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 hanks t o  t h e i r  , c o n t r i b u t i o n s ,  the.1984 . . . . .  . ; r e g i s t r a t i o n .  
fees. w e r e  n o t . i i n c r e a s e d  ' o v e r  t h e  p r e v i o u s  yea=  Is; . t h u s ,  t h e  
p a r t i c i p a n t s  were t h e  b e n e f i c i a r i e s  o f  t h e  i n d u s t r y  a n d  
a s s o c i a t i o n  c o n t r i b u t i o n s  ( a p p r o x i m a t e l y  $10 s a v i n g s  f o r  
e a c h  r e g i s t r a n t  1 .  

T h a n k s ,  a lso,  t o  t h e  e x h i b i t o r s ,  whose fees .  h e l p  
s u p p o r t  t h e  C o n f e r e n c e  p l u s  c o n t r i b u t i n g  to  t h e  e d u c a t i o n a l  
a s p e c t s  o f  t h e  C o n f e r e n c e .  . , 

M i s s o u r i ' s  i r r i g a t o r s  and  i r r i g a t i o n  e q u i p m e n t  
s u p p l i e r s  h a v e  now e n d u r e d  f o u r  y e a r s  o f  f l o o d s ,  d r o u g h t ,  
h i g h  i n t e r e s t  ra tes  a n d  r e l a t i v e l y  l o w  p r i c e s  f o r  
a g r i c u l t u r a l  p r o d u c t s .  Even though  i r r  i g a t i o r i  p r o d u c e d  much 
g r e a t e r  y i e l d s  t h a n  d r y l a n d  i n  t h e  u n u s u a l l y  h o t  a n d  d r y  
y e a r s  o f  1980 and 1 9 8 3 ,  many i r r i g a t o r s  were  u n a b l e  t o  
r e c o u p  a l l  t h e  cos ts  o f  p r o d u c t i o n .  

T h u s , ' t h e  theme "PLANNING FOR PROFIT" was c h o s e n  f o r  
the S i x t e e n t h  I r r i g a t i o n  C o n f e r e n c e  . P l a n n i n g  f o r  p r o f i t  
s h o u l d  i n c l u d e  a s y s t e m a t i c  s c h e d u l i n g  p r o c e d u r e  p l u s  
a v a i l a b l e  w a t e r  and e q u i p m e n t  c a p a c i t y  t o  a p p l y  water a t  a 
rate s u f f i c i e n t  to  p r e v e n t  undue c r o p  stress. A l s o ,  water 
s h o u l d  n o t  be a p p l i e d  when b e n e f i t s  w i l l  n o t  e x c e e d  t h e  cost 
of a p p l i c a t i o n  or a c t u a l l y  c a u s e  a  r e d u c e d  y i e l d ,  e . g . ,  
s o y b e a n s  may be i r r i g a t e d  a t  a s t a g e  when e x c e s s i v e  g r o w t h  
a n d  d e c r e a s e d  y i e l d s  r e s u l t .  

W e  hope you w i l l  f i n d  u s e f u l  i n f o r m a t i o n  i n  t h i s  
P r o c e e d i n g s .  
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The a c r e a g e  o f  a l f a l f a  i s  a g a i n  i n c r e a s i n g  i n  M i s s o u r i  f o l l o w i n g  
s e v e r a l  y e a r s  d u r i n g  t h e  mid-1970s w h e n - i t  r eached  a  low o f  a b o u t  0.5 
m i l l i o n  acres. The i n c r e a s e  is due ,  i n  p a r t ,  t o  l e a r n i n g  t o  cope  w i t h  and  
c o n t r o l  t h e  a l f a l f a  w e e v i l .  I n  g e n e r a l ,  however, t h o s e  f a r m e r s  t h a t  w e r e  
d i l i g e n t  i n  p roduc ing  a l f a l f a  a l s o  l e a r n e d  t h a t  improvement o f  - o t h e r  
management p r a c t i c e s  such  as phosphorus  and  p o t a s s i u m  f e r t i l i z a t i o n ,  l e a f -  
hopper  c o n t r o l ,  weed c o n t r o l ,  and c u t t i n g  f r e q u e n c y  w a s  a l s o  b e n e f i c i a l .  
Today t h e  economic a n a l y s e s  f o r  Mis sour i  show a l f a l f a  is ranked second  
beh ind  soybeans  i n  monetary r e t u r n  p e r  acre. T h i s  r a n k i n g  o c c u r s  d u e  t o  
t h e  h i g h  y i e l d ,  and  e s p e c i a l l y  t h e  premium p a i d  f o r  t h e  h i g h  q u a l i t y  f o r a g e  
t h a t  i s  produced by t h i s  p e r e n n i a l  f o r a g e  c r o p .  

When managing a  c r o p  such  a s  a l f a l f a  i n  Missour i  o n e  needs  t o  c o n s i d e r  
t h e  r e l a t i v e  impact  of e a c h  management d e c i s i o n  on y i e l d  of  f o r a g e ,  q u a l i t y  
of  t h e  f o r a g e  produced,  and  e s p e c i a l l y  p e r s i s t e n c e  of  t h e  s t a n d .  I n  gene- 
r a l ,  t h e r e  h a s  been a l o t  of  emphas is  on y i e l d  and q u a l i t y ,  which i s  good,  
b u t  t h e r e  i s  a  growing concern  i n  t h e  lower c o r n  b e l t  a b o u t  p l a c i n g  more 
management emphas is  on p e r s i s t e n c e .  T h i s  i s  e s p e c i a l l y  t h e  case because  of  
t h e  h i g h  c o s t  o f  e s t a b l i s h i n g  c r o p s  such  a s  a l f a l f a .  P e r s i s t e n c e  i s  a l s o  
of  g r e a t e r  impor t ance  when a l f a l f a  is  grown on s l o p i n g  s i tes  t h a t  a r e  sub-  
j e c t  t o  e r o s i o n  when t i l l e d ,  and on s h a l l o w ,  rocky s o i l s  where s e e d l i n g s  
a r e  s u b j e c t  t o  d r o u g h t  stress d u r i n g  t h e  e a r l y  e s t a b l i s h m e n t  p e r i o d .  

Managing a l f a l f a  t h a t  i s  i r r i g a t e d  is q u i t e  s imi lar  t o  managing 
a l f a l f a  t h a t  is n o t  i r r i g a t e d  e x c e p t  t h a t  y i e l d s  are h i g h e r ,  f e r t i l i z e r  
needs  a r e  g r e a t e r ,  and  t h e  p l a n t s  may need t o  be  h a r v e s t e d  more f r e q u e n t l y .  
Forage  q u a l i t y  is p r o b a b l y  improved somewhat by i r r i g a t i o n  because  l e a f  
r e t e n t i o n  is  improved and t h e  a i r  and s o i l  t e m p e r a t u r e s  i n  t h e  immediate 
v i c i n i t y  of t h e  p l a n t s  are reduced.  

H a r v e s t i n g  t h e  F i r s t  C u t t i n q  

Management sys t ems  f o r  h a r v e s t i n g  t h e  f i r s t  two c u t t i n g s  i n  M i s s o u r i  
t e n d  t o  b e  s i m i l a r ,  whe the r  o r  n o t  t h e  f i e l d  is  i r r i g a t e d .  Recommendations 
f o r  d a t e  o r  s t a g e  of growth  f o r  c u t t i n g  t h e  f i r s t  c r o p  show a  g r e a t  d e a l  o f  
v a r i a t i o n  f rom s t a t e  t o  s t a t e ,  and need t o  be  f i n e - t u n e d  r e l a t i v e  t o  t h e  
i n t e n d e d  u s e  o f  t h e  f o r a g e .  I t  i s  g e n e r a l l y  r e c o g n i z e d  t h a t  f o r a g e  q u a l i t y  
d e c r e a s e s  d u r i n g  t h e  growth  p e r i o d  ( T a b l e  1) such  t h a t  i n  v i t r o  d r y  matter 
d i g e s t i b i l i t y  d e c r e a s e s  a s  t e m p e r a t u r e  i n  s p r i n g  i n c r e a s e s  and  t h e  p l a n t s .  
mature .  On t h e  o t h e r  hand,  a b i l i t y  of t h e  p l a n t s  t o  r e c o v e r  q u i c k l y  a f t e r  
c u t t i n g  improves when t h e  p l a n t s  a r e  a l lowed  t o  become more mature  b e f o r e  



T a b l e  1. R e l a t i o n s h i p  of  c a l e n d a r  d a t e  t o  s t a g e  of  growth  f o r  a l f a l f a  a t  
t h e  Southwest  C e n t e r  n e a r  M t .  Vernon, and a t  t h e  Agronomy Research  C e n t e r  
n e a r  Columbia. Data f o r  i n  v i t r o  d r y  matter d i s a p p e a r a n c e  ( d i g e s t i b i l i t y )  
a r e  f o r  t h e  Columbia d a t e s .  

Southwest  C e n t e r  
Date S t a g e  

May 1 
May 9  
May 14 
May 2 1  
May 28 
J u n e  4  
J u n e  11 

V e g e t a t i v e  
Mid-bud 
F i r s t  bloom 
25% bloom 
75.8 bloom 
F u l l  bloom 
Green s e e d  

Agronomy Research  C e n t e r  
Date S t a g e  IVDMD - 
May 7  V e g e t a t i v e  
May 14 V e g e t a t i v e  
May 20 Mid-bud 
May 27 F i r s t  bloom 
June  4  Half bloom 
June 10  F u l l  bloom 
June  19 Green s e e d  

c u t t i n g .  A r e a s o n a b l e  compromise is  t o  h a r v e s t  t h e  f i r s t  c u t t i n g  when t h e  
p l a n t s  a r e  i n  t h e  l a t e  bud t o  f i r s t - b l o o m  s t a g e .  The re  i s  a  wide v a r i a t i o n  
a c r o s s  M i s s o u r i  a s  t o  t h e  d a t e  t h a t  p l a n t s  r e a c h  v a r i o u s  growth s t a g e s  
( T a b l e  l ) ,  s o  a  u n i v e r s a l  d a t e  c a n n o t  be  used .  F u r t h e r ,  even w i t h i n  a  
r e g i o n  of  t h e  s t a t e  t h e  d a t e  w i l l  v a r y  f rom y e a r - t o - y e a r  depending  upon t h e  
c l i m a t e ,  e s p e c i a l l y  t h e  a i r  t e m p e r a t u r e  d u r i n g  A p r i l  and e a r l y  May. The 
b e s t  method is t o  let  t h e  p l a n t s  b e  t h e  g u i d e  t o  t a k i n g  t h e  f i r s t  c u t t i n g .  

H a r v e s t i n g  t h e  L a s t  C u t t i n g  

A l f a l f a  needs  t o  have  abou t  6  weeks o f  u n i n t e r r u p t e d  growth i n  t h e  
f a l l  t o  become p r o p e r l y  w i n t e r  hardy.  Most o f t e n  t h i s  can  b e  accompl i shed  
by a l l o w i n g  a b o u t  4 weeks o f  regrowth  b e f o r e  t h e  f i r s t  f r o s t  (27-28'F)  t h a t  
k i l l s  back t h e  t o p s ,  p l u s  t h e  n e x t  2 weeks b e f o r e  a  t r u e  k i l l i n g  f r o s t  
o c c u r s .  S i n c e  t h e  a v e r a g e  d a t e  of  t h e  f r o s t  i n  M i s s o u r i  i s  u s u a l l y  a b o u t  
Oc tobe r  1 5 ,  b u t  d i f f e r s  f rom y e a r - t o - y e a r ,  r e s e a r c h  was conducted  t o  
e v a l u a t e  t h e  r e s p o n s e  t o  d a t e  o f  last  c u t t i n g  ( T a b l e  2 ) .  

T a b l e  2. E f f e c t  of  c u t t i n g  i n  f a l l  on y i e l d  i n  t h e  subsequen t  s p r i n g .  
S p r i n g  h a r v e s t s  w e r e  made a t  t h e  l a t e  bud s t a g e .  Data is t h e  a v e r a g e  f o r  
3 y e a r s  a t  t h e  Southwest  C e n t e r  n e a r  M t .  Vernon, and  f o r  1 y e a r  a t  t h e  
North M i s s o u r i  C e n t e r  n e a r  Sp icka rd .  Y ie ld  i s  i n  t o n s / a c r e .  

Southwest  C e n t e r  
F a l l  Cut  Date S p r i n q  Yield 

S e p t .  9  1 .20  
S e p t .  18  1 - 1 0  
S e p t .  28 1 . 0 5  
Oct .  8 1 .10  
Oct .  1 8  1.12 
Nov. 3 1 . 2 1  
Nov. 12 1.19 
L.S.D. 0.05 0 .12  

North M i s s o u r i  C e n t e r  
F a l l  Cut  Date S p r i n g  Y i e l d  

S e p t .  6  1 .36  
S e p t .  18 0.99 
S e p t .  26 0.99 
O c t .  6  1.12 
Oct .  20 1 .09  
Nov. 8  1 .26  
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Note  t h a t  y i e l d s  t h e  f o l l o w i n g  s p r i n g  w e r e  h i g h  when a l f a l f a  w a s  c u t  
i n  e a r l y  S e p t e m b e r  a t  b o t h  l o c a t i o n s ,  b u t  y i e l d s  w e r e  m a r k e d l y  r e d u c e d  when 
t h e  l a s t  c u t  i n  f a l l  was be tween  mid-September a n d  l a te  O c t o b e r .  L a t e r  
r e s e a r c h  showed t h e  r e s p o n s e  was n o t  a l w a y s  d u e  t o  d e a t h  o f  p l a n t s ,  b u t  
o c c u r r e d  l a r g e l y  d u e  t o  r e d u c e d  v i g o r  of  t h e  p l a n t s  t h e  f o l l o w i n g  s p r i n g  
b e c a u s e  t h e y  w e r e  n o t  h a r d e n e d  p r o p e r l y  d u r i n g  t h e  p r e v i o u s  f a l l .  T h u s ,  
t h e  p r e s e n t  recommenda t ion  is  t o  t a k e  t h e  f i n a l  c u t  b e f o r e  S e p t e m b e r  1 5 .  
On w e l l - d r a i n e d  s o i l  s i tes a l f a l f a  c a n  b e  h a r v e s t e d  a g a i n  i n  e a r l y  Novem- 
b e r ,  a s  by t h a t  t i m e  t h e  p l a n t s  a r e  f u l l y  h a r d e n e d  a n d  v i g o r  w i l l  b e  good  
t h e  f o l l o w i n g  s p r i n g .  The  p l a n t s  a r e  h a r d e n e d  a n d  w i l l  n o t  r e g r o w  a g a i n  i n  
f a l l  t o  l o s e  h a r d i n e s s .  T h i s  l a t e  c u t t i n g  would n o t  b e  recommended o n  s o i l  
s i tes t h a t  are n o t  w e l l - d r a i n e d .  The s h o r t  s t u b b l e  i n  t h e  f i e l d  would  p r o -  
v i d e  m i n i m a l  s h a d e  o f  t h e  s o i l  d u r i n g  w i n t e r ,  t h e r e f o r e  a l l o w i n g  f r e e z i n g  
a n d  t h a w i n g  t o  c o n t r i b u t e  t o  f r o s t  h e a v i n g  o f  a l f a l f a .  F r o s t - h e a v e d  p l a n t s  
a r e  d e s i c c a t e d  o v e r  w i n t e r  a n d  young buds  on  t h e  crown a r e  f r o z e n  s o  t h e  
e n t i r e  p l a n t  d i e s .  

Management D u r i n g  t h e  Summer 

The s e c o n d  c u t t i n g  i s  n o r m a l l y  made a b o u t  35 d a y s  a f t e r  t h e  f i r s t ,  a n d  
d u r i n g  mos t  y e a r s  i n  M i s s o u r i  t h i s  c u t t i n g  d o e s  n o t  s u f f e r  m a r k e d l y  f r o m  
w a t e r  stress. T e m p e r a t u r e s  f o r  g r o w t h  d u r i n g  l a t e  May a n d  t h r o u g h o u t  J u n e  
a r e  n e a r l y  i d e a l  f o r  a l f a l f a .  The d a y s  a r e  l o n g  t o  g i v e  good  r a d i a t i o n ,  
a n d  r a i n s  u s u a l l y  o c c u r  a t  f r e q u e n t  i n t e r v a l s  a s  J u n e  is  t h e  wettest  month 
i n  M i s s o u r i .  The s t a g e  o f  g r o w t h  a t  35 d a y s  w i l l  o f t e n  b e  e a r l y  bloom, b u t  
q u a l i t y  o f  f o r a g e  d o e s  n o t  d e c r e a s e  a s  r a p i d l y  w i t h  m a t u r i t y  d u r i n g  summer 
g r o w t h  a s  i t  d o e s  i n  t h e  s p r i n g ,  p r o b a b l y  b e c a u s e  t e m p e r a t u r e s  a r e  a l r e a d y  
h i g h .  A l l o w i n g  f o r  35 d a y s  be tween  c u t t i n g s  u s u a l l y  w i l l  g i v e  s u f f i c i e n t  
t i m e  f o r  r e c o v e r y  o f  c a r b o h y d r a t e s  i n  t h e  r o o t s  t o  s u p p o r t  r a p i d  r e g r o w t h  
a f t e r  c u t t i n g  a n d  t o  m a i n t a i n  a  good s t a n d .  

N o r m a l l y ,  t h e  t h i r d  a n d  f o u r t h  c u t t i n g s  o f  a l f a l f a  a r e  low y i e l d i n g  
w i t h o u t  i r r i g a t i o n .  Our r e s e a r c h  a t  t h e  S o u t h w e s t  C e n t e r  showed t h a t  
w i t h o u t  i r r i g a t i o n  a b o u t  65 t o  70% o f  t h e  t o t a l  s e a s o n a l  y i e l d  o c c u r r e d  i n  
t h e  f i r s t  two c u t t i n g s  o f  a  f o u r - c u t  s y s t e m .  I n  f a c t ,  t h e  t h i r d  a n d  f o u r t h  
c u t t i n g s  u s u a l l y  e a c h  y i e l d e d  o n l y  a b o u t  0 . 5  t o n s / a c r e .  T h u s ,  a  
c o n v e n i e n t  way t o  manage d r y l a n d  a l f a l f a  i s  t o  d i v i d e  t h e  t i m e  i n t e r v a l  be -  
tween  t h e  f i r s t  c u t t i n g  d a t e  a n d  S e p t e m b e r  1 5  i n t o  t h r e e  i n c r e m e n t s .  T h a t  
w i l l  g i v e  f o u r  c u t t i n g s  b e f o r e  S e p t e m b e r  15 .  For  example ,  i f  t h e  f i r s t  
c u t t i n g  is  made o n  May 2 0 ,  t h e n  s u b s e q u e n t  c u t t i n g s  c o u l d  b e  made a b o u t  
e v e r y  40 d a y s  s u c h  t h a t  t h e  f o u r t h  c u t t i n g  o c c u r s  j u s t  p r i o r  t o  S e p t e m b e r  
1 5 .  

W i t h  i r r i g a t i o n  d u r i n g  summer, however ,  c u t t i n g  may b e  d o n e  more f r e -  
q u e n t l y .  S i n c e  a  m a j o r  o b j e c t i v e  i s  t o  o b t a i n  h i g h  q u a l i t y  f o r a g e ,  t h e  
f i r s t  c u t t i n g  c o u l d  b e  t a k e n  a t  t h e  l a t e  bud s t a g e  n e a r  t h e  m i d d l e  o f  May, 
a l l o w i n g  a b o u t  120 d a y s  u n t i l  S e p t e m b e r  1 5 .  T h i s  would p e r m i t  f o u r  more 
c u t s  a t  a b o u t  30-day i n t e r v a l s ,  w i t h  i r r i g a t i o n  p l a y i n g  a n  i m p o r t a n t  r o l e  
i n  t h e  l a s t  t h r e e  c u t t i n g s .  One c o u l d  e x p e c t  t o  c u t  i r r i g a t e d  a l f a l f a  some- 
w h a t  more f r e q u e n t l y  t h a n  d r y l a n d  a l f a l f a  b e c a u s e  t h e  e n v i r o n m e n t a l  stress 
is  l e s s e n e d  So t h e  p l a n t s  c a n  b e  "worked" a  b i t  h a r d e r .  I t  i s  s t i l l  c r i t i -  

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



l a s t  c u t  made b e f o r e  S e p t e m b e r  1 5 ,  w i t h  a l a t e  c u t t i n g  a f t e r  November 1 i f  
s o i l  d r a i n a g e  is  good .  

I n f l u e n c e  o f  I r r i g a t i o n  o n  Y i e l d  

The m a j o r  e f f e c t  o f  i r r i g a t i o n  is t h a t  i t  d e c r e a s e s  w a t e r  stress o n  
t h e  p l a n t ,  b u t  i t  d o e s  n o t  e l i m i n a t e  w a t e r  stress. W i t h  a d e q u a t e  w a t e r  t h e  
p l a n t  is  a b l e  t o  k e e p  t h e  s t o m a t a  o p e n  t o  a l l o w  C02 t o  e n t e r  t h e  l e a f  t o  b e  
b u i l t  i n t o  s u g a r s  v i a  p h o t o s y n t h e s i s .  I n  a d d i t i o n ,  t h e  c e l l s  t h a t  c o m p r i s e  
t h e  l e a f  a n d  stem t i s s u e  a r e  a b l e  t o  expand  more ,  g i v i n g  rise t o  l o n g e r  a n d  
t h i c k e r  s t e m s ,  a n d  e s p e c i a l l y  l a r g e r  a n d  t h i c k e r  l e a v e s .  The  l a r g e r  a n d  
t h i c k e r  l e a v e s  are  a real  bonus  f o r  i r r i g a t i o n  as  t h e y  a d d  t o  t h e  q u a l i t y  
o f  t h e  f o r a g e .  

Water stress i m p r o v e s  b o t h  t h e  a b i l i t y  o f  t h e  p r e s e n t  l e a v e s  t o  f i x  
s u g a r s  f o r  g r o w t h  a n d  t h e  g r o w t h  o f  new l e a f  area.  T h u s ,  two p r o c e s s e s  
become a d d i t i v e  ( o r  p e r h a p s  m u l t i p l i c a t i v e )  t o  y i e l d .  F o r  e x a m p l e ,  w e  a re  
e v a l u a t i n g  g r o w t h  r e s p o n s e s  of  a l f a l f a  i n  p l o t s  a t  t h e  C l a y p a n  R e s e a r c h  
Farm east  o f  Columbia  w h e r e  w e  i r r i g a t e d  d u r i n g  l a t e  J u l y  a n d  A u g u s t .  
Y i e l d  d u r i n g  summer o f  1 9 8 3  w a s  2 . 5  t i m e s  more  t h a n  t h e  u n i r r i g a t e d  c o n -  
t r o l .  P l a n t s  p e r  a c r e  a n d  stems p e r  p l a n t  w e r e  s imi l a r  f o r  b o t h  t r e a t m e n t s  
i n d i c a t i n g  t h a t  t h e  y i e l d  i n c r e a s e  o c c u r r e d  d u e  t o  more w e i g h t  p e r  i n d i v l d -  
u a l  s t e m ,  p r o b a b l y  b e c a u s e  stems w e r e  l o n g e r  a n d  l e a v e s  were l a r g e r .  

S e v e r a l  e x p e r i m e n t s  h a v e  been c o n d u c t e d  i n  t h e  Midwest  r e g a r d i n g  i r r i -  
g a t i o n  a n d  y i e l d  o f  a l f a l f a  ( e . g .  C a r t e r  a n d  S c h a e f f e r ,  1 9 8 3 a ) .  I n  a l m o s t  
a l l  cases t h e  m a j o r  r e s p o n s e  o c c u r r e d  when w a t e r  was a d d e d  be tween  mid J u n e  
a n d  l a t e  A u g u s t .  I t  i s  a l s o  c r i t i c a l  t o  i r r i g a t e  s u c h  t h a t  t h e  a l f a l f a  
p l a n t s  g r a d u a l l y  d raw down t h e  s o i l - w a t e r  s u p p l y  r e a c h i n g  a  Low l e v e l  i n  
l a t e  A u g u s t ,  a n d  t h e n  l e t t i n g  r a i n f a l l  b r i n g  i t  b a c k  t o  a  f u l l  p r o f i l e .  
S i m i l a r  t o  c o r n  (Woodruf f  e t  a l . ,  1 9 7 3 )  a l f a l f a  r e s p o n d s  b e s t  i n  terms o f  
b o t h  y i e l d  a n d  w a t e r - u s e  e f f i c i e n c y  ( C a r t e r  a n d  S c h a e f f e r ,  1 9 8 3 a )  i f  t h e  
s o i l  i s  a l l o w e d  t o  g r a d u a l l y  become d e p l e t e d  o f  w a t e r  d u r i n g  summer. F a l l  
r a i n s  i n  S e p t e m b e r  a f t e r  t h e  l a s t  c u t t i n g  w i l l  r e s t o r e  t h e  w a t e r  i n  t h e  
s o i l  p r o f i l e .  

I n  some e x p e r i m e n t s ,  where  t h e  s o i l  p r o f i l e  h a s  b e e n  k e p t  a t  a  h i g h  
water c o n t e n t  ( g r e a t e r  t h a n  75% o f  c a p a c i t y )  , a c t u a l  y i e l d  r e d u c t i o n s  h a v e  
o c c u r r e d  d u e  t o  s t a n d  t h i n n i n g  (Donovan a n d  Meek, 1 9 8 3 ) .  A l f a l f a  i s  n o t  
w e l l  a d a p t e d  t o  p e r s i s t  i n  w e t  s o i l s ,  w i t h  o n l y  a  f e w  v a r i e t i e s  b e i n g  
r e s i s t a n t  t o  p h y t o p h t h o r a  r o o t  r o t ,  a  s e v e r e  d i s e a s e  o f  a l f a l f a  t h a t  i s  
s t i m u l a t e d  i n  w e t  s o l l s .  

I n f l u e n c e  o f  I r r i g a t i o n  o n  F o r a g e  Q u a l i t y  

Brown a n d  T a n n e r  ( 1 9 8 3 )  e v a l u a t e d  a l f a l f a  g r o w t h  u n d e r  i r r i g a t e d  a n d  
n o n - i r r i g a t e d  c o n d i t i o n s  o n  a d r o u g h t y  s o i l  i n  W i s c o n s i n .  I r r i g a t i o n  
d u r i n g  l a t e  J u n e  a n d  e a r l y  J u l y  c a u s e d  a  6 7 %  i n c r e a s e  i n  summer y i e l d .  
S t r e s s e d  p l a n t s  had  39% less l e a f  a r e a  a n d  4 8 %  s h o r t e r  i n t e r n o d e  l e n g t h s  
t h a n  d i d  i r r i g a t e d  p l a n t s .  Number o f  i n t e r n o d e s  a n d  number o f  l e a v e s  on 
t h e  stems o f  i r r i g a t e d  a l f a l f a  w e r e  o n l y  s l i g h t l y  h l g h e r  t h a n  f o r  s t r e s s e d  
a l f a l f a .  T h e s e  d a t a  s u g g e s t  t h a t  t h e  r a te  o f  l e a f  initiation was much less 



a f f e c t e d  by d r o u g h t  o r  i r r i g a t i o n  t h a n  w a s  l e a f  s i z e  o r  i n t e r n o d e  l e n g t h  
which  a r e  c o n t r o l l e d  l a r g e l y  by  c e l l  e x p a n s i o n .  T h e s e  d a t a  s u g g e s t  t h a t  
i r r i g a t i o n  may i n f l u e n c e  f o r a g e  q u a l i t y .  

I r o n i c a l l y ,  mos t  o f  t h e  d a t a  s u g g e s t  t h a t  u n i r r i g a t e d  a l f a l f a  i n  sum- 
m e r  may a c t u a l l y  p r o d u c e  a  h i g h e r  q u a l i t y  f o r a g e  t h a n  i r r i g a t e d  a l f a l f a .  
Brown a n d  T a n n e r  ( 1 9 8 3 )  t r i e d  t o  u n d e r s t a n d  t h e  r e s p o n s e ,  a n d  s u g g e s t e d  
t h a t  s h o r t e r  a l f a l f a  stems o f  u n i r r i g a t e d  p l a n t s  a r e  o f t e n  l e a f i e r  t h a n  t h e  
t a l l e r  o n e s  t h a t  would  be p r o d u c e d  by  i r r i g a t i o n .  T h u s ,  j u s t  d u e  t o  t h e  
f a c t  y i e l d  i s  i n c r e a s e d  by i r r i g a t i o n  may c a u s e  a  d e c r e a s e  i n  l e a f i n e s s .  
Even s o ,  t h e r e  is  g o o d  e v i d e n c e  ( O n s t a d  a n d  F i c k ,  1 9 8 3 )  t h a t  t h e  l o w e r  
c a n o p y  t e m p e r a t u r e  o f  i r r i g a t e d  a l f a l f a  s h o u l d  l e a d  t o  b e t t e r  q u a l i t y  f o r -  
a g e  t o  p a r t i a l l y  o f f s e t  t h e  less f a v o r a b l e  1 e a f : s t e m  r a t i o .  C a r t e r  a n d  
S h a e f f e r  ( 1 9 8 3 a )  a l s o  n o t i c e d  t h a t  l o w e r  l e a v e s  d r o p p e d  o f f  t h e  p l a n t s  much 
ea r l i e r  i n  s t r e s s e d  t h a n  i n  i r r i g a t e d  a l f a l f a .  When l e a v e s  are  d r o p p e d  t h e  
q u a l i t y  d r o p s  q u ' i c k l y .  

I n f l u e n c e  o n  Canopy T e m p e r a t u r e  

S e v e r a l  r e s e a r c h e r s  h a v e  shown t h a t  o n  midsummer d a y s  when a i r  
t e m p e r a t u r e  i s  95  t o  10O0F t h e  c a n o p y  ( l e a f )  t e m p e r a t u r e  o f  i r r i g a t e d  
a l f a l f a  may b e  3  t o  6 'F  c o o l e r  t h a n  t h e  a i r  t e m p e r a t u r e  d u e  t o  e v a p o r a t i v e  
c o o l i n g .  C o n v e r s e l y ,  w i t h  w a t e r - s t r e s s e d  a l f a l f a  t h e  c a n o p y  t e m p e r a t u r e  on 
t h e  same d a y  would b e  3  t o  6 'F  h o t t e r  t h a n  t h e  a i r  t e m p e r a t u r e  w h i c h  may 
l e a d  t o  h e a t  stress a n d  s u n s c a l d  o f  l e a v e s .  A l f a l f a  l e a v e s  o f  s t r e s s e d  
p l a n t s  t e n d  t o  " c u p "  d u r i n g  t h e  mid-day o n  h i g h  stress d a y s  t o  t r y  t o  
d e c r e a s e  t h e  h e a t  l o a d  f r o m  t h e  r a d i a t i o n  ( T r a v i s  a n d  Reed,  1 9 8 3 ) .  
However,  t h i s  r e d u c e s  t h e i r  p h o t o s y n t h e t i c  o u ' t p u t  a n d  l i m i t s  g r o w t h . .  

When a i r  t e m p e r a t u r e s  a r e  75 t o  80 'F  d u r i n g  t h e  d a y  t h e  c a n o p y  
t e m p e r a t u r e  o f  s t r e s s e d  a l f a l f a  p l a n t s  i s  o n l y  a b o u t  2 Fa h o t t e r ,  a n d  t h a t  
o f  i r r i g a t e d  p l a n t s  a b o u t  2 'F c o o l e r  t h a n  t h e  a i r  t e m p e r a t u r e  ( C a r t e r  a n d  
S h a e f f e r ,  1983b;  Donovan a n d  Meek, 1 9 8 3 ;  S h a r r a t t  e t  a l . ,  1 9 8 3 ) .  A l f a l f a  
g r o w s  b e s t  a t  a t e m p e r a t u r e  o f  80  t o  85 'F ( B u l a  a n d  M a s s e n g a l e ,  1 9 7 2 )  s o  t h e  
c o o l e r  t e m p e r a t u r e  o f  i r r i g a t e d  a l f a l f a  o n  h o t  d a y s  would  b e  b e n e f i c i a l .  
However,  e v e n  o n  most h o t  d a y s  t h e  t e m p e r a t u r e  i s  a b o v e  t h e  opt imum f o r  
o n l y  a b o u t  4 t o  6 h o u r s  n e a r  midday ,  b u t  t h a t  c o u l d  h a v e  a g r e a t  i n f l u e n c e  
on y i e l d  a n d  q u a l i t y .  

I m p r o v i n g  Water-Use E f f i c i e n c y  by I r r i g a t i o n  

I t  i s  g e n e r a l l y  r e c o g n i z e d  t h a t  a l f a l f a  i s  r e s p o n s i v e  t o  i r r i g a t i o n ,  
b u t  i t  i s  a l s o  r e g a r d e d  as a  c r o p  t h a t  is  e x t r a v a g a n t  i n  terms o f  w a t e r  u s e  
s i n c e  s e a s o n a l  e v a p o t r a n s p i r a t i o n  ( E T )  ra tes  a r e  h i g h e r  t h a n  many o t h e r  
c r o p s .  T h u s ,  i r r i g a t i o n  s c h e d u l i n g  becomes c r i t i c a l ,  e s p e c i a l l y  i n  o r d e r  
t o  a l l o w  a  g r a d u a l  s o i l  w a t e r  draw-down, a n d  a t  t h e  same t i m e  t o  k e e p  t h e  
p l a n t  f r o m  becoming o v e r l y  s t r e s s e d .  

D a i l y  ET rates h a v e  been  r e p o r t e d  t o  b e  as h i g h  a s  0 . 5  i n c h e s / d a y  f o r  
a l f a l f a  d u r i n g  J u n e  when r a d i a t i o n  a n d  t e m p e r a t u r e s  are h i g h  a n d  s o i l  w a t e r  
i s  a b u n d a n t .  Most o f t e n  i n  summer when t e m p e r a t u r e s  a n d  r a d i a t i o n  are 
h i g h ,  b u t  s o i l  w a t e r  is d e c r e a s i n g ,  ET ra tes  a r e  r e p o r t e d  as 0 . 3 0  t o  0 . 3 5  



i n c h e s / d a y  ( B l a d  a n d  Rosenberg ,  1 9 7 4 ) .  I n  o u r  s t u d i e s  a t  t h e  Claypan  R e -  
s e a r c h  Farm w e  f ound  t h a t  a n  a l f a l f a  y i e l d  o f  1 . 25  t o n s / a c r e  f o r  a s e e d l i n g  
s t a n d  had  a n  a v e r a g e  ET o f  a b o u t  0 .33  i n c h e s / d a y  d u r i n g  t h e  l a t e  J u l y  a n d  
Augus t  p e r i o d  ( F i g .  1 ) .  T r e a t m e n t s  w i t h  a y i e l d  o f  0 . 5  t o n s / a c r e  had  a n  ET 
of o n l y  a b o u t  0 .22  i n c h e s / d a y  a s  t h e r e  was less s o i l  w a t e r  f o r  g r o w t h  a n d  
g rowth  was r e d u c e d .  However, n o t  o n l y  d i d  t h e  i r r i g a t e d  a l f a l f a  y i e l d  more 
b u t  t h e  t h r e e  a r e a s  t h a t  had  ET 0 .28  i n c h e s / d a y  a l s o  had  n o t i c e a b l y  h i g h e r  
w a t e r  u s e  e f f i c i e n c y  ( t o n s  of  d r y  matter p e r  i n c h  o f  water u s e d ) .  The 
maximum p o s s i b l e  w a t e r  u s e  e f f i c i e n c y  h a s  n o t  been  r e a c h e d  i n  t h i s  s t u d y  
b u t  w i l l  p r o b a b l y  o c c u r  when ET i s  g r e a t e r  t h a n  0 . 3  i n c h e s / d a y .  I t  w a s  
e s t i m a t e d  t h a t  s o i l  e v a p o r a t i o n  a l o n e  ( n o  a l f a l f a  p r e s e n t  t o  t r a n s p i r e )  
would have  been  n e a r  0 . 15  i n c h e s / d a y  ( F i g u r e  1).  Between J u l y  1 5  a n d  Sep- 
t embe r  2  t h e  a l f a l f a  w i thd rew  a b o u t  8.5 i n c h e s  o f  w a t e r  f r o m  t h e  a v a i l a b l e  
s u p p l y  i n  t h e  s o i l ,  i n  a d d i t i o n  t o  t h e  2.0 i n c h e s  t h a t  was added  t h r o u g h  
p r e c i p i t a t i o n .  
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F i g u r e  1. R e l a t i o n s h i p  between a l f a l f a  y i e l d  (T /Ac )  d u r i n g  summer a n d  
a v e r a g e  d a i l y  e v a p o t r a n s p i r a t i o n  r a t e  (ET,  i n / d a y ) .  L i n e s  a t  a n g l e s  f r om 
t h e  o r i g i n  ( o , o )  a r e  c a l c u l a t e d  l i n e s  f o r  f i x e d  w a t e r - u s e  e f f i c i e n c i e s  
a s suming  t h a t  y i e l d  and  w a t e r  u s e  a r e  d i r e c t  f u n c t i o n s .  S i n c e  t h e  l i n e  
t h r o u g h  t h e  e x p e r i m e n t a l  d a t a  p o i n t s  d o e s  n o t  p a s s  t h r o u g h  t h e  o r i g i n ,  i t  
is c l e a r  t h a t  w a t e r  i s  u s e d  more e f f i c i e n t l y  a s  a l f a l f a  y i e l d  i s  
i n c r e a s e d .  
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I n f l u e n c e  o n  I n s e c t  Manaqement 

The l i f e  c y c l e  o f  t h e  a l f a l f a  w e e v i l  is  s u c h  t h a t  e g g s  h a t c h  i n t o  l a r -  
v a  i n  t h e  b a s e  o f  t h e  a l f a l f a  S t e m  i n  l a t e  w i n t e r  a n d  e a r l y  s p r i n g .  The 
l a r v a  c l i m b  t o  t h e  t o p  o f  t h e  s t e m  a n d  b e g i n  t o  f e e d  on t h e  young 
d e v e l o p i n g  l e a v e s .  The  w e e v i l  l a r v a  w i l l  p r o b a b l y  n e e d  t o  b e  s p r a y e d  a t  
l e a s t  o n c e  d u r i n g  t h e  f i r s t  g r o w t h  p e r i o d .  A few a d u l t s  a n d  l a r v a  may 
s t i l l  b e  a r o u n d  f o r  a  s h o r t  t i m e  a n d  w i l l  f e e d  o n  t h e  new r e g r o w t h  a f t e r  
c u t t i n g .  L i t t l e  damage f r o m  t h e  w e e v i l  o c c u r s  t o  a l f a l f a  a f t e r  t h e  s e c o n d  
c u t t i n g  b e g i n s  a c t i v e  r e g r o w t h .  

P o t a t o  l e a f h o p p e r s  a r e  blown i n  f r o m  s o u t h e r n  s t a t e s  o n  u p p e r  a i r  
c u r r e n t s  d u r i n g  e a r l y  summer. The p o t a t o  l e a f h o p p e r  c a n  be a s e r i o u s  p r o -  
blem i n  t h e  s e c o n d ,  a n d  e s p e c i a l l y  t h e  t h i r d ,  f o u r t h  a n d  f i f t h  c u t t i n g s .  
The nymphs ( i m m a t u r e  a d u l t s )  s u c k  j u i c e s  f r o m  t h e  s t e m  a n d  i n j e c t  a  t o x i n  
i n t o  t h e  p l a n t  t h a t  d e c r e a i e s  t h e  g r o w t h .  The  s t e m  t i p s  o f  damaged p l a n t s  
o f t e n  h a v e  a  y e l l o w i s h  o r  r e d d i s h  c a s t  s i m i l a r  t o  b o r o n  d e f i c i e n c y .  I n  
d r y l a n d  a l f a l f a  p r o d u c t i o n  l e a f h o p p e r  c o n t r o l  w i t h  i n s e c t i c i d e s  is 
g e n e r a l l y  e c o n o m i c a l ,  a n d  i t  would  be more e c o n o m i c a l  on i r r i g a t e d  a l f a l f a  
w h e r e  t h e  summer y i e l d s  a r e  c r i t i c a l .  L e a f h o p p e r s  a r e  less t r o u b l e s o m e  i n  
f a l l  a s  t e m p e r a t u r e s  d e c r e a s e  a f t e r  t h e  l a s t  c u t t i n g  i n  mid-Sep tember .  

I n f l u e n c e  on N i t r o g e n  F i x a t i o n  

One o f  t h e  main r e a s o n s  f o r  u s i n g  a l f a l f a  i n  c r o p  r o t a t i o n s  is t o  
e x p l o i t  i t s  a b i l i t y  t o  f i x  l a r g e  a m o u n t s  o f  n i t r o g e n .  A l f a l f a  i s  o n e  o f  
t h e  most  e f f e c t i v e  c r o p s  f o r  n i t r o g e n  f i x a t i o n ,  b e i n g  a b l e  t o  f i x  upwards 
o f  200 l b s / a c r e / y e a r .  C a r t e r  a n d  S h e a f f e r  ( 1 9 8 3 ~ )  compared f i x a t i o n  r a t e s  
( a c e t y l e n e  r e d u c t i o n )  d u r i n g  summer oE i r r i g a t e d  a n d  n o n i r r i g a t e d  a l f a l f a .  
I r r i g a t e d  p l a n t s  h a d  f o r a g e  y i e l d s  t h a t  w e r e  n e a r l y  d o u b l e  t h e i r  n o n - i r r i -  
g a t e d  c o u n t e r p a r t s .  N i t r o g e n  f i x a t i o n  f o r  b o t h  t r e a t m e n t s  was maximum j u s t  
b e f o r e  h a r v e s t ,  d e c r e a s e d  r a p i d l y  a f t e r  h a r v e s t  t h e n  g r a d u a l l y  i n c r e a s e d  
a g a i n  d u r i n g  r e g r o w t h .  However,  n i t r o g e n  f i x a t i o n  was a l w a y s  l o w e r  f o r  t h e  
n o n - i r r i g a t e d  p l a n t s ,  a n d  was n e a r l y  s t o p p e d  when p l a n t s  were s e v e r e l y  
s t r e s s e d .  A l f a l f a  n o d u l e s  s u b j e c t e d  t o  s e v e r e  d r o u g h t  stress r e c o v e r e d  
p a r t i a l l y  when s o i l  m o i s t u r e  was r e s t o r e d .  

From t h e  d a t a  p r e s e n t e d  i n  t h e  a b o v e  a n d  o t h e r  s t u d i e s ,  i t  is  
d i f f i c u l t  t o  d e t e r m i n e  e x a c t l y  t h e  i n c r e a s e d  amount  o f  n i t r o g e n  f i x e d  d u e  
t o  i r r i g a t i o n .  However,  o n e  c o u l d  estimate t h a t  a n  i n c r e a s e  o f  a b o u t  30 t o  
50 l b s / a c r e  d u e  t o  i r r i g a t i o n  may b e  r e a s o n a b l e  f o r  t h e  summer p e r i o d .  

I n f l u e n c e  o f  I r r i g a t i o n  o n  P a n d  K F e r t i l i z a t i o n  Needs 

A l a r g e  i n p u t  i n t o  a l f a l f a  management is f e r t i l i z a t i o n ,  e s p e c i a l l y  
w i t h  p h o s p h o r u s  ( P )  a n d  p o t a s s i u m  ( K )  a s  a l f a l f a  f i x e s  a b u n d a n t  s u p p l i e s  o f  
n i t r o g e n .  A good  g u i d e  t o  f e r t i l i z a t i o n  is t o  b a s e  a p p l i c a t i o n s  o n  
n u t r i e n t  r e m o v a l .  A l f a l f a  removes a b o u t  1 2  l b s  o f  P a n d  50 l b s  o f  K p e r  
t o n  o f  h a y  ( 1 5 %  m o i s t u r e ) ,  s o  r e q u i r e m e n t s  w i t h  h i g h  y i e l d s  d u e  t o  i r r i g a -  
t i o n  a r e  g o i n g  t o  b e  v e r y  h i g h .  Wi th  h i g h  y i e l d s  e x p e c t e d  f rom i r r i g a t i o n  

i t  is  c r i t i c a l  t o  s p l i t  t h e  K a p p l i c a t i o n ,  b u t  t h e  P a p p l i c a t i o n  c a n  b e  
a p p l i e d  a t  o n e  t i m e .  A good way is  t o  a p p l y  a l l  t h e  P  a n d  h a l f  t h e  K a f t e r  



t h e  f i r s t  c u t t i n g .  The o t h e r  h a l f  of t h e  K shou ld  be  a p p l i e d  i n  late  August 
o r  e a r l y  September a f t e r  t h e  l a s t  c u t t i n g .  Potass ium is  b e n e f i c i a l  f o r  
developing maximum w i n t e r h a r d i n e s s  of a l f a l f a .  

A l f a l f a ,  e s p e c i a l l y  w i t h  h igh  y i e l d s ,  a l s o  needs boron a p p l i c a t i o n .  
About 1 l b / a c r e  a n n u a l l y  is n e c e s s a r y  f o r  h i g h  y i e l d i n g  management systems.  
Again, it is  b e s t  to,  a p p l y  t h e  boron a f t e r  t h e  f i r s t  c u t t i n g  a long  w i t h  t h e  
P and K o r  t o  a p p l y  2 l b s / a c r e  e v e r y  o t h e r  yea r .  

Summary and Conclus ions  

A l f a l f a  is  a  v a l u a b l e  c rop  f o r  p roduc t ion  of l a r g e  amounts of h igh  
q u a l i t y  f o r a g e .  I n  a d d i t i o n  it works e f f e c t i v e l y  i n  r o t a t i o n s  t o  f i x  a  
l a r g e  amount of n i t r o g e n  t h a t  is  a v a i l a b l e  f o r  subsequent  c r o p  use .  There  
i s  good demand f o r  h igh  q u a l i t y  a l f a l f a  hay t h a t  w a r r a n t s  a  premium on t h e  
market. 

. I r r i g a t i o n  w i l l  i n c r e a s e  a l f a l f a  y i e l d s  d u r i n g  summer i n  Missour i  and 
is  a l o g i c a l  management s t e p  f o r  t h o s e  p e r s o n s  who a r e  a l r e a d y  doing a  good 
job i n  terms of c u t t i n g  management, f e r t i l i z a t i o n ,  i n s e c t  c o n t r o l ,  and ha r -  
v e s t i n g .  S p e c i a l  emphasis w i l l  need t o  be  p l a c e d  on s e l e c t i n g  v a r i e t i e s  
f o r  good d i s e a s e  r e s i s t a n c e .  The y i e l d  i n c r e a s e  from i r r i g a t i o n  a t  t h e  
Claypan Research Farm i n  1983 occur red  due t o  i n c r e a s e d  weight  and l e n g t h  
of each s tem,  which i s  c o n s i s t e n t  w i t h  o t h e r  d a t a .  

The long-term responses  of a l f a l f a  t o  i r r i g a t i o n  have n o t  been 
resea rched .  One of o u r  o b j e c t i v e s  i s  t o  e v a l u a t e  p e r s i s t e n c e  of the '  s t a n d s  
a t  t h e  Claypan Research Farm. A t  t h e  end of t h e  s e e d l i n g  yea r  t h e  s t a n d  
averaged  abou t  25 p l a n t s / s q u a r e  f o o t  f o r  bo th  i r r i g a t e d  and s t r e s s e d  a r e a s .  
For b o t h  t r e a t m e n t s  p l a n t s  averaged 5 s t e m s / p l a n t .  Our p l a n  is t o  f o l l o w  
t h e  d e c r e a s e  i n  p l a n t s / a c r e  a s  t h e y  begin  t o  d i e ,  and a t  t h e  same t i m e  
f o l l o w  t h e  i n c r e a s e  i n  s t e m s / p l a n t  of t h e  remaining p l a n t s  a s  t h e y  t r y  t o  
compensate. That  d a t a  w i l l  a l l o w  us  t o  a s s e s s  t h e  r o l e  of  s o i l  wa te r  
a v a i l a b i l i t y  ( i r r i g a t i o n )  on p l a n t  p e r s i s t e n c e  and compensation.  
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