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I N T RO D UC T I O N  

T h e  num b e r  o f  i r r i g at e d ac r e s  i n  S o u t h  Dak o t a i s  

ap p r o x i m a t e l y 0.5 m i ll i o n  ac r e s . W at e r  d e v e l o p m e nt p l an s  

c o u l d  i nc r e as e  i r r i g at e d ac r e ag e  f o u r  t o  f i v e  t i m e s  c a us i ng 

an ad d i t i o nal d e m and f o r  e l e c t r i c i t y . U t i l i t i e s p ay m o r e  

fo r e l e c t r i c i t y  u s e d  d u r i ng p e ak d e m and and t h i s  c o s t i s  

p as s e d o n  t o  c o n s um e r s . T o  e v e n l y  d i s t r i b u t e  d e m and , s om e  

u t i l i t i e s ar e e x p e r i m e n t i n g  w i t h  i r r i g at i o n  s c h e d u l i ng t o  

av o i d  p e ak u s ag e  du r i ng t h e d ay ( 2 3 )  and o f f e r i n g l o we r 

e l e c t ri c al r at e s t o  p ir t i c i p ant s . A n o t h e r  m e t h o d  t o  

d i s t r i b u t e  e l e c t r i c al d e m an d s c o u l d  b e  g r o w i ng a c r o p  w i t h  

l o w e r w at e r r e q u i r em e nt s  o r  o n e  wh i c h h as r e q u i r em e nt s  

e ar l i e r  i n  t h e g r o w i ng s e as o n  an d m at u r e s  b e f o r e t h e  p e ak 

e l e c t r i c al d e m an d  m o n t h s o f  J u l y  and A ug ust . W h e at · 

( T r i t i c um ae s t i v um L . )  an d b a r l e y ( H o r d e um v u l gar e  L .) h av e  

a n  ea rlie r w at e r r e q u i r em e n t a s  w e l l  as a l ow e r  w at e r 

r e q u i r e m e n t  as c om p are d t o  c o r n. H o w e v e r , a p r ob l e m w i t h 

1 

i r r i g at i n g  s m all g r ai n s  i s  t h e p o s s i b � l i t y  o f  l o dg i n g  

( 1 7 , 2 7 ) . T h e  p u r p o s e o f  t h i s  r e s e ar c h  w as t o  s t udy t h e 

e f fe c t  o f  e t h e p h o n  ap p l i e d  a� d i f f e r e n t g r o w t h s t ag e s  o f  

i r r i g at e d s p r i n g w h e at v ar i e t i e s o n  m o r p h o l o g i c al c h ar ac t e r s  

a s s o c i a t e d w i t h  l o d gi n g , g r ai n  q u al i t y  and .y i e l d .  



L IT E R A TURE R EVIE W  

F o r  s p r i n g . w h e a t  t o  b e  a n  e c o n om i c  a l t e r na t i v e a s  an 

i r r i g a t e d  c r o p , t h e e c o n om i c  r e t u r n  m u s t b e  c om p a r a b l e  t o  

c o r n , t h e  p r i m a r y  c r o p  n o w b e i n g  i r r i g a t e d . Wh e a t  y i e l d s 

c a n b e  i n c r e a s e d  b y  a p p l y i n g  i n c r e a s e d  f e r t i l i z e r  r a te s  a n d  

i r r i g a t i o n t o  a r e s p o n s i v e  v a r i e t y . H o w e v e r , i n c r e a s e d  

n i t r o g e n  a n d am p l e  m o i s t u r e  p r o d u c e  a n  e nv i r o n m e n t  

c o n d u c i v e  t o  l o d g i n g  i n  s m a l l g r a i n s  ( 1 4 ) . 

L o d g i n i  r e s u l t s  i n  r e d u c e d  y i e l d ,  p o o r  g r a in q u a l i t y , 

a n d i n c r e a s e d  h a r v e s t lo s s e s . L o d g i n g  s e v e r i t y  d e p en d s  o n  

2 

e n v i r o n m e n t a n d  g r ow t h  s t a g e  a t  w h i c h  i t  o c c u r s , w i t h  

h e a d in g  a n d  e a r l y g ra i n  d e v e l o p m e n t be i n g  c r u c i a l  s t a g e s . 

A r t i f i c i a l l y  i n d u c e d  l o d g i n g  a t  b o t h  t he s o f t d o u g h s t a g e  

a n d  h e a d i n g  r e d uc e d  g r a i n  y i e l d  i n  w i n t e r w h e a t  b y  2 0  a n d 3 1  

p e r c e n t ,  r e s p e ct i v e l y  ( 3 0 ) . Yi e l d  r e d u c t i o n d u e  t o  l o d g i n g  

d e c r e a $e d  a s  t h e ti m e  o f  o c c ur e n ce n e a r e d  m a t u r i t y .  

E v e n  t e m p o r a r y  lo d g i n g  c a n  ca u s e s i g n i f i c a n t y i e l d  

r e d u c t i o n s . P l a n t s  c a n r e c o v e r  f r om e a r l y  l o d g i n g  b y  

i n t e r c a la r y  g r ow t h  o f  n o d e s  ( 1 4 ) . I n  s p r i n g  b a r l e y , 

t em p o r a r y  a rt i f i ci a l  l o d g i n g  a t  a n t h e s i s  r e d uc e d  g r a i n  y i e l d 

b y  2 5  p e r c e n t a n d  p e rm a n e n t  a r t i f i ci a l  l o d g i n g  a t .  t h e s ame 

s t a g e .  r e d uc e d  y i el d · b y  38 p e r c e n t  ( 2 1) . 

T h e  m o s t o b v i o u s  e f fe c t  o f  l o d g i n g  i s  i n t e r f e r e n c e  w i t h  

c a rb o h y d r a t e p r o d uc t i o n (14 ) . C a rb o h y d r �t e  p r o d u c t i o Q i s  

r e d u c e d  w h e n  a l a r ge p a r t  o f  t h e  p h o t o s y n t h e s i zi n g  p a r t s  a r �  



s h a d e d  b y  ov e r l y i n g  p l a n t s . R e d u c e d  c a r b o h yd r a t e  p r o d u c -

t i o n  a f f e c t s  m a i n l y  t h e a c c um u l a t i o n o f  c a r b o h y d r a t e  i n  t h e 

g rai n .  H ow e v e r ,  an y p r o c e s s o r  p l a n t  t i s s u e r e q u i r i n g 

c a r bohy d r a t e s  m a y  a l s o  b e  a f f e c t e d ,  d e p e n d i n g  on wh e n  

l od g i n g o c c u r s . 

Lo d g i n g  c an r e d u c e  t e s t  w e i g h t  b y  d e c r e a s i n g k e r n e l  

w e i g h t  a n d  i n c r e a s i n g  t h e n umb e r  o f  s h r i v e l e d k e r n e l s  ( 1 4 , 

30). S p r ou t i n g , m i l d e w  d a m a g e , an d l e a f  d i s e a se s  m ay o c c u r  

i n  lo d g e d  c r o p s  b e c a u s e o f  t h e m o r e  h u m id m i c r oe n v i r o n m en t 
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w i t h i n  t h e l o d g e d  c r o p -c a n o p y. L o d g i n g  a l s o  i n t e r f e r e s  w i t h  

c r o p  h a r v e s t a n d  i n c r e a s e s  h a r v e s t l o s s e s .  C om b i n e  s p e e d  i s  

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

p i c k e d  u p . M o i s t u r e  c o n t e n t  w i l l  b e  h i g h e r . A l s o , d u e  t o  

t h e l ow e r  c u t t i n g  he i gh t , m o r e  s t r aw m u s t  p as s  t h r o u g h  t h e 

m a c h i n e m a k i n g  t h r e s h i n g a n d  c l e a n i n g l e s s  e f f i c i e n t  (22). 

Lo d g i n g  i s  a ss o c i a t e d w i t h  e x c e s s i v e  m o i stu r e  a n d / o r  

f e rt i l i z e r  i n  c o m b i n a t i o n w i t h  s t r on g  w i n d s  a n d / o r  r ai n s . 

M u ld e r s t a t e d t h a t  n i t r o g e n  a f f e c t s  al l t h e m o r p h o l o g i c a l  

a n d  a n a t o m i c a l  c h a r a c t e r s  a s s o c i a t e d w i t h l o d g i n g  (14). 

Th e s e  c h a r a c t e r s i n c lu d e  i n t e r n o d e l e n g t h ,  n um b e r  o f  

i n t e r n o de s  m e a su r ab l e , i n t e r n o d e d ia m e t e r , a n d  c �l m  w a l l  

t h ic k n e s s .T h e  e ff ec t  o f  n i t r o g e n  6n lo d g i n g _c a n  b e  r e l a t e d 

b e s t t o  it s .e f f e c t o n  t h e b as a l  st em i nt e r n o d e s . L o d g i n g 

r e sul t in g  f r om i n c r e a s e d  s t em e lo n g a t i o n fo l l ow i n g  



a p p l i c a t i on o f  h i g h r a t e s  o f  n i t r o g e n  h a s  b e e � f ou n d  i n  

s em i dw a r f  w h e a t s  (9,31). 

I nc r e a s e d  s t em e l ong a t i o n c an a l s o  r e s ul t  f r o m  

ab un d an t m o i s t u r e .  F u r t h e rm o r e , s ur p l u s m o i s t ur e  i n  t h e 

u p p e r  s oi l  l a y e r  m a y  w e a k e n  t h e a n c h o r a g e  o f  c r ow n  r o o t s  

a l l o w i n g .a m o d e r a t e  r a i n  a n d / o r  w i n d  t o  c a u s e l od g i n g  b y  

u p r o o t in g  (14, 2 7). In c r e a s e d  n i t r og e n  s u p p l y  m a y  p r om ote 
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l o d g i n g m or e  u n d e r  w e t c o n d i t i o n s  t h a n  u n d e r  d r y  c o n d i t i o n s  

a n d m o r e  i n  d e ns e  t h a n  i n  t h i n  p l a n t  p o p u l a t i on s  (14). T h i s  

i n t e r a c t i o n o f  l o d g i ng �p r om o t i n g  f a c t o r s  i s  a p p a r e nt l y 

s yn e r g i s t i c .  

S e v e r a l m e t h o d s  c a n b e  u s e d  t o  c on t r o l  l o d g i ng i n  s m a l l  

g r a i n s . L o d g e - r e s i s t a n t  v a r i e t i e s a n d  s e m i dw a r f  v a r i e t i e s 

h a v e  c o n t r i bu t e d  g r e a t l y  to t h e r e d u c t i o n o f  l o d g i n g , . b u t  

h a v e  n o t  e l i m i n a t e d  i t . E v e n  s em i dw a r f v a r i e t i e s c a n  l o d g e  

wh e n  g r o w n  w i t h  a b u n d a n t m o i s t u r e  a n d h i gh f e r t i l i t y  

(16,31). 

Ti m i n g o f  n i t r o g e n  f e r t i l i za t i o n c a n  a l s o  h e lp c o n t r o l  

l o d g i n g  o f  s m a l l g r a i n s g r ow i n g  u n d e r h i g h f e r t i l i t y l e �e l s ; 

A b un d a nt n i t r o g e n  d u r i n g  e a r l y  g r ow t h  o f  c e r e a l s  p r om ot e s 

c o n d i t i o n s  c o n d u c i v e  t o  l o d g i n g  (9;14,31): L a t e �  

a p p l i�a t i o n s  o f  n it r o g e n  a f t e r  b e gi n n i n g  o f  s t e m e l o n g a t i o n 

an d s p l i .t a p p l i c a t i o n s  d u r i n g e a rl y  g r ow t h  a n d  a ft e r  

b e g i n ni ng o f  s t em e l o n g a t i o n r e d u c e s  t h i s  e f f e c t  o n  t h e 

l o w e r i n t e r n o d e s  an d r e d u c e s  t h e s u s c e p t i b i l i t y t o  l o d g i n g  



wh i l e m a i n t a i n i n g  or i n c r e a s i n g g r a i n  y i e l d  in wh e a t  ( 6 , 2 6 )  

T i m i n g  of i r r i g a t i on a l s o  i n f l u e n c e  l od g i n g  

s u s c e p t i b i l i t y of i r r i ga t e d c e r e a ls .  W i t h h ol d i n g w a t e r 

d u r i n g  e a r l y  v e g e t a t i v e  g r ow t h  of s p ri n g  wh e a t  r e d u c e d  

s u s c ep t i b i l i t y t o  l od g i n g f ol l ow i n g  l a t e r i r r i g a t i o n ( 1 7) .  

T h e  a u t h o r s  s u g g e s te d  t ha t  i r r i g a t i on b e  wi t hh e l d  u n t i l  t he 

b oo t  s t a ge u n l e s s  t h e c r o p  w a s  e x p e r i e n c i n g  m oi s t u re s t r e s s  

s o  e x c e s s i v e v e g e t a t i v e g r ow t h a n d  h e i gh t  w ou l d  n ot b e  

p r om ot e d .  Howe v e r , a n ot h e r  s t ud y  on i r r i g a t i n g  wh e a t  

c on c l u d e d  th a t  f or m a x i mum y i e l d ,  e v e n  s l i gh t  p l a n t w a t e r  

de f i c i t s s h o u l d  b e  a v oi d e d  d u r i n g j oi n t i n g  a n d  t ha t · 

i r r i g a ti on s  s h ou l d  b e  s c h e l d u l e d  t o  r e p l a c e  w a t e r u s e d  b y  

e v a p ot r a n s p i r a t i o n ( 5 ) . 

P l a n t  g r ow t h  r e gu l a t or s  h a v e  b e e n  u s e d  t o  p r e v e n t 

l od g i n g  i n  c e r e a l s . C h l orme q u a t  [ ( 2 - c h l or oe t h y l ) t r i m e t h y l  

amm on ium c h l or i d e ]  w a s  f i r s t r e p or t e d b y  T ol b e r t  i n  1 9 6 0  t o  

r e d u c e h e i g h t  a n d  i n c r e a s e  s t em d i am e t e r s of y oun g w h e a t  

pl a n ts ( 25 ) . H e  a l s o  f ou n d  t h a t  a p p l y i n g  g i b b e r e l l i n 
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r e v e r s e d t h e a c t i on of p r e v i ous c h l or m e qu a t  a p p l i c a t i on on 

p l a n t  h e i g h t . S i mu l t an e ou s  a p p l i c a t ion o f  b ot h  r e s u l t e d
.
i n  

n o  h e i g h t  r e d u c t i o n , _ s u g g e s ti n g  t h a t  c h l o rm e q u a t  i n t e r fe r e s  

w i t h  g i b b e r e l l i n s yn th e s i s .  S ub s e qu e n t r e s e a r c h e r s  r e p or t e d  

t h a t · c h l o rm e q u a t  ha s s i m i l a r e f f e c t s  o n  h e i g h t  of ot h e r 

c e r e a ls le a d i n g  t o  d e c r e a s e d  l o d g i n g  ( 7, 8 , 1 1 , 24 ) . 

E t h e p h on ( ( 2 - c h l or o e t hy l )  p h os p h on i c  a c i d ] i s  a n o t h e r  



6 

p l a n t  growt h r e g ul a t or t h a t  re d uc e s  h e i gh t  a n � l od g i n g  o f  

c e r�a ls ( 2 , 4 , 8 , 19 ) . De c om p osi t i on o f  e t h e p h o n  i n  p l a n t  

t i ssue re l e�se s e t h y l e n e  wh i c h i n h i b i t s  a ux i n t r a n sp or t  i n  

som e spe c i e s  c au s i n g  a r e d uc t i on i n  st em e l on g a t i on ( 1 3 , 2 9 ) . 

E t h ep h on e f f e c t i v e l y  re d u c e s  h e i gh t  a n d  lod g i n g  i n  wh e a t  a n d  

b a r l e y w h e n  a p p l i e d a t  r a t e s  o f  0 .2 8  t o  0 . 5 6 k g  a i /h a  a t  

b o o t  s t a g e  ( 2 ,  4 ) . Hi gh e r  r a t e s  ( 1 .1 2  a n d 2 .2 4  k g  a i /h a ) 

r e d u c e d  h e i g h t  a n d  l od g i n g  b u t  d e c r e a se d  g r a i n  y i e l d s i n  

wi n t e r  wh e a t  ( 2 ) .  R ow e l l  a n d  M i l l e r  r e p o r t e d t h a t  e t h e p h o n  

c a n c au s e m a l e  s t e r i l i t y wh e n  a p p l ie d  a t  h i gh r a t e s . d u r i n g  

t h e b o o t  s t a g e s  a n d h a s  b e e n  t e s t e d  a s  a m a l e  g am e t oc i d e i n  

h yb r i d  wh e a t  p r o g r am s  ( 1 8 ) . 

S m a l l g r a i n s  h a v e b e e n  s h own t o  d i f f e r  i n  m a g n i t u d e  o f  

r e s p o n s e  t o  t h e s e �r o wt h  r e g u l a t o r s . E t h e p h on dwa r fe d  o a t s 

( A v e n a  s a ti v a  L . ) m o r e  t h an wh e a t , b a r l e y o r  r y e ( S e c a l e  

c e r e a l e  L . ) ( 3 2 ). I n  a s t u d y  b y  C l a r k  a n d  F e d a k , c h l o r ­

m e q u a t r e d u c e d  t h e h e i gh t  o f  wh e a t  m o r e  t h a n  i t  d i d  o a t s an d 

b a r l e y ( 3 ). A l s o , i n  c om pa r i n g t h e r e s p o n s e  o f  5 3  b a r l e y 

v a r i e t i e s , t h e y  f o u n d r e a c t i o n t o  c h l o r m e q u a t  r a n g e d  f r om 

t h a t  o f  h e i g h t  r e d u c t i o n to an i n c r e a s e i n  h e i gh t . 

C h l o rm e q u a t  i s  m o s t c o mm o n l y  ap p l ie d  ·a t G S  4 -6 o n  t he 

F e e k e s  S c a l e  ( 1 0 ) . o f  s m a l l  g r a i n s �  wh e r e a s  e t h e p h o n  i s  m o s t 

e f f e c t i v e  w �e n  a pp l i e d a t  G S  8 - 1 0  ( 1 , 2 , 3 , 4 , 8 , 9 ,1 9 , 2 4 ) . Th e 

l a t e r  a p p l i c a t i o n  a l l o ws b e t t e r  a s s e s s m e n t o f  l o d g i n g  

p o t e n t i a l  b e f o r e  t r e a t i n g .  E f f e c t i v e  r a t e s  o f  c h l o r m e qua t 



t o  re d u c � l o d g i rig a r e  4 . 0  t o  6 . 0  k g /h a  c om p a �e d  t o  0 . 2 8 t o  

0 . 6 6 k g / h a f o r  e t h e p h o n , s o  l e s s  c h e m i c al i s  u s e d  

(1 , 2 , 4 , 8 , 9 ) .  

7 
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M a t e r i a l s  a n d  M e t h o d s  

E x p e r i me n t s  w e r e  c o n d u c t e d a t  t w o  l o c a ti o n s  i n  1 9 8 3  a n d  

1 9 8 4 . O n e  n e a r  G e t t y s b u r g ,  S o u t h  D a ko t a  o n  a L o w r y  s i lt 

l o am ( T y p i c  Ha p l us t o l l s - c o a r s e - s i l t y ,  mixe d , m e s i c )  w i t h 

o r g a n i c  m a t t e r  o f  1 . 2 % a n d  p H  o f  7 .2 ;  t h e  s e c o n d  l o c a t i o n 

w a s  n e a r  R e d f i e l d ,  S o u t h  D ak o t a ,  o n  a G r e a t  B e n d  s i l t  l o am 

( U d i c  Ha p l ob o r o l l s - f i n e - s i l t y ,  m i x e d )  w i t h  o r g a n i c  m a t t e r o f  

2 . 8% a n d p H  o f  7. 4 .  T h e  e x p e r i m e n t a l  d e �i g n a t  b o t h  l o c a t i o n s  

w a s  a s p l i t  p l o t  w i t h  f o u r  r e p l i c a t i o n s ;  v a r i e t i e s a s  m a i n  p l o t s  

a n d  e t h e p h o n a p p l i c a t i on s  a s  s ub p l o t s . 

B o t h  s -i t e s we r e  f e r t i l i z e d  f o r  a y i e l d  g o a l  o f  6 0 0 0  

k g / h a a c c o r d i n g  t o  s o i l t e s t  r e c omm e n d a t i o n s . P r o p a c h l o r  a t  

4 . 4 8 k g / h a  w a s  a p p l i e d  p r e e m e r g e n c e  t o  c o n t r o l  an n u a l  

g r a s s e s . B r o m o x yn i l +MC P A  a t  0 . 4 2 +0 . 4 2 k g / h a  w a s  a pp l i e d 

p o s t e m e r g e n c e  t o  c o n t r o l  b r o a d l e a f  w e e d s . 'L e n ', 'Ma r s h a l l ', 

a n d  ' B u t t e ' v a r ie t i e s o f  w h e a t  w e r e  p l a n t e d a t  Re d f i e ld o n  

A p r i l  2 3 , 1 9 8 3  a n d  Ap r i l  2 4 , 1 9 84 . B u t t e  a n d  Ma r s h a l l w e r e  

p la n t ed a t  G e t t y s b u r g  o n  A p ri l 2 0 , 1 9 8 3  a n d  A p r i l  1 0 , 1 9 8 4 . 

L e n  w a s a l s o  p l an t e d a t  G e t t y s b u r g  i n  1 9 8 4 . S e e d i n g  r a t e 

f o r  e a c h  v a r i e t y  w a s  a d j u s t e d  f o r  k e r n e l  s i ze a n d  

g e r m i n a t i o n t o  o b t a i n· a u n i f o rm r a t.e o f  1 7-0 s e e d s jm 2. S ub 

p l o t s  w e r e  1 . 5  b y _  4�2 m a n d  1 . 5  b y  5 . 7 m a t  R e d f i e l d  an d 

G e t t y s b u r g , r e s p e c t i v e l y ,  w i t h  s e v e n  r o w s  1 7. 8  em a p a r t . 

P l o t s  w e r e  s p r in k l e r  i r r i g a t e d  w h e n  t h e s o i l  a t  t h e 0 . 3 m 



d e p t h  r e a c he d  50-60% o f  f i e l d  c a p a c i t y. M a n c o z e b  a t  2.24 

k g /h a  w a s  u s e d  w he n  n e c e s s a r y  to c o n t r o l  T a n  S p o t  

( Pyr e n op ho r a t r i ch o s t o m a ) . 

E t h e p h o n  t r e a t m e n t s  w e r e :  0.14 k g /h a  a t  G S 4 a n d G S  6, 

0.28 k g / h a a t  G S  4, 0.28 k g / ha a t  G S  6, 0.28 k g /h a  a t  G S  8, 

0.56 k g / h a  a t  GS 8, a n d  u n t r e a t e d . I n  1984 o n e  a d d it i o n a l  

sub t r e a t m e n t  o f  0.42 k g / ha a t  G S  8 w a s  i n c l u d e d . G r ow t h  

s t a g e s  (G S )  a t  a pp l i c a t i o n w e r e  d e t e r min e d  u s i n g  t h e F e e k e s  

Scale (10, Appe ndix A). But t e i s  e a r l i e r m a t u r i n g  t h a n  Le n 

o r  M ar �h a l l; the r e fo r e , But t e  w a s  a t  G S  9 a t  t h e l a s t  

appl i ca t ion date. E i t he r  a b i c y c le - w he e l e d s p r a y e r  o r  

ba c k p a c k  sprayer was u s e d  to apply e t h ep h o n  i n  187 L/h a o f  

w a t e r  a t  245 k P a . S pr ayi n g i n f o rm a t i o n i s  i n  A p p e n d i x  B .  

Lodging was visu a l l y e v a l u a t e d  a t  G S  11.2 a n d  a t  

h a r v e s t .  T h e  Belgium l o d g i n g  i n d e x  (19) w a s  u s e d  w h i c h 

e v a lua t e s t he s everity o f  l o d g i n g
.

a s  well a s  a mo un t  of 

lod g i ng as i n dicate d  by t h e  f o r m u l a : 

Lodging index�s x I x 0 . 2  

S=s u r face area lodge d (l=no lod g i ng, 9=t o t a l  l o d g i n g )  

!=lo d ging inte n s�t y (l= e r ect, 5=comple tely f l a t )  

T h e  s c a le ran ges f r om 0.2 ( n o l o d g i n g )  t o  9 . 0 (to t a l a r e a  

f l a t ). · At G S  11 . 2, p l a n t h e igh t w a s  m e a s u r e d  f r o m  t h e 

g roun d  to t h e ba s e  o f  a s p i k e  a t  t h r e e  r a n d om l oca t ion i n  

e a c h  s u b plot. The i n t e r n o d e s  ab o v e  t h e s o il surface w e r e  
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me a s u re d  f o r t e n s t em s  s e l e c t e d  ra n d o ml y  f ro m -e a c h  s ub p l o t . 

I n t e rn o d e  d i a me t e r  w a s  a l s o  me a s u re d  f o r e ac h  i n t e rn o d e  a n d 

s t e m i n  1 9 8 4 . P l o t s  we re h a rv e s t e d o n  A u g u s t 8 ,  1 9 8 3  a n d  

A u gu s t 1 0 , 1 9 8 4  a t  R e d f i e l d  a n d  A u g u s t 9 ,  1 9 8 3  an d A u g u s t 6 ,  

1 9 8 4  a t  G e t t y s b u rg w i t h  a p l o t  c o mb i n e  t o  o b t a i n  y i e l d , t e s t  

w e i g h t , p e rc e n t  p ro t e i n , an d w e i gh t  p e r  1 0 00 s e e d s . P e rc e nt 

p ro t e i n  w a s  d e t e rmi n e d  us i n g  a T e c h n i c o n  I n f ra An a l y z e r  

c a l i b ra t e d f o r s p r i n g  w h e a t . 

I n  19 8 4  o n e  ro w 3 . 0  m l o n g  a t  R e d f i e l d  a n d 4 . 6  m l o n g  

a t  G e t t y s b u rg w a s  s e l e �t e d a t  ra n d om f ro m  e a c h  s ub p l o t  t o  

b e - h a rv e s t e d  b y  h a n d  f o r  d e t e r m i n i n g y i e l d  c o mp o n e n t s  b e f o r e  

u s i n g  t h e p l o t  c om b i n e .  T h e  n umb e r  o f  s p i k e s  w e r e  c o u n t e d 

f r om e a c h  r ow s am p le a n d  t e n s p i k e s  s e l e c t e d f o r  a 

s u b s am p l e . T h e  n um b e r  o f  s p i k l e t s , k e r n e ls ,  a n d  g r a jn 

we i g h t  p e r  sp i k e  w e r e  d e t e rm i n e d  f r o m t h i s  s ub s amp l e .  T h e  

r e m a i n i n g s p i k e s  w e r e  t h r e s h e d , w e i g h e d , a n d  a d d e d  t o  t h e 

t o t a l  p l o t  y i e l d  h a r v e s t e d  b y  c o m b i n e . 

D a t a w e r e  e v a l u a t e d w i t h  a n a l y s i s  o f  v a r i a nc e  a nd 

c orr e l a t i o n a n a ly s i s  f o r e a c h  y e a r . M e a n s w e r e  c o m p a r e d  

w i t h  W a ll e r - D u n c a n K - r a t i o  t -t es t . P a t h  c o e f f i c i e n t s  w e r e  

c o m p u t e d f r om p a r t i a l -r e g r e s s i o n c o ef f i c i e n t s  a n d  s t a n d a r d . 

d e v i a t i o n s  o f  t h e d e p e n d e n t a n d  i n d e p e n d e n t v a r i a b l e s ( 1 2 ). 

Yi e l d  w a$ c o n s id e r e d  t h e d e p e n d e n t v a ri ab l e  a n d  t h e  

c o m p o n e n t s  a s  i n d e p e n d e n t .  
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R e s u l t s  a n d D i s c u s s i on 

A p p l i c a t i o n of e t h e p h o n  e f f e c t i v e ly r e duc e d  t h e h e igh t 

o f  s p r in g  w h e a t  ( T ab l e  1 ) . He i g h t s w e r e  a v e ra g e d ac r o s s  

v a r i e t ie s  b e c a u s e t h e r e  w a s  n o  s i g n i f i c a n t int e r a c t i o n 

b e t w e e n  v a r i e t i e s a n d  t r e a t m e n t s . A t  R e df ie l d  i n  b o t h  y e a r s  

h e i g h t  w a s  r e d uc e d s i g n i f ic a n t l y- a s  r a t e i n c r e as e d  a n d b y  

l a t e r a p p l ic a t i o n a t  G S  8 .  I n  1 9 8 3  p l a n t s  t r e a t e d  w i t h  

e t h e p h o n  a t  e it h e r  G S  6 o r  G S  8 w e r e  s i g n i f ic an t l y s h o r t e r 

c o mp a r e d  t o  u n t r e a t e d  p l a n t s  a t  R e df i e l d . A l l t re a t e d  

p l a n t s  in 1 9 8 4  w e re -si gn i f i c an t l y  sh or t e r  t h a n  u n t r e a t e d  

o n e s . T h i s  i s  i n  a g r e em e n t w i th r e s u l t s  r e p o rt e d b �  o th e r s  

o n  be st t i m e  o f  a p p l ic a t i o n  f o r  w in t e r  wh e a t, b a r l e y ,  o a ts 

a n d  tr i ti c a l e  ( 2 , 4) .  

A t  G e t ty sb u r g  i n  1 9 8 3  ( T ab l e  1 ) , ap p l i c a t i o n s  o f  

e th e p h o n  a t  0 .2 8  a n d  0 . 5 6 k g / h a  w e r e  si g n i f i c a n tl y  d i f fe r e n t 

fr o m  t h e u n t r e a te d , b u t n ot f r o m  e a c h  o t h e r . A ll t r e a t e d  

p l a n ts e x c e p t  th o se tr e a te d  w i t h  0 . 2 8 k g / h a  a t  G S  4 w e r e  

si g n if i ca n tl y  sh o r t e r  th an th e un tr e a t e d  i n  1 9 8 4 . H e i gh t  

d e c r e a se d  a s  r a te i n c r e a se d  a t  th e G S  8 a p p l i c a t i o n d a t e ,  

b u t  d i ff e r e n t a p p l i c a ti o n  ti m e s o f  t h e sam e  ra te ( 0 . 2 8  

k g / h a ) w e r e  n o t  si g n i f i c a n t. D a h n o u s, e t  . . a l . ,  _r e p o r te d  

h e i g h t  r e d u c ti o n o f  se m i dw a r f  w h e a ts o n l y  a t  0 .5 5  o r  0 . 8 5 

k g / h a . ( 4 ) . I n  t h i s stu d y  th e h e i g h ts o f  b o t h  se m i dw a r f s  

( Le n  a n d  Ma r sh all ) w e r e  r e d u c e d  b y  0 .2 8 k g / h a at G S  8 .  This 

r e d u c t i o n i n  h e i g h t  w o u l d  d e c r e a se th e f o r c e s  o f  w i n d  a n d  



Tab le 1. He ight reduct ion by ethephon on spri ng wheat 
averaged across variet ies at Redfie ld and Get tysburg in 1983 

and 1984. 

1983 1984 

Redfie ld Get t ysbur g Redfield Get t ysburg 
Rate Growth He ight* Hei ght* He i ght* He ight* 

(kg/ha) S tage (em) (em) ( em) (em) 

Unt reated 77.6 a 80.9 a 83.7 a 80.2 a 
0. 1 4  GS 4&6 74.7 b 78.8 ab 80.7 b 77.3 bed 
0.28 GS 4 77.7 a 75.8 b 80.9 b 78 .. 8 ab 
0.28 GS 6 74.9 b 76.4 b 79.6 b 76.0 cd 
o. 28 GS 8 71.0 c 75.8 b 76.9 c 77.8 be 
0.42 GS 8 74.6 d 76.1 cd 
0.56 GS 8 66.6 d 75.7 b 72.8 e 75.9 d 

* Means wi thin - a co l umn  fo l lowed b y  the s ame let ter are not s i g ­
. n i fican t ly di fferent a t  the 5% level us ing the Wa ller -Duncan 

k-rat i o  T-t es t ( k= lOO). 

Tab le  2. Reduct i on of int er node lengths averaged 
ac ross variet ies at Redfield in 1983 . 

Rat e Growt h Internode lengt h ·{mm} * ** 

(k g/ha )  S t age l 2 3 

Un t reat ed 372 a 180 a 122 a 
0. 1 4  GS 4&6 365 a 154 b e  1 11 b 
0 . 28 GS 4 375 a 176 a 120 ab 
0 . 28 GS 6 366 a 160 b 111 b 
0 . 28 GS 8 342 b 1 49 c 108 b 
0.56 GS 8 333 b 134 d 103 c 

* Means wi thin a colqmn followed by the same let­
ter are not s i gn ificant l y  di fferen t at the 5% 

level using the Waller-Duncan k-r at io T- t es t  
( k= lOO). 

* * I n ternode No . l is the uppe rmost internode , 
No . 2 is be l o w  No . 1 and so on . 
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g r a i n  w e i g h t  o n  t h e l o w e r  i n t e r n o d e s  a n d r o o t s . P l an t  

h e i gh t  i n  r e l a t io n  t o  we i gh t  o f  t h e u p p e r  p o r t i o n s  o f  t h e 

p l a n t i s  a c h a r a c t e r  r e l a t e d t o  l o d g i n g  ( 1 4 ) . 

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

i s  t h e l e n g t h  o f  v a r i o u s  i n t e r n o d e s  o f  t h e s t e m, s i n c e  

e l o n g a t e d  p l a n t s  f o rm s l e n d e r  an d w e a k  s t e ms ( 1 4) .  S t em 

d i am e t e r i s  a l s o an  i m p o r t a n t  p r o p e r t y  i n  r e s i s ti ng b e n d i n g  

a n d b r e aki n g . 

L e n g t h r e d u c t i o n o f  i n d i v i d u a l i n t e r n o d e s  w a s  c l o s e l y  

a s s o c i a t e d w i t h  s t a ge a n d  r a t e o f  e t h e p h o n  a p p l i c a t i o n 

( T a b l e s 2 , 3 , 4 , an d 5). E t h e p h o n  r e d u c e d  l e n g t h  o f  i n t e r n o d e  

N o . l w h e n  a p p l i e d  a t  GS 8 a t  R e d f i e l d  i n  1 9 8 3  ( T ab l e  2 ) . 

Len g t h  o f  i n t e r n o d e s  N o . 2 a n d  3 w e r e  re d u c e d  w h e n  e t h e p h o n  

w a s  a p p l i e d  a t  GS 6 a n d  8 .  In 1 9 8 4  a t  R e d f i e l d  a l l 

a p p l i c a t i o n s  o f  e t he p h o n  r e d u c e d  i n t e r n o d e  l e n g t h  (T ab l e  3 ). 

T h e  r e du c t i o n in l e n g t h o f  t h e t o p t w o i n t e r n o d e s  was  

i n c re as e d  at  l a t e r s t a g e s  of a p p l ic a t i o n a n d hi g h e r r a te s . 

Th e g r e a t e s t  l e n g t h  r e d u c t i o n i n  i n t e r no d e  N o . 3 o c c u r r e d  

w h e n  e t h e p h o n  w a s  a p p l i e d a t  0 . 2 8 k g / h a .  Th e t h i rd 

i n t e r n o d e  w a s  e l o n g a t i n g a t  t h e t i m e  o f  a p p l i c a t i o n . 

Ge t t ys b u r g re s u l t s  a r e  s i m i l a r t o  t h o s e  o b t a i n e d a t  

R e d f i e l d . T h e  t o p tw o  i n t e r n o d e s  w er e  n o t  s i g n i f i c a nt ly 

af f e c t e d b y  ·et he p ho n  i n  e i t h e r  y�a r  u n t i l  ap p l i c a t i o n a t  GS 

8 ( T ab l �s 4 a n d  5). I n t e r n o d e  N o . 3 w a s  s i gn i f i c a n t l y 

r e d u c e d  b y  0 . 5 6 k g /h a  a t  G S  6 i n  1 9 8 4 . I n t e r n o d e s  b e l ow No. 
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Tab le 3 .  Reduct ion of internode lengths averaged 

across var i et i es at Redfield in 1 984 . 

Rate Growth Int ernode length (mm)* ** 
(kg/ha) Stage l 2 3 

Unt reated 414 a 196 a 1 20 a 
0 . 14 GS 4&6 394 b 182 b 1 1 3 b 
0 . 2 8  GS 4 396 b 1 85 b 1 12 b 
0 . 2 8  GS 6 3 81 c 1 73 c 105 c 
0 . 2 8  GS 8 361 d 1 72 c 1 13 b 
0 . 42 GS 8 350 e 176 c 1 12 b 
0 . 56 GS 8 346 e 160 d 1 11 be 

* Means wi thin a column followed by the s ame let ­
ter are not s i gni ficant ly di fferent at the 5% 
level using the Wal ler -Dunc an k-ratio T-tes t 
( k =l OO )

'
. 

·** Internode No. l is the uppermos t internode , 
No. 2 is be l ow No . l and so on . 

Tab l e  4 .  Reduction of int ernode lengths averaged 
across variet i e s  at Get tysburg in 1 983 . 

Rat e G rowth In t ernode lengt h {nun2 * ** 
{kg/ha) S tage 1 2 3 

Untreated 336 ab 1 8 9 a 137  a 
0 . 1 4  I GS 4&6 3 86 a 1 84 ab 132 . ab 
0 . 2 8  GS 4 375 ab 1 8 4 ab 1 30 ab 
0.28 GS 6 365 abc 1 8 1 ab 1 29 ab 
0 . 2 8  GS 8 356 be 17 8 be 1 3 3  ab 
0 . 56 GS 8 34 1 c 169 c 1 24 b 

* Means within a column followed by the s ame l et ­
ter a re not significantly different at the 5% 
leve l using t he Waller-DUncan k-ratio T-test 
(k=lOO). 

**Internode No. l is the uppermos t internode , 
No. 2 i s  below No. 1 and so on. 
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3 we r e  n o t  s i g n i f i c a n t l y  a f f �c t e d ( d a t a  n o t  p r e s e n t e d ) . 

I n t e r n o d e  d i am e t e r  wa s n o t  s i gn ifi c an t l y  a ff e �t e d b y  

e t h e p h o n  a p p l i c a t i o n ( T ab l e  6) a l t h o u g h  t h e r e wa s s om e  

v a r i a t i o n a m o n g  t r e a t m e n t s .  

. 
I. 

' 
1 5  

L o d g i n g  i n  B u t t e  wa s s i gn i f i c a n t l y  r e d u c e d  b y  e t h e p h o n  

a p p l i c a t i o ri  a t  G S  8 i n  b o t h  ye a r s a n d  l o c a t i o n s  ( T ab l e  7,8 , 

a n d  9 ) . S i gn i f i c a n t  l o d gi n g  r e d u c t i o n i n  a s em i d wa r f  o n l y  

o c c u r e d  i n  M a r s h a l l a t  Ge t t ys b u r g  i n  1 9 8 3  ( T a b l e  7 )  w h e r e  

s e v e r e  l o d g i n g  w a s  p r e s e n t . L o d g i n g  wa s r e d u ce d  b y  e t h e p h o n  

a p p l i cat i o n a t  G S  8 �  b u t  o n l y t h e h i g h r a t e  wa s s i g n if i ­

c a n t l y  d i f f e r e n t  fr o m  t h e un t r e a t e d . L o d g i n g  o f  L e n  a n d  

M a r s h a l l  o c c urr ed i n  1 9 8 4  a t  b o t h  l o c a ti o n s  (T a b l e  9) , b ut 

w as n o t  as s e v e r e . N o  l o dg in g  o c c ur ed in t h e s em i d wa r f  

p l o t s  w h e n  e t h e p h o n  w a s  a p p l i e d  a t  G S  8 ,  b u t  i t  w a s  n o t  

s i g n i f i c an t l y  di f f e r en t  f r o m. t h e u n t r e a t e d .  L o d gi n g r e d u c -

t i o n  wa s p o s i t i v e l y c o r r e l a t e d t o  d e c r e a s e i n  p la n t  h e i g h t . 

S p r i n g  w h e a t  y i e ld s  i n  1 9 8 3  we r e  n o t  n e g a t i v e l y  

a f f e c t ed b y  e t h e p h o n  e x c e p t fo r t h e 0 . 56 kg / h a  r a t e  a t  G S  8 

o n  M a r s h al l a n d  L e n  ( T ab le s 10 an d 1 1 ). T h i s  i s  wh y t h e 

0 . 4 2  kg / h a  r a t e  wa s i n c l u d e d  i n  1 9 8 4 .  A p p l i c a t i o n o f  

et h e p h o n  at G S  4 an d 6 o n  Mar s h a l l a t  R e d f i e l d  pr o d u c�d a 

y i el d  in c re a s e  c o m p a r e d  t o  t h e un t r e a t e d  e v e n  t h o u g h  n o 

lo d g i n g  o c c u ��d in 1 983 ( T a b l e  11 ) .  Yi e l d  wa s s i gn i f i c an t l y  

r e d uc e d  b y  a l l e t h e p h o n  a p p_ l i c a t i o n s  i n  1 9�4, c o m p a re d  t o  

t h e u n t r ea t ed exc ep t fo r 0 . 2 8  k g /h a  a t  G S  6 (T a b l e  1 2 }. 



Tab l e 5 .  Reduct ion of internode l engths a veraged 
across var i et i es at Get tysburg in 1 984 . 

Rate Growt h  Internode length (nun)* ** 
(kg/ha) Stage 1 2 3 

Unt reated 396 ab 172 a 1 1 7 a 
0 . 14 GS 4&6 382 c 1 68 ab 1 14 ab 
0 . 28 GS 4 403 a 173  a 1 1 3 abc 
0 . 28 GS 6 389 be 166 ab 109 be 
0 . 28 GS 8 384 c 1 65 b 1 1 3 abc 
0 . 42 GS 8 379 c 162 b 109 be 
0 . 56 GS 8 379 c 1 60 b 1 07 c 

* Means wi thin a col umn fol lo wed by the s ame let ­
ter are not s i gn i ficant ly -di fferent at the 5% 
leve l  us ing the Wal ler -D un can k -rat i o  T -tes t  
( k= lOO ) . 

* * Int ernode No . 1 is the uppermo st int e rnode , 
No . 2 is  be l o w No . 1 a nd so on. 

Tab le  6 .  E ffect of ethephon on i nt ernode diamet er 
averaged across var iet i e s  and locat ion s in 1 98 4 .  

Rate Growth Internode di ameter {mm�* * *  
{k g/ha )  S t a ge 1 2 3 

Unt reat ed 2 . 8  a 3 . 5  a 3 . 4  a 
0 . 1 4  GS 4&6 2 . 7  a 3 . 3 a 3 . 2  a 
0 . 28 GS 4 2 . 8  a 3 .4 a 3 . 2  a 
0 . 28 GS 6 2 . 8  a 3 . 3 a 3 . 2 a 
0.28 GS 8 2 . 6  a 3 . 3 a 3 . 2  a 
0.42 GS 8 2 . 7 a 3 . 3  a 3 . 3 a 
0 . 56 GS 8 2 . 7  � 3 . 3 a 3 . 2  a 

* Mean s within  a column fo llo wed by the s -ame let­
ter are not s i gni fi can t ly different at the 5% 
leve l using t .he Wa ller-Dunc an  k-rat i o  T- test 
( k =lOO ) . 

* * Internode No . l is the uppermos t internode , 
No . 2 is  be l o w  No . l and so on . 
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Tab le 7. Reduct ion of lodg ing of spr i .ng wheat 

variet ies by ethephon at Gettysburg in  1983. 

Marshal l* * *  Butt e* * *  

Rate Gr owth G S  1 1 . 2  Harvest G S  11.2 Harves t 
(kg/ha) S t age Lodging Lodging Lod gi ng Lodging 

U nt reat ed 0.2 a 2 .�2 ab :3. 9 ab 6.1 a 
0 . 14 G S  4&6 0.2 a 1. 3 abc -3-. 3  b 5 . 5  ab 
0 . 28 G S  4 0 . 2 a 2 . 4 a 5 . 0  a 6 . 2 a 
0 . 28 GS 6 0 . 2 a 2. 0 ab c 2 . 6  b e  5 . 7  a 
0 . 28 G S  8 o.·2 a 0 . 4  b e  1 . 5  cd 3 .. 3 b e  
0 . 56 G S  8 0 . 2 a 0 . 2 c 0 . 9 d 2 . 4  c 

* Means wi thin a col umn fo l l owed by the s ame let ter are 
not s i gn i ficant l y  d i fferen t at the 5% level us ing the 
W al ler -Dunc an k- rat i o  ·T -test  ( k =lOO). 

* * The scale ranges from 0 . 2 (no lodging) to 9 . 0  
(total  area flat ) .  

17 

Ta bl e  8. Reduct i on of l o dging of spring wheat var i e t i es by ethephon 
at Redfield in 1983 . 

Marshal l *  ** But t e* ** Len * ** 
Rate Growt h  G S  1 1 . 2  Harves t GS 11 . 2  Harves t GS 1 1 . 2  Harves t 

(kg/ha) S t age Lodging Lodging Lo dging Lodging Lodging Lodgin g 

Unt reated 0 . 2 a 0 . 2  a 0 . 4  b 1. 5 b 0 . 2 a 0 . 2  a 
0 . 14 G S  4&6 0 . 2 a 0 . 2 a 0 . 2 b 0 . 2 c 0 . 2 a 0 . 2  a 
0 . 28 GS 4 0.2 a 0 . 2  a 1 . 1 a 2. 6 a 0 . 2 a 0.2 a 
0 . 28 GS 6 0.2 a 0 . 2 a 0 . 4 b 0 . 9 b e  0 . 2 a 0 . 2 a 
0 . 28 GS 8 0 . 2 a 0 . 2  a 0 . 2 b 0 .2 c 0 . 2  a 0 . 2

·
a 

0 . 56 GS 8 0 .  2 a 0 . 2 a 0 . 2 b 0 . 4  c 0 . 2 a 0 . 2  a 

*Means within  a col umn followed by the same letter are not s ign i ficant-­
l y  d i fferen t at  the .5% level us ing  the Wal l er -Duncan k �r at io T -t est 
(k= lOO). 

**The scale ranges from 0 . 2 ( no l odging) t o  9.0 (t otal  area fl at ) . 



1 8  

Tab l e  9 .  Reduct ion of lodging of spr ing wheat var i et i es by ethephon 
· 

averaged across l ocat i ons i n  1984 . 

Marsha l l* * *  But t e* * * Len* ** 
Rat e Growt h  G S  1 1 . 2 Harves t G S  1 1 . 2  Harves t G S  1 1 . 2  Harves t 

(kg/ha) S tage Lodging Lodging Lodging Lodging Lodging Lodgin g 

Unt reat ed 0 . 2 a 0.9 a 1 . 6  a 2 . 7  a 0 . 2 a 0 . 4 a 
0 . 14 G S  4&6 0 . 2 a 1 .0 a 0 . 9 b 1.7 ab 0 . 2 a 0 . 5  a 
0 . 28 G S  4 0 . 2 a 0.8 a 0 . 9 b 1 . 3  be 0 . 2 a 0 . 5  a 
0 . 28 G S  6 0.2 a 0 . 6 a 0 . 3 c 0 . 8 be 0 . 2 a 0 . 5  a 
0 . 28 G S  8 0 . 2 a 0 . 2 a 0 . 2 c 0 . 2 c 0.2 a 0 . 2 a 

. 0 . 42 G S  8 0.2 a 0 . 2 a 0 . 2 c 0 . 2 c 0 . 2 a 0 . 2 a 
0 . 56 G S  8 0.2 a 0.2 a 0 . 2 c 0 . 2 c 0 . 2 a 0 . 2 a 

*Means w i thi n a column fo l l �wed by the s ame let ter are not s ign i fi cant­
ly d i fferent at the 5 %  le ve l  using the Wall er- Duncan k-ratio T-test 
(k=lOO). 

**The scale  ranges from 0 . 2 ( no lodging)  to 9 . 0  ( total a rea fl at ) . 

Tab le 10. Effect of et hephon on plot  yield of spr i ng 
wheat va riet i es at Get t ysburg in 1 983 . 

Rat e  Growth Marshall* But t e *  
(k g/ha) Stage (kg/ha) ( k g/ha ) 

Unt reat ed 4972 a 3700 ab 
0 . 1 4  GS 4&6 4956 a 3940 a 
0.28 GS 4 4703 ab 3434 b 
0.28 GS 6 4925 a 3678 ab 
0 . 28 GS 8 4 755 a 3 791 ab 
0 . 56 GS 8 438 1 b 40 30 a 

* Me ans within a co l umn fo llowed by the same le t t e r· are 
not s i gn i fic an t l y different at the 5 %  level us i ng the 
Wa l le r-Dun can k-ratio T-test (k=lOO). 



Tab l e  1 1 .  Effect of ethephon on p lot yield of s pr ing 

wheat varieti es at Re dfield in 1983. 

Rate Growt h  Marshal l* Butt e *  Len *  
(kg/ha ) S tage (kg/ha) (kg/ha) (kg/ha ) 

U nt reated 365 4  c 3576 ab 32 89 a 
0.14 G S  4&6 4052 a 3864 a 3259 a 
0.28 G S  4 3918 ab 3 400 b 3 390 a 
0.28 G S  6 4129 a 3 894 a 324 4  a 
0.28 G S  8 3726 b e  3725 ab 322 1 a 
0.56 G S  8 3303 d 3438 b 2 670 b 

* Means w i thin a column fo llowed by the same let t er are not 
s i gn i f i cant ly di fferent at the 5% l evel us ing the Wal ler­
Duncan k-rat io T-test (k= l OO ) . 

Tab l e  1 2 .  Effect of ethephon on plot 
yield across var iet ies and l ocat ions 
in 1 984 . 

Rat e Growth Yi el d* 
(k g/ha) Stage (kg/ha) 

Unt reated 4691 a 
0.14 G S  4&6 4506 b e  
0.28 G S  4 45 1 6  b e  
0.28 G S  6 4538 ab 
0.28 G S  8 4370 cd 
0.42 GS 8 43 00 d 
0.56 G S  8 3998 e 

* Means w i thin a co lumn fol l owed by the 
s ame letter are not s i gn ifican t l y  dif ­
ferent at the 5% l eve l us ing the 
Wal l er-Duncan k -rat i �  T -test  ( k= lOO ) . 
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T h i s  y i e ld re d u c t i o n w a s  g re a t e s t  a t  G S  8 a p p l i c a t io n s  

c o mp a re d  t o  G S  4 a n d a t  h i gh e r ra t e s o f  e t h e p h o n  at G S  8 .  

Ha rv e s t lo s s  d u e  t o  lo d g i n g  w a s  n o t  a f a c t o r  s i n c e  a s m a ll 

p l o t  c om b i n e  w a s  u s e d  a n d s e v e re l o d g i n g o n ly o c c u r e d  a t  

G e t t y s b urg i n  1 9 8 3 . 

P ro t ei n  c o n t e n t  o f  s p ri n g  w h e a t  wa s s i g n i f i c a n t l y  

i n c re a s e d  b y  e t h e p h o n  a p p li c a t i o n a t  G S  8 e x c e p t  f o r 0 . 2 8 

k g /h a  i n  1 9 8 3  ( T a b l e  1 3 ). T h i s  i s  m o s t  l i k e ly c a u s e d  by 

y i e l d  re d u c t i o n r a t h e r  t h an t h e d i re c t  re s u lt o f  t h e 

t r e a t m en t s . P r o t e i n  c on t e n t  i s  u s u a l l y  n e g a t i v e l y  

c o r r e l a t e d w i t h  y i e ld . 

2 0  

A p p l i c a t i o n o f  e th e p h o n  i n c r e a s e d  t h e t e s t  w e i g h t  of 

M a r s h a l l i n  1 983 (T ab le 1 4). T h e  t e s t w e i g h t s o f  t h e o t h e r  

v a r i e t i e s w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t . T e s t w e i g ht o f  

M a r s h a l l  w a s  i n c r e a s e d  b y  a p p l i c a t i o n a t  G S  6 a n d  8 .  A t  

R e d f i e l d  i n  1 98 4 , t e s t  w e i g h t  o f  Ma r s h a l l w a s  i n c r e a s e d  b y  

e t h e p h o n  a p p li c a t i o n a t  G S  4 an d 8 (T a b le 1 5 ) .  T h e  t e s t  

w e i g h t  o f  L e n  w a s  de c r e a s e d  b y  e th e p h o n  a p p l i c a t i o n a t  a l l  

s t a g e s . T e s t we i g h t s  a t  G e t t y s b u r g  w e r e  n o n s i g n i f ic a n t 

(T a b l e  1 6 ) . 

S i n c e  y i e l d w a s  s i gn i fi c a n t l y  a f f e c t e d  b y  c e r t a i n  

a p p l i ca ti o n s  o f  e th ep ho n , we  w a n t e d t o  k n o w t h e e f f �c t  o f  

e th e p h o n  on yi e l d  c om po n e n t s .  S e ve r a l  �e s e a r c h e r s h a v e 

p r e v i o u s l y  d e t e r m i n e d  th e c o m p o n e n t s  i m p o rt a n t  i n  y i e l d  o f  

w h e a t . T h e  n umbe r o f  k e r n e l s  p e r  s p i k e w as f o u n d  t o  b e  a n  



Tab l e  1 3 . E thephon 's effect on protein conten t  of 

spring wheat across variet ies and locat i ons i n  1983 
and 1984 . 

1983 1 984 
Rat e  Growth Protein Prote i n  

(kg/ha ) Stage (%) ( % ) 

Unt reated 15 . 7  b 16 . 3  c 
0 . 14 GS 4&6 15 . 8  b 16 . 3  c 

0 . 28 GS 4 16 . 0  ab 1 6 . 3  be 

0 . 28 GS 6 15 . 8  b 16 . 4  b e  
0 . 28 G S  8 15 . 9  b 1 6 . 5  ab 
0 . 42 GS 8 16 . 6  a 
0 . 56 G S  8 16 . 2 a 16 . 5  a 

* Means within a co lumn fo ll owed by t he same l et ter are 
not s ign i ficant l y  di fferent at the 5% l evel us ing the 

_Wal ler -Duncan k -rat i o  T-test ( k= lOO) . 

Tab le 14 . Effect of ethephon on tes t  weight of spr ing 
whe at var i et i es across locat ions in 1 983 . 

Rate Growth Marshall* But t e* Len* 
(kg/ha) S t age ( lb/b u) ( lb/b u) ( lb/bu) 

Unt reated 55 . 3  c 56 . 3  a 5 2 . 4  a 
0 . 14 GS 4&6 5 ·6 . 5 b 56 . 1 a 5 2 . 7  a 
0 . 28 G S  4 55 . 6  c 54 . 8  a 5 2 . 8  a 
0 . 28 G S  6 57 . 1  a 55 . 4  a 5 1. 1 a 
0 . 2 8 G S  8 56 . 7  ab 5 6. 4 a 52 . 5  a 
0 . 5 6 G S  8 56 . 9 ab 56 . 3  a 53 . 3  a 

* Means w ithin a co l umn fo llowed by the s ame let ter are not 
s i gn i fi cant ly di fferent at the 5% l eve l us ing the Wa ll e r-
Duncan k-rat io T- t est ( k= lOO). 

2 1  



Tab l e  15 . Effect  of ethephon on test  weight of s pr ing 
wheat variet ies at Redfield in 1984 . 

Rat e  Growt h  Marshal l* B ut t e* Len* 
(kg/ha) S t age ( 1b/bu) ( lb/bu) ( lb/bu) 

Unt reated 57 . 4  c 57 . 6  a 5 6 . 5 a 
0 . 14 G S  4&6 58 . 2  ab 57 . 2  a 55 . 3  be 
0 . 28 G S  4 58 . 2  ab 57 . 8  a 54 . 9  c 
0.28 G S  6 57 . 9  be 58.0 a 54 . 7  c 
0.28 G S  8 58 . 4  ab 57 . 9  a 55 . 6  b 
0 . 42 G S  8 5 8 . 8 a 57 . 9  a 54 . 9  c 
0 . 56 G S  8 58 . 3  ab 57 . 2  a 54 . 8  c 

* Means wi thin a co l umn fol l owed by the s ame l e t t er are not 
s ign i fi can t l y  d i fferent at _ the 5% level us i ng t he Wal ler­
Duncan k-rat i o  T-t es t ( k= l OO ). 

Tab le  16.  Effec t of ethephon on tes t we ight  of spr ing 
wheat vari et ies at Gett ysburg in 1 984 . 

Rat e Growt h Marshal l*  But t e* Len* 
(kg/ha) Stage ( lb/bu) ( lb/b u) ( lb/b u) 

Unt reated 59.9 a 6 1 � 4  a 5 8 . 1 a 
0 . 14 GS 4&6 60.1 a 6 1 . 1 a 5 7 .5 a 
0.28 GS 4 60.2 a 6 1 . 2  a 5 6 . 8  a 
0 . 28 G S  6 60.7 a 6 1 .2 a 57 . 4  a 
0.28 GS 8 60.7 a 6 1 .2 a 5 7 .2 a 
0 . 42 GS 8 60.1 a 6 1 .5 a 56.9 a 
0.56 GS 8 60.3 a 6 1 .2 a 56.4 a 

* Means wi t h i n  a c ol umn followed by t he s ame l et ter are not · 
s i gn i f ican t l y  d i fferent at the 5 %  l ev e l  us ing the Wal l er­
Duncan k-rat io T- tes t  ( k= lOO ) . 
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2 3  

i m p o r t a n t  f a c t o r  i n  y i e l d  o f  w h e a t  a l o n g  w i t h  t h e n umb e r  o f  

f e r t i l e s p i k e l e t s  p e r  s p i k e  ( 1 5 , 2 8 ) . A h i g h p o s i t i v e  

c o r r e l a t i o n b e t w e e n  y i e l d  a n d  t he n um b e r  o f  s p i k e s  p e r  un i t  

a r e a  w a s  f o u n d b y  S p r a g u e  ( 2 0 ) . T h o u s a n d  s e e d  w e i gh t  h a s  

a l s o  b e e n  p o s i t i v e l y  c o r r e l a t e d  w i t h  y i e l d  ( 2 0 , 2 8 ) . 

N um b e r  o f  p r o d u c t i v e s p i k e s  p e r  l e n g t h  o f  r o w w a s  n o t  

s i g n i f i c a n t l y  a f f e c t e d  b y  e t h e p h o n  a p p l i c a t i o n w h e n  c om p a r e d  

t o  t h e u n t r e a t e d ( T a b l e  1 7 ) . E t he p h o n  h a s  b e e n  r e p o r t e d t o  

i n c r e a s e t i l l e r i n g  i n  b a r l e y ( 3 2 ) . T h e  e f f e c t  o n  t i l l e r i n g 

m a y  h a v _e b e e n  r e d u c e d  b�e c a u s e o f  t h e h i g h s e e d i n g  d e n s i t y 

u s e d . 

I n  1 9 8 3 , t h o u s an d  k e r n e l  w e i g h t  w a s  r e d u c e d  b y  

a p p l i c a t i o n o f  0 . 2 8  k g / h a  a t  G S  4 a n d  G S  6 b u t  w a s  i n c r e a s e d  

b y  0 . 5 6 k g / h a  a t  G S  8 ( T ab l e  1 8 ) . I n  1 9 8 4 , t h o u s an d  k e r n e l  

w e i g h t  o f  B u t t e w a s  r e d u c e d  b y  a p p l i c a t i o n o f  0 . 1 4  a n d 0 . 5 6 

k g / h a  a t t h e i r  r e s p e c t i v e a p p l i c a t i o n s t a g e  a n d  k e r n e l 

w e i g h t  o f  L e n  w a s  r e d u c e d  b y  a l l a p p l i c a t i o n s  o f  e t h e p h o n  

( T ab l e  1 9 ) . A t  G e t t y s b u r g  t h e t h o u s a n d  k e r n e l  w e i g h t  o f  

M a r s h a l l  w a s  i n c r e a s e d  b y  0 . 2 8  k g / h a  a t  G S  6 a n d  0 . 2 8 a n d . 

0 . 5 6 k g / h a  a t  G S  8 ( T ab l e  2 0 ) . T h e  d e c r e a s e o f  t h o u s an d 

k e r n e l  w e i g h t  h a s  b e e n  n o t e d o n  b a r l e y ( 3 2 ) . A l s o , B r own 

a n d E a r l e y r e p o r t e d s i gn i f i c a n t i n c r e a s e d  i n  s e e d  w e i gh t  

f r om a p p l i c a t i o n a t  e a r l y  a n d  l a t e  b o o t  s t a g e s  i n  w i n t e r  

w h e a t  ( 2 ) . 

E t h e p h o n ' s e f f e c t  o n  t h e n u mb e r  o f  s p i k e l e t s  p e r  s p i k e  



Tab le 17 . E ffect of ethephon on number 

of spikes per 3 . 0  m l ength of r ow  ave r­
aged across spr ing wheat variet ies and 
locat ions in 1 984 . 

Rat e  Growth 
(kg/ha) Stage Spikes/3 . 0  m* 

Unt reated 324 ab 
0 . 14  GS 4&6 337 ab 
0 . 2 8  GS 4 336 ab 
0 . 28 GS 6 355 a 
0 . 28 GS 8 328 ab 
0 . 42 GS 8 328 ab 
0 . 56 GS 8 308 b 

-

* Means wi thin a column fol lowed b y  the 
same let ter are not s ign i fi can t l y  di f­
ferent at t he 5% level us ing t he 
Wa l l er-Duncan k-rat io T-t es t  ( k= lOO ) . 

Tab l e  1 8 .  E ffect of ethephon on 
thousand kernel  we ight of spring 
wheat averaged across var i et ies and 
l ocat ions in 1983 . 

Rate  Growt h We ight 
(kg/ha) Stage (g) 

Unt reated 24 . 67 b 
0 . 14 GS 4&6 24 . 70 b 
0 . 28 GS 4 24 . 12 c · 
0 .  28 GS 6 24 . 06 c 
0 . 2 8 GS 8 24 . 84 b 
0 . 56 GS 8 25 . 14 a 

* Means wi thin a co l umn fo l l owed by . 
t he same let ter are not s i gn i fi­
can t ly d i fferent at t he 5% l evel 
us i ng the Wal l er- Duncan k-rat i o  
T- t es t  ( k= lOO ) .  

24 



Tab l e  1 9 .  E ffect o f  ethephon on thousand kerne l we i ght 

of spring wheat variet ies at Redfield in 1984 . 

Marshal l* But t e* Len* 

Rate Growth Wei ght We i ght Wei ght 
(kg/ha) S t age (g) (g) (g) 

Unt reated 25 . 40 ab 29 . 83 a 28 . 53 a 
0 . 14 G S  4&6 25 . 25 ab 27 . 98 c 25 . 63 b e  
0 . 28 G S  4 24 . 22 b 28 . 78 abc 25 . 13 cd 
0 . 28 G S  6 25 . 12 ab 28 . 78 abc 24 . 66 d 
0 . 28 G S  8 25 . 75 a 29 . 22 ab 25 . 75 b e  
0 . 42 G S  8 26 . 30 a 28 . 81 abc 26 . 25 b 
0 . 56 G S  8 25 . 80 a 27 . 99 b e  25 . 91 b 

* Means w i thin a co lumn fo l lowed by the same l e t t er are not 
s i gn i ficant l y  d i fferent at the 5% l evel us ing  the Wal ler­
Duncan k- rat io  T-t est (k= lOO ). 

Tab le 20 . E ffect of et hephon on thousand kerne l we i ght 
of spr i ng wheat var i e t ies at Get t ysburg in 1 98 4 .  

Marsha l l *  But t e* Len* . 

Rat e Growt h  Weight Wei ght Wei ght 
(kg/ha) S t age (g) (g) (g) 

Unt reat ed 27 . 55 c 31 . 97 a 28 . 57 a 
0 . 14 GS 4&6 28. 48 abc 31 . 97 a 27 . 45 a 
0 . 28 G S  4 27 . 66 abc 3 1  . . 3 1  a 26 . 88 a 
0 .  28 GS 6 28 . 93 ab 3 1 . 52 a 27 . 09 a 
0 . 28 GS 8 28 . 93 ab 3 1 . 19 a 2 6 . 83 a 
0 . 42 GS 8 27 . 57 be 3 1 . 3 1 a 2 6 . 92 a 
0 . 56 GS 8 29 . 02 a 3 1 . 3 1 a 26 . 50 a 

* Means wi thin  a co lumn fo l lowed by the same l e t t er are not 
s ign i f i cant ly  d i fferent at the 5% l eve l us ing the Wal ler­
D uncan k-rat i o  T- test (k= lOO ). 
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2 6  

a n d  t h e n um b e r  o f  s e e d s p e r  s p i k e l e t  w a s  n o n s i g n i f i c a n t 

( T a b l e  2 1 ) .  T h e
. 

n um b e r  o f  s e e d s  p e r  s p i k e  o f  B u t t e  w a s  

s i g n i f i c a n t l y  r e d u c e d  b y  t h e h i gh e s t r a t e o f  e t h e p h o n  a t  G S  

8 c om p a r e d  t o  t h e u n t r e a t e d  ( T ab l e  2 2 ) . S p i k e g r a i n  w e i gh t  

o f  B u t t e  w a s  r e d u c e d  b y  e t h e p h o n  a t  0 . 2 8  k g / h a a t  G S  6 a n d  

0 . 5 6 k g / h a a t  G S  8 ( T a b l e  2 3 ) . S p i k e  g r a i n  w e i gh t  o f  L e n  

w a s  r e d u c e d  b y  e t h e p h o n  ap p l i c a t i o n s  a t  G S  6 .  

D a t a  f r o m t h e r o w s ub s am p l e s w e r e  a l s o  a n a l y z e d u s i n g 

c o r r e l a t i o n a n d  p a t h  c o e f f i c i e n t s  t o  l o o k  a t  t h e e f fe c t  o f  

e t � e p h on o n  t h e r e l a t i o n s h i p  b e t w e e n  y i e l d  a n d  y i e l d . 

c om p o n e n t s . T h i s  m e t ho d  m e a s u r e s  t h e d i r e c t  i n f l u e n c e  o f  

o n e  v a r i a b l e on a n o t h e r  a n d  p e r m i t s  t h e s e p a r a t i o n o f  

c o r r e l a t i o n s  i n t o  c o m p o n e n t s  o f  d i r e c t  a n d i n d i r e c t  e f fe c t s . 

A l l f o u r  c o m p o n e n t s  we r e  f o u n d t o  b e  h i gh l y  c o r r e l � t e d 

t o  r o w  y i e l d  w i t h  s i g n i f i c a n c e  v a r y i n g am o n g  t r e a t m e n t s  

( T a b l e s 2 4 - 3 0 ) an d r o w y i e l d  w a s  h i g h l y  c o r r e l a t e d w i t h  

t o t a l  p l o t y i e l d  ( d a t a  n o t  p r e s e n t e d ) . T h o u s a n d  s e e d  

w e i g h t , s e e d s  p e r  s p i k e l e t , a n d  s p i k e s  p e r  u n i t  a r e a  w e r e  

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

r e s u l t s  b y  W a l d r o n  a n d  S p r a g u e  ( 2 0 , 2 8 ) . S p i k e l e t s  p e r  s p i k e 

w a s  n e g a t i v e l y  c o r r e l a t e d t o  r o w y i e l d .  

A p p l i c a t i o n o t 0 . 1 4  a n d  0 . 2 8 a t  G S  4 r e d u c e d  t h� 

c o r r e l a t i o n b e t w e e n  s p i k e l e t s  p e r  s p i k e  a n d  t h o u s a n d  s e e d  

w e i gh t  ( T a b l e s 2 4 , 2 5  a n d  2 6 ) . A p p l i c a t i o n o f  e t h e p h o n  a t  

G S  4 ,  6 a n d  8 i n c r e a s e d  t h e c o r r e l a t i o n b e t w e e n  s e e d s  p e r  



' 

Tab le 2 1 .  E ffect of ethephon on s eeds per 
spikel et and spikelets per spike of spring wheat 
averaged across var iet i es and locat ions in 1 984 . 

Rate G rowth seeds/ sp ike let/  
(kg/ha) S t age spike lets spik e  

Untreat ed 2 . 2  a 12 . 8  a 
0 . 14 GS 4&6 2 . 1 a 1 2 . 7  a 
0 . 28 GS 4 2 . 2  a 13 . 0  a 
0 . 28 GS 6 2 . 1 a 1 2 . 7 · a 
0 . 28 GS 8 2 . 1 a 12 . 6  a 
0 . 42 GS 8 2 . 1 a 1 2 . 6  a 
0 . 56 GS 8 2 . 1 a 12 . 3  a 

* Means w i thin a col umn fo l lowed by the same l e t ­
ter are n o t  s ign i ficant ly di fferen t a t  t he 5% 
level us ing the Wal ler- Duncan k-rat i o  T- tes t 

· ( k= lOO ) . 

Tab le 22 . E ffect of e thephon on number o f  seeds per spike 
of spring wheat var iet i es averaged across l ocat i ons in 1984 . 

Rated 
(kg/ha) 

Unt reated 
0 . 14 
0 . 28 
0 . 28 
0 . 28 
0 . 42 
0 . 56 

Growt h  
S t age 

GS 4&6 
GS 4 
GS 6 
GS 8 
GS 8 
GS 8 

Marshal l* 
seeds/spike 

29 . 1 a 
27 . 3  a 
28 . 3  a 
28 . 3  a 
27 . 8  a 
27 . 5 _ a 
28 . 6  a 

But t e* 
seeds/spike 

28 . 8  ab 
28 . 3  b 
30 . 1  a 
27 . 4  b e  
28 . 5  ab 
27 . 8  b 
26 . 2  c 

Len* 
s eeds/spike 

25 . 5  a 
24 . 7  a 
26 . 7  a 
26 . 2  a 
26 . 5  a 
25 . 7  a 
24 . 8  a 

* Means w i thin  a column fol l owed by the same l et t er are not 
s igni fican t l y di fferent at the 5% l evel· us ing the Wal ler­
Dun can k-rat io T-test ( k= lOO ) . 
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Tab le 23 . E ffec t  of et hephon on sp ike grain we ight of 
spring wheat vari e t i es averaged across l ocat i ons in 1 984 . 

Marshal l* Butt e* Len* 
Rat e Growth Wt . /sp ike Wt . /sp ike Wt . /sp ike 

(kg/ha) S tage (g) (g) (g) 

Unt reat ed 0 . 8 1 ab 0 . 93 a 0 . 77 a 
0 . 14  GS 4&6 0 . 74 b 0 . 88 abc 0 . 63 c 
0 . 28 GS 4 0 . 77 ab 0 . 92 a 0 . 7 1  ab 
0 . 28 GS 6 0 . 80 ab 0 . 84 be  0 . 68 be 
0 . 28 GS 8 0 . 8 1 ab 0 . 90 ab 0 . 75 a 
0 . 42 GS 8 0 .  78 ab 0 . 94 ab 0 . 74 ab 
0 . 56 GS 8 0 . 84 a 0 . 82 c 0 . 72 ab 

* Means w i thin a column fo l lowed by the same l e t ter are not 
s i gn i ficant l y  di fferent at the 5% l eve l us ing the Wal ler­
Duncan k-rat io T- t es t  ( k� lOO ) . 
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Tab le 24 . Corre lat i on coefficients for yield  component s  comb ined 

across variet i es and locat i ons for the unt reated contro l . 

Thousand 
seed wei ght 

Spikelets  per spike 
Seeds per spikl et 
Sp ikes per un i t  area 

Thousand 
seed 
we ight 

* S ign i fi cant at the 5% level . 

Spike l et s  
per spike 

- . 54* 

Seeds per 
spikelet 

. 28 
- . 26 

Spikes per 
un i t  area 

- . 26 
- . 29 

. 23 

Row 
- yield 

. 36 
- . 53* 

. 52* 

. 47* 

Tab le 25 . Corre l at i on coefficients for yield  components comb i ned 
across variet ies and l ocat i ons for ethephon at 0 . 14 kg/ha appl i ed at 
GS 4&6 . 

Thousand 
seed wei ght 

Spikelets per sp ike 
Seeds per spiklet  
Spikes per  un i t  area 

Thousand 
seed 
weight 

* S i gn i fican t at t he 5% level . 

Spikelets 
per spi ke 

- . 32 

Seeds per 
spike let 

. 49* 

. 2 1 

Sp ikes per 
un it  area 

. 01 
- . 34 

. 09 

Row 
yield 

. 58* 
- . 42* 

. 40 

. 713* 



Tab le 26 . Corre lat ion coefficients for yield  component s  comb ined 

across variet i es and l ocat i ons for ethephon at 0 . 28 kg/ha app l i ed 

at GS 4 .  

30 

Thousand 
s eed 
we ight 

Sp ike lets 
per spike 

Seeds per 
spikelet 

Spikes per 
un i t  area 

Row 
yield  

Thousand 
seed we i ght 

Spike lets per sp ike 
Seeds per spik let  
Sp ikes per un i t  area 

* S ign i fi cant at t he 5% leve l . 

- . 24 . 56* 
- . 36 

- . 10 
- . 02 
- . 0 1 

Tab le 2 7. Corre l ation coeffic ient s  for yield  compon en t s  comb ined 
across var i e t ies and locat i ons for et hephon at 0 . 28 kg/ha appl i ed 
at GS 6 .  

Thousand 
seed we i ght 

Sp ike lets  per sp ike 
Seeds per spik let  
Spikes per  un i t  area 

Thousand 
seed 
we ight 

* S ign i f icant at t he 5% leve l . 

Spike lets  . S eeds per 
per spike spikelet 

- . 66* . 58* 
- . 3 7  

Spikes per 
un i t  area 

. 1 1 
- . 1 4 

. 40* 

. 55* 
- . 22 

. 47* 

.60* 

Row 
Yield 

. 61* 
-. 48* 

. 63* 

.76* 
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Tab le 28 . Corre l at i on coe ffic ients for y i e l d  component s  comb ined 
across variet i es and locat i ons for ethephon at 0 . 28 kg/ha app l ied 
at GS 8 .  

Thousand 
seed wei ght 

Spikelets  per spike 
Seeds per spikle t  
Spikes p e r  un i t  area 

Thousand 
seed 
we ight 

* S i gn i f icant at the 5% l eve l . 

Spike l ets 
per spike 

- . 56* 

Seeds per 
spike let 

. 72* 
- . 52* 

Spikes per 
un i t  area 

- . 07 
- . 5 1* 

. 07 

Tab l e  29 . Corre l at i on coe ffi cien t s  for yi e l d  componen ts comb ined 
across variet i es � d  l ocat ions for e thephon at 0 . 42 kg/ha app l ied 
at G S  8 .  

Thousand 
seed we i ght 

Spike lets  per spike 
Seeds per spi k l et ·  
Spikes pe r un i t  area 

Thousand 
seed 
weight 

* S ign i ficant  at the 5% l eve l . 

Spike l ets 
per spi ke 

- . 4 1* 

Seeds per 
spike l et 

. 66* 
- . 30 

Spikes per 
un i t  area 

. 23 
- . 2 8  

. 41*  

Row 
yield 

. 53* 
- .  78* 

. 45* 

• 76* 

Row 
yi eld 

. 54* 
- . 48* 

. 66* 

. 81*  
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Tab l e  30 . Corre l at ion coeffi cients for yield componen ts comb ined 
across var ie t i es and . locat i ons for ethephon at 0 . 56 kg/ha appl ied 
at GS 8 .  

Thousand 
seed Spikelets Seeds per Sp ikes per Row 
we ight per spike spikelet unit area yield 

Thousand 
s eed wei ght - . 45* . 60* . 45* . 6 1* 

Spike lets per sp ike - . 1 2  - . 2 1 - . 30 
Seeds per sp ik let  . 13 . 36 
Spikes per un i t  area . 83* 

* S ign i f i cant at the 5% leve l . 
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s p i k e l e t  a n d t h o u s a n d  s e e d  w e i gh t . T h e  c o r r e l a t i o n b e t w e e n · 

s p i k e s p e r  u n i t  a r e a  an d r ow y i e l d  i n c r e a s e d  i n  t he e t h e p h o n  

t r e a t m e n t s a n d w a s  h i g h e s t a t  0 . 5 6 k g/ ha a p p l i e d a t  G S  8 .  

P a r t i t i o n i n g  e a c h  c o r r e l a t i on i n t o  t h e i r  c o m p o n e n t s  

g i v e s  a b e t t e r  e x p l a n a t i o n o f  w h a t  w a s  o c c u r i n g ( T ab l e  3 1 ) . 

A p p l i c a t i o n o f  e t h e p h o n  a t  G S  4 a n d 6 i n c r e a s e d  t h e d i r e c t  

e f f e c t  o f  s e e d  w e i g h t  o n  y i e l d .  T h e  d i r e c t  e f f e c t w a s  

d e c r e a s e d  b y  ap p l i c a t i o n o f  0 . 4 2 a n d  0 . 5 6 k g / h a a t  G S  8 .  

T h e  i n d i r e c t e f f e c t  o f  s e e d  w e i gh t  v i a  s p i k e s  p e r  un i t  a r e a  

w e n t f r om a n e g a t i v e  v a l u e t o  a h i gh p o s i t i v e v a l u e fo r 0 . 4 2 

a n d 0 . 5 6 k g / h a a t  G S  8 n u l l i f y i n g t h e d e c r e a s e i n  d i r e c t  

e f f e c t . I f  o n e  w e r e  l o o k i n g  o n l y  a t  t o t a l  c o r r e l a t i o n ,  t h e 

t r u e  d i r e c t i o n o f  a s s o c i a t i o n w o u l d  h a v e  b e e n  m i s s e d b e c a u s e 

o f  i n d i r e c t  e f f e c t s .  

A p p l i c a t i o n a t  o f  0 . 1 4 a n d  0 . 2 8  k g / h a G S  4 a n d  0 . 5 6 

k g / h a  a t  G S  8 d e c r e as e d  t h e d i r e c t · e f f e c t  o f  s p i k e l e t s  p e r 

s p i k e  o n  y i e l d  a n d  w a s· r e fl e c t e d  i n  t o t a l  c o r r e l a t i o n .  

D i r e c t  e f f e c t a n d  i n d i r e c t  e f fe c t  v i a  s p i k e s  p e r  un i t  a r e a  

i n  s p i k e l e t s  p e r  s p i k e v s . r ow y i e l d  w a s  h i g h e s t  a t  0 . 2 8 

k g / h a  a t  G S  8 ,  r e s u l t i n g  i n  a h i gh c o r r e l a t i o n .  E t h e p h o n  

a l s o  d e c r e a s e d t h e d i r e c t  e f f e c t  o f  s e e d s p e r  s p i k e l e t  o n  

y i e l d , · b u t  w a s  h i �d e ri. b y  i n c r e a s e d  i n d i r e c t  e f f e c t s : T h e  

d i r e c t e f f e c t  o f  s p i k e s  p e r  u n i t  a r e a  w a s  i n c r e a s e d  b y  

a p p l i c a f i o n s  o f  e t h e p h o n  wh i c h w a s  a l s o r e f l e c t e d i n  t o t a l  

c o r r e l a t i o n . 
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Tab le 3 1 . E ffect of e t hephon on path coe ffic i en t  anal ys is o f  thousand · 

seed wei ght , spikelets per spi ke , seeds per spikelet , and number of 
sp ikes per un i t  area on row yie ld . 

Ra te 0 . 14 0 . 28 0 . 28 0 . 28 0 . 42 0 . 56 

Pathways of associat ion Stage 4&6 4 6 8 8 8 

Row yield va . seed weight 
D i rect effect . 307 . 534 . 499 . 4 1 1  . 282 . 1 81 . 1 62 
I ndirect effect v ia spike lets/spi ke . 088 . 006 . 005 . 048 . 17 1  . 064 . 026 

Indi rect effect v ia seeds/spikelet . 082 . 035 . 107 . 044 . 036 . 1 54 . 094 

I nd i rect e f fect v i a  spikes/area - . 1 13 . 006 - . 062. . 075 . 040 . 143 . 326 

Toto1 corre1 �t i on . 364 . 58 1  . 549 . 578 � 529 . 54 2  . 608 

Row y i e l d  vs . spike 1 eta/ap ike 
D i rect effect - . 1 63 - . 018 - . 01 9  - . 073 - . 303 - . 1 57 - . 05 8  
Ind i rect e f fect v i a  seed wei ght - . 1 66 - . 168 - . 1 18 - . 289 -. 169 - . 073 - . 073 
Indi rect effect via seeds/spi kelet - . 076 . 015 - . 068 - . 028 - . 027 - . 070 - . 0 1 8  
I n d i rect e f fect . v ia spikes/area - . 125 - . 250 - . 014 - . 092 - . 296 - . 17� - . 1 5 3  
Tota l  corre l at i on - . 530 - . 42 1  - . 219 - . 482 - . 785 - . 475 - . 302 

Row y i e l d  vs . seeds/sp i ke let 
D i rect e ffect . 200 . 072 . 190 . 076 . 05 1 . 233 . 156 
Indi rect e f fect via seed wei ght . 087 . 259 . 282 . 254 . 202 . 120 . 097 
Indi rec t effect v ia spi kelets/spike . 043  - . 004  . 007 . 027 . 159 . 04 7  . 007 
Indi rec t e f fect v ia spikes/area . 100 . 067 - . 008 . 269 . 040 . 25 9 . 096 
Tot al correlation . 520 . 394 . 471 . 626 . 452 . 659 . 356 

Row y i e l d  vs . spikes/area 
D i rect effect . 4 36 . 738 . 65 1 . 674 . 581  . 634 . 726 
Indi rect effect via seed we i ght - . 080 . 004  - . 047 . 04 9 . 0 19 . 04 1  . 073 
I n d i rect effect v i a  spike1ets/spike . 04 7 . 006 . 00 1 . 010 . 154 . 04 3  . 0 1 2  
Ind i rect e f fect v ia seeds/sp ikelet . 066 . 007 - . 002 . 030 . 004  . 095 . 02 1  
Tot a l  correlation . 469 . 755 . 602 . 763 . 758 . 81 3  . 832 
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S UMM A R Y  

T h i s  e x p e r i m e n t  w a s  d e s i g n e d  t o  d e t e r m i n e  t h e e f f e c t  o f  

e t h e p h o n  o n  m o r p h o l o g i c a l  c h a r ac t e r s  a s s o c i a t e d w i t h  

l o d g i n g , g r a i n  q u a l i t y  a n d  y i e l d  o f  i r r i g a t e d s p r i n g  wh e a t  

v a r i e t i e s . 

R e s p o n s e  o f  s p r i n g  w h e a t  t o  e t h e p h o n  i s  d e p e n d e n t o n  

s t a g e  o f  g r o w t h .  P l a n t  h e i g h t  w a s  s h o r t e s t w h e Q  e t h e p h o n  

w a s  a p p l i e d  a t  O S  8 .  

E t h e p h o n  s i g n i f i c a n t l y r e d u c e d  l o d g i n g  w h e n  a p p l i e d a t  

G S  8 w h e n e v e r  s i g n i f i c a n t l o d g i n g  o c c u r r e d . T h e r e � u c t i on 

i n  l o d g i n g  w a s  h i g h l y  c o r r e l a t e d w i t h  a r e d u c t i o n o f  o v e r a l l 

h e i g h t  a n d  i n t e r n o d e  l e n g t h .  

T e s t w e i gh t  w a s  v a r i ab l e  a m o n g  v a r i e t i e s ,  l o c a t i o n s  a n d  

y e a r s . P r o t e i n  c o n t e n t  w a s  r e l a t e d m o r e t o  y i e l d  t h a n  t o  

t h e e f f e c t o f  e t h e p h o n . 

Y i e l d  r e d u c t i o n f r om a p p l i c a t i o n  o f  e t h e p h o n  w a s  

v a r i a b l e a m o n g  ye a r s . L o we r r a t e s ( 0 . 2 8  a n d  0 . 4 2 k g / h a ) a t  

G S  8 w e r e  s a f e r  b e c a u s e y i e l d  r e d u c t i o n w a s  n o t  a s  s e v e r e  

a n d  l o d g i n g w a s s t i l l  s i g n i f i c a n t l y r e d u c e d . 

Y i e l d  w a s  s i g n i f i c an t l y c o r r e l a t e d t o  y i e l d  c o m p o n e n t s  

w i t h  t h o u s a n d  s e e d  w e i g h t  a n d  s p i k e s  p e r  u n i t  a r e a  h a v i n g  

t h e  g r e a t e s t  d i r e 6 t � f f e c t . S om e  a p p l i c a t i o n s  o f  e t h e � h o n  

p r o d u c e d  d e c r e a s e s  i n  t h e s e  t w o  c o m p o n e n t s  a n d  c o u l d  

p o s s i b l �  b e  w h e r e  y i e l d  r e d u c t i o n o c c u r r e d  i n  t h i s  s t u d y . 
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Time 
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S p r ay i n g  I n f o rm a t i o n 

Redfield 
GS 4 GS 6 

5'-3 1 -83 
10 : 30 p 
cl oudy 

. 50 % 
1 3° c 
calm 
dry 

6- 8-84 
10 : 30 a 
c l oudy 
70 % 
2 1° c 
8 
mo i s t  

6- 10-83 

1 : 00  a 
c loudy 
50 % 
I SO  c 

5 -8 

dry 

6- 1 2_.:84 
10 : 30 p 
c l ear 
85 % 
1 7° c 
calm 
wet 

GS 8 

6- 15-83 

10 : 00  p 
c l ear 
50 % 
15° c 
calm 
moi s t  

6- 18-84 
9 : 00 p 

c loudy 
75 % 
1 9° c 
calm 
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Get tysburg 
GS 4 GS 6 GS 8 

5-30-83 

10 : 00  p 
c loudy 
50 % 
1 1° c 
3-5 
dry 

5-3 1 -84 
3 : 30 p 

c loudy 
45 % 
30° c 

6- 10 
dry 

6- 9-83 

10 : 00 p 
c loudy 
40 % 
2 1° c 
8 

dry 

6- 7-84 
7 : 30 p 

c l oudy 
50 % 

190 c 
8 
dry 

6-1 5-83 

9 : 30 p 
clear 
50 % 
ISO C 
5-6 
wet 

6- 1 3-84 

10 : 30 a 
cl oudy 
55 % 
240 c 
2-3 
dry 
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