S t a i n  T im e  (hrs)
V ia b i l i t y L a c t o p h e n o l S t a i n e d  W ith  S e e d

O p t i m u mS p e c i e s (%) E f f e c t C o a t  I n t a c t U n d e r s t a i n O v e r s t a i n

Y a r r o w
1977 9 4 %

+ * - 6 8 N O  * * *

19 8 8 . 65 %

B l u e b u n c h  w h e a t g r a s s  
19 8 0 61%

+ 3 4 7

1981 88%
' 1 9 8 2 91% ■. v '

P r a i r i e  s a n d r e e 'd  
197 8 64 %

- 8 10 ' NO

198 0 88%
1982 8 5 %

B a s in  w i ld r y e  
198 0 90 %

- + 3 4 7

1981 94 %
1982 7 2 %  .

' P r a i r i e  c o n e f l o w e r  
1981 89%

- - 2 4 8

1983 8 5 %

A lk a l i  s a c a t o n  
1 9 8 1 N K 7 0 %

4 - s lo w 20 . 2 4 -4 8 NO

1 9 8 1 J K 7 d %

* P o sitiv e  (+) e f f e c t  ** N eg a tiv e  (-) e f f e c t  * * *  NC = No change w ith  in c re ase d  s ta in ing  tim e
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T ab le  3. P e rc e n ta g e  v iab ility , d e te rm in e d  by TZ s ta in in g , fo r fou r s c a r if ic a tio n  
t r e a tm e n ts  w hen a v e ra g e d  over tw o a lk a li s a c a to n  se ed lo ts . Seeds w ere  TZ 
s ta in e d  fo r 24 hours.

S c a r if ic a tio n  
T re a tm e n ts  

(Seconds) ■

P e rc e n ta g e  V iab ility  
24 -Hours TZ S ta in ing  

(%)

0 48 a
I 59 b
2 72 c
3 61 b

LSD 3.32

M eans in co lum n fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a tly  d if fe re n t a t  
th e  5% lev e l o f p ro b ab ility .

T ab le  4. P e rc e n ta g e  v iab ility  a t  0 and 2 seconds o f s c a r if ic a t io n  w ith  TZ 
s ta in in g  tim e . P e rc e n ta g e s  a re  th e  a v e ra g e  o f tw o  a lk a li sa c a to n  seed lo ts .

P e rc e n ta g e  V iab ility

S c a rif ic a tio n  T re a tm e n ts  (Seconds)
TZ S ta in ing  —----------------------;-------------- :----------------

(Hours) 0 2

8 l a 26 a
16 15 b 64 b
24 50 c 74 c
36 57 d 74 c
48 72 e 74 c

LSD 4.59 2.69

M eans in co lum ns fo llow ed  by  le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b ab ility .



24

CHAPTER nr

GERM INATION PR O C E D U R ES FO R  SIX .
NATIVE RANGE SPECIES

In tro d u c tio n

A ch illea  m ille fo lium  L. (Yarrow ) and R a tib id a  c o lu m n ife ra  (P ra irie  

coneflow er) a re  p e re n n ia l fo rbs d is tr ib u te d  in th e  G re a t P la in s  and a d ja c e n t 

a re a s . Y arrow  is a  cool season  p la n t th a t  has high p o te n t ia l  fo r alp ine and 

suba lp ine  re v e g e ta tio n , b u t i ts  p a la tib ili ty  is low . Y arrow  th r iv e s  in cool, m o ist 

c lim a te s  and rep ro d u c e s  by rh izo m es and seeds (U.S. F o re s t  S erv ice , 1937; 

H a rrin g to n , 1964)..

P ra ir ie  co n eflo w er is a  w arm  season  p la n t w ith  shallow  ta p ro o ts  and 

b ran c h  ro o ts . B ecause  o f i ts  a e s th e tic  q u a litie s , p ra ir ie  cone flow er is used  to  

v e g e ta te  ro ad s id es, r e s t  a re a s , gardens, p a rk s , re c re a t io n  a re a s  and p ra ir ie s . 

P ra ir ie  co n eflo w er is a  w eak ly  c o m p e titiv e  sp e c ie s  th a t  can n o t to le r a te  shade 

o r in te n se  g raz in g . P a la t ib i l i ty  to  liv e s to c k  is h igh  p rio r to  h ead in g  (H arring ton , 

1964).

A gropyron  sp ica tu m  (B luebunch w h ea tg rass) and E lym us c in e reu s  (Basin 

w ildrye) a re  coo l-seaso n  bunchg rasses  com m on to  th e  w e s te rn  U n ited  S ta te s . 

B luebunch w h e a tg ra ss  is used  fo r seed ing  abandoned  c rop land , d e p le te d  range  

and d is tu rb ed  land . This sp ec ies  is d ro u g h t to le ra n t and w in te rh a rd y . I t 

p rov ides  good p a la tib le  fo ra g e  fo r e lk  and fa ir  p a la tib le  fo ra g e  fo r d ee r and
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liv e s to c k . This sp ec ie s  is su p erio r in fo ra g e  n u tr ie n t  v a lue  to  c re s te d  

w h e a tg ra ss . P oo r seed  f ill and s tan d  e s ta b lish m e n t a re  th e  p r im a ry  lim ita tio n s  

o f  bluebvm ch w h e a tg ra ss  (P lum m er e t  a l, 1955).

B asin w ild rye  is a d a p ta b le  to  d ra in ag e  basins and high e le v a tio n s . It is a 

v e ry  s tro n g  c o m p e tito r , w ell su ite d  fo r d is tu rb ed  soils and d ra in a g e  d itc h e s . 

B asin w ild rye  a lso  p rov ides  e x c e lle n t cover to  gam e b irds and fo rag e  fo r big 

gam e an im als  (V allen tine , 1971; Shaw and C ooper, 1973).

C a la m o v ilfa  lo n g ifo lia  (P ra irie  sandreed) and SporobOlus a iro id es  (A lkali 

saca to n ) a re  w arm -seaso n , w in te rh a rd y , d ro u g h t to le ra n t  sp ec ie s . N a tiv e  s tan d s  

o f  p ra ir ie  san d re e d  a re  used  fo r g raz in g  and hay . P ra ir ie  sa n d re e d  is com m only 

used  fo r s ta b iliz a tio n  o f sandy soils b e c au se  o f i ts  co a rse  fib rous ro o t system  

w hich  is au g u m en ted  by rh iz o m es  (Shaw and C ooper, 1973).

A lkali sa c a to n  has a  dense  fib rous ro o t sy stem  th a t  is id ea l fo r use  in 

erosion  c o n tro l. I t  p rov ides cover and food fo r b irds and sm all m am m als. 

A lkali s a c a to n  h as  a v e ra g e  p a la tib ili ty  fo r liv es to ck , When g reen . A lkali 

sa c a to n  is h igh ly  s a lt  to le r a n t  (L e ithead  e t  a l, 1971; V a llen tin e , 1971).

N e ith e r  th e  A sso c ia tio n  o f O ff ic ia l Seed A naly sts  no r th e  In te rn a tio n a l 

Seed  T e s tin g  A sso c ia tio n  hav e  e s ta b lish e d  m ethods fo r la b o ra to ry  seed  

g e rm in a tio n  te s t in g  o f th e se  species .

M a te ria ls  and M ethods

Two se ed lo ts  e a ch  o f  a lka li sa c a to n , p ra ir ie  co h eflo w er, and yarrow ; and 

th re e  seed lo ts  e a ch  o f b luebunch  w h e a tg ra ss , basin  w ild rye , and  p ra ir ie  sand­

re e d  w ere  e v a lu a te d . S eed lo ts  ran g ed  from  o n e -  to  se v en -y e a rs  o ld . F our 100-
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seed  re p lic a tio n s  o f e a ch  seed lo t w ere  te s te d  fo r each  t r e a tm e n t .  The seeds 

w ere  s e le c te d  a t  random  w ithou t re g a rd  to  s ize  or co lo r, b u t only fu lly  

deve lo p ed , undam aged  seeds w ere  te s te d .

S eed lo ts  o f th e se  six sp ec ie s  w ere  m oist p rec h ille d  fo r 0, 5 and 10 days a t  

SC. A f te r  p rec h illin g , se e d lo ts  w ere  g e rm in a te d  a t  c o n s ta n t te m p e ra tu re s  o f 

20C , 25C , and 30C , and a t  an a lte rn a t in g  te m p e ra tu re  o f, 15-25C . The 

a lte rn a t in g  te m p e ra tu re  w as p ro g ram m ed  fo r a  da ily  cycle  o f 16 h rs , a t  th e  low 

te m p e ra tu re  and 8 h rs . a t  th e  h igh te m p e ra tu re . The lig h t t r e a tm e n ts  fo r th e  

a l te rn a t in g  15-25C an d  c o n s ta n t 25C te m p e ra tu re s  w ere  p ro g ram m ed  fo r 16 

h rs . dark n ess  and 8 h rs . lig h t during  a  24 h r . period* F o r th e  a lte rn a tin g  

g e rm in a tio n  te m p e ra tu re , th e  ligh t p e rio d  co inc ided  w ith  th e  h igh  te m p e ra tu re  

p e rio d . The c o n s ta n t 20C te m p e ra tu re  w as e v a lu a te d  using  tw o ligh t 

t r e a tm e n ts .  One ligh t t r e a tm e n t  w as p ro g ram m ed  fo r 16 h rs . d a rk n ess  and 8 

h rs . lig h t during  a  24 h r . p e rio d . The second  ligh t t r e a tm e n t  w as p ro g ram m ed  

fo r 24 h rs . o f  d a rk . The c o n s ta n t 30C te m p e ra tu re  w as p ro g ram m ed  fo r 24 h rs . 

o f  lig h t. S tan d ard  coo l w h ite  f lo u re sc e n t tu b es  w ere  used  as th e  lig h t sou rce . 

Seeds w ere  p lac e d  in p la s t ic  g e rm in a tio n  boxes on top  of tw o  s ta n d a rd  blue 

g e rm in a tio n  b lo tte r s  m o is ten ed  w ith  d is ti lle d  w a te r . Seeds w ere  th e n  p laced  in 

th e  p re c h ill  ch am b er fo r various tim e  p e rio d s  and th en  tra n s fe r re d  to  th e  

g e rm in a tio n  ch am b er. G erm in a tio n  te s ts  w ere  o rg an ized  so th e  tw o  p rec h ill 

t r e a tm e n ts  and th e  c o n tro l t r e a tm e n t  w ere  p lac e d  in th e  g e rm in a to r  a t  th e  

sam e  tim e . "When n e c e s sa ry  during g e rm in a tio n , boxes w ere  w a te re d  w ith  

d is ti lle d  w a te r .

G erm in a tio n  te s ts  w ere  co n d u c ted  fo r 38 days. C oun ts w ere  m ade  w eekly  

during  th e  f ir s t  m on th  and a t  five day  in te rv a ls , th e r e a f te r .  A seed  w as 

co n sid e red  g e rm in a te d  w hen b o th  ra d ic le  and plum  m ule had  a t ta in e d  a  len g th
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o n e -h a lf  th e  s ize  o f th e  seed . In th e  case, o f a lk a li sa c a to n , w h ere  seeds a re  

e x tre m e ly  sm all, seeds w ere  co n sid e red  as b e in g  g e rm in a te d  w hen b o th  rad ic le  

and  plum  m ule re a c h e d  3 mm in len g th . G e rm in a te d  seeds w ere  rem o v ed  from  

th e  g e rm in a tio n  boxes a t  e ach  co u n t. T hese  ex p e rim e n ts  w ere  designed  as a 

ran d o m ize d  b lock  design .

R esu lts  and D iscussion

Y arrow

The v iab ility  o f th e  1977 and 1981 se ed lo ts  w as 94%  and 65%, 

re sp e c tiv e ly , as d e te rm in e d  by te tra z o liu m  (TZ).. Poor, v iab ili ty  o f th e  1981 

se e d lo t w as due to  poor seed  f ill and im m a tu re  em bryos. Low v iab ility  m ay also 

be  a s so c ia te d  w ith  im p ro p er en v iro n m en ta l cond itions  during seed  d ev e lo p m en t 

and poor s to ra g e  co n d itio n s  (B arton , 1961; H arrin g to n , 1972; J u s tic e  and Bass, 

1978).

No ad d itio n a l g e rm in a tio n  o c c u rre d  a f te r  14 days o f g e rm in a tio n  fo r b o th  

se e d lo ts  (Table 5). S orensen  and H olden (1974) re p o r te d  ya rrow  g e rm in a tio n  

o c c u re d  in  2 to  8 days; Our d a ta  suggest th a t  m ore tim e  fo r g e rm in a tio n  is 

n e c essa ry .

W hen sp e c if ic  g e rm in a tio n  te m p e ra tu re s  and ligh t com b in a tio n s  w ere  

e v a lu a te d  len g th  o f  g e rm in a tio n  Varied (Table 6), The 20C t r e a tm e n t  w ithou t 

lig h t (20C,0L) and th e  20C  w ith  8 h rs . of lig h t t r e a tm e n t  (20C,8L) w ere  th e  only 

tw o  te m p e ra tu re  and ligh t com b ina tions w hich  re q u ire d  14 days to  c o m p le te  

g e rm in a tio n . A ll o th e r  te m p e ra tu re  and ligh t com b ina tions  re q u ire d  seven  days. 

H ow ever, fo r th e  1977 se e d lo t, th e  g e rm in a tio n  p e rc e n ta g e s  d id  n o t r e f le c t  th e
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se e d lo t v iab ility  u n til 14 days o f g e rm in a tio n  had  o c c u rre d  fo r th e  20C ,8L  

co m b in a tio n  (Table 7). This te m p e ra tu re  and lig h t co m b in a tio n  w as th e  only 

t r e a tm e n t  w hich eq u a lled  v iab ility  o f th e  1977 se ed lo t.

T ab le  5. P e rc e n ta g e  g e rm in a tio n  o f tw o yarrow  se ed lo ts  w ith  tim e  w hen 
a v e ra g e d  over five  te m p e ra tu re  and lig h t com b ina tions.

P e rc e n ta g e  G erm in a tio n

L eng th  o f G erm in a tio n  (Days)

S eed lo ts 7 14 21 38 LSD

1977 74 a 77 b 77 b 77 b 2.39

1981 50 a 55 b 56 b 56 b 2.01

M eans in row s fo llow ed by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t a t  
th e  5% lev e l o f  p ro b ab ility .

The 15-25C ,8L , 20C ,8L , and 25C ,8L  gave th e  h ig h es t g e rm in a tio n  

p e rc e n ta g e s  fo r b o th  se e d lo ts  a t  14 days o f  g e rm in a tio n ; W hereas, th e  20C ,0L 

t r e a tm e n t  had  th e  low est p e rc e n ta g e  g e rm in a tio n  (Table 7). O nly th e  20C ,8L 

t r e a tm e n t  eq u a lled  th e  1977 se ed lo t 's  p e rc e n ta g e  v iab ility , w h e reas  th e  15- 

25C ,8L , Z0C,8L and 25C ,8L  had  eq u a lled  th e  1981 se e d lo t 's  p e rc e n ta g e  

v iab ility . E dd lem an  (1979) found th a t  a  f lu c tu a tin g  10-20C re s u lte d  in optim um  

y a rro w  g e rm in a tio n . O th e r  re p o r ts  s ta te  17-12C  (M cDonough, 1969) and 20-3OC 

(M aguire and O v e rla n d ,1959) p rov ide  optim um  g e rm in a tio n . Sorensen  and 

H olden (1974) found optim um  g e rm in a tio n  o ccu rs  w ith  con tinuous exposure  to  

m o is tu re  a t  20C . The 20C ,8L  tr e a tm e n t  w as th e  only te m p e ra tu re  and ligh t 

c o m b in a tio n  th a t  r e s u l te d  in g e rm in a tio n  p rc e n ta g e s  e q u iv a le n t to  b o th  

se e d lo t 's  v iab ility ; th e re fo re , i t  can  be conc luded  th a t  op tim um  g e rm in a tio n  o f 

ya rrow  is o b ta in e d  w ith  14 days o f g e rm in a tio n  a t  a  c o n s ta n t 20C te m p e ra tu re  

w ith  8 h rs . o f  lig h t.
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T ab le  6. P e rc e n ta g e  g e rm in a tio n  o f tw o  yarro w  se ed lo ts  w ith  tim e  w hen 
g e rm in a te d  a t  v a rio u s  te m p e ra tu re  and lig h t co m b in a tio n s .

P e rc e n ta g e  G erm in a tio n

L en g th  o f T e m p e ra tu re  and L igh t T re a tm e n ts

S eed lo t
G e rm in a tio n

(Days) 15-25C ,8L * * 20C,0L 20C ,8L 25C,8L 30C ,24L

1977 7 83 a 33 a 85 a 86 a 80 a
14 85 a 39 b 90 b 87 a 82 a
21 85 a 39 b 90 b 87 a 82 a
38 85 a 39 b 90 b 87 a 82 a

LSD 5.18 4.71 3.35 . 2.40 2.93

1981 7 60 a 27 a 56 a 62 a 42 a
14 62 a 39 b 65 b 63 a 46 a
21 63 a 39 b 66 b 63 a 46 a
38 63 a 40 b 67 b 63 a 46 a

LSD 3.83 4.70 1.95 3.46 4.05

M eans in colum ns fo llow ed by l e t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t  
a t  th e  5% lev e l o f p ro b ab ility .

* 8L; hours o f ligh t.

T ab le  7. C om parison  o f p e rc e n t  v iab ility  w ith  five  te m p e ra tu re  and ligh t 
co m b in a tio n 's  p e rc e n ta g e  g e rm in a tio n  fo r tw o  yarrow  seed lo ts .

P e rc e n ta g e  G erm in a tio n  
14 D ays of G erm in a tio n

T e m p e ra tu re  & L igh t :
T re a tm e n ts  1977 1981

15-25C ,8L * 85 be 63 c
20C ,0L 39 a 39 a
20C ,8L 90 cd 65 c
25C ,8L 87 be 63 c

30C ,24L 82 b 46 b
V iab ility 94 d 65 c

LSD 5.77 4.25

M eans in colum ns fo llow ed  by  l e t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

*8L ; hours o f  lig h t

G e rm in a tio n  o f ya rro w  seeds ap p ears  to  be  p o s itiv e ly  p h o to b la s tic  since 

op tim um  g e rm in a tio n  w as ach iev ed  w ith  th e  20C ,8L  tr e a tm e n t  and n o t th e
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20C ,0L  t r e a tm e n t .  In c o n tra s t  to  th e se  find ings E dd lem an  (1979), S o rensen  and 

H olden  (1974), and M aguire and O verland  (1959) r e p o r t  fav o rab le  g e rm in a tio n  in 

co n tin u o u s da rk . M cD onough (1969) re p o r ts  8 h rs . lig h t t r e a tm e n t  as op tim um .

P re c h il l  did n o t im prove th e  g e rm in a tio n  r a t e  o f ya rrow  (Table 8). 

F o u r te e n  days w as s ti l l  th e  m axim um  tim e  re q u ire d  fo r op tim um  g e rm in a tio n  of 

y a rro w , re g a rd le s s  o f  th e  len g th  o f th e  p re c h ill  t r e a tm e n t .

T ab le  8. P e rc e n ta g e  g e rm in a tio n  o f th re e  p re c h ill  t r e a tm e n ts  w ith  tim e . 
P e rc e n ta g e s  a re  av e ra g e d  over tw o  yarrow  se ed lo ts  and five  te m p e ra tu re  and 
lig h t com b ina tions .

L e n g th  of 
G e rm in a tio n  

(Days)

P e rc e n ta g e  G erm ina tion

P re c h ill  T re a tm e n ts  
(Days)

0 5 10

7 63 a .63 a 59 a
14 68 b 66 b 63 b
21 69 b 67 b 63 b
38 69 b 67 b 63 b

LSD L 99 2.49 3.30

M eans in co lum ns fo llow ed  by l e t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

E v a lu a tio n  o f ind iv idual, s e e d lo ts  a t  14 days o f g e rm in a tio n  show ed no 

im p ro v em en t in p e rc e n t  g e rm in a tio n  w ith  p re c h ill, re g a rd le s s  o f the  

te m p e ra tu re  and lig h t co m b in a tio n  (Table 9). TheSe d a ta  in d ic a te  th a t .y a rro w  

does n o t respond  to  p re c h ill. Sorensen  and H olden  (1974) a re  in a g re e m e n t.
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T ab le  9. P re c h ill  e f f e c t  on tw o  yarrow  se ed lo t 's  p e rc e n ta g e  g e rm in a tio n . 
S eed lo ts  w ere  g e rm in a te d  a t  five te m p e ra tu re  and ligh t co m b in a tio n s  fo r 14 
days.

P e rc e n ta g e  G erm in a tio n  
14 D ays o f G erm in a tio n

S eed lo ts

P re c h ill
T re a tm e n ts

(Days)

T e m p e ra tu re  & L ight T re a tm e n ts

15 -25C ,8L * * 20C ,0L 20C ,8L 25C ,8L  30C ,24L

1977 0 9 2 b 42 a 94 a 89 a 81 a
5 90 b 41 a 87 a 86 a 82 a

10 73 a 33 a 89 a 87 a 82 a
LSD 12.83 11.69 7.93 5.95 7.14

1981 0 69 b 39 ab 67 a 63 a 51 a
5 61 ab 46 b 63 a 64 a 42 a

10 59 a 32 a 64 a 63 a 46 a
LSD 6.12 10.89 5.35 8.52 9.20

M eans in co lum ns fo llow ed  by  le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

*8L; hours o f ligh t.

B luebunch W heatg rass

The v iab ility  o f th e  1980, 1981, and 1982 se ed lo ts  w as 61% , 88% , and 91%, 

re sp e c tiv e ly . M ean p e rc e n ta g e  v iab ility  d e c re a se d  as se ed lo ts  in c re a se d  in age . 

The d u ra tio n  fo r good v iab ili ty  is re p o r te d  to  be five y e a rs , w h e re  85% to  90% 

g e rm in a tio n  c a p a c ity  can  be e x p e c te d  (Hull and P e a rse , 1943). The low 

v ia b ility , as ex h ib ite d  in  th e  1980 se e d lo t, m ay  be due to  e n v iro n m en ta l 

cond itions  during  m a tu ra tio n , h a rv e s t d am ag e , un fav o rab le  s to ra g e  cond itions, 

age ing , o r. a  co m b in a tio n  o f a ll f a c to rs  (Hull and P e a rse , 1943; B arto n , 1961; 

H arrin g to n , 1972; J u s tic e  and B ass, 1978).

C om pared  to  seven  days o f g e rm in a tio n , 14 days in c re a se d  p e rc e n ta g e  

g e rm in a tio n  s ig n if ic a n tly  fo r e a ch  se e d lo t. The 1982 seed lo t h ad  th e  g re a te s t



in c re a se  in p e rc e n ta g e  g e rm in a tio n  (Table 10). H a fe n r ic h te r  e t  a l (1968) also 

re p o r ts  c o m p le te  g e rm in a tio n  in  14 days.
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T ab le  10. P e rc e n ta g e  g e rm in a tio n  o f th re e  bluebunCh w h e a tg ra ss  se ed lo ts  w ith  
tim e  w hen av e ra g e d  ov er five te m p e ra tu re  and lig h t com b ina tions .

L en g th  of 
G erm in a tio n  

(Days)

P e rc e n ta g e  G erm in a tio n

S eed lo ts

1980 1981 1982

7 52 a 78 a 64 a
14 58 b . 84 b 86 b
21 58 b 84 b 88 b
38 59 b 85 b 88 b

LSD 2.07 1.69 3.88

M eans in  colum ns fo llow ed  by  le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t  
a t  th e  5% lev e l o f  p ro b a b ility .

C om parison  o f  sp e c if ic  te m p e ra tu re  and lig h t co m b in a tio n s  show s th e  

2 0 C ,OL t r e a tm e n t  re s u lte d  in th e  m ost rap id  g e rm in a tio n . This t r e a tm e n t  

c o m p le te d  g e rm in a tio n  w ith in  7 days o f te s t in g  fo r a ll se ed lo ts  (Table 11). The 

25C ,8L  t r e a tm e n t  co m p le te d  g e rm in a tio n  in  7 days b u t only fo r th e  1980 and 

1981 se ed lo ts . E ven though  th e se  t r e a tm e n ts  c o m p le ted  g e rm in a tio n  a t  a  fa s t 

r a t e ,  th e  h ig h es t p e rc e n ta g e  g e rm in a tio n  fo r a ll  seed lo ts  w as o b ta in ed  w ith  a  

te m p e ra tu re  and lig h t t r e a tm e n t  th a t  re q u ire d  14 days o f g e rm in a tio n  (Table 

12) ,

The 20C ,8L  t r e a tm e n t  w as th e  only te m p e ra tu re  and lig h t com b ina tion  to  

c o n s is te n tly  give th e  h ig h es t g e rm in a tio n  p e rc e n ta g e s  and e q u a l p e rc e n ta g e  

v ia b ili ty  fo r a ll  se ed lo ts . T h e re  w ere  o th e r  te m p e ra tu re  and  lig h t t re a tm e n ts  

th a t  gave  eq u iv a len t g e rm in a tio n  and v iab ili ty  p e rc e n ta g e s  b u t th e y  w ere  n o t 

c o n s is te n t am ong se ed lo ts . A f lu c tu a tin g  te m p e ra tu re  o f 20-30C  o r 15 -3OC w as 

found to  be op tim um  fo r H afe rk am p  and M cSw ain (1951). O ur g e rm in a tio n
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resp o n se  w ith  th e  15-25C , 8L t r e a tm e n t  w as eq u iv a len t to  th e  c o n s ta n t 20C , 8L 

t r e a tm e n t  fo r th e  1981 and 1982 seed lo ts  b u t n o t for th e  1980 seed lo t (Table 

12). The f lu c tu a tio n  o f w arm  and cold te m p e ra tu re s  could hav e  s tre s se d  th e  

o ld er seed  w hich re s u lte d  in a  s ig n if ic a n t re d u c tio n  in g e rm in a tio n  p e rc e n ta g e s .

T ab le  11. P e rc e n ta g e  g e rm in a tio n  o f th re e  b luebunch  w h e a tg ra ss  se ed lo ts  w ith  
tim e  w hen g e rm in a te d  a t  various te m p e ra tu re  and lig h t co m b in a tio n s .

P e rc e n ta g e  G erm in a tio n

L en g th  o f T e m p e ra tu re  & L ight T re a tm e n ts
G e rm in a tio n  !

S eed lo ts (Days) 15 -25C ,8L * * 20C ,0L 20C,8L 25C ,8L 30C ,24L

1980 7 29 a 52 a 47 a 46 a 37 a
14 36 b 54 a 59 b 47 a 42 b
21 37 b 54 a 59 b 47 a 43 b
38 37 b 54 a 59 b 48 a 44 b

LSD 4.84 4.37 4.19 3.76 4.18

1981 7 77 a 85 a 82 a 80 a 67 a
14 88 b 86 a 91 b 82 a 78 b
21 • 8 8 b 88 a 91 b 82 a 82 b
38 88 b 88 a 91 b 83 a 83 b

LSD 4.21 3.17 2.77 3.89 5,95

1982 7 76 a 90 a 85 a 81 a 48 a
14 94 b 90 a 92 b 87 b 72 b
21 94 b 91 a 93 b 88 b 72 b .
38 94 b 91 a 93 b 88 b 72 b

LSD 4.27 2.11 2.95 3.33 6.12

M eans in  co lum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t  
a t  th e  5% lev e l o f  p ro b ab ility .

* 8L; hours o f ligh t

H a rrin g to n  (1923) and R o lle r  (1972) c i te  th e rm o d o rm an cy  is th e  re su lt  o f 

seed  b e ing  exposed  to  p ro longed  periods o f above optim um  te m p e ra tu re ,  causing  

a  d ec lin e  in  p e rc e n ta g e  g e rm in a tio n . T h e re  w as a  tre n d  fo r  th e  30C ,24L 

t r e a tm e n t  to  be  low er th a n  th e  r e s t  o f th e  te m p e ra tu re  and lig h t com b in a tio n s . 

W hether th is  w as a  r e s u l t  o f  th e rm o d o rm an c y  and, o r th e  e f f e c t  o f th e



34

con tinuous ligh t t r e a tm e n t ,  is n o t c le a r , A con tinuous d a rk  s tu d y  a t  th e  3OC 

te m p e ra tu re  would need  to  be co n d u c ted  to  d e te rm in e  th e  e f f e c t  o f ligh t on 

b luebunch  w h e a tg ra ss  p e rc e n ta g e  g e rm in a tio n .

T ab le  12. C om parison  o f  p e rc e n t  v iab ility  w ith  five te m p e ra tu re  and ligh t 
co m b in a tio n 's  p e rc e n ta g e  g e rm in a tio n  fo r th re e  b luebunch  w h e a tg ra ss  seed lo ts .

T e m p e ra tu re  & L igh t 
T re a tm e n ts

P e rc e n ta g e  G erm in a tio n  
14 D ays o f G erm in a tio n

S eed lo ts
:

1980 1981 1982

15-25C ,8L * 36 a 88 cd 94 c
20C ,0L 54 d 86 c 90 be
20C ,8L 59 e 91 d 92 be
25C ,8L 47 c 82 b 87 b

30C ,24L 42 b 78 a 67 a
V iab ility 61 e 88 cd 91 be  ,

LSD . 4.40 3.67 5.20

M eans in colum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

* 8L; hours o f ligh t

The con tinuous d a rk  t r e a tm e n t  a t  20C re s u lte d  in  s ig n if ic a n tly  low er 

p e rc e n ta g e  g e rm in a tio n  th an  did th e  8 h rs . o f  ligh t t r e a tm e n t ,  w ith  th e  

e x c e p tio n  o f th e  1982 se ed lo t (Table 12), I t  is possib le  th e  g e rm in a t io n ; th a t  

o c c u rre d  during  th e  f ir s t  w eek  w ith  th e  con tinuous dark  t r e a tm e n t  w as a  re su lt 

o f  p h y to ch ro m e  fa r - re d  (PFR) e x is tin g  in  th e  seed . By th e  end  o f th e  f ir s t  w eek  

th e  P F R  c o n te n t w as e x h a u ste d , and g e rm in a tio n  was n o t possib le  during th e  

second  w eek  (Table 11). T he e ig h t hours o f ligh t t r e a tm e n t  p ro v id ed  enough 

P F R  to  allow  m axim um  g e rm in a tio n  to  co n tin u e  th rough  th e  second  w eek o f 

g e rm in a tio n . H afe rk am p  and M cSwain (1951) h a v e  found b luebunch  w h ea tg ra ss  

g e rm in a tio n  to  be  lig h t req u irin g . The en v iro n m en t in w hich  th e  seed  w as
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deve lo p ed  arid s to re d  can  have  a  s ign ificarit e f f e c t  on th e  seed 's  req u ire m e n t fo r 

lig h t. This m ay exp la in  why th e  1982 se ed lo t p roduced  optim um  g e rm in a tio n  

w ith  th e  con tinuous da rk  t r e a tm e n t .  A seed 's  re q u ire m e n t fo r lig h t is a g e n e tic  

fa c to r  w hich can  be m od ified  by th e  e n v iro n m en t. A fav o rab le  en v iro n m en t can  

e lim in a te  th e  seed 's  ligh t re q u ire m e n t, w hile  an u n fav o rab le  en v iro n m en t can  

s tro n g ly  am p lify  th e  seed 's  ligh t re q u ire m e n t (B arton and G arm ari, 1946; 

E v en ari, 1965; K o lle r, 1972; J u s tic e  and B ass, 1978).

The 20C ,8L  t r e a tm e n t  re su lte d  in g e rm in a tio n  p e rc e n ta g e s  th a t  w ere  

e q u a l to  v iab ility  o f th e  seed lb ts , m aking  th is  te m p e ra tu re  and lig h t t r e a tm e n t  

th e  optim um  p ro c e d u re  fo r g e rm in a tin g  b luebunch  w h e a tg ra ss . This 

te m p e ra tu re  and lig h t t r e a tm e n t  re q u ire d  14 days to  r e a c h  m axim um  

g e rm in a tio n . U n g e rm in a te d  seeds rem a in in g  a f te r  14 days b e c a m e  m oldy. A 

com m on p ra c t ic e  in  seed  te s t in g  la b o ra to r ie s  is to  conduct a  te tra z o liu m  te s t  

on u n g e rm in a te d  seed s  a t  th e  conclusion  o f th e  g e rm in a tio n  p e rio d  to  d e te rm in e  

i f  th o se  seeds a re  d o rm a n t. F o r b luebunch  w h ea tg ra ss , th is  te s t  should be 

c o n d u c ted  a t  th e  end o f  14 days o f g e rm in a tio n  b ecau se  o f  th e  m old p roblem  

w hich  k ills d o rrb an t seeds.

The re q u ire m e n t fo r p rech illin g  o f  b luebunch  w h e a tg ra ss  seed  is 

d ep en d en t upon th e  te m p e ra tu re  and ligh t t r e a tm e n t  used  (Table 13). A t 14 

days o f g e rm ih a tio ri th e  20C ,8L  and 15-25'C$8L t re a tm e n ts  did no t req u ire  

p re c h ill  to  p ro m o te  m axim um  g e rm in a tio n . Ten days o f p re c h ill  d id  p ro m o te  

m axim um  g e rm in a tio n  w ith  th e  o th e r  th re e  te m p e ra tu re  and lig h t t re a tm e n ts .
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T able  13. P re c h ill e f f e c t  on p e rc e n ta g e  g e rm in a tio n  fo r five  te m p e ra tu re  and 
lig h t co m b in a tio n s . P e rc e n ta g e  g e rm in a tio n  w as av e ra g e d  over th re e  b luebunch  
w h e a tg ra ss  seed lo ts .

P e rc e n ta g e  G erm in a tip n  
14 D ays o f G erm ina tion

P re c h il l  T e m p e ra tu re  & L igh t T re a tm e n ts
T re a tm e n t  ' ' '

(Days) 1 5 -25C ,8L * * 20C ,0L 20C j8L 2 SC, 8 L 30C,24L

0 71 a 77 b 80 a 65 a 57 a
5 73 a 73 a 80 a 73 b 57 a

10 73 a 81 c 81 a 77 b 7 2 b
LSD 4.22 3.41 2.54 2.92 7.05

M eans in co lum ns fo llow ed by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% le v e l o f  p ro b ab ility .

* 8L; hours o f ligh t

The g re a te s t  in c re a se  in  p e rc e n ta g e  g e rm in a tio n  o c c u rre d  w ith  th e  te n  

day  p re c h ill  t r e a tm e n t  fo r th e  30C con tinuous ligh t t r e a tm e n t .  I t  is possib le  

th a t  p re c h ill  d e lay ed  th e  o n se t o f th e rm o d o rm an cy . The cold  t r e a tm e n t  plus 

th e  ligh t t r e a tm e n t  m ay  have  a c te d  cum ula tive ly , to  in c re a se  th e  

endogenous g ib b erillic  ac id  (GA) c o n c e n tra tio n  to  p ro m o te  seed  g e rm in a tio n  

(V illiers and W areing, 1965; E rank land  and W areing , 1962; C hen  V arner, 1973). 

The five  day p re c h ill  t r e a tm e n t ,  how ever, w as n o t long enough to  overcom e th e  

in h ib ito ry  e f f e c t  th is  above optim um  te m p e ra tu re  m ay have  cau sed . For th e  

25C ,8L  t r e a tm e n t ,  th e  five  day  p re c h ill  t r e a tm e n t  in c re a se d  p e rc e n ta g e  

g e rm in a tio n  s ig n if ic a n tly  over th e  c o n tro l in d ica tin g  th a t  g e rm in a tio n  o f 

b luebunch  w h e a tg ra ss  is n o t as s tro n g ly  in h ib ite d  by th e  25C ,8L  t r e a tm e n t  as 

w ith  th e  30C ,24L  t r e a tm e n t .  The p e rc e n ta g e  g e rm in a tio n  o f th e  n o h -p rech illed  

t r e a tm e n t  a t  20C ,8L  w as g r e a te r  th an  or equa l to  th e  p e rc e n ta g e  g e rm in a tio n  

o b ta in e d  w ith  th e  5 or 10 day  p re c h ill  t r e a tm e n ts  fo r th e  o th e r  te m p e ra tu re  and 

lig h t com b in a tio n s .
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S eed lo ts  v a rie d  in  th e ir  re q u ire m e n t to  p rech illin g  w hen g e rm in a te d  a t  

five  te m p e ra tu re  and lig h t com b in a tio n s . Only th e  20C ,8L  and 15-25C ,8L  

t r e a tm e n ts  c o n s is te n tly  did n o t req u ire  p rec h illin g  fo r a ll s e e d lo ts  (Table 14). 

T here  w ere  o th e r  te m p e ra tu re  and ligh t t r e a tm e n ts  th a t  did n o t req u ire  

p re c h ill , b u t th e ir  responses  w ere  no t c o n s is te n t ov er seed lo ts .

T ab le  14. P re c h ill  e f f e c t  on th re e  b luebunch  w h e a tg ra ss  se e d lo t 's  p e rc e n ta g e  
g e rm in a tio n . S eed lo ts  w ere  g e rm in a te d  a t  five te m p e ra tu re  and ligh t 
com b in a tio n s .

S eed lo ts

P re c h ill  
T re a tm e n ts  . 

(Days)

P e rc e n ta g e  G erm in a tio n  
14 D ays o f  G erm in a tio n

T e m p e ra tu re  & L igh t T re a tm e n ts

15-25C ,8L * 20C ,0L 20C,8L 25C ,8L 30C ,24L

1980 0 30 a 55 b 58 a 38 a 31 a
5 38 a 43 a 58 a 47 b 41 a

10 39 a 65 c 61 a 56 c 54 b
LSD 10.29 8.27 7.15 5.55 10.51

1981 0 88 a 86 a 92 a 76 a 77 ab
5. 86 a 87 a 91 a 85 b 72 a

10 89 a 87 a 92 a 86 b 86 b
LSD 7.34 5.43 4.61 5.29 11.04

1982 0 93 a 91 a 91 a 83 a 63 a
5 96 a 89 a 93 a 88 ab 63 a

10 92 a 91 a 93 a 90 b 75 .a
LSD 6.50 5.14 4.32 5,68 19.81

M eans in  co lum ns fo llow ed  by  l e t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% le v e l o f  p ro b ab ility .

* 8L; hours o f ligh t

P ra ir ie  S andreed

T he v iab ility  o f th e  1978, 1980, and 1982 se ed lo ts  was 64% , 88% , and 85%, 

re sp e c tiv e ly . S te ffe ru d  (1948) re p o r te d  an a v e rag e  o f 75%  in g e rm in a tiv e  

c a p a c ity  fo r p ra ir ie  san d reed . Seed v iab ility  d ec lin es  n o tic e a b ly  as th e  seed  is
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s to re d  beyond five  y e a rs . R e p o rts  in d ic a te  th a t  red u ced  v iab ility  is a  re s u lt  o f 

im p ro p er s to ra g e  m ethods, u n fav o rab le  cond itions  during  d ev e lo p m en t and 

h a rv e s t , o r n a tu ra l  age ing  (B arton , 1961; F lo ris , 1970; Ju s tic e  and Bass, 1978). 

Since th e  h is to ry  o f th e se  se ed lo ts  is unknow n, we can n o t sp e c u la te  fu r th e r  on 

w h a t caused  th e  v iab ility  d ec lin e  fo r th e  1978 se e d lo t.

V arious te m p e ra tu re  and ligh t com b in a tio n s  a f f e c t  t im e  req u ired  fo r 

m axim um  g e rm in a tio n . F o r a ll se ed lo ts , g e rm in a tio n  w as c o m p le te  in 7 days 

w hen g e rm in a te d  a t  25C ,8L  and 30C ,24L  t re a tm e n ts  (Table 15). The la rg e s t 

g e rm in a tio n  in c re a se  b e tw e e n  7 and 14 days o c c u rre d  w ith  th e  20C, 8L 

t r e a tm e n t .

T ab le  15. P e rc e n ta g e  g e rm in a tio n  o f five  te m p e ra tu re  and lig h t com b ina tions 
w ith  tim e . P e rc e n ta g e s  w ere  av e rag ed  over th re e  p ra ir ie  san d re e d  seed lo ts .

P e rc e n ta g e  G erm in a tio n

L en g th  of 
G erm in a tio n  

(Days)

T e m p e ra tu re & L igh t T re a tm e n ts

15-25C ,8L * 20C,0L 20C ,8L 25C ,8L 30C,24L

7 66 a 63 a 52 a 75 a 67 a
14 74 b 73 b 74 b 78 a 69 a
21 76 b 74 b 74 b 78 a 69 a
38 76 b 74 b 75 b 78 a 69 a

LSD 2.51 1.85 2.63 3.23 2.38

M eans in co lum ns fo llow ed  by  le t te r s  in com m on a re  no t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

* 8L; hours o f ligh t

The 25C ,8L  t r e a tm e n t  w as th e  only te m p e ra tu re  and lig h t t re a tm e n t  to  

p ro d u ce  a  p e rc e n ta g e  g e rm in a tio n  during th e  f ir s t  w eek  o f g e rm in a tio n  th a t  w as 

eq u a l to  v iab ility  o f a ll se ed lo ts  (Table 16), A f te r  14 days o f g e rm in a tio n , 

s e v e ra l o th e r  te m p e ra tu re  and ligh t t r e a tm e n ts  had  g e rm in a tio n  p e rc e n ta g e s  

eq u a l to  th e  25C ,8L  t r e a tm e n t ,  b u t th e  r e s u lts  w ere  n o t c o n s is te n t am ong
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se e d lo ts . H a fe rk am p  and M cSwain (1951) r e p o r te d  a  f lu c tu a tin g  20 -3OC as 

op tim um . H ow ever, th is  te m p e ra tu re  re q u ire d  21 days fo r co m p le te  

g e rm in a tio n . T hese  d a ta  suggest th a t  op tim um  p ro ce d u re  fo r seed  g e rm in a tio n  

o f  p ra ir ie  san d reed  is th e  25C ,8L  t r e a tm e n t  w ith  7 days o f g e rm in a tio n .

T ab le  16. C om parison  o f  p e rc e n t v iab ility  w ith  five te m p e ra tu re  and lig h t 
co m b in a tio n 's  p e rc e n ta g e  g e rm in a tio n  fo r th re e  p ra ir ie  san d reed  Seedlots.

P e rc e n ta g e  G erm in a tio n

L en g th  of 
G erm in a tio n  

(Days)
T e m p e ra tu re  & L igh t 

T re a tm e n ts 1978

S eed lo ts

198.0 1982

7 15-25C ,8L * 53 b 79 b 66 c
20C ,0L 50 b 79.b 60 b
20C ,8L 43 a 68 a 44 a
25C ,8L 62 c 85 c 79 d

30C ,24L 54 b 79 b 70 c
V iab ility 64 c 88 c 85 d

LSD 5.72 . 4.73 4.29

14 15-25C ,8L 58 a 83 a 83 b
20C ,0L 58 a 85 b 75 a
20C ,8L 58 a 85 b 77 a
25C ,8L 63 b 8 5 b 83 b

30C ,24L 55 a 80 a 73 a
V iab ility 64 b . 88 b 85 b

LSD . 4.21 3.69 4.51

M eans in  co lum ns fo llow ed  b y  le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% IeveL o f  p ro b ab ility .

* 8L; hours o f ligh t

S evere  fungal a c tiv ity  w as o bserved  on th e  seeds a f t e r  14 days o f 

g e rm in a tio n . The fungal c o n ta m in a tio n  is a n o th e r  rea so n  w hy 7 days o f 

g e rm in a tio n  is m ore optim um  th an  14 days. F ungal a c tiv ity  w ould n o t allow  for 

te tra z o liu m  ev a lu a tio n  to  d e te c t  d o rm ancy  in u n g e rm in a te d  seed s  p re se n t a t  

th e  end o f th e  g e rm in a tio n  te s t in g  p e rio d  (AOSA, 1984).
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T he e f f e c t  o f an  e ig h t h rs. lig h t t r e a tm e n t  versus a  con tinuous d a rk  

t r e a tm e n t  on g e rm in a tio n  o f  p ra ir ie  san d reed  v a rie s  depend ing  on w hich 

te m p e ra tu re  t r e a tm e n t  is used . A t th e  e s ta b lish e d  op tim um  g e rm in a tio n  

te m p e ra tu re  o f 25C , th e  r a te  and p e rc e n ta g e  o f seed  g e rm in a tio n  a re  

e q u iv a len t fo r b o th  lig h t and d a rk  t r e a tm e n ts  (Table 17). H ow ever, a t  a  below  

optim um  te m p e ra tu re  o f  20C , a  slow er g e rm in a tio n  r a te  o c c u rre d  w ith  th e  ligh t 

t r e a tm e n t .  By 14 days p e rc e n ta g e  g e rm in a tio n  was e q u iv a len t b e tw e en  th e  

lig h t and d a rk  t r e a tm e n ts .

T ab le  17. C om parison  o f p e rc e n ta g e  g e rm in a tio n  am ong con tinuous da rk  and 8 
h rs . lig h t t r e a tm e n ts  w hen av e rag ed  over th re e  p ra ir ie  san d reed  se e d lo ts . Seeds 
w ere  g e rm in a te d  a t  25C and 20C.

L igh t
T re a tm e n ts

(Hours)

P e rc e n ta g e  G erm in a tio n

25C 20C

7* 14 7 14

0 72 a 74 a 63 a 77 a
8 73 a 74 a 52 b 77 a

LSD T M 1.86 2.37 1.94

M eans in co lum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b ab ility . .

* D ays o f  g e rm in a tio n

The p re c h ill  re q u ire m e n t for p ra ir ie  san d re e d  g e rm in a tio n  ap p ears  to  be 

d ep en d en t upon th e  te m p e ra tu re  and ligh t t r e a tm e n t .  O nly th e  25C ,8L  and 

20C ,0L  t r e a tm e n ts  did n o t have  in c re a se d  g e rm in a tio n  w ith  p re c h ill  fo r a ll 

s e e d lo ts  (Table 18). The o th e r  te m p e ra tu re  and ligh t t re a tm e n ts  had  a  vary ing  

resp o n se  am ong  th e  se ed lo ts .
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T ab le  18. P r e c h i l l . e f f e c t  on th re e  p ra ir ie  san d reed  se e d lo t 's  p e rc e n ta g e  
g e rm in a tio n . S eed lo ts  w ere  g e rm in a te d  a t  five  te m p e ra tu re  and lig h t 
co m b in a tio n s  fo r 7 days.

S eed lo ts

P re c h ill
T re a tm e n ts

(Days)

P e rc e n ta g e  G erm in a tio n  
7 D ays of G erm in a tio n

T e m p e ra tu re  .& L igh t T re a tm e n ts

15-25C ,8L 20C ,0L 20C ,8L 25C ,8L 30C,24L

, 1978 . 0 . 45 a 54 a 21 a 60 a 58 a
5 54 ab 60 a 50 b 70 a 62 ab

10 59 b 63 a 62 c 65 a 66 b
l Sd 11.86 28.13 9.92 18.48 7.34

1980 0 70 a 62 a 50 a 67 a 83 a
5 85 b 65 a 64 b 70 a 87 a

10 82 b 71 a 67 b 73 a 86 a
LSD 8.06 23.48 5.45 20.93 6.73

1982 0 63 a 60 a 63 a 62 a 74 a
5 ■ 60 a 64 a 60 a 73 a 82 b

10 77 b 68 a 77 b 69 a 81 ab
LSD 9.93 19.73 9.93 23.06 . 7.98

M eans in colum ns fo llow ed  by  le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b ab ility .

B asin W ildrye

T he v iab ility  o f th e  1980, 1981, and  1982 se ed lo ts  w as 90% , 94% , and 72% , 

re sp e c tiv e ly . S fe ffe ru d  (1948) re p o r ts  an a v e ra g e  g e rm in a tiv e  c a p a c ity  o f 83% 

for basin  w ild rye . The 1982 seed lo t has a  low er p e rc e n ta g e  v ia b ili ty  th an  th e  

1980 and 1981 se e d lo ts . This d ec lin e  m ay be a t t r ib u te d  to  U nfavorable 

con d itio n s  during  d ev e lo p m en t, h a rv e s t , or s to ra g e  th a t  r e s u l te d  in  f a s te r  seed  

d e te r io ra tio n  (B arton  and G arm an , 1946; H arrin g to n , 1972; J u s tic e  and B ass, 

1978).

The 15-25C ,8L , 20C ,0L , and 25C ,8L  t re a tm e n ts  re q u ire d  14 days fo r 

m axim um  g e rm in a tio n ; w h e re as , th e  20C ,8L  and 30C ,24L  t r e a tm e n ts  req u ired  

21 days (Table 19). T he 30C ,24L  t r e a tm e n t  gave th e  lo w est p e rc e n ta g e
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g e rm in a tio n . E x ten d in g  th e  te s t in g  p e rio d  did n o t im prove g e rm in a tio n  a t  th is  

te m p e ra tu re  and lig h t t r e a tm e n t .

T ab le  19. P e rc e n ta g e  g e rm in a tio n  o f five  te m p e ra tu re  and lig h t com b ina tions 
w ith  tim e . P e rc e n ta g e s  a re  av e ra g e d  over th re e  basin  w ild rye se ed lo ts .________

P e rc e n ta g e  G erm in a tio n

L en g th  of 
G erm in a tio n  

(Days)

T e m p e ra tu re  & L igh t T re a tm e n ts

15 -25C ,8L * * 2 OC5OL 20C,8L . ZSC5SXi 30C,24L

7 64 a 55 a 62 a 65 a 61 a
14 82 b 80 b 78 b 84 b 73 b
21 .83 b 80 b 84 c 85 b 75 be
38 83 b 81 b 85 c 85 b 76 c

LSD 3.68 2.24 3.29 3.68 2.16

M eans in  co lum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

* 8L; hours o f ligh t

The 15-25C ,8L  and 25C ,8L  t r e a tm e n ts  c o n s is ten tly  p ro v id ed  th e  h ighest 

g e rm in a tio n  p e rc e n ta g e s  fo r a ll s e e d lo ts , and th e se  p e rc e n ta g e s  w ere  equal to  

seed  v iab ility  (Table 20). H a rrin g to n  (1923), R o lle r  (1972) and H ew ley  and B lack 

(1985) c ite d  th a t  h ig h er te m p e ra tu re s  w ill re s u lt  in m ore  rap id  g e rm in a tio n  and 

g r e a te r  p e rc e n ta g e s . L iebenburg  (Lang, 1965) w as th e  f ir s t  to  re p o r t  th e  

fav o ra b le  e f f e c ts  o f d iu rn a l te m p e ra tu re  f lu c tu a tio n . A s ig n if ic a n t in c re ase  in 

g e rm in a tio n  r a t e  and c a p a c ity  w as re p o r te d  in seeds o f  m ost species . 

V aU entine (1971) c ite s  a lte rn a t in g  te m p e ra tu re s  optim um  fo r basin  w ildrye 

g e rm in a tio n . T hese  d a ta  suggest th a t  25C ,8L  and 15 -2SC,SL t re a tm e n ts  w ere  

optim um  fo r g e rm in a tio n  o f  basin  w ild rye.

The 15-25C ,8L , 20C j0L , and 25C ,8L  t r e a tm e n ts  show ed no response  to  

p rec h illin g  and p e rc e n ta g e  g e rm in a tio n  w as h igh fo r a ll t r e a tm e n ts  e x c ep t 

20C ,0L  (Table 21). The 20C ,8L  and 30C ,24L  t r e a tm e n t s . did respond  to
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p rec h illin g  b u t re q u ire d  a t  le a s t  14 days o f g e rm in a tio n . The 30C te m p e ra tu re  

a p p e a rs  to  be  above op tim um  for basin  w ild rye  g e rm in a tio n  as m axim um  

g e rm in a tio n  w as n o t re a c h e d  even  w ith  p rec h ill.

T ab le  20. C om parison  o f  p e rc e n t  v iab ility  w ith  five te m p e ra tu re  and ligh t 
co m b in a tio n 's  p e rc e n ta g e  g e rm in a tio n  fo r th re e  basin  w ildrye se ed lo ts .

P e rc e n ta g e  G erm in a tio n  
14 D ays o f G erm in a tio n

T e m p e ra tu re  & L igh t 
T re a tm e n ts

S eed lo ts

1980 1981 1982

15-25C ,8L * 88 c 92 c 67 ab
20C ,0L 86 c 87 b 65 a
20C ,8L 81 b 87 b 65 a
25C ,8L 88 c 92 c 73 b

30C ,24L 75 a 81 a 63 a
V iab ility 90 c 94 c 72 b

LSD 4.01 3.90 6.50

M eans in colum ns fo llow ed  by  le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b ab ility .

* 8L; hours o f ligh t

T ab le  21. P re c h il l  e f f e c t  on p e rc e n ta g e  g e rm in a tio n  fo r five  te m p e ra tu re  and 
lig h t co m b in a tio n s . P e rc e n ta g e s  w ere  a v e ra g e d  over th re e  b as in  w ild rye 
se e d lo ts .

M ean P e rc e n ta g e  G erm in a tio n  
14 D ays o f G erm ina tion

P r e ch ill T e m p e ra tu re  & L igh t T re a tm e n ts
T re a tm e n ts

(Days) 15-25C ,8L * 20C ,0L 20C ,8L 25C ,8L 30C ,24L

0 82 a 78 a 70 a 85 a 64 a
5 82 a 78 a 81 b 82 a 75 b

10 84 a 82 a 83 b 85 a 79 b
LSD 6.28 4.08 6.02 4.25 4.10

M eans in co lum ns fo llow ed  by le t te r s  in  com m on a re  no t s ig n if ic a n tly  d if fe re n t  
a t  th e  5% lev e l o f p ro b ab ility .

* 8L; hours o f ligh t
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S p ec ific  e v a lu a tio n  o f ind iv idual seed lo ts  w ith  each  te m p e ra tu re  and ligh t 

t r e a tm e n t  show s no p re c h ill  e f f e c t  w ith  th e  15-25C ,8L  and 25C ,8L  t re a tm e n ts , 

b u t th e  p re c h ill  e f f e c t  v a rie d  w ith  th e  o th e r  te m p e ra tu re  and lig h t t r e a tm e n ts  

(Table 22). The ap p lic a tio n  o f  p re c h ill  to  basin  w ildrye seed  w hen g e rm in a tin g  

a t  15-25C ,8L  or 25C ,8L  t r e a tm e n ts  w ill in c re a se  th e  to ta l  te s t in g  tim e  and n o t 

th e  p e rc e n ta g e  g e rm in a tio n .

T ab le  22 . P re c h ill  e f f e c t  oil th re e  basin  w ildrye se e d lo t 's  p e rc e n ta g e  
g e rm in a tio n . S eed lo ts  w ere  g e rm in a te d  a t  five  te m p e ra tu re  and ligh t 
co m b in a tio n s  fo r 14 days.

P e rc e n ta g e  G erm in a tio n  
14 D ays o f G erm in a tio n

P re c h ill  T e m p e ra tu re  & L igh t T re a tm e n ts
T re a tm e n ts  ----- :------------------- ;---- :-------------------------- --------- -

S eed lo ts (Days) 15-25C ,8L * 20C ,0L 20C ,8L  25C ,8L 30C,24L

1980 0 90 a 85 a 68 a 87 a 57 a
5 88 a 86 a 87 b 87 a 80 b

10 87 a 88 a 89 b 89 a 86 b
LSD 6.93 8.80 7.31 8.14 7.65

1981 0 94 a 84 a 82 a 89 a 78 a
5 88 a 85 a 90 b 89 a 85 a

10 95 a 93 b 91 b 96 a 80 a
LSD 10.30 6.26 6.53 7.02 7.10

1982 0 78 a 65 a 60 a 78 a 58 a
5 70 a 64 a 66 a 72 a . 60 a

10 70 a 67 a 69 a 69 a 70 b
LSD 16.65 8.08 17.33 9.06 8.63

M eans in  co lum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

* 8L; hours o f ligh t
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P ra ir ie  C oneflow er

The v iab ili ty  o f th e  1981 and 1983 se ed lo ts  w as 89%  and 85%, 

re s p e c tiv e ly . No d ec lin e  in v iab ility  p e rc e n ta g e  w as ev id en t w ith  seed lo t age . 

Sorensen  and H olden (1974) and E dd lem an  (1977) b o th  re p o r te d  a  h igh v iab ility  

p e rc e n ta g e  o f 99%.

E dd lem an  (1977) re p o r ts  p ra ir ie  co n eflo w er re q u ire s  14 days o f 

g e rm in a tio n . B ased  on our s tu d ie s  th e  d u ra tio n  o f  g e rm in a tio n  for p ra ir ie  

co n eflo w er Seedlo ts v a rie d  w ith  th e  te m p e ra tu re  and ligh t com b in a tio n s  (Table 

23). T h ree  te m p e ra tu re  and ligh t t r e a tm e n ts  req u ired  seven  days o f 

g e rm in a tio n , w h ereas  tw o te m p e ra tu re  and lig h t t r e a tm e n ts  req u ired  14 days to  

r e a c h  m axim um  g e rm in a tio n .

T ab le  23. P e rc e n ta g e  g e rm in a tio n  o f tw o p ra ir ie  coneflow er se ed lo ts  w ith  tim e  
w hen g e rm in a te d  a t  various te m p e ra tu re  and lig h t com b ina tions.

S eed lo ts

L en g th  of 
G e rm in a tio n  . 

(Days)

P e rc e n ta g e  G erm in a tio n

T e m p e ra tu re  and L igh t T re a tm e n ts

I S-ZSCjSL* 20C ,0L 20C,8L 25C ,8L 30C,24L

1981 7 88 a . 90 a 88 a 88 a 49 a
14 92 b 91 a 89 a 89 a 55 b
21 92 b 91 a 89 a 89 a 57 b
38 92 b 91 a 89 a 89 a 57 b

LSD 1.65 1.76 5.20 2.33 3.68

1983 7 77 a 59 a 81 a 71 a 11 a
14 87 b 72 b 89 a 75 a 15 a
21 90 b 73 b 90 a 76 a 17 a
38 90 b 73 b 90 a 76 a 19 a

LSD 3.57 5.13 9.93 5.19 7.03

M eans in .colum ns follow ed by le tter s  in com m on Eire not s ign ifican tly  d ifferen t  
at the 5% lev e l o f  probability.

* 8L; hours o f  lig h t



The 20C ,8L  t r e a tm e n t  was th e  only te m p e ra tu re  and lig h t t r e a tm e n t  th a t  

w as eq u a l to  v iab ility  o f  b o th  seed lo ts  a t  seven  days o f  g e rm in a tio n  (Table 24). 

The 15-^25C,8L t r e a tm e n t  w as equal to th e  v iab ility  o f th e  1981 seed lo t a t  

seven  days o f  g e rm in a tio n  and w as equal to  th e  1983 seed lo t a f t e r  14 days o f  

g e rm in a tio n . A lthough  th e  25C ,8L  t r e a tm e n t  c o m p le ted  g e rm in a tio n  in seven  

days, i t  d id  n o t eq u a l th e  v iab ility  of th e  1983 se e d lo t. The 30C ,24L  tr e a tm e n t  

w as an in fe r io r  t r e a tm e n t  fo r g e rm in a tio n  o f b o th  se ed lo ts . H ow ever, w ith  seed  

age , th e  se e d lo t 's  sp e c if ic  re q u ire m e n t to  lig h t and te m p e ra tu re  d isap p ear so a t  

le a s t  50% o f  th e  seed s  a re  ab le  to g e rm in a te  a t  30C ,24L .

T ab le  24. C om parison  o f p e rc e n t  v iab ility  w ith  five te m p e ra tu re  and ligh t 
co m b in a tio n 's  p e rc e n ta g e  g e rm in a tio n  fo r tw o p ra ir ie  o o n e flo w er se ed lo ts .

P e rc e n ta g e  G erm in a tio n

S eed lo ts

7 D ays o f G e rm in a tio n  14 D ays o f G erm ina tion  
T e m p e ra tu re  & L igh t — ' ' ' i " n

T re a tm e n ts 1981 1983 1981 1983

15-25C ,8L * 88 b 77 d 92 b 87 c
20C ,0L 90 b . 59 b . 91 b 7 2 b
20C ,8L 88 b 81 d 89 b 89 c
25C ,8L 88 b 71 c 89 b 75 b

30C ,24L 49 a 11 a 55 a 15 a
V iab ility 89 b 85 d 89 b 85 c

LSD 3.18 5.13 3.18 6.37

M eans in co lum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b a b ility .

* 8L; hours o f ligh t

T hese d a ta  suggest th a t  op tim um  g e rm in a tio n  o f p ra ir ie  co n eflo w er can 

b e  ach iev ed  by  g e rm in a tin g  fo r 7 days a t  20C ,8L . O ptim um  g e rm in a tio n  m ay
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also  be  o b ta in e d  w ith  th e  15-25C ,8L  t r e a tm e n t ,  b u t 14 days is req u ired . 

E dd lem an  (1977) r e p o r te d  optim um  g e rm in a tio n  o f p ra ir ie  cone  flow er to  o ccu r 

a t  20C .

The 1983 se ed lo t ex h ib ite d  a  s ig n if ic a n t re d u c tio n  in p e rc e n ta g e  

g e rm in a tio n  w ith  th e  d a rk  t r e a tm e n t  as co m p ared  to  th e  8 h rs . lig h t t r e a tm e n t  

a t  2OC (Table 24). In c reasin g  th e  te s t in g  d u ra tio n  did n o t a l te r  th is  e f f e c t .  The 

1981 se ed lo t show ed no e f f e c t  due to  ligh t or d a rk  t r e a tm e n ts .  Sorensen  and 

H olden (1974) and E dd lem an  (1977) r e p o r te d  optim um  g e rm in a tio n  o f p ra ir ie  

cone flow er o c c u rre d  in a  d a rk  en v iro n m en t, . E v en ari (1965) and  R o lle r  (1972) 

r e p o r t  th a t  w ith  an  in c re a se  in seed  age m any sp ec ie 's  lig h t re q u ire m e n ts  can  be 

d im in ished  or c o m p le te ly  e lim in a te d . B ew ley and B lack  (1985) s ta te  d a rk  

g e rm in a tio n  is p h y to ch ro m e  co n tro lle d  and th e ir  em bryo  c o n ta in s  m ore  a c tiv e  

p h y to ch ro m e  th a n  lig h t-re q u ir in g  seed s . T he 1983 se ed lo t 's  low response  to  th e  

20C ,0L  t r e a tm e n t  m ay  be  a  re s u lt  o f a  g e rm in a tio n  b lock  w ith in  th e  seed  th a t  

can  be  overcom e w ith  th e  ad d itio n  o f ligh t.

P re ch illing  fo r 5 and 10 days d id n o t im prove  g e rm in a tio n  o f th e  seed lo ts  

re g a rd le ss  o f th e  te m p e ra tu re  and ligh t t r e a tm e n t  used . F o r som e te m p e ra tu re  

and lig h t t r e a tm e n ts ,  p re c h ill  low ered  th e  p e rc e n ta g e  g e rm in a tio n  o f seed lo ts  

(Table 25). B ased  on th e se  d a ta , i t  can  be conc luded  th a t  p rec h illin g  o f p ra ir ie  

cone flow er w ill n o t  in c re a se  g e rm in a tio n  p e rc e n ta g e s ; and if  u sed , could re su lt 

in  low er th an  optim um  g e rm in a tio n  p e rc e n ta g e s .



48

T ab le  25. P re c h ill  e f f e c t  on tw o  p ra ir ie  coneflO w er se ed lo t 's  p e rc e n ta g e  
g e rm in a tio n . S eed lo ts  w ere  g e rm in a te d  a t  five  te m p e ra tu re  and ligh t 
co m b in a tio n s  fo r 7 days.

P e rc e n ta g e  G erm in a tio n  
7 D ays o f G erm in a tio n

S eed lo ts

P re c h ill
T re a tm e n ts

(Days)

T e m p e ra tu re and L ight T re a tm e n ts

15 -25C ,8L * * 20C ,0L 20C ,8L  25C ,8L  30C ,24L

1981 0 91 a 91 a 89 a 90 a 63 b
5 92 a 91 a 88 a 88 a 65 b

10 93 a 90 a 91 a 89 a 39 a
LSD 3.38 3.35 10.20 4.63 6.57

1983 0 87 b 70 a 86 a

' 
^OC

O 17 a
5 78 a 69 a 84 a 66 a 11 a

10 89 b 63 a 90 a 71 ab 17 a
LSD 6.26 8.90 20.07 9.67 12.33

M eans in co lum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f p ro b ab ility .

* 8L; hours o f ligh t 

A lkali S aca to n

S eed lo t v iab ility , as d e te rm in e d  by T Z , w as 78% for th e  1981JK  seed lo t 

and 70% for th e  198 IN K  se e d lo t. P rev io u s  s tu d ie s  (S te ffe ru d , 1948; 

H a fe n r ic h te r  e t  a l., 1968) hav e  found th a t  a lk a li sa c a to n  seed , fou r y e a rs  old or 

less , co n ta in ed  a p p ro x im a te ly  80% v iab le  seed . K nipe (1969) in d ic a te d  th a t  

a lk a li sa c a to n  re m a in s  v iab le  u nder good s to ra g e  fo r over fou r y e a rs . Seed lo ts 

u sed  in th is  s tu d y  w ere  fou r y e a rs  old. V iab ility  o f th ese  se e d lo ts  w ere  low er 

th a n  th a t  e n c o u n te re d  w ith  H a fe n ric h te r  e t  a l. (1968) and S te ffe ru d  (1948).

G erm in a tio n  o f a lk a li s a c a to n  w as rap id , Seeds in four o f th e  te m p e ra tu re  

and  lig h t t re a tm e n ts  had  c o m p le te d  g e rm in a tio n  w ith in  sev en  days (Table 26). 

O nly th e  20C ,8L  t r e a tm e n t  req u ired  14 days and i ts  to ta l  g e rm in a tio n
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p e rc e n ta g e  w as th e  lo w est. W asser (1982) a lso  found co m p le te  g e rm in a tio n  to  

o ccu r in 5 to  10 days. T oole (1941) had  c o m p le te  g e rm in a tio n  in a  m inim um  o f 

21 days. O ur r e s u lts  show ed e x tre m e  seed  d e c ay  due to  fungi a f t e r  14 days.

T ab le  26. P e rc e n ta g e  g e rm in a tio n  o f five  te m p e ra tu re  and lig h t com bina tions 
w ith  tim e . P e rc e n ta g e s  a re  av e ra g e d  over tw o a lka li s a c a to n  se e d lo ts .

L en g th  of 
G e rm in a tio n  

(Days)

P e rc e n ta g e  G erm in a tio n

T e m p e ra tu re  and L igh t T re a tm e n ts

15-25C ,8L * 20C,0L 20C,8L 30C ,24L 25C,8L

7 71 a 40 a 4 a 58 a 66 a
14 74 a 42 a 13 b 61 a 66 a
21 74 a 42 a  . 14 b 61 a 66 a
28 74  a 42 a 14 b 62 a 66 a
38 74 a 42 a 14 b ' 62 3. 66 a

LSD 3.49 3.35 2.33 6.23 4.02

M eans in colum ns fo llow ed by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% le v e l o f  p ro b ab ility .

*8L; hours o f  ligh t

The 15-25C ,8L  t r e a tm e n t  re su lte d  in  m axim um  g e rm in a tio n  fo r b o th  

a lk a li s a c a to n  se e d lo ts  (Table 27). The 25C ,8L  t r e a tm e n t  also  gave  m axim um  

g e rm in a tio n  fo r th e  1981NK se ed lo t. Low p e rc e n ta g e  g e rm in a tio n  o ccu rred  

w ith  b o th  ligh t and con tinuous d a rk  t r e a tm e n ts  a t  20C, w ith  th e  ligh t t re a tm e n t  

b e in g  s ig n if ic a n tly  low er in p e rc e n ta g e  g e rm in a tio n  th an  th e  con tinuous dark  

t r e a tm e n t  (Table 27). W ilson (1931) and K nipe (1967) r e p o r te d  s ig n if ic a n tly  

h ig h er g e rm in a tio n  p e rc e n ta g e s  w ith  2(b-30C o r 30-40C  te m p e ra tu re  th an  w ith  

15-25C te m p e ra tu re . T hese tw o  te m p e ra tu re s  w ere  no t inc luded  in th is  s tudy  

b e c au se  th e  p e rc e n ta g e s  o b ta in e d  w ith  th e  T 5-25C  t re a tm e n t  w ere  equa l to  th e  

v ia b ili ty  o f  b o th  seed lo ts .
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T ab le  27. C om parisons o f  p e rc e n t  v iab ility  w ith  five  te m p e ra tu re  and lig h t 
co m b in a tio n 's  p e rc e n ta g e  g e rm in a tio n  fo r tw o  a lk a li sa c a to n  se ed lo ts .

T e m p e ra tu re  and L igh t 
T re a tm e n ts

P e rc e n ta g e  G erm in a tio n  
7 D ays o f G erm in a tio n

S eed lo ts

1981NK 1981JK  .

15 -25C ,8L * 67 d 75 e
20C ,0L 28 b 52 b
20C ,8L 3 a 5 a
25C ,8L 67 d 66 d

30C ,24L 56 c 60 c
V iab ility 70 d 78 e

LSD 7 .8 2 5 .2 7

M eans in  colum ns fo llow ed  by  le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b ab ility .

* 8L; hours o f  ligh t

K nipe (1967) show ed th a t  p e rc e n ta g e  g e rm in a tio n  was low er w ith  th e  20C 

and 25C te m p e ra tu re s  th a n  w ith  th e  30C te m p e ra tu re . Our d a ta  fo r th e  ZOC 

te m p e ra tu re , w ith  b o th  lig h t and dark  cond itions , a g re e s  w ith  K nipe (Table 27). 

P e rc e n ta g e  g e rm in a tio n  o f  b o th  ligh t and d a rk  t r e a tm e n ts  a t  ZOC w as 

s ig n if ic a n tly  low er th a n  th e  p e rc e n ta g e  g e rm in a tio n  a t  30C . The 25C ,8L  

t r e a tm e n t ,  how ever, show ed a  s ig n if ic a n t in c re a se  in p e rc e n ta g e  g e rm in a tio n  as 

co m p ared  to  th e  30C ,24L  t r e a tm e n t .  T he low er g e rm in a tio n  o f th e  30C ,24L

tre a tm e n t  . could  be a tt r ib u te d  to  th e  in h ib ito ry  a c tio n  im posed  by th e
. y

con tinuous lig h t. P e rc e n ta g e  g e rm in a tio n  o f  a lka li sa c a to n  w as found to  

d e c re a se  s ig n if ic a n tly  if  seeds w ere  exposed  to  ligh t fo r 12 h rs . or longer 

(K nipe, 1971).

A t th e  below  op tim um  te m p e ra tu re  o f  20C , th e  p re se n c e  o f lig h t inh ib its  

b o th  r a t e  (Table 26) and p e rc e n t  g e rm in a tio n  (Table 28). T he low c o n s ta n t 

te m p e ra tu re , p lus th e  p re se n c e  o f lig h t, m ay  be  th e  rea so n  fo r low p e rc e n ta g e
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g e rm in a tio n . A p p a ren tly , 8 h rs . lig h t t r e a tm e n t  is m ore  in h ib ito ry  on 

g e rm in a tio n  o f a lka li s a c a to n  a t  20C th a n  a t  15-25C . The 1981JK  seed lo t 

ex h ib ite d  a  g re a te r  g e rm in a tio n  c a p a c ity  th an  did th e  1981NK se e d lo t.

T ab le  28. C om parison  o f p e rc e n ta g e  g e rm in a tio n  am ong con tinuous da rk  and 8 
h rs . ligh t t r e a tm e n ts  fo r tw o a lka li s a c a to n  seed lo ts ; Seeds w ere  g e rm in a te d  a t  
15 -25C and 20C for 7 days.

L igh t T re a tm e n ts

P e rc e n ta g e  G erm in a tio n  
7 D ays o f G erm in a tio n

15-25C 20C

1981NK 1981JK 1981NK 1981JK

0 hrs 66 a 77 a 28 b 52 b

8 h rs 65 a 74 a 3 a 5 a

LSD 2.83 4.06 7.82 5.27

M eans in  co lum ns fo llow ed  by le t te r s  in com m on a re  no t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b ab ility .

C om parisons w ere  m ade b e tw e e n  seeds g e rm in a te d  in 8 h rs . o f  ligh t and 

con tinuous d a rk  fo r 7 days a t  15-25C  (Table 28). G erm in a tio n  a t  th e  optim um  

te m p e ra tu re  o f 15-25C  show ed no s ig n if ic a n t d if fe re n c e  in p e rc e n ta g e  

g e rm in a tio n  b e tw e e n  th e  lig h t and d a rk  con d itio n s . Seeds th a t  had  g e rm in a te d  

in  th e  d a rk  g e rm in a te d  f a s te r  b e c au se  th e  len g th  o f th e  e p ic o ty ls  from  th e  dark  

t r e a tm e n t  w ere  a p p ro x im a te ly  3.75 cm as co m p ared  to  1.75 cm  len g th  for th e  

lig h t t r e a tm e n t .

P re c h ill  d id  n o t in c re a se  a lka li s a c a to n  p e rc e n ta g e  g e rm in a tio n  e x c ep t fo r 

th e  20C ,0L  t r e a tm e n t  (Table 29). F iv e  days o f p re c h ill  en h an ced  th e  

g e rm in a tio n  o f th is  t r e a tm e n t  fo r b o th  se ed lo ts , b u t te n  days o f  p rec h ill 

s ig n if ic a n tly  red u c e d  th e  g e rm in a tio n  o f th e  1981NK se e d lo t. P re c h ill  did n o t 

in c re a se  g e rm in a tio n  o f th e  20C ,8L  t r e a tm e n t .  This m ay be  due to  a  s tro n g
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in h ib ito ry  e f f e c t  w ith  lig h t on a lka li s a c a to n  g e rm in a tio n . D o rm an cy  in a lka li 

s a c a to n  seed  is uncom m on (Wilson, 1931; T oole , . 1941; W asser, 1982) and 

g e rm in a tio n  is n o rm a lly  rap id ; th e re fo re , p re c h ill  would n o t be e x p e c te d  to  

im prove  g e rm in a tio n .

T ab le  29. P re c h ill  e f f e c t  on tw o  a lk a li s a c a to n  se ed lo t 's  p e rc e n ta g e  
g e rm in a tio n . S eed lo ts  w ere  g e rm in a te d  a t  five  te m p e ra tu re  and ligh t 
co m b in a tio n s  fo r 7 days.

P e rc e n t  G erm in a tio n  
7 D ays o f G erm in a tio n

P re c h ill  T e m p e ra tu re  and L ight T re a tm e n ts
T re a tm e n ts  ~ ' ' " ~ '

S eed lo ts (Days) 15 -25C ,8L * * 20C ,0L 20C ,8L 30C ,24L 25C,8L

198 IN K O 68 a 29 b I a 57 a 63 a
5 69 a 41 c 4 a 49 a 70 a

10 65 a 14 a 6 a 63 a 67 a
LSD 11.45 9.70 5,64 28.24 7.81

1981JK 0 79 b 45 a 4 a 53 a 62 a
5 65 a 57 b 4 a 66 a 71 a

10 80 b 52 ab 6 a 62 a 65 a
LSD 10.06 7.31 8.15 21.10 13.64

M eans in co lum ns fo llow ed  by le t te r s  in com m on a re  n o t s ig n if ic a n tly  d if fe re n t 
a t  th e  5% lev e l o f  p ro b ab ility .

* 8L; hours o f ligh t

S um m ary

R a re ly  do seed  te s t in g  la b o ra to r ie s  know  th e  age and en v iro n m en ta l 

con d itio n s  o f  a  se e d lo t. When g e rm in a tin g  seeds it  is im p o r ta n t  th a t  th e  

p ro ce d u re  used  does n o t d isc rim in a te  am ong  th e  d iv e rs ity  th a t  can  occur 

b e tw e e n  seed  o f th e  sam e sp ec ie s . When choosing  th e  op tim um  g e rm in a tio n  

p ro ce d u re  fo r a  sp ec ie s , th e se  d iv e rs itie s  n eed  to  be  co n sid e red . M axim um  

g e rm in a tio n  n eeds to  be  a t ta in e d  in  th e  s h o r te s t  possib le  t im e . No u n n ecessa ry  

s te p s  should  be  used  w hich  would in c re a se  th e  tim e  in p re p a ra tio n  or
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g e rm in a tio n . The m ost im p o r ta n t c o n s id e ra tio n  is th a t  th e  sam p les v iab ility  

m ust be ex p ressed  in th e  p e rc e n ta g e  g e rm in a tio n . The p ro ce d u re s  th a t  m e e t 

th e se  c r i te r ia  fo r th e  six n a tiv e  ran g e  sp ec ies  a re  sum m arized .

Y arrow . O ptim um  g e rm in a tio n  o f yarrow  o c cured  w hen seeds w ere  

g e rm in a te d  fo r 14 days a t  2OC w ith  8 h rs. o f  lig h t. V iab ility , as d e te rm in e d  by 

T Z 5 and th e  p e rc e n ta g e  g e rm in a tio n  w ere  eq u a l for b o th  se e d lo ts . N e ith e r  

se e d lo t re q u ire d  p rec h illin g  to  a t ta in  m axim um  g e rm in a tio n .

B luebunch W h eatg ra ss . O ptim um  g e rm in a tio n  o f b luebuhch  w h e a tg ra ss  

se e d lo ts  w as o b ta in ed  by g e rm in a tin g  a t  20C w ith  8 h rs . o f  lig h t. P rech illin g  

w as u n n e c essa ry  and if  app lied  would in c re a se  th e  d u ra tio n  o f th e  te s t  p eriod . 

B luebunch w h e a tg ra ss  seed  should be g e rm in a te d  fo r 14 days. U n g erm in a ted  

seeds should be ch eck ed  for do rm ancy  w ith  T Z . Exposing th e  seeds to  

g e rm in a tio n  fo r longer th a n  14 days re s u lte d  in in c re ase d  fungi a c tiv ity  and 

e v e n tu a l d e a th  o f v iab le  seeds. P e rc e n ta g e  v iab ility  o f a ll  se ed lo ts  w as 

o b ta in e d  w ith  th is  g e rm in a tio n  p ro ce d u re .

P ra ir ie  S ah d reed . O ptim um  g e rm in a tio n  fo r th re e  p ra ir ie  sandreed  

se ed lo ts  w as a tta in e d  by g e rm in a tin g  a t  25C fo r 7 days in 8 h rs . ligh t or 

con tinuous d a rk  con d itio n s . P re ch illin g , p r io r  to  g e rm in a tio n , w as n o t 

n e c e ssa ry . P e rc e n ta g e  g e rm in a tio n  by th is  p ro ce d u re  was eq u a l to  TZ v iab ility  

p e rc e n ta g e s .

B asin  W ildrye. B asin w ild rye w ill g e rm in a te  over a  w ide ran g e  o f 

te m p e ra tu re  and ligh t co m b in a tio n s . Som e o f th e se  t re a tm e n ts  p rov ide  fa s te r  

g e rm in a tio n  th a n  o th e rs . The m ost rap id  p ro ce d u re  fo r d e te rm in in g  

g e rm in a tio n  w as th e  15 -25C ,8L  and th e  25C ,8L  t r e a tm e n ts .  Seeds need  to  be
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g e rm in a te d  fo r 14 days. P re c h ill  d id  n o t im prove g e rm in a tio n  a t  th e se  

te m p e ra tu re s . P e rc e n ta g e  g e rm in a tio n  o f se ed lo ts  w as equa l to  p e rc e n ta g e  

v ia b ility . A TZ te s t  m ay  be co n d u c ted  to  d e te c t  possib le  d o rm an cy  i f  firm  

u n g e rm in a te d  seeds rem a in  a t  th e  end o f th e  te s t in g  p eriod .

P ra ir ie  C o n e flo w er. R ap id  and m axim um  g e rm in a tio n  occU red w hen 

p ra ir ie  co n e flo w er seeds w ere  g e rm in a te d  fo r seven  days a t  2 0 0  w ith  8 h rs. o f 

lig h t. M axim um  g e rm in a tio n  w as also  a t ta in e d  w ith  th e  15-25C ,8L  tre a tm e n t^  

b u t 14 days o f g e rm in a tio n  w as req u ired . B oth  o f th ese  te m p e ra tu re  and lig h t 

t r e a tm e n ts  p rov ide  g e rm in a tio n  p e rc e n ta g e s  equa l to  th e  p e rc e n ta g e  v iab ility  

o f  th e  se ed lo ts . P re c h illin g  ap p e are d  to  s tre s s  th e  seeds w hich re s u lte d  in low er 

p e rc e n ta g e  g e rm in a tio n .

A lkali S a c a to n . M axim um  g e rm in a tio n  o f a lk a li s a c a to n  w as o b ta in ed  

w hen Seeds w ere  g e rm in a te d  fo r seven  days a t  15-25C  w ith  8 h rs . o f  ligh t or in 

con tinuous da rk . P rech illirig  is n o t n e c e s sa ry  a t  th is  te rn p e ra tu re  to  o b ta in  

o p tim a l g e rm in a tio n . T his p ro ce d u re  r e f le c ts  th e  m axim um  v iab ili ty  o f th e

a lk a li sa c a to n  seed lo ts .
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