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INTR0DUGT10H

• Saaalgr® - (Humex h y m en o sep a lu s  T o r r ) i s  an h e rb  ©f M g h  

t a n n i a  o o n te n t  ( P l a te  1 } 0 I t  I s  d ro u g h t r e s i s t a n t  and  

gaows w i ld  i n  th e  te m p e ra te  r e g io n s  o f  F o r th  A m e ric a 0 T h is  

p l a n t  grow s d u r in g  th e  coo l- m onths ©f th e  y e a r < fh e  to p s

d ie  down i n  l a t e  s p r in g  0 The t a n n in - b e a r in g  tu b e r s  w hich

th e  p l a n t s  p ro d u e e  re m a in  in  a  dorm ant- c o n d i t io n  d u r in g  th e  

summer and  g iv e  r i s e  t o  ren ew ed  v e g e ta t iv e ,  g ro w th  in  t h e  ■ 

f a l i o  We# tu b e r s  ar© p ro d u c e d  w h ile  th e  c u r r e n t  y e a rn s  

tu b e r s  rem a in , a l i v e  * T u b e rs . rem a in  a l i v e  f o r  s e v e r a l  y e a r s  ?

th e n  d ie  and  become m u m ifled  i n  th e  M 1 1 &

I n  a r i d  r e g io n s  th e  p l a n t  i s  o f t e n  fo u n d  g row ing  .a lo n g

th e  ban k s o f  w ashes, an d  on a l l u v i a l  f a n s = In  r e g io n s  o f  ..

h ig h e r  r a i n f a l l  c a n a ig r e  i s  m ore o f t e n  fo u n d  g ro w in g  ©n 

g r a v e l l y  k n o l l s  and  o n . f o o t h i l l s *  The p l a n t  f a v o r s  th e  

san d y  s o i l s  a l th o u g h  i t  h a s  b e en  fo u n d  g ro w in g  i n  w e l l  - 

d r a in e d  s o i l s  o f  h eav y  t e x t u r e  ( 1 ) * % v : . . ; ■

/  H i s t o r y : ' . " / ■ / 'A - - ;v ; '

The h e rb , h ad  b een  h a rv e s te d -  f o r  i t s  t a n n in  c o n te n t

fro m  th e  w ild s  by th e  I n d ia n s  and M ex icans f o r  c e n t u r i e s  ; .; 

(£}» T h ese  p e o p le  u s e d  t h e  t a n n in  f o r  t a n n in g  h i d e s c ;

R oo ts and  le a v e  s 'w e r e  u s e d  f o r  m e d ic in a l  p u rp o s e s  *



P l a t e  1* C a n a ig re  P l a n t



s

- ThuriDer e o l l e e t e d  sp ec im en s o f  th e  p l a n t  i n  1859 and , ’

_ s e n t  tKem to  f©rr@ y i& d  d@s©f“ite f§ ’ arid naiiiod . i Xn ’

1876 th e  h ig h  t a h n ln  o o n te n t  o f  th e  p l a n t  was d is e o v e re d  

by T o e lk e r  f 11) D uring  th e  fo l lo w in g  f i f t e e n  y e a r s  th e  

p l a n t  r e o e iT e d  s p o r a d ic  a t t e n t i o n  fro m  I n v e s t i g a t o r s o f  

e z p e r lm e n t s t a t i o n s  and th e  U n ite d / S t a t e s  C om m issioner o f  - :

A g r ie u i tu r e o  C u l t i v a t i o n  o f  ,th® p l a n t  s t a r t e d  i n  1 8 9 0 o .

However^ th e  p l a n t  was n e v e r  u s e d  t o  any  e x te n t  c o m m e rc ia lly  

b e c a u s e  th e  A m erican  C h e s tn u t (C a s ta n a  d e n ta ta  B o rk h ) and  ' 

o t h e r  p l a n t s  p ro v e d  to  be more e c o n o m ic a l s o u rc e  o f  ta n n ln o  

In  th e  l a s t  q u a r t e r  c e n tu r y  s t a n d s  o f  th e  A m erican  C h e s tn u t 

t r e e  h ave  b een  k i l l e d  by th e  c h e s t n u t  b l i g h t  (E n d o th ls  

p a ra s  i  t i c a  la  P r i o r  t@ l o r l d l l a r  1 1  a b o u t 450 s 0 0 0 : to n s  o f  

85 p e r  c e n t  t a n n i n - e x t r a c t  w ere u s e d  a n n u a l ly 0; The v a lu e  ;

Of t h i s  am ounted  t o  a b o u t  tw e n ty  m i l l i o n  d o l l a r s  o 1

. I n  r e c e n t  y e a r s  f o r t y  p e r  c e n t . o f  th e  t a n n i n  e x t r a c t  . 

u s e d  : i n  t h i s  c o u n try  h a s  been  Im p o rte d  from  S ou th '-A m erica ;: ; . ” ;

This-v e x t r a c t  i s  d e r iv e d  from  th e  -.quebracho , tre©  (Q .nebraeh la  . - ,= 

■ lo re h tB il)  _: f 8 ) I  S tands- o f  th e s e  t r e e s :  a re  now b e in g  de^  . , :

p le te d o  ' -'If p l a n t a t i o n s  o f  q u e b ra c h o  a r e  n o t  e s t a b l i s h e d 8- • ■ : v

d o m e s tic  ta n n in ^ b e a r in g ;  p l a n t  s may a g a in  be In  l i n e  - f o r  ;

- in c r e a s e d  c o m m erc ia l useo  f

T h e : f e d e r a l  g p v erh m en t u n d e r to o k  t o  I n v e s t i g a t e  p l a n t s  i 

I n  t h i s :c o u n tr y  w h ich  c o u ld  be u se d  c o m m e rc ia l ly 0 . A tWO“ :

f o l d  c o o p e r a t iv e  p ro g ram  o f  r e s e a r c h  o n -c a n a ig re -  was 

o u t l i n e d  (4 ) 0 One d e a l s  w ith  p r o d u c t io n  o f  th e  p l a n t  and



th e  o t h e r  $ th e  p r o c e s s in g :  o f  th e  r o o t s  f o r 'p r o d u c t i o n  o f  

t a n n in  e x t r a c t  and  b y - p ro d u e f s f  The f i e l d  w ork i s  b e in g  

done i n  s e l e e t e d  l o c a t i o n s  i n , th e  S ou thw est*  w l th  h e a d  

o f f i c e  In  B e l t s v l l l e 9 M a ry lan d . The l a b o r a t o r y  work I s  

b e in g  done a t  th e  E a s te r n  R e g io n a l  R e se a rc h  l a b o r a t o r y  i n  

P h i la d e lp h ia ^  P e n n s y lv a n ia ^

In  th e  f a l l  o f  1947 $,; Hro Q-o. A0 R u s s e l l  s who was a sso =  

e l a t e d  w i th  th e  c a n a ig r e  p r o j e c t 3 e s t a b l i s h e d ' p l a n t i n g s v o f  . 

c a n a ig r e  on th e  m esa a t  Yumaa A r iz o n a 0 (9). T hese  p l a n t i n g s ' 

w ere u se d  f o r  e x p e r im e n ta l  p u rp o s e s  by G-c H0 A b e l and  =

J P Ao L in d sa y  w ho ; jo in e d  th e  s t a f f  i n  th e  s p r in g  o f  19480 

i  ' L i t t l e  i s  -known a b o u t th e  f  e sp o n se  . o f  c a n a ig r e  to  /  ': 

f e r t i l i z a t i o n ^  O n ly  one r e f e r e n c e ’ was 'fo u n d  In  th e  a v a i l s  

a b le  l i t e r a t u f e ' j  i ,  e„ 3 F o rb e s  (3 ) dem o m a tr a te d  t h a t  I r r i -  

■'gated y e a r " b ld  o a h a  1  gr@ s e s t a b l i s h e d  from  crow ns and ' . •

f f e r t i l i z e d .w ith ,[b a rn y a rd  m anure dug i n t o ’,th e  i r r i g a t i o n ,

- t r e n c h e s  a t  : th e  ‘tim e  . o f  p l a n t i n g 3 p ro d u c e d  n e a r l y  a  t h i r d  

# o f e  r o o f s  t h a n : th o s e  u n f e r t l l l z @ d 0 T h is  was done a t  ■ ,

Tuesons, - A riz o n a  3 i n  s o i l  t h a t  " was u n d e r l a id  w i th  " c a l i c h e ?i 

l im e s to n e  a f  a b o u t e ig h te e h '. in c h e s  o - ' ’;

T h e ' f i r s t  e x p e r im e n ts  on f e r t i l i z a t i o n  o f  c a n a ig re  on - 

th e  Yuma m esa w ere  i n i t i a t e d  by R u s s e l l 9 A b e l an d  L in d sa y  

d u r in g  1948> L in d s a y  made t r e a tm e n t  and c o l l e c t e d  d a ta  

w h ic h  i s  h e r e i n  p r e s e n te d  a s  a  t h e s i s  p ro b le m 0- ;



EXPERIMENTAL MATERIAL AND METHODS

C L im aflo  C o n d i t io n s  R e la t in g  .

The a v e ra g e  r a i n f a l l  a t  Yuma i s  3 044 in c h e s  and  o e e u rs  

a t  any  tim e  o f  th e  y e a r  w ith  e q u a l  freq u e n cy *  Maximum 

te m p e r a tu re s  a v e ra g e  n e a r l y 3 o f  above.9 100 d e g re e s  from

th e  Yuma m esa a t  a n  e l e v a t i o n '.o f  a b o u t 190 f e e t  above s e a  

l e v e lo  D iu rn a l  f l u e t u a t i o n s  v a ry  b e tw ee n  t h i r t y  and f o r t y  

d e g re e so  (5) 0 R e la t iv e ,  h u m id ify  i s  u s u a l ly  low  d u r in g  th e

p e r  o e n t  t o  e ig h t y  p e r . c en to  : ' ' .. . -' • ■

The f r o s t s  w hich  have  o c c u r r e d  i n  w in te r  have n o t  

M l i e  d c a n a ig r e  l e a v e s  o. Howeve r  9 c o ld  w e a th e r  c a u se s  e l d e r  

l e a v e s  to  a c q u i r e  a  r e d d i s h  t i n g © 4  T hese l e a v e s  d ie  down

•T his e x p e r im e n t was c o n d u c te d  on  th e  Yuma m esa in

s u p e r s t i t i o n  f i n e  sa n d  p r e v io u s ly  c ro p p e d  to  a l f a l f a e ' No

a n a l y s i s  o f  th e  s o i l  was mad©0 T he s o i l  o f  th e s e  p l o t s

was ■ r a t h e r  u n i fo rm  a s  R o b e r ts  r e p o r t s » ■ - i ..

.> " P lo t  I  ==»=<=, T h is  p l o t  a p p e a rs  to  be q u i te  'un iform ;
:r . '. a s  th e  s o i l  t e x t u r e  o f  t h e 1 - la y e r s  i s  con e a rn e d  f  

The c ro p s  p ro d u c e d  s h o u ld  a l s o  be f a i r l y  u n i fo r m 9

May th ro u g h  S ep tem bero  The e x p e r im e n t was c o n d u c te d  ©n

d a y 9 r i s i n g  a t  n i g h t « : R e la t i v e  h u m id ity  r a n g e s  from  te n

lo n g  b e fo re  th e  end o f  t h e . grow ing" se aso n *

- S o i l  C ond i t i o n s t o  th e



5

" a l th o u g h  th e  l a y e r  be low  th e  lim e  • r e g io n  h a s  soin© 
g ra v e ly  b a t m ot a  s u f f i e l e a t  am ount o f  i t  t©: 
lo w e r; e ro p  y i© ldS o :$f (101

: : S o u rce  o f  P l a n t 'M a t e r i a l  • y •: .: / /

S eed  e o l l e e t e d  from  S t a t e  C o lle g e  ; Hew M exi0 o 9 was u s e d  - 

t o  e s t a b l i s h  th e  c a n a ig r e  p l a n t s  w h ich  w ere u s e d  i n - t h i s  

e x p e r im e n t c The p l a n t i n g  was. made o n -O c to b e r  1 3 -2 3 ; 1947 s  

- a t  th e  r a t  e o f  two and  th r e e ~ q u a r t e r  pounds o f  s e e d  p e r  

a e r e « S eed  was d r i l l e d  on  r a i s e d  beds a p p ro x im a te ly  IS  

In c h e s  w id e » The row s w ere SO in e h e s  a p a r t 0 A  P l a n e t  J f 0 

h an d  p l a n t e r  was u s e d  t o  p l a n t  th e  s e e d  a p p ro x im a te ly  one 

in c h  deepo S e e d l in g s  w ere  l e f t  u n th in n e d 0 : '

Th® p l a n t s  s e r e  f e r t i l i z e d  u n ifo rm ly  w i th  n i t r o g e n  an d  

w ere i r r i g a t e d  a s  n e e d e d  d u r in g ,  th e  f i r s t -  s e a s o n  o f  g row th  

(O c to b e r to  J u n e ) 0 The e x p e r im e n ta l  w ork was begun  w ith  th e  

seco n d  s e a s o n  o f  g row ths - m

T h is  e x p e r im e n t c o n s i s t e d - d f  -two s e r i e s  o f ■ f e r t i l i z e r  

t r e a t m e n t s ; ; dhe s e r i e s  i n  t h e  f a l l  o f  1948 u s i n g - f e r t i l i z e r  

A ( lO^SO"©).9; arid, a n o th e r  d u r in g  th e  g ro w in g  s e a s o n  . o f  19.49 

u s in g  f e r t i l i z e r ■ B  -(a m m o n iu m ;su lfa te } ;0. • -■' b l

The f a l l  t r e a tm e n t  was in te n d e d  t o  i n i t i a t e  V a ry in g  - 

d e g re e s  o f  s t im u la te d  v e g e t a t i v e  g ro w th 0 The g row ing  s e a s o n  

t r e a tm e n t  was in te n d e d  to  p r o v id e  a ' c o n t i n u a t i o n  o f  v a ry in g  

d e g re e s , ;o f  s t im u la te d  g ro w th 0 : - .

E ach  'p l o t  c o n s i s t e d  o f  '6  row s e a c h  25 f e e t  lo n g *  T reats?  

m en ts o o e u r re d  i n  a l l  p o s s i b l e  c o m b in a tio n s  and  w ere 

r e p l i c a t e d - 6 t im e s o  - ; •-



F a l l  t r e a tm e n ts  w ere  made by  s id e  d r e s s i n g  w ith  a  m ixed  

10-»2G=0 fo rm u lae  They w ere a p p l ie d -  t o  d e s ig n a te d  p l o t s - w i t h  

a  f e r t i l i z e f  m aohine a t t a c h e d  to  th e  t r a c t o r 0 F o u r t r e a t s  

m en ts  w ere made i  (1) 4QQ pounds .10=20=0; p e r  a e r e  8 ( 2 ) ; .800 

pounds 10= 20-0  p e r  a c re s  (5) 50 pounds 10=20=0 p e r  a c re , 

and. (4 ) none.. T hese  t r e a tm e n ts  w ere  made Novem ber 5 9 19486

- : The same p ro c e d u re  was fo l lo w e d  f o r  g ro w in g  s e a s o n ■

t f e a tm e n t s / a s  a b o v e 9 u s in g  f e r t i l i z e r  B (ammonium s u l f a t  & )  

t o  g iv e  t h r e e  l e v e l s  o f  n i t r o g e n  a p p l i c a t i o n :  (a )  80 pounds

■of n i t r o g e n  p e r  a c r e  i n  f o u r  s i d e  d r e s s i n g s ; (b ) 40 pounds 

o f  n i t r o g e n  p e r  a c re  i n  tw o, s i d e ' d r e s s i n g s s and  (c )  n o n e <, 

T hese t r e a tm e n ts  w ere  made; d u r in g  th e  i n t e r v a l  -between 

Becember 15 a 1948  an d  Mar eh :.50-8 .1949 ,

F a l l  a n d  g row ing  ■ s e a s o n  tr e a tm e n ts ,  made a  4 x  5 o r  12 

- t r e a tm e n ts  i n  a l l  co m b in a tio n S o  T re a tm e n ts , w ere  r e p l i c a t e d  

S ix  tlmeSc : ' \  i  ;

S am p lin g  - . : , . . - . ; vv-i; i . : -

•: - , Two' one “ l i n e a r  f o o t  s t r i p s  o f  p l a n t s  .were dug fro m  : , - ‘ 

e a c h  p l o t  a t  randomo The '1 9 4 8  and 1.949 r o o t s  w ere  w eighed

- s e p a r a t e l y <, T h is  made two .V a r ia te s ' i n  each, p l o t 0

' ' T hree s a m p lin g s  w ere made d u r in g  th e  g row ing  season , 

a t  tw o m onth i n t e r v a l  So T hese d a te s  w ere  M arch 25 3 May 26 - 

and J u l y  50> 1 9 4 9 0 : ; ;  V v ' l.y ; > : ' , ' ' . '

0n  th e  f i r s t  d a te  o f  sa m p lin g  th e  to p s  t h a t  came .from  '



th e  r o o t  sam p les  w ere w eighed* ' T hese to p s  r e p re s e n te d ,  th e  

g ro w th  t h a t  o o e u r re d  from  @ otober to -M arohp  .;

g h e m le a l A n a ly s is  : '

- * T h e .E a s te r n  E e g io n a l  R e se a rc h  L a b o ra to ry  made t a n n in  

and  p u r i t y  d e te r m in a t io n s  o f  th e  l a s t  sa m p lin g  ( 7 ) 0

R o o ts  w ere com bined by t r e a tm e n ts  i n  a l l  r e p l i c a t i o n s  

m aking tw e lv e  d e te r m in a t io n s  i n  a l i o  A n a ly se s  by p l o t s  

c o u ld  n o t  be made b e c a u se ' s u c h  work w o u ld ,b e  to d  te d io u s  

and t h e r e f o r e  e x p e n s iv e o  Hone o f  th e  f e r t i l i z e r  t r e a t -  

- m e a ts  a f f e c t e d  th e  t a n n in  p e r c e n ta g e s  o r  p u r i t .y 0 (T ab le  

No.o 1) . r ': : ;  '  ̂ ^

S t a t l s t l o a l  A n a ly s is  . .

Y ie ld  d a t a 9 a s  to n s  o f - f r e s h  r o o t s  p e r  a c r e s ' f o r  e a c h  

• o f  th e  t h r e e  s a m p lin g s  w ere s u b je c te d  t o  th e  v a r ia n c e  

m ethod  o f  a n a l y s i s  t, The same m ethod  was u s e d  t o  com pare 

I n c r e a s e ; and  d e c r e a s e  fro m  one sa m p lin g  t o  th e  n e x t  

: i f a b i e s ' - l " 5)

Ey ■Rc.^.Luvisi; Mo L 0 H ap p ieh  and  I d  1 0 .Leach d id  th e  
a n a l y t i c a l  worko L •' ■ • ■;



PRESENTATION OF RESULTS

The a v e ra g e  p r o d u c t io n  o f  r o o t s  on th e  d a te  o f th e  

f i r s t :  sam p lin g , (M areh 24) was 10s,SS to n s  p e r  a e r e « On 

J u l y  SO, t h e  d a te  o f  th e  l a s t  s a m p lin g , th e  y i e l d  had  

I n c r e a s e d  t o  1 5 e50 to n s  p e r  a o re o  Y ie ld s  shown i n  th e  

t a b l e s  a r e  a v e ra g e s  o f  . t h e  s i x  r e p l i c a t i o n s  i n  a l l  - 

p o s s ib l e  t r e a tm e n t  c o m b in a t io n s » . . . ■ .
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TABLE KOo 1 -  T an n in  and  P u r i t y  A n a ly s is  o f  G a n a ig re

l o o t s  As ;Af f e e  t e d  By: E e r t4 1 iz e $ ,@b;: 

B ate ' o f  S am p lin g  J u ly  SO^ 1949

F e r to  :A$ ;■/'/ .. Fe:r t 0. B0 . ■■ - . 'v: , 4
LLSo o f  ■ ; ■ " - v. ■ ; ' lb s ^  o f  a y a i l a b l e  i ■ ■:
lO^SO-O -V ■ ' n i t r o g e n  p e r  a c re  ' . ••
p e r  a e r e  ' A -SO; - > 40  ■. >' Wome = A r, J

■ ; . r T am  B nre: Tana ' Ptar^ T an0 Pur.o T an0 P nro  -

: 26ole 54o56 25a96 50o84 2fo74' 55o04'26062 53*41

8S05f . VSAgSS 85ol8 55012 84*94 51*89 25016. SSoVS.

■ 50 ' 24698 54o32 23o58 51p85 25oS2 51o54 24<,65 58*50

Hone ' ■ 24645 49<,84 24*68 49d44 25*69 52*56 24094 50o35 

AT* \ ' 85»84 55054 84*85 Bld^S 85o92 •BBoSl 85*54 :52<, 50 :
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TiSLE BOo B ^ T o n s  o f  - F re s h  G a n a ig re  S o o ts  F e r -

- - F o r F e r t i l i z e r  T re a tm e n ts '" .

D a te  o f  S a m p lin g 'S h ^ g S s  1949 .

Fert'A Aa 
Ih s a  o f. 10- 20-0

400 1948
1949 

T o ta l

9,

.Fer f  a  ' . . . B o

io o f  a v a i l a b l e  
n i t r o g e n  p e r  - a e r e  

Hone

7*08 
6-o 54

:1So98 1 3 * 6 8

6*89
5*45

18*34

7*5.8
5*99:

8 0 0  V ' 1 9 4 8 ' ' . T o  7 2  : 4 * 1 7  ' - . 4  * 8 4 ; . '.5 * 8 1  , ,
4 * 5 6 4 *9 0 ;= ‘ 4 * 1 8 ■ 4 *4.8

T o ta l 1 1 * 0 8 '1 1 *0 7 ;::: 8 * 7 2 ■ 1 0 * 8 9  ;

5 0  1 9 4 8 i  ■ 6 * 1 7 6 * 7 8  : ; 6 * 1 7 6 * 5 5 .
. 1 9 4 9 3 * 8 8  .■ 8 * 7 5  .: 5 * 8 7 - 3 *8 ?  :
T o ta l  - ' ; - 9 * 9 9 ' . 9 * 4 5 9 *4 4 . 9 * 6 2  ".

H o n e  1 9 4 8 ' '6 * 1 7  : 5 * 4 5 :; 4 * 7 8 ' ' : ; 5 *4 5 '
. 1 9 4 9 / .  2 * 5 4 .; 8 o2 7 ,  ' ' 8 * 1 8 - ' 2*66 ; -

: - : ; ; T o t a l  : i .  S o ? ! - ' 8 * 7:2 . . ,-=6 * 9 0  .

■ . W »  1 9 4 8  '1 .6 * 5 5 ': ' 5 o 5 8 ' 5 o8 3  :
'A t* 1 9 4 9  , - .1 .4 *1 8 ,- .'4 * 8 6 =1 ; 5 * 7 7 ' 4 * 1 0
Or* Av* 1 0 * 9 4 1 0 * 7 1 , S o 5 5 " 1 0 * 5 5

D if f e r e n c e  r e q u ir e d :  f o r  s i g n i f i c a n c e  a t

'A VS
F e r t i l i z e r  B 
B o o ts

1*89 
0o78 to n s
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TABLE BOo' 3 ^ Tons o f  E re sh  G a n a ig re  R o o ts  P e r  Aore 

, ; : : f o r  F e r t i l i z e r ,  T re a tm e n ts  .

D ate o f  S am pling  Hagr 85 ^  1949

E e r tp  A* ' .P e r t .  Bo - •
■lbso'- o f  ' ■ - ; :;l b s 0 - Q t  a v a i l a b l e  . : : .
1 0 ^ 2 0 - 0  ■■ n i t r o g e n p e r  a e r e
p e r a o re  . 80 40 Bone. . Avo ■ :

400 1948 12690: 9 o 58 lO ofS l i e  14
1949 . 10<>85‘ 10o04 1 0 o 76 1 0  o55

: T o ta l 2Sof5 19 0 6 a 21o71 81o69

2 0 p • 1948 : 1 0  6 M 8 0  26- ' 8 o 7 2 : .. 9-o03 ■
I - 1 - k - 1949 8 »-08 # 6 1 9 : - jf o S l  : " 8 o 5 9 '.
A-iivV;$ 6 t a l / ' : 1 8 ^ 8 1 . l? o 4 S ISfQS 1 l 7  o% 2  ; ■

:v50 1948 - 8 . 6 ? ' . 7 009 ' 7 a 6 8 ■ 7681  ;
r-1 ■1949. ?<,99 6o65 So 27 6 0  6 5 .
:" T o ta l 16 6 6 6 H o  95

Bene 1948 7 02? ■ 6 6 09 ; 9o09 ' :6 .8 2 ' ■■' : ;
■ : 194 9 ': ■ 5154" 5 0 45. : 4.0 08 ' 5 o 02: . '

. T o ta l  ' 1 2  4 8 1 . l i e  54 11*19 1 1 . 84 ;:

Av*1948 ■ 9o74. 7 o 7 5 \ , , 8  0 61 : 8 o?0 : ;  :-
Av?,1949 So 27 7 .8 2 6685 . 7 c 64

. 0 r a AVo 1 8 001 15o57 15»46 . 1 6 .3 4  : .

'D if f e re n e e  r e q u i r e d  f o r ' s i g n ! f i e a n e e  a t  5 %  l e v e l f :

F e r t i l i z e r  A" Po'T’S t o n s \  ‘ ; ' '■■-
■ . F e r t i l i z e r  B. .■ 2 o 1 0 / to n s  . ■ ' • :
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fABLE HOo 4 = Tons o f  F re s h  G a n a ig re  B o o ts  P e r  A cre -

for Fertilizer PreatmeEits ^
■/ ■. , Ba.te o f  S am pling  J u l y  50 9 1949

gerf.o  Ao : _ : ; B .e r to Be
IhSo o f  1 ' ' , IhSo o f
1 0 -2 0 -0  • \ . n i t r o g e n  p e r  a c re
•per, a c r e  • 8 0 . , 4 0  Hone

400 ■' -  1948 1B'*44'- § 688. "lOoSB V lO^Sl:
' 9 » 2 i  - #b2@ : ev&g.:

19 6.14 'I f o O t  19 6 67- 19o56

' ;9 o 0 i '200 1948 10^91 8 062 Po511949 0o78 6085 7om
T o ta l 1 8 o # 8 - ,1 5  640. " 3 4  o 54 IB alA  .

; ■ 1948', .■■■ 7X41 ; 6X65 X ^ f o f S x : ■ 7 6 BOX'
1949- 76 05 6  * 0 2 5 * 59 6 015

T o ta l 1 4 ,4 6 • IB*©?. \ 12 6 9 4 "^ 1 5  * 55

1948 7699 76 0 0 6  ® 42 7*14
1949 5o95 5*52 § o 97 55X81 -

T o ta l  • IS *  9 2 1 2 052 .. ;12 0 S9 ..12X95 ;
A Y , # # : 96©9 , - 8^04 - X'7697 ; ;. , - :'8 o 57

■7;6 © r 6  * 8 8 ' 6  0 8 6 ■. 6 0  95 ■
Or-d Ar® 16*75 - 14 o 92 -.146 75: 15X50;

D if f e r e n c e  r e q u i r e d  f o r  s i g n i f i c a n c e  a t  5$ l e v e l ;

- ■ 'X . . F e r t l l l z e r  A So54 to n s  •
’ X •: ■ Bo#s - - ' ' 0%99 tons - '
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-TABliE N0o 5 I n c r e a s e  and  D e c re a se  i n  Tons o f  F re s h

" S a n a lg re  B o b ts  ^ o r  Tre a tm en 'ts  Buri" ng 

 ̂ : • ‘ May. 2 5 - J u ly  SO I n t e r v a l  ' '

B e r ta  Ad ■ - - - I e r t Q Bo :
l b s 0 o f  l b s ,  o f  a v a i l a b l e
1 0 -8 0 -0  - n i t m g e n ' p e r  a c r e  ..
p e r  a c r e  " ,8 0  ~ 40  Eene a y0

=400 ■ 1948 s# o46 o 50 ?=> 0 53 *• o 23
1940-: ' . - 5 055 - ;  085 - lo 5 1  - - l^ fO

• -; " , - T o ta l ' ■ q5.3 “ “ - 2 o04 .. ^8#15

800 1948 ■ - o78 , @#6 ^ lo 2 8  / ^  @0#%
1949 — a 91 — 8 o 59 • — o49 —1.6 86

T o t a l  -aIS- - 2 oOS. . - l o ^ l  > l o 8 f

50 1948 5=1^36 . r=' a 44. ■ . *»• 014 , o 61
' ■ - - 1 9 4 # ' -  694 .; — 660 " . © 13 -  64?

'■■■■ ■' . ' T o ta l  ' -8 e2 0 ' " ' - 1 90 4  : : W 6;0 l  - iT iS "

Son©; 1948.;,- : . 6?Sv ' ' ©98 : : -  ©By 60S
1949 : • ,058 . - 0 m  la S S  -  h t f f S

; ' ; T o ta l  . “iT H l .' ; " ' 1686 : u i 2

‘ .Ay-o1948 o05 < > 2 B  ' ; ©64 , V
. m a l9 4 9  - - l a B I  ©94. . . ©01 ©91

: / . . ' G r0T o ta l  . -I© 26. -  ©e#. -  a65 ^ ©85
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TJJ31B WOo 6 -  I n c r e a s e  in  Tons o f  F r e s h  G a n a ig re  H oots

f o r  T re a tm e n ts  e ta rin g  M arch 84-M ay 85 

I n t e r v a l  : .

F e r t  o A 0 ' F e r f  o B.o . . :v .
' .Ihs'A -pf ; XhSo o f  a v a i l a b l e

10-80=0 
p e r  a o re

i
80

l i t  ro  gen  
40 "

■per a o re  
Ken® ' - Ar= 1 .

400 :. 1948 4o 91 ' Bo 50  ̂ '4 6 05 ' .S0B 8
: 1949 ■ 4 ti86 ' So 50 SftSl 4 = 56 .

T o ta l  •: : M 7 ; 5 6 . 0 0  . ^ 9 f t36 . 8=58

2 0 0 1948 r 3 * 41 8  6 09 :v ' : 4* 1 8 5 = 25 .
. 1949'." -.,•4 .32 4 * 27. 5 0 15 . 5=91

T o ta l 7 ,7 5 ;  6=36: - 7ft31 : 7 = 14

-50. - 1948 2 a 50 & 37 ‘ l a  50 , l a  46
1949 .4*18 5= 90 8 = 0 0 3 = 36

T o ta l  - : ; 6 0 6 8 .:V -:46 27 5 6 50 4=82 ., ■

none ■ 1948 .Io 0 9 " -6 64 . 8 0  36 lo  36
: 1949 : 3d00. 8  a 1 8 1 ft. 8 6 2  = 55 :
T o ta l  . 4  © 09 , 8  = 8 8 46 2 2  ; : 5 = 71

% r ' i h m - 2698 : I . 40 'S o  05 : . 2=47 ■:
A y ,1949 - 46.09 . .3ft46 S . 08 . 3  = 54 .
O r* T o ta l ,:7 6 0 7 4 0 8 6 - 6 * 1 1 6  e0 l  :

H l f f W e n #  r e q u i r e d  f o r  s i g n i f i c a n o e  a t  5 ^  l e v e l :  

F e r t i l i z e r  A' 3 o60 to n s  ■  ̂ '
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TABXS -  A ferag©  Y ie ld  o f  Tops P e r  A ere  :

. ' . Daf e o f  S am pling  Mar oh 2 4 1949 '; :

B e rta  Ao ' " ; ■ - " : g e f t  o Bo • ■ ; ■ ' ■
1'bSa o f  ' ' lb so  o f  a v a i l a b l e  ' . .

"/lO-BOrO ' n i t r o g e n  p e r  a o re  - ■
p e r  aor© - 00 . :4 0 ; Hon© Afc.

400: : ll^m ; IO 9 #  /\ 8ol7, IO0 I6

800 ; 7p-S6 ; ^dSSv ::5056. : ..SpSl̂
- 50 : ’ - ‘ . 6pl7 : 4 4 I#  : . A d #  :

Horn© :' ; : ' 4*78 ; - . : ' l # 8  _5d45 -

A ver age  . ' 7®§5 ‘ ;6;88 8 4*51 -  ; 6o08‘ -

D iffe re n o ©  r e q u i r e d  f o r  s l g n i f i e a n o e  a t  5% l e v e l s

f e r t l l i z e r  A 1*80 tons.- 
f e r t i l i z e r  B 1*04 to n s  -



DISCUSSXOW

: . E f f e o t  o f  f a l l  T re a tm e n t • - :

\ . G r e a te r  y i e l d s  o f  r o o t s  w ere a s s o c i a t e d  vd t h  p l a n t s  

irh io h  r e  Del r e d  g r e a t e r  am ounts o f  F e r t i l i z e r  A .(10=80-0) 

on  a l l  aam plingS o P l a n t s  w hich  r e c e iv e d  th e  f e r t i l i z e r '

■■ a t  th e  r a t©  o f  400 pounds p e r  a e r e  I n  U#vember p ro d u e e d  

, n e a r l y  tw ie e  a s  many r o o t s  a s  th o se : w hich  r e o e i r e d  non©* 

P ro d u e tio n : o f  ro o fs ,  was fo u n d  t o  be n e a r l y  p r o p o r t i o n a l  

to  t h e  'am ounts o f  . f e r t i l i z e r  app li© do T h is  s u g g e s ts  t h a t  

g r e a t e r  am ounts o f  f e r t i l i z e r  w i l l  a ec o u n t f o r  a  e o r re s =

.. p o n d in g  in  e re  a  se  i n  r o o t  p r o d u e t io n  (See T a b le s  2 S 5 and

4)> : :  : ; : v  ' ; ■ :: - ; i  : ' " : : ' '
’ i  : S e a s o n a l  T re n d  , ' :

A l l  sa m p lin g s  showed t h a t  p r o d u e t io n  o f  r o o t s  m s :a  " 

l i t t l e  h ig h e r  fro m  p l a n t s  w hieh r e c e iv e d  h l t r o g e n  a t  th e  

r a t e  o f  80 pounds'- p e r  a o re  i n  f o u r  s i  d@ d re s s in g s *  The 

: - d i f f e r e n c e s  w ere  s  I g n i f i  ean .t a t  th e  - f i v e  p e r  s e n t  l e v e l  1 

o f  s i g n i f i  canes, on th e  f i r s t  two sa m p lin g s*  They were n o t  

On th e  l a s t o  B oot p r o d u c t io n  o f  p l a n t s  w h ich  r e c e iv e d  

n i t  ro g e n  " a t . th e  r a t  e of 4 0  pounds p e r  a e r e  in  two s id e -  

d r e s s i n g s  was' n e a r ly  th e ;  sam e a s  p l a n t s  w h ieh  r e e e i v e d  no 

f e r t l  l i z e r  (T a b le s  S* 5 a n d  4 )  = ' -E vident l y  a p p l l e a t i o n  o f
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n i te o g e n  does n o t ' 'm a te r ia l l y -  i n c r e a s e  y i e l d ,  'of; ,r©:OtB u n d e r 

th e  oond i t i o n s  o f  t h i s  experim en t.,, : : '

' ■ The 1948 r o o t s  a c c o u n te d  f o r  th e  g r e a t e r  t o t a l  w e ig h t 

on a l l  s a m p lin g s  (T a b le s  /S and  6 ) a. However s th e  'd i f f e r -  : 

en d  ©vis ;  n o t  s ig n  i f  l e a n t  on th e  s a m p lin g . o f  May: S5V.' The , ■ 

1949 r o o t s  show ed . lo s s e s  i n  w e ig h t d u r in g  th e  M ay -Ju ly  

I n t e r n a l : (See. .T a h ir  6} 9 T h ere  i s  no known r e a s o n  f o r  t h i s  

l o s s  o f  w e ig h t o I f  may have h een  due t o  e x p e r im e n ta l  . 

e r r o r  o r  more l i k e  l y  t o . i n c r e a s e d  r e s p i r a t i o n  a t  h l .^ ie r

"; Tops show ed th e  same re  s p e c t iv e  g row th= r© sponse  t o  

th e  am ounts o f  f e r t i l i z e r  a p p l i e d - a s  d id  th e  r o o t s  f o r  th e  

f i r s t  sa m p lin g  (T a b le  f ) « H ow ever9 to p s  show ed g r e a t s  

s e n s i t i v i t y '  to  the : .s p r in g  a p p l i c a t i o n  o f  n i t r o g e n #  . This., 

im p l i e s  t h a t  a lth o u g h " -a p p l io 'a t io n  .o f ; .n it ro g e n :  a t :  th e s e  ; V 

d a tS s . 'd u r in g 1 the-, ’g row ing  s e a s o n  s t i m u l a te s  to p  grow th  8 

I W r e  - l s  ho, c o r re s p o n d in g  ^ in c re a s e  i n  . r o o t  p r o d u c t io n  by - 

M arch 2 5 0 I n d i c a t i o n s  a r e  th a t ,  - fu r th e r  e x p e r im e n ta t io n  , 

i s  ' need@d: r e g a r  d in g  d a t es o f  a p p lie a t io t tg ,  e s p e c i a l l y '  dtiFs-’.; 

in g  th e . g row ing ', se a so n #  ; ■ i  i- .': ' i . : -

P ro d u c t  1
 _______ z e r

. D u rin g , th e  -M arch'-M  th ro u g h  May-;B5 i n t e r v a l  there w a s ;

a u l n c r e a s e  i n  th e  y i e l d  o f  ro o f  s '  for a l l  f a l l . t r e a tm e n ts  

'('Table- 6} „ G r e a te r  y i e l d s  o f  f r e s h  r o o t s  w ere , - a s s o c ia te d



wi t h ; th e  .gre a  te.r appli cat io n  o f  1 0 -2 0 -0  # The n itrogen  .. 

s i d e  d r e s s in g s  a p p l i e d  during the growing season accounted 

f o r  l i t t l e  d i f f e r e n c e  I n  y i e l d  o f f r e s h  rootSo :v. , .

■ The 1949 r o o t s  show ed g r e a t e r  in c r e a s e  i n  y i e l d  , 

th a n  the  1948 r o o t s  d u r in g  th e  g row ing  seaso n #

The May 25 th ro u g h  J u l y  50 i n t e r v a l  show ed s l i g h t  :

l o s s e s  i n  a v e ra g e  y i e l d  o f  r o o t s  (T ab le  5) and g r e a t e r  

l o s s e s  w ere  a s s o c i a t e d :  w ith  g r e a t e r  a p p l i  o a t  io n  l e v e l s  v: ■

o f  1 8 - 2 0 - 0 o Sid© d r'© ssings o f  n i t r o g e n  d u r in g  th e  g row - . 

In g  s e a s o n  had  v e ry  l i t t l e  e f f e c t  on th e s e  l o s s e s  I n  ; :

w e ig h t o f  r o o t s 0 ; ■ '  ̂ r.: , ' - p ' }



SmEMBY

1@ The a v e ra g e  y i e l d s  o f  f r e s h  r o o t s  on 1-fereh 8 4 s , Hay

. S 5 l and lu ly  SO were 10o5 3 3 16o54 and 15a50 tons .per .

aer©;:§ resp ectlT elyo  \ \ ' -

. 8 * .  The higher .y ie ld s  of roots were a sso c ia ted  w ith  greater, 

a p p llea tio n  o f  10-80?0 app lie d at the beginning o f  th e - 

seoond sea so n ?s growth^ I

. 5<, Four hundred pounds 10^80=0 n early  doubled the y ie ld ;

©n th e  M areh 84  a n d ■May 25 s a m p lin g s a n d  o n ly  in c r e a s e d  

th e  y i e l d  by a  t h i r d  on  th e  J u ly  SO sa m p lin g  a s  com™

: ; p a re d  # t h  th e  no f e r t i l i z e r  t r e a tm e n t  o i l , '. .  ̂ -  " ' " '

.40. E ig h ty  pounds o f  a v a i l a b l e  n i t r o g e n  a p p l i e d  i n  f o u r  ,.

a id e  d r e s s i n g s  y i e ld e d  s lg ^ n i f io a n t ly  r o r e \  r b b t s '  a t  th©  ̂ . 

5 p e r  oen t. l e v e l  o f  s l g n i f i e a n o e  th a n  the  4 0 .-pound ; 1 • 

a p p l i  o a t  io n  i n  two s id e ; d r e s s in g s  o r  th e  o n e s , receiv-=  .

in g  no; s id e  d r e s s in g s  o T h e re  w as no -d iffe ren e ©  I n

■■' y i e l d  - be tw een  th e  two s i d e  d r e s s in g s  an d  th e  no s i d e  

: d r e s s in g  t r e a tm e n ts ^  l  ■ ■

5» The p r im a ry  r o o t ; t u b e r s  (1948  r o o t s ) a e e o u n te d . f o r  th e  

g r e a t e r  p r o p o r t io n  o f  th e  t o t a l  w e ig h t o f  r o o t s  th a n  

th e  s e o o n d a ry  tu b e r s  (1949) r o o t s  i n  a l l  sa m p lin g s  6 .

6 c, B o th  y e a r s ’ r o o t s  in c r e a s e d  . in  w e ig h t d u r in g  Mar eh  . ■

. : th ro u g h  May i n t e r v a l  and th e  1949 r o o t s  ..gave the" h



g r e a t e r ;in c r e a s e s ;9 e s p e c i a l l y  fro m  p l a n t s  w h ich  r e c e iv e d  

th e  g r e a t e r  am ounts o f  f e r t i l i z e r ^  • ;

The l o s s e s  i n  w e ig h t o f  f r e s h  r o o t s  from  p l a n t s  W io h  

r e c e iv e d  f e r t i l i z e r  d u r in g  May th ro u g h  J u l y  i n t e r v a l  were' 

g r e a t e r  f o r  th e  1949 r o o t s  0 ■ G r e a te r  lo s s e s ,  w ere a s s o ­

c i a t e d  w ith  th e  g r e a t e r  a p p l i c a t i o n s  Of f e r t i l i z e r 6 

Hone o f  th e  f e r t i l i z e r  t r e a tm e n t s  a f f e c t e d  th e  ta n n in  p e r^  

c e n ta g e s  o r  p u r l  t y  6 ' ' . - - , f . . .
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