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ijF l u V , l z  u f  . xx  i u t r i j t ®  u ^ m ^ T o  in  oM
TEs a w  m i  m b  . ^ sd  p h o o to tk n  o f ^ t > i a  j/u t& io * . u ts ljd .

I n t r o d u c t io n

Z o y sia  ja p o n lc a  u te u d . i s  a g r a s s  in tro d u c e d  from  th e  o r i e n t  which 

form® a v e ry  dens® t u r f  d e s ir a b le  f o r  many u s e s .  I t  seem s to  be p a r t ic u 

l a r l y  w e l l  a d a p te d  to  us© on p a rk s ,  c e m e te r ie s ,  a t h l e t i c  f i e l d s ,  law n s , 

and g o l f  c o u rse  f a irw a y s , llo s e r io u s  d is e a s e  o r  i n s e c t  p e s ts  a re  known 

to  a t t a c k  i t  when i t  i s  grown un d er f i e l d  c o n d i t io n s .  Inasm uch a s  k . 

japonic©  grow s a c t iv e ly  th ro u g h o u t th e  summer m onths and forms an  ex cep 

t i o n a l  iy  dense t u r f ,  i t  i s  a b le  t o  compete s u c c e s s f u l ly  w ith  © rab g rass  

and m ost o f  th e  o th e r  common t u r f  w eeds. In  t h a t  p a r t  o f  th e  e a s t e r n  

U n ited  ta t© a  which h as  been c a l l e d  th e  ’’c ra b g ra s s  b e l t "  (a  t r i a n g u l a r  

a r s a  w hich h a s  a s  i t s  p o in ts  t .  L o u is , P h i la d e lp h ia ,  and Kiohmond, th e r e  

i s  a g r e a t  need  f o r  such  a t u r f  g r a s s  (!? .)•

’There i s  no d o m estic  p ro d u c tio n  o f  seed  o f  h .  ja p o n ic  a  on a commer

c i a l  s c a l e .  I t  1 s  b e l ie v e d  th a t  th e  a v a i l a b i l i t y  o f  seed s u p p l ie s  would

make p o s s ib le  th e  use o f  1 .  ja p o n ie s  in  many more la r g e  t u r f  a r e a s .  There

a re  two c h i e f  r e a s o n s  why th e  l o y s i a  g r a s s e s  have no t been grown com m ercial

l y  i n  th e  U n ited  - ta t© s . On® i s  t h a t  g e rm in a tio n  no rm ally  i s  low  i n  un

t r e a t e d  seed® . T h is  d i f f i c u l t y  may be e l im in a te d  by th e  s im p le  o p e r a t io n  

o f  rem oving th e  glome w hich c o v e rs  th e  o a ry o p s ia  ( IB ) .  The o th e r  re a so n  

i s  t h a t  seed  y i e l d s  o f  common £ ,  japonic®, a re  r a t h e r  low and u n p r e d ic ta b le .

P re lim in a ry  tre a tm e n t s o f  sm all p l o t s  o f  4> jap o n ic  a i n  th e  f i e l d  

have in d ic a te d  t h a t  th e  n u t r i t i o n a l  s t a t u s  o f  th e  gras® may be one o f  th e  

more im p o rta n t f a c t o r s  g o v ern in g  seed  y i e l d .  The a p p l i c a t io n s  o f  m ixed 

f e r t i l i z e r s  som etim es nave a f f e c te d  seed y i e l d s  a d v e r s e ly .  T h is  i s
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© s p e c ia l ly  t r u e  i n  th e  ca se  o f  heavy a p p l ic a t io n s  o f  n itro g e n *

I t  m s  tin© p u rpose  o f  t h i s  s tu d y  to  d e te rm in e  th e  e f f e c t s  o f  v a r io u s  

l e v e l s  o f  s ix  n u t r i e n t  e le m e n ts  upon th e  g row th , seed  p ro d u c tio n , and 

tu r f - f o r m in g  a b i l i t y ,  o f  th e  <£-5£ s t r a i n  o f  4* jsp e n tc a *  in® e le m e n ts  

whose e f f e c t s  we re s tu d ie d  in c lu d e d  n i t r o g e n ,  p h o sp h o ru s , p o ta ss iu m , 

c a lc iu m , magnesium, and boron* Th© s tu d y  i s  based  upon th e  co n cep t t h a t  

e a c h  n u t r i e n t  e le m e n t, u n d e r  a g iv e n  s e t  o f  en v iro n m e n ta l c o n d i t io n s ,  w i l l  

p roduce a  maximal e f f e c t  a t  a  c e r t a i n  c r i t i c a l  l e v e l  o f  c o n c e n tr a t io n  w ith 

i n  th e  p la n t  t i s s u e s *  I f  th e  c o n c e n tr a t io n  o f  th e  e lem en t i s  beyond t h a t  

c r i t i c a l  l e v e l ,  i t  w i l l  pi'oduce no g r e a t e r  e f f e c t*  J o n e e n tra t io n s  o f  any 

p a r t i c u l a r  e lem en t which axe h ig h e r  th a n  o p tim a l a c t u a l l y  may be h arm fu l 

t o  th e  p la n t ,  because  o f  th e  f  *ct t h a t  an  im proper b a lan ce  may occur*  T h is  

ex p e rim en t was d e s ig n e d  to  d e te rm in e  th e  o p tim a l l e v e l s  o f  c o n c e n tr a t io n  o f  

th e s e  s ix  e le m e n ts  w ith in  th e  l e a f  b la d e s  o f  th e  g r a s s ,  when grown under 

th e  c o n d i t io n s  g o v e rn in g  th e  ex p erim en t*
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An acco u n t o f  th e  c l im a t ic  and s o i l  c o n d i t io n s  o f  th© n a t iv e  h a b i t a t  

o f  Z o y sia  ja p o n lo a  ap p e a re d  i n  th e  B u l l e t in  o f  th e  U n ite d  S ta t e s  G olf  

A s s o c ia t io n  G reen  S e c tio n  in  1930 ( 1 ) .  Deed and  p la n t s  o f  t h i s  g r a s s  were 

se n t to  th e  U n ite d  s t a t e s  D epartm ent o f  A g r ic u l tu r e  by Mors© and D orsett  (1)  

from  Korea i n  1931 • F o rbes and F erguson  (17) r e p o r te d  on t h i s  and e a r l i e r  

in t r o d u c t io n s ,  and on th e  d i s t r i b u t i o n  and b e h a v io r  o f  th® h o y s ia  g r a s s e s  

i n  th® U n ited  u ta tee*  They a ls o  (18) r e p o r te d  th e  r e s u l t s  o f  g e rm in a tio n  

t e s t s  a© a f f e c t e d  by seed  t r e a tm e n t ,  p la n t in g  m ethods, and  g e n e t ic  v a r i a b i l 

i ty *  C h ild ers  (10) has r e p o r te d  t h a t  D oysia mat r e  11a M arr* i s  a s h o r t  day 

p la n t*  T h is  f a c t  h as  been  found to  be t r u e  a l s o  i n  th e  case  o f  G* ja p o n ic  a 

by th© a u th o r  and by F o rb es  (18)*  The v a lu e  o f  G* japonic®  f o r  us® in  t u r f  

h a s  been d is c u s s e d  by Gran and F erguson  (19)*

The l i t e r a t u r e  on th® s u b je c t  o f  m in e ra l n u t r i t i o n  o f  h ig h e r  p la n t s

has grown trem endously i n  r e c e n t  y ea rs*  G oodall and G regory  (SO) r e c e n t ly  

rev iew ed  th e  s u b je c t  v e ry  th o ro u g h ly *  The volume o f  th® l i t e r a t u r e  i s  in 

d ic a te d  by th e  f  o t t h a t  th® work by G oodall and G regory  (£0) i s  appended 

by a b ib liograp h y  c o n s is t in g  o f  37 pages* Beeson (3 ) r e p o r t in g  on m in e ra l 

co m p o sitio n  o f  c ro p  p l a n t s ,  c i t e s  607 re fe re n c e s *  I n  a d d i t io n  t© th e se  

r a t h e r  e x te n s iv e  re v ie w s , th e r e  are s e v e ra l  e x c e l l e n t  rev iew  p a p e rs  which 

have ap p ea red  in  th© Annual he view  o f  b io c h e m is try  ( 7 ,9 ,3 0 ,3 1 ,  and 4 6 ) .  

N ig h tin g a le  (34 ) has review ed th e  s u b je c t  o f  n i t r o g e n  n u t r i t io n *  Hoagland 

(23) i n  a s e r i e s  o f  l e c t u r e s  has p ro v id e d  an  e x c e l l e n t  in s ig h t  in to  th e  

p rob lem s in v o lv ed  i n  th® m in e ra l n u t r i t i o n  o f  p l a n t s .

The work o f  H o ffa r  (2 4 , 26) and o th e r s  h as  s t im u la te d  i n t e r e s t  in

th e  use o f  t i s s u e  a n a ly s e s  a s  a g u id e  to  th e  n u t r i t i o n a l  s t a t u s  o f  plant® *



4

<hil© many w o rk ers  a r e  a g ree d  upon th® p r in c ip le  o f  a s s e s s in g  m in e ra l 

n u t r i t i o n a l  s t a t u s  by a n a ly s e s  o f  p la n t  p a r t s ,  t-here a p p e a rs  to  be a d i 

v e r s i t y  o f  o p in io n  re g a rd in g  th® i n t e r p r e t a t i o n  o f  r e s u l t s *  Lundegardh.

(30) baa s t a t e d  h i s  v iew s, in  p a r t ,  a s  fo llo w s :

f,I t  r a s  been o b je c te d  a g a in s t  l e a f  ana Ly s i  a t h a t  th e  n u t r i e n t s  can  

v a ry  a g ro a t  d e a l w ith o u t a c o rre sp o n d in g  v a r i a t i o n  in  y ie ld *  A th o ro u g h  

in v e s t i g a t i o n  shows th a t  t h i s  i s  t r u e  o n ly  a t  s u p ra -o p tim a l p e rc e n ta g e s*

A d i s t i n c t  l i m i t  can  be d is t in g u is h e d ,  below w hich g row th  in e v i t a b ly  de

c re a s e s *  V alues below t h i s  l i m i t  a re  th e  on ly  ones w hich have an i n t e r e s t  

from  th e  v iew p o in t o f  f e r t i l i z a t i o n . "

Chubb and tk in s o n  (11) and  A tk in so n , e t  a l*  (2 ) have r e p o r te d  t h a t  

th e y  found no s a t i s f a c t o r y  r e l a t io n s h ip s  betw een t i s s u e  t e s t s  and c ro p  

y ie ld s *  T is su e  t e a t s  were o f  some v a lu e  in  th® case  o f  n i t r a t e  resp o n se*  

on th e  o th e r  hand th e r e  a re  r e p o r t s  o f  d i r e c t  r e l a t io n s h i p  betw een t i s s u e  

t e s t s  and grow th  re sp o n se  by H i l l  and Cannon (2 2 ) ,  T yner (4 3 ) ,  and Kenworthy 

and G i l l i g a n  (2d)* There a re  many m o d ify in g  f a c t o r s ,  how ever, and th® r e 

l a t i o n s h i p s  a r e  n o t s im p le . F a c to r s  such  a s  tim e o f  sam pling  and  e n v iro n 

m en ta l c o n d i t io n s  .have been sh o rn  by Oain and Boynton (Q) and by .^ayze (3 ? )  

to  be im p o rta n t in  a t te m p ts  t o  c o r r e l a t e  grow th and y ie ld  re sp o n se s  to  

t i s s u e  t e s t s *

Th® co n ce p t o f  n u t r i e n t  b a lan ce  has been th® s u b je c t  o f  a g r e a t  d e a l  

o f  i n v e s t i g a t i o n  (3 9 , 4 1 ) .  T h is  f a c e t  o f  th® m in e ra l n u t r i t i o n  o f  p l a n t s  

appear©  t o  be p a r t i c u l a r l y  d i f f i c u l t  to  s tu d y  b ecause  o f  th e  many i n t e r r e 

l a t i o n s h i p s  o f  e le m e n ts  n e c e s s a r i ly  in v o lv e d . Chapman (9 ) h as  in d ic a te d  

t h a t  th® a b s o lu te  t o t a l  o f  a g iv e n  n u t r i e n t  i s  o f  some v a lu e  i n  a s s e s s in g  

th e  n u t r i t i o n a l  s t a t u s  o f  p l a n t s ,  bu t t h a t  th e  amount o f  a g iv en  n u t r i e n t  

l a  r e l a t i o n  to  th© l e v e l s  o f  o th e r  n u t r i e n t s  i s  a b e t t e r  c r i t e r i o n .  He
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sum m arizes h i s  view® th u s :  !' . . *  i t  i s  b o th  th e  b a lan ce  and th e  t o t a l  which 

count.**

Thara a r e  r ^ p o r t s  o f  s e v e ra l  c a s e s  in  whioh th e  t e s t i n g  o f  p la n t  p a r t s  

baa been used  s u c c e s s f u l ly  i n  d e te rm in in g  th e  f a r t  i l i z e r  needs o f  p la n ts *  

Boynton and Compton {6)» N ig h tin g a le  {32, 33) and K e a rse th  (38) a r^  among 

th o s e  wno nave r e p o r te d  th e  s u c c e s s fu l  use o f  such  raethods*

Concent r a t  i n s  e f  n itrogen , p h o sp h o ru s , p o ta ss iu m , c a lc iu m , and 

magnesium in  v a r io u s  grasses have been r e p o r te d  ( 5 , IS , 1 3 ,1 4 ,2 8 ,3 5 ,4 5 )*

P ie r r e  and Robinson (33} r e p o r t  phosphorus c o n c e n tr a t io n s  ra n g in g  from  0*161 

to  0*299 p e rc e n t  i n  th e  d ry  m a t te r  o f  K entucky b lu e grass grown u n d er e x p e r i 

m en ta l c o n d i t io n s ,  0 .1 2 6  to  0*226 p e rc e n t o f  phosphorus i n  th e  d ry  m a tte r  o f  

b rooms© dge, and  0 .1 0 5  to  0*263 p e rc e n t o f  phosphorus in  p o v e r ty  g ra ss*  They 

re p o r te d  ran g e*  o f  c a lc iu m  from  0*302 to  0*575 p e rc e n t i n  Kentucky b loegrass, 

0*263 to  0*579 p e rc e n t i n  brooms©dge, and 0 .2 5 5  to  0*368 p e rc e n t  i n  p o v e r ty  

g ra ss*  They s t a t e d  t h a t  th e  m inim al p e rc e n ta g e  o f  phosphorus f o r  K entucky 

b lu e g ra a s  i s  0*16 and th a t  th e  " c r i t ic a l* *  i s  0*30 p e r c e n t .  T ab le  1 c o n s i s t s  

o f  d a ta  ta k e n  from  a  r e p o r t  by O ooper, M itc h e l l  and Bage (13) i n  which th® 

mean c o n c e n tr a t io n s  o f  s e v e ra l  m in e ra l e le m en ts  i n  gras see a re  l i s t e d *

R eid (3 6 ) h as  r e p o r te d  th e  g row th  response®  o f  s e v e ra l  t u r f  g r a s s e s  

to  v a r i a t i o n s  i n  c o n c e n tr a t io n  o f  m in e ra l  e le m e n ts  in  n u t r i e n t  c u l tu re *  

K penoer, J e w e t t ,  and Fergus (40) have r e p o r te d  in c re a s e d  y i e ld s  o f  K entucky 

b lu e g ra s s  seed  r e s u l t i n g  from  th e  us© o f  n i t r o g e n  in  f e r t i l i z e r s  and l e a s e r  

y i e l d  in c r e a s e  a r e s u l t i n g  from  th e  use o f  phosphorus and p o ta ss iu m .

K raus and  Kray b i l l  (27) and N ig h tin g a le  (3 2 ,3 3 ,3 4 )  have d is c u s s e d  th e  

r e l a t i o n s h i p  o f  n i t r a t e s  and c a rb o h y d ra te s  reserv e®  a s  i t  a f f e c t s  f r u i t in g *  

Ohapman (9 ) has rev iew ed  th e  u u je o t o i u ^ r i t i o n  in  r e l a t i o n  to  f r u i t f u l n e s s  

and f r u i t  q u a l i ty *  Ho h as  a l s o  (9 )  rev iew ed  th e  in te r r e la t io n ®  o f  n u t r i e n t s *
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T43LU I* O oneeatratloas o f  elem ents la  percentage la  the dry m atter  

o f  grasses*

Orassee
:
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Kantookar bluegras© 1*93 0 .13 0 .11 0 .25 1 .51

Rhode Islan d  bentgrass 1 • El 0*84 0*11 0 .17 1 .32

Qanada b lu egm se 0*98 0 .20 0.09 0 .1 0 0 .8 3

3*eet veraa l grass 1*53 0 .11 0 .08 0.1S 1.11

Poverty gras© 1.20 0*19 0.0© 0 .10 o .s s

Broooaedge 0 .3 3 0 .16 0 .0 3 0*13 0 .71

Bermuda gras© 0*38 0*37 0 .27 0*88 -------

B a ll!a  grass 0*45 0*32 0 .3 6 0 .1 3 -------

Centipede grass 0*35 0*21 0 .48 0 .1 5

Carpet grass o .? i 0*38 0*21 0 .17 * » * » « »  4M
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vat on (18) haa r e p o r te d  boron  d e f ic ie n c y ,  t o x i c i t y ,  and ac c u m u la tio n  d a ta

f o r  a  la rg e  number o f  p la n ts*

iLLlL.MLLL AI'D MTTlltDf 

Z o y sia  ja p c a ic a  was in  a g reen h o u se  a t  H a l t s v i l l e ,  M ary land , d a r 

in g  th e  p e r io d  from  December 28, 1948 to  F eb ru a ry  18 , 1350. From Ifeoembox 

28,. 1948, u n t i l  May 1 , 1349, th e  g reen h o u se  te m p e ra tu re s  ranged  from  65° P* 

t o  85° F* L uring  th e  p e r io d  from  May 1 , 1949, to  F ebruary  18, 1950, th e  

te m p e ra tu re  ranged  from  75° F* to  110° F* Tho h ig h e r  te m p e ra tu re s  were 

e x p e r ie n c e d  d u r in g  th e  summer m onths, e s p e c ia l ly  d u r in g  Tu ly  and * u g u s t• 

s to lo n  t i p s  from  a s in g le  c lo n e  o f  th e  ,.j- 52 a t i 'a in  o f  Z oysia  ja p o n ic a  

were ro o te d  i n  washed q u a r tz  sand* 8ach  s to lo n  t i p ’c o n ta in e d  t i r e e  nodes*

S ix  s to lo n s  were ro o te d  in  e a c h  crock* The g la zed  crocks were p a in te d  cn 

th e  in s id e  w ith  a s p h a l t  v a r n is h .  M a s t ic  s c re e n in g  was p laced  o v er th e  

drainage h o le s  in  th e  c ro c k s  to  p ro v en t le a k ag e  o f  th e  sand*

N u tr ie n t  s to c k  s o lu t io n s  were d isp e n se d  from  b u r e t te s  and d i lu t e d  to  

th e d es ire d  co n cen t r a t  io n s  w ith  d i s t i l l e d  w a te r . N u tr ie n t  s o lu t io n s  were 

s u p p lie d  tw ic e  a week* D i s t i l l e d  w ate r  was used to  f l a s h  th e  c re e k s  a t  

a p p ro x im a te ly  weekly in te r v a ls *  T a rin g  e x trem e ly  ho t w ea th e r, d i s t i l l e d  

w a te r  was a p p l ie d  tw ic e  a week*

F o r convenience th e  s tu d y  was* d iv id e d  in to  s ix  sim ple random ized b lo ck  ex 

p e rim en ts*  Thee© w e.e d e s ig n  ..ted a s  the n i t ro g e n ,  phosphorus, p o ta ss iu m , c a l 

cium , magnesium, and boron  a e r ie s .  There were sev en  treatment- l e v e l s  f o r  each  

n u t r i e n t  elem ent* Lacii t re a tm e n t  was im p lic a te d  f o u r  tim es*  The r e  f o r a ,  in  ea ch  

o f  th® s ix  e x p © r ig h ts  th e r e  were 28 c ro a k s .  M l o th e r  n u t r i e n t  e le m e n ts , ex 

cep t the one which was being s tu d ie d  in  each  c a se , ware u a in ta in ed  a t  a con

s ta n t  ( i .e . ,  th e  m edian)le v e l*  I t  w s  assumed th a t the sm all amounts o f  sodium 

and c h lo r id e  io n s  w hich were used f o r  m a in ta in in g  an " io n ic  b a la n c e "  in  th e

n u t r i e n t  s o lu t io n s  were w ith o u t e f f e c t .
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f a b le  2 c o n ta in s  a l i s t i n g  o f  th e  r a t e s  a t  which th e  e le m e n ts  wens 

ap- l ie d #

I n  each  o f  th e  s ix  e x p e r im e n ts th e  m edian l e v e l  o f  each  o f  t he 

n u t r i e n t  e le m e n ts  was m a in ta in e d  c o n s ta n t ly  e x c e p t in  th e  case  o f  tiie  cn© 

e lem en t w hich w o b e in g  s tu d ie d #  I ro n  m s  s u p p lie d  a s  i r o n  c i t r a t e *  One 

m i l l i l i t e r  o f  a 0 ,5  p e rc e n t s o lu t io n  was adaed  to  e a c h  l i t e r  o f  n u t r i e n t  

s o lu t io n #  H inc , m anganese, co p p er and molybdenum were in c lu d e d  In  a 

m ic ro n u tr ie n t  s o lu tio n #  one m i l l i l i t e r  o f  t h i s  m ie rc n u tr ie n t  s to c k  s o lu t io n  

added to  one l i t e r  o f  th© n u t r i e n t  s o lu t io n  p ro v id e s  0 .5  p .p .m . o f  m anganese, 

0 .0 5  p.p.m # o f  x in c ,  0 .0E  p .p .m . o f  co p p e r, and 0 .0 5  p.p.m * o f  molybdenum.

T rea tm en ts  w ith  th e  n u t r i e n t  s o lu t io n s  were begun on Ja n u a ry  1 , 1949.

At t h a t  tiro© th e  s to lo n s  had s t a r t e d  to  ta k e  ro o t  and were .ready t o  b e g in  

grow th* H ip p in g s  were made a t ap p ro x im a te ly  m onth ly  i n t e r v a l s  b e g in n in g  

A p r i l  I ,  1949. he g ra s s  was c l ip p e d  ea ch  tim e to  a h e ig h t  o f  ap p ro x im a te 

l y  one in c h .  G-raso which i s  b e in g  grown f o r  t u r f  would be c u t more o f te n  

th a n  once a m onth u n d er norm al c o n d i t io n s .  In  t h i s  c a s e ,  how ever, i t  %ng 

n e c e s s a ry  to  a llo w  th e  g e i s s  t o  grow f o r  abou t a month in  o r d e r  t h a t  th e r e  

would be a la r g e  eucugh volume o f  c l ip p in g s  to  m easure a c c u r a te ly  ©mall d i f 

fe re n c e ^ -  in  w e ig h t. i'he l a r g e r  volume o f  c l ip p in g s  was n e c e s sa ry  a l s o  i n  

o r d e r  t h a t  th e r e  wool be s u f f i c i e n t  'm a te r ia l  from, th e  s lo w est grow ing p o ts  

f o r  m in e ra l a n a ly s e s .  T u rf  q u a l i ty  i s  no t dependen t upon th e  p ro d u c tio n  of 

fo rag e*  However, no b e t t e r  method has been d e v ise d  f o r  com paring th e  v ig o r  

and g e n e ra l  w e ll-b e in g  o f  t u r f  p la n t s  th a n  th e  use o f  c 1 ip p in g -y ie  1 d d a ta .  

There f e r e ,  th e s e  d a ta  were used a s  grow th  c r i t e r i a #  The c l ip p in g s  were 

d r ie d  f o r  a t  l e a s t  48 h o u rs  a t  a te m p e ra tu re  o f  a p p ro x im a te ly  100° F. They 

were th e n  w eighed . Y ie ld s  a re  e x p re s se d  a s  o v en -d ry  w e ig h ts .  The t o t a l



TABUS 2* h a te s  o f  a p p l i c a t i o n  o f  n u t r i e n t  3 Laments i n  s o lu t io n

* 1a . e . / L  *, : '  s Boron,a v e l .....         —  --------- ------------—— —    ■
s 1 rT w v  s : s i p .p .a *. MOg . HgP04 . r- . Ca Mg .

1 0 .1 0 .0 5 0 .1 0 .1 0 .0 5 0 .1

2 0 .3 0*2 0 .5 0 .5 0 .2 0 .3

3 2 .0 1 .0 2 .0 2 .0 1 .0 0 .4

4 5 .0 2 .0 5 .0 5 .0 2 .0 0 .5

5 1 0 .0 5 .0 1 0 .0 1 0 .0 5 .0 1 .0

& 1 5 .0 7 .0 1 5 .0 1 5 .0 7 .0 2 .0

7 SG.O 1 0 .0 20 .0 2 0 .0 1 0 .0 5 .0
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y i e l d s  from each  po t d a r in g  th e  e n t i r e  c o a rse  o f  th e  ex p erim en t h as  been 

ased  a s  th e  grow th r a t e  c r i t e r i o n .

P erh ap s  th e  b e s t  m easure o f  t u r f  q u a l i ty  i s  th e  d e n s i ty  o f  th e  crown*

The crown o f  th e  p la n t  in  t h i s  case  i s  in te n d e d  to  mean th a t  p a r t  o f  th e  

l e a f  b lad e  w hich rem ain s a f t e r  th e  c l ip p in g s  have been rem oved, to g e th e r  

w ith  th e  s to lo n  and rhizom e mat and th e  u p p er p o r t  io n  o f  th e  ro o t sy stem , 

t  th e  end o f  th e  e x p e r im e n t, th e  t u r f  was reraoved from  th e  p o t s ,  washed 

f r e e  o f  sand , and o v e n -d r ie d , - e ig h t s  o f  t h i s  m a te r ia l  were re c o rd e d  and 

i  ey  a re  e x p re s s e d  a s  ’’w e ig h ts  o f  c ro w n s .*

Inasm uch a s  Z . ja p c n ic a  i s  a  s n o r t-d a y  p l a n t ,  (1 0 , 16) f lo w e rs  began 

to  a p p e a r  i n  mid-KovQiaber. No f u r t h e r  c l ip p in g s  were mad® a f t e r  t h a t  d a te*  

F low ers c o n tin u e d  to  a p p e a r  u n t i l  a f t e r  l i g h t s  were tu rn e d  on in  o rd e r  to  

p ro v id e  lo n g  d a y s . A d d it io n a l l i g h t  was s u p p lie d  b eg in n in g  Ja n u a ry  1 6 ,1 9 5 0 . 

T a rin g  th e  p e r io d  from  December 1 , 1949 t o  Ja n u a ry  I d ,  1950, b lack  c lo th  

c o v e rs  had been used to  p ro v id e  an  8 -h o u r  day and to  p re v e n t a d is tu rb a n c e  

i n  f lo w e rin g  due to  i n c i d e n t a l  l i g h t .  At th e  tim e seed  head s  were h a rv e s te d ,  

(F e b ru a ry  18, 1 9 5 0 ), th e y  were n o t u n ifo rm ly  m a tu re . T herefo r® , seed he ad 

number a p p e a rs  to  be a more s a t i s f a c t o r y  way o f  e x p re s s in g  seed  y i e l d  th a n  

a n  e x p re s s io n  o f  seed  w e ig h t. A lthough  some seed  h ead s  war a s m a lle r  th a n  

o th e r s ,  th e  sm a ll seed  heads were produced  o n ly  in  th e  c a se  o f  th e  p o ts  

which had re c e iv e d  sm a ll am ounts o f  n i t ro g e n .  Inasm uch a s  th e s e  p o ts  p ro 

duced y i e l d s  (on a seed  head number b a s is )  which were- s ig n i f i c a n t l y  lo w e r 

th a n  p o ts  which ha a re c e iv e d  h ig h e r  am ounts o f  n i t r o g e n ,  i t  i s  f e l t  t h a t  

t h i s  d i f f e r e n c e  in  'seed head s iz e  i s  n o t im p o r ta n t .

C lip p in g s  w hich  m v e  h a rv e s te d  on f o u r  d i f f e r e n t  d a te s  were a n a ly z ed  

eh cm ica l.ly  to  d e te rm in e  th e  c o n c e n tr a t io n s  o f  n i t r o g e n ,  p h o sp h o ru s ,
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p o ta ss iu m , c a lc iu m , m agnesium , anfi boron w ith in  th e  l e a f  t i s s u e s .  The 

d a te s  o f  th e s e  c l ip p in g s  were Toly 26 , 1949; logu at 16, 1949 j S ep tem ber 14, 

1949; and O ctober 26 , 19 4 9 . The d r ie d  It:a , m a ter ia l was ground f in e ly  

e u  ugh to  p a ss  a  40-m esh screen*

The r a p id  a n a l y t i c a l  m ethods d e s c r ib e d  'by L in d n er (29 ) were used  to  

d e te rm in e  th e  am ount» o f  n i t r o g e n ,  p h o sp h o ru s , c a lc iu m , and magnesium * The 

n i t r o g e n ,  phosphorus and magnesium t e s t s  a r e  c o lo r im e t r i c ,  w h ile  th© 

c a lc iu m  t e s t  i s  t u r b i d i a e t r i c • These m ethods make use o f  a d ig e s t io n  

te c h n iq u e  which in v o lv e s  th e  use o f  s u l f u r i c  a c id  and SO p e rc e n t hydrogen  

p e ro x id e . 7'i s h e r t s  e ie a tro p h o to m e te r  was u< >d to  d a te  m in e  th e  v a r io u s  

d e g re e s  o f  c o lo r  and t u r b i d i t y .  .Potassium  was d e te rm in ed  by means o f  the

x /Beckman iflame ' spec tropho tom eter# ' 2 m  p e r^ x id e -d ig e e te d  m a te r ia l  used in  

th® o th e r  t e s t s  was used f o r  th e  spec t r o  phot cm® t r i e  d e te r m in a t io n s .

The q u l n a l i z a r in  te c h n iq u e  d e s c r ib e d  by M erger and Traog {4} was used 

f o r  th e  d e te rm in a tio n  o f  boron*

u  This instrum ent was made a v a i l a b le  f o r  th e s e  d eterm in ation s th ro u g h  th© 
c o u r te s y  o f  or* L* s* c o t t  c f  th e  ..^apartment o f  H o r t ic u ltu re *
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RdJlfLT:.. him DISGU ,BICH

C hem ical A n aly ses  o f  C lip p in g s

C lip p in g s  h a rv e s te d  a t  f o u r  d i f f e r e n t  d a te s  were a n a ly z e d  c h e m ic a lly  

i n  o rd e r  to  d e te rm in e  th e  co n cen t r a t io n s  i n  th e  le a v e s  o f  th e  n u t r i e n t  

e le m e n ts  s tu d ie d *  {fe e  t a b l e s  T ,4 ,5 ,  and 6* }• On© o f  th e  aim s o f  th e  ex 

p e rim e n t was t h a t  o f  d e tex ra im n g  w h eth er th e re  were a p p re c ia b le  changes in  

th e  c o n c e n tr a t io n s  o f  th e  e lem e n ts  a s  th e  ex p erim en t p ro g re sse d *  -oxne 

changes i n  c o n c e n tr a t io n  were found to  o c c u r , but w ith  a few e x c e p tio n s  th e  

v a lu e s  were found to  be r e l a t i v e l y  c o n s ta n t*  m e re  f o r e ,  f o r  th e  sale© o f  

c l a r i t y  and s im p l i c i ty ,  o n ly  th e  v a lu e s  o b ta in e d  from  ch em ica l a n a ly s e s  

o f  th e  c l ip p in g s  h a rv e s te d  on O ctober 25, 1149 a re  r e f e r r e d  to  in  t h i s  

d isc u s s io n *

The d a ta  in  t a b le  6 snow t h a t  th e r e  i s  a c o n s id e ra b le  range in  th e  con

c e n t r a t io n s  o f  th e  e le m e n ts  s tu d ie d *  The d a ta  a ls o  in d ic a te  t h a t  v a r i a t i o n s  

in  th e  c o n c e n t r a t io n  o f  one e lem en t may a f f e c t  th e  l e v e l s  o f  o th e r  e le m e n ts  

w ith in  th e  p la n t*  T his o b s e rv a t io n  i s  i n  agreem ent w ith  many r e p o r t s  i n  th e  

l i t e r a t u r e *  J’.owever, i t  i s  no t th e  purpose o f  t h i s  s tu d y  to  a t te m p t a c o r r e 

l a t e - n  o f  th e  c o n c e n tra tio n -: c f  v a r io u s  n u t r i e n t  e lem en ts*  The f a c t  t h a t  a 

c o n s id e ra b le  range in  the am ounts o f  th e  n u t r i e n t  e lem en ts  e x i s t s  w ith in  th e  

l e a v e s ,  p ro v id e s  a b a s is  f o r  s tu d y in g  th e  r  l a t i a n s h i p  betw een v a r io u s  l e v e l s

o f  n u t r i e n t  e le m e n ts  and y i e l d s  o f  c l ip p in g s ,  w e ig h ts  o f  crow ns, and y i e ld s  

o f  seed*

G & m ral ■ • p pe a ra  no©

Throughout th e  co u rse  o f  th e  ex p erim en t th e  p la n t s  were o b serv ed  c a r e 

f u l l y  in  an  e f f o r t  to  d is c o v e r  any d e f ic ie n c y  o r  t o x i c i t y  symptom© which 

m ight occur*  D e fic ie n c y  symptoms were re c o g n iz a b le  o n ly  in  th e  ca se  o f  

n itro g e n *  G rass  p la n t s  w hich c o n ta in e d  v ery  low am ounts o f  n i t ro g e n
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TABiTC 3* The c o n c e n tra iio n  o f v a rio u s  e lem ents in  c lip p in g s  h a rv e s te d  Ju ly  25*
1949# i l l  e lem ents were su p p lie d  a t  a c o n s ta n t (.median) le v e l  i n
each e a se , v^rth th e  ex cep tio n  o i th e  elem ent stud ied*

E lem en t
v a r y in g

t *
J T re a tm e n t 1 
s l e v e l  * 
: %

,» 1
tq 4

ill. 43 % f i-Uwg .

: 4

J r y  m a t te r  
%

oa mg

:
sBoron 
s p . p .m .

n i t r o g e n 0 • 5-;. e .ilG ~/L 0 .7 7 1 9 .7 4 2 0 .5 1 1 1 .8 5 1 6 .3 6 60
u 2 .0 d o  3 0 .9 4 2 0 .6 6 2 4 .3 6 1 5 .0 0 1 0 .6 9 80
n 5 .0 do i . 2 5 2 0 .6 8 2 9 .4 9 2 0 .0 0 1 5 .0 5 110
rt 1 0 .0 do 1 .5 5 1 6 .9 2 2 0 .5 1 1 1 .2 5 1 8 .1 7 110
it 1 5 .0 do 1 .7 0 2 0 .6 8 1 9 .2 3 7 .5 0 1 8 . 6? 110

Ih o sp h o ru # 0 .0  5-i . 6 . 112̂ 04/ ! 1 .1 6 9 .4 0 2 3 .0 8 1 0 .9 5 1 3 .1 6 60
» 0 .2 do 1 .0 6 1 !■ . >*■' 2 2 3 .0 8 1 4 .8 5 1 3 .3 2 50
n 1 .0 do 1 .1 0 1 6 .9 2 2 3 .0 8 1 3 .1 5 1 0 .3 6 55
n 2 .0 do 1 .1 9 2 2 .5 6 2 3 .0 8 1 5 .6 5 1 1 .2 7 75

5 .0 do 0 .9 9 3 2 .9 0 1 9 .2 3 1 1 .9 0 1 5 .2 9 60
»! 7 .0 do 0 .9 9 3 7 .6 0 1 7 .9 5 1 0 .0 0 9 .2 0 70
tt 1 0 .0 do 0 .9 7 3 7 .6 0 1 5 .3 8 8 .4 5 8 .6 3 60

r o ta s s lu m 0 . Ira. e . 1 / L 1 .0 3 1 8 .8 0 2 .5 6 1 3 .1 5 9 .9 5 55
?? 0 .5 do 1 .0 9 1 5 .9 8 -5 .1 2 1 1 .9 0 1 6 .1 2 60
n 2 .0 do 1 .0 1 1 8 .6 1 1 4 .1 0 1 0 .0 0 1 5 .1 3 55
n 5 .0 do 1 .1 1 2 4 .4 4 2 0 .5 1 1 5 .0 0 1 5 .9 5 60
n 1 0 .0 do 0 .9 ? 1 8 .8 0 t:'.G . <«-0 1 7 .5 0 6 .2 5 50
et 1 5 .0 do 1 . 01 1 5 .0 4 3 2 .0 5 1 5 .0 0 1 0 .3 6 45
?? 2 0 .0 do G.9& 1 5 .6 8 28 • 2u 5 .6 5 6 .4 1 50

C alc iu m G .lm . e . C a / l o .B 5 1 7 .8 6 1 2 .8 2 5 .3 0 1 2 . 1? 60
it 0 .5 do o .7 9 1 7 .8 6 1 5 .3 8 6 .2 5 1 2 .6 6 so
it 2 .0 do 0 .9 4 1 9 .7 4 1 5 .3 8 4 .4 0 1 3 .5 7 90
i i 5 .0 do 1 .0 4 2 1 .6 2 20 . 51 1 5 .3 0 1 4 .5 5 110
>f 1 0 .0 GO 0 .8 2 1 5 .0 4 2 0 .5 1 8 .1 5 1 2 .8 3 90
it 1 5 .0 do 1 .1 2 1 5 .0 4 .<0. 51 1 3 .7 5 9 .7 0 100
It 2 0 .0 do 1 .0 9 1 9 .7 4 2 0 .5 1 1 3 .7 5 8 .0 6 90

i^ g r ie s iu a 1 .o05ci .e .u g /M 0 .9 4 2 1 .  62 2 0 .5 1 2 1 .2 5 0 .9 9 80
?» 0 .2 do 1 .0 0 1 9 .7 4 2 0 .5 1 1 8 .1 5 4 *44 80
» 1 .0 do 1 .0 6 2 1 .6 2 2 0 .5 1 1 5 .1 5 9 .4 6 ao
tt 2 .0 do 1 .0 8 1 9 .7 4 1 9 .2 3 1 5 .0 0 9 .1 3 85tr 5 .0 do 0 .9 7 1 8 .8 0 2 3 .0 8 3 3 .1 5 1 6 .5 8 65
tf 7 .0 do 1 .0 6 1 8 .8 0 2 3 .0 S 2 4 .4 0 17*35 75H 1 0 .0 do 0*90 1 5 .9 8 2 1 .7 9 1 0 .6 5 1 4 .8 8 85

B oron o . i p  . p .ir i .o f  B 1 .1 4 2 1 .6 2 1 9 .1 3 1 5 .0 0 1 2 .1 ? 85
!f 0 .3 dO 1 .1 7 2 1 .6 2 1 9 .2 3 2 4 .4 0 1 5 .4 6 95
H 0 .4 do 1 .2 8 2 2 .5 6 2 3 .0 8 1 5 .6 5 1 5 .1 3 90
tf 0 .5 do 1 .1 3 2 3 .5 0 2 4 .3 6 1 5 .3 0 1 3 .4 0 80
n 1 .0 do 1 .1 8 2 4 .4 4 2 3 .0 6 1 5 .6 5 1 3 .1 6 110
n 2 .0 do 1 . 10 24 • 44 2 3 .0 8 1 3 .7 5 1 5 .9 5 160
n 5 .0 do 1 .0 0 1 2 .5 6 2 3 . 08 2 4 .4 0 I 2 . I ? .<40



TABT..K 4* The c o n c e n tra tio n  o f v a r io u s  elem ents in  c lip p in g s  h a rv e s te d
August 16 3 1949* A il e lem ents were su p p lie d  a t  a c o n s ta n t (.median)
in  each case  w ith  th e  ex cep tio n  o f th e  elem ent s tu d ie d .

i d em en t £ Treatment
a .e . / l O u g .  d ry  m a t te r

■ Boron
v a r y in g ; l e v e l  : 

: £ . 204 ;
k  i

Ca ; t i g ‘ P .P .;

n i t r o g e n 0 . 5 a . e.BOq/L G •  92 1 9 .7 4 28 .5 1 1 8 .2 5 1 1 .0 2 58
ft 2 .0 do 1 .2 ? 2 2 .5 6 2 1 .2 0 1 2 .5 0 1 1 .5 9 55
M $ .0 do 1 .7 2 2 4 .4 4 3 8 .4 6 1 5 .3 5 1 5 .0 5 100
ti 1 0 .0 do 2 .0 4 2 7 .6 6 3 3 .3 3 1 0 .6 0 2 0 .8 0 GO
It 1 5 .0 do 2 .1 0 2 9 .1 4 3 0 .7 7 1 0 .6 0 2 0 .6 4 80

P h o sp h o ru s 0.05m .e .K p lQ ^/L 1 .6 9 9 .4 0 3 0 .7 7 1 4 .6 5 9 .7 9 60
it 0 .2 do 1 .5 9 1 5 .0 4 3 0 .7 7 1 4 .4 0 7 .1 5 55
t» 1 .0 do 1 .5 0 2 0 .6 6 3 3 .3 3 1 0 ,0 0 8 .0 6 45
n 2 .0 do 1 .7 2 2 3 .5 0 3 3 .3 3 1 5 .6 5 1 3 .6 5 70
it 5 .0 do 1 .5 1 2 5 .3 8 2 5 .6 4 1 5 .6 5 9 .1 3 70
n 7 .0 do 1 .5 9 3 7 .6 0 2 4 .3 6 1 5 .0 0 7 .8 9 70
it 1 0 .0 do 1 .6 3 4 1 .3 6 2 4 .3 6 1 1 .2 5 8 ,0 6 58

P o ta s s iu m 0 .1 :a . e .  l / n 1 .5 9 2 3 .5 0 5 .1 2 1 3 .1 5 1 5 .4 6 55
ji 0 .5 do 1 .7 7 24 •  44 1 0 .2 4 1 3 .1 5 1 8 .3 4 55
ts 2 .0 do 1 .4 7 2 6 .2 0 2 3 .0 8 1 8 .7 5 1 4 .6 4 65
It 5 .0 do 1 .5 7 2 4 .4 4 3 8 .4 4 1 5 .6 5 1 4 .5 5 85
il 1 0 .0 do 1 .5 3 20 • 66 4 8 .7 2 2 5 .0 0 1 2 .6 6 70
if 1 5 .0 do 1 .4 3 2 1 .6 2 5 2 .5 6 1 1 .9 0 1 3 .5 7 65
n 2 0 .0 do 1 .5 0 1 9 .7 4 5 2 .5 6 1 5 .6 5 6 .0 9 60

C alcium G.Ltu e .C a /lf 1 .6 0 1 9 .7 4 2 3 .0 8 1 1 .9 0 1 2 .0 6 90
0 .5 do 1 .6 2 2 3 .5 0 2 4 .3 6 1 5 .0 0 1 1 .0 2 30

« 2 .0 do 1 .7 5 2 3 .5 0 2 5 .6 4 1 3 .7 5 9 .2 1 100
tt 5 .0 do 1 .6 7 2 4 .4 4 3 0 .7 7 1 8 .7 5 3 .4 5 105
t? 1 0 .0 do 1 .6 4 2 0 .6 6 3 0 .7 7 1 6 .4 0 4 .2 8 85
tt 1 5 .0 do 1 .6 4 2 1 .2 4 3 0 .7 7 2 0 .3 0 9 .4 6 65
n 2 0 .0 do 1 .6 2 2 0 . 65 3 8 .7 7 2 5 .6 5 7 .3 2 65

m agnesium 0.05m .  <3 .  /  ̂ Q ,j l  h 1 .4 6 2 5 .3 0 3 3 .3 3 1 1 .9 0 4 .2 S 90
n 0 .2 do 1 .3 1 2 a .  20 3 3 .3 3 1 4 .4 0 0 • 68 90
it 1 .0 do 1 .5 1 2 3 .5 0 3m. 7? 1 1 .9 0 5 .8 4 90
i? 2 .0 do 1 .5 9 2 7 .6 6 3 3 .3 3 1 1 .9 0 9 .7 0 95
ii 5 .0 do 1 .4 0 1 8 .8 0 3 2 .0 5 9 .4 0 1 4 .5 5 65
ti 7 .0 do 1 .4 0 1 8 .8 0 3 0 .7 7 9 .4 0 1 1 .6 ? 75
K 1 0 .0 do 1 .4 2 2 0 .6 0 3 0 .7 7 6 .3 0 1 1 .5 9 70

Boron G .lp . p »I£i . 1 .4 2 2 5 .3 8 2 8 .2 0 1 1 .2 5 1 0 .3 6 65
it 0 .3 do 1 .5 2 2 5 .3 3 2 8 .2 0 1 3 .7 5 8 .0 6 65
M 0 .4 do 1 .4 8 2 4 .4 4 3 0 .7 6 1 4 .4 0 8 .2 2 60
II 0 .5 do 1 .4 5 2 6 .1 3 3 0 .7 6 1 1 .2 5 9 .0 5 70
H 1 .0 do 1 .5 1 2 6 .1 3 2 8 .2 0 1 4 .4 0 8 .6 3 90
II 2 .0 do 1 .4 1 2 6 .1 3 2 8 .2 0 1 0 .0 0 6 .4 1 110
It 5 .0 do 1 .6 0 2 7 .6 6 2 8 .2 0 1 1 .9 0 l u .6 0 .160
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5. The c o n c e n tr a t io n  o f  v a r io u s  e lem en ts  i n  c l ip p in g s  h a rv e s te d  Septe.>- 
h e r  14 , 1949* a l l  e lem en ts  were s u p p lie d  a t  a c o n s ta n t (m edian)
l e v e l  i n  each  c a se w ith tiie e x c e p tio n o f  th e e lei; len t s tu d ie d .

: : :
ia .e • /lo o p * Orjr m a tte r :

len ien t : Tres tiiient t Vv" %r _pBoror
v a ry in g : l e v e l  : 

% *
JO *

rCX ; iv : Ga .
: p .p .r

h i t ro g e n G. 5-s.e «i'-i 0 '-J1 1 * 3 1 27 66 17 .95 !7 .9 5 0 . 9 0 55
St 2*0 do 1 .4 7 27 66 2 4 .3 6 1 1 ,9 0 1 .4 0 58
ft 5 .0 do 1 .8 7 25 36 28 • 20 13 .7 5 3 .2 1 90
!? 10*0 do 1 .9 4 3d 08 25 .6 4 13 .15 11 .49 70
II 1 5 .0 do a r 84 2 5 . 6 4 15 .00 16 .4  5 70

P hosphorus 0 .0  5m. e . l lZ^QijL i*6G 9 40 29 .49 25 .00 1 0 . 6 9 50
n 0*2 do l . d l 19 74 29 .49 30 .65 1 .1 5 60
»* JL * 0 do 1 .8 0 23 50 29 .49 31 .90 3 * Bp ■ u
If 2 .0 do J-. * O f-'- 2 9 14 2 9 .49 2 9 .4 0 . 11 To
?! 5*0 do 1 .7  3 02 90 2 4 . • 3 6 26 .55 4 • 52 80
1! ?*o do 1 .7 5 52 6 4 21 .79 17 .9 5 0 . 9 0 70
It 10*0 do 1 .8 5 4 0 50 19 .23 2 4 . 4o 5 .18 70

ro ta s s lu m 0 *JLj • iiy Xj 1 .7 4 23 50 5.12 r 4 .40 8 .8 8 60
it G * ^ do 1 , C!*4 23 50 1 0 .2 4 23 .75 1 2 .1 7 70
?! 2 .0 do 1 .6 9 25 3 6 21 .79 27 .80 9 .5 4 80
II 5 .0 do 1 .9 3 25 36 . 2d 21 .0 5 11 .92 70
H 1 0 .0 do 1 . 7 2 23 31 3 6 , 4 6 20 .3 0 9 .9 6 58
?f 1 5 .0 do 1 .6 9 22 56 4 1 .0  2 14 .40 6 .0 9 55II 2 0 .0 do 1 .5 5 .̂ *1 62 41 .0 2 16 .45 9 • 62 46

0 ct ~LOILLIHI . 0 &./ j * 1 .5 6 2i i f*Xj 2 5 .64 15 .0 0 10 .3 6 id f25H 0*5 do 1 .7 8 ro 20 2 5 .6 4 2 1 .25 1 1 . 2 7 n; \ f dtr # 0 do 1 .7 8 26 13 2 7 .97 28 .7 5 13 • 32 100
it 5 .0 do 1 .82 Bit 44 32 .0 5 2 5 . 0 0 1 7 .2 ? 90
tf 10*0 do 1 .5 9 21 62 32 .05 27 .80 d . 0 6 58
it X5*o do 1 .7 9 24 44 3 2 .0 5 2 8 .55 11 .1 8 58
t! 20*00 do 1 .6 2 15 0 4 32 .05 26.55 4 .2 8 70

if&gnes-i-uia 0 .05m* e .h g /L 1 .7 2 44 30 .77 1 6 .80 2 .0 6 45t? 0 .2 do f-.. 04 3o 08 34 • 61 7 .5 0 0 .4 1 55ti 1*0 do 1 .8 5 2 4 44 34 .61 11 .9 0 3 .0 4 70
it 2 . 0 do 1 *o9 2 5 33 35 .90 25 .6 5 11 .67 48
ti 5*0 do 1 .9 8 r./j 44 43 .5 9 9 .4 0 16 .7 ? 45it 7 .0 do 1 .6 2 30 06 39.74 15 .30 10 .20 33
t? 1 0 ,0 do 1 . 6 2 21 82 39 .7 4 6 . 2 5 1 3 .8 1 4 8

Boron 0  * I p  • £)*nt. 1 .7 2 26 32 3 0 .7 ? 1 5 .0 0 14 .3 1 48
it 0 .3 do X 0 50 --------- 1 0  • 0 0 6 .2 5 45
n \j *4 do i . 6 9 24 44 32 .05 15 .00 1 5 .13 50it 0 .5 do 1 .5 9 * O 32 r S« *3-3*9 23 .7 5 15.05 6 0
it 1 * O' do 1 .4 5 29 14 «£' -CT • 1  / .  20 1 5 .9 5 90H 2 . 0 do 1 .5 5 21 62 *20 1 0 . 6 5 12 .09 1 2 0
H 5 .0 do 1 .7 2 28 20 * 20 1 1 .9 0 10 . 69 140



16

T te  © o n e e n tra t io a  o f  v a r io u s  e le m e n ts  i n  © l ip p in g s  h a rv e s te d  C e to fce r 25 ,
1949* 111 e le m e n ts  ware &a p p lie d  a t  a c o n s ta n t I median) I ^ v e l  i a  each
c t s e ,  w ith  th e  e x c e p tio n o f th& e lem en t s t  u d ia d .

i l a m s t
* » * *
i T rea tm en t :

% If

**•
3 la.a ./iQ O g . Dry m a t te r

4
; Boron

v a ty in g : l e v e l  i • I »♦
Qa

ft* :p .p .E
* i • P04 . K • s ♦

K it  rog© a Qmfk&mO .  .aOra/l* 1 .1 4 2 5 .1 3 28 .20 18 .90 9 #54 70
w Gw/L 1 .5 7 24 .10 33 .3 3 1 8 .2 5 0 .0 5 60
tf 5 .0 do 1 .7 2 26 .79 3 9 .7 4 1 7 .6 5 1 2 .8 3 90
w 1 0 .0 do 2 .0 5 33 .7 5 35 .9 0 17 .6 5 S . 55 90
f* 1 5 .0 do 1 .9 7 s a . 7 3 38*46 1 7 .0 0 1 6 .4 5 90

i itosp iio ras O.Oaaue .HgJ O4/ L 1 .5 4 1 .4 5 3 0 .77 17 .00 4 . 0  6 43
w 0 .2 do 1 .5 6 17 .66 5 5 .90 17 .0 0 6 .0 6 40

1 .0 do 1 .5 5 21 .53 55 . 90 1 6 .3 5 11.59 40
» 2 .0 do 1 .5 0 2 4 .0 6 3 0 .7 7 22 .0 5 1 9 .0 0 60
ft'- 5 .0 do 1 .5 3 -32.90 28 .2 0 2 2 .6 5 18 .60 60
ft 7 .0 do 1 .69 33 .84 2 5 .6 4 17 .6 5 1 1 .67 00re 1 0 .0 do 1 .5 0 3 7 .90 2 5 .6 4 1 7 .6 5 1 2 .42 70

Potassium 0 .  Ini*,e .K /L 1 .4 7 23 .12 5 .1 2 1 7 .5 0 1 3 .9 8 80
« 0 .5 do 1 .6 7 .21.24 IS .  82 2 0 .65 20 .97 58
ft 2 .0 do 1 .5 4 2 6 .8 8 1 9 .2 3 2 0 .6 5 23.6© ©0
ft 5 .0 do 1 .4 5 2 6 .13 2 5 . 64 1 9 .4 0 £ 4 .6 7 53
it 1 0 .0 do 1 .7 0 20 .1 2 3 8 .46 2 3 .7 5 15 .7 9 50
ri 1 5 .0 do 1 .5 4 2 3 .1 2 43 .39 £ 3 .9 5 13 .57 48
ft 3 0 .0 do 1 .6 1 21 .1 3 48 .7 2 2 3 .1 5 1 2 .6 6 48

C alcium Q .la .a .3 a /L 1 .5 1 32.90 1 9 .2 3 1 3 .1 5 1 2 .75 70
« 0 .0 do 1 .5 6 32.71 23 .06 1 7 .2 0 8 .0 6 60
w 2 .0 do 1 .5 7 2 9 .1 4 25 .6 4 1 9 .4 0 15 .4 6 05It 5 .0 mo 1 .7 3 2 4 .4 4 27 .97 21.90 2 .8 8 75tf 1 0 .0 do 1 .5 6 21 .62 30 .77 £ 8 .75 7 .6 5 55
ft lo .O do 1 .7 4 2 1 .62 30 .77 £1 .90 4 .6 0 60ti 2 0 .0 do 1.61 2 4 .4 4 3 2 .06 £3 .75 6 .2 5 50

Magna slum O.O&a.e.fttg/X* 1 .5 3 3 2 .3 4 3 0 .7 7 18 .15 1 .0 7 @5» 0 .2 do 1 .6 1 29 • 61 2t> . 20 18 .7 5 1 .0 7 55
n 1 .0 do 1 .5 6 2 6 .52 2 5 .6 4 2 5 .0 0 4 .1 1 58
n 2 .0 do 1 .5 6 26 .3 2 2 8 .2 0 2 1 .90 1 0 .3 6 70
n 5 .0 do 1 .59 3 0 .08 33 .3 3 2 1 .0 5 1 5 .9 5 48
n 7 .0 do 1 .6 0 £3 .50 2 8 .20 £ 0 .3 0 1 2 .4 2 40ft 10 .0 do 1 .4 4 2 6 .3 2 28 .2 0 23 .7 5 1 5 .5 4 45

Boron G .lp . -p .m . 1 .5 3 £5 .38 3 3 .3 3 22 .50 1 3 .6 5 45it 0 .3 do 1 .5 6 3 0 .08 2 8 .20 1 6 .4 0 5 .5 9 53» 0 .4 do 1*45 31 .02 3 0 .7 7 20 .30 1 2 .0 3 00f* 0 .5 do 1 .3 9 52.90 28. £0 £5 .00 7 .8 9 80« 1 .0 do 1 .5 0 31 .96 30 .77 22 .8 0 1 0 .3 5 90ft 2 .0 do 1 .6 2 25 .3 8 25 .64 £ 3 .7 5 1 1 .7 6 130tt 5 .0 do 1 .5 6 £5 .19 30 .7 7 23 .75 10 .3 5 100
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produced  s h o rte n e d  l e a v e s ,  sh o rte n e d  in te rn o d e s ,  md© v ery  11 t t l e  g row th ,

and  p re s e n te d  a  y e l l o w ,  n o n rig o ro u s  a p p e a ra n c e , The lo w er le a v e s  o f  th e  

p la n t  became d ry  and s i  r& w ~eclore d •

An o v er-ab u n d an ce  o f  n i t r o g e n  produced an  ap p earan ce  fcaat war. a ls o  

c u i t e  e a sy  to  rseo g n ia e *  The l e i v e s  were e x c e p t io n a l ly  lo n g  and were a 

r i c h ,  d a rk  g re e n . Growth was e x tre m e ly  r a p id .

T o x ic ity  ^yrptom e ap p ea red  on th e  p o ts  o f  g r a s s  wuioh had re c e iv e d  

high, r a t e s  c 1 b o ro n . The t i p s  o f  th e  la - .v e s  became d a rk  brown f o r  a d i s - ,  

ta n c e  o f  a to u t  0 .5  to  one c e n t im e te r .  The m arg in s were u s u a l ly  brown f o r  

a s l i g h t l y  g r e a t e r  d is ta n c e  th a n  was th e  c e n te r  o f  th e  l e a f .

Y ie ld s  o f  C lip p in g s

A lths u' h y ie ld s  o f  c l ip p in g s  a r e  p oo r in d i c a to r s  o f  t u r f  q u a l i t y ,  

th e y  do f u r n i s h  a b a s is  f o r  e s t im a t in g  th e  v ig o r  and th e  r a t e  o f  grow th 

o f  g r a s s  p l a n t s .  The e f f e c t s  o f  ea ch  o f . th e  v a r io u s  n u t r i e n t s  on c l ip p in g  

y i e l d s  w i l l  be d is c u s s e d  s e p a r a te ly .

.E ffe c ts  o f  A itrc g e n  upon Y ie ld s  o f  C lip p in g s

H itro g e n  i s  th e  e lem en t w hich i s  most im p o rta n t in  th e  g row th  o f  

t u r f  g r a s s e s ,  .even l e v e l s  o f  n i t ro g e n  in  th e  n u t r i a n t  s o lu t io n  were 

s tu d ie d ,  ( 'f i e ld s  a re  r e p o r te d  f o r  th e  p o ts  i n  t h i s  ex p erim en t in  

t a b le  7 . 'rne a n a ly s i s  o f  v a r ia n c e  may be found in  Appendix t a b l e  1 ) .

The lo w es t l e v e l  (0 .1  m.©.,AG^/L0 produced  such  a sm all amount o f  grow th  

th a n  an i n s u f f i c i e n t  q u a n t i ty  o f  c l ip p in g s  c o u ld  he o b ta in e d  a t  any o f  

th e  fo u r  c l ip p in g  d a te s  f o r  chem ical a n a ly s e s .  • owever tn e  t o  -.a l  c l i p 

p in g  y i e ld  f o r  t h i s  l e v e l  o f  t re a tm e n t i s  r e p o r te d  in  t ’-sble 7 . The h ig h 

e s t  le v e l  o f  t re a tm e n t  (SO .O sue. l-O^/l.) p roduced  a very  lu s h ,  s u c c u le n t 

g ro w th . \xm to  th e  nigh l e v e l  o f  lo a f  p ro d u c tio n , w ith  a r a s u i t i n g  

in c r e a s e  in  th e  r a t e  o f  t r a n s p i r a t i o n ,  th e  p o t & .. vi n r



IS

TABLE 7# a f f e c t s  o f  v a r io u s l e v e l s  o f  n itr o g e n  in  tiie  n u tr ie n t  e o la t io n  upon 

c lip p in g  y i e ld s .  Y ie ld s  are ex p ressed  in  grams o f  dxy m atter*

B lock s

•
•

♦ft L ev e ls  o f Treatment (*?0a )

*0 .1 a * e ./L : 0.5m.o . /I , « * * 2.01E.9./’, : b.om.e ./I . £ 10. om .e./L : 15.cm.9 . /L
1 .....................

1 1*6 4.4 15.7 43.1 49,9 57.6

2 1.4 3*9 25.5 39.4 57.7 54.5

3 2.0 3*4 82*1 39*6 37.1 50.9

4 *8 £ .5 81*3 42*4 49.4 49.9

Mean 1 .4 5 3*35 21*15 41*13 40 .53 55.2

L .3 .D . a t  5$ l e v e l  -  6.40©  

L.S.D* a t  1'% l e v e l  «j 8*77©
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t h i s  l e v e l  o f  n itr o g e n  w ilte d  a t one tim e in  J u ly , 1949• The 

g ra ss  in  th e se  p ots  was in ju red  permanently and th e r e fo r e  was 

d isca rd ed  and e lim in a te d  from th e  experim ent* F igure 1 shows 

th e  r e la t io n s h ip  between growth as in d ic a te d  by c lip p in g  y ie ld s  

and th e  co n cen tra tio n  o f  n itro g en  in  the grass le a v e s*  ahe 

p o in ts  on t h is  graph rep resen t v a lu es  o b ta in ed  from a l l  th e  p ots  

in c lu d ed  in  th e s tu d y , reg a rd less  o f  which clem ent was v a r ie d .

Table 7 shows th a t  c l ip p in g  y ie ld s  in c re a sed  in  d ir e c t  propor

t io n  to  in c r e a se s  o f  amounts o f  n itro g e n  in  th e  n u tr ie n t  so lu 

t io n .

E f f e c t s  o f  rh o ap h o ru s Upon f i e l d s  o f  C lip p in g s

Table 8 co n ta in s  th e  y ie ld s  o f  c l ip p in g s  from th e  phosphorus 

s e r i e s .  The a n a ly s is  o f  varian ce fo r  th ese  data i s  shown in  

Appendix ta b le  2 .  The v a lu es  fo r  y ie ld s  r e s u lt in g  from a p p li

c a t io n s  o f  the f i r s t  and t h ir d  l e v e l s  o f  phosphorus (O .o5 and 

1 .0  n .e .  o f  r e s p e c t iv e ly )  are shown to  be s ig n i f i c a n t 

l y  low er than th o se  r e s u lt in g  from treatm ent a t h igh er l e v e l s .

The reason  fo r  the fa c t  th a t th e  second l e v e l  ( 0 .2  rn.e. h2to4A )  

produced a y i e l d  th a t  i s  s ig n i f i c a n t ly  h igh er than th o se  pro

duced by th e f i r s t  and t h ir d  l e v e l s ,  i s  not apparent.

F igure 2 shows th e r e la t io n s h ip  e x i s t in g  between l e v e l s  o f  

phosphorus found in  th e  le a v e s  and th e  y ie ld s  o f  c l ip p in g s • On 

th e  b a s is  o f  th e  r e la t io n s h ip  shown h are , i t  i s  d ou b tfu l i f  

phorphorue can be co n sid ered  to  be an im portant l im it in g  fa c to r  

in  the p rod u ction  o f  c l ip p in g s  o f  Zoysia 3 a p an ica .
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YiiKLS 8# ' k i f fea tB  o f  v a r io u s  l e v e l s  o f  phosphorus i s  tiie  n u t r i e n t  © e la tio n

apcn c l ip p in g  y i e l d s .  Y ie ld s  a r e  e x p re s s e d  l a  grams o f  d ry  m atter*

Blocks

*•
L evels o f  Treatment < W

s
•* .Q Sra.e./L ji 2ca • e » /u  

•

* +

11 ,0 *n* © ,/.!.< # 8 *oq»6 • /"L • •
 ̂S.ost.e./X* 

*

» 8
* 7 • o n ,e . / l  10m.e •/ L* s

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

2 2 7 .0 4 9 .7 2 5 .5  4 3 .6 4 6 .6 4 0 .5  5 9 .9

3 4 2 ,0 5 0 .4 4 8 .2  5 2 .6 4 4 .2 4 8 .7  4 2 .4

4 33*2 4 6 ,1 3 8 .5  4 2 .5 4 6 .8 4 4 ,3  4 6 .4

Mean 3 6 ,7 48 .9 7 3 8 .6 5  4 0 ,9 4 6 .4 7 4 4 .1  43 .2 7

L .S .D .

».i •  v j  ,  D  ,

a t  5$ l e v e l  

a t  i t  l e v e l

s  6 .48  

a  8 .8 7
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1 0

i
0  10 2 0  3 0
CONCENTRATION OF PHOSPHORUS 

m.e. P 0 4 / I 0 0 g .

4 0

FIGURE 2 . The r e la t io n s h ip  between the co n cen tra tio n  o f  phosphorus

(on a dry w eight b a s is )  and y ie ld s  o f c lip p in g s*
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) f  f a c t s  o f  Potassium , Upon Y ie ld s  o f C lip p in g s

Y ie ld s  o f  c l ip p in g s  from  p o ts  i n  th e  p o ta ss iu m  s e r i e s  a re  

g iv e n  i n  t a o le  9* The a n a ly s i s  o f  v a r ia n c e  f o r  th e s e  d a ta  i s  

shown i n  Appendix t a b l e  3 . The y ie ld  r e s u l t i n g  from th e  a p p l i 

c a t io n  o f  th e  t h i r d  l e v e l  (2 .Q m .e .il/L ) i s  s i g n i f i c a n t l y  h ig h e r  

at tiie 5 p e rc e n t  l e v e l  f o r  s ig n i f ic a n c e  th a n  th e  y i e l d  r e s u l t i n g  

from  th e  a p p l i c a t i o n  o f  th e  f o u r th  l e v e l  o f  p o ta ss iu m  (3 .0  m .e . K /L ). 

T here a re  no o th e r  s i g n i f i c a n t  d i f f e r e n c e s  i n  c l ip p in g  y i e ld s  ob

t a in e d  from  th e  p o ta ss iu m  s e r i e s .

F ig u re  3 shows th e  r e l a t i o n s h i p  betw een c o n c e n tr a t io n s  o f  

p o ta ss iu m  i n  th e  g r a s s  c l ip p in g s  ancl y i e ld s  o f  c l ip p in g s .

/although a w ide ran g e  o f c o n c e n tr a t io n s  of potassium , v as  fo u n d  

to  e x i s t  i n  th e  c l ip p in g s  from  t h i s  s tu d y , th e re  i s  no a p p a re n t 

c o r r e l a t i o n  betw een p o ta ss iu m  c o n c e n tr a t io n  and y i e l d  o f c l i p 

p in g s .  Under th e  c o n d i t io n s  o f  t h i s  e x p e rim e n t, th e  lo w e s t l e v e l s  

o f  p o ta ss iu m  were n o t found  t o  be l i m i t in g  v e g e ta t iv e  g ro w th .

E f f e c t s  o f  Calcium  Upon Y ie ld s  o f  C l ip p in g s .

Y ie ld s  o f  c l ip p in g s  o b ta in e d  from p o ts  i n  th e  ca lc iu m  s e r i e s  

arc g iv e n  i n  t a b l e  10 . The a n a ly s i s  o f  v a r ia n c e  f o r  t a e s e  d a ta  

i s  c o n ta in e d  i n  A ppendix t a b l e  4 .  The lo w es t r a t e  o f  a p p l i c a t i o n  

o f  ca lc iu m  ( 0 .1  m .e .C a /L ) p roduced  y i e ld s  :-hat were |?oorer a t  th e  

5 p e rc e n t  l e v e l  f o r  s ig n i f i c a n c e ,  th a n  tn o se  p roduced  by th e  seco n d  

l e v e l  o f  a p p l i c a t io n  ( 0 .$  m .e .C a /L ) . There w ere no o th e r  s i g n i f i 

c a n t d i f f e r e n c e s  i n  th e  y ie ld s  p roduced  by v a r i a t i o n s  o f  th e  

calcium levels.

F ig u re  4 i s  a g raph  w hich  shows th e  r e l a t i o n s h i p  betw een  th e
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TABLS 9* A fr e e ts  o f  v a r io u s  l e v e l s  o f  potassium  l a  t b® n u tr ie n t s o lu t io n

upon c lip p in g  y ie ld s*  Y ie ld s  mm  exp ressed  in  grams o f  dry m atter*

B lock s

s
*# L ev e ls  o f Treatment {K)

* / 5 • O . la . s . /L  s
•*

O.Sam.e./L . 2.cm «e*/L s / 5 . 5 .om .e*/L  . 1 0
ft

# onus # /L  *15 • Qisu e
#

.  /I4* 20*oi . 3̂

1 44*3 4 1 .6  3 9 .8 4 2 .0 4 3 .1 4 7 .0 4 3 . S

2 41*9 46*9 46*8 42*3 4 0 .3 3 9 .4 46*2

3 46*9 31*1 32*1 4 3 .3 4? .3 4 8 .4 47*4

4 49*3 3 8 .3  3 4 .8 4 0 .9 3 0 .1 5 0 . i 3 9 .0

Mean 43*6 44*6 4 8 .4 4 2 .1 4 3 .2 3 4 6 .3 4 4 .1

L.G.-D. a t  5^ l e v e l  ~ 6*18

L .S .D . a t  1M l e v e l  ~ 8*46
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FIGURE 3 . The r e la t io n s h ip  between th e  co n cen tra tio n  o f  potassium

(on a dry w eight b a s is )  and y ie ld s  o f  c l ip p in g s .
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TAffUS 1 0 , s f fa e t®  o f  v a r io u s  l e v e l s  o f  c a lc iu m  l a  tins n u t r i e n t  s o lu t io n

apoa c l ip p in g  y i e l d s .  Y ie ld s  a re  e x p re s s e d  in  g m a s  o f  d ry  m a t t e r .

B locks

*•
• Level®  o f T rea tm en t (Oa)

‘G . l c u e . / l .. ‘ O .Sm .e./T. J 2 .0 ia .e ./T , | S .O a .e . / l * 1 0 .o n z ,e ./L * 1 5 .o su e ./
.*.........  ,* . ... .. .......,fL*80,O!aa*&

1 4 4 .1 3 6 ,5 3 5 .4 35 .7 4 6 .0  4 5 .9 3 7 .9

2 2 2 .6 4 8 .5 3 3 .9 4 6 ,4 4 8 .6  3 7 .4 3 6 .1

3 2 6 .4 4 o .5 3 7 .2 4 9 .7 4 3 ,3  4 9 .0 4 1 .3

4 4 6 .1 4 8 ,8 4 9 .3 4 6 .6 4 5 .8  4 3 .8 4 9 .0

Mean 3 5 .3 4 5 .2 5 38 .9 5 4 4 .6 4 5 .6 3  4 3 .5 3 4 1 .0 8

L .S .B . a t  5& l e v e l  -  9 .3 3  

L . S . D .  a t  1% l e v e l  * 1 2 .7 8
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CONCENTRATION OF CALCIUM 

m.e. G a / l O O g

i T T R T  4 .  T h e  r e l a t i o n s h i p  b e t w e e n  t h e  c o n c e n t r a t i o n  o f  c a l c i . m

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



c o n c e n t r a t io n s  o f  c a lc iu m  w ith in  th e  le a v e s  and th e  y ie ld s  o f  

c l ip p in g s .  I t  may be seen  from  t h i s  g raph  t h a t  m ost o f  th e  

c o n c e n tr a t io n s  o f  ca lc iu m  o b ta in e d  i n  t h i s  ex p erim en t w ere i n  

th e  s u f f i c i e n c y  ra n g e . The th r e e  v a lu e s  w hich were below th e  

’’s u f f i c i e n c y ” l e v e l  a ins re g a rd e d  a s  i n s u f f i c i e n t  ev id en ce  upon 

w hich to  b a se  an a ssu m p tio n  t h a t  c a lc iu m  v i l l  l i m i t  veg& tive 

grow th o f  lo y s ia  a t  c o n c e n tr a t io n s  below 1 7 .0  m .e.G a p e r  100 

grams o f  d ry  m a t te r .

I ; f f e c t s o f  liam esiu m  Upon f i e l d s  o f  C l ip p ings
— . j m n n w iiT  —     » m .m •. n mi m  iw i.!^ h w»i ini

Y ie ld s  o f  c l ip p in g s  o f  p la n ts  grown w ith  v a ry in g  l e v e l s  o f  

magnesium a re  g iv en  i n  t : \o le  1 1 . The a n a ly s is  o f  v a r ia n c e  f o r  

these d a ta  i s  g iv en  i n  Appendix t a b l e  There i s  a  t r e n d  to w ard  

lo w er c l ip p in g  y ie ld s  a s  th e  l e v e l  o f  magnesium i n  th e  n u t r i e n t  

s o lu t io n  was in c r e a s e d .  The f a c t  t h a t  y i e ld s  from  th e  p o ts  su p 

p l i e d  with, th e  lo w e s t r a t e  o f  magnesium (G .05 m .e . l ig /h)  w ere 

h ig h e r  at the 5 p e rc e n t  l e v e l  f o r  s ig n i f i c a n c e ,  th a n  y i e l d s  from 

p o ts  s u p p lie d  w ith  th e  f o u r th  r a t e  o f  magnesium (2 .0  m e .  ig /L } ,  

i n d i c a t e s  t h a t  magnesium c o u ld  n o t oe c o n s id e re d  to  be one o f  th e  

f a c t o r s  l i m i t in g  grow th under th e  c o n d i t io n s  o f  t h i s  e x p e r im e n t.

F ig u re  5 i s  a g ra p h ic  p r e s e n ta t io n  o f  th e  r e l a t io n s h ip s  betw een  

th e  l e v e l s  o f  magnesium i n  th e  le a v e s  and  y i e l d s  o f  c l i p p i n g s .  The 

lo w e s t v a lu e  f o r  c o n c e n tr a t io n  o f  magnesium, i n  c l ip p in g s  i s  1 .0 7

m e .  o f  magnesium p e r  100 grams o f  d ry  m a t te r .  T hat t h i s  l e v e l  o f

magnesium i s  s u f f i c i e n t  t o  produce c lip p in g - y ie ld s  -which a re  among 

th e  h ig h e s t  i n  tiie  ex p erim en t i s  ev id en ce  t h a t  f o r  l e a f  grow th 

io y s ia  has a v e ry  low magnesium re q u ire m e n t. I t  may be assum ed
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TABL3 11* iS ffse ta  o f  v a r io u s  l e v e l s  o f  magnesium l e v e l s  i s  t&® n u tr ie n ts  s o lu 

t io n  upon c l ip p in g  y ie ld s *  Y ie ld s  are ex p ressed  i s  grams o f  dry m atter*

B locks

I
i L ev e ls  o f Treatment (Mg)
j
jO .G Ssue./L *0*2m .e./L

*
*l .o m .e ./L * 2*oia*e,/L

*

; s .  
%

om .e ./L  * 7 .0 m .® ./1 
• *

1 37*4 3 8 .2 3 9 .2 3 2 .6 4 6 ,4  4 0 .8 3 7 ,9

2 5 1 .7 36 .9 3 4 .2 38 .6 3 1 .1  3 3 .8 2 9 .4

3 46*6 5 1 .5 4 8 .1 2 9 .5 4 3 .0  4 3 .3 4 0 .4

4 5 1 .0 4 5 .3 4 8 .2 3 8 .5 3 2 .0  3 7 .2 3 7 .8

Mean 4 5 .6 3 4 3 .6 4 2 .4 3 3 4 .0 8 3 8 .1  38*78 3 6 .3 8

L .3 .L . a t  5|S l e v e l  -  8 .9 5

L .s .D ,  a t  1% l e v e l  -  1 2 .1 2 5
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%m% would seldom be a fa c to r  l im it in g  v e g eta tiv e

growbh u n d er f i e ld  conditions*

itffea te  o f  Boron open Y ie ld s o f  f lip p in g s

■ flipping y i e l d s  from  potis o f  d o y s ia  s u p p lie d  w ith  v a ry in g  

l e v e l s  ox' boron a r e  shown l a  t a b l e  12* The a a a ly s i*  o f  v a r ia n c e  

f o r  th e s e  d a ta  m y  be found l a  Appendix t a b l e  §# Tike re  were no 

s ig n i f i c a n t  differencea in yield o f  c l ip p in g s  harvested from pot® 

receiv in g  varying level®  o f boron*

: m  r e la t io n sh ip  between level®  o f  boron w ith in  the lea v e s  o f  

dcyeia  ana  yield®  o f  c lip p ln g e  i s  presented i n  f ig u r e  G* I t  ap

pear® tisa? boron i s  r e la t iv e ly  unimportant* w ith in  the range o f  

con cen tration s found i n  thl® experiment* in  i t s  e f f e o t  upon the  

v eg eta tiv e  growth o f  .-^oyaia* 

flaigfrfca o f  Jrowae 

Tim crown o f  a tu r f  gras® plant an defined  in  the foregoing ea e tlcn  

d escr ib in g  m a ter ia ls  ams methode* represent© the tu r f  th a t resmlne 

a f t e r  mowing o r  clipp ing*  The weight o f  the crown i s  th erefore  a 

good numerical value to  In d ica te  the d en sity  o f  the tu rf*  D ensity  

o f  tu r f  i s  one o f  the most important fa c to r s  date m in in g  tu r f  

qu ality*  -eighth o f  crowns in  r e la t io n  to  v a r ia tio n s  in  .lev e ls  o f  

the nut r ian t elem ents ineluded in  t h i s  study are reported and d is 

cussed in  the fo llow in g  paragraphs*

J f fe c te  o f  A«ltroyn opon R ig h ts  o f  irowna

The w eights of crowns obtained from pot a rece iv in g  d i f -  

le v e ls  of nitrogen  are reported in  ta b le  13* The 

a n a ly s is  o f variance for  th ese  data i s  -shown in  Appendix
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TABLS 12 . E ffe c ts  o f various l e v e ls  o f  boron in  the n u trien t so lu tio n  upon 

c lip p in g  y ie ld s*  Y ie ld s are expressed in  grams ©f dry matter*

Blocks
«
; L e v e ls  o f  Treatment {Boron)1 

O«* 
*«r Ip .p .m . jo . Sp.p.m. !0 .4 p .p .m .*(« r «... .........  •• * '

).5p,p .m .*1.0p.p.m #
.-r-...i....... .4 __ ___ ;.

* 2.0p .p .m . 
j......

15 .Op.p.m. #

1 19*1 41*8 34*8 41 .2  36 .1 45 . 5 32.9

2 27 .3  40 .0 38*1 50 .2  31 .1 40 .4 27.9

3 30 * 2 -̂ 3 . 4 37 .9 37.2  46 .4 4 5 .5 42 .1

4 44*0 19*9 19 .7 3 5 .5  3 6 .4 33 .8 38.4

Mean 30*15 32*33 32.63 41.03 37 .5 41 .3 35 .53

L.S.D . a t 5$ le v e l  -  11.99  

L .f . i ) .  a t 1# le v e l  * 16 .43
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TA-u.B 13 . >•: f l e e t  a o f  va rio u s l e v e l s  o f  n itro g en  in  th e  n u tr ie n t  so lu tio n , up

on w eigh ts  o f  erorns* e ig h ts  are ex p ressed  in  gratis o f  dry m atter*

Blocks
L ev e ls  o f treatm ent (WO )̂

1 1 5 .o m .e ./L0 * li.i • e • /l» # C
___ « >• 5-a«e./L

♦  .
J 2.0rxue./L ! j5 . Oiil 16 • J L J>U . Oltl t 6 * /Ls •

1 27 24 28 29 24 21

2 20 29 36 25 27 24

3 20 30 33 31 26 32

4 23 29 36 31 29 2?

Mean 2 2 .5 28 33 .75 29 2 6 .5 26

L .S .D . a t  5% l e v e l  s  5*42 

L.S.D.  a t  1% l e v e l  - 7 . 5



ta b le  ?• The t  , i r d  l e v e l  o f  n i t r o g e n  (2*0 m.e.HO^/L) 

produced a tu r f  w ith  a crown n ev in g  a s i g n i f i c a n t l y  

g r e a te r  w e ig h t th a n  t h a t  produced by arty o th e r  l e v e l  o f  

n itr o g e n  in  th e  study, w ith  th e  e x c e p tio n  o f  th e  fo u rth  

X. v e l  (5*0 n .e .liO y 'L ). The crowns produced by th e fou rth  

l e v e l  o f  n itro g e n  were not s ig n i f i c a n t ly  h ea v ier  th a n  

crowns produced by th e  o th e r  le v e ls *

These data i l l u s t r a t e  th e  fa c t  th a t  y ie ld s  o f  c l ip p in g s  

and d e n s ity  o f  t u r f  are not n e c e s s a r ily  co rre la ted *  I h i l e  

h igh er l e v e l s  o f  n itro g e n  produced corresp on d in g ly  h igh er  

y ie ld s  o f c l ip p in g s ,  t u r f  d e n s ity  d id  not fo llo w  th e  same 

pattern*

The r e la t io n s h ip  between w eig h ts  o f  crowns and concen

t r a t io n s  o f  n itro g e n  found w ith in  th e c lip p in g s  i s  shown 

in  f ig u r e  ? . The p o in ts  on t h i s  graph rep resen t th e  w eigh ts  

o f  crowns and co n ce n tr a tio n s  o f  n itro g e n  found in  a l l  th e  

p ots in  th e  exp erim en t• l o s t  o f  the p o in ts  th er e fo r e  re

p resen t v a r ia t io n s  in  l« iv e ls  o f  n u tr ie n t  elem ents o th er than  

n itrogen*  T his f ig u r e  in d ic a te s  th a t  very  low l e v e l s  and 

very  high  l e v e l s  o f  n itr o g e n  both produce l e s s  d e s ir a b le  

tu r f  from th e  s ta n d p o in t  o f  d e n s ity  than i s  produced by the  

a p p lic a t io n  o f  median l e v e l s  o f  n itr o g e n .

E f fe c t s  o f  Phosphorus Upon h e ig h ts  o i  browns.

The w eig h ts  o f  crowns from p ots o f  t u r f  grown under vary

in g  le v e l s  o f  phosphorus in  th e n u tr ie n t  s o lu t io n  are- shown 

in  ta b le  14* The a n a ly s is  o f  v arian ce  fo r  th e  data in  t h is  

ta b le  may be found in  Appendix ta b le  8* The w eig h ts  o f
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FIGURS 7• The r e la t io n s h ip  between the co n cen tra tio n  o f  n itro g en

(on a dry w eight b a s is )  and w eigh ts o f  crowns#



T&B'LS 14* i f f e e t s  o f  v a r io u s  lev e l®  o f  piio apiioras on t h e  n u t r i e n t  s o lu t io n  u p - 

pan  we i g n i s  o f  e row ns. e ig n t  s  a r e  e x p re s s e d  i n  gram s o f  d ry  m a tte r .

______________  L e v e ls  o f  T rea tm en t (HgK?4 )

O.OSka.e . / i  * 0*2ra.e »/L * l.O a i.e  . /L  * 2 .0 s i.e * /L  * 5 .0 m .e ./L *  7.0fii.a./& * lO ^a^ /L  s : : : : s

1 33 43 37 30 38 31 29

z 44 39 31 29 32 41 44

3 30 39 38 31 34 32 34

4 42 33 33 37 32 33 39

Mean 38.5 39.75 34.75 31.75 34 34.25 30.5



crowns from  p o ts  r e c e iv in g  th e  f o u r th  l e v e l  o f  phos

phorus (2*Qw*e*lIor 0 ^ /L ) , were s i g n i f i c a n t l y  lo w er th a n  

tn e s e  from  p o ta  r e c e iv in g  th e  f i r s t  and second  l e v e l s  

o f  phosphorus (0 .0 5  arid 0*2 / a .e . /L ,  r e s p e c t i v e l y ; f  were 

s i g n i f i c a n t l y  lo w er th a n  th o se  from  p o ts  r e c e iv in g  th e  

f i r s t  and second  l e v e l s  o f  phosphorus (0 .0 5  and 0 .2  

m .e . / b ,  r e s p e c t i v e l y ;♦ ».e ig h t s  o f  crow ns from  o th e r

p o ts  f e l l  betw een th e s e  v a lu e s  and were n o t s i g n i f i c a n t 

ly  d i f f e r e n t .  Inasm uch as th e  m edian l e v e l  o f  phosphorus 

produced  th e  p o o re s t  t u r f  i n s o f a r  a s  dens., ty  i s  co n ce rn ed , 

i t  m ust be assum ed t h a t  th e  phosphorus c o n te n t  o f  lo y s ia  

i s  n o t im p o rta n t i n  d e te rm in in g  t u r f  d e n s i ty  a s  lo n g  a s  th e  

phosphorus c o n c e n tr a t io n  i s  w ith in  th e  range found  i n  t h i s  

e x p e r t is e n t . The ran g e  o f  c o n c e n tr a t io n  i s  from 1*45 to  

73 m .e . p e r  100 grams o f  d ry  w e ig h t i n  c l ip p in g s  h a r

v e s te d  on O cto b er 25 , 1949*

F ig u re  8 shows th e  r e l a t io n s h i p  betw een phosphorus con

c e n t r a t i o n  in  c l ip p in g s  and th e  d e n s i ty  of crowns a s  i n d i 

c a te d  by t h e i r  d ry  w e ig h t .

n f f e c ta  o f  1 o ta ss iu m  Upon e ig h t s  o f  b raw ns.

T ab le  15 c o n ta in s  th e  w e ig h ts  o f  crow ns o f  p la n t s  grown 

u n ie r  v a ry in g  l e v e l s  o f  po tassium * The a n a ly s is  o f v a r ia n c e  

f o r  th e s e  d a ta  may 'be found  i n  Appendix t a b l e  9* The se v e n th  

.lA.ve! o f  p o ta ss iu m  (2 0 .0  m .e . o f  p roduced  crow ns which

were b a r e ly  s i g n i f i c a n t l y  h e a v ie r  ( a t  th e  5 p e rc e n t  l e v e l )  

th a n  crow ns p roduced  by th e  second  and t . d r a  l e v e l s  ( 0 .5  m .e . 

and 2 .0  m .e . o f  &/!», r e s p e c t i v e l y ; .  There w ere no o th e r
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TABUS 15* Effects o f  various levels o f  potassium In the nutrient solution up

on Heights of crowns* eights are expressed in gram® of dry matter*

B locks
t
*ft

L e v e ls  o f T reatm ent (K)

:» • lm*@./L 0*om*e*/l 2*0m.@*/L 5.0m*«*/L lQ.0m*e*/l, 15*0bu@*/L 20*0ta^l

1 31 32 33 35 32 37 47

M 32 31 33 34 40 34 35

8 36 30 30 28 35 23 34

4 43 23 25 31 38 43 36

l e a n 35*5 30.25 30*23 38 36*23 33*23 38*0

L .l.D *

L*f2** jO*

a t  5$ l e v e l  

a t  1# l e v e l

s  7*06 

8 9.69
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s i g n i f i c a n t  d i f f e r e n c e s  in  w e ig h ts  o f  crow ns. C hem ical 

a n a ly s e s  o f  th e  c l ip p in g s  d i s c lo s e s  t h a t  th e  range o f  

p o ta ss iu m  i s  from  5*1 to  4 8 ,7  a .e .K  p e r  100 grains o f d ry  

w eig h t in  c l ip p in g s  h a rv e s te d  on O cto b er 25* 1949• i n a s 

much as  th e s e  two v a lu e s  a re  a s s o c ia te d  w ith  y i e ld s  w hich 

a rc  n o t s i g n i f i c a n t l y  d i f f e r e n t ,  one m ust assume t h a t  

p o tass iu m  c o n c e n tra t io n s  f a i , i n g  w i th in  th e  ran g e  found  

in  t h i s  ex p erim en t a re  n o t im p o rta n t  from th e  s ta n d p o in t  

o f  t u r f  d e n s i ty .

The r e l a t i o n s h i p  betw een crown w e ig h ts  and  p o tass iu m  

c o n c e n tr a t io n  in  c l ip p in g s  i s  p re s e n te d  g r a p h ic a l ly  i n  

f ig u r e  9*

e f f e c t s  o f  Calcium  Upon h e ig h ts  o f  Crowns.

The w e ig h ts  o f crowns from  p o ts  s u p p lie d  w ith  v a ry in g  

l e v e l s  o f  calcium , o re  p r e s e n te d  i n  t a b l e  1 6 . The accom

pany ing  a n a ly s is  o f  v a r ia n c e  f o r  these: d a ta  i s  shown in  

append ix  t a b i c  10 . There i s  a g e n e r a l  t r e n d  to w ard  a n  i n 

c re a s e  in  th e  w e ig h ts  o f crow ns as  th e  c a lc iu m  su p p ly  i s  

in c r e a s e d .  The f a c t  tir .- t in c r e a s in g  amount© o f  ca lc iu m  

produce a c o rre sp o n d in g  in c r e a s e  In  d e n s i ty ,  w hereas th e r e  

was no c o rre sp o n d in g  in c r e a s e  i n  c l ip p in g  y i e l d s ,  i s  f u r t h e r  

ev id en ce  t h a t  y ie ld s  o f  c lip p in g ©  a re  o f  l i t t l e  v a lu e  a© a 

m easure o f  t u r f  q u a l i t y .

The r e l a t i o n s h i p  d#tw een crown w e ig h ts  arid ca lc iu m  con

c e n t r a t io n s  i n  th e  c l ip p in g s  i s  shown i n  f ig u r e  1 0 . T h is  

r e l a t i o n s h i p  i n d i c a t e s  t h a t  th e  h ig h e r  l e v e l s  o f  c a lc iu m  

a re  o f  v a lu e  i n  p ro d u c in g  dense t u r f  o f  h o y s ia  .ja p o n ic a .
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FIGURI2 9* The r e la t io n s h ip  between the co n cen tra tio n  o f  potassium
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Tabus 16* • i f  fo o t a o f  variou s l e v e l s  o f calcium  in  t&e n u trien t so lu tio n  upoa 

weigii&s o f  crowns* -<©igJat© are expressed i a  grams o f dry matter*

Blocks

••
** Levels o f Treatment (Oa)

Jo. I buo. / l 1
. *.. ....... -.......X

0* * /l E«^e«9*/L 3*Qbus m / i t
.i.. -.-............... i___ _. ... -

?X G .0m .© ./t1 IS .om .e */L :20jCtai^L
-I ....,,......T... #,........................ I.

1 m 28 29 32 54 40 46

2 m 59 30 49 51 38 59

3 i s 34 32 38 43 41 33

4 27 29 30 41 47 38 42

M©aa m 32 .3 29 .73 40 48*73 40*75 43

L*S«D*

L* S,D>

a t  5% le v e l

a t l'£ l e v e l

2 a . 25? 

s  11.31
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jIOUXl 10 . The r e l a t io n s h ip  betw een th e  c o n c e n tr a t io n  o f  ca lc iu m

(on a d ry  w eight b a s is )  and w eig iita  o f  crow ns.
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E f f e c t s  o f  Magnesium Upon W eights o f  Crowns,

T able 17 shows th e  e f f e c t s  on w e ig h ts  o f crow ns o f  

Z oysia  p la n t s  p ro d u ced  by v a ry in g  th e  l e v e l s  o f  magnes

ium i n  th e  n u t r i e n t  s o lu t io n *  The a n a ly s is  o f  v a r ia n c e  

f o r  th e s e  d a ta  i s  shown i n  Appendix, t a b le  11* As th e  

magnesium l e v e l  i s  in c r e a s e d  th e r e  i s  a c o r re sp o n d in g  i n 

c r e a s e ,  w ith  a few m inor i r r e g u l a r i t i e s ,  i n  th e  w e ig h ts  

o f  crow ns produced* i t  has been  p re v io u s ly  s t a t e d  t h a t  

magnesium, c o n c e n tr a t io n  i s  n o t  im p o rta n t i n  th e  p ro d u c tio n  

o f  c l ip p in g s *  I t  m ust be c o n s id e re d  im p o r ta n t ,  how ever, 

i n  th e  p ro d u c tio n  o f  d e n s i ty  in  tu r f *

f ig u r e  11 i s  a g raph  w hich i n d i c a t e s  th e  r e l a t i o n s h i p  

e x i s t i n g  betw een  magnesium c o n c e n tr a t io n  i n  le a v e s  o f  

Z oysia  and  w e ig h ts  o f  crowns*

E f f e c ts  o f  Boron Upon h e ig h ts  o f Crowns.

The w e ig h ts  o f  crow ns o f  z o y s ia  p la n t s  grown by th e  u se  

o f  n u t r i e n t  s o lu t io n s  c o n ta in in g  v a r io u s  l e v e l s  o f  b o ron

a re  shown i n  t a b l e  IB . A ppendix t a b l e  12 c o n ta in s  th e

a n a ly s is  o f  v a r ia n c e  o f  th e s e  da ta*  The lo w es t r a t e  o f  

bo ron  (0*1 p .p .m .)  p ro d u ced  crow ns w hich  w ere s i g n i f i c a n t l y  

h e a v ie r  ( a t  th e  5 p e rc e n t l e v e l )  th a n  crowns p roduced  by 

th e  t h i r d  l e v e l  ox bo ron  ( 0 .4  p .p .m . ) . However, none o f  

th e  o th e r  d i f f e r e n c e s  a re  s i g n i f i c a n t .  I t  i s  assum ed t h a t  

w ith in  th e  ran g e  o f  bo ron  s tu d ie d  i n  t h i s  e x p e r im e n t, i t  I s  

r e l a t i v e l y  u n im p o rtan t I n s o f a r  a s  t u r f  d e n s i ty  i s  c o n ce rn ed . 

F ig u re  12 i s  a g ra p h ic  p r e s e n ta t io n  o f  th e  r e l a t io n s h ip

o f  b o ro n  c o n c e n tr a t io n  i n  th e  c l ip p in g s  and  th e  w e ig h ts  o f  

crowns produced*
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TMu,.K 17* E f f e c t s  o f  v a r io u s  l e v e l s  o f  magnesium upon w e ig h ts  o f  crowns* 

h e ig h ts  a re  e x p re s s e d  i n  grams o f  d ry  m a tte r*

HI oekf? *
L ev e ls  o f  Treatment i[Mg)

:0
«
*

• QJwi.e./L * C 
»

* * kifl * 6 • /*i 1» dm «6 i / l i  Cfea t& i/lit •..- . , ft .......n .... ......A.......  -| . .... r... -
5 3 .0m *e./L :74ra.elr lsi:)Xte*VL

~S_ ..%........  . ?......... .

1 44 33 39 40 39 43 47

2 36 40 37 44 44 45 41

3 34 40 37 29 34 37 42

4 33 39 31 37 41 41 44

Mean 36*73 38 36 37*3 3 9 .5  42 4 3 .5

L .S .D . at *>% l e v e l  «  3*97 

L * 3 * D • a t  1% l e v e l  s  5 .4 4
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FIGURi 11* Tiie r e la t io n s h ip  between the co n cen tra tio n  o f  magnesium

(on a dry w eight b a s is )  and w eights o f  crowns.
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T/uJU:, 18* il f l e e t s  o f  v a r io u s  l e v e l s  o f  bo ron  in  t h e  n u t r i e n t  s o lu t io n  upon 

w e ig h ts  o f  crow ns. ’h e ig h ts  a re  e x p re sse d  i n  grams o f  d ry  m a tte r*

t L e v e ls  o f T rea tm en t (B oron)

:.. : U. Ip. p .  IQ..t ft
•

0*3p*p*£W.•
•

0.4p*p*m .‘ 0
•

* 5 * P .p .m .* *
«

1 .Op* p .-is#, •
*

2 .Q p .p .m #‘ !•

1 34 43 33 36 30 32 33

2 32 35 26 31 32 36 25

3 34 34 30 32 32 2 6 33

4 40 35 24 26 31 31 28

Lean 35 34*5 2 8 .2 5 31*25 31*25 31 .25 2 9 .7 5

L .S .D . a t  5> l e v e l  *  5*94 

ij»o »ij . a t  1l  l e v e l  x» &»1*+
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FIGURE 12* The r e la t io n s iiip  between tne con cen tra tion  o f  boron

(on a dry w eight b a s is )  and w eights o f  crowns*
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Y ie ld  o f  ;®ed neads

Inasm uch a s  t h i s  s tu d y  v.ns i n i t i a t e d  p r im a r i ly  f o r  th e  p u rp o se  

o f  o b ta in in g  in fo rm a tio n  with, re g a rd  t c  th e  n u t r i t i o n a l  re q u ire m e n ts  

o f  o o y sia  f o r  o p tim a l seed  p ro d u c tio n , th e  fo llo w in g  r e s u l t s  a re  con

s id e r e d  to  be r e l a t i v e l y  more im p o rta n t th a n  th e s e  a l r e a d y  p re se n te d *  

ead  head p ro d u c tio n  a s  e f f e c t e d  by th e  v a r io u s  n u t r i e n t  e le m e n ts  w i l l  

be d is c u s s e d  s e p a r a te ly  f o r  e a c h  elem ent*

E f f e c ts  o f  Nitrogen Upon eed Mead P ro d u c tio n

The e f f e c t s  o f  v a r io u s  l e v e l s  o f  n i t ro g e n  in  th e  n u t r i e n t  s o lu 

t i o n  upon th e  p ro d u c t io n  o f  seed  head s  i s  eitown i n  t a b le  19*

The cor., 3sp en d in g  a n a ly s i s  o f  v a r ia n c e  of th e s e  d a ta  may be 

found in  A ppendix ta b le  13* The t h i r d  and f o u r th  l e v e l s  o f  

nitrogen (2*0 m*@* and 5 .0  sue#  o f  p e r  l i t e r ,  r e s p e c t iv e ly )  

p roduced  s i g n i f i c a n t l y  g r e a t e r  num bers o f  seed  heads th a n  d id  

o th e r  l e v e l s  o f  n i t r o g e n  used  i n  t h i s  ex p erim en t*  There was no t 

a s ig n i f i c a n t  d i f f e r e n c e  between th e  numbers o f  seed, heads p ro 

duced by th e  t h i r d  and fo u r th  n i t r o g e n  le v e ls *  These d a ta  c o r 

ro b o ra te  e a r l i e r  f in d in g s  (27) w ith  re fe re n c e  t c  th e  r o le  o f  

n i t r o g e n  in  r e l a t i o n  to  f r u i t f u l n e s s  in  p la n ts*

f ig u r e  13 i s  a g ra p h ic  p r e s e n ta t io n  o f  th e  r e l a t i o n s h i p  be

tw een th e  c o n c e n tr a t io n  o f t o t a l  n i t ro g e n  i n  c l ip p in g s  and num bers 

o f  aead head s  produced* F ig u re  14 shows a . r e p r e s e n ta t iv e  

b lo c k  o f  th e  n i t r o g e n  s e r i e s  a t  th e  tim e o f  f lo w e r in g .

I t  may be concluded  from  th eh e  d a ta  t h a t  a t o t a l  n i t ro g e n  

c o n te n t o f  a p p ro x im a te ly  1*56 .percen t o f  th e  d ry  w eigh t i s  o p tim a l 

f o r  seed  p ro d u c tio n  u n d er th e  c o n d i t io n s  g o v e rn in g  t h i s  e x p e r i 

ment •



51

TABLS 19* gf foots of various levels of nitrogen in tJa© nutrient solution 

upon the number of seed neads pxcdaeed.

« Levels of Treatment (m>3)
oiÔ Ks .

» 0.1sa.e*/L *G*5m*@./L 2*0m*e*/L
*

' 5.om#e»/ • *# i ii i
L : 10*om*©./L * 15*©m*e./L
...I...-....................?..... ...........

1 11 7 17 19 1 2

2 6 13 31 m 13 2

5 9 1? 30 31 1 4

4 9 12 44 60 20 14

M ean 8.75 12*25 30*5 36*6 8.75 5*5

L • S* D • at 0;:t» level m 10*8© 

at 1,C level jj 16*05
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p ro d u c tio n  in  ^o y a ia  ja p c n lc a .
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A fre e ts  o f  ) h o sp h o ras  Upon -eed Head P ro d u c tio n

The e f f e c t  a o f  v a r io u s  l e v e l s  o f  phosphorus in  th e  n u t r i e n t  

s o lu t io n  upon p ro d u c tio n  o f  seed  deads o f  lo y s ia  a re  shown in  

t a b l e  20* The a n a l y s i s  o f  v a r ia n c e  f o r  th e s e  d a ta  i s  g iv e n  in  

A ppendix t a b l e  14* The f i f t h  l e v e l  o f  phosphorus (5*0 m*e*Hg JO4  

p e r  l i t e r )  produced  th e  g r e a t e s t  number o f  seed  beads* T h is  

v a lu e  was s i g n i f i c a n t l y  g r e a t e r  {at th e  1  p e rc e n t l e v e l )  th a n  

t h a t  f o r  th e  f i r s t  and t h i r d  l e v e l s  o f  phosphorus {0*05 m*©* and 

1*0 owe* Kr> .1 0 4  p e r  l i t e r ,  r e s p e c t iv e ly ^ *  However, th e r e  were 

no'; o th e r  a ig n i f i c a n t  d if f e re n c e s *

F ig u re  15 i s  a . rap h  sh o e in g  th e  r e l a t i o n s h i p  between th e  

c o n c e n tr a t io n  o f  pho *phc;raa i n  th e  c l ip p in g s  and th e  number o f  

seed  heads produced* F ig u re  16 i s  a p ic tu r e  o f  a  r e p r e s e n ta t iv e  

b lo ck  i n  th e  phosphorus s e r i e s  a t  th e  tim e o f  f lo w erin g *

The d a ta  p re s e n te d  would in d ic a te  th a t  th e  c o n c e n tr a t io n  

w hich c h a r a c te r iz e e  ” s u f f i c i e n c y ” o f  phosphorus in  c l ip p in g s  

f o r  maximum seed pr d u c t io n , i s  a p p ro x im a te ly  25*0 su e  • PC* p e r  

100 gram s o f  d ry  m a tte r*  I t  i s  re c o g n iz e d  th a t  t h i s  c o n c e n tra 

t i o n  d e n o tin g  ’’s u f f i c i e n c y ” may v a ry  u n d er c o n d i t io n s  o th e r  th a n  

th o se  p r e v a i l in g  d a r in g  t h i s  experim en t*

E f f e c t 3  o f  'Potassium  on Heed Head P ro d u c tio n

The cA 'a c ts  o f  v a r io u s  l e v e l s  o f  p o ta ss iu m  i n  th e  n u t r i e n t  

s o lu t io n  upon th e  numbers o f  seed  beads p roduced i s  shown in  

t a b l e  23. • The a n a ly s i s  o f  v a r ia n c e  f o r  th e s e  d a ta  i s  p re se n te d  

in  A ppendix t a b le  lo*  T o ts  o f  d o y s ia  s u p p l ie r  w ith  th e  low est 

l e v e l  o f  p o ta ss iu m  (0 * 1  cue* l / p )  p roduced  th e  g r e a t e s t  numbers 

o f  seed  heads* The f a c t  t h a t  t h i s  va lue  i s  s i g n i f i c a n t l y  g r e a t e r



fABLS 2 0 . iS ffe o ts  o f  v a r io u s  l e v e l s  o f  pnospborus in  tb e  n u t r i e n t  s o lu t io n  

upon tb© num ber o f  seed  b ead s  p ro d u ced .

:
• L evels o f Treatment

(WI3J.UU&.© ** •
. cft ) .  O%3«0 * /L , 0 / J , 5 •2a«* »/ I  1 .0n u e./L . 2

*
•Qf&.e */Lj 5.

*
om*e./Ls 7 •o s u e ./

#
L* lO .om .e./I*

1 36 54 32 40 87 67 43

2 33 49 32 83 39 70 48

3 43 53 55 89 61 90 78

4 47 92 61 82 91 86 107

Mean 4 0 .2 5 52 43 7 3 .5 82 7 8 .2 5 68

L.8.L * a t  tb e  5$ l e v e l  9  2 1 .1 1  

L . S . l .  a t  tb e  1# l e v e l  8 SB.92
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p u n C p L

FIGURE 16« E f fe c ts  o f v a r io u s  l e v e l s  of phosphorus upon seed head

production  in  Zoyaia japonica»



TABiJi 2 1 • isffeet®  o f  variou s l e v e l s  o f  potassium  ia  til© n u trien t so lu tio n  

apoa tn© number o f  seed beads produoed.

•*
B locks1:

j

L evels of‘ Treatment <K)

Q.lm.e* /I*  G.Sia.e «/L" 2«om.e */!•* 5 .
i ._... ........... I .......... .... 2..

oia.©./L:10. o ia .e ./L : 15 ' t
.o iu .e . / l /• 20 . Q$li . S «/l*

1 1 2 ? 83 114 95 62 87 80

2 95 99 9? 115 45 52 100

3 101 76 78 8? 50 57 73

4 95 111 115 92 40 39 88

Mean 104.28 92 .25 101 97.25 52 .25 50 .78 79.25

1  *  v> •  X) « a t tde 5^ le v e l  m 22 .2

X»* j.D. at tne 1 $ le v e l  3 3 0 .4
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t h a n  v a lu e  a o b t a i n e d  f o r  some o f  th e  p o t a w hich were su p p lie d  

w ith  potassium . a t  h ig h e r  l e v e l s  i a  no t c o n s id e re d  to  b e 'o f  

g r e a t  im p o rta n c e • 1 lie moat im p o rta n t c o n s id e r a t io n  i s  th a t

th e  lo w es t l e v e l  o f  p o ta ss iu m  i s  s t i l l  w ith in  th e  ru n g s  o f  

" s u f f ic ie n c y "  f o r  p o ta ss iu m  i n  r e l a t i o n  to  seed  p in d u c t io n ,

f ig u r e  17 i s  a g rap h  snowing th e  r e l a t io n s h i p  o f  p o ta ss iu m  

co n cen t r a t  io n  i a  c l ip p in g s  to  th e  num bers o f  seed  head s  p ro 

d uced , F ig u re  18 i s  a p h o to g rap h  o f  a r e p r e s e n ta t iv e  b lo ck  

from  tii© p o ta ss iu m  s e r ie s *  The p h o to g rap h  was ta k e n  when f lo w e r 

in g  was a t  i t s  peak .

The d a ta  g a in ed  from  t n i s  e x p e r t  a n t  in d ic a te  t h a t  a  con

c e n t r a t i o n  o f  p o ta ss iu m  in  c l ip p in g s  a s  low a s  5*12 m ,e , o f  K 

p e r  100 gram s o f  d ry  m a t te r  (0 ,2  p e rc e n t  TC) was s u f f i c i e n t  to  

produce 104 seed  heads p e r  p o t .  T h is  p ro d u c tio n  was exceeded  

by o n ly  fo u r  o th e r  t r e a tm e n ts  in  th e  e n t i r e  ex p erim en t*

.E ffec ta  o f  d a le iam  on .eed Il©ad P ro d u c tio n

The a f f e c t s  o f  v a r io u s  l e v e l s  o f  c a lc iu m  in  th e  n u t r i e n t  

s o lu t io n  upon th e  num bers o f  seed  heads p roduced  i s  shown i n  

ta b le  22m The a n a ly s i s  o f  v a r ia n c e  f o r  th e s e  d a ta  i s  shown in  

Appendix t a b l e  15 , f a b le  22 i n d i c a t e s  t h a t  th e  y i e l d s  o f  seed  

h ead s  r e s u l t in g  from v a r io u s  l e v e l s  o f  c a lc iu m  in  th e  n u t r i e n t  

s o lu t io n s  a re  c h a r a c te r iz e d  by i r r e g u l a r i t y .  L ev e ls  1 , 2 , 4 , 

and 7 , p roduced  y i e l d s  th a t  a re  s i g n i f i c a n t l y  h ig h e r  th a n  th o se  

p roduced  by l e v e l s  L, 5,  ana  6 .  in© re a so n  f o r  such i r r e g u l a r 

i t y  i s  n o t a p p a re n t and i t  i s  p e rh a p s  n o t h ig h ly  im p o r ta n t .  I t  

i s  im p o rta n t t c  not© t h a t ,  a s  was th e  c a se  w ith  p o ta ss iu m , th e
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17. m e  r e l a t i o n s h i p  betv/een t h e  c o n c e n t r a t i o n  o f  potass ium.

(on  a dry  w e ig h t  b a s i s )  and numbers o f  seed  h ead s  p r o d u c e d .
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FIGURE 18. E f f e c t s  o f  v a r io u s  l e v e l s  o f  potassium  upon seed dead

p roduction  in  Zoysia japonica*
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lo w es t l e v e l  o f  c a lc iu m  s u p p lie d  in  th e  n u t r i e n t  so lu tio n , 

was s u f f i c i e n t  to  p roduce th e  maximal y i e l d  o f  seed* F ig u re  

19 p r e s e n ts  g r a p h ic a l ly  th e  r e l a t i o n s h i p  betw een c o n c e n t r a t io n  

o f  c a lc iu m  in  th e  c l ip p in g s  and th e  num bers o f  seed  head s  p ro 

duced* f ig u r e  20 i s  a  p h o to g rap h  o f  one b lo ck  o f  th e  ca lc iu m  

s e r i e s  a t  f lo w e rin g  tim e*

the lo w e s t c o n c e n tr a t io n  o f  ca lc iu m  found i n  th e  c l ip p in g s  

h a rv e s te d  on O ctober 2b, 1949 was 10*15 rn.e* o f  la  p e r  100 

grams o f  d ry  w eight* f h i s  c o n c e n tr a t io n  o f  c a lc iu m  produced  

a y ie ld  o f  seed  heads w hich was n e a r  th e  maximum f o r  th e  e x 

perim en t*

i f  f e e t  s  o f  agnesium  upon ~eed Head .P roduction

The e f f e c t s  o f  v a r io u s  l e v e l s  o f  m agnesium i n  th e  n u t r i e n t  

s o lu t io n  upon th e  num bers o f  seed  head s  p roduced  i s  shown in  

t a b l e  23* fh e  c o rre sp o n d in g  a n a ly s i s  o f  v a r ia n c e  f o r  th e s e  

d a ta  may be found in  ap p en d ix  t a b le  1 7 . The g r e a t e s t  nuubor o f  

seed  heads m s  produced  by p o ts  o f  ^ o y s ia  r e c e iv in g  th e  t h i r d  

l e v e l  o f  magnesium (1 .0  sue* f g /L ) .  T h is  v a lu e  was s i g n i f i c a n t 

l y  g reater*  a t  th e  1 p e rc e n t l e v e l )  th a n  v a lu e s  o b ta in e d  f o r  

l e v e l s  5 , 6, and 7 ( 5 ,0 ,  7 .0 ,  and 10*0 m*a* Mg/L r e s p e c t i v e l y ) .

f ig u re  21 i s  a g ra p h ic  p r e s e n ta t io n  o f  th e  r e l a t io n s h i p  betw een 

co n cen t r a t  ic-n o f  magnesium in  th e  c l ip p in g s  and th e  number o f  

seed  h e a a s  p ro d u ced . I t  may be n o ted  on t h i s  g rap h  t h a t  th e

p o in t  c h a r a c t e r iz in g  !!s u f f i c i e n c y 5* o f  magnesium f o r  seed  head 

p ro d u c tio n  u n d er th e  c o n d i t io n s  o f  t h i s  ex p e rim e n t i s  a p p ro x i

m a te ly  10*5 ra*e• o f  magnesium p e r  100 grams o f  d ry  m a tte r*
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19* The r e l a t i o n s h i p  between the  c o n c e n t r a t i o n  o i  c a l c i u m

(on a d r y  v /e i^ h t  b a s i s ;  and numbers  o f  s e e d  h eads  produced.
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FIGURE 20. E f fe c ts  o f  va rious  l e v e l s  o f  calcium upon seed head production

in  Zoysia .japonica.



‘I& ELS S3* S f fe o ta  o f  v a r io u s  l e v e l s  o f  magnesium i s  tkm  nut r i a n t  s o lu t io n  

upon tn® number o f  seed needs produced*

♦

‘ L ev e ls  o f
TIT r»rtV*«* • . ( •  -  i f  i r -  ■■ t  . . . . . . . . . . . . . . . . . . . . . . - | . . . . . . . . . . . . . . . . - n f r - r ,  v . f r r . . . . . . . . . . . . . . . - . . . . . . . . . -  . . . . . . . . . . . . . . .  -  ■■■

Treatment (Mg)
iiJL©CI£S

O*o&n*0 * / " t )  O.2m.0 . /L  l,o m ,e * /L  2
*

•om*e»/L 5* om ,e«/L 7 •  OHU© */L 1 0 ,o m ,e ,/L

1 103 m  109 92 101 68 60

Z 78 72 96 74 43 48 73

3 67 47 53 54 48 80 51

4 59 40 @6 44 40 33 40

Mean 77*23 65*5 86 66 5 8 ,8 50 ,2 3 56

I» * 9  £>* &t tb s  ©)& l e v e l  52 19*06 

L*-.?*X)* a t  m© 1^ l e v e l  s> 2d• 1
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-Ju. ;  - i .  The r e l a t i o n s h ip  between the c o n ce n tra t io n  of i.iaynesiuu

(on a dry weight b a s is )  arid nurabers of seed heads produced.
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FIGURE 22* E f fe c ts  of v a r io u s  l e v e l s  o f  magnesium upon seed head

p roduction  in  Z oysia japonica*



69

F ig u re  22 i s  a p h o to g rap h  shov ing  a t y p i c a l  b lo ck  from  

th e  magnesium a e r i e s  a t  th e  tim e o f  f l o o r i n g *

E ffe c t s  o f  '--cron on ®ed head P ro d u c tio n

ffco e f f e c t s  o f  v a r io u s  l e v e l s  c f  boron, in  th e  n u t r i e n t  

s o lu t io n  upon th e  p ro d u c tio n  o f  seed to a d s  o f  d o y s ia  a re  

shown in  t a b l e  £4# The a n a ly s i s  o f  v a r ia n c e  f o r  th e s e  d a ta  

i s  shown in  app en d ix  t a b l e  18* There i s  a n  in c re a s e d  p roduc

t i o n  c f  seed  heads w hich co rre sp o n d s  to  th e  in c r e a s e s  i n  bo ron  

c o n c e n t r a t io n  in  th e  n u t r i e n t  s o lu tio n *  The se v e n th  l e v e l  a t  

which boron win s u p p lie d  {5 .0  p .p .a w }produced  a s i g n i f i c a n t l y  

g r e a t e r  number o f  seed head s  ( a t  th e  5 p e rc e n t l e v e l )  th a n  

d id  th e  f i f t h  l e v e l  {1*0 p*p#m. )• I t  i s  a p p a re n t t h a t  boron 

i s  q u i te  im p o rta n t i n  seed  head p ro d u c tio n  in  hoy s i  a • because  

o f  th e  f a c t  t h a t  th e  h ig h e s t  l e v e l  o r  boron  produced a s i z a b le ,  

t h o • :h n o t s t a t i s t i c a l l y  s i g n i f i c a n t ,  in c r e a s e  o v e r  th e  n e x t 

lo w er l e v e l  o f  borcn  i t  must be assumed t h a t  th e  p o in t  o f  

" 's u f f ic ie n c y '’ f o r  seed  head p ro d u c tio n  has n o t been reached*

The h ig h e s t  co ncen t r a t i  n  o f  boron found i n  th e  c l ip p in g s  h a r 

v e s te d  O ctober 25, 1949 was 160 p.p.ra*

F ig u re  23 i s  a g rap h  showing th e  r e l a t i o n s h i p  betw een boron 

c o n c e n tr a t io n  in  c l ip p in g s  and th e  number o f  seed heads produced* 

f ig u r e  24 i a  a photo  graph showing a t y p i c a l  b lo ck  from  th e  boron 

s e r i e s  a t  f lo w e rin g  tim e* The seed  heads i n  t h i s  p h o to g rap h  ap 

p e a r  to  be t e l l e r  a t  th e  h ig h e r  boron  le v e ls *  However, th ey  \*ere 

n o t found to  a t t a i n  a s i g n i f i c a n t l y  g r e a t e r  av e rag e  h e ig h t  th a n  

th o s e  seed  h ead s  p roduced  a t  lo w er boron le v e ls *
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T&BLiS 24 . L f f e o ts  o f  v a r io u s  l e v e l s  o f  bo ron  in  th e  n u t r i e n t  s o lu t io n  upon 

tri@ number o f  seed  head s  p ro d u ced .

* L e v e ls  o f  T reatm en t (B oron)
B loeksJ ---------— — ------------:----------------- j----------   r ------- --7 ~  '— — 7 — — ■— —

jG .lp .p .m . *G.3p.p.ra. s0 .4p .p .ia . G .5p.p .su jl.Qp.p.m * * g.Op.p.m . ‘ 5 .op.p.m .

1 56 81 109 114 58 182 123

2 55 91 @2 89 87 108 96

3 4? 79 83 108 118 108 141

4 73 115 125 109 140 117 17©

Mean 57.75 91 .5 99 .75 105 100.7® 113.7© 154

L .L .D . a t  th© 5$ l e v e l  ~ 2 6 .6 6  

L .3 .D . a t  th e  1$ l e v e l  * 36 ,5 2
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160

The r e la t io n s h ip  between c o n c e n tra t io n  o f  boron (on a

( d r /  weight b a s is )  and numbers o f  seed heads produced.



FIGURE 2 4 . S f f e c t s  o f  v a r io u s  l e v e l s  o f  boron upon seed  dead

p ro d u c tio n  in  Z o y sia  ja p o n ic a .



SUMMAil AID dONCLUSIOISS

The Z-52 s t r a i n  o f  Zoysia Ja p o n ic  a was grown i n  th e  g reenhouse  a t  

B e l t s v i i l e ,  M ary land , and was w a te re d  w ith  n u t r i e n t  s o lu t io n s  c o n ta in in g  

sev en  l e v e l s  o f  s i x  n u t r i e n t  e le m e n ts . The e le m e n ts  w hich were v a r ie d  

w ere n i t r o g e n ,  p h o sp h o ru s , p o ta ss iu m , c a lc iu m , m agnesium , end b o ro n .

The s tu d y  was a r ra n g e d  i n  s i x  s im p le  random ized  b lo c k  e x p e r im e n ts ;  each  

e x p e rim en t c o n ta in e d  f o u r  r e p l i c a t i o n s  o f  th e  sev en  t r e a tm e n ts .  The 

e f f e c t s  o f  v a r io u s  l e v e l s  o f  each  element w ere s tu d ie d  in d e p e n d e n tly .

The r e s u l t s  a rc  r e p o r te d  f o r  t o t a l  c l ip p in g  y i e l d s ,  f o r  w e ig h ts  o f  

c row ns, and f o r  numbers o f  s e e d  head s  p roduced  a t  s i x  l e v e l s  o f  n i t ro g e n  

and a t  seven  l e v e l s  o f  p h o sp h o ru s , p o ta ss iu m , c a lc iu m , magnesium , and  

b o ro n .

The d a ta  i n d i c a t e  t h a t  th e  fo llo w in g  c o n c lu s io n s  may be drawn from  

t h i s  e x p e r im e n t:

1 .  V a r ia t io n s  i n  n i t r o g e n  l e v e l s  a r e  much more im p o rta n t th a n  

v a r i a t i o n s  i n  th e  l e v e l s  o f  any o th e r  e lem e n t, w ith in  th e  ra n g e s  s tu d ie d  

i n  t h i s  ex p e rim en t, w ith  r e s p e c t  t o  th e  p ro d u c tio n  o f  c l ip p ii^ r  y i e l d s .  

Y ie ld s  in c r e a s e d  a s  n i t r o g e n  su p p ly  in c r e a s e d .

2 . The m inim al am ounts o f  p o ta ss iu m , m agnesiura, and b o ro n  w hich  

w ere u se d  i n  t h i s  ex p erim en t ( o . l  and o .o 5  m .e . /L  and o . l  p .p .m .,  r e 

s p e c t iv e ly )  w ere ad eq u a te  t o  produce th e  maximal q u a n t i ty  o f  c l i p p i n g s .

3* C alcium  and phosphorus a p p e a re d  to  l i m i t  th e  p ro d u c tio n  o f  c l i p 

p in g s  o n ly  a t  r e l a t i v e l y  low  c o n c e n tr a t io n s  ( o . l  m .e .C a / l ,  and o .o 5  m .e . 

H2 BQ4 / C . ) •

4 .  The l e v e l  o f  n i t r o g e n  i s  im p o rta n t i n  d e te rm in g  th e  d e n s i ty  o f  

Z oysia  t u r f  a s  in d ic a te d  by w e ig h ts  o f  c ro w n s. The h e a v ie s t  crow ns p ro 

duced  i n  th e  n i t ro g e n  s e r i e s  c o rre sp o n d e d  to  th e  c l ip p in g s  w hich c o n ta in e d



1 ,5 7  p e rc e n t  o f  to t? j l  n i t r o g e n  (on  a d ry -w e ig h t o a s i s ) ,

5 . e ig h t s  o f  crow ns in c r e a s e d  as  th e  ca lc iu m  c o n c e n tr a t io n  i n  th e  

c i ip p in g 3 in c r e a s e d ,

6 , T here v.as a - r a d u a i  in c r e a s e  i n  w e ig h ts  o f crow ns a s  th e  concen

t r a t i o n  o f  magnesium i n  th e  c l ip p in g s  in c r e a s e d ,

7* The m in im al am ounts o f  p h o sp h o ru s , p o ta ss iu m , and bo ron  w hich 

w ere u se d  (o .o 5  and o . l  m . e . / i . ,  and o , l  p .p .m . r e s p e c t iv e ly )  u n d er th e  

c o n d i t io n s  o f  t h i s  ex p erim en t a p p e a r  t o  be a d e q u a te  f o r  th e  p ro d u c tio n  

o f  t u r f  o f  m axim al d e n s i ty ,

8 ,  h i t r o g e n  i s  h ig h ly  im p o r ta n t  i n  i t s  e f f e c t  upon th e  p ro d u c tio n

o f  se e d  h e a d s . The l e v e l  o f  n i t r o g e n  ’'s u f f i c i e n c y 15 f o r  se e d  head  p roduc

t i o n  a p p e a rs  to  oe a p p ro x im a te ly  1 ,5 6  p e rc e n t  o f  n i t r o g e n  (on  a d ry  w e ig h t 

b a s i s ) .  C o n c e n tra tio n s  beyond a p p ro x im a te ly  1 ,7 5  p e rc e n t  o f  n i t r o g e n  in  

th e  c l ip p in g s  a p p e a r  to  be d e t r im e n ta l  to  s e e d  head  p ro d u c t io n .

9 ,  The c o n c e n tr a t io n  o f  phosphorus i n  th e  c l ip p in g s  a p p e a rs  to  have 

a m arked in f lu e n c e  upon th e  p ro d u c tio n  o f  se e d  h e a d s . The l e v e l  o f  

" s u f f ic ie n c y ” i n  t h i s  e x p e rim en t was a p p ro x im a te ly  2.4 m i l l ! e q u iv a le n t s  

o f  PO^ i n  100 grams o f  d ry  m a t te r ,  ( . 2 5  p e rc e n t  T ) .

1 0 . The a d d i t io n  o f  l a r g e r  in c re m e n ts  o f  p o tass iu m  th a n  th e  rain im al 

l e v e l  ( o . l  s u e .  o f  K /L .) i n  th e  n u t r i e n t  s o lu t i o n  f a i l e d  to  e f f e c t  an in 

c r e a s e  i n  th e  y i e l d  o f  s e e d  h e a d s . On th e  c o n t r a r y ,  lo w er se e d  y i e l d s  

w ere a s s o c ia te d  w ith  c o n c e n tr a t io n s  o f  p o ta ss iu m  a  ove ap p ro x im a te ly  3 2 * 0  

m i l l i e q u iv a le r i t s  o f  K p e r  100 grams o f  d ry  m a t te r ,  ( 1 . 2 5  p e rc e n t  K ).

1 1 . The lo w e s t l e v e l s  o f  c a lc iu m  and magnesium i n  t f d s  experim esht 

were a p p a r e n t ly  s u f f i c i e n t  t o  p roduce m axim al y i e l d s  o f  seed  h e a d s .



1 2 . Boron appears to  be very  im portant in  th e  p rod u ction  o f  seed  

h ea d s. The h ig h e st  c o n cen tra tio n  o f  boron found in  t h i s  experim ent 

(160  p.p»fEu o f  boron in  dry m a tter ) was a s s o c ia te d  w ith  th e  h ig h e s t  

p rod u ction  o f  se ed  h ead s.
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Ar'i I'alDIX TAd.s,E I* A nalysis ox v a ria n ce  on e f l e e t s  o f v a rio u s  le v e ls  o f

n i t r o g e n  i n  th e  n u t r i e n t  s o lu t io n  upon c l ip p in g  y i e l d s .

V a ria n c e  
due to

B locks 

T rea tm en ts  

: r r o r

D egrees o f  
freedom

3 

5 

1>

Sums o f 
s q u a re s

6 5 .16  

ID j 2 2 .  IB

mean
sq u a re

'•1x • / *

, >6-:.13

v a lu e

1.1?
111. 28*

T o ta l 23 1016 .X . 6?



TA:>L.. 2 . A n a ly s is  o f  v a r ia n c e  on e f f e c t s  o f  v a r io u s  l e v e l s  o f

phosphorus in. th e  n u t r i e n t  s o lu t io n  upon c l ip p in g  y i e l d s ,

V arian ce
due t o

H o c k s

T rea tm en ts

r'T T O T

d e g re e s  o f  
freedom

6

Sums o f  
sq u a re s

H 3 .9 7  

540#68 

342•79

.■jean
so u a re

84*65

vO • 11 

1 9 .0 4

F
v a lu e

H *44' 

4 .7 3 '

T o ta l 2? 15 13 ? • 4̂ +



c>o

A F fE kd li T/ui^t 3* a n a ly s is  ox v a r ia n c e  on e f f e c t s  o f  v a r io u s  l e v e l s  o f

potassium . i n  th e  n u t r i e n t  s o lu t io n  upon c l ip p in g  y i e l d s .

V arian.ce 
due to

B locks

T rea tm en ts

E r r o r

.degrees o f
freedom.

3

6

18

EuiiXS o f 
so.ua r e  s

1 1b . o 8 

90 .79  

3 l i . i l

le a n
sq u a re

39 • 62 

1 3 .1 3  

1 7 .3 0

F
v a lu e

2 .290

1 .1 4

T o ta l 27 3 2 1 .0 7



T ^ult. 4* A n a ly s is  o f  v a r ia n c e  on e f i e c t s  o f  v a r io u s  l e v e l s  o f

ca lc iu m  in  th e  n u t r i e n t  s o lu t io n  upon c l ip p in g  y i e ld

V ariance : D egrees o f  : Sums o f  : u ean  : F
due t o  : freedom  : s q u a re s  : sq u a re  : v a lu e

B locks 3 279*13 93*04 2 . 3 6

T rea tm en ta  6 300*18 6 0 .0 3  1*7

I tr ro r  18 709*82 39*42

T o ta l 27 1* 348 .93
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APPENDIX TABLE 5 . A n a ly sis  o f  v a r ia n c e  on th e  e f f e c t s  o f  V ario u s  l e v e l s  o f

magnesium in  th e  n u tr ie n t  s o lu t io n  upon c lip p in g  y i e l d s .

V ariance  
due to

:. Degrees o f  :
: freedom :
•  •
•  •

Sums o f  
squares

Mean
squares

♦

•
•

•
*

F
va lu e

B locks 3 14 9 .1 4 4 9 .7 1 1 .3 9

Treatm ents 6 4 66 .58 7 7 .7 6 2 • 18

Error 18 641 .24 35 .62

T o ta l 27 1,256.96



8©

APjtEKDIX TABLE 6 . A n a ly s is  o f  v a r ia n c e  on th e  e f f e c t s  o f  v a r io u s  l e v e l s  o f

b o ro n  i n  th e  n u t r i e n t  s o lu t io n  upon c l ip p in g  y ie ld s *

V arian c e  
due to

D egrees o f  
freedom

p•

Sums o f  
sq u a re s

: Mean 
; sq u a re

: F 
: v a lu e

B locks 3 1 1 9 .5 3 39 .84 1 .6 8

T rea tm en ts 6 4 5 3 .5 7 75 .5 9 1 .1 2

E r r o r IB 1 ,2 1 1 .8 4 6 7 .3 2

T o ta l 27 1,784.93



8 7

APPEM.DXX TABLE ? .  A n a ly s is  o f  v a r ia n c e  on e f f e c t s  o f  v a r io u s  l e v e l s  o f

n i t r o g e n  i n  th e  n u t r i e n t  s o lu t i o n  upon w e ig h ts  o f  crowns*

•
V ariance : 

due t o  :
t

*
D egress o f  :

freedom ;
*•

Sums o f  
squares

4'4
ifcean

squares
'

.

F
valu e

!

B locks 3 6 .4 2 .1 3 6 .1 4

Treatm ents 5 2 7 8 .9 5 5 .7B 4 .2 6 *

Error 15 1 9 6 .3 1 3 .0 8

Total 23 1 8 1 .  o
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APii^DIX TABLE 8# A n a ly s is  o f  v a r ia n c e  on e f f e c t s  o f  v a r io u s  l e v e l s  o f

phosphorus i n  th e  n u t r i e n t  s o lu t io n  upon w e ig h to  o f  crow ns.

V arian ce  
due t o

♦

♦•
D egrees o f  :
freedom  :

••

Sums o f  
s q u a re s

•
•
♦
•

Mean
sq u a re

4
; |i’
; v a lu e

B locks 3 3 9 .3 1 3 .1 1 .5 8

T reatise n t 6 1 8 5 .5 3 0 .9 1 1 .4 8

E r r o r 18 373 .7 20 .7 6

T o ta l 27 598.5



aPBKIIDIX TMsLK 9. Analysis of variance on effects of various levels of

potassium  in  the n u tr ie n t  s o lu t io n  upon w e ig h ts  o f  crovris.

*
V ariance :

due t o  :
••

•
D egrees o f  : 

freedom :
I

Suras o f  
squares

mean
square

*
F

va lu e

Blocks 3 8 6 ,8 6 2 8 .9 5 1 .2 2

Treatm ents 6 23 7 .8 6 39 .64 1 .6 8

Frror 13 ■425.14 2 3 .6 1

T ota l 27 74 9 .8 6
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APPENDIX TABLE 1 0 . A n a ly sis  o f  v a r ia n ce  on e f f e c t s ,  o f  v a rio u s l e v e l s  o f

ca lciu m  in  th e  n u tr ie n t  s o lu t io n  upon w ieh g ts  o f crowns*

Variance 
due to

: : 
s Degrees o f  ; 
; freedom ; 
: :

:
Sums o f  : 
squares : 

*

Mean
square

:
: F 
: value  
:

B locks 3 292*98 97 .66 3.16*

Treatments 6 1 ,2 3 7 .4 5 206.24 6 .6?**

Error 18 556.27 30.9

Total 27 2 ,0 8 6 .7 0
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APEEhDlX TABU: 11* A n a ly sis  o f  va r ia n ce  on e f f e c t s  o f  v a r io u s l e v e l s  o f

magnesium, in  th e  n u tr ie n ts  s o lu t io n  upon w e ig h ts  o f  crowns

V ariance  
due t o

Degrees o f  : 
freedom :

Sums o f  
squares

i-ean
Square

: F 
: v a lu e

B lock s 3 12 0 .1 4 40*04 2 .7 3

Treatm ents 6 187 .25 31.21 2 .1 3

Err o r IB 263 .61 14.64'

Total 2? 571.00
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APPENDIX TABLE 1 2 . A n a ly s is  o f  v a r ia n c e  on e f f e c t s  o f  v a r io u s  l e v e l s  o f  boron

in  th e  n u t r i e n t  s o lu t io n  upon w e ig h ts  o f  crow ns.

V arian ce  
due to j

*

•

D egrees o f  :
Freedom :

•
•

Sums o f  
s q u a re s

; liean  
: sq u a re

F
v a lu e

B locks 3 9 1 .3 3 3 0 .3 1 1 .9

T re a tm en ts 6 139*93 23 .3 2 1 .4 5

E r r o r 18 2 8 9 .2 2 1 6 .0 6

Total 27 520.68
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A lri'hO Li TABU'- 13m --sis o f  v a r ia n c e  on e f f e c t s  o f  v a r io u s  l e v e l s  o f

n i t ro g e n  in  th e  n u t r i e n t  s o lu t io n  upon th e  number o f  

seed  heads p ro d u ced .

V arian ce  ' : D egrees o f  : Suris o f le a n .  ^
due to i freedom  : 

♦ •

S quares
„

sq u a re : v a lu e

. : io c  k 3 3 2 9 5 . 8 3 238 .61 5.70*

T re a tm e n ts 5 3 ,4 1 3 .7 5 682 .7 5 . 1 3 . o >

I - r ro r 13 • 785 .42 52 .36

T o ta l 23 5WV 5



A1PEMDIX TABU 14* Analysis of variance on effects of various levels of

phosphorus in  th e  n u tr ie n t  s o lu t io n  upon th e  number 

o f  seed  heads produced.

:
V ariance : 

due t o  :

•

D egrees o f  :
freedom s

•
*

Sums o f  
squares

: ilean 
squares

•

F
va lu e

B locks 3 3 , m 1 ,1 2 9 .3 5.58*-*

Treatm ents 6 6 ,2 4 9 1 ,0 4 1 .3 5 .15**

E rror 18 3 ,639 20 2 .1

Total 2? 13,276



APPENDIX ‘TABLE 15* Analysis of variance on effects of various levels of

potassium  in  the n u tr ie n t  s o lu t io n  upon th e  number 

o f  seed  heads produced.

V ariance  
due t o *

*
•

Degrees o f  : 
freedom :

Smas o f  
squares

•«
2
;

Mean
squares

F
: va lu e
*
•

B locks 3 1 ,3 1 1 437 1 .9 5

Treatment 6 10 ,455 1 ,742*5 7 . 7

Error 18 4 ,0 2 8 223*7

Total 27 15,794
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APtfSMDIX. TABU; 16* A n a ly sis  o f  v ar ian ce  on e f f e c t s  o f  v a r io u s  l e v e l s  o f

ca lciu m  in  the n u tr ie n t  s o lu t io n  upon th e number o f  

seed  heads produced*

V ariance  
due to

D egrees o f  : 
freedom :

Sums o f  
squares

: Mean 
: squares

: F 
: va lu e

B locks 3 1 ,9 9 6 666 3 .52*

Treatm ents 6 4 ,9 5 9 8 2 6 .5 4 .3 7 *

1 rr o r 18 3 ,4 0 1 189*0

Total 27 10,358
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;a k.DDXi f  A3LF- 17. a n a ly s is  o f  v arian ce  on e f f e c t s  o f  variou s l e v e l s  o f

magnesium in  th e  n u tr ie n t  s o lu t io n  upon th e  number 

o f  seed  -leads produced#

♦
V arian ce  : 

due to  :
D egrees o f  : 

freedom  ;
8 mas o f  : 
S quares :

dean
sq u a re

#

F
v a lu e

U locks 3 6 ,785 2 ,2 6 1 .6 ? 13.71*

T rea tm e n ts 6 3 ,738 623*60 3.78*

r r o r 18 2 , 76s I 64 .89

T o ta l 27 13 ,191



\PJ'}J!DXa 17. BU IB . A nalysis o f v a ria n c e  on th e  e f f e c t s  o f v a rio u s  le v e ls  o f

boron  in  th e  n u t r i e n t  s o lu t io n  upon th e  number o f  seed  

h e a l p roduced .

v a r ia n c e  
due to

B locks

T rea tm en ts

e r r o r

p*ees ox 
freedom

hums o f  
s q u a re s

bean  
sau s  r e s

f.- . \

K. . UOO

322

value  

b * '/ I '

G .42"*'

T o ta l 27 2 2 > 5


