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■ : :;:v : ; ,  ;;v, j i m o w c T i o H  ■ . ■ ;  . . ; ;

. , ■ T he m ajor l e t t u c e  g r o w in g  a r e a s  i n  - t h e  U n it e d  S t a t e s

a r e  i n  A r iz o n a ,  O a l l f o r n l a ,  a n d  T ex a s  (9 ) o  A  l a r g e  p o r t i o n  

. o f  t h e  l e t t u c e  grow n i n  th e s e ;  a r e a s  i s  s h ip p e d  t o  C hicago;, 

New Y o r k , a n d  P h i la d e lp h ia  0

V T ren d s i n  a c r e a g e ^  y i e l d  9 p r o d u c t io n 9- a n d  sh ip m en t  

show  a n  in c r e a s  in g  demand f o r : l e t t u c e » ' T his, d e m n d . p lu s  

I n c r e a s I n g  d i s e a s e  p ro b lem s i n  o ld e r  g r o w in g  a r e a s  h a s  l e d  • 

t o  t h e  - d e v e lo p m e n t : o f  n e w ; a r e a s  f o r  g r o w in g  l e t t u c e <, ' One 

o f  t h e  n e w e s t  a r e a s  i s  l o c a t e d  n e a r  W i l l c o x  i n  G o e h is e  

Comaty i n  S o u t h e a s t e r n  A r ls o n a  : known a s  t h e  K a n sa s S e t t l e -

R o s t  l e t t u e e  p l a n t i n g s  i n  t h e  lo w e r  e l e v a t i o n s  o f  

A r iz o n a  ■ a r e  made fro m  S e p te m h e r ' 1  'to -..F eh ru ary  1 5 H a r v e s t - ; 

i h g  h e g lr is  a r o u n d  N ovem her 15  a n d  c o n t in u e s  u n t i l ,  a b o u t  

May lo  T he e l e v a t i o n  o f  W i l l c o x  i s  4 ,2 0 0  f e e t  a n d  i s  

c o m p a r a t iv e ly  h ig h e r  t h a n  o t h e r  l e t t u c e  p r o d u c in g  a r e a s  o f  

A r iz o n a  9 w h ic h  v a r y  fr o m  150  t o  1,500"' f e e t *  R ean  te m p er a ­

t u r e s  a t  W i l l c o x  a v e r a g e  a t  l e a s t  10  d e g r e e s  c o o l e r  s o  t h a t  

l e t t u c e ,  c a n  b e  h a r v e s t e d  I n  Ju n e an d  summer p l a n t i n g s  c a n  

b e g i n  i n  ..duly c. W i l l c o x  l e t t u e e  ca n  b e  m ark et e d  ■ d u r  in g  ' 

p e r io d s  w hen m o st o t h e r  A r iz o n a  a r e a s  a r e  o u t  o f  p ro d u ctio n < ,

T he g e o g r a p h ic a l  l o c a t i o n  o f . W i l l c o x  a l lo w s  t h i s  a r e a  t o

.' ■ - . i  : ■■ "



s h i p  l e t t u e e  t o  e a s t  e r a ,’.m arkets a t  r e d u c e d  s k i p p i n g  c o s t s  , 

an d  i s  somewlaat c l o s e r  th a n  m ost o t h e r  w e s t e r n  a r e a s  c 

The .o p e n in g  o f  t h i s  new a r e a  h a s  b r o u g h t  a b o u t  

i n t e r e s t  i n  t h e  e x t e n t  o f  d a m age.b r o u g h t  a b o u t  b y  in f r e q u e n t  

h a i l  s t o r m s t f . .Q u a l i t y  a n d  y i e l d s  o f  v e g e t a b l e  c r o p s  grow n  

u n d e r  a d v e r s e  c o n d i t i o n s : e a h ::h e  g r e a t l y  a f f  e e t e d o  : •
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. - . ' . T h u n d ersto rm s o c c u r  f r e q u e n t l y  i n  A r iz o n a  d u r in g  

d u ly  a n d  August* a n d  a r e  o f t e n  aoG om panied  b y  h a i l '  ( 2 1 )  0 

F i f t e e n  h a i l s t o r m s  hsure "been r e p o r t e d  i n  t h e , W l l l s o x  s 

S a h  S im on  a r e a  d u r in g  t h e  l a s t  19  y e a r s 0 l e t t u c e  p la n t e d  

i n  d u ly  i n  t h e  W il lc o x  a r e a  i s  s u b j e c t  t o  h a i l  dam age / 

d u r in g  t h e  e a r l y  s t a g e s  o f  g ro w th s  The f i r s t  p l a n t i n g  o f  - 

l e t t u c e  i n  t h e  ¥ 1  l i e  ox. a r e a  g c o n s i s t i n g  o f  s e v e r a l  h u n d red  

a c r e s 9 w as made i n  1 9 5 7 o A h a i l s t o r m  o c c u r r e d  on  

A u g u st  3 0  s 1 9 5 7  s but* e x t e n t  o f  dam age t o  t h e  c r o p  w as n o t  

; knowno . H a i l  fro m  p r e v io u s  s to r m s  was r e p o r t e d  t o  r a n g e  i n  

s i z e  fro m  o n e - f o u r t h  t o  t h r e e - f o u r t h s  in c h  i n  d ia m e t e r  a n d ,,  

i n  a  fe w , i n s t a n c e s , 'mp . t o i o n e  in e h o  . ' : H a i l  dam age w as  

u s u a l l y  r e p o r t e d ,  w h e n e v e r  t h e  h a i l  w as o n e - e i g h t h  in c h  o r
_ ' : ■ ';i : : ■: \ ■ ■' ■ - - ' ■ ; .
l a r g e r  o ' , : ' v . ,■ - ; : ; . .

H a i l  in s u r a n c e  i s  now a v a i l a b l e  f o r  many c r o p s  

i n c l u d i n g  l e t t u c e  = In ' a n  e f f o r t  t o  b e t t e r  h e l p  t h e  .grow er  

a n d  in s u r a n c e  a d j u s t e r  t o  e s t im a t e  t h e  dam age a n d  p o s s i b l e  

l o s s e s , 'a n  e x p e r im e n t  t o  s im u ia t e  h a l l  damage, o n  l e t t u c e  

w as b e g u n o ' H a l l  e i t h e r ,  rem o v es  l e a f  a r e a  o r .  makes, i t  n o n -  

f u n e t i b n a l , b u t  t h e  e x a c t  dam age t o  l e t t u c e  a n d  r e s u l t i n g  

e f f e c t  on, p r o d u c t io n  i s  n o t  knowno ; ;



T he m ost common m eth od  u s e d  t o  s i m u l a t e  c r o p  h a i l  

dam age i s  b y  t h e  r e m o v a l o f  l e a v e s  o r  g r o w in g  p o i n t s  o f  

.p la n t s  o ' : Bamage: t o  t h e  l e t t u c e  i n  th e ;  e x p e r im e n t a l  p lo t s .

' was' c a u s e d  b y  c u t t in g .  O ff  d e f i n i t e  p e r c e n t a g e s  o f  t h e  l e a f  

a r e a  t o  s im u la t e  v a r i o u s  d e g r e e s  o f  h a i l  dam ageo P r o lo n g e d  

h a i l s t o r m s  o f t e n  c a u s e  in j u r y  t o  t h e  g r o w i n g . t i p 0 S im u la te d  

h a i l  dam age t o  t h e  t i p  was made b y  d r o p p in g  a  s t e e l  b a l l  on  

t h e . c e n t e r  o f  t h e  p la n to  H a i l  may o c c u r  a n y  t im e  d u r in g  

t h e  e a r l y  s t a g e s  o f ,g r o w t h ;  t h e r e f o r e , dam age t o  t h e  p la n t s  

, i n  t h e  ^ p e f i m e m t a l . p l o t s . :w as s im u la t e d '  a t  f o u r  ; d i f f e r e n t  

s t a g e s  o f  groifftho The p l o t s  w e re  o b s e r v e d  t o  d e te r m in e  t h e ,  

e f f e c t  o f  s im u la t e d  h a l l  dam age o n  y i e l d  a n d  q u a l i t y  o f  t h e  

h e a d s « • ■ . .
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b e g u n  b y  Dnngam (2 ) i n  1 9 2 7  a t  t h e ' I l l i n o i s  E x p e r im e n t  
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b e 'm o r e  e f f i c i e n t  a f t e r  c l i p p i n g . S m a ll  d i f f e r e n c e s  w e re  

n o t e d  w hen o n e - h a l f . o r  • t w o - t h i r d s  t h e  l e a f  a r e a  w as rem oved  s . 

b u t' w hen a l l  t h e  l e a v e s  wer© rem oved, y i e l d  r e d u c t i o n  was 

h ig h *  A t t h e  s t a g e  o f  g ro w th  b e tw e e n  t a s s e l i n g  a n d  f r e s h  

s i l k  s t a g e ,  y i e l d  was r e d u c e d  100  p e r c e n t  b y  c o m p le te  r e m o v a ls  

. B o th  E la g e s  (1 2 ) ..a n d  E ld r e d g e  (5 )  o b t a in e d  s i m i l a r  

' r e s u l t  s '  'from ; e  im u la t  ed'. damage . o n ; s  m i l  g r a in s  o ■ Damage 

' c o n s i s t e d  o f  c u t t i n g . p l a n t s  o f f ,  e v e n  w i t h  t h e  g ro u n d  a n d . , ■.



:w h ip p in g  o r  h e a t i n g  them * P la n t s  r e c o v e r e d  b e s t  fro m  cu t. 

t i n g ,  b e c a u s e  t h e  g r o w in g  t i p  was n o t  d a m g e d o  K la g e s  • 

c o n c lu d e d  t h a t ' t h e  d e g r e e  o f  r e c o v e r y  from  in j u r y  i s  • 

d e p e n d e n t  t o  a  l a r g e  m ea su re  u p o n  c l i m a t i c  c o n d i t i o n s  

f o l l o w i n g  i n f l i c t i o n  o f  in j u r y o  ,

S o y b e a n s  w ere  s u b j e c t e d  t o  s im u la t e d  dam age b y

S a l t  on  e t  a lo  ( 1 0 )  by, b e a t i n g  a n d  c l i p p i n g s  A c o m p a r iso n  

o f  t h e  two' m eth od s sh o w ed  a  d i f f e r e h e e  i n  y i e l d  o f  'o n ly  

o n e - t e n t h  b u s  h e !  0 W eber ( 2 2 ) s im u la t e d '  dam age on  s o y b e a n s  

b y  p in c h in g  o f f  l e a f  s u r f a c e  a t  v a r i o u s  s t a g e s  o f .g r o w t h  

and' o b t a in e d  .d e c r e a s e d  ■ y i e l d s  w i t h  ■' in c r e a s e d , dam age o'. .■■ 

S im u la te d ' in j u r y  t o  c o r n  an d  s o y b e a n s  w as a l s o  

c o n d u c te d  b y  E ld r e d g e  (4 )  s K ie s s e lb a c h  an d  L y n e ss  ( 1 1 )> ‘ 

an d  Oamery a n d  W eber ( l )  o .

: ■. I n  s t u d i e s  w it h  o n io n s  s H aw thorn ( 8 ) rem oved  o n e -  

h a l f  a n d ' a l l  f o l i a g e  w i t h  a g r a s s  s h e a r s  0 , R e d u c t io n  i n  

y i e l d  w as p r  o d u ced  b y  b o t h  t h e  r  em oval, o f ' o n e - h a l f  ■ t h e  

f o l i a g e  an d  a l l  t h e  f o l i a g e  w i t h  t h e  'p e r c e n ta g e  l o s s  i n  

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

t h a t ,  due t o  t h e  l o s s  o f  o n e - h a l f  t h e  fo lia g e 'o ''

S p a r k s  e t  a lo  (2 0 )  rem oved  f o l i a g e  o f  p o t a t o e s  b y  

'C lip p in g  a n d  .b e a t ih g o  , l^ o s s v ih  g ra d e ' /  '

IToSo Hoo 1 p o t a t o e s  r e s u l t e d  r e g a r d l e s s  o f  t h e  s t a g e  o f  

g r o w th  a t  t h e  t im e  o f  f o l i a g e  rem o v a lo  T he p e r c e n t a g e  : ,

l o s s  o f  y i e l d  o f  U„ S » Ho,» 1 p o t a t o e s  i n c r e a s e d  w i t h  

g r e a t e r  am o u n ts  o f  f o l i a g e  reraovedo ■ . ' : ' ■„



v '/ ■. M o rr is  ( 1 4 ) '  r e d u c e d  ' s u g a r  b e e t  l e a f  .a r e a  25» 7 5 a n d  . 

100  p e r c e n t  "by w h ip p in g  t h e  p l a n t  = I n  e a r l y  s t a g e s  o f  

g r o w th  t h e r e .  \fa s p r a c t i c a l l y  n o  d i f f e r e n c e  b e tw e e n  t h e  

c o n t r o l  a n d  2 5  and; 50  p e r c e n t  r e m o v a lc l a t e r  i n  t h e  s e a s o n ,  

t h e  50 p e r c e n t  r e m o v a l r e d u c e d  y i e l d s , b u t  n o t  a s  g r e a t  a s  

c o m p le te ’ r e m o v a l i  'B itrO g en  .a p p l ie d  .-a f te r 1 s im u la t e d  i n j u r y . ■ ,

-h ad  a  b e n e f i c i a l  e f f e c t ,  o p -'su g a r .: .b ee ts , grow n on  u n f e r t i l i z e d  / 

■lando ' ” : • ; - - ”f  V ' ■ . ; ' ■ ' V'"'''

P o i n t e r  (16  ) s im u la t e d  dam age t o  t o b a c c o  b y  punch­

i n g  h o l e s  i n  t h e  l e a f  ■and. c l i p p i n g  o f f  f o l i a g e . e .H o le s  

t h r e e - f o u r t h s  .in c h , i n  d ia m e te r  w e re  p u n ch ed  i n  t h e  l e a f  w i t h  : 

a  h an d  -p u n ch ; t o  s im u la t e  d a im ge -up to- 50  p e r c e n t » The y i e l d  : 

w as n o t  I n f lu e n e e d  - a p p r e c ia b ly s ' b u t  t h e  ' s e l l i n g  p r i e s '  m s  : . 

d e p r e s s e d  b e c a u s e  o f  p o o r / d u a l i t y  o f. t h e  l e a f  0 R e d u c t io n  

o f " l e a f  s u r f a c e  b y  c u t t i n g  r e d u c e d  y i e l d s  m ore a s  t h e  p l a n t  

b ecam e m ore .m ature.,- O o m p a riso a  o f  r e s u l t s '  w i t h  c r o p s  a c t u a l l y  • -. 

d a-m ged  w ere  g e n e r a l l y  i n ,  a g r e e m e n t ’/.w ith  t h e  s  im u la t e d  d am age.

S im u la t i n g  in j u r y  on c o t t o n ,  F i s h e r  ( 7 )  fo u n d . th a ,t  . ; 

r e m o v a l of; l e a v e s  . r e s u l t e d  i n  o n ly  a  s l i g h t  y i e l d  r e d u c t i o n .  . 

H oweverp r e m o v a l o f  l e a v e s  a n d  y o u n g  s te m  t i p s  r e d u c e d  y i e l d  

a s  much a s  40' p e r c e n t  .

A most r e c e n t  method o f  s im u la t in g  h a i l  in ju r y  on 

p la n ts  riBkes u se  o f  ■ a ■ s p e c ia l . .m e h ln e  by., w h ic h  w in d , w a te r , 

and ic e .  can :b e a p p lie d  in  v a r y in g  d e g r e e s .  P re lim in a r y  - 

r e p o r ts  by  Snyder (1 9 ) on beans $ p o ta to e s  9 and tom atoes  

in d ic a t e  o n ly  s l i g h t  r e d u c tio n s  i n  y i e l d  from  in ju r y  during
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t h e  e a r ly  v e g e t a t i v e  p e r io d  o f  growfeho. He s t a t e s  t h a t  

: t h e r e  a p p e a r s  t o  h e  a  d e f i n i t e  r e l a t i o n s h i p  b e tw e e n  d e g r e e  

o f  dam age an d  s t a g e  o f  - m a t u r ity  o f. t h e  p l a n t .  A ls o  5, w e a th e r  

' c o n d i t io n s :  f o l l o w i n g  dam age h a v e  a n  Im p o r ta n t h e a r in g  o n - ' 

y i e l d  a n d  : ( ^ a l l t y »  \ vg,;: g  t- :; , ■

.. , ■ l a n e  (13:) " c o n s tr u c te d  a n  i c e  b lo w in g  m a ch in e  t o  ■;

s im u la t e  h a l l  dam age o n  c o t t o n .  He fo u n d  t h a t  s u r v iv a l .  ■ . 

d ep en d s o h  s e v e r i t y  o f  ^ .a a g e s: . e o n d i t i o n  o f  t h e  p la n t  8 an d  

t h e  t im e  o f  g r o w in g  s e a s o n .  ' -.

f h e r e  w ere  n o  r e p o r t s  fo u n d  o f  a n y  s im u la t e d  dam age 

t o  l e t t u c e  o r  r e l a t e d  l e a f y  v e g e t a b l e  c r o p s .  L i t e r a t u r e  

r e p o r t s  o n  s im u la t e d ,  h a l l  dam age t o  c o r n  a n d  o t h e r  c r o p s  

a p p e a r s  t o  h a v e  n o  d i r e c t  b e a r in g  o n  l e t t u c e *  b u t  i t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  e s s e n t i a l l y  :a l l  t h e  m eth o d s e m p lo y -  

e d  c o n s i s t e d  o f  t h e  r e m o v a l o f  p a r t s  o f  t h e  p l a n t  o r  m ak in g  

th em  n o n - f u n c t i o n a l . '  As a  r e s u l t  9 y i e l d s  w e re  u s u a l l y  

•r e d u c e d  ;i n  p r o p o r t ip r i  to :  t h e  am ount; ©f 1 p la n t  l e a f  s u r f a c e  

r em o v ed . v:a ; 'y f - :  . ... . . " "



METHODS AHD. M&TERL1IS

.D e s e y l-p t lo n '  o f  E x p e r im e n ta l  P l o t s  g T he e x p e r im e n t a l  

p l o t s  w ere  l o c a t e s . : a t  t h e  U n i v e r s i t y  o f- A r iz o n a  C am p b ell 

: A ven u e Farm ( e l e v a t i o n  2 ,3 5 0 ) *  T u c so n , A r i z o n a , ' ( f i g u r e  1 ) 0 

B o th  t h e  .te m p e r a tu r e  an d  t h e  s o i l  w ere   ̂ i n  a  s u i t a b l e  r a n g e ' : 

f  o r  l e t t u c e  p r o d u c t io n  (6  )»  .An e x c e l l e n t  • o p p o r t u n it y  was 

a f f o r d e d  t o  o b s e r v e  t h e  e x tr e m e  c l i m a t i c  e f f e c t s  on  t h e  

t r e a tm e n ts ,  a s  t h e  f a l l  p l a n t i n g  was s u b j e c t e d  t o  b e lo w  

f r e e z i n g  te m p e r a tu r e s  a n d  t h e  s p r i n g  p l a n t i n g  was s u b j e c t e d  

t o  v e r y  h i g h  t e m p e r a t u r e s Q ■; " i  ’ '■ •. . : .

•i The f a l l  p l a n t i n g  was made on S e p tem b e r  26 , 1 9 5 7 o

I t  c o n s i s t e d  o f  f o u r ,  b e d s , e a c h  208  f e e t ' lo n g ., 4 0  in c h e s  i n  • 

w id t h ,  w i t h  tw o  row s ,14  in c h e s  a p a r t  ©n t h e  b ed o  T he a r e a  

was d iv id e d ,  i n t o  f o u r  r e p l i c a t e d  b l o c k s » W it h in  e a c h  b l o c k ,  

t h e  16 c o m b in a t io n s  o f  l e a f  r e m o v a l an d  s t a g e  o f  g ro w th  

w e re  ra n d o m ly  a s s ig n e d o  E ach  p l o t  f o r  a  g iv e n  t r e a t m e n t  

was 13 f e e t  l o n g ,  2  row s w id e , a n d  c o n s i s t e d  o f  a p p r o x im a te ly  

2 0  .p la n ts * .. V a r i e t y  o f  l e t t u c e  u s e d  was O r ea t L ak es 6 5 9 o

: ; ;T h e : 's ta g e  ;p f ^ o w t h  i s  d e s ig n a t e d  a s  t h e  number : o f  y - 

l e a v e s  on:' t h e  p la n t  a t  t h e  t im e  o f  l e a f  r e m o v a l c The f o u r  

s t a g e s  o f  g r o if th  u s e d  i n  b o t h  t h e  f a l l  a n d  s p r i n g  p l a n t i n g s  - 

w ere  & 1 s t  s t a g e - - 4  l e a v e s ; 2n d  s t a g e - =6 l e a v e s  ; 3 r d  s t a g e - -  

8 l e a v e s  | 4 t h  s t a g e — 10 l e a v e s  0 The p l a n t s  r e a c h e d  t h e  

: ' '■ ■ ■ : .: : ■ 9 . . '
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F ig u r e  1 .  V iew  o f  e x p e r im e n t a l  p l o t s  
U n i v e r s i t y  o f  A r iz o n a  
C am p b ell A ven u e  Farm



4 -X e a f  s t a g e  a t  t h i n n i n g  a n d  t h e  1 0 - l e a f  s t a g e  w as s h o r t l y
. V. :: ' y':, h  ‘
b e f o r e  t h e  p l a n t  "began t o  head o  The 6 = a n d  8= l e a f ,  s t a g e s  

w e r e  u s e s , t o  g i v e  in t e r m e d ia t e  r a n g e s  o f  g ro w th s Ho dam age

w as. i n f l i c t e d  • a f t e r  t h e  p la n t  b e g a n  t o  h ead o  Any dam age  

o c c u r r in g  a f t e r  t h i s  p e r io d  w o u ld  r e s u l t  I n  a n  u n m a r k e ta b le

h ead o' ' \

: ' The t r e a t m e n t s  I n c lu d e d  t h e  r e m o v a l o f  v a r i o u s

p e r c e n t a g e s  o f  ’l e a f  s u r f a c e y w i t h - p e r c e n t a g e  o f  l e a f  s u r f a c e  

rem o v ed  a a :  f o l l o w s  s . f  .. '.l'; ' - , ' ' ’

F a l l ’ P l a n t i n g  - . -. : S o r in g  P l a n t in g

^R em oval o f  a l t e r n a t e  l e a v e s t  . : ’ ' :
: "R em oval o f  o n e - h a l f  o r  t h r e e -  f o u r t h s  o f  e a c h  l e a f  *

T he s p r in g  p l a n t i n g  was m ade on  F e b r u a r y  1 7 ,  1 9 5 8 0 •.

Due to , © o o ls’. damp w e a th e r  . t h a t  f o l l o w e d ' t h e  p la n t in g s ,  a

100^

■ m
0 ;"

100#

W >
0 :

p o o r  s t a n d  was o b t a in e d  on t h e  s o u t h  en d  o f  t h e  a r e a  o , On 

M arch l l r t h e  a r e a  o f  p o o r  s t a n d  was r e p la n te d o  T he s p r in g  

p l a n t i n g  c o n s i s t e d  o f  f i v e  b e d s  9 e a c h  2 0 3  f e e t  l o n g s  t h e  

f  i f t h  b e d  b e i n g  u s  ed  f o r  a n  e x p e r im e n t a l  t r e a t m e n t  on  t i p  

in j u r y  o " T h r e e  ra n d o m ize d  b l o c k s  ; w ere: u s e d  w i t h  t h e  16  

c o m b in a t io n s  ;o f  l e a f  r em o v a l a n d  s t a g e  o f  g r o w th  ran d om ly  

a s s i g n e d  w i t h i n  - ea ch ' b lo e k o  ; . ; v - '

' S e e d i n g : The l e t t u c e  was-' p la n t e d  w i t h  a  P la n e t  J r Q

s e e d e r : w i t h  t h e  p l a t e  a d j u s t e d  S o  d r o p  s e e d  a t  t h e  r a t e  ‘o f



tw o  an d  o n e - h a l f ,  p o u n d s , p e r  .a c r e o  The s e e d  w as 'p la n te d  a t '  

a  depth: o f : . ,o n e -e i# it& : \  'v; . : - :

: I r r i g a t i o n : , f W  p la n t i n g s  w ere  i r r i g a t e d  I m m e d ia te ly  

a f t e r  s e e d in g , w i t h  w e l l  w a te r  fr o m  t h e  fa r m 0 . W ater  was 

a l lo w e d  t b  f i l l  t l i e  fu r r o w s  t o  w i t h i n  a p p r o x i m t e l y  tw o  

in c h e s  fr o m  t h e  t o p  o f  t h e  hedo W a t e r : t h e n  s u b b e d  up t o  

t h e  t o p  o f  t h e  b ed e  I r r i g a t i o n s  w e r e " made w hen t h e  t o p . h a l f  ■ 

in c h  o f  s o i l  beeaffie .dry.<, w h ic h  v a r i e d  from  o n e  w eek  t o  10  . 

d a y s 0 IB n y  i r r i g a t i o n s  w ere  s u p p le m e n te d  b y  r a i n 0 ' ■

■ .. B a te s  o f  I r r i g a t i o n s  o r  R a in

F a l l  P l a n t i n g S e p t»pcti":
.SOVo .

; .Deco ' 
dano:....

.•S p r in g  .P la n t in g ;  F eb :;  :-
' .• . . " . ' ' ■• •  -laro"

1 5 * , 19:
3 0 ;  ;;Q '12-* ] AV

9- 1 5 ^ s 25o.'
54 9 6 V i 5 ’% 20 9 28<
8 c, 18 o . .

# % K ' 2 a .
5 5.:. 1 2 9 I S ,  2 3 o

l f % ,2 8 %

B a t e s  o f  g r e a t e r  • th a n  a 15 in c h o s  o f  r a ln o -

T h in n in g g I n  b o t h  p l a n t i n g s  t h e  l e t t u c e  s e e d l i n g s  

w e re  t h in n e d  1 2 - 1 4  in c h e s  a p a r t  -w hen t h e  p l a n t s  h a d  a p p ro x .

im a t e ly  f o u r  l e a v e s  o T he f a l l  p l a n t i n g  was t h in n e d  on  ; 

S ep tem b e r  269  1 9 5 7  s a n d  t h e  s p r i n g  p l a n t i n g  on  I B r e h  2 5 s 

i 9 5 8 0 : :■ ;  •. .

• F e r t i l i z a t i o n  1 Ammonium n i t r a t e  (3 3 o 5 ^  Wo) was 

s i d e  d r e s s e d  a t  a  r a t e  o f  tw o p ou n d s p e r  100  f e e t  o f  b e d  

im m e d ia te ly  a f t e r  t h in n in g o  T h e e x p e r im e n t a l  p l o t  a r e a



ha.it;,‘been:, t r e a t e d  p r i o r  t o  ■ p la n tin g , w i t h  a  m l c h  o f  b a r n

y a r d  m m r e o -

. C u l t i v a t i o n  g. E a ch  p l a n t i n g  %fas w eed ed  "by h an d  

h o e in g  a t  . t h e  t im e  o f  t h i n n i n g  a n d  l a t e r  i n  t h e  g r o w in g . 

s e a s o n  t o  d e s t r o y  w eed s o ..

I n s e c t  C o n t r o l s- The f a l l  p l a n t i n g  w as i n f e s t e d  

b y  ca b b a g e  lo o p e r  .w orm  i n  O c to b e r » IB  l a t h i  o n  was u s e d  f o r  

i n s e c t  c o n t r o l  c o n s i s t i n g  o f  a  5 0  p e r c e n t  Ma l a t h i  o n  co n ­

c e n t  r a t e  d i l a t e d  b y  a d d in g  on e t a b le s p o o n  o f  ^ B ia t h lo n  p e r  

g a l l o n  o f  w a t e r * 1  . , ■ ;

M ethod o f  I n f l i c t i n g  Damage s. R em oval o f  l e a f  

su r fa c e "  on  ::the ' l e t t n e e ■ p iaaatS’ Was ■ a c c o m p lis h e d  h y  u sin g"  \  

s c i s s o r s » ' ;S & e : am ount o f  ’l e a f  r e m o v a l was e s t i m t e d  an d  

t h e n v e l i p p e d  o f f » ; : v;; Y" ; ' ■' '■ " . ■

'■ v ..: " T he r e m o v a l o f  l e a f  ■ s u r f a c e  i n  a l l .  t r e a t m e n t s  was.

. d o n e  c a r e f u l l y  t o  ■avoid  d am ag in g  t h e  g r o w in g  t i p .  A s t e e l  

b a l l  b e a r in g s  t h r e e - f o u r t h s  i n c h  i n  d ia m t e r , w as d ro p p ed  ' 

d i r e c t l y  on  t h e  t i p  f r o m ,a 'h e i g h t  o f  a p p r o x im a te ly  18  in c h e s  

: T h e  I n j u r y  i n f l i c t e d  fro m  t h e  b a l l  i s  a n  a p p r o x im a t io n  o f  

dam age e x p e c t e d  from  a  h a i l  s t o n e  o f  co m p a ra b le  s i z e  

d r o p p in g  d i r e c t l y  "on t h e  t i p  a f t e r  p r o t e c t in g ;  l e a v e s  h a v e  .. 

b e e n  r em o v ed . T he t h r e e - f o u r t h s - i n c h  s t e e l  b a l l  was u s e d  

b e c a u s e  i t  p r o d u c e d  som e v i s i b l e  dam age e a c h  t im e  i t  was • 

d ro p p ed  a n d  I t  c o u ld  b e  d ro p p ed  w i t h  a c c u r a c y  6

■ M ea su r e m en ts : . T h e ' fa l l"  p l a n t i n g  did. not. p r o d u ce  . . 

m e a s u r a b le  h e a d s  u n t i l . e a r ly  i n  J a n u a r y . M ea su rem en ts  w ere



F ig u r e  2 .  R em oval o f  l e a f  a r e a  a t  t h e  
f i r s t  s t a g e  o f  g ro w th

F ig u r e  3 .  R em oval o f  l e a f  a r e a  a t  t h e  
s e c o n d  s t a g e  o f  g ro w th



F ig u r e  4* R em oval o f  l e a f  a r e a  a t  t h e  
t h i r d  s t a g e  o f  g r o w th

F ig u re  5 .  Removal o f  l e a f  area  a t  th e  
fo u r th  s ta g e  o f  growth
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"begun on  t h e  p l a n t  on D ecem ber 1 4  a n d  t h e  h e a d s ' om  

J a n u a ry  11  t o  In su r e , a g a i n s t  t h e  k i l l i n g  o f  t h e  p l a n t  b y  

f r e e z i n g  te m p e r a t .u r e s 0 P la n t  m ea su rem en ts  w e r e  made w i t h  

a  12= in c h  r u l e r  m e a s u r in g  b o t h  t h e '  l e a f  a r e a  9 d ia m e t e r , and,

h e ig h t  o f  t h e  p l a n t » . .Head m ea su rem en ts  d u r in g  g r o w th  w e r e
' ' . . ■' ' ; . ........

made w i t h  a  - f i e l d  c a l i p e r  ( f i g u r e  ,6 ) s w i t h  f i m l . m easu re­

m en ts b e i n g  made on  J a n u a ry  25 & M easu rem en ts w e r e  n ad e  t o  . 

t h e  n e a r e s t  o n e = f o u r th  inch®, ' H ead m ea su rem en ts' f o r  t h e  

s p r i n g ' p l a n t i n g  w e re  made on  'Ma.y 2 6 , 1958  y w i t h  t h e  f i e l d
...  ' '■ ' -V'' : v ;;' .

c a l i p e r s » " '. • ■ ; " '
■. . ' . ." ' V f  ■. ■ ' ■ "" ' '  ' •

; f h e  w e ig h t s  w ere., o b t a in e d  b y  t h e  u s e  o f  h an d  s c a l e s

w i t h  a  1 0 - q u a r t  p a i l  a f t a c h e d o  T en  h e a d s  w e r e ' c u t  from  

. e a c h  t r e a t m e n t  a n d  p l a c e d  i n  t h e  p a i l o  ■ The w e ig h t  f o r  t h e  , 

h e a d s  c o u ld  b e  r e a d  t o  t h e  •■ nearest t e n t h  o f  a  pound® The  

h e a d s  .w e r e  w e ig h e d  on  t h e  h a y  f o l l o w i n g  t h e  h e a d  m ea su re” ; 

m eats o n  3 # y  2 T , 1958® .

: " ■ Compu t a t i o n s : The a n a l y s i s  o f  v a r ia n c e  ( 1 8 )  was

■ co m p u ted .'fo r . t h e  t a b l e s  o f  m eans w h ic h  w e r e  su m m arized  fr o m  

t h e  f o l l o w i n g ?  , ( 1 ). P a l l  p l a n t i n g —-h ead  s i z e  ( t a b l e  2 )  y  

( 2 ) ■ S p r in g ' p la n t in g = ~ h e a d  s i z e -  ( t a b l e  4 )  i  (3 )  S p r in g  

p l a n t i n g - - h e a d  w e ig h t  ( t a b l e  6 ) ( 4 )  S p r in g  p l a n t i n g - - h e a d

s i z e  ( t a b l e  8 ) ® T he m ea su rem en ts f o r  t h e  f a l l  p l a n t i n g  w e r e  

n o t  r e u l i c a t e d o  A t t h e  t im e  o f  .m easurem ent o n ly  t h e  h e a d s  

i n  o n e  b l o c k  w e r e  i n  a  s a t i s f a c t o r y ,  c o n d i t i o n  du e t o  i n s e c t  

i n f e s t a t i o n s  and  c l i m a t i c  c o n d i t io n s o  The e r r o r  te r m  u s e d



i n  t h e  analysis o f  v a r ia n c e  ( . t a b le  2 ) may n o t  h a v e  b e e n  

t r u e  b e c a u s e  o f  a n  i n t e r a e t i o n o  A n a iy s i s  o f  v a r i a n c e  

( t a b l e  4 )  sh o w ed  n o  I n t e r a c t I o n s t h e r e f o r e  t h e  c o r r e c t  

e r r o r  was p r o b a b ly  u s e d  I n  f a b l e  2 0
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F ig u r e  6 . M easurem ent o f  h ea d  d ia m e t e r  
w it h  f i e l d  c a l i p e r



RESUIiES AND DISGUSSIOB;

.. E f f e c t  o f  R educinp; L e a f  A rea  on H e a d in g  an d  Head  

S i z e s  F o r  t h e  f a l l  p l a n t i n g  t h e r e  was h o  s l g a i f l e a n t  

e f f e c t  on  r e d u c in g  t h e  h e a d  s i z e  a s  a  r e s u l t  o f  r em o v in g  

5Q p e r c e n t  o f  t h e - l e a f  a r e a D .T h is  i s  show n h y  com p arin g , 

t h e  o v e r a l l  mean v a l u e s  o f  3oT 2 in c h e s  an d  3 °6 6 - in c h e s  f o r  

t h e  tw o m eth od s o f  r e m o v in g  5 0  p e r c e n t  o f  t h e  l e a f  a r e a  

w it h  t h e  v a l u e  f o r  t h e  o v e r a l l  mean f o r  no l e a f  r e m o v a l  

o f  3 o 8 8  in c h e s o  A l s o ,  t h e r e  w as n o  d i f f e r e n c e  fo u n d  b e ­

tw e e n  t h e  o v e r a l l  mean v a lu e s  f o r  r em o v in g  5 0  p e r c e n t  o f  

t h e  l e a f  a r e a  b y  tw o  m eth ods „ T he c o m p le te  r e m o v a l o f  

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

g r o w th  ( f i g u r e  7 )  =» P la n t s  t h a t  w e r e .n o t  in j u r e d  h ea d ed  

som ew hat f a s t e r  ( f i g u r e  1 0 ) ; b u t ,  due t o  t h e  e x te n d e d  t im e  

o f  s e v e n  w eek s  fro m  h e a d in g  u n t i l  f i n a l  m ea su rem en t, t h e

in j u r e d  p l a n t s  fro m  50  p e r c e n t  r e m o v a l h ad  t im e  t o  d e v e lo p  

a s  much a s  t h e  p la n t s  from  no r e m o v a l o f  l e a v e s 0:

Due t o  t h e  f a c t  th a t ,  t h e r e  i s ;  n o . d i f f e r e n c e  i n  th e ;  

m ethod o f  r e m o v in g  l e a f  a r e a , t h e  'm ethod b f  r e d u c in g  le a f"

a r e a  5 0  p e r c e n t ;b y  r e m o v a l . o f ' o n e - h a l f  o f . e a c h  l e a f  was 

. u s e d  f o r  t h e  s p r in g  p la n t in g o  D i f f e r e n c e s  b e tw e e n . 50 per= 

; c e n t  r e m o v a l an d  1 0 0  p e r c e n t ,  r e m o v a l o f . t h e  l e a f  a r e a  .'



' ' • ■ . - ' 2 0  ■■

a p p e a r  to ' b e  q n it ie  l a r g e  s o  t h e  r e m o v a l o f  7 5  p e r c e n t  o f  

t h e  l e a f  a r e a  was a d d ed  t o  t h e  s p r in g  p l a n t l h g 0

■ S i g n i f i c a n t  r e d u c t io n s  i n  t h e  h e a d  s i z e  w ere  r e c o r d ­

ed  f o r  a l l  d e g r e e s  o f  l e a f  r e m o v a l fro m  .th e  s p r i n g  p la n t  t e g  e 

The g r e a t e r  t h e  am ount o f  l e a f  a r e a  rem oved  t h e  g r e a t e r  t h e  

r e d u c t i o n  i n  s i z e ,  w ith , s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  50  

S M  7 5  p e r c e n t  a n d  7 5  a n d  100  p e r c e n t  o T h is  i s  show n by  

co m p a r in g  t h e  o v e r a l l  mean v a l u e s  o f  3 » 0 1 9 3 o 2 1 P 3 o 4 l 9 a n d  

3 « 8 4  f o r  r e m o v a l o f  1 0 0 9 7 5 9 5 0  p e r c e n t  a n d  n o  l e a f  r e m o v a ls 

r e s p e c t i v e l y  ( t a b l e  3 ) °  T h e re  w a s o n ly  a  t h r e e - w e e k  p e r io d  

fro m  t h e  b e g in n in g  o f  h e a d in g  u n t i l  f i n a l  m ea su rem en ts  w e re  

m ade. A l l  p l a n t s  b e g a n  t o  fo rm  h e a d s  w i t h i n  a  o n e -w e e k  

p e r io d  s o  p e r c e n t a g e  o f  h e a d in g  b y  w eek s c o u l d  n o t  b e  used , 

t o  com pare w i t h  t h e  f a l l  . p l a n t i n g * T h e r e  w as n o t  a s  much 

d i f f e r e n c e  i n  t h e  s i z e s  fro m  c o m p le te  r e m o v a l o f  l e a v e s  t o  

n o  l e a f  r e m o v a l; a s  was fo u n d  i n  t h e  f a l l  p la n t in g *  O v e r a l l  

mean f o r  c o m p le te  r e m o v a l f o r  f a l l  p l a n t i n g  w as 1*67  com pared  

t o  3 * 0 1  f o r  t h e .  s p r in g  p la n t in g *  T h e o v e r a l l '  m eans f o r  n o . • 

l e a f  r e m o v a l w ere  much, t h e  sam e f o r  b o t h  p l a n t i n g s  w it h  a  

v a l u e  o f  3 * 8.8 f o r  t h e  f a l l  p l a n t i n g  an d  3 » 8 4  f o r  t h e  s p r in g  ; 

p la n t in g *  ' .. .. ; V  ' " ' .

D i f f e r e n c e s  b e tw e e n  l e a f  rem oval, t r e a t m e n t s  i n  a n y  . : 

one:, s t a g e  o f  g r o w th . i s  .n o t  s i g n i f i c a n t  . i n  a l l  e a s e s *  In . ,■ 

t h e  f i r s t  s t a g e  o f ^ o w t h : ( f ig u r e / . 'S )  t h e r e  i s  no; d i f f e r e n c e  " 

b  e  tw e e n  t h e  t h r e e ; d e g r e e s  ' o f '  l e a f  r e m o v a l * A l s o  9 . t h e f  e : is : . ■■ 

no d i f f  e r e n c e  b e tw e e n , 7 5  an d  10(3 'p e r c e n t , r e m o v a l o f  l e a f  a r e a



a t  t h e  s e c o n d  a n d  f o u r t h  s t a g e s  o f  g ro w th  a n d  b e t w e e n '50  

a n d  75  p e r c e n t  a t ,  t h e  f o u r t h  s t a g e 0 T he a n a l y s i s  o f  t h e  " 

h ea d  w e ig h t s  ( f a b l e  5 )  g a v e  t h e  sam e r e s u l t s  a s  t h e  a n a l y s i s  

o f  t h e  h e a d  s ize < , f  h e r e  w e re  n o  s i g n i f i c a n t  i n t e r a c t  io n s  . 

fo u n d  fr o m  t h e  a n a l y s i s  o f  v a r ia n c e  o f  e i t h e r  t h e  s i z e  or: 

t h e  w e ig h t  o f  t h e  h e a d s ; t h e r e f o r e 9 t h e r e  i s  n o  r e l a t i o n  

h e tw e e n  l e a f  r e m o v a l an d  s t a g e  o f  g r o w th 0 A l l  p l a n t s , 

w h e th e r  i n  ju r e d  in ,  e a r ly  s t a g e s  o f  g r o w th  o r , l a t e r  s t a g e s  s 

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

E f f e c t ,  o f  S t a g e  o f  G row th o n ,H ea d in g  a n d  Head S i z e  t 

P l a n t s  o n  w h ic h  a l l  l e a f  a r e a  w as rem oved  i n :  t h e  f a l l  

p la n t in g ,  d i d ,n o t  h a v e  t im e  t o .  .r e c o v e r  a t .  t h e  l a s t  s t a g e  o f  

^ o w t h  ( t a b l e  1 )  w i t h  t h e  r e s u l t  t h a t ,  n o  h e a d s ' w e re  fo rm ed  

a t  t h e  t im e  o f  'm easurem ent = T h e . p l a n t s  fro m  t h i s  t r e a t *  v 

m ent d id  e v e n t u a l l y  fo rm  h e a d s  a f t e r  m ea su rem en ts  h a d  b e e n  

,c o m p le fe d o  The d i f f e r e n c e s  b e tw e e n  h ea d  s i z e s ,  f o r  t h e ', 

s t a g e s  o f  grow th- f o r ' - t h e ;  f a l l ,  p l a n t i n g  w e r e  h o t ;  s i g n i f i c a n t  

( t a b l e  2 )»  ' . - v

, •,, F o r  t h e  s p r in g  p l a n t i n g  s i g n i f i c a n t ,  d i f f e r e n c e s  

w e r e ' f  oun d  b e tw e e n  s t a g e s  of- growths'', w i t h  t h e  . l a r g e r  h e a d s , ’

b e i n g  p r o d u c e d  from , t h e  f i r s t  s t a g e  o f  grow tho, - S m a lle r  -..' 

s i z e d  h e a d s  w ere' p r o d u ce d  w i t h  dam age I n f l i c t e d  a t  l a t e r  ■ , 

s t a g e s  o f  g r o w th  a s  show n i n  . t a b l e s  5  an d  5 b y  ■edmparing: 

o v e r a l l  m eans f o r  s t a g e  o f  'grewtho.;- T h e re  w as n o  d i f f e r e n c e

b e t w e e n  dam age i n f  1 1 . # e d  w hen  th e , n l a ^  8 o r  1 0 . l e a v e s  

a n d  l i t t l e  d i f f e r e n c e  b e tw e e n  t h e  6= arid 8= s t a g e s  o f  g r o w th .



S a b le :  .JUv , M ean'H ead D ia m e te r s  R e s u l t i n g  fro m  5 0  P e r c e n t  arc®.
100  P e r  c e n t  L e a f  A rea  ̂ R em oval a t  F ou r  S t a g e s  o f  G row th  

: F a l l '  P la t it ln g v ;  1957» t : '-V - .s-. t

Stage.' o f  
-Growth;;:.

: ;> " • v v ' . ' . v ' ; "...
■ P ercent. L eaf Removal ■■ ■ .... Average':

, f o r  a l l  
tre a tm en tsl o o 50a 5 0 ° 0

1s t : ' ,  v; 2 ol 6# 3 .7 6 y 3:°73 ' • 3 .8 4 3.37
2nd / . • 2 .3d ,4 o  08 3 085 ' 3 o97 ; : : 3.56 :
3rd 2 .1 6 3 .4 8 3.97 ' 3 .2 8  ■

4 th 0 .0 0 3o 54 ■ "3.53 3 0 74 2 .7 0

A verage I 0 6 7 ; : 3 .7 2 Vi :;k 3 088

^R em oval of. a l t e r n a t e  l e a v e s  0 
^ R em oval o f  o n e - h a I f  o f  e a c h  l e a f »
# E ach . "value i s  a  mean i n  in c h e s  f o r  2 0  h e a d s  „

Lo S o Do a t  l e v e l :  f o r  t r e a t m e n t  m eans 1 * 2 8  0
LoSoDo a t  5% l e v e l  f o r  o v e r a l l  means 064«-

f a b l e - S o  A n a ly s i s  o f  V a r ia n c e  f o r  V a lu e s  in ;  f a b l e .  1

■ S o u r c e
D e g r e e s  o f  

F reed om
Sums o f  
S q u a r e s

M ean
S q u a r e

; Hpt!
V a lu e

L e a f  R em oval 1 3 o 8 8 2 3 4 .6 2 7 4 2 8 .9 0 ^

S t a g e  o f  G row th . 3 lo 6 5 4 2 .5 5 1 4 3 . 4 4

Error": —2 -  ; ' lo 6 4 1 0 - . 1 6 0 1  .

T o t a l  ; ' 1 5  ' ■ 1 7 ^ 1 7 7 5

^ S i g n i f i c a n t  a t  1% l e v e l o .
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2ND 3 R D
STAGE OF GROWTH

4TH

E f f e c t s  o f  r e m o v in g  50  and  100  p e r c e n t  
o f  t h e  l e a f  a r e a  a t  f o u r  s t a g e s  o f  
g ro w th  ( 1 s t  s t a g e — 4 l e a v e s ,  2n d  s t a g e —  
6 l e a v e s , 3 r d  s t a g e — 8 l e a v e s , a n d  
4 t h  s t a g e — 10 l e a v e s )  on l e t t u c e  h ea d  
s i z e ,  f a l l  p l a n t i n g ,  1 9 5 7 . O v e r a l l  
mean h ea d  d ia m e te r  o f  no l e a f  r e m o v a l  
p l a n t s — 3 .8 8  i n c h e s .  50A i s  r e m o v a l by  
a l t e r n a t e  l e a v e s  an d  50B i s  r e m o v a l o f  
o n e - h a l f  o f  e a c h  l e a f .

F ig u r e  7 .



: : " : ^.: - ;  v:-:";;; v. : :; : ; :2 4

T a b le  3» 'Mean Head - D ia m e te r s  R e s u l t i n g  fro m  5 0  P ercen ts ,
75  T’e r c e n t  3 a n d  100  P e r c e n t  L e a f  A rea  R em o v a l a t-  

F o u r  S t a g e s  'o f  G row th , S p r in g  P l a n t i n g ,  1 9 5 8  =

S t a g e  o f  ': 
- G-rowth

P e r c e n f  l e a f  ' R em oval - , , A v e r a g e  .
f o r  a l l  
t r e a t m e n t s10 0 75 o ; ’

: 1 s t  -' 3 o 2 # 3 o 3 5 3 = 4 4 3 = 9 4 ' 3=49

2nd 3 o 0 3 3 = 19 3 = 5 2 3 = 7 7 3 = 3 8

3 r d  ' 2 = 8 4 3=23 3 = 4 9 3  = 8 1 3 = 3 4

4 t h 2= 93 3=06 3 = 19 3 .8 2 3= 25  ■

A v e r a g e 3 = 0 1 3 = 2 1 3 = 4 1 3 = 8 4

* E a ch  v a l u e  I s  a  mean I n  I n c h e s  f o r  3 0  h e a d s .

LoSoDo a t  5/& l e v e l  f o r - o v e r a l l  m eans o10o 
I c S . Do a t  5^  l e v e l  f o r  t r e a t m e n t  m eans o2 0 o

T a b le '4 o  A n a ly s i s  o f  V a r ia n c e  f o r  V a lu e s  I n  .T a b le  3»

D e g r e e s , o f Sums o f ' Mean Wptl!
' S o u r c e F reed om S q u a r e s S q u a r e V a lu e

B lo c k s  . - 2 =0397 =0198 1=40

L e a f  R em oval . 3  '■ • 4 = 4 5 3 5 1 = 4 8 4 5 10 5 = 3 0 *

S t a g e  o f  G row th . =3556 . = 1 1 8 5 8=40*

I n t e r a c t i o n 9 = 2 7 8 0 ' =0309 ''  2=19

E r r o r  ■ ; ■ =4225. =0141

T o t a l 47 5 = 5 4 9 3
. : . . ' ' , . ■ • ' ■ > '  ' <

i o a n t  a t  l e v e l ;
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1 0 0 -
% LEAF REMOVAL 

I / / / / I  1 0 0  
91 I I 75

5 0  ”

UlI Z

Q U_
LU Z

4 TH
STAGE OF GROWTH

F ig u r e  8 .  E f f e c t s  o f  r e m o v in g  5 0 ,  7 5 ,  an d  100
p e r c e n t  o f  t h e  l e a f  a r e a  a t  f o u r  s t a g e s  
o f  g ro w th  ( 1 s t  s t a g e .— 4 l e a v e s ,  2nd  
s t a g e — 6 l e a v e s  , 3 r d  s t a g e — 8 l e a v e s  , 
a n d  4 t h  s t a g e — 10 l e a v e s )  on l e t t u c e  
h ea d  s i z e ,  s p r in g  p l a n t i n g ,  1 9 5 3 .  
O v e r a l l  mean h ea d  d ia m e t e r  o f  n o  l e a f  
r em o v a l p l a n t s — 3 • 8 4  i n c h e s .



T a b le  5 °  %#am %ea W eight' R e s u l t  lu g  fr e ia  5 0  P e r c e n t  j, 
'. 75  P e r c e n t , and- 100  P e r c e n t  L e a f  . A rea  R em ova l a t '

: F o u r  S t a g e s -  o f  G row th 9 S p r in g  P l a n t i n g g. 1 9 5 8  = .

Stage of. 
. OrcwtlL' -

Percent Leaf Removal 

100  ; .75;. 5 0  - y o

. Ar em ge  
■f or a l l  

treatm ents

' 1 s t ;  --
" • ' #
;»457;' ;>-4S7-: ." .^ 0 f ,: ;; .5 8 0 .5 0 9

'2 n d  ' o357 ' '-o5i3;:; :; m .537 - .4 5 9

. d m : ' »273 o450 .5 3 7 .4 0 8

- 4 t h ; ■ ■; .2 6 7  ;•■; 4 3 5 5 - : -o;S 7 -  : ' r;:o553\; ; - .4 0 9 '

A v e r a g e  - , : :: ' .3 4 5 : , : o 4 7 7 : - .5 5 2

; _ - , , ' . - ■ ' v' ■■■' . ' ' - • 1 ; 1 ' ■ ' - . .

■ Baeli. m in e  l a  'B: aean  i n  pounds f o r  30 h ea d s0
■ ; . t  ' - / :V " ' , ;  ; . . .  -‘ . ■; ' -. v
L. S . Do -at 50' le v e l  fo r  treatm ent means. 0O980

vt  ■; X0S oI5<»; a t  :5^ le v e l  f o r  o v e r a ll means «04-95o

.. Table 6 = AbalysIs: o f ;Tarlance: f  or T a laes In. Table; 5 ®-'

S o u r c e  - '
. D e g r e e s  o f  
■ Freedom .

'Sums o f  . 
- -S q u a r e s  m

Mean
- S q u are-, - -' ¥ a l u e

B lo ck s ., .;- = 00 1 3 6 1  ' .0 0 6 8 0 6 ' . 1 .9 3

L e a f  -R em oval = ' . 2 8 1 8 2  : - .0 9 3 9 4 1 26 069'“"
. " '■ ' ' : ' -

S t a g e  o f  G-rowth .0 8 4 0 2 .0 2 8 0 0 7
#  ■■

7 .9 6

I n t e r a c t i o n  , ■ .0 3 1 0 8 .0 0 3 4 5 3 , 0 .9 8
' ;l ‘ . . ' '• - , ■■ • :

E r r o r  . I  , - ’
/  i-
'• .1 0 5 5 9 : - . 0 0 3 5 2 © '

T o ta l:  i -1 .5 3 5 1 2 -;-:,

WS ig n lf  le a n t ' a t - 1^' l e r e l 0 
: :
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LEAF AREA REMOVAL EFFECTS ON LETTUCE HEAD WT.

% ~LEAF~ REMOVAL ~ 
100

I ST 2N D  3 R D  4T H
STAGE OF GROWTH

F ig u r e  9 .  E f f e c t s  o f  r e m o v in g  5 0 ,  7 5 ,  a n d  100  p e r ­
cent- o f  t h e  l e a f  a r e a  a t  f o u r  s t a g e s  o f  
g ro w th  ( 1s t  s t a g e — 4  l e a v e s ,  2 nd s t a g e —  
6 l e a v e s , 3 r d  s t a g e — 8 l e a v e s , an d  4 t h  
s t a g e — 10 l e a v e s )  on l e t t u c e  h e a d  w e ig h t  
s p r in g  p l a n t i n g ,  1 9 5 8 . O v e r a l l  mean 
h ea d  w e ig h t  o f  no l e a f  r e m o v a l p l a n t s —  
•552  p o u n d s .



E f f e c t  o f  T in  I n ju r y  o n H e a d  S i z e  and. P ro a u c t io n  o f  

H eads g S i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d  b e tw e e n  

t r e a t m e n t s  s b u t  n;d d i f f e r e n c e s  w e re  fo u n d  b e tw e e n  s ta g e s"

.o fn g rew tla  ( t a b le ;  T) o' B e s id e s  s m a lle r -  H eads b e i n g  p ro d u ce d .

a f t e r  in j u r y  o f - t h e  g r o w in g  t i p $ many p l a n t s  p r o d u c e d  

m u l t i p l e  h e a d s .  /  y . •

lu m b e r  o f  P la n t s ,  w it h
S t a g e  o f  . B a l l  D rop s M u lt ip le .  H eads

G row th ■ P e r  P l a n t  /  P e r  SO P la n t s

1 s t  I'-- - 0
- ' 3  ■ ■■ 3

2 n d  1  0
3  -V" . 1

3 r d  - 1 . • 3
. 3  -i' f  - ■ ' , , 9

4 t h  . 1  - 4
. . 3  ' 8

I n  t h e  e a r l y  s t a g e s  o f  g r o w th  t h e  p la n t .o u t g r o w s  

in j u r y  a n d  p r o d u c e s  on e h e a d ,  b u t  m u l t i p l e  h e a d s  a r e  fo rm ed  

w hen t h e  p l a n t  i s  m ore m atu re  = T he g r o w in g  t i p  on  a p la n t  

o f  8 . t o  10  l e a v e s  i s  w e l l  p r o t e c t e d  a n d  i n  o r d e r  t o  d rop  \  

t h e  b a l l  on  t h e  t i p  t h e  o u t e r  l e a v e s  h a d  t o  b e  p u l l e d  b a ck *  

I t  was v e r y  d i f f i c u l t  t o  i n f l i c t  in j u r y  w i t h  o n e  d rop  on  a  

p la n t  w i t h  10  l e a v e s  0 A f t e r  t h e  t i p  h a s b e e n  d am aged , t h e  

p la n t  d id  n o t  p r o d u ce  any new l e a v e s  f o r  a p p r o x im a te ly  7  t o  

1 0  d ay s o . The s t e e l  b a l l  d rop  e x p e r im e n t  was n o t  r e p l i c a t e d  

an d  was c a r r i e d  b u t  i n  a r e a s  t h a t  w e r e , r e p l a n t e d  so* r e s u l t s ,  

a r e  o n ly  a n  i n d i c a t i o n  o f  w h a t damage' m ig h t b e  e x p e e te d o



■ ■ ■ ■. . ' . : ; ; ag

T a b le  7« : Mean Head D ia m e te r  R e s u l t i n g  fr o m  T ip  I n ju r y  
b y  One a n d  T h ree  B t e e l ' B a l l ' B r o p s  a t  F o u r  S t a g e s  

o f  ©rowtb.,; S p r in g  : B la n t in g s;..1958= .-

S t a g e  o f  ' 
G row th , : .

. ':' SuBiber' of'' ' S t e e l ''B a l l  D rop s ■

. . / r . ' ' ' S  ' ; l '  i  ' l  :n ;::V; ''0 ;;.'"'V' ;

■ A v e r a g e  . 
f o r  a l l  

t r e a t m e n t s

1 s t - ' ■ 2 o75% 2  = 86 3 = 5 0 3 = 0 4

2 nd ' 2 o52 2  = 8 1  . 3=33 2=89

v 3 r d 2 = 89 3 , 0 9 3  = 7 2 3  = 23

4 t h 2, 09 . 3  = 25 3 = 53 2 = 96

A v e r a g e 2=56 ; 3.o 00  ; '' '3=52. _

#  ' . '
E a ch  v a l u e  i s  a  m ean I n  in c h e s  f o r  10  h e a d s »

LoBoDo a t  5$ le v e l  fo r  treatm ent means »90» 
LoSoDo a t le v e l  fo r  o v e r a ll means 045»

T a b ie  '8 o' A n a ly s i s '  o f  Y a r la n c ’e  f o r  V a lu e s  i n  T a b le  7 o-.

.. . S o u r c e  ' ;
D e g r e e s  o f  

F reed om
Sums o f  / 
S q u a r e s

Mean 
S q u a re' ,

' ' .
UpiB

V a lu e

HOo o f  B a l l  D rops 2 .1 = 8 3 7 6 = 9 1 8 8 ■ 1 4 ,9 6 *

S t a g e  o f  G row th ■ . 3  : =2019 =0673 : 1=10

E r r o r - i = 3684 =0614

T o t a l i i 2 = 4 0 7 9 ' ' ' :

*S  i  g n l f  l e a n t  . a t  1^ . l e v  e l »

;

Vy
.'ys

v'-'j v : :'v■ ■: 
- 'V.. ,



E f f e c t  o f  G lim a t io  F a c t o r s  on R e c o v e r y  a n a  R e s u l t i n g  

Y i e l d s  a f t e r  Im M rF g T ke f a l l . -plamtlmp; -was made d u r in g  

warm te m p e r a tu r e s  an d  g e r m in a t io n  w as c o m p le te d  i n  f o u r  d a y s  

f i l e  p l a n t s  w e r e  t h in n e d  on O c to b e r  18  an d  t r e a t m e n t  i n t e r v a l  

was a p p r o x im a te ly  10 d a y s  = B e c a u s e  o f  r a i n s  a n d  r e s u l t i n g  

i n s e c t  i n f e s t a t i o n s  $, p l a n t s  fr o m  t h e  f i r s t  s e r i e s  o f  t r e a t ­

m ents r e c o v e r e d  s l o w l y  o f  h e  s e c o n d  an d  t h i r d  s e r i e s  o f  

t r e a t m e n t s  r e c o v e r e d  much f a s t e r  fr o m  l e a f  r e m o v a l i n j u r y 6 

By t h e  t im e  o f  t h e  f o u r t h  s t a g e  o f  g r o w th  t r e a t m e n t  s e r i e s  /  

t h e  p l a n t s  i n - t h e  s e c o n d  s e r i e s  Of t r e a t m e n t s  a p p e a r e d  t o  

b e  a s  f a r  a lo n g  a s  t h e  ^ p la n ts  - i n : t h e  f i r s t o  ■ F o l lo w in g  t h e  

f o u r t h  s e r i e s  o f  t r e a t m e n t s s n i g h t  t e m p e r a tu r e s  b e g a n  t o  ; 

d rop  t o  b e lo w  f r e e z i n g s - ' G row th o f  a l l  l e t t u c e  p la n t s  was . 

g r e a t l y  ' s lo w e d  down a n d  r e c o v e r y  fro m  c o m p le te ; rem oval'' o f  ' 

l e a v e s  on t h e  'f o u r t h , s e r ie s .; - ,o f  t r e a t m e n t s  w as v e r y  s lo w *  

f h e r e ■ was som e ■ s e p a r a t i o n  o f  t h e  e p id e r m la l  • t i s s u e  on  

D ecem ber 3. ,  w hen t h e  'te m p e r a tu r e , d ro p p ed  t o  2 1 °F o  ( .'f ig u re  

1 1 ) o Warm te m p e r a tu r e s  a n d  r a i n  f o l l o w e d  t h e  f r e e z e  a n d  

t h e  p l a n t s  r e c o v e r e d  an d  sh o w ed  n o  s i g n s  o f  in j u r y  fro m

eo ldo  ' '; - . . .. , - '

The w a r m est w e e k ly  a v e r a g e  b e g in n in g  D ecem ber 9? 

s i n c e  t h e  l a s t  w eek  o f  O c to b e r s b r o u g h t  a b o u t  h e a d  fo r m a -  

t l o n .  N e a r ly  a l l  p l a n t s  b e g a n  t o  h ea d  r e g a r d l e s s  o f  t h e i r  

s i z e  r e s u l t i n g  from  l e a f  r e m o v a l» The t r e a t m e n t s  t h a t  

a c c d u n t e d  f o r  t h e  g r e a t e s t  r e t a r d e d  h ead  f o r m a t io n  w ere  th e .



31LEAF AREA REMOVAL EFFECTS ON LETTUCE HEADING- 
% LEAF REMOVAL

----------- IOO
----------- 5 0 A ( a l t e r n a t e  l e a v e s )
---------- 5 0  B ( 1 /2  each, l e a f )
-----------  0  /

Q 6 0

DEG.
. E f f e c t s  o f  r e m o v in g  50  and  100 p e r c e n t  o f  t h e  

l e a f  a r e a  on l e t t u c e  h e a d in g  o v e r  a  s e v e n  w eek  
p e r i o d , D ecem ber 1 4 ,  1 9 5 7 , t o  J a n u a ry  2 4 ,  1958

F ig u r e  10
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AVE. WEEKLY TEMPERATURES', OCT. 7, 1 9 5 7 - JAN. 2 6 ,  1956

------------- AVE. HIGH
------------ AVE. MEAN
------------- AVE. LOW

16 2 3  3 0  6 13 2 014 21 28  4 18 25 2
J AN.

F ig u r e  1 1 . A v e r a g e  w e e k ly  h i g h ,  m ean, and  lo w  te m p e r a tu r e s  
fro m  S ep tem b e r  3 0 , 1 9 5 7 , t o  J a n u a ry  2 6 , 1 9 5 8 , 
U n i v e r s i t y  o f  A r iz o n a  C am p b ell A ven u e Farm .
F^ ( lo w  o f  2 1 °  F . on D e c . 3 )  c a u s e d  s e p a r a t i o n  
or  e p id e r m ia l  l a y e r s  o f  p l a n t . F2 ( lo w  o f  2 0 °  F .  
on J a n . 2 3 )  c a u se d  p erm an en t in j u r y  t o  h e a d s .
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AVE. WEEKLY TEMPERATURES, FEB. 1 7 - MAY 25, 1958

-----AVE. HIGH
----- AVE. MEAN
----- AVE. LOW

10 17 2 4  3117 24 3 14 21 28  5
FEB. MARCH APRIL MAY

F ig u r e  1 2 .  A v e ra g e  w e e k ly  h i g h ,  m ean, and  lo w  tem p­
e r a t u r e s  fro m  F e b r u a r y  1 7 ,  1 9 5 8 ,  t o  
May 2 5 ,  1 9 5 8 , U n i v e r s i t y  o f  A r iz o n a  
C am p b ell A venue Farm . H i s  w eek  i n  
w h ic h  b o l t i n g  b e g a n .



p l o t s  w i t h  e o m p le te  I s h f  r e m o v a l ( f i g u r e  10.) 0 T he c o m p le te  

r e m o v a l o f ; l e a v e s  ©f p l a n t s ' w i t h  e i g h t  l e a v e s  p r o d u c e d  t h e  

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

t h e  f i r s t  w eek  o f  h e a d in g o  T em p e ra tu r es  r e m a in e d  m ild  

th r o u g h  D ecem ber a n d  t h e  f i r s t  p a r t  o f  J a n u a r y » hows o f  ' 

2 6 0 t o  2 7 °  Fo w e re  r e c o r d e d  i h  e a r l y  J a n u a ry  w hen h e a d s

• w ere  f a i r l y  w e l l  f o r m e d s. h u t  n o  dam age r e s u l t e d c G row th  

was v e r y  s lo w  d u r in g  p e r io d s  o f  c o l d  n i g h t s  0 A v e r y  c o ld  

s p e l l  h e g a n  on  J a n u a ry  20  w i t h  t h e  te m p e r a tu r e  f a l l i n g .
• ' V" ■ ' 'q:  ̂ • ■ ' ' , ■ .  ̂ V'

.• b e lo w  2 5  Fo a t  n i g h t  a n d - .c o n t in u in g  u n t i l  J a n u a ry  25 when
- . o' / :  v , ; . .  : . - ■

,20  . Fo w as r e e o r d e d o  ' The n e x t  m o r n in g , f  o l l o w i n g  t h e  lo w  

. t e m p e r a tu r e  r e a d i n g ' o f  2 0 °  , t h e  h e a d s  w e re  f r o z e n  s o l i d

. a n d  d id  n o t  th aw  o u t  u n t i l  nooiio : H ead s i z e  m ea su rem en ts  

. w ere  made in :  t h e  a f t e r n o o n o  I t  w as n o t e d  t h a t  h e a d s  w ere  

b e c o m in g  mushy a n d  many o f  th em  h a d  tu r n e d  d a r k  i n  c o l o r » 

S lim e  d e v e lo p e d  s h o r t l y  a f t e r  t h e  te m p e r a tu r e  r o s e  a b o v e

- t h e  f r e e z i n g  p o in t o  - ..

The s p r i n g  p l a n t i n g  m s  made d u r in g  a  w eek  o f  

f a i r l y  warm te m p e r a tu r e s  w i t h  n o  f r e e z i n g  te m p e r a tu r e s  

r e c o r d e d  ( f i g u r e  1 2 ) „ G e r m in a t io n  was v e r y  s lo w  a n d  many 

o f  t h e  e m e r g in g  s e e d l i n g s  w ere  e a t e n ,  h y  b i r d s  o R a in  and  

c o o l  t e m p e r a tu r e s  d u r in g  t h e  f i r s t  -week o f  l a r c h  p r e v e n t e d  

, s e e d l i n g s  fro m  g r o w in g 0 ■ R e - p l a n t i n g  a r e a s  o f  p o o r  s t a n d  

was made on  M arch l l o  R a in  a n d  c o o l  t e m p e r a tu r e s  con tin u ed "  

' th r o u g h  l a r c h  and  t h e  l e t t u c e  d id  n o t  r e a c h  t h i n n i n g  s t a g e



' ' - :// ; ■ :  . . ■3.3
u n t i l  M arch 2 5 .  The l e t t u e e  b ega ,n  t o  make r a p i d  g ro w th  I n  

A p r i l  a n d  t im e  "between t r e a t m e n t s  was' r ed u c ed ' t o  e ig h t - d a y  ■■ 

I n t e r v a l s ^  R e c o v e r y  fro m  t h e s e v e r e  t r e a t m e n t s  . w as much 

more r a p id  th a n  d u r in g  t h e  f a l l  t r e a t m e n t s  0

T he. f i r s t  i n d i c a t i o n  o f  h e a d in g  was oh s e r v e d  on; 

l& y 10 o B e g in n in g  l a y  1 5 » te m p e r a tu r e s  a v e r a g e d  a b o u t  

10 d e g r e e s  a b o v e  n o rm a ls  P la n t s  b e g a n  t o  sh ow  s i g n s  o f  

b o l t i n g  on  W y . 2 1  a n d  w e re  n o  l o n g e r  e d i b l e  du e t o  t h e  

d e v e lo p m e n t o f  a  b i t t e r  t a s t e » T em p e ra tu r es  a f t e r  l a y  2 1  

r e m a in e d  a b o u t  1 0 0 °  P . s o  h e a d  m ea su rem en ts  w e r e  made on  

l a y  26 s 19580  ■Many o f  t h e  p l a n t s  i n  t h e  n o  r e m o v a l p l o t s  

w e re  a lr e a d y  d i s t o r t e d  due t o  t h e  e l o n g a t i o n  o f  t h e  s e e d -  

a t a l k  o The h e a d s  w ere  w e ig h e d  on  ■ ]>By 2 7  a n d  i t  was n o t e d  

a l l  ;h ead s\:w ere  b i t t e r - ;a n d :h a d .:a' s e e d s t a l k  fo r m ln g o  Some 

p l a n t s  w ere  l e f t  i n  t a c t  a n d  e x a m in a t io n  o n e  w eek  l a t e r  

:. sh ew ed  m any' a e e d s t a lk s .  ;had ■ b r o k e n  th ro u g h , t h e  h e a d s  0 

E f f  e c t  o f  I n s e c t s  :' S a b b a g e  loop er-;w orm s w ere  

o b se rv e d - f e e d i n g  on  t h e  p l a n t s  a t  t h e  t im e  o f  t h e  f i r s t  

s e r i e s  o f  l e a f  r e m o v a l t r e a t m e n t s  9 on  O c to b e r  1 9 s an d  

l a l a t h i o n  was s p r a y e d , on  t h e  ' p l a n t s  0 . A h e a v y  r a i n  on  

O c to b e r  22  w a sh ed  m ost o f  t h e  i n s e c t i c i d e  o f f  t h e  p la n t  

. f o l i a g e  a n d  t h e  ca b b a g e  lo o p e r s  i n f l i c t e d  h e a v y  damage t o  

t h e  p la n t s  i n  t h e  t r e a t m e n t . t h a t  h a d  a l l  l e a v e s  rem o v ed .

T he lo o p e r s  f e d  on  t h e ;  g r o w in g  t i p s  a n d  c o m p le t e ly  d e s t r o y ­

ed  n e a r ly  h a l f  t h e  num ber o f  p l a n t s  im  t h e  c o m p le te  r e m o v a l



. s e c t i o n  a t  t h e  f i r s t  s t a g e  o f  g ro w th s  P l a n t s  w i t h  no l e a f  

• rem o T a l o r  t h o s e  w i t h  p a r t i a l  l e a f  s u r f a c e  w e re  n o t  "badly 

dam aged s i n c e  . f e e d in g  o f : th e . w o r m  w a s■' r e s  t o  t h e  ■

■ ■ l e a v e s  a n d  t i p s  w ere , n o t  in ju r e d o  S a in s  a l s o  w a sh ed  o f f  

: t h e  i n s e c t i c i d e  tha/c- w as s p r a y e d  on  O c to b e r  2 6 ,  s o  a  t h i r d

s p r a y in g  was made on  O c to b e r  3 0 = : .

H eed f o r  F u r t h e r  S tu d y  g -fh e  d i f f e r e n t  r e s u l t s  

o b t a in e d  fr o m  t h e  tw o p l a n t i n g s  a r e "du e m a in ly  t o  c l i m a t i c  

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

f a c t o r s ,  th is "  e x p e r im e n t  s h o u ld  b e  c a r r i e d  o n  a t  l e a s t  on e  

m ore y e a r  t o  com pare th e .  r e s u l t s  of. t h e  tw o  d i f f e r e n t  

: p la n t in g s ^  , '■ , . ..

f h e  i n d i c a t i o n  t h a t ‘t i p  in j u r y  may r e s u l t  i n  

' m u l t i p l e  h e a d  f o r m a t io n  s h o u ld  b e  f u r t h e r  e x p lo r e d ,.

P o s s i b l y  a  s p l i t - p l o t  d e s ig n  c o u ld  b e  u sed o  The p r e s e n t  • 

b lo c k  .sy s te m  w o u ld  r e r a a in . t h e  sam e an d  u n d e r  e a c h  t r e a tm e n t /  - 

- s e v e r a l  p l a n t s  c o u ld  b e  -u sed  f o r  t i p  i n j u r y « I n  t h i s  way , 

t h e  e f f e c t  o f  l e a f  r e m o v a l a n d  tip "  I n ju r y  c o u ld  b e  u s e d  t o  • 

s i m u l a t e  h a l l  d a m g p <  . - , : v  :

T he f a l l  p l a n t i n g  a t  T u c so n  s h o u ld  b e  made b y  

S e p tem b e r  1  t o  a l l o w  s u f f i c i e n t  t i m e , f o r  t h e  p l a n t s  t o  fo rm  

h e a d s  an d  m atu re  h e fo r e '-  f r e e z i n g  t e m p e r a tu r e s  b e g i n 0

■ By u s i n g  t a b l e s  3  a n d  Eh t h e  d e n s i t y  a n d  w e ig h t  per" 

u n i t  v o lu m e  f o r  t h e  mean h e a d  in :  e a c h  t r e a t m e n t  was com putedo  

I t  w as fo u n d  t h a t  t h e  c o m p le te  r e m o v a l t r e a t m e n t  p r o d u ce d  a



m ore d e n s e  h e a d  th a n  t h o s e  fro m  p l a n t s  w i t h  n o  l e a f  r e m o v a l ,

'M easu rem en ts w ere  made o h  t h e  h e a d  w hen i t  was bt i l l  I n t a c t
V : t - : _  :/ h , " / ' '  ,

o h  th e -  p l a n t  o ,$ h e  f o l l o w i n g  , te y v  t h e : h e a d  was c u t  o f f  a n d  

w e ig h e d  s o  t h e  d i f f e r e n c e  may h e  d u e  t o  t h e  m eth od  u sed o  

I f  t h e  sam e r e s u l t s  w ere  o b t a in e d  b y  c u t t i n g  o f f  t h e  h e a d -9 • 

m e a su r in g  w i t h  a  t a p e ,  a n d  t h e n  w e ig h in g ,  i t  may b e  t h a t  : 

l e a f  r e m o v a l d o e s  p r o d u c e  a  m ore com p act h ead o



. . : ■ Bmmm oomimxom

' l *  R em ova l o f  l e a f ,  s u r f a c e ,  t o  s im u la t e  h a l l  

Manage r e d u c e d  y i e l d s  w i t h  h ig h e r  r e d u c t io n s  fro m  i n c r e a s -  . 

i n g l y  g r e a t e r  p e r c e n t a g e s  o f  l e a f  s u r f a c e  rem oyedo

"2o ■ 'Removal 'o f  50 perceht . bf th e  le a f  area by the  

method of a l t e f r a t e  leaves or o n e-h a lf o f  each le a f  produced 

sim ilar , e ffectS o  - .

3« I n ju r y  o f  t h e  t i p ,  e s p e c i a l l y  a s  t h e  p la n t  

m a tu res ., p r o d u c e d . m u l t i p l e  h e a d  fo r m a t io n ,,  P l a n t s  t h a t  

p r o d u c t  m u l t i p l e  h e a d s  h a v e  n o  m a r k e ta b le  v a l u e  s o  y i e l d s ,  

.w ou ld , b e  g r e a t ly - r e d u e e d p  . ' . '

4o I n s e c t  i n f e s t a t i o n s  w e r e  fo u n d  t o  b e  an. im p o r ta n t  

f a c t o r  a f t e r  b a i l  w hen t h e  p l a n t s  w ere  ■ i n  a  w ea k en ed  c o n d i­

t i o n . .  ■ ■ I.::,;

5o ; G llm a t lc :  e o h d it lo n s :  f  o l l o w in g  s im u la t e d  h a i l  . 

dam age a p p e a r  t o  .b e  a s  im p o r ta n t  a s  t h e  dam age i n f l l c t e d o  

U nder c o n d i t io n s  o f  warm tem p eratu res':' t h e , p l a n t s  r e c o v e r  

r a p i d l y  fr o m  i n j u r y . : 'Y ie ld - i s  f  d e f i n i t e l y  r e d u c e d  w hen • 

c o l d y  w et c o n d i t i o n s  f o l l o w  s e v e r e  l e a f  r e m o v a l o H eads 

p r o d u c e d  fro m  p l a n t s  dam aged a r e  s m a l le r  th a n  h e a d s  from - 

: p la n t s  w i t h  no i n j u r y .
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T a b le  1 ,  W eek ly  - Mean H ead 'D ia m e te r s . R e s u l t i n g  from  
50  P e r c e n t  a n d  100  P ercen t- L e a f  A rea  R em ova l a t  

■ P o u r  S t a g e s  o f  G rowth.s F a l l .  P l a n t I n g 5 1 9 5 7  ° .

Appeadlx

S t a g e ,  o f  
G row th

.P e r c e n t  . . 
L e a f  R em oval

v ■ - " ■; ■ -- *' ’ ' .

■ ■ \ .B a te  o f M easu rem en t

Jano- 1 1  J a n 0 18  ■ . J a n . 2 4

10 0 1 .9 6 * 2 o 0 8 2 .1 6
4 5 0 f 3 . 5 2  \  : 3 .6 5 3 = 76

L ea v e s 50^. 3 ,-45 . 3 = 52 ■: 3  = 73
0 3 . 7 0 3 . 7 8 3 . 8 4

100  ■ 1 .9 3 2 .2 5 2 .3 6
6 5 0 a 3 , 4 7 3 . 8 1 4 .0 8

L e a v e s 50b 3 .4 0 3 = 5 7 3  = 85
- 0 : 3 .6 1 ;  ; 3  = 72 3 = 97

1 0 0 ■ 1 .6 0  ' 2= 09 2 .1 6
' 8 5 0 a  ; - 2 .9 2  : ; 3 = 0 8  . 3 .4 8
L e a v e s 50b 2 . 9 4  : 3 .3 0 ■ 3 = 5 2

■ ■ o v.;;::, :. ' 3 . 7 3 :;-; ; V; - , 3  = 81 3 = 97

; ' 0 , 0 0  . 0 .0 0 0 .0 0
1 0 . 2 .5 3 3 ,1 5 " 3 = 5 4

L eaves: 5 0 b ; 2 : . 7 1 ' - V 3 = 4 1 ■ .:X "3;53.; '
: ; v 0 ' - ; 3 . 4 7 '  . ’ 3  = 63  : - 3 = 7 4  .

■.♦Bach- v a l u e  i s  a; mean i n  in c h e s  f o r  2 0  h e a d s . '  
^-Removal o f  a l t e r n a t e  l e a v e s t  :
^R em oval o f  o n e - h a l f  o f  e a c h  l e a f  0



f a b l e  l i e  B lo c k  Mean 'BeaS D ia m e te r s  R e s u l t i n g  fr o m :5 0  P e r c e n t  
- 75  P e r c e n t  s a n d  100  P e r c e n t  L e a f . A rea  R em o v a l a t  F ou r

: : S t a g e s  o f  Growth', S p r in g  P l a n t i n g ,  1958»  '

S t a g e -  o f / :  - ■ 
S ro w th  ;

/P e r c e n t .
L e a f  R em oval ‘ : :

1 .1  : ''

; B lo c k -

i i ' ; ; / I I I  '

' ; ■ '-loo /: /'/'''''' ■'■3o2 9 * 3 . 3 1 . , 3-812.
4 7 5  ■ ' 3 o 4 ? 3 .3 9 3 .1 9

L e a v e s ' 5 0  ■ ' ‘ . 3 , 4 9 3 o 5 0 3 o 3 3
■ : \  0  ; : . ' 3 . 9 8 3 ,9 3 3 ,9 0

' ■. 10 0 • ' 3 .1 5 3 .0 2 2 .9 3
. . .... / .  75  . ; 3  0,24 3 . 1 2 3 .2 2

L e a v e s ■- ' 50  ' ' 3 , 7 5 3 ,5 0 3 .3 2
/:  - 0 '3«94. 3 .7 0 3 . 6 8

1 0 0 2 .7 5 2 . 9 1  . . 2 .8 7
/  . 8 -- 7 5  ■ 3 ,0 7 3 . 2 9 3 .3 2

L e a v e s 50  • 3 o 4 8 3 . 5 0 3 .4 8
0 . 3c 83 3 . 7 7 3 , 8 4 .

lob- 3 .0 0 2 .7 0 3 ,1 1
10 ' 75 3 ,1 1 2 .8 8 3 .2 0

L e a v e s  •. 50 3 .16 3 ,2 7 3 .1 4
0 3 .8 0 3o84 3 o 8 l

4 b‘B a ch  v a l u e  i s  a  mean i n  I n c h e s  f o r  10  h e a d s ,
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. 'y, . < i p p e i B i x

f a b l e  H I o ' B xob k  Ifeap. H ead W e ig h ts  R e s u l t i n g  fr o m  50  P e r c e n t  
75  P e r c e n t ,  a n d  100  P e r c e n t  L e a f  A rea  R em o v a l a t  F ou r  

; ■ S t i g e s  ,o f  O ro W n , S p r lh g  P l a n t i n g s 1 9 5 8  =

S t a g e ,  o f  
. g r o w th  . -" ' y

' ' t' , .̂,y \ . ,
_ . P e r c e n t  
L e a f  R em oval.

■■■■'■■ * i : '

B l o c k ,

' . ■ I l l

- * 5 f . 4 8 : ■ ■.38''
v '4 ' : 7 5  : .5 3 .5 0 .4 5
.L e a v e s .'.. / . - • ; :50 .4 5 .5 9 .4 8

':;0 ' /V ,^ ■ ■; °55  / .6 3 .5 6

, 1 0 0 .4-5 .3 4 = 28
6 . , 75 = 52 .3 9 =38

L e a v e s  . > _ •: ■ . 5 0  ; ' .5 9 .5 0 .4 5
o ;■ , ;  =62 .5 2 .4 7

100  ' .2 2 . 3 4 = 26
8 ■ .' ' ■ ■ , 1 5 .3 3 , .3 6 .4 2

L e a v e s . 50 = 42 .4 7 .4 6
. 0. ■ .5 0 .5 3 %

1 00 .3 7 = 2 5 ' .2 6
10 ■■ • ' - ■■■■i s : .39 .33 .34

Leaves . 50 .40 .45 = 46.
■ - o ■' . ■ o 6 2 .46 . .58

«-E ach  v a l u e  I s  a  mean I n  pou nds f o r  10  h e a d s ,



; :■ ' .. ■ A p p en d ix

T a b le  S', . P e r c e n t a g e  o f  H ea d s/ F o r s e d  i n  /E a ch  T r e a tm en t  
■ a t  F ou r  S t a g e s  o f  G row th a t  W eek ly  I n t e r v a l s

B e c e ib e r : 1 4 s ,  1 9 5 T S' t o  J a n u a ry  , 2 4 , .  1958»  . / ''

S t a g e
o f

G row th .

P e r c e n t  
: L e a f  ,. 

R em oval

D a te

1 2 /1 4 1 2 /2 1 12 / 2 8 ' 1 / 4 1 /1 1 1 /1 8 1 /2 4

100  . 0 o0 8=2 2 1  = 3 31=2 41= 0 67=3 ■ 85=3
. 5 ° ; 2 1 o 9 48= 8  . , 6 3 :0.4 76= 8 84=2 96 = 4 9 6 = 4

. 1 s t .  ' 5 0 13 14o 6 50=0 6 9  = 5 87=8 90=3 96= 4 100=0
■ 0 33  = 3 58= 5 7 5 = 4 : 84= 6  ; 92=3 92=3 100=0

• , , . ■ 100 0*0 ' 9=2 29=0 30=3 5 7 = 9 73= 7 90=8
5 0  a 2 4 * 7 44=2 : 71= 5 79= 2 90=9 93=5 9 7 = 4

2 n d 50% 1 9 = 3 : 55=5 6 0 = 2 74=6 8 6 = 7 9 0 = 3 100  = 0
0 2 7 = 0 66=3' 74=3 85= 1 96 = 0 98= 7 1 0 0= 0

: l o o 4 6 * 2 5 0  = 0 6 2 = 5 62= 5 6 2 =5  ' 6 8  = 7 87 = 5
5 0  a V 23 = 8 45= 0 , 5 6 = 2 6 7 = 5 77=5 86=3 92=5

3 r d 50%: 3 4 = 2 ■ 69=6 78=5 81=0 83=6 89=8 96=2
i : ■■ 0 . 3 3  = 8 53 = 2 62= 4 75=3 89=5 : 9 7 = 4 100= 0

1 00 ' 0 = 0 0  = 0 0 = 0 0=0 0 = 0 0=0 0  = 0
5 0  a 26 = 5 57  = 8 80=7 80 = 7 93 = 9. 96  = 4 100  = 0

4 t h 50% 25 = 0 63=6 6 9  = 9 77=5 92= 5 9 3 = 8 100=0
o ; 3 3  = 8 75=0 83,06 90=0 9 6=2  . 96=2 100=0

,. .^Rem oval "by a l t e r n a t e  l e a v e s  „ 
^R em oval o f  o n e - h a l f  o f  e a c h  l e a f .

■Xll'l.:/:'



Appendix
Table ¥:0 B a l l y  H igh -L ew  T em p e ra tu r es  fro m  O c to b e r  7$, 1 9 5 7 s 

t o  J a n u a ry  2 6 ,  1 9 5 8 5 U n i v e r s i t y  o f  A r iz o n a  . •
C am p b ell At enue. Farm  ; • ' ;

October SWember December^: ; January

1 1 ' '■73-49'7- ''".70-33 : 68-42 /V
2  ̂ 7 75-48 ■ .',■:'.. 6 4- 31 ■' 72-33
3 76-53 . 7 1 - 2 1  ' 64-30
4 6 6 - 5 0 73-29 6 1 -2 6
5 ■ 68-42 ' 59-46 6 0 -3 6
6 ■ 61-45 57-40 . 67-48 , : : ■
77 88^56  ' , : 64.33 ' .' 60-32 ,69-48 : ■:

.8 91-48 73-32 ' ■ ' . 67-32 74-37
9 ' --93-54 77-36 775-36; '■ • 70-27

10 93-68 75-37 75-35 68-29
1 1 '85-59 76-39 67-43 - 60-32
12 70-54 1  69-37' .74-32 6 5 - 2 7

13 72-46 ■ ;68-35 ' 75-36 ' 67-29 ;." ' "
14 "61-36 72-40 77-42 :64-251 .
15 77-55 72-39 - 6 3 - 5 9 71-23
16 ■ 78-55 . 56-50 7 2 - 6 2 i  - 74-26 1

17 83-53 52-45 64-49 6 9 - 3 8

18 83-54 58-31 66-42 69-42
19 85-50 ■ : ; 64—31:" ! ' - 64-33 : ■. 56-28
20 81-54 ' 68-33 . :'"'■■;■;.' 65-30 58-24
2 1 79-53 65-33 ■ " ■73-31: . 5 9 - 2 3
2 2 66-49 52-30 . 71-32 53-23
23 . 76-41 56-24 73-41 6 1 -2 0
24 79-40 • 7 2 -2 6 ; 67-49 . 65-25 ■ '"1 . :
25 79-43 ■ ■ - ■ 79-37 _ 6 8 - 3 0  . 65-29
26 76-49 : ■ ; , 76 -36 .' 63-34. ' ' 1  '-.73-311''
27 7 2 - 6 0 ; 63-37' ■ " 70-29
28 65-58 6 7 - 2 8 V ,70-29
29 76-51 : 64-25 v. v 72̂ 29.'■
30 - 80-52. 65-48 69-29
31 69-57 ■ ■ .■ '■; '■

: ' vf :.:
: 73-29 - .

■ . ■. ■ - ■ • ■ r ■ ■

. Degrees Pabrenlielt



Appendix

TAble Vlo D aily  High-Low T em peratures from F ebruary  179 
19585 to  IBy 25 5 ■ 1958 5 U n iv e rs ity  ' o f A rizona 

Oampbell Avenue Farm ' , • " .

F e b r u a r y IM r e h A p r i l May

1 .
. I,'' , ’ ' ' - . ■ ■ • . ■ , ■ ■ , ' ■

: 5 9 = 3 1 7 3 -3 9 : 8 3 -4 7
2 6 0 - 3 7 6 4 - 5 0 80= 50
3 " ■ 5 5 = 4 0 .■ 7 3 -3 9 85=50
4 ' " ■ .5 7 = 4 2  ̂ :5 9 -4 6 ' 95=49

:5:v:v . 6 4 = 3 5 ■65=33 . . a ': 99= 53  ■■ ■ ■ .vl . " ■ ' 6 2 - 3 8 :  . b '.'-81-33': - 100= 55  ■
7 '4 6 = 3 4 .:74=40 93= 61
8 6 0 = 3 1 5 8 = 4 0 a -  ' : ' 86= 58  . ■
9 57=32 . 6 7 = 3 7 90=5 0 ,

1 0 , - . . ' ,. 63= 29 ' 7 5 = 3 7 : 94=52  ;
1 1  . V 6 1 - 3 8 : 7 7 = 4 0 ■■ 89=65
12 5 2 - 3 9 7 2 - 3 9 85=45
13  - ■ - , ' ' 6 1 - 3 7 7 5 = 3 8 88= 48
1 4 6 7 = 3 7 . 8 0 -3 8 91= 48
1 5 . - 72= 38 87=43 97= 48
16

’-■■82-33*
7 2 = 4 1 ' 7 6 = 5 2 ■ 95= 52

17 6 5 = 4 2 7 8 = 4 8 9 7 = 51
18 83= 40 ' 6 8 = 4 1 8 7 - 4 8 100= 53
19 7 8 = 46 7 5 = 3 8 89= 49 102= 68
20 6 1 4 4 8 7 8 = 4 1 9 1 = 5 1 9 7 -7 0
2 1  ' 6 8 - 4 4 " •75=46: '9 3 - 4 1 100= 68
2 2 - 7 3 = 4 4 ' ■ 7 0 = 5 8 ' a, : /  :95=54 100=63
2 3 71= 45 : : i  7 4 = 4 1 ' 1 ;8 5 = 5 5 • 101= 58
2 4  ; -::■■ ■ ; " ■■■•■ 7 2 -4 2 ;  .-.b . 6 6 = 4 8 : ; : 8 2 = 4 7  : 1 0 5 = 5 9  ;
25.- ;:. , - 1'-': ■ '7 0 -4 4 ' ,7; : >■ 7 0 - 3 8 .85= 46 104=63  :
26 60=45 v : , i  /'■. 6 9 - 4 5 :l  ; 8 4 = 4 4
27  ■ V V  5 8 - 2 8  : • ■ ' - 85=38  ■ 8 6 = 4 5
2 8 ■ 6 0 - 2 4  - 6 4 = 4 2 5 7 = 4 5
29 : '' '. :70=39 : 8 8 = 4 7
3 0
3 1

' 76-39
' 7 3 = 4 0

86= 46

.

D e g r e e s  F a h r e n h e i t .


