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COLD TOLERANCE OF SWITCHGRASS AND BIG BLUESTEM SEEDLINGS 

Evan C. Jolitz, Ph.D.

U n iv e rs i ty  of Nebraska , 1984

A dvisor: Lowell E. Moser

The seed ing  o f  b ig  b lues tem  (Andropogon g e r a r d i i  Vitman) and 

s w i tc h g ra ss  (Panicum v irga tum  L .)  in  p a s tu r e  and range has been 

l im i te d  by slow s e e d l in g  growth i n  th e  s p r in g .  Improved germi­

n a t io n  and growth a t  low tem p e ra tu re s  would in c r e a s e  th e  l i k e l ih o o d  

o f  success  f o r  e a r l y  s p r in g  p l a n t in g s .  The o b je c t iv e s  o f  t h i s  s tudy  

were to  d e te rm ine  i f  the  p h o to s y n th e t i c  r a t e s  o f  b ig  b lues tem  and 

s w i tc h g ra ss  s e e d l in g s  a re  reduced  by co ld  (4 .5  C) n ig h t  t r e a tm e n ts ,  

to  i n v e s t i g a t e  th e  e f f e c t s  o f  d iv e rg e n t  s e l e c t i o n  fo r  h igh  and low 

s e e d l in g  f r e s h  w eigh t in  a  c o ld -n ig h t  growth chamber reg im e, and to  

examine a l t e r n a t i v e  s e l e c t i o n  te c h n iq u es  which might be used to  

improve s e e d l in g  co ld  to le r a n c e .

S w itchgrass  carbon exchange r a t e  (CER) was reduced approx im ate ly  

20% by one n ig h t  a t  4 .5  C in  a growth chamber. Big b luestem  CER was 

n o t  a f f e c te d  by th e  same t re a tm e n t .  T h is  c o ld -n ig h t  t re a tm e n t  d id  

n o t  a f f e c t  th e  r a t e  o f  oxygen e v o lu t io n  o f  sw i tc h g ra ss  l e a f  p i e c e s .

Sou thern  sw i tc h g ra ss  c u l t i v a r s  tended  to  have h ig h e r  average  

l e a f  e lo n g a t io n  r a t e s  (ALER) in  bo th  warm- and c o ld -n ig h t  chambers. 

Progeny from h ig h  (HS) and low (LS) f r e s h  w eigh t sw itch g rass  

s e l e c t i o n s  had s i g n i f i c a n t l y  h ig h e r  ALERs th an  'P a t h f i n d e r '  (PA) in  

th e  c o ld -n ig h t  chamber. There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  ALER
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among PA, LS, and HS i n  th e  warm-night chamber. At low te m p e ra tu re s ,  

LS and HS tended  to  germ inate  more r a p id ly  th a n  PA. For bo th  b ig  

b lu es tem  and s w i tc h g ra s s ,  th e  progeny o f  h igh  f r e s h  w eigh t s e l e c t i o n s  

had h ig h e r  s e e d l in g  f r e s h  w e igh ts  th a n  th e  progeny o f  low f r e s h  

w eigh t s e l e c t i o n s  in  th e  c o ld - n ig h t  chamber. The same was t r u e  fo r  

b ig  b lu es tem , b u t  no t s w i tc h g r a s s ,  in  th e  warm-night chamber. No 

s i g n i f i c a n t  s e e d l in g  f r e s h  w eight d i f f e r e n c e s  were observed  in  the  

f i e l d .  No s i g n i f i c a n t  d i f f e r e n c e s  in  CER were found among LS, HS, 

and PA. For b ig  b lues tem , progeny from h igh  f r e s h  w eight s e l e c t i o n s  

(HB) had a h ig h e r  r e s p i r a t i o n  r a t e  a t  10 C th a n  progeny from low 

f r e s h  w eight s e l e c t i o n s  (LB) and 'Pawnee' (PW). S e le c t io n  based  on 

s e e d l in g  f r e s h  weight in  a c o ld - n ig h t  growth chamber regim e appears  

t o  be an e f f e c t i v e  and p r a c t i c a l  tech n iq u e  f o r  improving s e e d l in g  

c o ld  t o le r a n c e  and in c r e a s in g  s e e d l in g  v ig o r .
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INTRODUCTION

The p ro d u c t io n  o f  meat, m ilk  and wool i s  dependent t o  a 

l a r g e  e x te n t  on f o ra g e s  which p ro v id e  approx im ate ly  70% o f  t h e  

n u t r i e n t s  fed  t o  rum inan ts  (3 6 ) .  P e re n n ia l  g ra s s  p a s tu r e s  a r e  a 

p o t e n t i a l  sou rce  o f  g razed  fo ra g e  from e a r ly  s p r in g  t o  l a t e  f a l l .  

C ool-season  g r a s s e s  a re  most p ro d u c t iv e  in  th e  s p r in g  and f a l l  

when tem p e ra tu re s  a r e  low w hile  warm-season g r a s s e s  a r e  most 

p ro d u c t iv e  d u r in g  th e  h o t  summer months (1 8 ) .  The e x c lu s iv e  use 

o f  c o o l- se aso n  p a s tu r e s  in  a g ra z in g  system o f te n  r e s u l t s  in  a 

marked lac k  o f  a v a i l a b l e  fo rage  d u r in g  th e  summer ( 2 9 ,4 3 ,8 3 ) .  

G razing  systems which in c o rp o ra te d  both  warm and c o o l- s e a s o n  

p a s tu r e s  had h ig h e r  p ro d u c t io n  p e r  h e c t a r e ,  ga in s  p e r  day and 

c a r r y in g  c a p a c i ty  when compared t o  system s w ith o u t  warm-season 

g r a s s e s  (1 7 ,5 2 ) .

Big b lues tem  (Andropogon g e r a r d l i  Vitman) and 

s w i tc h g ra s s  (Panicum virgatum  L .)  a re  h ig h ly  p ro d u c t iv e  

n a t i v e  p e re n n ia l  warm-season g r a s s e s  with a number o f  d e s i r a b l e  

c h a r a c t e r i s t i c s .  G raz ing  and hay ing  s tu d i e s  have shown t h a t  they  

can in c re a s e  anim al p ro d u c t io n  when used in  c o n ju n c t io n  w ith  

o th e r  fo ra g e s  and a r e  p e r s i s t e n t  when p ro p e r ly  managed 

( 1 7 ,4 3 ,5 1 ,5 2 ,8 3 ) .  A v a i la b le  c u l t i v a r s  have a c c e p ta b le  a t r a z i n e  

t o le r a n c e  and a r e  b e t t e r  weed c o m p e t i to rs  than  o t h e r  d e s i r a b l e  

n a t iv e  p e re n n ia l  warm-season g r a s s e s  (5 9 ) .  S u b s t a n t i a l  g e n e t ic  

v a r i a b i l i t y  f o r  dry m a t te r  d i g e s t i b i l i t y  has  been found in
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s w i tc h g ra ss  and b ig  bluestem  in d ic a t in g  t h a t  phenotypic  s e l e c t i o n  

can improve th e  fo rag e  q u a l i t y  o f  th ese  g r a s s e s  ( 8 2 ,1 0 2 ) .

The use o f  n a t iv e  p e re n n ia l  warm-season g ra s s e s  has  been 

l im i te d  by slow and u n c e r ta in  s tand  e s ta b l ish m e n t  ( 5 9 ,6 9 ,7 5 ) .  

These g r a s s e s  a r e  c h a r a c te r iz e d  by slow se e d l in g  growth in  th e  

s p r in g  which i n v i t e s  weed c o m p e t i t io n  and ex tends th e  period  t h a t  

the  p a s tu re  must be p ro te c te d  from g raz in g  and hay ing . Newly 

e s ta b l i s h e d  p a s tu r e s  o f t e n  must be p ro te c te d  for 2 to  4 y e a rs  in  

o rder  to  in s u r e  s u c c e s s fu l  e s ta b l i s h m e n t  (8 2 ,1 0 5 ) .  These g r a s s e s  

would be e a s i e r  to  e s t a b l i s h  i f  s e e d l in g  v ig o r  were improved 

(117) .

Two l i k e l y  components o f  poor s e e d l in g  v igo r  in  b ig  

bluestem and s w i tc h g ra s s  a re  slow g e rm ina t ion  and a r e d u c t io n  in  

th e  r a t e  o f  growth a s  a r e s u l t  o f  low tem p e ra tu re s  in  th e  s p r in g .  

The germ ina t ion  and growth o f  b ig  b luestem  and sw i tc h g ra ss  were 

se v e re ly  slowed a t  te m p e ra tu re s  o f  20 C and lower ( 3 7 ) .  Improved 

germ ina t ion  and growth a t  low tem p e ra tu re s  would i n c r e a s e  th e  

l ik e l ih o o d  o f  su c ce s s  f o r  e a r l y  s p r in g  p l a n t in g s .

P la n t in g  e a r l i e r  in  th e  s p r in g  would in c re a s e  t o t a l  

seasona l  g row th . S ince th e  lo n g e s t  day o f  th e  year o c c u rs  on 21 

June , an in c r e a s e  in  e a r l y  s p r in g  growth would r e s u l t  in  more 

exposed l e a f  a re a  du r ing  the  pe riod  o f  g r e a t e s t  r a d i a t i o n  

r e c e i p t s .  E a r l i e r  p la n t in g  m ight a ls o  improve m o is tu re  

a v a i l a b i l i t y  du r ing  the  se e d l in g  s ta g e .

In o th e r  warm-season g r a s s e s ,  growth and p h o to sy n th e t ic
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r a t e s  were reduced by c o ld - n ig h t  + warm-day regim es (71 ,1 0 8 ) ,  bu t 

no work has  been re p o r te d  concern ing  th e  e f f e c t s  o f  c o ld -n ig h ts  

on th e  subsequen t p h o to sy n th e s is  o f  b ig  b lues tem  and sw itc h g ra ss  

s e e d l i n g s .  The purposes o f  t h i s  s tudy  were t o  de te rm ine  i f  th e  

p h o to s y n th e t ic  r a t e s  o f  b ig  b lues tem  and s w i tc h g ra s s  s e e d l in g s  

a re  reduced by co ld  ( c i r c a  5 C) n ig h t  t r e a tm e n ts  and to  examine 

t h e  e f f e c t s  o f  d iv e rg e n t  s e l e c t i o n  f o r  h igh  and low se e d l in g  

f r e s h  w eight in  a c o ld - n ig h t  growth chamber regim e.
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LITERATURE REVIEW

SEEDLING VIGOR IN GRAMINEAE

W right (117) provided  an e x c e l l e n t  review  and d i s c u s s io n  

o f  s e e d l in g  v ig o r .  He p o in te d  o u t  t h a t  s e e d l in g  v ig o r  i s  

r e f l e c t e d  a s  s tan d  e s ta b l ish m e n t  and t h a t  th e  environm enta l 

i n f lu e n c e s  which a f f e c t  a p l a n t ' s  geno typ ic  e x p re s s io n  du r ing  

ge rm in a t io n  and e a r ly  s t a g e s  o f  growth a re  primary c o n s id e r a t io n s  

i n  th e  d e f i n i t i o n  and assessm ent o f  s e e d l in g  v ig o r .  Thus, th e  

d e f i n i t i o n  o f  s e e d l in g  v ig o r  w i l l  vary depending on th e  growing 

c o n d i t io n s  and in tended  use o f  t h e  p l a n t .  Crop p l a n t  s e e d l in g  

v ig o r  has been r e l a t e d  t o  r e s i s t a n c e  t o  m icroorganism s (M2). 

Whalley e t  a l .  (109) sugges ted  t h a t  range p la n t  s e e d l in g  v ig o r  be 

d e f in e d  in  term s o f  c o m p e t i t iv e  a b i l i t y  in  th e  s e e d l in g  s ta g e .  

R ather  th a n  d e f in e  s e e d l in g  v ig o r ,  most a u th o rs  use  a c r i t e r i o n  

f o r  v ig o r ,  such as  y i e l d  o r  speed o f  emergence, which r e l a t e s  t o  

t h e i r  p a r t i c u l a r  f i e l d  o f  i n t e r e s t  ( 9 6 ) .

The r e l a t i o n s h i p  between seed w eight and th e  v a r io u s  

c r i t e r i a  f o r  s e e d l in g  v ig o r  has been e x te n s iv e ly  i n v e s t i g a t e d .  

P o s i t i v e  c o r r e l a t i o n s  between seed s i z e  and s e e d l in g  v igo r  have 

been re p o r te d  in  fo ra g e  g ra s s e s  ( 1 9 ,2 8 ,3 8 ,M9,5 0 ,5 5 ,5 7 ,6 7 ,8 0 ,9 6 ,  

118) and in  g ra in  c rops  (M,9,M6,M7,63). Lawrence (5M)
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r e p o r te d  no c o n s i s t e n t  r e l a t i o n s h i p  between seed w eight and th e  

d ep th  from which Agropyron intermedium (H o s t . )  Beauv. would 

emerge. In g e n e r a l ,  p o s i t i v e  c o r r e l a t i o n s  between seed weight 

(o r  s iz e )  and s e e d l in g  v ig o r  have been found most o f te n  w ith in  

seed l o t s  o r  seed s o u r c e s ,  l e s s  o f t e n  among seed so u rc e s  w ith in  a 

s p e c ie s  and r a r e l y  among s p e c i e s  (1 0 9 .1 1 7 ) .  \ The e f f e c t  o f  seed 

weight i s  g e n e r a l l y  c o n fin ed  to  the  e a r l y  s t a g e s  o f  growth ( 5 7 ) .

Whalley e t  a l .  (109) d iv id e d  g r a s s  s e e d l in g  growth in to  

t h r e e  s t a g e s :  1. H e te ro t ro p h ic  s ta g e :  From seed im b ib i t io n  to  

emergence and th e  commencement o f  p h o to s y n th e s is .  2 . T r a n s i t io n  

s t a g e :  Following commencement o f  p h o to s y n th e s i s ,  b u t  b e fo re  

ex h a u s t io n  o f  r e s e r v e s .  3 . A u to troph ic  s t a g e :  Following

ex h a u s t io n  o f  endosperm. McWilliam e t  a l .  (65) proposed t h a t  

g r a s s  seed r e s e r v e s  were p robab ly  in  e x c ess  o f  re q u i re m e n ts  under 

fa v o ra b le  c o n d i t io n s  and m ight be o f  va lue  under adve rse  

c o n d i t io n s .  Wright (118) and Hsu (37) r e p o r te d  t h a t  seed w eigh ts  

dropped most r a p i d l y  d u r in g  the  f i r s t  week a f t e r  p l a n t in g  and 

t h a t  th e  seeds  had n e a r l y  s topped  lo s in g  weight w i th in  th r e e  

weeks a f t e r  p l a n t i n g .  In W rig h t 's  s tudy  (1 1 8 ) ,  heavy and l i g h t  

seed geno types  had s im i l a r  p a t t e r n s  and r a t e  o f  use o f  th e  

o r i g i n a l  seed r e s e r v e s ,  b u t  heavy seed geno types  grew more 

r a p i d l y  in  th e  t r a n s i t i o n a l  and a u to t r o p h ic  s t a g e s .  Seed from 

f a s t  germ inating  gen o ty p es  o f  b lu e  p a n ic g ra s s  (Panicum 

a n t i d o t a l e  R etz .)  were h e a v ie r  and seed r e s e r v e s  were u t i l i z e d  

more r a p i d l y  th an  th o se  from slow g e rm in a t in g  geno types  (1 1 9 ) .
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In  A l ta i  w ild  ry e g ra s s  (Elymus angustus  T r i n . ) .  a f a s t  

g e rm ina t ing  p o p u la t io n  e s t a b l i s h e d  s i g n i f i c a n t l y  b e t t e r  in  a 

f i e l d  t e s t  than  a slow ge rm ina t ing  p o p u la t io n  (56).

E r a g r o s t i s  superba  Peyr. had a h ig h e r  i n i t i a l  r a t e  o f  seed 

r e s e r v e  m o b i l iz a t io n  and u t i l i z a t i o n  and had l a r g e r  shoo ts  a t  3,

7 and 14 days th an  Panicum colora tum  L. (9 8 ) .  R e sp ira t ion  

r a t e s  o f  ge rm ina t ing  seeds  (48 ,115 ,116) and m itochondria  o f  

s e e d l in g s  (9) have been p o s i t i v e l y  c o r r e la t e d  with se ed l in g  

v ig o r .

P a t t e r n s  o f  s e e d l in g  development and se ed l in g  morphology 

have been r e l a t e d  t o  s e e d l in g  v ig o r .  Through a s e r i e s  of papers  

from Colorado S t a t e  Univ. (1 0 ,1 1 ,4 0 ,1 0 0 ,1 1 0 ,1 1 1 ,1 1 2 ) ,  r e s e a rc h e r s  

have concluded t h a t  se ed in g s  o f  b lue  grama ( Bouteloua 

g r a c i l i s  (H.B.K.) Lag.)  o f te n  f a i l  as  a r e s u l t  of an i n t e r a c t i o n  

between morphology and environm ent. Blue grama s e e d l in g s  have a 

s h o r t  c o l e o p t i l e  and a long  s u b c o le o p t i l e  in te rn o d e  (m esocotyl)  

which p la c e s  t i s s u e s  from which permanent r o o t s  develop near  th e  

s o i l  s u r f a c e .  Dry s o i l  c o n d i t io n s  (< -50 b a rs )  and tem p e ra tu re s  

below 15 C p rev e n t  permanent r o o t  development which r e s t r i c t s  

s e e d l in g s  t o  a s in g l e  sem inal r o o t ,  l i m i t i n g  l e a f  a re a  p ro d u c tio n  

and u l t im a te ly  r e s u l t i n g  in  s ta n d  f a i l u r e .  Robacker e t  

81^(77) no ted  t h a t  Elymus c a n ad e n s is  L. s e e d l in g s ,  which had 

fo u r  sem inal r o o t s ,  developed much more r a p id ly  th an  b ig  b luestem  

and s w i tc h g ra ss  s e e d l in g s ,  each having one seminal r o o t .  Rhodes 

(7 6 ) ,  working w ith  P h a l a r i s  c o e ru le sc e n s  D e s f . ,  Festuca
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arundinacea  S c h re b . ,  D a c ty l i s  g lom erata  L . ,  Lolium 

rigidum  Gaud. ,  and Loliun  perenne L. X Lolium 

m u l t i f lo r u n  Lam., suggested  t h a t  th e  r a t e  and e x te n t  o f  

permanent r o o t  p ro d u c tio n  was c lo s e l y  a s s o c ia te d  w ith  s e e d l in g  

c o m p e t i t iv e  a b i l i t y .  Hsu (37) found a c lo s e  r e l a t i o n s h i p  between 

the  development o f  permanent r o o t  d ry  weight and the  development 

o f  o th e r  t i s s u e s  in  s e e d l in g s  o f  b ig  b lu es te m , s w i tc h g ra s s ,  

in d ia n g ra s s  ( Sorghastrun  nu tans  (L .)  N a s h . ) ,  Caucasian  

bluestem ( B o th r io ch lo a  c a u c a s ic a  ( T r in . )  C.E. Hubb.) and 

c ra b g ra ss  ( D i g i t a r i a  s a n g u in a l i s  (L .)  S c o p . ) .

Yasue and Kazuhiro (120) c l a s s i f i e d  gramineous c ro p s  and 

g ra s s e s  in to  t h r e e  t y p e s :  c o l e o p t i l e  e lo n g a t io n  ty p e ,  m esocotyl 

e lo n g a t io n  type  and in te rm e d ia te  ty p e .  With th e  e x c ep t io n  o f  

corn  ( Zea mays L . ) ,  Pan ico ideae  and E ra g ro s to id e a e  were o f  

the  m esocotyl e lo n g a t io n  ty p e .  Of th e  F e s tu c o id e a e ,  T r i t i c e a e  

were o f  th e  c o l e o p t i l e  e lo n g a t io n  type  while  O ryzoideae, 

Fes tuceae  and Aveneae were o f  th e  in te rm e d ia te  ty p e .  Mesocotyl 

l e n g th  and seed weight were p o s i t i v e l y  c o r r e l a t e d  w ith in  

e lo n g a t io n  ty p e .

Emergence problems were a s s o c ia te d  w ith  s h o r t  c o l e o p t i l e  

c h a r a c t e r i s t i c s  in  wheat ( T r i t i c u n  a e s t iv u n  L.) ( 1 ,2 5 ) ,  b u t  

n o t  in  b a r l e y  ( Hordeum v u lg a re  L.) ( 3 ) .  C o le o p t i le  l e n g th  

was p o s i t i v e l y  c o r r e la t e d  with  seed s i z e ,  emergence and se ed l in g  

h e ig h t  in  in te rm e d ia te  w hea tgrass  ( Agropyron intermedium 

(Host) Beauv.) (3 9 ) .
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G re a te r  s e e d l in g  l e a f  a rea  and t o t a l  top  growth were 

r e l a t e d  to  the  s u p e r io r  e s ta b l is h m e n t  o f  l a t e -m a tu r in g  

s w i tc h g ra s s  s t r a i n s  (7 5 ) .  G iant f o x t a i l  ( S e ta r i a  f a b e r i  

H errm .) ,  a v igo rous  warm-season annual g r a s 3 ( had a more ra p id  

l e a f  e lo n g a t io n  r a t e  and developed d ry  weight more r a p i d l y  than  

b ig  b lu es tem , s w i tc h g r a s s ,  in d ia n g r a s s  and Caucasian  b lues tem .

The r o o t / s h o o t  d ry  weight r a t i o  o f  s w i tc h g ra s s  was s im i la r  to  

g i a n t  f o x t a i l ,  b u t  b ig  b luestem  a l l o c a t e d  more a s s i m i l a t e s  to  th e  

r o o t s  ( 6 9 ) .  C rabgrass  s e e d l in g s  had h igher  and f a s t e r  d ry  m a t te r  

accum ulation  than  b ig  b lues tem , s w i tc h g r a s s ,  i n d ia n g r a s s  and 

Caucasian  b luestem  ( 3 7 ) .

Clements and L a t te r  (16) s t a t e d  t h a t  above ground 

s e e d l in g  weight i s  p robably  th e  b e s t  s in g l e  c r i t e r i o n  o f  s e e d l in g  

v i g o r .  In P h a la r i s  tu b e ro sa  Hack, h e r i t a b i l i t i e s  o f  0 .3 5 ,

0 .1 2 ,  0.61 and 0 .38  were o b ta ined  fo r  seed w e ig h t,  s e e d l in g  

w e ig h t,  l e a f  s i z e  and r a t e  o f  l e a f  a p p e ara n ce ,  r e s p e c t i v e l y  (1 6 ) .  

Breeding programs based on s e l e c t i o n  fo r  s e e d l in g  weight have 

produced p o p u la t io n s  o f  P h a l a r i s  tu b e ro s a  (Hack.) H i tch c .  

w ith  improved e s ta b l i s h m e n t  from a e r i a l  seed ing  ( 2 0 ) .  S e le c t io n  

fo r  s e e d l in g  l e a f i n e s s  and v ig o r  in  s id e o a t s  grama ( Bouteloua 

c u r t i p e n d u la  (M ichx.) T o r r . )  in c re ase d  se ed l in g  h e ig h t  and 

s u rv iv a l  (1 0 3 ) .  In c o rn ,  d iv e r g e n t  s e l e c t i o n  based on ju v e n i l e  

s t a l k  volume produced p o p u la t io n s  d i f f e r i n g  in  s e e d l in g  dry 

weight and l e a f  a r e a  ( 3 2 ) .
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LOW TEMPERATURE EFFECTS IN CM GRAMINEAE

T e e r i  and Stowe (95) i n v e s t ig a t e d  c o r r e l a t i o n s  between 

c l i m a t i c  p a ra m e te rs  and th e  r e l a t i v e  p r o p o r t io n  of North 

American g r a s s e s  having th e  CM p h o to s y n th e t ic  pathway. Decreases 

i n  t h e  p ro p o r t io n  o f  CM g r a s s e s  were most s t r o n g ly  c o r r e la t e d  

w ith  average  minimum J u ly  t e m p e ra tu re s .  Few o r  no CM s p e c ie s  

were found in  l o c a t io n s  w ith  average  minimum J u ly  tem p e ra tu re s  

below 8 C. In  t h e  Hawaiian Volcanoes N a t io n a l  P a rk ,  Rundel (8M) 

found t h a t  t h e  p e rc e n t  g r a s s  cover  accounted  f o r  by CM s p e c ie s  

d e c l in e d  from 100% t o  l e s s  th a n  5% over  a v e r t i c a l  r i s e  o f  600 m, 

c o rre sp o n d in g  t o  a 3 C de c re a se  in  mean te m p e ra tu re .  On Mt. 

Kenya, no CM g ra s s e s  were found a t  a l t i t u d e s  where t h e  average 

minimum te m p e ra tu re  was below 8 C (9 7 ) .  In  an e x c e l l e n t  rev iew , 

Long (58) concluded t h a t  CM s p e c ie s  d e c re a s e  in  abundance w ith  

d e c re a s e  in  te m p e ra tu re  a long  l a t i t u d i n a l ,  a l t i t u d i n a l  and 

tem pora l  g r a d i e n t s .

Low te m p e ra tu re s  reduce  t h e  p e rc e n ta g e  and r a t e  o f  

ge rm in a t io n  and emergence o f  CM g r a s s e s .  Emergence o f  CM g r a s s e s  

was a f f e c te d  more by low tem p e ra tu re s  th a n  C3 g ra s s e s  ( 2 ,8 ,8 7 ) .  

E s t im a te s  o f  optimum CM g e rm ina t ion  te m p e ra tu re s  ranged from 20 C 

f o r  b ig  b lues tem  t o  35 C f o r  sand b luestem  (Andropogon h a l l i i  

Hack.) and 35/25 C d a y /n ig h t  f o r  k l e i n g r a s s  ( 8 ,2 3 ,2 6 ,3 7 ,9 0 ) .
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Interactions between the effects of moisture stress and 

temperature on germination have been observed (6 4 ,7 0 ,9 2 ) .

Similar temperature effects and interactions have been reported 

for emergence ( 3 1 ,4 4 ,7 0 , ) .

L abora to ry  co ld  ge rm in a t io n  t e s t s  have n o t  been found to  

be r e l i a b l e  p r e d i c to r s  o f  f i e l d  performance o f  corn and g ra in  

sorghum (Sorghum b i c o l o r  (Moench)) ( 1 2 ,6 0 ,6 1 ,6 6 ,8 8 ) .

Germination of some C4 species was better under alternating 

temperatures than at constant temperatures (3 5 ,9 0 ) .  When 

unchilled seed was studied, maximum germination percentages of 

big bluestem, switchgrass, Caucasian bluestem and indiangrass 

were obtained between 12 and 20 C, reflecting the dormancy- 

breaking effect of a chilling treatment in these grasses (37).

The growth of C4 grasses is generally maximal in the 

range of 30-35 C and may be very slow or cease entirely around 

10-15 C (1 8 ,6 6 ) .  In corn, the minimum temperature for autotrophic 

growth was higher than the minimum for germination and 

heterotrophic growth ( 7 ,3 4 ,6 6 ) .  Tillering, leaf appearance 

rate, leaf area development, root and top growth dry matter 

accumulation of crabgrass, big bluestem, Caucasian bluestem, 

indiangrass and switchgrass seedlings were dramatically reduced 

at 20 C compared to 25 and 30 C. The leaf elongation rate was 

maximal at 25 C for big bluestem and Caucasian bluestem and at 35 

C for the other grasses ( 3 7 ) .  A linear reduction in the root 

growth of pangolagrass (Digitaria decumbens Stent.) was
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