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ABSTRACT

VARIATION IN STOMATAL LENGTH AND FREQUENCY AND 
ITS RELATIONSHIP TO LEAF CHARACTERISTICS AND 

YIELD IN BROMUS INERMIS LEYSS.

by

TAN GBOK-YONG

Seven o c to p lo id  brom egrass v a r i e t i e s  w ere examined f o r  

th e  e x te n t  o f  v a r i a b i l i t y  i n  s to m a ta l  le n g th  and freq u en cy  and 

f o r  t h e i r  d i f f e r e n c e s  i n  s to m a ta l d i s t r i b u t i o n a l  p a t t e r n s .

S ig n i f ic a n t  d i f f e r e n c e s  were o b ta in e d  among v a r i e t i e s  f o r  

s to m a ta l le n g th  (;u) and freq u en cy  (mm ) on th e  a d a x ia l  and 

a b a x ia l  s u r f a c e s  and a t  f iv e  d i f f e r e n t  l e a f  p o s i t io n s  on th e  

culm . The v a r i e i t e s  'C a r lto n *  and 'B l a i r '  had more b u t s m a lle r  

s to m a ta , w hereas 'S a r a to g a ' and 'Red P a tc h ' had l a r g e r  b u t few er 

s to m a ta . S to m ata l le n g th  in c re a se d  w h ile  freq u en cy  d ec reased  

from th e  f i r s t  to  th e  t h i r d  le a v e s  and le v e le d  o f f  from th e  

t h i r d  to  th e  f i f t h  le a v e s  on th e  culm . The t i p  o f  th e  l e a f  had 

th e  l a r g e s t  b u t few est s to m a ta  w ith  th e  r e v e rs e  f o r  th e  b ase  o f  

th e  l e a f .  V a r ie ta l  d i f f e r e n c e s  in  s to m a ta l  le n g th  and freq u en cy  

were found m ainly  a s s o c ia te d  w ith  th e  c e n t r a l  p o s i t io n  o f  l e a f  

s u r f a c e s .

The r e l a t i v e l y  c o n s is te n t  d i f f e r e n c e s  among v a r i e t i e s  and 

among l e a f  p o s i t io n s  on th e  culm and on th e  in d iv id u a l  l e a f  

su g g ested  th a t  s to m a ta l le n g th  and freq u en cy  a re  l i k e l y  under 

g e n e tic  c o n t r o l .

v i i i



G en e tic  v a r i a t io n  i n  s to m a ta l le n g th  and freq u en cy  was 

in v e s t ig a te d  i n  10 p o s s ib le  s in g le  c ro s s e s  o f  a  h a l f - d i a l l e l  

c ro ss  in v o lv in g  f iv e  brom egrass g en o ty p es .

The d i a l l e l  a n a ly se s  in d ic a te d  a much h ig h e r  g e n e ra l 

com bining a b i l i t y  (GCA) v a lu e  th a n  th e  s p e c i f i c  com bining 

a b i l i t y  (SCA) f o r  a l l  c h a r a c te r s .  The SCA was n o t s ig n i f i c a n t  

f o r  any c h a r a c te r .  B e la t iv e ly  h ig h  n a rro w -sen se  h e r i t a b i l i t y  

e s tim a te s  were o b ta in e d  f o r  s to m a ta l le n g th  ( 0 . 5 3 ) aud freq u en ­

cy (0 .7*0  and f o r  o th e r  l e a f  c h a r a c te r s .  E s tim a te s  o f  SCA e f f e c t s  

showed p a re n t  5 to  be th e  b e s t  com biner f o r  s to m a ta l c h a r a c te r s ,  

l e a f  le n g th ,  w id th , a re a ,  and t i l l e r  d ry  w e ig h t.

N eg ativ e  and s ig n i f i c a n t  g en o ty p ic  c o r r e l a t io n s  were 

o b ta in e d  betw een s to m a ta l le n g th  and freq u en cy  o f  th e  same l e a f .  

The p h en o ty p ic  and g en o ty p ic  c o r r e la t io n s  o b ta in e d  betw een 

s to m a ta l c h a ra c te r s  and o th e r  t r a i t s  showed t h a t  s to m a ta l le n g th  

was p o s i t i v e ly  w h ile  s to m a ta l freq u en cy  n e g a tiv e ly  c o r r e la te d  

w ith  l e a f  le n g th ,  w id th , a re a , and t i l l e r  d ry  w e ig h t. These 

in d ic a te d  th a t  s e le c t io n  f o r  l a r g e r  and few er s to m a ta  shou ld  

ten d  to  r e s u l t  i n  lo n g e r  and w ider le a v e s  o f  l a r g e r  a re a s  and 

g r e a te r  t i l l e r  d ry  w e ig h t. The h ig h ly  s ig n i f i c a n t  n e g a tiv e  

g en o ty p ic  c o r r e la t io n  c o e f f i c i e n t  found f o r  s to m a ta l frequency  

( a b a x ia l )  and p la n t  d ry  w eigh t a ls o  in d ic a te d  t h a t  s e le c t io n  

f o r  d ec re a se d  s to m a ta l frequency  a t  th e  a b a x ia l  s u r f a c e  shou ld  

in c re a s e  th e  d ry  m a tte r  p ro d u c tio n  p e r  p l a n t .  However, such 

r e l a t io n s h ip  was n o t s ig n i f i c a n t  betw een s to m a ta l frequency  

and fo ra g e  y ie ld  i n  d r i l l e d  p l o t s .  No a s s o c ia t io n  seemed to



e x i s t  betw een p la n t  d ry  w eigh t and fo ra g e  y i e l d .

The f in d in g s  o f  h ig h  h e r i t a b i l i t y  e s t im a te s ,  la r g e  GCA 

and th e  c o r r e la t io n s  showed among s to m a ta l c h a ra c te r s  w ith  o th e r  

t r a i t s  a re  in d ic a t iv e  o f  g e n e tic  v a r i a b i l i t y  and r e la t io n s h ip s  

o f  th e  c h a r a c te r s .  T h e re fo re , s e le c t io n  f o r  h ig h , o r  f o r  low , 

s to m a ta l freq u en cy , and f o r  s i z e  o f  s to m ata  on th e  in d iv id u a l  

p la n t  would be p o s s ib le ,  and ra p id  re sp o n se  to  s e l e c t io n  would 

be expected  in  t h i s  p o p u la t io n .

x



PART I

VARIETAL DIFFERENCES IN STOMATAL LENGTH AND 

FREQUENCY AND THEIR RELATION TO OTHER CHARACTERS 

IN BROMUS INERMIS LEYSS.



INTRODUCTION

Stom ata a re  m ajor a p e r tu re s  f o r  th e  e x i t  and e n try  o f  gases  

in to  a  l e a f .  They r e g u la te  l o s s  o f  w a te r  and u p tak e  o f  carbon  

d io x id e  by le a v e s  (G a a s tra , 1959) t  and p ro v id e  ro u te s  f o r  in v a s io n  

o f  le a v e s  by p a th o g en s (R ich , 1963) and gaseous p o l lu ta n t s  

(M an sfie ld , 19 7 3 ). There i s  a lso  th e  p o s s i b i l i t y  t h a t  th e  two 

im p o rta n t p la n t  p ro c e s s e s ,  p h o to sy n th e s is  and t r a n s p i r a t io n ,  a re  

in f lu e n c e d  by s to m a ta l fre q u e n c y . A v a r ie ty  w ith  low s to m a ta l 

freq u en cy  and h ig h  t o t a l  l e a f  r e s i s ta n c e  to  w a te r  l o s s  was re p o r te d  

(H e ic h e l, 1971a) to  have f a s t e r  n e t  p h o to sy n th e s is  th a n  a  v a r ie ty  

w ith  h ig h  s to m a ta l freq u en cy  in  m aize . M iskin  e t  a l .  (1972) 

re p o r te d  t h a t  s to m a ta l freq u en cy  d id  n o t in f lu e n c e  th e  r a t e  o f  

p h o to s y n th e s is ,  b u t i t  in f lu e n c e d  s to m a ta l d i f f u s io n  r e s i s ta n c e s  

and t r a n s p i r a t io n  r a t e s .  They found th a t  l i n e s  o f  b a r le y  hav in g  

low s to m a ta l f re q u e n c ie s  had h ig h e r  s to m a ta l r e s i s ta n c e s ,  and 

t r a n s p i r e d  l e s s  w a te r  th a n  l i n e s  w ith  more s to m a ta . However, 

o th e r  w orkers re p o r te d  no r e l a t io n s h ip  betw een freq u en cy  o f  

s to m a ta  and p h o to sy n th e s is  (F re e la n d , 19^8) o r  t r a n s p i r a t io n  

(M uenscher, 1913). Low s to m a ta l freq u en cy  was a lso  found a s s o c ia te d  

w ith  g r e a te r  d ro u g h t to le r a n c e  in  b lu e  p a n ic g ra s s  (Dobrenz e t  a l . .  

1969) and w ith  im proved w in te r  h a rd in e s s  i n  American h o lly  

( I l e x  o p aca ) (K necht and O rto n , 1970). T h e re fo re , i n v e s t ig a t io n  

o f  th e  c o n tro l  o f  conductance o f  th e  l e a f  ep id e rm is  by th e  g e n e tic  

m a n ip u la tio n  o f  s to m a ta l le n g th  and freq u en cy  may be rew ard in g .

2
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REVIEW OF LITERATURE

V a r ia t io n  i n  s to m a ta l  s i z e  and freq u en cy  p e r  u n i t  a re a  

betw een and w ith in  s p e c ie s  has  been re p o r te d  by a  number o f  

in v e s t ig a to r s  (C o le  and D obrenz, 1970; H e ic h e l, 1971b; M iskin  

and Rasmusson, 1970; Shearman and B eard, 1972 and T eare , P e te rso n  

and Law, 1971)* C u l t iv a r s  o f  a l f a l f a  (C ole and D obrenz, 1970) 

and c lo n e s  o f  b lu e  p a n ic g ra s s  (Dobrenz e t  a l . , 1969) v a r ie d  

s ig n i f i c a n t l y  i n  s to m a ta l f req u e n c y . M iskin  and Rasmusson (1970) 

found th a t  s to m a ta l freq u en cy  v a r ie d  by 2- f o ld  among 6**-9 b a r le y  

c u l t i v a r s  from a  w orld  c o l l e c t i o n .  The c o n s is te n t  d i f f e r e n c e s  in  

s to m a ta l freq u en cy  found i n  th e  f i e l d  and greenhouse and th e  

s ig n i f i c a n t  d i f f e r e n c e s  o f  guard  c e l l  le n g th  among c u l t i v a r s  

su g g ested  th a t  th e s e  c h a r a c te r s  may be s u b je c t  to  g e n e tic  manipu­

l a t i o n  and th a t  a  s e le c t io n  program  f o r  h ig h  and low s to m a ta l 

frequency  would be e f f e c t i v e .

I n t r a p la n t  v a r i a t io n  in  s to m a ta l freq u en cy  has g e n e ra lly  

been observed  i n  a  number o f  s p e c ie s  (Dobrenz e t  a l . t 1969;

M iskin  and Rasmusson, 1970; Shearman and B eard , 1972; T eare  e t  a l . . 

1971* and and Dunn, 197*0. S to m ata l frequency  and d i s t r i b u t i o n  

v a r ie d  w ith  l e a f  p o s i t io n  and l e a f  s u r f a c e  (Hunt and C h r i s t i e ,

1969; M isk in  and Rasmusson, 1970; T eare  e t  a l . , 1971> and Tan and 

Dunn, 197**-). S to m ata l number d e c re a se d  p ro g re s s iv e ly  from th e  

f la g  to  low er le a v e s  i n  a l f a l f a  (C o le  and D obrenz, 1970), b a r le y  

(M iskin  and Rasmusson, 1970), brom egrass (Tan and Dunn, 197**-) and 

w heat (T eare  e t  a l . , 1971)• A re v e rs e  p a t t e r n  o f  s to m a ta l 

d i s t r i b u t i o n  was d em o n stra ted  in  b lu e  p a n ic g ra s s  (Dobrenz e t  a l . .

1969).
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S ig n i f ic a n t  d i f f e r e n c e s  were re p o r te d  i n  s to m a ta l  freq u en cy  

a t  th r e e  d i f f e r e n t  p o s i t io n s  on th e  same l e a f  i n  brom egrass (Tan 

and Dunn, 197*0 and in  wheat (T eare  e t  a l . ,  1971)» b u t n o t in  

b lu e  p a n ic g ra s s  (Dobrenz e t  a l . ,  1969).

The s to m a ta l freq u en cy  was r e p o r te d  to  be g r e a te r  on th e  

a d a x ia l  th a n  on th e  a b a x ia l  s u r f a c e  i n  a l f a l f a  (C ole and D obrenz,

1970), brom egrass (Tan and Dunn, 197*0» c re e p in g  b e n tg ra s s  

(Shearman and B eard, 1972) and w heat (T eare  e t  a l . ,  1971).

S im ila r  s to m a ta l f re q u e n c ie s  w ere r e p o r te d  on b o th  l e a f  s u r fa c e s  

f o r  b a r le y  (M isk in  and Rasmusson, 1970) w h ile  b lu e  p a n ic g ra s s  

(Dobrenz e t  a l . ,  1969) and m aize (H e ic h e l, 1971b) had h ig h e r  

s to m a ta l freq u en cy  on a b a x ia l  th a n  on th e  a d a x ia l  s u r f a c e .

S to m ata l le n g th  i n  b rom egrass was r e p o r te d  (Tan and Dunn, 

1973) to  be p o s i t iv e ly  c o r r e la te d  w ith  p lo id y  l e v e l  w hereas 

B tom atal freq u en cy  was in v e r s e ly  a s s o c ia te d  w ith  p lo id y .  The 

d i f f e r e n c e s  betw een p lo id ie s  were c o n s is te n t  a t  d i f f e r e n t  l e a f  

p o s i t io n s  on th e  culm and d i f f e r e n t  p o s i t io n s  on th e  in d iv id u a l  

l e a f  (Tan and Dunn, 197*0.

S to m ata l le n g th  on a d a x ia l  was found (Tan and Dunn, 197**-) 

to  be h ig h ly  c o r r e la te d  w ith  t h a t  on th e  a b a x ia l  s u r f a c e  f o r  a l l  

l e a f  p o s i t io n s  and b o th  p lo id y  l e v e l s  o f  b ro m eg rass. A s im i la r  

r e l a t io n s h ip  was a lso  found betw een s to m a ta l freq u en cy  on b o th  

l e a f  s u r f a c e s .  S to m ata l le n g th  and freq u en cy  w ere, on th e  o th e r  

hand, r e p o r te d  to  be n e g a tiv e ly  c o r r e la te d  w ith in  each p lo id y  

l e v e l .

The p rim ary  o b je c t iv e s  o f  th e  p r e s e n t  s tu d y  were

( a )  to  examine f u r th e r  th e  e x te n t o f  v a r i a b i l i t y  in  s to m a ta l
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le n g th  and freq u en cy  among seven  o c to p lo id  brom egrass v a r i e t i e s  

and t h e i r  d i f f e r e n c e s  i n  d i s t r i b u t i o n a l  p a t t e r n s ,  and

(b )  to  s tu d y  th e  r e l a t io n s h ip  betw een s to m a ta l c h a ra c te r s  and 

l e a f  le n g th ,  w id th , a r e a ,  and t i l l e r  d ry  w e ig h t.
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MATERIALS AND METHODS

The seven  o c to p lo id  brom egrass v a r i e t i e s  in v o lv ed  in  t h i s  

s tu d y  w ere as fo llo w s  : 'B l a i r '  (F .C .3 9 ,5 3 7 ), 'C a r l to n ' (F .C . 

**0,039), 'F o x ' (F .C .3 9 ,9 8 1 ) ,  'M anchar' (F .C .39,**7*0, 'S a c ' 

(F .C .38 , 981 ) ,  'S a r a to g a ' (F .C .38 ,4 4 6 ) , and 'Red P a t c h '.  The 

f i r s t  s ix  were o r ig i n a l l y  o b ta in e d  from th e  A g r ic u l tu r a l  R esearch  

S e rv ic e , USDA, B e l t s v i l l e ,  M aryland, and th e  l a s t  from th e  C e n tra l 

R esearch  Farm, O ttaw a, Canada. These v a r i e t i e s  were w e ll e s ta b ­

l i s h e d  and w ere s p a c e -p la n te d  to g e th e r  w ith  some s y n th e t ic s  in  

1989 in  a  random ized com plete b lo ck  w ith  fo u r  r e p l i c a t i o n s .

Each p lo t  c o n ta in ed  10 p la n t s  i n  each r e p l i c a t e .

Samples were ta k e n  from two r e p l i c a t i o n s .  F o r each v a r i e ty ,  

th r e e  p la n t s  were random ly s e le c te d  from each r e p l i c a t e  f o r  exam­

in a t io n  o f  s to m a ta l and l e a f  c h a r a c t e r i s t i c s .  A t o t a l  o f  s ix  

p la n t s  were m easured from each o f  th e  seven  v a r i e t i e s .  Sam pling 

was s t a r t e d  ap p ro x im a te ly  June 20, 1972 when a n th e s is  began .

One culm was ta k e n  from each p l a n t .  F iv e  le a v e s  w ere sampled 

from each culm : L1 to  L5» where L1 d e s ig n a te s  f i r s t  l e a f ,  L2 th e  

second , L3 th e  t h i r d ,  L4 th e  f o u r th  and L5 th e  f i f t h  l e a f  below 

th e  p a n ic le .  Each l e a f  was m easured f o r  le n g th ,  w id th  and a r e a .  

L eaf w id th  was m easured a t  th e  w id e s t p a r t  o f  th e  b la d e  and le n g th  

was m easured from th e  b ase  to  th e  t i p .  L eaf a r e a  was o b ta in e d  by 

t r a c in g  l e a f  o u t l in e s  on p a p e r , th e n  ta k in g  p la n im e te r  m easure­

m ents o f  th e  t r a c i n g s .  A 2 - cm lo n g  s e c t io n  was sam pled from th e  

c e n te r  o f  each l e a f  and p re p a re d  f o r  s to m a ta l m easurem ents. For 

L1, th e  t i p  and b ase  s e c t io n s  were a lso  in c lu d e d . The s e c t io n s
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w ere b o ile d  i n  70& a lc o h o l f o r  30 m in, th e n  c le a re d  and so f te n e d  

i n  90# l a c t i c  a c id  a t  60°C a cc o rd in g  to  C la r k 's  method (C la rk ,

1960) w ith  s l i g h t  m o d if ic a t io n .  The l e a f  sam ples were w hole- 

mounted on to  a  s l i d e  i n  90# l a c t i c  a c id  w ith o u t rem oving ep id e rm a l, 

m esophyll and v a s c u la r  t i s s u e .

The sam ples w ere examined m ic ro s c o p ic a lly  w ith  th e  a id  o f  an 

o c u la r  m icro m eter. Length o f  guard  c e l l s  was m easured f o r  f iv e

s to m a ta  from th e  c e n te r  s e c t io n  o f  each o f  th e  f iv e  le a v e s ,  and
2

on f iv e  m ic ro sco p ic  f i e l d s ,  each one mm , th e  number o f  s to m a ta  

was de term ined  f o r  each l e a f  s u r f a c e .  The b ase  and t i p  s e c t io n s  

o f  L1 were examined i n  th e  same m anner.

Four t i l l e r s  w ere sam pled from each p la n t  f o r  th e  d e te rm in a ­

t i o n  o f  d ry  w eight p e r  t i l l e r  by oven d ry in g  f o r  2k h r  a t  100°C.

In  s t a t i s t i c a l  a n a ly s e s ,  a l l  f a c to r s  were co n s id e red  to  be 

f ix e d  r a th e r  th a n  random ex cep t v a r i e t y .  The v a r i e t i e s  were 

c o n s id e red  a random sam ple from a r e s t r i c t e d  p o p u la tio n  o f  smooth 

brom egrass because  th ey  had n o t been p re v io u s ly  s e le c te d  f o r  

s to m a ta l c h a r a c te r s .  In  th e  a n a ly se s  o f  v a r ia n c e  (T ab les  1, ^ 

and 6 ) ,  r e p l i c a t i o n ,  v a r ie ty  and v a r ie ty  x l e a f  ( o r  v a r ie ty  x 

p o s i t io n )  were t e s t e d  a g a in s t  e r r o r ,  w hereas l e a f  (o r  p o s i t io n )  

was t e s t e d  a g a in s t  v a r i e ty  x  l e a f  ( o r  v a r ie ty  x p o s i t i o n ) .

The v a r i e t a l  means w ere t e s t e d  acco rd in g  to  T ukey 's  w -p roce- 

d u re  (h sd ) ( S te e l  and T o r r ie ,  1 9 6 0 ). S im ple c o r r e la t io n  c o e f f i ­

c i e n t s  were computed among c h a r a c te r s .
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RESULTS AND DISCUSSION

S to m ata l C h a ra c te rs

An a n a ly s is  o f  v a r ia n c e  f o r  s to m a ta l  le n g th  and freq u en cy  

f o r  a l l  v a r i e t i e s  (T ab le  1) in d ic a te d  h ig h ly  s ig n i f i c a n t  (P<C0.001) 

v a r i e t a l  d i f f e r e n c e s  in  s i z e  and freq u en cy  o f  s to m ata  on bo th  l e a f  

s u r f a c e s .  S to m ata l le n g th  and freq u en cy  a t  f iv e  l e a f  p o s i t io n s  on 

th e  culm a lso  d i f f e r e d  s ig n i f i c a n t l y  ( P < 0 .0 0 1 ) .  The h ig h ly  

s ig n i f i c a n t  i n t e r a c t io n s  (P < 0 .0 1  and P < 0 .0 0 1 )  betw een v a r ie ty  

and l e a f  p o s i t io n  in d ic a te d  th a t  th e  d i f f e r e n c e s  among th e  seven  

v a r i e t i e s  in  s to m a ta l le n g th  and s to m a ta l freq u en cy  were no t th e  

same a t  th e  f iv e  l e a f  p o s i t io n s  on th e  culm.

Mean s to m a ta l le n g th  a t  each l e a f  p o s i t io n  f o r  th e  seven  

v a r i e t i e s  a re  p re se n te d  in  T able 2 .  On th e  a d a x ia l  s u r fa c e  o f  L1, 

f o r  in s ta n c e ,  s to m a ta l le n g th s  ranged  from 48 to  57 ;u* from 

48 to  58 ;u on th e  a d a x ia l  s u r f a c e .  In  g e n e ra l ,  'C a rlto n *  and 

'B la ir*  had c o n s is te n t ly  s h o r te r  s to m a ta  a t  d i f f e r e n t  p o s i t io n s  on 

culm, and 'S a r a to g a ' and 'Red P a tc h ' had s ig n i f i c a n t ly  lo n g e r  

s to m a ta  among th e  v a r i e t i e s  exam ined.

At e i t h e r  l e a f  s u r f a c e ,  th e  low er le a v e s  on th e  culm had 

s ig n i f i c a n t l y  lo n g e r  s to m a ta  th a n  d id  th e  upper le a v e s  (T ab le  2 ) .  

D if fe re n c e s  o f  s to m a ta l le n g th  among th e  th re e  low er le a v e s ,  L3,

L4 and L5, were n o n - s ig n i f ic a n t ,  w hereas s to m a ta l le n g th  o f  th e  

th re e  le a v e s  d i f f e r e d  s ig n i f i c a n t l y  from th a t  o f  L1 and L2.

Again, L2 had s l i g h t l y  lo n g e r  s to m a ta  th a n  L1, bu t th e  d i f f e r e n c e  

was s t a t i s t i c a l l y  s ig n i f i c a n t  f o r  th e  a b a x ia l s u r fa c e  o n ly .

V a r ie ta l  d i f f e r e n c e s  were a p p a ren t in  freq u en cy  o f  s to m a ta  

a t  d i f f e r e n t  l e a f  p o s i t io n s  on th e  culm (T ab le  3* F ig s .  1 and 2 ) .



Table 1 . A nalysis o f variance fo r  stom atal ch a rac te rs  a t  f iv e  le a f  p o s itio n s  

on culm o f seven v a r ie t ie s  o f bromegrass.

Source d f

Mean Squares

Stom atal Length (ji)
_ 2

Stomatal Frequency (mm )

Adaxial Abaxial Adaxial Abaxial

R ep lica tion 1 14.301* 16.914** 68 .864** 9.413

V arie ty  (V) 6 64 . 546*** 91.394*** 483.477*** 409.953***

Leaf (L) 4 342.918*** 320.450*** 2825.849*** 617.078***

V x L 24 5.223** 5.283*** 36.548*** 38.O4O***

E rro r 34 1.943 1.468 6.757 7.064

* P < 0 .0 5 j ** P C 0 .0 1 ; *** P C 0.001 .



T able 2 . Mean s to m a ta l le n g th  (^i) i n  seven  v a r i e t i e s  o f  Bromus in e rm is  i n  r e l a t i o n  
to  th e  a d a x ia l and a b a x ia l  s u r fa c e s  f o r  f iv e  l e a f  p o s i t io n s  on th e  culm* /

L eaf p o s i t io n s  on culm
V&ri673L6o

L1 L2 L3 L4 B5

B la ir 49.1 b* 52.1 c
A daxial 
5 9 .3  ab 6 0 .0  b 61 .7 ab

C a r lto n 4 8 .5  b 5 1 .0  c 5 6 .0  b 6 1 .3  ab 59 .2 b
Fox 3 0 .2  ab 53.1  be 56 .5  b 6 1 .2  ab 61 .9 ab
Manchar 5 3 .4  ab 5 8 .0  ab 6 2 .7  ab 62.1  ab 65 .3 a
Bed P a tch 5 4 .3  ab 5 9 .3  a 64 .5  a 64 .8  ab 64 .8 a
Sac 50 .5  ab 5 3 .6  be 63 .6  a 64 .6  ab 63 .3 ab
S a ra to g a 5 7 .0  a 5 7 .3  ab 6 4 .0  a 65 .6  a 61 .6 ab

Mean 51 .9  B 54 .9  B 60 .9  A 62 .8  A 62 .5 A

B la i r 4 8 .5  d 54.1 cd
A baxial 
60.1  abc 6 0 .9  be 6 2 .4 ab

C a rlto n 48.1 d 5 0 .5  e 5 6 .6  c 5 9 .4  c 57.1 b
Fox 50.1  cd 5 3 .6  cd 58.1 be 5 9 .6  c 61.1 ab
Manchar 54.1 b 5 7 .4  b 63 .9  ab 61 .4  be 62 .9 ab
Bed P a tch 5 4 .0  b 5 9 .9  a 6 5 .6  a 66.1  a 64 .0 a
Sac 5 2 .3  be 5 4 .5  c 6 4 .2  ab 66.1  a 66 .4 a
S a ra to g a 5 8 .0  a 6 0 .2  a 6 5 .9  a 64 .7  ab 63.1 a

Mean 5 2 .2  C 5 5 .7  B 62.1 A 6 2 .6  A 62 .4 A

* Means n o t fo llow ed  by l e t t e r s  i n  common (low er ca se  -  colum ns, upper ca se  -  rows) 
a re  s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  o f  p r o b a b i l i ty ,  acco rd in g  to  T ukey 's  
w -procedure (had)*

/  Each v a lu e  i s  th e  mean o f  30 stom ata*
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On th e  a d a x ia l  s u r f a c e  o f  L1 (T ab le  3 and Fig* 1 ) ,  th e  seven  

v a r i e t i e s  co u ld  be s e p a ra te d  in to  fo u r  d i s t i n c t  groups w ith  s ig ­

n i f i c a n t l y  d i f f e r e n t  s to m a ta l f re q u e n c ie s*  Comparing th e  two 

extrem e g ro u p s, 'C a r lto n *  had 3<$ more s to m a ta  th a n  'S a ra to g a * .

On th e  a b a x ia l  s u r f a c e  o f  L1 (T ab le  3 and f ig *  2 ) ,  'B l a i r '  had 

tw ice  as  many s to m a ta  as 'M anchar'*  With a  few e x c e p tio n s , 

'C a r l to n ' and 'B l a i r '  had th e  h ig h e s t  s to m a ta l freq u en cy  a t  d i f ­

f e r e n t  l e a f  s u r f a c e s  and p o s i t io n s  on culm, w hereas 'M a n ch a r ',

'Red Patch* and 'S a r a to g a ' had th e  lo w e s t.  The a d a x ia l  s u r fa c e  

had c o n s is t e n t ly  more s to m a ta  th a n  th e  a b a x ia l  s u r f a c e  o f  th e  same 

l e a f  a t  a  co rre sp o n d in g  p o s it io n *

S to m ata l freq u en cy  d e c lin e d  s h a rp ly  from th e  f i r s t  (L1) to  

th e  t h i r d  (L3) l e a f  on th e  culm and le v e le d  o f f  below th e  t h i r d  

l e a f  (F ig s*  1 and 2 ) .  T h e re fo re , th e  freq u en cy  o f  s to m a ta  o f  th e  

th r e e  u p p er le a v e s  (L1 -  L3) w ere s ig n i f i c a n t l y  a f f e c te d  by l e a f  

p o s i t io n  on th e  culm . P o s i t io n a l  e f f e c t  p lay ed  a  l e s s  s ig n i f i c a n t  

r o le  on th e  lo w er le a v e s  (L3 -  L 5 ).

From th e  a n a ly s is  o f  v a r ia n c e  (T ab le  40, i t  was de term ined  

th a t  v a r i e t a l  d i f f e r e n c e s  i n  s to m a ta l le n g th  and freq u en cy  a t  

th r e e  p o s i t io n s  on b o th  l e a f  s u r f a c e s  o f  L1 were h ig h ly  s ig n i f i c a n t  

( P < 0 .0 0 1 ) .  V a r ia t io n  due to  p o s i t io n a l  e f f e c t  on th e  in d iv id u a l  

l e a f  was a lso  s ig n i f i c a n t  (P<C0«001). I n te r a c t io n s  between 

v a r i e t i e s  and p o s i t io n s  on a l e a f  w ere s ig n i f i c a n t  a t  P « 5 * 0 5  f o r  

s to m a ta l le n g th  and a t  P<C0.001 f o r  s to m a ta l freq u en cy  on e i t h e r  

l e a f  s u r f a c e .

Mean s to m a ta l  le n g th s  and f re q u e n c ie s  a t  th r e e  p o s i t io n s  o f  

L1 w ere shown i n  T ab le  3* V a r ie ta l  d i f f e r e n c e s  i n  s to m a ta l le n g th



—2T able 3* Mean s to m a ta l frequency  (mm ) in  seven  v a r i e t i e s  o f  Bromus in e rm is  in  
r e l a t i o n  to  th e  a d a x ia l  and a b a x ia l  s u r f a c e s  f o r  f iv e  l e a f  p o s i t io n s  
on th e  culm* /

Tf as
L eaf p o s i t io n s  on culm

V 8TX6116S
L1 L2 L3 L4 L5

B la i r 9 0 .9  a* 69 .5  ab
A daxial 

53 .9  a 51.1 a 48.1 ab
C a r lto n 9 2 .6  a 7 8 .6  a 5 6 .7  a 4 6 .5  ab 53-6 a
Fox 79*7 b 64 .2  abc 5 6 .2  a 4 8 .2  a 4 3 .3 abc
Manchar 70 .7  c 5 1 .0  c 4 2 .2  b 4 3 .9  ab 35 .7 c
Bed P a tch 7 0 .5  c 5 4 .4  c 4 1 .0  b 3 8 .7  b 3 8 .7 be
Sac 71 .7  c 6 5 .4  abc 48.1 ab 4 5 .7  ab 4 6 .4 abc
S a ra to g a 64 .6  d 55.1 be 4 6 .0  ab 37 .9  b 4 4 .5 abc

Mean 7 7 .2  A 6 2 .6  B 4 9 .2  C 4 4 .6  C 4 4 .3 C

B la i r 64 .7  a 53.1 a

A baxial 

4 1 .9  a 4 1 .2  a 3 9 .0 a
C a rlto n 4 7 .5  be 4 4 .3  ab 3 3 .8  ab 34.1 ab 3 9 .0 a
Fox 4 3 .0  cd 4 2 .8  ab 3 6 .7  ab 3 2 .6  ab 31.1 ab
Manchar 3 2 .4  d 2 7 .9  c 2 5 .2  b 2 9 .5  b 29 .9 b
Red P a tch 4 5 .2  c 35 .9  be 2 7 .7  b 27 .2  b 29.1 b
Sac 5 9 .5  ab 4 8 .0  a 3 4 .3  ab 3 0 .5  b 3 2 .6 ab
S a ra to g a 38 .4  cd 3 3 .0  be 2 8 .8  b 2 8 .0  b 3 3 .6 ab

Mean 4 7 .2  A 4 0 .7  AB 3 2 .6  C 31.9  c 3 3 .5 BC

* Means n o t fo llow ed  by l e t t e r s  i n  common (low er ca se  -  colum ns, upper ca se  -  row s) 
a re  s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  3# le v e l  o f  p r o b a b i l i ty ,  a cco rd in g  to  T ukey 's  
w -procedure (h e d ) .

/  Each v a lu e  i s  th e  mean number o f  s to m ata  from 30 m icro sco p ic  f ie ld s *



A
D

A
X

IA
L 

ST
O

M
A

T
A

L
 

FR
E

Q
U

EN
C

Y
 

(N
O

./
M

M
2

)

13

!00

90  -

80  -

7 0  -

6 0  -

50 -

4 0  -

3 0  -

F ig .  1

b i a i r

— CARLTON

FOX

MANCHAR

RED PATCH

SAC

SARATOGA

W\ \

— I--------------------- 1----------------- :—|-------------------1--------------------- 1----
L I  L2 L3 L4 L5

LEAF P O S IT I O N  ON CULM

_2
D is t r ib u t io n  o f  a d a x ia l  s to m a ta l  freq u en cy  (mm ) a t  
f iv e  p o s i t io n s  on th e  culm f o r  sev en  v a r i e t i e s  o f  
Bromus in e rm is . T u k ey 's  5# LSE f o r  seven  means i n  
a  com parison i s  in d ic a te d  above each s e t  o f  sev en  
v a r i e t i e s .



A
B

A
X

IA
L

 
ST

O
M

A
T

A
L

 
FR

E
Q

U
E

N
C

Y
 

{
N

O
./

M
M

2
)

70  -

60  -

5 0  -

-40 -

3 0  -

20  -

t

BLAIR

CARLTON

FOX

MANCHAR 

RED PATCH

SAC

SARATOGA

O-

“O,.

:-o~*o-.

•cr

—r~
L 5

T “ 
L I

T “
L 2

T "
L 3

~r~
L 4

LEAF P O S I T I O N  O N  C UL M
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Table 4 . A nalysis o f variance fo r  stom atal ch a rac te rs  from th ree  le a f

p o s itio n s  on the f i r s t  l e a f  (Ll) o f seven v a r ie t ie s  o f bromegrass.

Source df

Mean Squares

Stomatal Length û) —2Stomatal Frequency (mm )

Adaxial Abaxial Adaxial Abaxial

Replication 1 7.628 1.70A 45.739 10.162

Variety (V) 6 26.902*+* 33.674*** 346.329*** 282.531***

Position (P) 2 151.873*** 127.897*** 5759.430*** 886.979**

V x P 12 A.615* 4.349* 89.166*** 111.338***

Error 20 2.005 1.561 13.627 14.569

* P C 0 .05 ; ** PCO .O lj *** P C 0.001 .
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w ere found m ainly  a s s o c ia te d  w ith  th e  c e n t r a l  p o s i t io n  o f  l e a f  

su rfa c e s*  D if fe re n c e s  i n  s to m a ta l le n g th  among v a r i e t i e s  were 

n o n - s ig n i f ic a n t  a t  th e  t i p  p o s i t io n  on b o th  s u r f a c e s  and th e  b a s a l  

p o s i t io n  on a b a x ia l su rfa c e *  The t i p  o f  l e a f  had th e  l a r g e s t  

s to m a ta , and th e  base  th e  s m a l le s t .

S to m ata l frequency  was s i g n i f i c a n t l y  d i f f e r e n t  a t  th r e e  

p o s i t io n s  o f  L1 on th e  a d a x ia l  l e a f  s u r f a c e ,  w ith  th e  b ase  hav in g  

th e  m ost, th e  c e n te r  in te rm e d ia te  and th e  t i p  th e  l e a s t  s to m a ta  

p e r  mm l e a f  a re a  (T ab le  5 ) .  At th e  a b a x ia l  s u r f a c e ,  th e  d i f f e r ­

ences in  s to m a ta l frequency  betw een t i p  and c e n te r  was non­

s i g n i f i c a n t ,  b u t bo th  d i f f e r e d  s i g n i f i c a n t l y  from th e  b a s a l  

p o s i t io n  o f  th e  l e a f .

L eaf Dim ension and T i l l e r  Dry Weight

S ig n i f i c a n t  v a r i e t a l  d i f f e r e n c e s  (P < 0 .0 0 1 )  i n  l e a f  le n g th ,  

w id th  and a re a  f o r  le a v e s  a t  f iv e  p o s i t io n s  on th e  culm a re  i n d i ­

c a te d  in  T able 6 * Leaves a t  d i f f e r e n t  p o s i t io n s  w ere a lso  s i g n i f ­

ic a n t ly  d i f f e r e n t  (P < 0 .0 0 1 )  i n  le n g th ,  w id th  and a r e a .  The 

v a r i e t y - l e a f - p o s i t i o n  i n t e r a c t io n  was, how ever, n o t s i g n i f i c a n t  

f o r  any l e a f  c h a ra c te r  which in d ic a te d  t h a t  a l l  v a r i e t i e s  hav in g  

th e  s m a lle s t  l e a f  a re a  o f  L1 a re  l i k e l y  to  have s m a lle r  l e a f  a re a s  

a t  o th e r  p o s i t io n s  on th e  culm .

T ab le s  7« 8 and 9 show mean com parisons o f  le n g th ,  w id th  and 

a re a  o f  f iv e  le a v e s  on th e  culms o f  seven  v a r i e t i e s ,  r e s p e c t iv e ly .  

The v a r ie ty  'Red P a tc h ' c o n s is te n t ly  had th e  lo n g e s t  and w id es t 

l e a f  and th e  l a r g e s t  l e a f  a re a  o f  th e  seven  v a r i e t i e s ,  fo llo w ed  

by 'S a r a to g a ' .  For L1, 'Red P a tc h ' e x h ib i te d  about 30# lo n g e r  

l e a f ,  35% w id er l e a f  and o v e r 30% g r e a te r  l e a f  a re a  th a n  'C a r l t o n ' .



—2S ab le  5* Mean s to m a ta l le n g th  (;u) and frequency  (mm ) i n  seven v a r i e t i e s  o f  Bromus in e rm is
in  r e l a t i o n  to  th e  a d a x ia l  and a b a x ia l  s u r fa c e s  f o r  th r e e  p o s i t io n s  on th e  f i r s t  le a f*

V a r ie t ie s
L e a f-b la d e  p o s i t io n L e a f-b la d e  p o s i t io n

Tip C en te r Base Tip C en te r Base

B la i r 54.1 a*

S tom ata l ^ n g th ^ C u )
A daxial

49.1 b 4 5 .2  c

S tom atal Freq 

4 6 .6  ab 9 0 .9  a

.^(mm“ ^) 

105.1 a
C a rlto n 51 .7  a 48 .5  b 4 9 .2  abc 5 8 .4  a 9 2 .6  a 8 8 .6  ab
Fox 5 4 .4  a 50 .2  ab 4 7 .4  abc 4 8 .5  ab 7 9 .7  b 9 8 .3  ab
Manchar 56.1  a 53 .** ab 5 0 .3  ab 4 0 .4  b 70 .7  c 78.1 b
Bed P atch 5 7 .5  a 5 4 .3  ab 50 .2  ab 4 5 .9  b 7 0 .5  c 7 7 .2  b
Sac 5 6 .4  a 50 .5  ab 4 6 .8  be 4 8 .2  ab 7 1 .7  c 8 4 .9  ab
S a ra to g a 5 6 .4  a 5 7 .0  a 5 1 .2  a 5 0 .3  ab 64 .6  d 79 .8  b

Mean 5 5 .2  A 51 .9  AB 4 8 .6  B 4 8 .3  C 7 7 .2  B 8 7 .4  A

B la i r 54 .9  a 4 8 .5  d
A baxial

4 6 .4  a 4 1 .9  a 64 .7  a 7 5 .4  a
C a r lto n 5 1 .3  a 48.1 d 48 .8  a 5 1 .0  a 4 7 .5  be 5 6 .4  d
Fox 5 3 .6  a 50.1  cd 47.1  a 5 2 .4  a 4 3 .0  cd 5 8 .9  cd
Manchar 5 6 .5  a 54.1 b 5 1 .3  a 41 .8  a 3 2 .4  d 5 3 .0  d
Bed P a tch 56 .8  a 5 4 .0  b 4 9 .7  a 5 5 .2  a 4 5 .2  c 65 .6  be
Sac 5 6 .2  a 5 2 .3  be 48 .8  a 5 5 .2  a 59 .5  ab 7 3 .2  ab
S a ra to g a 57.1 a 5 8 .0  a 5 2 .0  a 5 7 .0  a 3 8 .3  cd 5 4 .4  d

Mean 55 .2  A 52 .2  AB 4 9 .2  B 5 0 .7  B 4 7 .2  B 6 2 .4  A

* Means n o t fo llow ed  by l e t t e r s  i n  common (low er ca se  -  colum ns, u pper ca se  -  row s) a re  
s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  5& le v e l  o f  p r o b a b i l i ty  acco rd in g  to  S u k ey 's  w -p ro ced u re .

/  Each v a lu e  i s  th e  mean o f  30 s to m a ta .
£  Each v a lu e  i s  th e  mean number o f  s to m a ta  from 30 m ic ro sco p ic  f i e l d s .



Table 6 . A nalaysis o f variance fo r  the le a f  ch a rac te rs  o f fiv e  

leaves on th e  culms of seven v a r ie t ie s  o f bromegrass.

Source d f

Mean Squares

Leaf Dimension

Length
(cm)

Width
(mm)

Area 
(cm )

R eplication 1 0.862 1.032 0.003

V arie ty  (V) 6 49.944*** 30.514*** 214.579***

Leaf (L) 4 122.453*** 80.437*** 502.270***

V x L 24 1.113 1.130 4.544

E rro r 34 1.436 0.742 3.575

*** P C 0.001.

00



T able 7 .  Mean l e a f  le n g th  (cm) o f  f i v e  le a v e s  on th e  culms o f  sev en  v a r i e t i e s
o f  Bromus in e r m is . ^

V a r ie t ie s
L eaf p o s i t io n s  on culm

L1 L2 L3 L4 I»5

B la i r 1 5 .8  be* 2 0 .7  ab 2 2 .5  be 2 2 .3  ab 20.1  ab

C a r lto n 1 4 .3  c 17-0  b 2 2 .0  c 2 0 .2  b 17 .9  b

Fox 17*6 abc 24.1 ab 2 6 .3  ab 25 .9  a 2 4 .6  a

Manchar 17-7  abc 2 4 .5  a 2 6 .2  ab 25 .8  a 2 4 .2  a

Red P a tch 20 .2  a 2 5 .9  a 26 .9  a 2 5 .7  a 25 .1  a

Sac 17.1 abc 22 .7  ab 2 4 .4  abc 2 4 .4  ab 2 3 .3  a

S a ra to g a 18.1  ab 2 3 .5  ab 25*5 abc 2 4 .4  ab 2 1 .9  ab

Mean 17 .3  B 2 2 .6  A 24 .8  A 24.1  A 2 2 .4  A

* Means not fo llo w ed  by l e t t e r s  in  common (lo w er  c a se  -  colum ns, upper c a se  -
row s) are s ig n i f i c a n t ly  d i f f e r e n t  a t th e  5#  l e v e l  o f  p r o b a b il i ty ,  accord in g
to  T ukey's w -procedure (h s d ) .

/  Each v a lu e  i s  th e  mean o f  6 le a v e s .



T able 8 .  Mean l e a f  w idth  (mm) o f  f i v e  le a v e s  on th e  culms o f  sev en  v a r i e t i e s
o f  Bromus in e r m is . ^

V a r ie t ie s
L eaf p o s i t io n s  on culm

L1 L2 L3 L4 L5

B la i r 6 .4  b* 7.1  b 11 .5  be 11.1  cd 10 .5  be

C a rlto n 5 -7  b 8 .9  ab 10 .4  c 1 0 .0  d 9 .3  c

Fox 6 .7  ab 1 0 .0  ab 11 .4  c 11.1  cd 11 .2  abc

Manchar 6 .9  ab 10 .7  ab 11 .8  be 11 .9  bed 1 2 .0  abc

Bed P a tch 8 .7  a 13 .4  a 1 5 .7  a 15 .9  a 1 4 .0  a

Sac 7 .8  ab 12 .6  a 14 .9  ab 1 5 .0  ab 12 .9  ab

S a ra to g a 6 .9  ab 11 .8  ab 13 .9  abc 14 .2  abc 12 .7  ab

Mean 7 .0  B 1 0 .6  A 12.8  A 12 .7  A 11.8  A

* Means not fo llo w ed  by l e t t e r s  in  common (lo w er  c a se  -  colum ns, upper c a se  -
row s) are s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  5% l e v e l  o f  p r o b a b il i ty ,  accord in g
to  T ukey's w -procedure (h s d ) .

/  Each v a lu e  i s  th e  mean o f  6 l e a v e s .



2
T able 9* Mean l e a f  area  (cm ) o f  f i v e  le a v e s  on th e  culms o f  sev en  v a r i e t i e s

o f  Bromas in e r m is . ^

V a r ie t ie s
Leaf p o s i t io n s  on culm

L1 L2 L3 L4 L5

B la i r 7 .9 6  b* 15.58 b 19.45  be 19.16  be 17.19 be

C a rlto n 7.01  b 14 .34  b 17.74  c 16.28  c 13 .44  c

Fox 9 .4 3  b 18 .84  b 23.49  be 23 .10  abc 21 .63  ab

Manchar 9 .9 8  b 19.38 b 24 .80  be 25 .09  abc 23 .56  ab

Bed P a tch 14.91 a 29*28 a 34 .16  a 32 .90  a 29 .23  a

Sac 10.46  ab 20.81  b 27.08  ab 26 .46  abc 23 .43  ab

S a ra to g a 11 .03  ab 21 .66  b 28 .43  ab 27.19  ab 21 .59  b

Mean 10.11 B 19.99  A 25 .02  A 24.31 A 21 .44  A

* Means not fo llo w ed  by l e t t e r s  in  common (lo w er  c a se  -  colum ns, upper c a se  -
rows) are s ig n i f i c a n t ly  d i f f e r e n t  a t th e  5# l e v e l  o f  p r o b a b il i ty ,  accord in g
to  T ukey's w -procedure (h s d ) .

/  Each v a lu e  i s  th e  mean o f  6 l e a v e s .
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A verages f o r  l e a f  le n g th ,  w id th  and a re a  o f  th e  seven  v a r i e t i e s  

shoved t h a t  L1 was s ig n i f i c a n t l y  s m a lle r  th a n  th e  o th e r  le a v e s  

on th e  calm .

Mean a re a  p e r  l e a f  o f  th e  seven  v a r i e t i e s  in c re a se d  from L1 

to  L3 w ith  th e  L1 hav in g  about kOfa th e  a re a  o f  L3* From L3 down* 

w ard, a re a  p e r  l e a f  d e c rea se d  g ra d u a lly  b u t th e  d i f f e r e n c e s  among 

L2 , L3 , IA and L5 were n o n - s ig n i f ic a n t  a t  th e  5#  hsd t e s t .

T i l l e r  d ry  w eigh t and y ie ld  p e r  h e c ta r e  a re  shown i n  T ab le  10. 

'Bed P a t c h ',  to g e th e r  w ith  'S a r a to g a ',  e x h ib ite d  th e  h ig h e s t  av e r­

age t i l l e r  d ry  w eigh t end 'B l a i r '  and 'F o x ' th e  lo w e s t.  'S a r a to g a ' 

o u t-y ie ld e d  'F o x ' by alm ost tw o -fo ld  on a  p e r  t i l l e r  b a s i s .  

'C a r l t o n ' ,  'M anchar' and 'S a c ' w ere in te rm e d ia te  in  d ry  w eigh t p e r  

t i l l e r ,  and w ere n o t s ig n i f i c a n t l y  d i f f e r e n t  from th e  two extrem e 

g ro u p s.

There was no c o r r e la t io n  ( r  -  -0 .0 7 7 )  betw een d ry  w eight p e r  

t i l l e r  and y ie ld  p e r  h e c ta r e .  'B l a i r '  and 'F o x ',  which had th e  

lo w est d ry  w eigh t p e r  t i l l e r ,  were among th e  h ig h e s t  y ie ld in g  

v a r i e t i e s  (T ab le  1 0 ) . The r e l a t i v e l y  low d ry  w eigh t p e r  t i l l e r  

f o r  th e  two v a r i e t i e s  may have been com pensated f o r  by p ro d u c in g  

more t i l l e r s  p e r  p l a n t .  Number o f  t i l l e r s  p e r  p la n t  was n o t 

examined in  th e  p r e s e n t  s tu d y .

I n te r r e l a t i o n s h ip  o f  C h a ra c te rs

C o r r e la t io n  c o e f f i c i e n t s  among mean v a lu e s  f o r  s to m a ta l c h a r­

a c t e r s ,  l e a f  d im ensions o f  L1 and t i l l e r  d ry  w eight f o r  th e  seven  

v a r i e t i e s  a re  p re se n te d  i n  T able 11 . L x f ,  th e  p ro d u c t o f  

s to m a ta l g u a rd -c e l l  le n g th  (L) and freq u en cy  ( f ) ,  a  c h a ra c te r  

which i s  r e l a t i v e l y  com parable to  1 x f  ( th e  t o t a l  p o re  opening



T able 10 . T i l l e r  d ry  w eight and y ie ld  o f  seven  b ro o e g ra ss  v a r i e t i e s

V a r ie t ie s
Dry wt 

p e r  
t i l l e r  

(g )

Y ie ld^  ( to n s /h a )

1970 1971 1972 Avg

B la i r 2 .3 2 2  b* 8 . 1*8 a 7.71* a 5 .6 2  a 7 .2 8  a

C a rlto n 2 .594  ab 7 .98  a 6 .99  a l*.91 a 6 .6 2  a

Fox 1 . 811* b 7 .68  a 7 .5 0  a 4 .9 3  a 6 .7 0  a

Manchar 2.1*89 ab 6 .8 6  a 6 .8 3  a 4 .3 8  a 6 .0 2  a

Red P a tch 3.551* a - - - -

Sac 2 . 91*0 ab 3 .9 7  b 7 .2 5  a 5 .08  a 5 .4 3  a

S a ra to g a 3 .565 a 8 .7 6  a 7.71* a 4 .6 7  a 7 .0 5  a

* Means n o t fo llow ed  by l e t t e r s  i n  common a re  s ig n i f i c a n t ly  d i f f e r e n t  a t  th e  
5# l e v e l  o f  p r o b a b i l i ty ,  acco rd in g  to  T ukey 's  w -procedure (h s d ) .

/  Each v a lu e  i s  th e  mean o f  24 t i l l e r s .
£  Each v a lu e  i s  th e  mean o f  4 r e p l i c a t io n s .
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per u n it l e a f  area) was a lso  included.

Length o f  stomata on the adaxial and length  on the abaxial 

surface o f L1 o f the seven v a r ie t ie s  were p o s it iv e ly  correlated  

(P < 0 .0 1 ) .  The stom atal frequencies on the adaxial and abaxial 

su rfaces o f  L1 were also  p o s it iv e ly  correlated  (P -< 0 .01 ).

Stomatal len gth  and frequency were n egatively  correlated  on the 

adaxial (P < 0 .0 1 )  and abaxial (P < 0 .0 5 )  su rfa ce . The in te r ­

re la tio n sh ip  among stom atal characters are in  c lo se  agreement with  

those reported e a r lie r  (Tan and Dunn, 197^) fo r  two p lo idy  le v e ls  

in  th is  sp e c ie s , but the magnitude o f the co rre la tio n  c o e f f ic ie n ts  

was reduced. This may be explained by the fa c t  that v a r ia b il ity  

for stom atal characters associa ted  w ith two p lo id ie s  i s  more 

diverse than v a r ia b il ity  among v a r ie t ie s  w ith in  one p lo idy  l e v e l .

Adaxial stom atal len gth  o f  L1 was p o s it iv e ly  correlated  with  

le a f  len gth  (P < 0 .0 1 ) , width (P < 0 .0 5 ) , area (P<C0.01) and t i l l e r  

dry weight (P < 0 .0 1 ) .  Highly p o s it iv e  co rre la tio n s were obtained  

(P < 0 .0 1 )  between stom atal frequency and L x f  o f  the corresponding 

le a f  su rfa ce . Therefore, L x f  was a ffec ted  more by stom atal 

frequency than stom atal length  on a le a f  su rface . Stomatal fr e ­

quency showed strong and co n sisten t co rre la tio n s (P < 0 .0 1 )  with  

le a f  len g th , width and area and t i l l e r  dry weight on the adaxial 

su rface, but was n o n -s ig n ifica n tly  correlated  with the above t r a i t s  

on the abaxial su rface.

Leaf area was c lo s e ly  associated  with le a f  len gth  and width 

(Table 1 1 ). Leaf len gth  was also  s ig n if ic a n t ly  re la ted  to le a f  

width. There were a lso  s ig n if ic a n t  p o s it iv e  co rre la tio n s between 

l e a f  len g th , width, area and t i l l e r  dry w eight. Additional



Table 1 1 . Sim ple c o r r e la t io n  c o e f f i c i e n t s  among sto m a ta l and l e a f  c h a ra c ter s  o f  th e  f i r s t
l e a f  and t i l l e r  dry w eigh t in  sev en  v a r i e t i e s  o f  Bromus in e r m is . ^

C h arac te r U  3 4 5 6 7 8 9 10

1 .797** - . 672** -.403** - .2 5 2 - .1 1 4 . 500** . 368* .544** . 605**

2 - . 678** - . 318* -.3 8 9 * .067 .525** .297 .542** .615**

3 .461** . 882** .224 -.535** -.507** - . 608** -.5 3 6 * *

4 .359* .916** - .1 6 2 1 • 0 O
N \J1 - .1 7 6 - .0 6 4

5 .233
«(MCO.1 - .425** -.458** -.3 2 2 *

6 .014 .032 .002 .138

7 .408** .844** .608**

8 .754** .425**

9 .646**

* P C 0 .0 5 }  ** P < 0 .0 1 .
/  W ith 40 d eg rees  o f  freedom , c o e f f i c i e n t s  o f  .304  and .393 a re  s ig n i f i c a n t  a t  th e  3% and 

l e v e l ,  r e s p e c t iv e ly .
£  1 = S tom ata l le n g th  ( L X a d a x ia l) ,  2 = S to m ata l le n g th  ( L ) ( a b a x ia l ) ,  3 = S to m ata l frequency  ( f )  

( a d a x ia l ) ,  4 = S tom ata l frequency  ( f ) ( a b a x ia l ) ,  5 = L x f  ( a d a x ia l ) ,  6 = L x f  ( a b a x ia l ) ,
7 = L eaf le n g th ,  8 = L eaf w id th , 9 = L eaf a re a , 10 = T i l l e r  dry  w e ig h t.
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in fo rm a tio n  was o b ta in e d  on th e  e s t im a t io n  o f  l e a f  a r e a  from 

w id th  x  le n g th  m easurem ents. R eg ress io n  o f  a c tu a l  l e a f  a re a s  

on th e  w id th - le n g th  p ro d u c ts  gave a r e g re s s io n  c o e f f i c i e n t  o f  

0*79. The form ula^ w id th  x le n g th  x  0 .7 9 , i s  th e r e f o r e  recom­

mended f o r  u se  i n  c o n v e r tin g  w id th - le n g th  m easurem ents to  l e a f  

a r e a  i n  o c to p lo id  b rom egrass.

The i n t e r - r e l a t i o n s h i p  among th e  v a r io u s  c h a r a c te r s  su g g e s ted  

t h a t  a  v a r i e ty  w ith  few er s to m a ta  p e r  u n i t  l e a f  a re a  i s  l i k e l y  to  

have l a r g e r  s to m a ta , lo n g e r  and w id er le a v e s  o f  l a r g e r  a r e a s ,  and 

g r e a te r  d ry  w eigh t p e r  t i l l e r  th a n  a  v a r ie ty  w ith  more s to m a ta . 

T h is  does n o t n e c e s s a r i ly  im ply th a t  such  a  v a r i e ty  would g iv e  

h ig h e r  y ie ld  p e r  h e c ta r e  th a n  th o se  v a r i e t i e s  w ith  g r e a te r  

s to m a ta l  f req u e n c y .

The p r e s e n t  s tu d y  was n o t d es ig n ed  to  o b ta in  an e s tim a tio n  

o f  g e n e tic  v a r ia n c e .  I t  does p ro v id e  in fo rm a tio n  t h a t  th e r e  a re  

d i f f e r e n c e s  among brom egrass v a r i e t i e s  f o r  th e  c h a r a c t e r i s t i c s  

w hich were s tu d ie d .  Such d i f f e r e n c e s  w ere o b serv ed  c o n s is te n t ly  

o v er r e p l i c a t io n s  and l e a f  p o s i t i o n s .  I t  would seem, as  su g g es ted  

by M isk in  and Rasmusson (1970) and H e ich e l (1971b) i n  o th e r  

s p e c ie s ,  t h a t  s to m a ta l c h a r a c t e r i s t i c s  may be s u b je c t  to  g e n e tic  

m a n ip u la tio n  i n  o c to p lo id  b ro m eg rass .
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SUMMARY

1 . Seven v a r i e t i e s  o f  o c to p lo id  brom egrass were e v a lu a te d  

f o r  th e  e x te n t  o f  v a r i a b i l i t y  a s s o c ia te d  w ith  s to m a ta l  le n g th  and 

freq u en cy  and f o r  t h e i r  r e l a t io n s h ip s  w ith  l e a f  le n g th ,  w id th , 

a re a ,  t i l l e r  d ry  w e ig h t, and y i e l d .

2 .  The v a r i e t i e s  d i f f e r e d  s ig n i f i c a n t l y  i n  s to m a ta l le n g th  

and freq u en cy  on th e  a d a x ia l  and a b a x ia l  s u r f a c e s  a t  f iv e  l e a f  

p o s i t io n s  on th e  culm . The v a r i e t i e s  'C a r l to n ' and 'B l a i r '  had 

c o n s is te n t ly  s m a lle r  s to m a ta  w ith  g r e a te r  f re q u en c y , w hereas 

'S a r a to g a ' and 'Red P a tc h ' had c o n s is te n t ly  l a r g e r  s to m a ta  w ith  

l e s s  fre q u e n c y .

3 . The seven  v a r i e t i e s  showed a  s im i la r  d i s t r i b u t i o n a l  

p a t t e r n  f o r  s to m a ta l le n g th  and freq u en cy  a t  f iv e  l e a f  p o s i t io n s  

on th e  culm and th r e e  d i f f e r e n t  p o s i t io n s  on th e  in d iv id u a l  l e a f .  

S to m ata l le n g th  in c re a s e d  w h ile  freq u en cy  d ec re a se d  from L1 to  L3 

and le v e le d  o f f  from I»3 to  L5. The t i p  o f  th e  l e a f  had th e  

l a r g e s t  b u t few est number o f  s to m a ta  w ith  th e  r e v e rs e  f o r  th e  

base  o f  th e  l e a f .  V a r ie ta l  d i f f e r e n c e s  i n  s to m a ta l le n g th  and 

freq u en cy  w ere m ain ly  a s s o c ia te d  w ith  th e  c e n t r a l  p o s i t io n  o f  

l e a f  s u r f a c e s .

km S ig n i f ic a n t  d i f f e r e n c e s  w ere a ls o  found among th e  seven  

v a r i e t i e s  f o r  le n g th ,  w id th  and a re a  o f th e  f iv e  le a v e s  on th e  

culm . The v a r ie ty  'Red P a tc h ' c o n s is te n t ly  had th e  lo n g e s t  and 

w id e s t le a v e s  o f  g r e a te s t  a re a ,  w hereas 'C a r l to n ' had th e  s m a lle s t  

le a v e s  a t  a l l  p o s i t io n s  on th e  culm . Mean a re a  p e r  l e a f  o f  th e  

seven  v a r i e t i e s  in c re a s e d  from L1 to  L3 w ith  th e  L1 hav in g  about
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kO& th e  a r e a  o f  L3» From L3 downward, a r e a  p e r  l e a f  d ec rease d  

g ra d u a lly  b u t d i f f e r e n c e s  among L2t L3, IA and L5 were n o t 

s i g n i f i c a n t .

3 . The fo rm u la , l e a f  w id th  x le n g th  x 0 .7 9  was recommended 

f o r  c o n v e r tin g  w id th - le n g th  m easurem ents to  l e a f  a re a  f o r  f u tu r e  

l e a f  a re a  e s tim a tio n s  i n  o c to p lo id  b rom egrass.

6 . Dry w eigh t p e r  t i l l e r  d i f f e r e d  s i g n i f i c a n t l y  among th e  

seven  v a r i e t i e s ,  b u t y ie ld  d id  n o t .  Hence, th e r e  app ears  to  be 

no c o r r e la t io n  betw een d ry  w eigh t p e r  t i l l e r  and y ie ld  p e r  h e c ta r e .

7* The a d a x ia l  and a b a x ia l  s u r f a c e s  o f  L1 were h ig h ly  

p o s i t i v e ly  c o r r e la te d  f o r  b o th  s to m a ta l le n g th  and fre q u e n c y .

The two s to m a ta l c h a r a c te r s  w ere, how ever, n e g a tiv e ly  c o r r e l a t e d .

I> x  f ,  th e  p ro d u c t o f  s to m a ta l guard c e l l  le n g th  and s to m a ta l 

freq u en cy , was a f f e c te d  more by s to m a ta l freq u en cy  th a n  le n g th  on 

th e  same l e a f  s u r f a c e .

8 .  At th e  a d a x ia l  s u r f a c e  o f  L1, s to m a ta l le n g th  was p o s i ­

t i v e l y ,  w hereas s to m a ta l freq u en cy  was n e g a tiv e ly  c o r r e la te d  w ith  

l e a f  le n g th ,  w id th , a re a  and t i l l e r  d ry  w e ig h t. S ig n i f ic a n t  

p o s i t i v e  c o r r e l a t io n s  were a lso  found among th e  l e a f  c h a ra c te r s  

and t i l l e r  d ry  w e ig h t. The i n t e r - r e l a t i o n s h i p  among c h a ra c te r s  

su g g es ted  th a t  a  v a r ie ty  w ith  few er s to m a ta  i s  l i k e l y  to  have 

l a r g e r  s to m a ta , lo n g e r  and w ider le a v e s  o f  l a r g e r  a r e a s ,  and 

g r e a te r  dry  w eigh t p e r  t i l l e r  th a n  a  v a r ie ty  w ith  more s to m a ta .

9 . The r e s u l t s  o f  t h i s  s tu d y  in d ic a te d  t h a t  s to m a ta l le n g th  

and freq u en cy  may be s u b je c t  to  g e n e tic  m a n ip u la tio n  i n  t h i s  

s p e c ie s .
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PART I I

GENETIC VARIATION IN STOMATAL LENGTH AND FREQUENCY, 

LEAF CHARACTERISTICS AND DRY MATTER PRODUCTION 

IN BROMUS INERMIS LEYSS.



INTRODUCTION

The r e l a t i v e l y  c o n s is te n t  d i f f e r e n c e s  among v a r i e t i e s  o f  

Bromus in e rm is  i n  o u r  p re v io u s  s tu d y  in d ic a te d  th a t  genotype i s  

p rom inen t i n  d e te rm in in g  s to m a ta l  le n g th  and freq u en cy  andt hence* 

t h a t  i t  may be p o s s ib le  to  m odify th e s e  c h a r a c te r s  th ro u g h  

b reed ing*  L ik ew ise , th e  s ig n i f i c a n t  i n t r a p l a n t  v a r i a t io n  in  

s to m a ta l le n g th  and fre q u en cy , i .e *  s u c c e s s iv e ly  low er le a v e s  

had c o n s is te n t ly  l a r g e r  b u t few er s to m a ta , i s  l i k e l y  u n d er g e n e tic  

c o n t r o l .

The p re c e d in g  experim en t was, how ever, u n a b le  to  p ro v id e  

in fo rm a tio n  on th e  m agnitude o f  g e n e t ic  d i f f e r e n c e s  f o r  th e s e  

c h a r a c te r s  w hich may be u t i l i z e d  by s e l e c t i o n .  The p r e s e n t  

experim en t was th e r e f o r e  d e s ig n e d  to  p ro v id e  in fo rm a tio n  on th e  

im p o rtan ce  o f  g e n e ra l and s p e c i f i c  com bining a b i l i t y  and on 

h e r i t a b i l i t i e s  o f  s to m a ta l  le n g th  and freq u en c y , and t h e i r  

p h e n o ty p ic  and g en o ty p ic  c o r r e l a t i o n s  w ith  l e a f  le n g th ,  w id th  

and a re a ,  t i l l e r  d ry  w eig h t and d ry  m a tte r  p ro d u c tio n  i n  a  

h a l f - d i a l l e l  c ro s s  o f  f i v e  g eno types o f  Bromus in e rm is .

32
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REVIEW OF LITERATURE

C o n sid e ra b le  d a ta  have been  re p o r te d  from com bining a b i l i t y  

and h e r i t a b i l i t y  s tu d ie s  f o r  seed  and fo ra g e  y ie ld  and o th e r  

agronom ic c h a r a c te r s  i n  smooth brom egrass ( Bromus in e rm is  L e y s s .)  

( e .g .  Thomas and Kernkamp, 195*M Knowles, 1933; G rissom  and K a lto n , 

1936; N ie lso n  and K a lto n , 1939; Timothy e t  a l .«  1939; Drolsom and 

N ie lse n , 1970; Dunn and W righ t, 1970; M ishra  and Drolsom, 1972 and 

1973; S le p e r  e t  a l . , 1973, and S le p e r  and Drolsom , 197*0 •

I n  a  number o f  q u a n t i t a t i v e  c h a r a c te r s ,  such  as  fo ra g e  and 

seed  y ie ld  and y ie ld  components i n  b rom egrass, g e n e ra l com bining 

a b i l i t y  (GCA) was re p o r te d  to  be l a r g e r  th a n  s p e c i f i c  com bining 

a b i l i t y  (SCA) (Tim othy e t  a l . ,  1959; Dunn and W righ t, 1970, and 

M ishra  and Drolsom , 1 9 7 2 ). F or o th e r  c h a r a c te r s  such  as  g reen  

fo ra g e  w e ig h t, p la n t  ty p e  and h e ig h t ,  d iam e te r  and v ig o r ,  SCA had 

been r e p o r te d  more im p o rta n t th a n  GCA by Drolsom and N ie lse n  

(1 9 7 0 ). However, th e r e  w ere a lso  c o n t r a s t in g  r e s u l t s  showing t h a t  

GCA was o f  g r e a te r  im p o rtan ce  th a n  SCA f o r  p la n t  h e ig h t (Tim othy 

e t  a l . ,  1959; Ross e t  a l . ,  1970, and M ishra  and Drolsom , 1972).

S to m ata l freq u en cy  was found to  be under th e  c o n tro l  o f  few 

r a th e r  th a n  many genes (H e ic h e l, 1971) from a c ro s s  betw een in b re d s  

o f  c o rn  w ith  low and h ig h  s to m a ta  f r e q u e n c ie s .  M artin  (1970) 

o b ta in e d  s im i la r  d a ta  from a bean c r o s s .  He ex p ressed  th e  d a ta  

as  a  s to m a ta l in d ex  (s to m a ta l  n o ./s to m a ta l  no . p lu s  ep iderm al c e l l  

n o . ) .  Broad se n se  h e r i t a b i l i t i e s  (H^) f o r  b o th  u p p er and low er 

s to m a ta l  in d ic e s  were abou t 60%, and narrow  se n se  h e r i t a b i l i t y  (Hq ) 

v a lu e s  ranged  from 25 to  11% in  F^ and F^ g e n e ra t io n s ,  r e s p e c t iv e ly .



In  a s tu d y  o f  th e  in h e r i ta n c e  o f  s to m a ta l  freq u en cy  i n  b a r le y , 

M iskin  e t  a l .  (1972) re p o r te d  h e r i t a b i l i t i e s  o f  s to m a ta l freq u en cy  

ranged from 22 to  7*<%» e s tim a te d  b o th  by th e  p a re n t-p ro g en y  

r e g re s s io n  method and r e a l i z e d  h e r i t a b i l i t i e s .

W ilson (1971) concluded from th e  s e le c t io n  re sp o n se  a f t e r  

d iv e rg e n t s e le c t io n  f o r  s to m a ta l le n g th  and freq u en cy  and o th e r  

l e a f  c h a r a c te r s  in  Lolium p erenne  L . t h a t  much o f  th e  v a r i a t io n  

in  s to m a ta l c h a r a c te r s  was g e n e tic  and a d d i t iv e .  H e r i t a b i l i t y  o f  

s to m a ta l freq u en cy  was 52%, about tw ic e  t h a t  o f  s to m a ta l p o re  

le n g th  and o f  freq u en cy  x le n g th .  He a ls o  re p o r te d  th a t  s to m a ta l 

freq u en cy  responded  n e g a tiv e ly  to  s e l e c t io n  f o r  s to m a ta l le n g th ,  

bu t s e le c t io n  f o r  freq u en cy  had no s ig n i f i c a n t  e f f e c t  on s to m a ta l 

le n g th .  Response to  s e le c t io n  f o r  freq u en cy  x le n g th  was based 

m ain ly  on a  re sp o n se  by f re q u e n c y . S to m ata l freq u en cy  was a lso  

found p h e n o ty p ic a lly  c o r r e la te d  w ith  l e a f  le n g th  ( r  = - 0 . 5 0 ) .  

However, t h i s  r e l a t io n s h ip  was n o t r e f l e c t e d  in  a c o r r e la te d  

re sp o n se  to  s e l e c t io n .  H e r i t a b i l i t y  e s tim a te s  based on p a r e n t-  

progeny r e g re s s io n  f o r  l e a f  le n g th ,  w id th  and a re a  w ere ap p ro x i­

m ately  60-70%.

In  b rom egrass, M ishra and Drolsom ( 1972) r e p o r te d  t h a t  

g e n e ra l com bining a b i l i t y  was h ig h ly  s ig n i f i c a n t  f o r  le n g th  o f  

th e  t h i r d  l e a f  from th e  to p .  S p e c i f ic  com bining a b i l i t y  was l e s s  

p ro m in en t, w hereas th e  re v e rs e  was t r u e  f o r  w id th  o f  th e  t h i r d  

l e a f .  F or l e a f  le n g th ,  th e  h e r i t a b i l i t y  e s tim a te  in  th e  broad 

se n se  (H^ = 0 . 5 2 ) was re p o r te d  eq u a l to  th a t  in  th e  narrow  s e n s e .  

The h e r i t a b i l i t y  e s tim a te s  f o r  l e a f  w id th  were 0 .6 5  in  th e  broad 

s e n se , and 0 .5 2  in  th e  narrow . M orpho log ical t r a i t s  such  as
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p la n t  h e ig h t ,  l e a f  le n g th ,  culm d ia m e te r , p a n ic le  le n g th  and 

number o f  s p ik e l e t s  p e r  p a n ic le  o f  smooth brom egrass were re p o r te d  

to  be h ig h ly  c o r r e la te d  among one an o th e r  b o th  p h e n o ty p ic a lly  and 

g e n o ty p ic a lly  (M ishra  and Drolsom, 1973)* The c o r r e l a t io n s  o f  

l e a f  w id th  w ith  th e s e  t r a i t s  w ere, how ever, low and n o n - s ig n i f i ­

c a n t ex cep t w ith  culm d ia m e te r . There have been  no p re v io u s  

r e p o r t s  co n cern in g  com bining a b i l i t y  o r  h e r i t a b i l i t y  f o r  s to m a ta l 

c h a r a c te r s  and t h e i r  g en o ty p ic  c o r r e l a t io n s  w ith  o th e r  m orpholo­

g ic a l  c h a r a c te r s  i n  b rom egrass.
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MATERIALS AND METHODS

The 10 s in g le  c ro s s e s  o f  th e  5 -p a re n t  h a l f - d i a l l e l  were 

o b ta in e d  from 15 o r ig in a l  s in g le  c ro s s e s  o f  a  6 -p a re n t h a l f -  

d i a l l e l  f i r s t  e s ta b l is h e d  in  1959- The 6 -p a re n t h a l f - d i a l l e l  

had p re v io u s ly  been re p o r te d  by Dunn and W right (1 9 7 0 ).

S u f f ic ie n t  s e ed s  were a v a i la b le  from o n ly  f iv e  o f  th e  s ix  o r ig in a l  

p a r e n ts .  The f iv e  o p e n -p o llin a te d  brom egrass geno types were 

o r ig in a l ly  s e le c te d  on th e  b a s is  o f  t h e i r  pheno types f o r  r e s i s ta n c e  

to  brown l e a f  s p o t ,  l e a f i n e s s ,  and a f te rm a th  grow th, p lu s  a  l im i te d  

amount o f  p o ly c ro s s  progeny t e s t i n g  f o r  y ie ld  and le a f s p o t  r e a c t io n .  

The p e d ig re e  and so u rc e s  o f  th e  f iv e  geno types used  as p a r e n ts  

a re  shown i n  T able 12 . A ll f iv e  p a r e n ts  were h ig h ly  s e l f - s t e r i l e  

under b ag s .

The 10 p o s s ib le  s in g le  c ro s s e s  w ere o r ig i n a l l y  made in  

i s o la t e d  c ro s s in g  b lo ck s  in  th e  f i e l d  w ith o u t em ascu la tio n  o r  

b ag g in g . These were e s ta b l is h e d  w ith  s ix  c lo n e s  o f  each p a r e n t .

A f te r  12-13 y e a rs  o f  s to ra g e  i n  a  r e f r i g e r a t o r ,  th e  seed  had 

an av erag e  g e rm in a tio n  o f  o v er 60& i n  p e t r i  d is h e s  in  1971 f o r  

a l l  s in g le  c ro s s e s  ex cep t two, f o r  w hich g e rm in a tio n  was under 

5056. The s e e d lin g s  were p la n te d  s in g ly  i n  *»)4-inch p l a s t i c  p o ts  

and were m a in ta in ed  in  th e  g reenhouse  f o r  fo u r  months d u r in g  th e  

w in te r  seaso n  to  fav o u r l e a f  and ro o t  developm ent b e fo re  e s t a b l i s h ­

ment in  th e  f i e l d .

I n d iv id u a l  p l a n t s  were t r a n s p la n te d  to  th e  f i e l d  and spaced 

92 cm a p a r t  w ith in  and betw een rows i n  a  random ized com plete b lo ck  

d e s ig n  o f  s i x  r e p l i c a t io n s  i n  A p r i l ,  1972. The 10 s in g le  c ro s s e s



T able 12 . P e d ig re e  and so u rce  o f  each p a re n t used  i n  th e  f iv e -p a r e n t  d i a l l e l

Code
O rig in a l

s e r i a l
number

P ed ig re e Source

4

5

1669

3771

3404

4228

1273

NY 47-94 

29-774

29-992

PI198064 

IV-2

A p o ly c ro ss  progeny from D r. S . P . Murphy, 
C o rn e ll U n iv e rs ity , 1932.

P la n t  grown from o p e n -p o llin a te d  seed  
from s in g le  p la n t  s e le c t io n  from 
s t r a i n  46-141 . S t r a in  46-141 was 
a  p o ly c ro ss  progeny from D r. R. P . Murphy, 
C o rn e ll U n iv e rs i ty .

P la n t  grown from o p e n -p o llin a te d  seed  
from s in g le  p la n t  s e le c t io n  w ith in  
v a r ie ty  'A ch en b ach '.

From P la n t  In tro d u c t io n  S ta t io n ,  Ames, 
Iowa, 1954.

A p o ly c ro ss  progeny o b ta in e d  from 
D r. H. L . C arnahan, P en n sy lv an ia  S ta te  
U n iv e rs i ty , 1953*
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w ere random ly a ss ig n ed  w ith in  r e p l i c a t e s  w ith  5 p la n t s  o f  each 

c ro s s  p e r  r e p l i c a t e .

Sam pling was s t a r t e d  i n  J u ly ,  1972 when a n th e s is  began .

Two le a v e s  -  th e  f i r s t  (L1) and th e  second (L2) below th e  p a n ic le  

-  w ere c o l le c te d  from each o f  two culms from each p l a n t .  These 

le a v e s  w ere m easured f o r  le n g th  and m edian w id th . L eaf s i z e  was 

th e n  e s tim a te d  as le n g th  x w id th  x 0 .7 9  ( s e e  P a r t  I ) .  C e n tra l  

p o r t io n s  o f  th e  f i r s t  le a v e s  w ere k i l l e d  in  b o i l in g  w a te r and 

t r e a t e d  w ith  e th y l  a lc o h o l and l a c t i c  a c id  acco rd in g  to  C la r k 's  

(1960) method w ith  s l i g h t  m o d if ic a t io n  f o r  s to m a ta  ex am in a tio n  as 

d e s c r ib e d  i n  P a r t  I .  From each p l a n t ,  two t i l l e r s  were sam pled 

f o r  th e  d e te rm in a tio n  o f  d ry  w eigh t by o v en -d ry in g  f o r  2k  h r  a t  

100°C. P la n ts  were h a rv e s te d  in d iv id u a l ly  around th e  end o f  J u ly  

f o r  th e  e v a lu a tio n  o f  d ry  m a tte r  p ro d u c tio n  by o v e n -d ry in g  f o r  

k8 h r  a t  100°C.

The d a ta  were s u b je c te d  to  a n a ly se s  o f  v a r ia n c e , and 

G r i f f i n g 's  Method k  Model I I  (1936) o f  d i a l l e l  a n a ly s is .  Model

I I  was chosen  s in c e  p la n t  s e l e c t io n  was random i n  te rm s o f  th e

s to m a ta l  and l e a f  c h a r a c t e r i s t i c s  which w ere e v a lu a te d . The 

v a r ia n c e  components f o r  GCA, SCA and e r r o r  w ere o b ta in e d  by

e q u a tin g  th e  c a lc u la te d  mean sq u a re s  to  observed  e x p e c ta t io n s

as  g iv en  by G r i f f in g  (1956) (T ab le  1 3 ) .
2 2 The a d d i t iv e  g e n e tic  ( (J  ) and n o n -a d d itiv e  g e n e tic  ( (J  „ )a  0 na

v a r ia n c e s  can  be e s tim a te d  from th e  com bining a b i l i t y  components 

by ( J 2 = 2 ( J 2 and <J2 = ( 7 2 ( G r i f f in g ,  19 5 6 ). The g en o ty p ic
A 0 AA S

and p h en o ty p ic  v a r ia n c e s  may be e s tim a te d  as



T able  13* Expected mean sq u a re s  f o r  th e  d i a l l e l  a n a ly s is

Source d f Expected mean sq u a re s  *

G eneral Combining A b il i ty P -  1 O '* + <7* ♦ ( p - 2 ) a |

S p e c if ic  Combining A b il i ty P (P -3 ) /2

E rro r m

2 2 * Where (7 * GCA v a r ia n c e  component; (J B = SCA v a r ia n c e  component;
2

(J = e r r o r  v a r ia n c e  component; P = No. o f  p a r e n ts ,  and e
m = (R -  1 )(F  -  1 ) ;  R = No. o f  r e p l i c a t io n s ,  and F = P(P -  1 ) /2 .
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ffl- < 2+ (J  , and 0

of - *5 + cr|;
where

2(J = g e n e ra l com bining a b i l i t y  ( l a r g e ly  a d d i t iv e  e f f e c t s ) ,&o
O  = s p e c i f i c  com bining a b i l i t y  ( l a r g e ly  n o n -a d d itiv e  8

e f f e c ts )*
2

G  q -  g en o ty p ic  v a r ia n c e ,
2( J p  = p h en o ty p ic  v a r ia n c e ,
2

( J E = en v iro n m en ta l v a r ia n c e .

I n  th e  p r e s e n t  experim en t th e s e  v a r ia n c e s  w ere used  to  

p ro v id e  e s tim a te s  o f  h e r i t a b i l i t y  i n  th e  b road -(H ^) and narrow -(H g) 

sen se  f o r  each c h a r a c te r .  I n  a l l  co m p u ta tio n s , n e g a tiv e  e s tim a te s  

o f  v a r ia n c e  components were t r e a t e d  as 0 . The h e r i t a b i l i t y  

e s tim a te s  were o b ta in e d  as fo llo w s :

A c o v a r ia n c e  a n a ly s is  was used  to  c a lc u la te  g e n o ty p ic , 

p h en o ty p ic  and en v iro n m en ta l c o r r e l a t i o n s .  The g en o ty p ic  

c o r r e l a t i o n  was c a lc u la te d  as  fo llo w s :

r G ■ « * e  V  [C f f j  X f f J  )] 
xy x y

where
(J q = g en o ty p ic  c o v a ria n c e  betw een v a r ia b le s  x and y .  

xy
2( J G a g en o ty p ic  v a r ia n c e  o f  th e  in d ep en d en t v a r i a b le ,  

x
2(J a g en o ty p ic  v a r ia n c e  o f  th e  dependent v a r i a b le .

y



The p h en o ty p ic  c o r r e l a t i o n  was c a lc u la te d  a s :

where

( J g  = e r r o r  c o v a r ia n c e  betw een v a r ia b le s  x and y 
xy

2
O  = e r r o r  v a r ia n c e  o f  th e  in d ep en d en t v a r ia b leA

X
2

(J _ s  e r r o r  v a r ia n c e  o f  th e  dependen t v a r ia b le *  & 
y

The en v iro n m en ta l c o r r e l a t io n  was c a lc u la te d  a s :



RESULTS

The mean, s ta n d a rd  e r r o r  o f  th e  mean, and c o e f f i c i e n t  o f  

v a r i a t io n  f o r  each o f  th e  12 c h a r a c te r s  o v e r a l l  10 s in g le  c ro s s e s  

a re  shown i n  T able  1̂ -* Lowest c o e f f i c i e n t s  o f  v a r i a t io n  (CV) w ere 

o b ta in e d  f o r  s to m a ta l le n g th s  a t  b o th  l e a f  s u r f a c e s .  High CVs 

were o b serv ed  f o r  l e a f  a re a s  and d ry  w eigh t p e r  t i l l e r  and p e r  

p l a n t .  The v a lu e s  o f  some c h a r a c te r s  o f  most i n t e r e s t  such  as 

s to m a ta l le n g th  ranged  from 50 to  59 M a t  th e  a d a x ia l  s u r f a c e  o f

L1 and from 52 to  61 ja. a t  th e  a b a x ia l  s u r f a c e ;  and s to m a ta l f r e -
2 2 quency from 62 to  89 p e r  mm and from k5  to  70 p e r  mm o f  th e

a d a x ia l  and a b a x ia l  l e a f  s u r f a c e s ,  r e s p e c t iv e ly  (Appendix T ab le  1 ) .

A nalyses o f  v a r ia n c e  (T ab le  15) re v e a le d  s ig n i f i c a n t  (P<C0.01) 

d i f f e r e n c e s  among g eno types ( c ro s s e s )  i n  a l l  c h a r a c te r s  m easured . 

The g en o ty p ic  v a r i a t io n  was th en  p a r t i t i o n e d  in to  v a r i a t io n  due 

to  G eneral Combining A b i l i ty  (GCA) and S p e c i f ic  Combining A b il i ty  

(SCA) i n  th e  com bining a b i l i t y  a n a ly se s  (T ab le  1 6 ) .

GCA was found s ig n i f i c a n t  o r  h ig h ly  s ig n i f i c a n t  f o r  a l l  

c h a ra c te r s  w hereas SCA was n o t s ig n i f i c a n t  f o r  any c h a r a c te r .

The r a t i o s  o f  GCA mean s q u a re s  to  SCA mean s q u a re s  (T ab le  16) 

ranged  from 6:1  f o r  b o th  l e a f  le n g th  and d ry  w eigh t p e r  p la n t  

to  211:1 f o r  l e a f  w id th , in d ic a t in g  th a t  g en o ty p ic  v a r i a t io n  due 

to  GCA p red o m in a ted . These r e s u l t s  were in t e r p r e te d  to  mean th a t  

a d d i t iv e  gene a c t io n  was r e l a t i v e l y  im p o rta n t in  c o n t r o l l in g  th e  

le v e l  o f  e x p re s s io n  o f  each c h a r a c te r .

The e s tim a te s  o f  v a r ia n c e  components f o r  g e n e ra l and s p e c i f i c  

com bining a b i l i t y ,  and r e s id u a l  a re  p re se n te d  i n  T able 17 . I t  i s



T able 14 . Mean ( x ) ,  s ta n d a rd  e r r o r  o f  th e  mean (Sx) and c o e f f i c i e n t  o f
v a r i a t io n  (CV) f o r  12 c h a ra c te r s  o f  smooth brom egrass p ro g en ie s  
d e riv e d  from a  d i a l l e l  m a tin g .

C h a ra c te rs X Sx CV
(# )

S tom ata l C h a ra c te r :
S tom ata l le n g th  (L1-A daxial )Cju) 55 .2 0 .32 8 .9
S to m ata l le n g th  (L 1 -A b ax ia l)(u ) 56 .5 0 .3 4 9.1
S tom ata l frequency  (L1-Adaxial)(mm_p) 76 .3 0 .9  2 18 .3
S tom ata l frequency  (L1-Abaxial)(mm~ ) 54 .6 0 .7 5 20 .9

L eaf Dimension:
Leaf le n g th  (L1) (cm) 18.7 0 .26 2 1 .4
Leaf w id th  (L1) (mm  ̂
Leaf a re a  (L1) (cm )

7 .7 0.11 22 .6
11.8 0 .32 4 1 .2

L eaf le n g th  (L2) (cm) 22 .8 0 .27 18 .3
Leaf w id th  (L2) (mm) 11 .2 0 .16 22 .2
L eaf a re a  (L2) (cm ) 20 .8 0 .49 36 .2

Dry W eight:
T i l l e r  d ry  wt (g ) 2.31 0 .0 6 36 .6
P la n t  d ry  wt (g ) 36 .65 1 .03 44 .5



T able 15* Mean sq u a re s  from random ized-b lock  an a ly se s  o f  v a r ia n c e  f o r  12 c h a ra c te r s  o f  
brom egrass d i a l l e l  c ro s s  p ro g e n ie s .

C h a ra c te r
Source d f S tom ata l 

Length 
( L1 -  
A dax ia l)

S tom ata l 
le n g th  
( L1 -  
A bax ia l)

S tom ata l
F re q .
( L1 -  
A dax ia l)

S tom atal
F req .
( L1 -  
A bax ia l)

L eaf
Length

(L1)

L eaf 
Width 
(L1)

R e p lic a tio n 5 56.203** 25.056 39.625 **1.251 6 . H 3 2.396

C rosses 9 253.882** 266.731** 3005.589** 1968.361** 165.8W ** 3^.926**

Rep x C rosses ^5 18.76*** 23-1*7*** 153.077** 98.265** 16.350** 2.522**

B e t. f u l l  s ib s ,  
w ith in  p lo t s 172 12.739 15.013 63.908 **6.**22 8 .603 1.5^7

* P C 0 .0 5 ; ** P C 0 .0 1 .



T able 1 5 . (C ontinued)

C h a ra c te r

Source d f  Leaf L eaf L eaf Leaf T i l l e r  d f  P la n t
Area Length Width Area Dry d ry
(L1) (L2) (L2) (L2) wt wt

R e p lic a tio n 5 16.345 5 .670 6.814 45.487 0.475 5 289.247

C rosses 9 261.347** 144.762** 61 . 186** 560.553** 5.618** 9 914.986**

Rep x C rosses 45 20.225** 18.791** 5-335* 51.240* 0.536 45 210.694

Bet* f u l l  s ib s ,  
w ith in  p lo t s 172 12.435 10.762 3.564 32.366 0.515 190 248.851

* P C 0 .0 5 ; ** P < 0 .0 1 .

VJJ



T able 16 . Mean sq u a re s  f o r  g e n e ra l (GCA) and s p e o if ic  (SCA) com bining a b i l i t y  and r a t i o  
o f  GCA:SCA f o r  12 c h a ra c te r s  e s tim a te d  from th e  10 d i a l l e l  c ro s s  p ro g e n ie s  o f  
brom egrass.

Source d f

C h arac te r

S tom atal 
Length 
( L1 -  
Ad a x ia l )

S tom ata l 
Length 
( L1 -  
A bax ia l)

S tom atal
F re q .
( L1 -  
A daxial)

S tom atal
F re q .
( L1 -  
A bax ia l)

Leaf 
Length 
(L1)

L eaf 
Width 
(L1)

GCA k 22 . 301** 2A-.339** 281.183** 192.603** 1^.110* 3.^92**

SCA 5 0.628 1 .1^3 ^ .9 6 3 7 .^97 1.297 0.022

E rro r ^5 0.808 1.011 6.598 4.235 0.704- 0.108

R atio  GCA:SCA 35:1 21:1 56:1 25:1 11:1 156:1

* P C 0 .0 5 ; ** P < 0 .0 1 .

■frON



T able 1 6 . (C ontinued)

Source d f

C h a ra c te r

Leaf 
Area 
(L1)

L eaf
Length
(L2)

L eaf
Width
(L2)

Leaf
Area
(L2)

T i l l e r
Dry
Wt

P la n t
Dry
Wt

GCA k 23.656** 11 . 706* 5.827** 50 . 220** 0.530** 72.520*

SCA 5 0.561* 1.770 0.027 1 . 1*60 0 . 021* 11.171

E rro r ^5 0.871 0.809 0.229 2.208 0.023 8.1*27

R atio  GCA:SCA kZ: 1 6:1 211:1 3^:1 21:1 6:1

* P C 0 .0 5 ; ** P C 0 .0 1 .

-p-



2 2T able 17* V ariance  component e s tim a te s  o f  g e n e ra l ( ( J  ) and s p e c i f i c  ( (J  ) com bining
2 8 ®

a b i l i t y  and e r r o r  (O’ ) ,  and b ro ad - <H. ) and narrow - (H ) se n se  h e r i t a b i l i t ye o n
e s tim a te s  fo r  12 c h a ra c te r s  o f  brom egrass d i a l l e l  c ro s s  p ro g e n ie s .

C h a ra c te rs
E s tim ate  o f  V ariance  Component H e r i t a b i l i t y

®  e Hb Hn

S tom ata l Length (L 1-A daxial) 7 .224 - 0.180 12.739 0 .5 3 0 .5 3
S tom atal Length (L 1-A baxial) 7.731 0.132 15.013 O.51 0 .5 0

S tom atal F re q . (L 1-A daxial) 92.073 -1 .6 3 4 63.908 0 .7 4 0 .7 4
S tom ata l F re q . (L 1-A baxial) 61.702 3.261 46.422 0 .7 3 0.71

Leaf Length (L1) 4 .270 0 .592 8 .603 0.51 0 .48
L eaf W idth (L1) 1.156 - 0 .086 1.547 0 .59 0 .5 9
Leaf Area (L1) 7.697 - 0 .306 12.435 0 .55 0 .55

Leaf Length (L2) 3 .312 0 .960 10.762 0.41 0 .3 6
Leaf Width (L2) 1.933 0.202 3.564 0.51 0.51
Leaf Area (L2) 16.253 -0 .7 4 7 32.366 0 .5 0 0 .5 0

T i l l e r  Dry Wt 0.168 0.001 0.515 0 .39 0 .3 9

P la n t  Dry Wt 20.449 2.743 248.851 0 .15 0 .14
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rec o g n ize d  th a t  a l l  e s t im a te s  were confounded w ith  lo c a t io n s  and 

y e a r s ,  s in c e  d a ta  w ere from one lo c a t io n  and one y e a r .  The 

im p o rtan ce  o f  th e  6CA components i s  e v id e n t from th e  la r g e  and 

p o s i t i v e  e s tim a te s  t h a t  exceeded th e  SCA v a r ia n c e  components which 

were e i t h e r  n e g a tiv e  o r  very  sm a ll f o r  a l l  c h a r a c te r s .  The 

r e s id u a l  v a r ia n c e  component e s tim a te  was th e  l a r g e r  o f  th e  th r e e  

e s tim a te s  f o r  each c h a r a c te r  excep t s to m a ta l f re q u e n c ie s  a t  bo th  

s u r f a c e s  o f  L1.

Both b ro ad - and n a rro w -sen se  h e r i t a b i l i t y  e s tim a te s  f o r  each 

o f  th e  12 c h a r a c te r s  a re  a lso  shown i n  T able  17 . The h e r i t a b i l i t y  

e s tim a te s  in  th e  b road  se n se  co rresponded  very  c lo s e ly  to  th o se  in  

th e  narrow  s e n s e .  T h is  o ccu rred  due to  th e  r e l a t i v e l y  sm all and 

c e r t a in  n e g a tiv e  SCA v a r ia n c e  components t h a t  were t r e a te d  as 0 . 

S to m ata l freq u en cy  was more h e r i t a b le  th an  s to m a ta l le n g th .  The 

l a t t e r  was 53% th e  fo rm er 7h%* H e r i t a b i l i t y  o f  l e a f  d im ensions 

was app ro x im ate ly  50%. R e la t iv e ly  low er h e r i t a b i l i t y  e s tim a te s  

were o b ta in e d  f o r  d ry  w eigh t p e r  t i l l e r  ( 59%) and d ry  w eigh t p e r  

p la n t  ( 1*f%).

A GCA e f f e c t  i s  a  m easure o f  th e  summed c o n tr ib u t io n s  o f  

genes w ith  a d d i t iv e  e f f e c t s  and p a r t s  o f  i n t e r a c t io n s  between 

genes w ith  a d d i t iv e  e f f e c t s .  I f  g en ic  c o n tr ib u t io n s  a re  e q u a l, 

l i n e s  w ith  p o s i t i v e  GCA e f f e c t s  p o s se s s  l a r g e r  th a n  average 

c o n c e n tra t io n s  o f  genes w ith  p o s i t iv e  e f f e c t s  w h ile  l i n e s  w ith  

n e g a tiv e  GCA e f f e c t s  p o s se s s  s m a lle r  th a n  av erag e  c o n c e n tra tio n s  

o f  gene w ith  p o s i t i v e  e f f e c t s .  Both n e g a tiv e  and p o s i t iv e  GCA 

e f f e c t s  a re  th e r e f o r e  o f  i n t e r e s t  s in c e  e i t h e r  th e  a b i l i t y  to  

d e c re a se  o r  in c r e a s e  a  o h a r s c te r  may be d e s ir e d  ( P o n e le i t ,  1968).
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The e s tim a te s  o f  th e  GCA and SCA e f f e c t s  f o r  s to m a ta l 

c h a ra c te r s  and o th e r  t r a i t s  a re  p re se n te d  i n  T ab les  18 and 19. 

P a re n t 5 bad th e  l a r g e s t  p o s i t i v e  GCA e f f e c t s  f o r  s to m a ta l le n g th  

and th e  l a r g e s t  n e g a tiv e  GCA e f f e c t s  f o r  s to m a ta l freq u en cy  a t  

b o th  s u r f a c e s  (T ab le  1 8 ) . P a re n t 4 ten d ed  to  have s m a lle r  s to m a ta  

among th e  p a r e n ts ,  w hereas p a re n t  3 fo llow ed  by p a re n t 4 tended  to  

have g r e a te r  s to m a ta l frequency* P a re n t 5 a lso  had th e  g r e a te s t  

e f f e c t  on in c r e a s in g  l e a f  le n g th ,  w id th  and a re a ,  and d ry  w eight 

p e r  t i l l e r  w h ile  p a re n ts  3 and 4 were more im p o rta n t in  re d u c in g  

l e a f  le n g th ,  w id th  and a r e a .  Dry w eigh t p e r  p la n t  was in c re a se d  

most by p a re n ts  1 and 3* and was d e c rea se d  by p a r e n ts  3 and 4 .

SCA e f f e c t s  were c a lc u la te d  f o r  each t r a i t  (T ab le  19) a lth o u g h  

th e  g en o ty p ic  v a r i a t io n  a t t r i b u t e d  to  SCA was very  s m a ll .  The 

s ta n d a rd  e r r o r s  o f  th e  d i f f e r e n c e  betw een two SCA e f f e c t s  a re  a lso  

g iv en  in  th e  t a b l e .  The c ro s s  o f  4x5 had th e  l a r g e s t  p o s i t i v e  

e f f e c t  f o r  s to m a ta l le n g th ,  b u t had th e  la r g e s t  n e g a tiv e  e f f e c t  

f o r  s to m a ta l f re q u e n cy . Large p o s i t i v e  SCA e f f e c t s  f o r  l e a f  le n g th ,  

w id th  and a re a  and t i l l e r  d ry  w eigh t were m a n ife s te d  in  c ro s s  1x2 .  

Large e s tim a te  o f  SCA e f f e c t s  f o r  d ry  w eigh t p e r  p la n t  was found 

i n  c ro s s  2x5 * fo llow ed  by c ro s s e s  3x5 , 1x4 and 1x2 .

P h en o ty p ic , g en o ty p ic  and en v iro n m en ta l c o r r e la t io n  c o e f f i ­

c ie n t s  f o r  9 c h a r a c te r s ,  m easured on th e  d i a l l e l  p ro g e n ie s , a re  

p re se n te d  i n  T able 20 . S to m ata l freq u en cy , a t  e i t h e r  a d a x ia l  o r  

a b a x ia l  l e a f  s u r f a c e ,  showed n e g a tiv e  and h ig h ly  s ig n i f i c a n t  

p h en o ty p ic  c o r r e la t io n s  w ith  s to m a ta l le n g th ,  l e a f  le n g th ,  l e a f  

w id th , l e a f  a re a , and dry  w eigh t p e r  t i l l e r  and p e r  p l a n t .  The 

co rre sp o n d in g  g en o ty p ic  c o r r e la t io n s  were a lso  s ig n i f i c a n t  and o f



T able 1 8 . E stim ates o f  g en era l com bining a b i l i t y  e f f e c t s  fo r  12 c h a ra cter s  o f  10 genotyp es

C h a ra c te r

P a re n t S tom atal 
Length 
(L1 -  
A daxial)

R
A
N
K

S to m ata l 
Length 
(L1 -  
A bax ia l)

R
A
N
K

S tom ata l
F re q .
(L1 -  
Ad a x ia l )

R
A
N
K

S tom atal
F re q .
(L1 -  
A baxial)

R
A
N
K

Leaf 
Length 

(L1)

R
A
N
K

L eaf 
Width 
(L1)

R
A
N
K

1 -1 .9 8 4 - 1.68 4 1.86 4 -1 .3 2 4 - 0 .7 2 3 -0 .2 9 2

2 -0 .4 3 3 -1 .1 4 3 3 .6 4 3 - 0 .2 2 3 1 .74 2 - 0 .3 6 3

3 0 .07 2 -0 .4 4 2 6 .9 0 1 8.81 1 - 2 .28 5 - 0 .5 2 4

4 - 2 .2 0 5 -1»73 5 4 .6 0 2 5 .06 2 -1 .5 1 4 -0 .7 2 5

5 4 .5 5 1 5.01 1 - 17.00 5 -1 2 .3 2 5 2 .78 1 1 .9 0 1

S E C g ^ ) * 0 .3 2 0 .36 0 .9 3 0 .7 5 0.31 0 .12

* S tan d ard  e r r o r  o f  th e  d i f f e r e n c e  betw een two GCA e f fe c ts *



T able  18 . (C ontinued)

C h a ra c te r

P a re n t Leaf 
Area 
(L1)

S
A
N
K

L eaf
Length
(L2)

B
A
N
K

L eaf
Width
(L2)

B
A
N
K

Leaf
Area
(L2)

B
A
N
K

T i l l e r
Dry
Wt

B
A
N
K

P la n t
Dry
Wt

B
A
N
K

1 -0 .9 7 3 -0 .4 7 3 - 0 .28 2 - 1.01 3 - 0.21 4 5 .35 1

2 0 .5 0 2 1 .20 2 - 0.61 4 - 0 .06 2 - 0 .0 2 2 1 .39 3

3 - 2.21 5 - 2.11 5 -0 .3 8 3 -2 .5 3 4 -0 .2 9 5 - 5.61 5

4 -1 .9 6 4 -1 .3 7 if -1 .1 4 5 -3 .3 3 5 - 0 .2 0 3 -4 .6 8 4

5 4 .6 4 1 2 .73 1 2 .4 2 1 6 .95 1 0 .7 3 1 3 .5 5 2

SE(gi -g ^ )* 0 .3 4 0 .32 0 .17 0 .5 4 0 .0 5 1 .06

* S tandard  e r r o r  o f  th e  d i f f e r e n c e  betw een two GCA e f f e c t s .



T able 19* E stim ates o f  s p e c i f i c  com bining a b i l i t y  e f f e c t s  fo r  12 c h a ra cter s  o f  10 g en o ty p es .

Genotypes

C h arac te r

S tom ata l 
Length 
(L1 -  
A daxial)

S tom ata l 
Length 
(L1 -  
A bax ia l)

S tom ata l
F re q .
(L1 -  
Ad a x ia l )

S to m ata l
F re q .
(L1 -  
A baxial)

Leaf 
Length 
(L1)

Leaf 
Width 
(L1)

1 x 2 0 .79 1 .1 3 -0 .7 7 -2 .4 6 1 .32 0 .08
1 x 3 0.28 0 .2 4 -1 .7 3 -1 .7 4 0 .7 0 -0 .0 5
1 x 4 - 0 .6 0 -0 .7 3 -0 .8 4 1 .56 -0 .9 2 0 .0 5
1 x 5 -0 .4 7 -0 .6 4 3 .3 4 2 .6 3 -1 .0 9 0 .08
2 x 3 0 .0 4 0 .17 0 .5 3 0 .9 0 -0 .9 5 - 0 .18
2 x  4 - 0 .58 - 0 .6 2 1 .17 - 0 .1 0 -0 .1 4 0.01
2 x 5 - 0 .2 6 - 0 .68 -0 .9 3 1.67 - 0 .22 0 .0 8
3 x 4 0 .0 6 -0 .1 9 1 .64 1 .84 0 .0 0 0 .08
3 x 5 -0 .3 9 - 0 .22 -0 .4 4 - 1 .00 0 .2 4 0 .1 5
4 x 5 1 .12 1 .55 -1..97 -3 .3 0 1 .07 -0 .1 5

“ ‘ ■ i j - i k J * 0 .3 2 0 .3 6 0 .9 3 0 .7 5 0 .3 0 0 .1 2

0 .2 3 0 .26 0 .6 6 0 .53 0.21 0 .08

* S tandard  e r r o r  o f  a  d if f e r e n c e  betw een two SCA e f f e c t s  w ith  one common p a r e n t .
** S tan d ard  e r r o r  o f  a  d i f f e r e n c e  betw een two SCA e f f e c t s  w ith  no common p a r e n t .



T able 19* (C ontinued)

Genotypes

C h a ra c te r

Leaf 
Area 
(L1)

Leaf
Length
(L2)

Leaf
Width
(L2)

L eaf
Area
(L2)

T i l l e r
Dry
Wt

P la n t
Dry
Wt

1 x 2 0 .83 1 .34 0 .18 1.38 0.21 1.56
1 x 3 0 .38 0 .9 7 -0 .0 5 0 .72 0 .0 4 0 .55
1 x 4 -0 .4 1 -0 .8 7 - 0 .08 -0 .7 4 -0 .0 9 1 .59
1 x 5 - 0 .8 0 -1 .4 5 -0 .0 5 -1 .3 6 - 0 .1 6 -3 .7 1
2 x 3 -0 .8 7 -0 .9 3 - 0.21 - 1 .12 - 0 .12 -4 .0 1
2 x 4 -0 .2 5 -0 .0 9 0 .0 5 - 0.21 - 0 .0 6 - 0.61
2 x 5 0 .2 9 - 0 .3 2 - 0.01 -0 .0 4 - 0 .0 2 3 .06
3 x 4 0 .3 2 -0 .4 2 0.11 - 0 .02 0 .0 2 0.91
3 x 5 0 .16 0 .38 0 .15 0 .4 2 0 .0 5 2 .5 4
4 x 5 0 .3 4 1.38 - 0 .08 0 .98 0 .1 3 —1.89

SE(si r s l k ) . 0 .1 0 0 .3 2 0 .1 7 0 .5 4 0 .0 5 1 .06

0 .2 4 0 .2 3 0 .12 0.38 0 .0 3 0 .7 4

* S tan d ard  e r r o r  o f  a  d if f e r e n c e  betw een two SCA e f f e c t s  w ith  one common p a re n t
** S tan d ard  e r r o r  o f  a  d i f f e r e n c e  betw een two SCA e f f e c t s  w ith  no common p a r e n t .



T able 20 . P heno typ ic  ( r p ) ,  g en o ty p ic  ( rg )  and env ironm en ta l ( r e ) c o r r e l a t io n  c o e f f i c i e n t s  f o r  
n in e  c h a ra c te r s  m easured on 10 F-j brom egrass p ro g e n ie s  d e r iv e d  from a  d i a l l e l  m atin g .

C h a ra c te rs 3 if 5 6 7 8 9

1 0.935** - 0 . 896** -0 .739** 0 . 620** O.789** 0 .?ifif** O .667** 0 .1 9 0
P 0.981** -0 .873** -0 .730* 0 . 701* 0.929** 0.8if7** 0.922** 0 .267
Gr e 0 . 820** - 0 . 666** - 0 . 801** 0.if3^** 0.391** 0.if65** 0.059 O.O83

2 -0 .955** -0 .799** 0 . 587** 0 . 7^0 ** 0.695** O.618** 0.305*P
r n -0 .930** - 0 . 788** 0 . 696* 0 . 966** O.856** 0 . 8ifif** 0 .if2if

Gr 0 - 1 . 063** - 0 . 867** - 0 . 387** 0.082 0 . 2ifif 0 . 06if 0 .139

3 r P 0.895** -O .698** -O .883** -0 .829** - 0 . 828** -0.if51**p 0.933** -0 .769** - 0 . 986** - 0 . 920** -O .975** -0 .5 7 1Gr Q 0.725** - 0 . 510** -0.if98** - 0 . 506** -0 .392** -0 .332*
if r D -0 .879** - 0 . 828** -O .85O** -0.778** - 0 . 600**

-O .883** - 0 . 898** -O .919** -0 .957** - 0 . 768**Ur 0 -0 .917** - 0 . 561** - 0 . 602** - 0.221 -0 .367*

5 r T3 0 . 720** 0 . 88if** 0.691** O.ififif**
0.753* 0.885** O.865** 0.596

r 0 0 . 6ifif** 0 . 892** 0.297* 0 . 2if2
6 0.9llf** O.iflif** O.iflO**

Pr_ 0 . 921** 0.if71 0.521
Gr A O.889** 0.261 0.257

7 r TS 0.798** 0.if91**
P 0.951** 0 .583Gr A 0.39^** O .383**

8 r r» 0.399**P
r r 0.if35Gr e 0 . 368*

* P C 0 .0 5 ; ** P < 0 .0 1 .
/  1 = S tom atal Length (L 1 -A d ax ia l), 2 * S tom ata l Length (L 1 -A b ax ia l), 3 = S to m ata l F req . (L1-

A d ax ia l) , k  = S tom ata l F re q . (L 1 -A b ax ia l), 3 = L eaf Length (L 1), 6s Leaf Width (L 1),
7 s  L eaf Area (L 1), 8 = T i l l e r  Dry Wt, 9 = P la n t  Dry Wt.
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s im i la r  s ig n .  E nvironm ental c o r r e la t io n s  in v o lv in g  s to m a ta l 

freq u en cy  were n e g a tiv e  and m ostly  s i g n i f i c a n t  w hereas th o se  

in v o lv in g  d ry  w eight p e r  t i l l e r  and p e r  p la n t  w ere g e n e ra lly  

sm a ll and p o s i t i v e .  S to m ata l le n g th  a t  th e  a d a x ia l  s u r f a c e  was, 

on th e  o th e r  hand, p o s i t i v e ly  and h ig h ly  s ig n i f i c a n t l y  c o r r e la te d  

w ith  a l l  o th e r  c h a ra c te r s  b o th  g e n o ty p ic a lly  and p h e n o ty p ic a lly  

excep t p la n t  dry  w e ig h t. P la n t  d ry  w eigh t had r e l a t i v e l y  low 

c o r r e l a t io n s  w ith  most o th e r  c h a r a c te r s .
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DISCUSSION

The g en o ty p ic  d i f f e r e n c e s  in  s to m a ta l c h a r a c t e r i s t i c s  

confirm  r e s u l t s  from e a r l i e r  s tu d ie s  on seven  v a r i e t i e s  o f  smooth 

brom egrass ( s e e  P a r t  I ) .  The r a t i o  o f  GCA:SCA and th e  m agnitude 

o f  th e  n a rro w -se n se  h e r i t a b i l i t y  e s tim a te s  in d ic a te d  th a t  much 

o f  th e  v a r i a t io n  i n  s to m a ta l le n g th  and freq u en cy  i n  t h i s  p o p u la ­

t i o n  was g e n e tic  and a d d i t iv e .  These r e s u l t s  ag ree  f a i r l y  w e ll 

w ith  th o se  re p o r te d  in  co rn  (H e ic h e l, 1971)* p e re n n ia l  ry e g ra s s  

(W ilson , 1971)* and b a r le y  (M iskin  e t  a l . ,  19 7 2 ). S e le c t io n  f o r  

h ig h , o r  f o r  low , s to m a ta l frequency  and f o r  s i z e  o f  s to m a ta  on 

th e  in d iv id u a l  p la n t  would th e r e fo r e  be p o s s ib le ,  and ra p id  

re sp o n se  to  s e le c t io n  would be expected  i n  t h i s  p o p u la t io n .

L eaf le n g th ,  w id th  and a re a  were a lso  s t ro n g ly  in f lu e n c e d  by 

a d d i t iv e  gene a c t io n .  However, c o n t r a s t in g  r e s u l t s  were re p o r te d  

f o r  l e a f  le n g th  and w id th  in  t h i s  s p e c ie s :  l e a f  le n g th ,  which was 

found to  be in f lu e n c e d  more by GCA i n  an e a r l i e r  r e p o r t  by M ishra 

and Drolsom (1 9 7 2 ), was l a t e r  re p o r te d  to  be u n d er th e  in f lu e n c e  

o f  SCA (S le p e r  and Drolsom, 197*0. F or l e a f  w id th  SCA was re p o r te d  

more im p o rta n t th a n  GCA e a r l i e r  (M ishra  and Drolsom , 1972), b u t a 

re v e rse d  r e s u l t  was o b ta in e d  f o r  th e  same t r a i t  l a t e r  (S le p e r  and 

Drolsom, 197*0. A more com plica ted  s e le c t io n  m ethod, such  as 

r e c ip r o c a l  r e c u r r e n t  s e le c t io n  f o r  th e  l e a f  c h a r a c te r s ,  would be 

n e ce ssa ry  s in c e  two ty p e s  o f  gene a c t io n  seem to  be in v o lv e d .

The p h en o ty p ic  and g en o ty p ic  c o r r e la t io n s  betw een s to m a ta l 

le n g th  and s to m a ta l frequency  a t  bo th  l e a f  s u r f a c e s  were n e g a tiv e  

and h ig h ly  s ig n i f i c a n t ,  in d ic a t in g  t h a t  s e le c t io n  f o r  g r e a te r  

s to m a ta l s i z e  would r e s u l t  i n  few er s to m a ta  p e r  u n i t  l e a f  a r e a .
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However, ac c o rd in g  to  W ilson (1971)* such  n e g a tiv e  c o r r e l a t io n s  

m ight n o t p ro v e  to  be a b a r r i e r  to  in d ep en d en t s e le c t io n  i f  

h e r i t a b i l i t i e s  o f  th e  two c h a r a c te r s  d i f f e r e d .

H ighly s ig n i f i c a n t  n e g a tiv e  g en o ty p ic  c o r r e l a t io n s  o f  s to m a ta l 

freq u en cy  w ith  l e a f  le n g th ,  w id th , a re a ,  and d ry  w eigh t p e r  t i l l e r  

in d ic a te d  th a t  a  genotype w ith  few er s to m a ta  p e r  u n i t  l e a f  a re a  

may have lo n g e r  and w id er le a v e s  o f  l a r g e r  a re a s  as w e ll as g r e a te r  

d ry  w eigh t p e r  t i l l e r .  T h is  shows good agreem ent w ith  e a r l i e r  

r e s u l t s  f o r  seven  v a r i e t i e s  o f  b rom egrass ( P a r t  I ) .

Both p h en o ty p ic  and g en o ty p ic  c o r r e l a t io n s  betw een s to m a ta l 

le n g th  a t  th e  a d a x ia l  l e a f  s u r f a c e  and d ry  w eigh t p e r  p la n t  was 

sm a ll and n o n - s ig n i f ic a n t .  The p h en o ty p ic  c o r r e l a t io n s  o f  s to m a ta l 

le n g th  ( a b a x ia l )  and freq u en cy  ( a d a x ia l )  w ith  p la n t  d ry  w eigh t were 

low even though s i g n i f i c a n t .  The g en o ty p ic  c o r r e l a t i o n  c o e f f i c i e n t s  

f o r  th e  above c h a r a c te r s  were n o t s i g n i f i c a n t .  A h ig h ly  s i g n i f i ­

c a n t n e g a tiv e  g en o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  found f o r  th e  

a s s o c ia t io n  betw een s to m a ta l  freq u en cy  a t  th e  a b a x ia l  s u r f a c e  and 

p la n t  d ry  w eigh t in d ic a te d  th a t  s e l e c t io n  f o r  d e c rea se d  s to m a ta l 

freq u en cy  a t  th e  a b a x ia l  s u r f a c e  sh o u ld  in c re a s e  th e  d ry  m a tte r  

p ro d u c tio n  p e r  p l a n t .  S in ce  o n ly  spaced  p la n t s  w ere a v a i la b le  in  

t h i s  s tu d y , fo ra g e  y ie ld s  w ere n o t o b ta in e d . However, c o n s id e ra b le  

y ie ld  d a ta  were o b ta in e d  p re v io u s ly  (Bunn and W righ t, 1970) on th e  

o r ig in a l  6-p a re n t  h a l f - d i a l l e l .  T ab le  21 shows th e  s im p le  c o r r e la ­

t i o n  c o e f f i c i e n t s  computed betw een s to m a ta l and l e a f  c h a r a c te r s  o f  

th e  p r e s e n t  experim en t and th e  av erag e  fo ra g e  y ie ld  o f  th e  c o r re ­

spond ing  s in g le  c ro s s e s  o f  th e  p re v io u s  e x p e rim e n ts . S to m ata l 

le n g th  was p o s i t iv e ly  w h ile  s to m a ta l  freq u en cy  n e g a tiv e ly  c o r r e la te d
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T able 2 1 .  S im ple c o r r e l a t i o n  c o e f f i c i e n t s  f o r  s to m a ta l 
c h a ra c te r s  and y i e l d .^

Avg F orage Y ie ld ^

C h a ra c te rs  Syn 1 Syn 2

S to m ata l Length (L 1-A dax ia l) 0 .094 0.321
S to m ata l Length  (L 1 -A b ax ia l) 0 .1 8 0 0 .464

S to m ata l Frequency (L 1-A dax ia l) -0 .3 2 2 -0 .5 7 0
S to m ata l Frequency (L 1-A bax ia l) - 0 .3 0 0 -0 .4 3 6

L eaf L ength  (L1) 0 .227 0 .162
L eaf W idth (L1) 0 .238 0 .463
L eaf A rea (L1) 0 .256 0 .374

T i l l e r  Dry Wt 0 .293 0.468

P la n t  Dry Wt -0 .1 1 9 0 .1 5 0

/  W ith 8 d eg rees  o f  freedom , 0 .632  and 0 .7 6 3  a re  s ig n i f i c a n t  
a t  th e  3% and 1% le v e l  r e s p e c t iv e ly .

£  Mean fo ra g e  y ie ld  ( to n s /h a )  o v er 3 y e a rs  (1 9 6 5 -6 7 ); 
d a ta  adopted  from Dunn and W right (1 9 7 0 ), Experim ent 3*
w here c ro s s e s  2x3, 2x4, 2x3, 2x6  a re  e q u iv a le n t
to  c ro s s e s  1x2 , 1x3* 1x4, 1x3 . . . . . . .  r e s p e c t iv e ly ,
o f  th e  p r e s e n t  ex p e rim en t.
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w ith  fo ra g e  y i e ld ,  r e p re s e n te d  by b o th  syn-1 and sy n -2  in  d r i l l e d  

p l o t s .  The c o r r e l a t i o n  c o e f f i c i e n t s  w ere, how ever, n o t s i g n i f i c a n t .  

There was no a s s o c ia t io n  betw een p la n t  d ry  w eigh t and y ie ld  in  

d r i l l e d  p l o t s .  None o f  th e  l e a f  c h a r a c te r s  w ere s ig n i f i c a n t l y  

c o r r e la te d  w ith  y i e l d .

I n  g e n e ra l ,  g en o ty p ic  c o r r e l a t io n s  were h ig h e r  o r  s l i g h t l y  

h ig h e r  th a n  p h en o ty p ic  c o r r e l a t i o n s .  The rough agreem ent betw een 

th e  p h en o ty p ic  and g en o ty p ic  c o r r e la t io n s  in d ic a te d  g r e a te r  im por­

ta n c e  o f  g e n e t ic  v a r i a b i l i t y  w ith  common e f f e c t s  th a n  th e  en v iro n ­

m en ta l v a r i a b i l i t y  w ith  common e f f e c t s .  A ccording to  F a lc o n e r  

(1 9 6 0 ), e s tim a te s  o f  h ig h e r  g en o ty p ic  c o r r e la t io n s  a re  u s u a lly  

s u b je c t  to  r a th e r  l a r g e  sam pling  e r r o r s  and a re  th e r e f o r e  seldom 

p r e c i s e .

The en v iro n m en ta l c o r r e l a t io n s  in v o lv in g  d ry  w eigh t p e r  t i l l e r  

and p e r  p la n t  w ere g e n e ra l ly  s m a lle r  th a n  th a t  in v o lv in g  s to m a ta l 

and l e a f  c h a r a c te r s .  These may be in d ic a t in g  th a t  th e  c o r r e l a t io n s  

betw een two c h a r a c te r s  in v o lv in g  d ry  w eigh t p e r  t i l l e r  o r  p e r  p l a n t ,  

i f  o f  any s ig n i f ic a n c e ,  a re  due more to  g e n e t ic a l  th a n  to  en v iro n ­

m ental c a u s e s .  Some o f  th e  h ig h  en v iro n m en ta l c o r r e la t io n s  ex h ib ­

i t e d  among th e  s to m a ta l le n g th s  and among l e a f  c h a ra c te r s  in d ic a te d  

th a t  th e  environm ent was e x e r t in g  a  common in f lu e n c e  on such  t r a i t s  

i n  t h e i r  developm ent.

The g en o ty p ic  a s s o c ia t io n s  o f  s to m a ta l le n g th  and freq u en cy  

w ith  l e a f  le n g th ,  w id th  and a re a ,  and d ry  w eigh t a re  h ig h  and 

s i g n i f i c a n t ,  i n d ic a t in g  th a t  p o s i t i v e  s e le c t io n  f o r  s to m a ta l le n g th  

o r  n e g a tiv e  s e le c t io n  f o r  s to m a ta l frequency  sh o u ld  b r in g  a  s u b s ta n ­

t i a l  im provement in  o th e r  t r a i t s  as  w e l l .  However, a c h iev in g  h igh
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y ie ld in g  c lo n e s  by ap p ly in g  s e le c t io n  p r e s s u re  on s to m a ta l c h a rac ­

t e r s  a lo n e  sh o u ld  n o t be e x p e c te d . W allace e t  a l .  (1972) warned 

t h a t  ' a  h ig h  c o r r e l a t i o n  e x i s t in g  betw een a  p h y s io lo g ic a l  component 

and y ie ld  d id  n o t in d ic a te  t h a t  a l l  g e n e tic  v a r i a b i l i t y  a f f e c t in g  

y ie ld  was c e n te re d  i n  t h a t  co m ponen t'. Each component w i l l  make 

a  s m a ll ,  and n o t n e c e s s a r i ly  a l l  im p o rta n t, c o n t r ib u t io n  to  y i e l d .

I f  th e  r o le  o f  s to m ata  i n  whole p la n t  grow th can be c l e a r ly  

d e f in e d , and i f  th ey  show u s e fu l  re sp o n se  to  s e le c t io n  w ith o u t too  

many u n d e s ir a b le  c o r r e l a t i o n s ,  th e n  th e s e  s to m a ta l c h a r a c t e r i s t i c s  

m ight be o f  v a lu e  as one o f  th e  s e le c t io n  c r i t e r i a  in  a  fo ra g e  

g ra s s  b re e d in g  program .
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SUMMARY

G en e tic  v a r i a t io n  o f  s to m a ta l le n g th  and freq u en cy  was s tu d ie d  

i n  10 p o s s ib le  s in g le  c ro s s e s  o f  a  h a l f - d i a l l e l  c ro s s  in v o lv in g  

f iv e  Bromus in e rm is  g en o ty p es . The p ro g e n ie s  w ere sp a c e -p la n te d  

i n  a random ized com plete b lo ck  o f  s ix  r e p l i c a t i o n s .  D i a l l e l  

a n a ly se s  w ere c a r r ie d  o u t acco rd in g  to  G r i f f i n g 's  Method 4 Model I I  

(1 9 5 6 ).

1 . The r e s u l t s  o f  th e  a n a ly se s  re v e a le d  s ig n i f i c a n t  o r  h ig h ly  

s ig n i f i c a n t  GCA mean sq u a re s  f o r  s to m a ta l le n g th  and freq u en cy , 

l e a f  len g th y  w id th  and a re a ,  d ry  w eigh t p e r  t i l l e r  and p e r  p l a n t .  

None o f  th e  SCA mean sq u a re s  were s ig n i f i c a n t  i n  any a n a ly s is .

The r a t i o  o f  GCA:SCA ranged  from 6:1 to  211:1 f o r  a l l  c h a r a c te r s ,  

w hich meant t h a t  a d d i t iv e  gene a c t io n  was r e l a t i v e l y  im p o rtan t in  

c o n t r o l l in g  th e  l e v e l  o f  e x p re ss io n  o f  each c h a r a c te r .

2 . P a re n t 5 had th e  h ig h e s t  p o s i t iv e  and lo w es t n e g a tiv e  GCA 

e f f e c t s  f o r  s to m a ta l le n g th  and s to m a ta l f req u en cy , r e s p e c t iv e ly ,  

and had th e  g r e a te s t  e f f e c t  on in c r e a s in g  l e a f  le n g th ,  w id th , a re a  

and d ry  w eigh t p e r  t i l l e r .

3* H e r i t a b i l i t y  e s tim a te s  in  th e  n a rro w -se n se  were h ig h  f o r  

a d a x ia l  s to m a ta l freq u en cy  ( 0 . 7*0 , ad a x ia l  s to m a ta l le n g th  ( 0 . 5 3 )» 

l e a f  le n g th  (L1) ( 0 .4 8 ) ,  l e a f  w id th  (L1) ( 0 .5 9 ) ,  l e a f  a re a  (L1) 

(0 .5 5 )  end dry  w eigh t p e r  t i l l e r  ( 0 .3 9 ) ,  b u t low f o r  d ry  w eigh t 

p e r  p la n t  ( 0 .1 4 ) .  B ro ad -sen se  h e r i t a b i l i t i e s  w ere e i t h e r  eq u a l 

to  o r  s l i g h t l y  g r e a te r  th a n  n a rro w -sen se  h e r i t a b i l i t i e s .

4 .  The p rep onderance  o f  GCA, which i s  based  on a d d i t iv e  gene 

a c t io n ,  and th e  h ig h  n a rro w -sen se  h e r i t a b i l i t y  e s tim a te s  su g g es t 

t h a t  in d iv id u a l  p la n t  s e le c t io n  f o r  s to m a ta l c h a r a c te r s  would be
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e f f e c t i v e .  S e le c t io n  f o r  l e a f  c h a r a c te r s  w i l l ,  on th e  o th e r  hand, 

r e q u i r e  a  more co m p lica ted  method such  as r e c ip r o c a l  r e c u r r e n t  

s e l e c t io n .

3« H ighly  s ig n i f i c a n t  p h en o ty p ic  and g en o ty p ic  c o r r e la t io n s  

betw een s to m a ta l c h a ra c te r s  and o th e r  t r a i t s  in d ic a te d  th a t  a 

genotype w ith  few er s to m a ta  p e r  u n i t  l e a f  a re a  i s  l i k e l y  to  have 

l a r g e r  s to m a ta , lo n g e r  and w ider le a v e s  o f  l a r g e r  a re a s  as w e ll  as 

g r e a te r  d ry  w eigh t p e r  t i l l e r .

6 .  The p h en o ty p ic  c o r r e l a t io n s  o f  s to m a ta l le n g th  (b o th  

a d a x ia l  and a b a x ia l)  and freq u en cy  ( a d a x ia l )  w ith  d ry  w eigh t p e r  

p la n t  were e i t h e r  n o n - s ig n i f ic a n t  o r  low even though s i g n i f i c a n t .  

The g en o ty p ic  c o r r e l a t io n s  among them were h ig h e r  th an  th e  pheno­

ty p ic  c o r r e l a t io n s  i n  g e n e ra l ,  b u t were n o t s i g n i f i c a n t .  Among 

th e  m o rp h o lo g ica l c h a r a c te r s ,  a b a x ia l  s to m a ta l frequency  had th e  

l a r g e s t  g en o ty p ic  c o r r e l a t io n  c o e f f i c i e n t  w ith  p la n t  d ry  w eigh t 

in d ic a te d  th a t  s e le c t io n  f o r  d ec re a se d  s to m a ta l freq u en cy  shou ld  

in c re a s e  th e  d ry  m a tte r  p ro d u c tio n  on an in d iv id u a l  p la n t  b a s i s .  

C o r r e la t io n s  betw een s to m a ta l f re q u e n c ie s  and fo ra g e  y ie ld  on 

d r i l l e d  p l o t  b a s is  (b ased  on 3 y e a rs  d a ta  p ro v id ed  by Dunn and 

W righ t, 1970) w ere, however, n o t s t a t i s t i c a l l y  s i g n i f i c a n t .

There was no c o r r e l a t io n  betw een spaced  p la n t  y ie ld  and y ie ld  in  

d r i l l e d  p l o t s .

7 . E nvironm ental c o r r e l a t io n s  in v o lv in g  dry  w eight p e r  t i l l e r  

and p e r  p la n t  were g e n e ra l ly  s m a lle r  th a n  th a t  in v o lv in g  s to m a ta l 

and l e a f  c h a r a c te r s ,  w hereas th o se  in v o lv in g  s to m a ta l f re q u e n c ie s  

were h ig h ly  s ig n i f i c a n t  and n e g a tiv e  in  s ig n .  High env ironm enta l 

c o r r e la t io n s  among o th e r  t r a i t s  such  as s to m a ta l le n g th  and l e a f
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c h a r a c te r s  in d ic a te d  t h a t  th e  environm ent was e x e r t in g  a  common 

in f lu e n c e  on such t r a i t s  i n  t h e i r  developm ent.
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Appendix T able  1 . Means o f  th e  12 m orpho log ica l c h a ra c te r s  f o r  th e  10 brom egrass d i a l l e l
c ro s s  p ro g e n ie s .

G enotypes

C h a rac te r

S tom ata l 
Length 
(L1 -  
A dax ia l)

S tom ata l 
Length 
(L1 -  
A bax ia l)

S to m ata l
F re q .
(L1 -  
A dax ia l)

S tom ata l
F re q .
(L1 -  
Ab a x ia l )

L eaf 
Length 
(L1)

L eaf 
Width 
(L1)

(mm“ 2 ) (mm” 2 ) (cm) (mm)

1 x 2 53 .60 54 .84 81.08 50.67 21 .09 7 .1
1 x  3 53 .60 54.65 83 .39 60.43 16.44 6 .8
1 x 4 50.43 52.38 81 .97 59.99 15.59 6 .7
1 x 5 57 .32 59.22 64.55 43.68 19.71 9 .2
2 x 3 54.90 55 .12 87 .43 64.17 17.25 6 .6
2 x 4 52 .00 53 .03 85.77 59.41 18.83 6 .6
2 x 5 59.08 59.71 62.05 43.81 23 .05 9 .3
3 x 4 53 .15 54.16 89 .50 70 .40 14.95 6 .5
3 x 5 59.46 60.87 65.81 50.17 19.49 9 .2
4 x 5 58 .70 61.37 61.97 44 .12 21 .09 8 .7

o\
CO



Appendix T able 1 . (C ontinued)

Genotypes

C h a rac te r

L eaf
Area
(L1)

Leaf
Length
(L2)

Leaf
Width
(L2)

Leaf
Area
(L2)

T i l l e r
Dry
Wt

P la n t
Dry
Wt

(cm2 ) (cm) (mm) (cm2 ) (g ) (g )

1 x 2 12.166 24.88 10 .5 21.115 2 .284 44 .95
1 x 3 9.008 21.19 10 .5 17.991 1.852 36 .93
1 x 4 8 .460 20.08 9 .7 15.722 1.795 38.91
1 x 5 14.675 23.63 13 .3 25.396 2.667 41 .84
2 x 3 9.222 20 .96 10 .0 17.082 1 .865 28.41
2 x 4 10.094 22 .54 9 .5 17.199 2.019 32 .74
2 x 5 17.250 26 .44 13 .0 27.657 2.989 44.66
3 x 4 7.954 18.89 9 .8 14.920 1.838 27.26
3 x 5 14.412 23.83 13 .4 25.658 2.799 37 .13
4 x 5 14.838 25.56 12 .4 25.416 2.971 33.62

OVvo
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