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INTR O D U C TIO N

T he w o r ld !s p o p u la tio n  e x p lo s io n  h a s c r e a te d  an  in c r e a s e d  

dem and  fo r  m e a t  p r o d u c tio n . E x p e r ts  e s t im a te  th at m e a t  r e q u ir e m e n ts  

w ill  be m o r e  than doubled  in  the U n ited  S ta te s  w ith in  the n ex t 50 y e a r s  

(P a r k e r , 1 961 ). It i s ,  t h e r e fo r e ,  e s s e n t ia l  that fo r a g e  p ro d u ctio n  be  

in c r e a s e d  if  th is  n eed  fo r  m e a t  p ro d u ctio n  is  to be r e a l i z e d .

A  p r im a r y  s o u r c e  o f fo r a g e  fo r  l iv e s t o c k  is  r a n g e la n d . R an ge  

and p a s tu r e  la n d s of the U n ited  S ta te s  su p p ly  55 p e r c e n t  (S p r a g u e , 1952) 

of the fe e d  r e q u ir e m e n t  fo r  l i v e s t o c k „ W hile the n eed  fo r  in c r e a s e d  

fo r a g e  p ro d u ctio n  is  a c u r r e n t  p r o b le m , th e r e  a r e  v a s t  a c r e a g e s  of 

ran ge  la n d s  th rou gh ou t the w o r ld  on w h ich  fo r a g e  p ro d u ctio n  is  d e c l in ­

in g . A  r e p o r t  w r it te n  15 y e a r s  ago  in d ic a te d  that a t th at t im e  in  the  

U nited  S ta te s  a lo n e  a p p r o x im a te ly  80 m il l io n  a c r e s  o f ra n g e  lan d s had  

b e e n  d e p le te d  so  b a d ly  th at th ey  w ou ld  h a v e  to be r e s e e d e d  if  th ey  w e r e  

to r e a l iz e  th e ir  fo r a g e -p r o d u c t io n  p o te n t ia l (P e a r s e  e t  a l .  , 1948).

It i s  thus e v id e n t th at p r o p er  m a n a g e m e n t of ra n g e  lan d s and  

d e v e lo p m e n t of th e ir  p o te n tia l v a lu e  fo r  p ro d u ctio n  o f fo r a g e  n eed s  to 

be g iv e n  p r im a r y  c o n s id e r a t io n . S om e of the m a jo r  ra n g e  im p r o v e m e n t  

p r a c t ic e s  n eed ed  in c lu d e: c o n tr o l of u n d e s ir a b le  ra n g e  p la n ts  , r e s e e d ­

in g , and f e r t i l iz a t io n .
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2

In A r iz o n a  m o s t  r a n g e s  a r e  n o t p ro d u c in g  the fo r a g e  o f w h ich  

th ey  a r e  c a p a b le . M any of th e se  r a n g e s  h a v e  b e e n  in v a d ed  by  sh ru b s  

th at p ro d u ce  m u ch  l e s s  fe e d  than the g r a s s e s  th ey  h a v e  r e p la c e d . T h is  

in v a s io n  i s  due to a n u m b er of c o m p le x  in te r r e la te d  e c o lo g ic a l  fa c to r s  

su ch  a s  c e s s a t io n  of f i r e s ,  o v e r g r a z in g , and d rou gh t (H u m p h rey , 1 9 6 2 ).

A r iz o n a  h a s s o m e  s ix  m il l io n  a c r e s  of c h a p a r r a l ,  c o n st itu tin g  

about ei'§ht p e r c e n t  o f the s ta t e 's  lan d  a r e a  (N ic h o l, 1952; H u m p h rey , 

1 9 5 9 ). T h e s e  e x te n s iv e  ch a p a r r a l a r e a s  o n ce  su p p o r ted  p e r e n n ia l  

g r a s s e s  and m a y  do so  a g a in  i f  c o m p e tit io n  fr o m  sh r u b s  can  be e f f e c ­

t iv e ly  c o n tr o lle d  (C a b le , 1957; H u m p h rey , 1959).

T h rou gh  b u rn in g , su p p le m e n te d  b y  m e c h a n ic a l and c h e m ic a l  

t e c h n iq u e s , the c h a p a r r a l sta n d s ca n  b e  c o n tr o lle d  s u f f ic ie n t ly  to m a k e  

g r a s s  s e e d in g  f e a s ib le .  S ch m u tz  and W hitham  (1 9 6 2 ) , f r o m  s tu d ie s  in  

the A r iz o n a  c h a p a r r a l n e a r  D e w e y , co n c lu d ed  th at b u rn in g  of the b r u sh  

fo llo w e d  b y  r e s e e d in g  to g r a s s e s  and tr e a tm e n t  w ith  m u lt ip le  a p p lic a t io n s  

of s i lv e x  or  2 , 4 , 5 - T  h e r b ic id e  m a y  b e  an  e c o n o m ic a l m e a n s  of r e d u c in g  

c o m p e tin g  sh ru b  grow th  and in c r e a s in g  fo r a g e  p r o d u c tio n .

R e s e e d in g  ad ap ted  fo r a g e  s p e c ie s  is  g e n e r a l ly  a  n e c e s s a r y  

im p r o v e m e n t  p r a c t ic e  fo llo w in g  sh ru b  c o n tr o l .  L eh m a n n  lo v e g r a s s  

(E r a g r o s t is  le h m a n n ia n a  N e e s ) ,  a sp e c ie 's  in tro d u ced  fr o m  South A f r ic a ,  

h a s p r o v e n  p a r t ic u la r ly  v a lu a b le  in  r e s e e d in g  b u r n e d -o v e r  c h a p a r r a l  

a r e a s  in  A r iz o n a  and C a lifo r n ia  (C r id e r , 1945; R e y n o ld s  and G len d e n in g ,



1959)- T h is  g r a s s  h as p r o v e n  ad ap ted  to a w id e  ra n g e  o f e n v ir o n m e n ts  , 

and h a s a fu r th e r  m e r i t  b e c a u s e  o f it s  s e l f - r e s e e d in g  a b il i ty  on ce s m a ll  

s tr ip s  h a v e  b e e n  e s ta b lis h e d  (H u m p h rey , 1958).

A lth ou gh  r e s e e d in g  of ra n g e la n d s  is  a co m m o n  r e s to r a t io n  p r a c ­

t ic e  , f e r t i l iz a t io n  in  co n ju n ctio n  w ith  r e s e e d in g  is  a r e la t iv e ly  n ew  

p r a c t ic e .  T he u s e  of f e r t i l i z e r  m a y  en h a n ce  the p o s s ib i l i t y  o f o b ta in in g  

good sta n d s and a t the s a m e  t im e  m a y  in c r e a s e  the ch a n ce  of s e e d lin g  

s u r v iv a l and su b se q u e n t p la n t e s ta b l is h m e n t„ T h e r e  is  l i t t l e  in fo r m a ­

tio n  on the e f fe c t s  of c o m m e r c ia l  f e r t i l i z e r s  on g r a s s e s  r e s e e d e d  on  

c h a p a r r a l la n d s  o f A r iz o n a  and no in fo r m a tio n  is  a v a ila b le  on the e f f e c t s  

of f e r t i l i z e r s  on the e s ta b lis h m e n t  and grow th  of s e e d lin g s  p lan ted  on  

th e s e  la n d s .

T h is  stu d y  w a s d e s ig n e d  to d e te r m in e  the e f f e c t s  o f d if fe r e n t  

k in d s and r a te s  of c o m m e r c ia l  f e r t i l i z e r  on the e m e r g e n c e , le a f -g r o w th ,  

y ie ld , and n u tr ie n t co n ten t of L eh m an n  lo v e g r a s s  s e e d lin g s  grow n  on a  

ty p ic a l c h a p a r r a l s o i l  in  A r iz o n a .



L IT E R A T U R E  R EVIEW

E ffe c ts  o f F e r t i l i z e r s  on S e e d lin g  E m e r g e n c e

M axton  (1927) s tu d ied  the e f f e c t s  o f a p p ly in g  tw e lv e  k inds of  

f e r t i l i z e r s  a t v a r ia b le , s i n g le , and h e a v y  r a te s  o f a p p lic a t io n  on the  

g e r m in a tio n  of g r a s s e s  grow n  un der g r e e n h o u se  c o n d itio n s  . Two o f the  

f e r t i l i z e r s  u se d  w e r e  a m m o n iu m  n itr a te  and a m m o n iu m  p h o sp h a te <> 

F e r t i l i z e r s  a p p lied  in  c o n ta c t  w ith  the s e e d s  r e s u lte d  in  a r e d u c tio n  in  

g e r m in a tio n  that v a r ie d  w ith  the k ind  of f e r t i l i z e r  u se d  and the k ind  of  

s e e d  p lantedo H e co n c lu d ed  th at lo w  g e r m in a tio n  w a s due to co n ta c t  

e f fe c ts  of the f e r t i l i z e r  on the s e e d s  th at p r e v e n te d  g e r m in a t io n  r a th e r  

than to s e e d lin g - in ju r y  im m e d ia te ly  a f te r  g e r m in a t io n » G e rm in a tio n  

in ju r y  w a s a s s o c ia t e d  w ith  s o lu b il i ty  o f the f e r t i l i z e r  s a l t s  , F e r t i l i z a ­

tio n  b e fo r e  s e e d in g  w a s p r o p o se d  a s  a m e a n s  of p r e v e n t in g  th is  type of  

in ju r y .

W ard and B la s s e r  (1 9 6 1) a p p lied  n itr o g e n  f e r t i l i z e r s  to f ie ld  

p lo ts  a t th r e e  r a te s  o f a c tu a l n itr o g e n  (2 0 , 4 0 , and 80 pounds p er  a c r e )  

to d e te r m in e  th e e f f e c t  o f th is  f e r t i l i z e r  on the e m e r g e n c e  of v a r io u s  

le g u m e s  and g r a s s  s e e d lin g s  „ T he stu d y  w as co n d u cted  o v e r  a p e r io d



of tw o y e a r s . In 1 9 5 6 , the n itr o g e n  w a s  a p p lied  on the s u r fa c e  w ith  

in o c u la te d  s e e d s  in  a  sa w d u st c a r r ie r .  In 1957 , the n itr o g e n  f e r t i l i z e r  

w a s a p p lied  b e fo r e  s e e d in g .  W ard and B ia s s e r  o b s e r v e d  th at r e g a r d le s s  

of the m eth od  o f f e r t i l i z e r  a p p lic a tio n  e m e r g e n c e  p e r  u n it a r e a  d e c r e a s e d  

a s  the a m ou n t o f n itr o g e n  in c t e a s e d  and th a t r e d u c tio n  w a s  l e s s  u n der  

fa v o r a b le  m o is tu r e  c o n d it io n s  than  u n d er  lo w  m o is tu r e  c o n d it io n s . T he  

r e d u c tio n  of g e r m in a tio n  w a s  a ttr ib u ted  to the o s m o t ic  e f f e c t s  of the  

f e r t i l i z e r  s a lt s  on 'th e  s e e d s .

In T e x a s  , G r u m b le s  (1961) a p p lie d  a m m o n iu m  n itr a te  ( 3 3 - 0 - 0 ) ,  

su p e rp h o sp h a te  ( 0 - 4 5 - 0 ) ,  a c o m p le te  f e r t i l i z e r  (1 2 - 1 2 - 1 2 ) ,  and a f o r t i ­

f ie d  c o m p o s t .  T h e se  f e r t i l i z e r s  w e r e  a p p lied  to f ie ld  p lo ts  both a lo n e  

and in  co m b in a tio n  a t 2 0 0 - and 4 0 0 -p ou n d  r a te s  p r io r  to p la n tin g  s id e o a t s  

g r a m a , ca n e  b lu e s  tern , s w i t c h g r a s s ,  s i lv e r  b lu e  s t e m , and l i t t le  b lu e - 

s t e m .  H e o b ta in ed  s u c c e s s f u l  s ta n d s  and e n h a n cem en t o f g e r m in a tio n  

in  a l l  f e r t i l iz e d  p lo ts  fo r  a l l  s p e c ie s  e x c e p t  s id e o a t s  g r a m a . S w itc h g r a s s  

and s i lv e r  b lu e  s t e m  w e r e  the m o s t  r e s p o n s iv e  to f e r t i l i z e r  tr e a tm e n ts  

fo llo w e d  b y  ca n e  b lu e  s t e m , l i t t l e  b lu e  s t e m ,  and s id e o a ts  g r a m a . T he  

g r e a t e s t  r e s p o n s e  w a s  ob ta in ed  fr o m  the h ig h er  r a te  (400  pounds p er  

a c r e )  o f the c o m p le te  m in e r a l f e r t i l i z e r  a lo n e . A t th e  s a m e  t im e ,, s w it c h ­

g r a s s ,  s i l v e r  b lu e  s t e m , a n d .s id e o a ts  g ra m a  w e r e  tr e a te d  under g r e e n ­

h o u se  c o n d it io n s . In the g r e e n h o u se  s tu d y  the c o m b in a tio n  o f n itr o g e n  

and phosphorias a p p lied  a t  the 2 0 0 -p o u n d  ra te  p ro d u ced  the g r e a te s t



s t im u la t io n  o f g e r m in a tio n  of a l l  k in d s and r a te s  of f e r t i l i z e r  a p p lie d „ 

S id eo a ts  g ra m a  a g a in  sh o w ed  a v e r y  lo w  r e s p o n se  to f e r t i l i z e r  t r e a tm e n t»

E ffe c ts  o f F e r t i l i z e r s  on L e a f  G row th

H onnas e t a l .  (1959)? in  th e ir  s tu d y  on a so u th e r n  A r iz o n a  r a n g e ,  

r e p o r te d  that the e f f e c t s  of a p p ly in g  a m m o n iu m  p h o sp h a te  (1 6 - 2 0 - 0 ,  a t  

r a te s  of 100 , 2 5 0 , and 500 pounds p e r  a c r e )  on le a f  le n g th  of b lu e , h a ir y  , 

and s id e o a ts  g ra m a  w e r e  e x tr e m e ly  v a r ie d .  B lu e  g r a m a  resp o n d ed  w ith  

a s l ig h t  in c r e a s e  in  le a f  le n g th  a t the lo w e r  l e v e l s .  H a ir y  g ra m a  y ie ld e d  

lo n g e r  le a f  le n g th s  than the c o n tr o ls  o n ly  under the h ig h e s t  l e v e l .  S id e ­

oa ts  ga v e  n e g a tiv e  r e s u lt s  under a l l  th r e e  l e v e l s .  It w a s  o b s e r v e d , h o w ­

e v e r ,  that f e r t i l iz a t io n  a t a l l  l e v e ls  in c r e a s e d  the n u m b er  of le a v e s  of  

a l l  s p e c i e s .

J o h n se n  (1 9 5 4 ), a s  a r e s u lt  of s tu d ie s  a ls o  co n d u cted  in  so u th e r n  

A r iz o n a , r e p o r te d  that a p p lic a tio n s  of 200 and 400 pounds of su p e r p h o s ­

p hate p er  a c r e  s ig n if ic a n t ly  in c r e a s e d  the le a f -b la d e  le n g th  of c u r ly  

m e s q u i t e , but a p p lic a t io n s  of n itr o g e n  had no s ig n if ic a n t  e f f e c t .  H e a ls o  

o b se r v e d  that f e r t i l iz e d  p la n ts  p ro d u ced  m o r e  le a v e s  than  th o se  that 

w e r e  u n fe r t i l iz e d .

G ru m b les  (1961) d e te r m in e d  th a t w ith  in c r e a s e d  am ou n ts of 

m in e r a l f e r t i l i z e r  (N PK ) th e r e  w asxa  c o r r e sp o n d in g  in c r e a s e  in  le a f -  

b la d e  le n g th  and w id th  fo r  ea ch  of f iv e  g r a s s e s  t e s t e d .
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E ffe c ts  of F e r t i l i z e r s  on G r a ss  Y ie ld

E x p e r im e n ts  h a v e  b een  con d u cted  to d e te r m in e , the e f fe c t s  of 

su p e r p h o sp h a te , a m m o n iu m  n i t r a t e , and a m m o n iu m  p h o sp h a te  upon the  

y ie ld  of v a r io u s  g r a s s e s  in  so u th er n  A r iz o n a .. In g e n e r a l ,  a p p lic a tio n s  

of a m m o n iu m  n itr a te  and a m m o n iu m  p h o sp h a te  in c r e a s e d  y ie ld s  (J o h n se n , 

1954; F r e e m a n  and H u m p h rey , 1956; D y e r , 1958; H o lt and" W ilso n ,

196 I ) . H o w e v e r , su p e rp h o sp h a te  d id  n ot in c r e a s e  y ie ld s  a s  m u ch  as  

n itr o g e n  or a s  a c o m b in a tio n  of n itr o g e n  and p h o sp h o ru s . K ilc h e r
- / " , '  v .

(1 9 5 8 ), fr o m  s tu d ie s  in  S a sk a tc h e w a n , r e p o r te d  that n on e o f th ree  c u l­

t iv a te d  g r a s s e s  u se d  in  h is  e x p e r im e n ts  r e sp o n d ed  to p h o sp h o ru s  f e r t i ­

l i z e r s  -

In T e x a s ,  Kap e t  a l . (1949) found th at n itr o g e n  and com b in ed  

n itr o g e n -p h o sp h o r u s  a t r a te s  of 5 0 , 7 5 , and 150 pounds p e r  a c r e  w e r e  

h ig h ly  e f fe c t iv e  in  in c r e a s in g  y ie ld s  of v a r io u s  ran g e  g r a s s e s  .

A n k la m  (1962) con d u cted  e x p e r im e n ts  on a c e n tr a l  A r iz o n a  

c h a p a r r a l s i t e  w h e r e  L eh m an n  lo v e g r a s s  w a s the d o m in a n t g r a s s  . 

A m m o n iu m  n itr a te  and a m m o n iu m  p h o sp h a te  ap p lied  a t 2 5 , 5 0 , and 75  

pounds of a c t iv e  in g r e d ie n t  p er  a c r e  r e s u lte d  in  s ig n if ic a n t  in c r e a s e s  

in  fo r a g e  p r o d u ctio n  of the g r a s s  .

E ffe c ts  of F e r t i l i z e r s  on N u tr ie n t  C ontent

S tu d ies  h a v e  b e e n  con d u cted  to d e te r m in e  the e f f e c t s  of d if fe r e n t  

r a te s  o f n itr o g e n , p h o sp h o ru s , and a co m b in a tio n  of th e s e  f e r t i l i z e r s
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on the p r o te in  and p h o sp h o ru s co n ten t o f g r a s s e s  in  c e n tr a l and so u th e r n  

A r iz o n a  (Johns en , 1954; F r e e m a n  and H u m p h rey , 1956; D y e r , 1958; 

A n k la m , 1 9 6 2 ). A ll  o f th e s e  s tu d ie s  in d ic a te d  that p r o te in  co n ten t o f  

the g r a s s e s  w as in c r e a s e d  by  a l l  f e r t i l i z e r s  that co n ta in ed  n itr o g e n  or  

a co m b in a tio n  of n itr o g e n  and p h o sp h o ru s  . P h o sp h o r u s  , h o w e v e r , had  

l i t t le  or no e f fe c t  upon the p r o te in  c o n te n t , but did in c r e a s e  the p h o s ­

p h oru s co n ten t- N itr o g e n  f e r t i l i z e r s ,  on the o th er  h a n d , had  no e f fe c t  

on p h o sp h o ru s  contento

In South A f r ic a ,  H a ll e t  a l . (1 9 3 7 ), r e p o r tin g  on w o rk  and  

s tu d ie s  co n d u cted  in  the n a tu ra l h igh  v e ld  p a s tu r e s ,  n o ted  a s ix - f o ld  

in c r e a s e  in  the p h o sp h o ru s co n ten t o f g r a s s e s  w ith  the a p p lic a t io n  of 

200 pounds of su p e rp h o sp h a te  and 200 pounds of ro ck  p h o sp h a te  p er  

a c r e .



M A T E R IA L S AND M ETH ODS

T h is  stu d y  w a s con d u cted  d u rin g  the su m m e r  o f 1962 a t the 

S o il C o n se r v a t io n  S e r v ic e  P la n t  M a te r ia ls  C e n te r , T u c s o n , A r iz o n a .  

L eh m an n  lo v e g r a s s  s e e d lin g s  w e r e  grow n  un der p a r t ia l  sh a d e  in  f la ts  

f i l le d  w ith  s o i l  c o l le c te d  fr o m  the P e r r y  H e n d e r so n  R a n ch  n ea r  D e w e y ,  

A r iz o n a  o

D e s c r ip t io n  of S o il C o lle c t io n  S ite .

T he s o i l s  w e r e  c o l le c te d  fr o m  a ty p ic a l c h a p a r r a l s i t e  a t  

a p p r o x im a te ly  f iv e  th ou san d  f e e t  in  e le v a t io n  (F ig u r e  1).

T he c l im a te  o f th e  c h a p a r r a l a r e a  is  c la s s e d  a s  s e m ia r id  w ith  

a su m m e r  and w in te r  r a in fa ll  p a tte r n . It h a s  an  a v e r a g e  annual p r e ­

c ip ita t io n  of 1 4 .7  in c h e s  (U . S . W eath er  B u r e a u , 1 9 4 2 -1 9 6 2 )  and a 

m ea n  m o n th ly  te m p e r a tu r e  of 5 2 °  F .  ( S e l l e r s ,  I9 6 0 ) .

A  p h otograp h  of the b u rn ed  and r e s e e d e d  c h a p a r r a l a r e a  fr o m  

w h ich  the s o i l  w a s c o l le c te d  is  sh ow n  in  F ig u r e  2 . A s  in d ic a te d  in  the  

p ic tu r e ,  the a r e a  had b e e n  s u c c e s s f u l ly  r e s e e d e d  w ith  L eh m an n  lo v e ­

g r a s s .

9
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F ig u r e  1. G e n e r a l v ie w  of c h a p a r r a l a r e a  e a s t  o f D e w e y , A r iz o n a .  
T y p ic a l u n trea ted  a r e a  is  sh ow n  in  the fo reg ro u n d ;  
l ig h t - c o lo r e d  a r e a  in  the b ack grou n d  is  the bu rn ed  and  
r e s e e d e d  s o i l  c o l le c t io n  s i t e .



11

F ig u r e  2 . A  p o r tio n  of the c h a p a r r a l a r e a ,  bu rn ed  and r e s e e d e d  to  
L eh m an n  lo v e g r a s s .  T he p ic tu r e  w a s ta k en  in  O ctob er  
fou r  m on th s a f te r  the a r e a  w a s  burned  and r e s e e d e d .



T he v e g e ta t io n  o f the s tu d y  a r e a ,  a s  r e p o r te d  b y  S ch m u tz  and  

W hitham  (1962) , in c lu d e s  the d om in an t sh ru b  l iv e  oak  (Q u ercu s tu r b in e lla  

G r e e n e ) ,  m a n za n ita  (A r c to s ta p h y lo s  p u n gen s H . B . K . ) ,  skunkbush  (R hus  

tr ilo b a ta  N u t t . ) , w a it -a -m in u te  b u sh  (M im o sa  b iu n c ife r a  B e n t h . ) , m o u n ­

ta in  m a h o g a n y  (C e r c o c a r p u s  b r e v if lo r u s  G r a y ), and cea n o th u s  (C eo n o -  

thus g r e g g i i  G ray) /  D o m in a n t h a lf - s h r u b s  w e r e  b r o o m  sn a k e w ee d  

(G u tie r r e z ia  s a r o th r a e  (P u r sh )  B r it t , ,  and R u sb y ) and sh ru b b y  b u ck w h eat  

(E r io g o n u m  w r ig h t ii  T o r r . ) .  N a tiv e  p e r e n n ia l g r a s s e s  in c lu d ed  s id e  o a ts  

g ra m a  (B o u te lo u a  cu r tip en d u la  ( M ic h x .) T o r r . ) ,  b la c k  g r a m a  (B . e r io -  

poda T o r r . ) ,  b lu e  g ra m a  ( B . g r a c i l i s  ( H . B . K . )  L a g . ) ,  san d  d rop s eed  

(S p orob o lu s cry p ta n d ru s  ( T o r r . )  G ray) and red  th r e e a w n  (A r is t id a  lo n g -  

i s e t a  S t e u d .).

T he s o i l s  o f the. a r e a  h a v e  b e e n  c la s s i f i e d  a s  b e lo n g in g  to th e  

C o rd es  and G ad d es s e r i e s  o f the a llu v ia l  and n o n c a lc ic  b row n  s o i l  

grou p s (W endt, I 9 6 0 ) .  T he s o i l s ,  w h ich  w e r e  d e v e lo p e d  fr o m  g r a n it e , 

b a s a lt ,  s c h i s t ,  and l im e s to n e  p a r e n t m a t e r i a l s , v a r y  fr o m  sh a llo w ,  

r e s id u a l ,  g r a v e l ly ,  and s to n y  c la y - lo a m S  on the u p lan d s to d e e p , a l lu v ia l  

sa n d y - lo a m s  in  the w a s h e s . A t the s u r fa c e  th ey  a r e  b ro w n  or d a rk -  

b row n  in  c o lo r ;  the s u b s o i ls  ra n g e  fr o m  r e d d ish -b r o w n  to y e l lo w is h - r e d .

C h e m ic a l a n a ly s e s  of the s o i l  u se d  fo r  g ro w in g  th e  L eh m an n  

lo v e g r a s s  s e e d lin g s  y ie ld e d  the fo llo w in g  data: pH 6 . 1 ;  to ta l so lu b le  

s a l t s ,  210 ppm ; n it r a te ,  10 ppm ; p h o sp h a te , 4 p p m .
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E x p e r im e n ta l P r o c e d u r e

F o u r  in c h e s  of s o i l  w as tak en  fr o m  the s u r fa c e  o f the burned  

and r e s e e d e d  c h a p a r r a l a r e a .  T h is  w a s  th o ro u g h ly  m ix e d  and s if te d  to  

ob ta in  u n ifo r m ity  and p la c e d  in  1 4 x 2 0 x 4 - in c h  m e ta l p an s . T h e s e  f la t s  

w e r e  then  p la c e d  upon a c e m e n t  b en ch  in  a la th  h o u se  u n d er  p a r t ia l  

sh ad e (F ig u r e  3 ).

A m m o n iu m  n itr a te  ( 3 3 - 0 - 0 ) ,  su p e rp h o sp h a te  ( 0 - 4 5 - 0 ) ,  and

co m b in a tio n s  o f th e s e  f e r t i l i z e r s  w e r e  u se d  in  th is  e x p e r im e n t . The

c o m b in a tio n  a m m o n iu m  n itr a te -s u p e r p h o sp h a te  f e r t i l i z e r  w a s m ad e up

b y  w e ig h in g  e a ch  of the in g r e d ie n ts  to th e d e s ir e d  r a t e ,  co m b in in g  the

tw o , and th o ro u g h ly  m ix in g  the com p ou n d s . In o r d e r  to a s s u r e  u n ifo rm  
> '

a p p lic a tio n  o f the s m a ll  q u an tity  o f f e r t i l i z e r  u se d  in  e a c h  p an , the 

f e r t i l i z e r  p e l le t s  w e r e  f in e ly  g r o u n d .

A fte r  ea ch  pan w a s f i l le d  w ith  s o i l  to a depth  o f 3 in c h e s  , the  

f e r t i l i z e r s  w e r e  b r o a d c a s t  in  the p o w d er ed  fo r m  a t p e r - a c r e  r a te s  of 

2 5 , 5 0 , and 75 pounds of a c t iv e  in g r e d ie n t s .  The f e r t i l i z e r  w as then  

c o v e r e d  b y  a o n e - in c h  la y e r  of u n fe r t i l iz e d  s o i l . .

T he e x p e r im e n t  w a s  s e t  up u s in g  a r a n d o m ized  b lo c k  d e s ig n  

w ith  fo u r  r e p l ic a te s  o f ten  tr e a tm e n ts  e a c h  in c lu s iv e  o f the c o n tr o l  

f la ts  .

T he L eh m an n  lo v e g r a s s  s e e d s  u se d  in  th is  e x p e r im e n t  w e r e  x 

t e s te d  b y  the N ew  M e x ic o  S ta te  S eed  L a b o r a to r y . R e s u lt s  of th e se  t e s t s
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F ig u r e  3 . G e n e r a l v ie w  o f L eh m an n  lo v e g r a s s  s e e d lin g s  in  f la ts  
u n d er p a r t ia l sh a d e  a t S o il C o n se r v a tio n  S e r v ic e  P la n t  
M a te r ia ls  C e n te r , T u c s o n , A r iz o n a .
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w e r e  as fo llo w s :  p u r ity  99 p e r c e n t ,  in e r t  m a te r ia l  0 . 6 0  p e r c e n t ,  c r o p  

(d r o p se e d )  0 . 0 2  p e r c e n t ,  g e r m in a tio n  90 p e r c e n t .

T he s e e d in g  m eth o d  w a s d e s ig n e d  to  p r o v id e  eq u a l sp a c in g  and  

u s e  o f  s o i l  n u tr ie n ts  . F o u r  ro w s o f fo r ty  s e e d s  ea c h  w e r e  p lan ted  in  

e a c h  pan a t a depth  o f  o n e -h a lf  in c h . B a s e d  on the a b o v e  p u r ity  and  

g e r m in a tio n  th is  w ou ld  p r o v id e  144 l iv e  s e e d s  in  e a c h  p a n , or  fou r r o w s , 

e a c h  c o n ta in in g  36 l iv e  s e e d s .

T he q u an tity  o f the s e e d s  u se d  w a s  s m a ll  and the s e e d s  a r e  o f  

m in u te  s i z e  (a p p r o x im a te ly  5 , 0 0 0 , 0 0 0  p e r  pound). In o r d e r  to ob ta in  

a s u ff ic ie n t  v o lu m e  to p e r m it  so w in g  the s e e d s  e v e n ly  in  e a c h  row  o f  

f la ts  , the s e e d s  w e r e  m ix e d  w ith  a s m a ll  am ou n t of s o i l  in  a  t e s t  tu b e . 

T h is  m ix tu r e  o f s e e d  and s o i l  w a s p o u red  u n ifo r m ly  in  e a c h  r o w . . A fte r  

s e e d in g ,  the s o i l  w a s co m p a cted  to s im u la te  f ie ld  c o n d it io n s  and  

w a te r e d . D u r in g  the c o u r s e  of the s tu d y , c a r e  w a s  ta k en  to  ap p ly  s u f ­

f ic ie n t  and eq u a l a m ou n ts  of w a te r  to e a c h  p an .

T e m p e r a tu r e  and r e la t iv e  h u m id ity  data w e r e  c o l le c t e d  d u rin g  

the p e r io d  o f p la n t g ro w th . T e m p e r a tu r e  data  w e r e  r e c o r d e d  by the  

P la n t M a te r ia ls  C en te r  p e r s o n n e l.  R e la t iv e  h u m id ity  d a ta  w e r e  

o b ta in ed  fr o m  the U . S . W eath er B u r e a u  a t the T u c so n  A ir p o r t  W eath er  

S ta tion  (F ig u r e  4 ) .

E m e r g e n c e  data  w e r e  r e c o r d e d  e a c h  d ay  a f te r  p la n tin g  fo r  21 

d a y s . L e a f-g r o w th  m e a s u r e m e n ts  w e r e  m ad e d u rin g  s e e d lin g  g ro w th
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F ig u r e  4 .  M ax im u m  and m in im u m  te m p e r a tu r e s  and r e la t iv e  
h u m id ity  d u rin g  the p e r io d  o f the e x p e r im e n t .
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on 10 L eh m a n n  lo v e g r a s s  s e e d lin g s  s e le c t e d  a t ra n d o m  in  e a c h  f la t

and m a r k e d  w ith  a  to o th p ic k . L e a f  m e a s u r e m e n ts  w e r e  m a d e  b y  m e a s -
S

u r in g  the lo n g e s t  le a f  o f e a c h  p la n t e v e r y  th r e e  d a y s , c o m m e n c in g  w ith

the 26th  d a y  u n til th e h a r v e s t in g  d a t e .

On the 4 1 s t  d a y  a fte r  p la n t in g , the s e e d lin g s  w e r e  h a r v e s te d  b y

c lip p in g  a t ground l e v e l , s a c k e d , o v e n -d r ie d  a t 6 6 °  C fo r  fo u r  d a y s ,

and w e ig h e d . T he s a m p le s  w e r e  th en  a n a ly z e d  fo r  th e ir  n itr o g e n  and

1p h o sp h o ru s  c o n te n t . T he n itr o g e n  in  the s e e d lin g s  w a s  d e te r m in e d  

b y  the K je ld a h l m eth od  o u tlin ed  b y  the A s s o c ia t io n  of O ff ic ia l A g r ic u l­

tu ra l C h e m is ts  (1 9 5 5 ). A  c o lo r o m e tr ic  m e th o d , a  m in o r  m o d if ic a t io n  

of the T oth  e t  a l .  (1948) m eth o d , w a s  u se d  to d e te r m in e  the p h o sp h o ru s  

c o n te n t .

 ̂ C h e m ic a l a n a ly s e s  fo r  both  n itr o g e n  and p h o sp h o ru s  w e r e  
d e te r m in e d  b y  the A n im a l S c ie n c e .D e p a r tm e n t , U n iv e r s i ty  o f A r iz o n a ,  
T u c s o n . ^
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R E SU L T S AND DISCUSSIO N  

E ffe c ts  o f F e r t i l i z e r s  on S e e d lin g  E m e r g e n c e

z
T he e m e r g e n c e  of L eh m an n  lo v e g r a s s  s e e d lin g s  fr o m  f la ts  

r e c e iv in g  25 pounds of a m m o n iu m  n itr a te  w as f i f t y - f iv e  p e r c e n t  g r e a te r  

than fr o m  u n fe r t i l iz e d  f la ts  (T ab le  1). I n c r e a s in g  the am ou n t of n itr o g e n  

f e r t i l iz a t io n  ab o v e  the 2 5 -p o u n d -p e r -a c r e  l e v e l  did n o t r e s u l t  in  an y  

fu r th e r  s u b s ta n t ia l in c r e a s e .

A p p lic a tio n  of p h o sp h o ru s d id n o t s ig n if ic a n t ly  in c r e a s e  s e e d lin g  

e m e r g e n c e .

T he co m b in a tio n  n itr o g e n -p h o sp h o r u s  f e r t i l i z e r  r e s u lte d  in  s ig -  

n if ic a n t  in c r e a s e s  in  s e e d lin g  e m e r g e n c e , a t a l l  r a te s  o f a p p lic a t io n .

T he m in im a l Z5 -p ou nd  r a te  p ro d u ced  the g r e a t e s t  s e e d lin g  e m e r g e n c e  

(61 p e r c e n t)  but th is  w as n o t s ig n if ic a n t ly  g r e a te r  than  fr o m  the h ig h e r  

r a te s  of a p p lic a t io n  (60 and 43 p e r c e n t ) .

E f fe c ts  o f F e r t i l i z e r s  on L e a f  G row th

T he e f fe c t s  o f f e r t i l i z e r s  upon e a r ly  and la te  l e a f  grow th  a r e  

g r a p h ic a l ly  p r e s e n te d  in  F ig u r e  5 . T h e s e  p r e s e n t  a p a tte r n  e q u iv a le n t  

to a  p o r tio n  of an  S -sh a p e d  grow th  c u r v e .

18
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T a b le  1 „ T he e f fe c t  o f f e r t i l i z e r  tr e a tm e n ts  on the e m e r g e n c e  of 
L eh m a n n  lo v e  g r a s s  21 d ays a f te r  p la n t in g .

F e r t i l i z e r s  and r a te s  
of a p p lic a tio n

' S e e d lin g  e m e r g e n c e
1 P la n ts  1 
1 p e r  f la t  1

1 I n c r e a s e  or  
'd e c r e a s e  o v e r  c h e c k

(pounds p e r  a c r e ) (a v g . n u m b er) (p e r c e n t)

N o f e r t i l i z e r 4 4 .7 5 0

A m m o n iu m  n itr a te  (3 3 - 0 - 0 )
25 6 8 .7 5 ■ 55
50 5 7 .5 0 28
75 7 1 .5 0 59

S u p erp h o sp h a te  (0 -4 5 -0 )
25 4 4 .2 5 -1
50 , 4 6 .0 0 2
75 ' 4 5 .2 5 1

A m m o n iu m  n itr a te -s u p e r p h o sp h a te
c o m b in a tio n

2 5 -2 5 7 2 .2 5 61
5 0 -5 0 7 1 .7 5 60
7 5 -7 5 6 4 .2 5 43

A v e r a g e  f e r t i l i z e r  e f fe c t
O 4 4 .7 5
N  " 65 i 87
P 4 5 .1 2
N P 6 9 .3 7

Standard  e r r o r 7 .0 7
5% L . S . D . 2 0 .5 0

A n a ly s is  o f v a r ia n c e

S o u rce  o f v a r ia t io n D e g r e e s  o f  fr e e d o m M ean  sq u a r e s

R e p lic a tio n s  3 44  .9 6
T r e a tm e n ts  9 6 2 0 .6 8 * *
E r r o r  27 1 9 9 .7 9

S ig n if ic a n t  a t the 1 -p e r c e n t  l e v e l  of p r o b a b ility .
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16
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22 2*
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3 16 22
Aug

23 3

240

ISO

120

60

r  v

P h o ip h o ru i N-P combination

0 lb#.
• 25

240

ISO

120

60

25 lb, r a t e

i . 1 1

5 0  lb . r a t e
• #■

75 lb. rate • ••

t i l l

Check

%

■ i i  ■ i

22 2S 34 40 22 28 34 40 22
Day* After Start of Experiment

28 34 40

F ig u r e  5 . F e r t i l i z e r  e f fe c t s  on le a f  grow th  of L eh m an n  lo v e g r a s s .  T op , c o m p a r iso n  of a g iv e n  f e r t i l i z e r  at
d if fe r e n t  r a te s  o f a p p lica tio n ; b o tto m , c o m p a r iso n  of d iffe r e n t  f e r t i l iz e r s  a t the sa m e  r a te s  of a p p lica tio n .



A lth ou gh  n itr o g e n  a t a l l  r a te s  of a p p lic a t io n  in c r e a s e d  the ra te  

of le a f  g ro w th , the m in im a l 2 5 -p ou nd  a p p lic a tio n  g a v e  th e g r e a te s t  

in c r e a s e .

P h o sp h o r u s  tr e a tm e n ts  r e s u lt e d  in  l i t t le  in c r e a s e  in  le a f  g ro w th , 

alth ou gh  a g a in  the 2 5 -pound  ra te  p ro d u ced  the g r e a t e s t  in c r e a s e  in  r a te  

of g ro w th  e

T he c o m b in a tio n  n itr o g e n -p h o sp h o r u s  f e r t i l i z e r , a t a l l  l e v e l s ,  

in c r e a s e d  the ra te  of le a f  g ro w th . T h e r e  w e r e ,  h o w e v e r , no a p p a ren t  

d if f e r e n c e s  b e tw e e n  the d if fe r e n t  r a te s  of a p p lic a t io n .

A  c o m p a r is o n  o f the e f fe c t s  o f the d if fe r e n t  f e r t i l i z e r s  a t  the  

sa m e  r a te s  of a p p lic a t io n  (lo w er  h a l f , F ig u r e  5) sh o w ed  th at a t the 5 0 -  

and 7 5 -pound  a p p lic a t io n  l e v e ls  th e  co m b in a tio n  n itr o g e n -p h o sp h o r u s  

f e r t i l i z e r  p ro d u ced  a g r e a te r  in c r e a s e  in  le a f  grow th  than  e ith e r  n it r o ­

gen  or  p h o sp h o ru s  a lo n e . A t the 2 5 -p ou n d  r a t e , n itr o g e n  a lo n e  p ro d u ced  

the g r e a t e s t  in c r e a s e  in  le a f  g ro w th . H o w e v e r , th is  in c r e a s e  w a s n ot  

a p p r e c ia b ly  g r e a te r  than the co m b in a tio n  n itr o g e n -p h o sp h o r u s  t r e a tm e n t .

It is  a  w e l l - e s t a b l i s h e d  fa c t  th a t n itr o g e n  and p h o sp h o ru s  p la y  a  

fu n d a m en ta l r o le  in  m e ta b o lism  and th at a d e f ic ie n c y  o f e ith e r  e le m e n t  

r e ta r d s  the m e ta b o lic  r a te ,  and th e r e b y  l im it s  grow th  (A lliso n , 1957; 

B la c k , I 9 6 0 ) .  T he r e s u lt s  of th is  stu d y  in d ic a te  th at the 2 5 -pound r a te  

su p p lied  the m in im a l am ou n ts of n itr o g e n  and p h o sp h o ru s  n eed ed  w h ich  

p r e su m a b ly  w ou ld  a cco u n t fo r  the fa c t  th at the h ig h e r  r a te s  of a p p lic a t io n  

y ie ld e d  no in c r e a s e  in  r a te  of g ro w th .



E ffe c ts  o f F e r t i l i z e r s  on G r a ss  Y ie ld

A ll  r a te s  of am m on iu m - n itr a te  a p p lic a t io n  p ro d u c e d  s ig n if ic a n t  

in c r e a s e s  in  y ie ld  p e r  f la t  and in  w e ig h t  p e r  p la n t (T a b le  2 ) . The a d d i­

tio n  of a m ou n ts b eyon d  the 2 5 -p o u n d -p e r -a c r e  l e v e l  d id  n o t , h o w e v e r ,  

s u b s ta n t ia lly  in c r e a s e  the y ie ld  p e r  f la t  or  p e r  p la n t.

A t a l l  l e v e l s  o f a p p lic a t io n  th e su p e rp h o sp h a te  f e r t i l i z e r  w hen  

a p p lied  a lo n e  sh o w ed  no s ig n if ic a n t  d if fe r e n c e  in  y ie ld  p e r  f la t  a s  c o m ­

p a red  w ith  the u n tr e a te d  f la ts  (T ab le  2); S im ila r ly ,  p h o sp h a te  f e r t i l i z a ­

tio n  a t the 2 5 -  and 5 0 -p ou nd  r a te s  o f  a p p lic a tio n  d id  n o t r e s u l t  in  a s i g ­

n if ic a n t  in c r e a s e  in  w e ig h t  p e r  p la n t . H o w e v e r , the 7 5 -p o u n d  ra te  d id  

r e s u lt  in  a  s ig n if ic a n t  in c r e a s e  in  w e ig h t  p e r  p la n t.

A t a l l  l e v e l s  o f a p p lic a t io n  the co m b in ed  n itr o g e n -p h o sp h o r u s  

f e r t i l i z e r  p ro d u ced  a  s ig n if ic a n t  in c r e a s e  in  y ie ld  p e r  f la t  and w e ig h t  

p e r  p la n t (T a b le  2 ) . T h e s e  in c r e a s e s  w e r e  two and o n e » h a lf  to Tour 

t im e s  the y ie ld  o b ta in ed  fr o m  the u n fe r t i l iz e d  f la ts  . F r o m  the s ta n d ­

p o in t o f both  w e ig h t  p e r  f la t  and w e ig h t  p e r  p la n t, a p p lic a t io n s  of c o m ­

b in ed  f e r t i l i z e r  a t the 5 0 -  and 7 5 -p ou nd  r a te s  p ro d u ced  s ig n if ic a n t  

in c r e a s e s  o v e r  th o se  r e c e iv in g  o n ly  n itr o g e n  or p h o sp h o ru s  . E x c e p t  

fo r  the w e ig h t -p e r -p la n t  r e s p o n s e  a t  the 2 5 -pound r a te  o f f e r t i l i z e r  

a p p lic a t io n , in c r e a s e s  fo r  both  y ie ld  p e r  f la t  and w e ig h t  p e r  p la n t  

r e p r e s e n t  an  in te r a c t io n  or  s y n e r g is t ic  r e s p o n se  o v e r  the n itr o g e n  and  

p h o sp h o ru s  a lo n e .
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T able 2 „ The e ffe c ts  of f e r t i l iz e r s  on the forage  y ie ld  of Lehm ann
lo v e g r a s s  s e e d lin g s .

' A v e r a g e  y ie ld  of lo v e g r a s s
F e r t i l i z e r s  and r a te s 1 P e r  f la t 1 P e r  p lan t

o f a p p lic a tio n ' O ven - 'In c r e a s e ' Q v en - ' I n c r e a s e
' d ry ' o v e r 1 d r y 1 o v e r
\  w e ig h t  . ' ch eck ' w e ig h t ' ch eck

(pounds p e r  a c r e ) (g r a m s ) (p e r c e n t) ( g r a m s ) (p erce n t)

No f e r t i l i z e r 3 .5 3 0 . 078 0

A m m o n iu m  n itr a te  (3 3 -0 -0 )
25 1 0 .4 3 198 . 159 103
50 9 .0 3 155 .1 4 9 92
75 1 0 .6 9 203 . 146 87

S u p erp h o sp h a te  (0 -4 5 -0 )
25 4 .8 6 36 . 106 35
50 3 .9 6 12 . 082 5
75 5 .1 6 46 .1 1 3 44

A m m o n iu m  n i t r a t e - s u p e r ­
p h o sp h a te  c o m b in a tio n

2 5 -2 5 1 2 .1 2 243 . 167 114
5 0 -5 0 1 4 ,0 0 296 .2 0 0 156
7 5 -7 5 1 2 .9 9 268 • .2 0 6 164

A v e r a g e  f e r t i l i z e r  e f f e c t
O 3 .5 3 .0 7 8
N 1 0 .0 4 . 151
P 4 .6 5 . 100
N P 1 3 .0 2 . 191

Standard  e r r o r 1 .2 0 .0 1 2
5% L . S . D . 3 .4 8 .0 3 5

A n a ly s is  of v a r ia n c e

S o u rce  o f v a r ia t io n D e g r e e s  o f fr e e d o m M ean sq u a r e s

P e r  f la t P e r  p la n t

R e p lic a tio n s 3 . 7 .8 3 .0 0 3 1 4
T r e a tm e n ts 9 6 2 .9 8 * * .0 0 8 1 5 *
E r r o r 27 5 . 80 .0 0 0 5 5

❖
S ig n if ic a n t  a t  th e  5 -p e r c e n t  l e v e l  of p r o b a b il i ty « 

S ig n if ic a n t  a t  the 1-p e r c e n t  l e v e l  of p r o b a b ility .
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R e p r e s e n ta t iv e  e f fe c t s  of the v a r io u s  k in d s and r a te s  of f e r t i ­

l i z e r s  on the s e e d lin g s  m a y  be s e e n  in  F ig u r e  6» It is  v is u a l ly  e v id e n t  

th at the f la ts  r e c e iv in g  the co m b in ed  n itr o g e n -p h o sp h o r u s  f e r t i l i z e r  had  

the th ic k e s t  s ta n d s  and m ad e m o s t  v ig o r o u s  g r o w th .

E f fe c ts  o f F e r t i l i z e r s  on N u tr ie n t C onten t 

P r o te in  C ontent

T he p r o te in  co n ten t of the L eh m a n n  lo v e g r a s s  s e e d lin g s  w as s i g ­

n if ic a n t ly  in c r e a s e d  b y  the a p p lic a tio n  o f n itr o g e n  a t a l l  r a te s  (T ab le  3 ) , 

In a d d itio n , the s e e d lin g s  r e c e iv in g  the 7 5 -pound  a p p lic a t io n  of n itr o g e n  

sh o w ed  a s ig n if ic a n t ly  g r e a te r  in c r e a s e  in  p r o te in  c o n te n t than th o se  

r e c e iv in g  the 2 5 -  and 5 0 -pound  r a t e s » P h o sp h o r u s  d id  n o t s ig n if ic a n t ly  

a f fe c t  the p r o te in  co n ten t o f the s e e d lin g s  .

A ll  r a te s  o f co m b in ed  n itr o g e n -p h o sp h o r u s  f e r t i l i z e r  in c r e a s e d  

the p r o te in  c o n ten t of the s e e d lin g s  s ig n if ic a n t ly „ H o w e v e r , th e r e  w as  

no s ig n if ic a n t  d if fe r e n c e  in  the p r o te in  co n ten t of the s e e d lin g s  tr e a te d  

w ith  co m b in a tio n  n itr o g e n -p h o sp h o r u s  f e r t i l i z e r  and th o se  tr e a te d  w ith  

o n ly  a m m o n iu m  n itr a te  o * \

P h o sp h o r u s  C onten t

P h o sp h o r u s  co n ten t of the g r a s s  w a s  not s ig n if ic a n t ly  in c r e a s e d  

b y  a p p lic a tio n s  of a m m o n iu m  n itr a te  (T a b le  4 }, In f a c t ,  th e p h o sp h o ru s  

co n ten t of the s e e d lin g s  r e c e iv in g  50 and 75 pounds of n itr o g e n  f e l l  b e lo w



F ig u r e  6 . F e r t i l i z e d  and u n fe r t i l iz e d  f la t s  sh o w in g  e f fe c t s  of 
d if fe r e n t  k in d s and r a te s  of c o m m e r c ia l  f e r t i l i z e r s  
on L eh m a n n  lo v e  g r a s s  s e e d lin g s  .
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T able 3» The e ffe c ts  of f e r t i l iz e r s  on the p ro te in  content of L ehm ann
lo v e g r a s s  seed lin g s  .

F e r t i l i z e r s  and r a te s  . 
o f a p p lic a t io n

' P r o te in  a n a ly s e s
' C ru de  
1 p r o te in

1 I n c r e a s e  or  
1 d e c r e a s e  o v e r  ch eck

(pounds p e r  a c r e ) (p e r c e n t) (p e r c e n t)

N o f e r t i l i z e r  - Z' ■ 1 4 .8 0 - 0

A m m o n iu m  n itr a te  (3 3 - 0 - 0 )
25 1 8 .0 9 22
50 1 8 .3 9 24
75 2 1 .7 8 47

S u p erp h o sp h a te
25 1 4 .7 7 0
50 1 6 .0 6 9
75 1 5 .6 8 6

A m m o n iu m  n itr a te -s u p e r p h o sp h a te
co m b in a tio n

2 5 -2 5 1 7 .1 4 16
5 0 -5 0 1 8 .9 6 28
7 5 -7 5 2 0 .8 6 41

A v e r a g e  f e r t i l i z e r  e f f e c t
O 1 4 .8 0
N 1 9 .4 0
P 1 5 .4 8
N P 1 8 .9 7

Standard  e r r o r .8 3
5% L . S . D . 2 .4 1

A n a ly s is  o f v a r ia n c e

S o u rce  of v a r ia t io n D e g r e e s  o f fr e e d o m M ean  sq u a r e s

R e p lic a t io n s 3 1 4 .9 5
T r e a tm e n ts 9 2 3 .4 6 * *
E r r o r 27 2 .7 7

S ig n if ic a n t  a t the 1 -p e r c e n t  l e v e l  o f p r o b a b il i ty «



27

T able 4 . The e ffe c ts  of f e r t i l iz e r s  on the phosphorus content of
L ehm ann lo v e  g r a ss  s e e d lin g s .

~ ____ — ,  — 1 ....  P h o sp h o r u s  a n a ly s e sJ2 C- JL LlJLLZjC L 5 CLI1U. LcLUC
of a p p lic a t io n

' . I n c r e a s e  or  
, P h o sp h o r u s  , . ' n d e c r e a s e  o v e r  c h eck

(pounds p e r  a c r e ) (p e r c e n t) (p e r c e n t)

N o f e r t i l i z e r .4 0 5 0
A m m o n iu m  n itr a te  (3 3 -0 - 0)

25 .4 5 8 13
50 .2 5 8 - 36
7 5 ' .3 8 0 - 6

S u p erp h o sp h a te  (0 -4 5 -0 )
25 .3 8 8 - 4
50 . 442 - 9
75 .4 4 5 10

A m m o n iu m  n itr a te -s u p e r p h o sp h a te
co m b in a tio n

2 5 -2 5 .4 1 5 2
5 0 -5 0 . 415 2
7 5 -7 5 .5 3 5 32

A v e r a g e  f e r t i l i z e r  e f f e c t
O •40
N .3 7
P .4 0  '
N P .4 6

Standard  e r r o r .0 4 3
5% L . S . D . , . 125

A n a ly s is  of v a r ia n c e

S o u rce  of v a r ia t io n D e g r e e s  o f fr e e d o m M ea n  sq u a r e s

R e p lic a tio n s 3 .0 2 4 8
T r e a tm e n ts 9 .0 1 9 9 *
E r r o r 27 .0 0 7 4

S ig n if ic a n t  a t the 5 -p e r c e n t  l e v e l  of p r o b a b ility .
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the l e v e l  o f the c h e c k  f la t .  T h is  d e c r e a s e  w a s s t a t i s t i c a l ly  s ig n if ic a n t  

a t the 50 -p o u n d  r a te  but n ot a t the 7 5 -p o u n d  r a te .  S im ila r  e f fe c ts  w e r e  

n oted  b y  D y e r  (1958) on r y e g r a s s  s e e d lin g s  and by A n k la m  (1962) on  

m a tu re  L eh m a n n  lo v e  g r a s s  p la n ts  .

T h is  d e c r e a s e  in  p h o sp h o ru s  c o n te n t o f th e p la n ts  f e r t i l iz e d  w ith  

n itr o g e n  m a y  be e x p la in e d  a s  fo llo w s :  T h e in c r e a s e d  r a te  of grow th  due

to n itr o g e n  a p p lic a tio n  r e q u ir e d  m o r e  a v a ila b le  p h o sp h o ru s  than the s o i l  

cou ld  p r o v id e . In o th er  w o rd s  , a d d itio n  o f n itr o g e n  f e r t i l i z e r  p ro d u ced  

g r e a te r  y ie ld  p e r  f la t  and w e ig h t  p e r  p la n t and d ilu ted  th e  p h o sp h o ru s  

a v a ila b le  to the s e e d l i n g s , r e s u lt in g  in  a  lo w e r  p h o sp h o ru s  co n ten t  

(A ll is o n , 1957; B la c k , 19 6 0 ).

A p p lic a tio n s  of su p e rp h o sp h a te  d id  n o t p ro d u ce  s ig n if ic a n t  

in c r e a s e s  in  p h o sp h o ru s  co n ten t of the s e e d l in g s ,  a lth o u g h  th e  a n a ly s is  

sh ow ed  a  10-p e r c e n t  in c r e a s e  in  p h o sp h o ru s  co n ten t a t  the h ig h e r  r a t e s .  

T h is  n o n s ig n if ic a n t  r e s p o n s e  m a y  be e x p la in e d  b y  a v a ila b i l i ty  o f the  

p h o sp h o ru s  in  the s o i l .  E v en  though th e  p h o sp h o ru s  l e v e l  in  the s o i l  

w a s lo w  (4 ppm ) th e a v a ila b i l i ty  w as p ro b a b ly  h igh  due to the fa v o r a b le  

pH of the s o i l  ( 6 .1 ) ,  w h ich  is  w ith in  th e ra n g e  of pH ( 5 .6  to  6 .5 )  n o ted  

b y  O lse n  and F r ie d  (1957) a s  the ra n g e  fo r  h igh  p h o sp h o ru s  a v a ila b i l i ty .

T he c o m b in a tio n  n itr o g e n -p h o sp h o r u s  f e r t i l i z e r  d id  not in c r e a s e  

the p h o sp h o ru s  co n ten t o f the L eh m a n n  lo v e  g r a s s  s e e d lin g s  s ig n if ic a n t ly  

a t the 2 5 -  and 50 -p ou n d  le v e l  of a p p lic a t io n  but d id  a t  th e 7 5 -pound  l e v e l .



P o s s ib le  ex p la n a tio n s  fo r  the in c r e a s e d  p h o sp h o ru s  c o n te n t  in  the p la n t  

a t the h igh  7 5 -p ou n d  l e v e l  of a p p lic a t io n  m a y  be |f i)  th e  r e s u l t  o f a b e t te r  

b a la n c e  of p h o sp h o ru s  w ith  o th er  m in e r a ls  (O lsen  and F r ie d ,  1957;

B la c k , I9 6 0 ) , or (2) an  a c c u m u la tio n  o f su r p lu s  p h o sp h o ru s  in  the p la n t .



CO NCLUSIONS

S tu d ies  h a v e  sh ow n  th at the n u tr it iv e  v a lu e  of g r a s s e s  m a y  be  

g r e a t ly  in flu e n c e d  b y  d if fe r e n c e s  of s e a s o n ,  lo c a t io n ,  and o th er  c l im a ­

t ic  and ed ap h ic  fa c to r s  (S ta n ley  and H o d g so n , 1938; Y oung and O tagak i, 

1 9 5 8 )o S in ce  th is  stu d y  w as co n d u cted  u n d er  e n v ir o n m e n ta l co n d itio n s  

w h ich  w e r e  qu ite d if fe r e n t  fr o m  th o se  a t  the s i t e  w h e r e  the s o i l  w a s  

c o l le c t e d ,  it  i s  lo g ic a l  to a s s u m e  th at the r e s u lt s  o b ta in ed  fr o m  the  

s tu d ie s  of L eh m a n n  lo v e g r a s s  grow n  in  T u c so n  a t th e  S o il  C o n se r v a tio n  

S e r v ic e  P la n t  M a te r ia ls  C en ter  m a y  b e so m e w h a t d if fe r e n t  fr o m  r e s u lt s  

th at m ig h t be o b ta in ed  fr o m  s tu d ie s  m a d e  a t the c h a p a r r a l - s o i l  s i t e 0 

H o w ev er  , an  a ttem p t w a s m a d e  to s im u la t e , a s  fa r  a s  p o s s ib l e ,  the  

c o n d itio n s  p r e v a ilin g  a t the c o l le c t io n  s i t e  b y  p la c in g  th e f la t s  u nder  

p a r t ia l s h a d e , A s  a r e s u lt  i t  is  b e lie v e d  th at the d if f e r e n c e s  in  c l im a t ic  

e f f e c t s ,  su ch  a s  th o se  due to te m p e r a tu r e  and h um id ity*  w ou ld  not be  

g r e a t  and th at in fo r m a tio n  o f p r a c t ic a l  im p o r ta n c e  to the r a n c h e r  can  be  

d ed u ced  fr o m  the r e s u lt  of th is  s tu d y 0 It i s  b e lie v e d  th a t w hen  r e s e e d ­

in g  c h a p a r r a l r a n g e s  th e s e  r e s u lt s  ca n  be u se d  to p r e d ic t  the r e s p o n s e s  

of c e r ta in  g r a s s e s  to c o m m e r c ia l  f e r t i l i z e r s , and p a r t ic u la r ly  the  

r e s p o n s e  of L eh m an n  lo v e g r a s s .
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A s a lr e a d y  r e p o r te d , th e  a p p lic a tio n  of n itr o g e n  a lo n e  g e n e r a l ly  

p ro d u ced  r e s p o n s e s  e q u iv a le n t to or  h ig h e r  than th o se  due to p h o sp h o ru s  

a lo n e  or  to the co m b in a tio n  n itr o g e n -p h o sp h o r u s  f e r t i l i z e r s  . T h e se  

r e s p o n s e s  in c lu d ed  e q u iv a le n t  or g r e a te r  e m e r g e n c e , r a te  o f le a f  g ro w th ,  

and p r o te in  co n ten t of L eh m an n  lo v e g r a s s  . A l s o , the n itr o g e n -p h o s -  

p h oru s co m b in a tio n  p ro d u ced  s ig n if ic a n t ly  g r e a te r  in c r e a s e s  in  y ie ld  

and p h o sp h o ru s  co n ten t o f the fo lia g e  o v e r  n itr o g e n  or  p h o sp h o ru s a p p lie d  

a lo n e , and p h o sp h o ru s  a p p lied  a lo n e  r e s u lte d  in  no s ig n if ic a n t  in c r e a s e  

in  an y  of the p la n t r e s p o n s e s  s tu d ie d . T h e s e  r e s u lt s  in d ic a te  that n it r o ­

gen  a lo n e  w il l  r e s u lt  in  good  e s ta b lis h m e n t  and grow th  but th at the c o m ­

b in a tio n  n itr o g e n  and p h o sp h o ru s  tr e a tm e n ts , w il l  g e n e r a lly , r e s u lt  in  

g r e a te r  y ie ld  and h ig h e r  n u tr ie n t co n ten t o f fo r a g e  than  n itr o g e n  a lo n e .

S in ce  the Z5 - pound r a te s  o f f e r t i l i z e r  a p p lic a tio n  g e n e r a lly  p r o ­

d uced  e q u iv a le n t  o r  g r e a te r  r e s p o n s e s  than the 5 0 - o r  7 5 -pound  r a te s  

in  e m e r g e n c e , r a te  o f le a f  grow th  and y ie ld  of L eh m a n n  lo v e g r a s s  , and  

s ig n if ic a n t ly  g r e a te r  r e s p o n s e s  w e r e  o b ta in ed  fr o m  the h ig h e r  r a te s  o f  

f e r t i l i z e r  a p p lic a t io n s  o n ly  in  p r o te in  and p h osp h o ru s c o n te n t of the 

f o r a g e , it  ca n  b e co n c lu d ed  th a t, in  g e n e r a l ,  the m o s t  e f f e c t iv e  r a te s  o f  

f e r t i l i z e r  a p p lic a tio n  fo r  e s ta b lis h m e n t  and grow th  o f L eh m a n n  lo v e g r a s s  

w ould  be a p p r o x im a te ly  25 pounds p e r  a c r e .  H o w e v e r , w h e r e  in c r e a s e s  

in  n u tr ie n t  co n ten t of the g r a s s  a r e  d e s ir e d  the h ig h e r  r a te s  of f e r t i l i z e r  

a p p lic a tio n  w ou ld  g e n e r a l ly  be m o r e  e f f e c t i v e ,
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To e v a lu a te  the e c o n o m ic s  o f f e r t i l i z e r  e f f e c t s  , in c r e a s e s  in  

fo r a g e  y ie ld  and n u tr ie n t  q u a lity , sa v in g s  in  s e e d in g  r a te s  , in c r e a s e s  

in  e r o s io n  c o n tr o l ,  and in c r e a s e s  in  s o i l  f e r t i l i t y  w o u ld  n e e d  to be  

ev a lu a ted  a g a in s t  f e r t i l iz a t io n  c o s t s .



SUM M ARY

L eh m a n n  lo v e g r a s s  (E r a g r o s t is  le h m a n n ia n a  N e e s} ' s e e d lin g s  

w e r e  grow n  in  f la t s  u n der p a r t ia l sh a d e  on s o i l s  tak en  fr o m  a  ty p ic a l  

c h a p a r r a l s i t e  in  c e n tr a l A r iz o n a . T h e e x p e r im e n t  w a s  con d u cted  fo r  

a p e r io d  of s ix  w e e k s  a t the S o il C o n s e r v a t io n  S e r v ic e  P la n t  M a te r ia ls  

C e n te r , T u c s o n , A r iz o n a , d u rin g  the s u m m e r  of 1 9 6 2 . F la t s  w e r e  

f e r t i l iz e d  w ith  a m m o n iu m  n itr a te ,  su p e r p h o sp h a te , and  a  co m b in a tio n  

of e q u iv a le n t  am ou n ts o f th e s e  tw o . A l l  f e r t i l i z e r s  w e r e  a p p lied  a t  

r a te s  of 2 5 , 5 0 , and 75 pounds of a c t iv e  in g r e d ie n t  p e r  a c r e  and c o m ­

p a red  w ith  u n fe r t i l iz e d  c h e c k  p lo t s .  R e s u lt s  w e r e  a s  fo llo w s :

1. S u p erp h o sp h a te  tr e a tm e n ts  a t  a l l  l e v e l s  fa ile d  to p ro d u ce  

s ig n if ic a n t  in c r e a s e s  in  e m e r g e n c e ,  y ie ld ,  or n u tr ie n t  c o n te n t of the  

s e e d lin g s .

2 .  T he a p p lic a tio n  of a m m o n iu m  n itr a te  p ro d u ced  s ig n if ic a n t  

in c r e a s e s  in  s e e d lin g  e m e r g e n c e ,  55 to  59 p e r c e n t  a t  th e  2 5 -  and 7 5 -  

pound r a te s  , r e s p e c t iv e ly ,  but e m e r g e n c e  w as not s ig n if ic a n t ly  g r e a te r  

a t the 50 -p ou n d  r a te .  A ll  r a te s  o f the co m b in a tio n  f e r t i l i z e r  s ig n i f i ­

ca n tly  in c r e a s e d  e m e r g e n c e , a p p r o x im a te ly  50 p e r c e n t .
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3 . M ark ed  in c r e a s e s  in  le a f  grow th  w e r e  ob ta in ed  a t a l l  r a te s  

of a p p lic a tio n  of a m m o n iu m  n itr a te  and co m b in a tio n  f e r t i l i z e r s  . T he  

m in im a l 2 5 -pound  a p p lic a t io n  of the th r e e  f e r t i l i z e r s  p ro d u ced  a s  g r e a t  

or g r e a te r  le a f  grow th  than the h ig h e r  r a t e s .

4 .  A ll  r a te s  o f a p p lic a tio n  o f a m m o n iu m  n itr a te  and co m b in a ­

tion  f e r t i l i z e r  r e s u lte d  in  s ig n if ic a n t  in c r e a s e s  in  y ie ld  of g r a s s  p er  

f la t  (155 to 296 p e r c e n t)  a s  w e ll  a s  w e ig h t  p er  p la n t (87 to 164 p e r c e n t ) .  

T he in c r e a s e s  in  y ie ld  a t  the 5 0 - and 7 5 -pound  r a te s  o f the co m b in a tio n  

f e r t i l i z e r  r e p r e se n te d  s ig n if ic a n t  s y n e r g is t ic  in c r e a s e s  in  both  w e ig h t  

p er  p lo t  and w e ig h t  p e r  p la n t a s  c o m p a r e d  to a p p lic a t io n s  of a m m o n iu m  

n itr a te  and p h o sp h a te  a lo n e .

5 . A ll  r a te s  of a m m o n iu m  n itr a te  and c o m b in a tio n  f e r t i l i z e r  

s ig n if ic a n t ly  in c r e a s e d  the p r o te in  co n ten t of the s e e d lin g s  . The  

in c r e a s e  a t the 7 5 -pound  ra te  w as s ig n if ic a n t ly  g r e a te r  than  a t the  

lo w e r  r a te s  =

. 6 o T he 75 -p ou n d  a p p lic a t io n  o f the co m b in a tio n  n itr o g e n -p h o s  - 

p h oru s f e r t i l i z e r  w as the o n ly  a p p lic a tio n  th at p ro d u ced  a s ig n if ic a n t  

in c r e a s e  in  the p h o sp h o ru s  co n ten t of the s e e d l in g s .

It w a s co n c lu d ed  that n itr o g e n  a lo n e  w il l  r e s u l t  in  good e s ta b ­

lis h m e n t  and g ro w th , but that the co m b in a tio n  f e r t i l i z e r  w ou ld  g e n e r a l ly  

r e s u lt  in  g r e a te r  y ie ld  and h ig h er  n u tr ie n t  co n ten t o f the fo r a g e .  . It 

w as a ls o  co n c lu d ed  th at the 2 5 -p ou nd  r a te s  of f e r t i l i z e r  a p p lic a tio n
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w ould  be m o s t  e f fe c t iv e  in  e s ta b lis h m e n t  and grow th  o f L eh m a n n  lo v e -  

g r a s s  , but w h e r e  in c r e a s e s  in  n u tr ie n t co n ten t a r e  d e s ir e d  the h ig h er  

r a te s  w ou ld  g e n e r a l ly  be m o r e  e f f e c t iv e »
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